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Figure 6: Each point in
hyperspace, corresponding
to a particulor symbof
such as a or e, has some
neighborhood of points
around it which are closer
to it than to any other
symbol. Variations from
the exact, or ideal posi-
tion of a symbol vector
may derive from noise in
g transmission channel or
from differences between
the observed symbol and
the ideal.

Figure 7: Functions can be
expressed in a number of
different ways. Here the
functional refationship be-
tween Y and X is ex-
pressed as an equation and
a graph.
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hood of points around it which are much
closer to it than any other symbol’s points.
This is illustrated in figure 6. We may view
the points in such a neighborhood in one of
two ways:

1. The difference between the neighbor-
hood points and the exact symbol
point derives from noise on the chan-
nel transmitting variables denoting
the vector components. This is use-
ful in signal detection theory, where
the detection of a vector within some
neighborhood of a symbol vector cor-
responds to the recognition of that
symbol against a noisy background.

2. The difference from the exact symbol
derives from distortions or variations
in the symbol itself. This makes the
best sense if the components of the
symbol’s vector are values of attributes
or features of the symbol, rather than
arbitrary digits as in the ASCII con-
vention. In this case, a neighborhood
of points corresponds to a cluster of
feature vectors from a symbol set
which are not identical, but very
nearly so.

For example, a vector of features from the
printed character e will be slightly different
for each instance of that symbol on a page

due to variations in the paper on which it is
printed. However, if these e feature vectors
fall in compact clusters far from the feature
vectors of other symbols, the letter e will
be easily recognized, despite the fact that no
two specimens are exactly alike.

This is a fundamental concept in pattern
recognition theory. Hyperspace is parti-
tioned into regions, and the existence of a
feature vector in a particular region cor-
responds to the recognition of a pattern or
symbol. By definition, the best set of fea-
tures is the one that maximizes the separa-
bility of pattern vectors. In the design of
pattern recognizers it is important to select
a set of features which is easily measured
and which produces widely separated and
compact clusters in feature space.

Functions and Qperators

In the physical world, functions are usual-
ly defined as relationships between physical
variables. For example, we could say that
climate over a particular geographical region
is a function of the heat input, the prevailing
wind conditions, and other factors, or that
the seasons are a function of the position
and orientation of the earth relative to the
sun. Similarly, we may say that the level of
hunger we experience is a function of the
signals on nerve fibers reporting on the state
of the stomach, chemistry of the blood, the
time of day as indicated by internal biolog-
ical rhythms, and so on.

In mathematics a function defines {and is
defined by) a relationship between symbols
that can sometimes be set in one-to-one cor-
respondence to physical variables. As in the
physical world, a function usually implies a
directional relationship (eg: the relationship
between cause and effect has a direction
which flows from cause to effect). In tra-
ditional terms a function may be expressed
as an equation, such as:



y = f(x)

which reads: y equals a function f of x.
The function:

y=2x2+3x+6

is a relationship between y and x.

Functions can also be expressed as
graphs. Figure 7 is a plot of the equation
y = 2x2 + 3x + 6. Functions may sometimes
be defined by tables. The table in figure 8a
defines the Boolean AND function Z = X-Y,
This function can also be drawn as a circuit
element (see figure 8b) which performs the
AND function on two inputs.

Tables can also be used to define non-
Boolean functions. Tables of logarithms or
trigonometric functions are good examples
of this. Of course, a table defines a contin-
uous function exactly only at the discrete
points represented in the table. Thus, the
accuracy of a continuous function repre-
sented by a table depends on the number
of table entries (ie: the resolution on the
input variables). Accuracy can, of course,
be increased by interpolation techniques.
In general, the number of entries required
to compute a function by a table lookup is
proportional to RN, where R is the resolu-
tion of each input variable, and N is the
number of input variables. This exponential
increase in size of the table required is the
principal reason that multidimensional func-
tions are seldom computed by table lookup.

Modern mathematics often expresses
functional relationships in terms of mappings
from a set of states defined by independent
variables onto a set of states defined by de-
pendent variables. In one notation, this is
expressed by the string f:

f: C=—=LE

which reads, "f is a relationship which maps
the set of causes C into the set of effects E."”’
It means that for any particular state in the
set C, the relationship f will compute a state
in the set E. This is shown in figure 9.

We have already shown that states can be
denoted by vectors and sets of states by sets
of points in vector hyperspaces. Thus, the
notion of a function being a mapping from
one set of states to another naturally
extends to a mapping of points in one vector
hyperspace onto points in another.

Suppose, for example, we define an oper-
ator h as a function which maps the input
S = (sq, so, 53, . . . SNy} onto the output
scalar variable p. We can write this as:

p=h(S)

or
p=h(sy,59,...5n)

Figure 8: Functions can also be expressed as tables and circuits. Here the
Boolean function Z = X * Y is expressed as a table, a circuit, and an equation.

Figure 9: A function can also be expressed as a mapping from one set onto
another. Here the function F maps the set of causes C onto the set of effects
E such that for every cause in C there is an effect in E, In our discussion we
will be concerned only with single valued functions such that there is only
one effect for each cause. We will, however, allow more than one cause
to have the same effect (je: more than one point in C can map onto the
same point in E).

Figure 10: We will define
the operator h as a func-
tion which maps the input
vector S into the output
scalar variable p.

Figure 11: We will define the set of operators H = (h,, h,, ... h,) asa func-
tion which maps the input vector S into the output vector P,
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Figure 12: The operator H maps every input vector S in input space into an
output vector P in output space. H thus maps the trajectory T, into the

trajectory Tp.

Figure 13: A mulitivariable
servomechanism. The ref-
erence, or command input
is the vector C consisting
of the variables s; thru s,
The feedback is the vector
F consisting of sensory
variables s, thru sy. The
function H computes an
output vector P consisting
of p; thru p; which drive
actuators and thus affect
the phyvsical environment.

18 lune 1979 € BYTE Publications Inc

We can also draw the functional operator
as a circuit element or “black box’ as in
figure 10. (A black box is an engineering
concept sometimes used to depict a process
with inputs and outputs. The viewer sees the
effects on the output of changes to the
input, but the internal workings of the
process remain hidden in a black box.)

If we assume that we have L such oper-
ators, hq, hs, . . . h, each operating on the
input vector S in figure 11, we have a map-
ping:

H:S>PorP=H(5)

where the operator H = (hy, h,, . .. h)
maps every input vector S into an output
vector P. Now since S is a vector {or point)
in input space and P is a vector (or point) in
output space, we can represent the function
H as a mapping from input space onto
output space, as shown in figure 12.

For the purposes of our discussion we
require that both the input and output space
be bounded and that each S will map into
one and only one P. Several different S
vectors may map into the same P vector,

however. Of course, if any of the variables
in § are time dependent, S will trace out a
trajectory T, through input space. The oper-
ator H will map each point S on T, into a
point P on a trajectory To in output space.

Goal Seeking Control Systems

We are now ready to consider the struc-
ture of control systems for sensory inter-
active, goal directed behavior, The simplest
form of goal seeking device is the servo-
mechanism. The setpoint, or reference
input to the servomechanism, is a simple
form of command. Feedback from a sensing
device, which monitors the state of the out-
put or the results of action produced by the
input, is compared with the command. If
there is any discrepancy between com-
manded action and the results, an error
signal is generated which acts on the out-
put in the proper direction and by the prop-
er amount to reduce the error. The system
thus follows the setpoint, or, put another
way, it seeks the goal set by the input
command.

Now almost all servomechanism theory
deals with a one-dimensional command,
a one-dimensional feedback, and a one-
dimensional output, Qur vector notalion
will allow us to generalize from this one-
dimensional case to the multidimensional
case with little difficuity.

Assume we have the multivariable servo-
mechanism shown in figure 13. The funclion
H operates on the input variables in S and
computes an output P = H{S). Note that we
have partitioned the input vector S into
two vectors: C = (s, 85 ...,5,0...,0)and
F=1(0,...0,54,... 5y ); such that S = C+F.
Ifi=1, N=2 L=1, and Hcomputes some
function of the difference between C and F,
we have a classical servomechanism.

In our more general case C may be any
vector, and in some cases it may be a sym-
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Text continued from page 21:

At least part of the output P, becomes
part of the input command vector Cj to the
next lower level. C; is also a symbolic vector
which identifies one of a library of simple
task commands together with the necessary
modifiers and arguments. As the feedback
F, varies with time, the input vector Sy,
and hence the output vector P4, move along
a trajectory generating a sequence of simple
task commands at C4 such as (FETCH A),
(FETCH B), (MATE B TO A), (FASTEN B
TO A), etc. as shown in figure 17b.

Feedback at F3 may identify the position
and orientation of the parts A and B, and
also carry state sequencing information from
outputs P53 and P,. As F5 varies with time, it
drives the input S3 (and hence P3) along a
trajectory generating a sequence of elemental/
movement commands at C, such as
(REACH TO A}, (GRASP), (MOVE TO C),
{RELEASE), etc.

Feedback at F, may contain information
from proximity sensors indicating the fine
positioning error between the fingers and the
objects to be manipulated, together with
state sequencing information derived from
P, and P,. The operator H, produces P,,
which denotes the proper velocity vectors
C, for the manipulator hand in joint angle
coordinates.

Feedback F, also provides joint angle
position data necessary for the coordinate
transformations performed by H,. P,
provides reference, or setpoint commands,
C, to the servomechanism operator H;.
F, provides position, velocity, and force
information for the traditional servocom-
putations. The output Py is a set of drive
signals to the actuators.

Feedback enters this hierarchy at every
level. At the lowest levels, the feedback is
unprocessed (or nearly so) and hence is fast
acting with very short delays. At higher
levels, feedback data passes through more
and more stages of an ascending, sensory
processing hierarchy. Feedback thus closes
a real time control loop at each level in the
hierarchy. The lower level loops are simple
and fast acting. The higher level loops are
more sophisticated and slower.

At each level the feedback vector F
drives the output vector P along its trajec-
tory. Thus, at each level of the hierarchy,
the time rate of change of the output vector
P; will be of the same order of magnitude as
the feedback vector F;, and considerably
more rapid than the command vector C;.
The result is that each stage of the behavior
generating hierarchy effectively decomposes
an input task represented by a slowly chang-
ing C; into a string of subtasks represented
by a more rapidly changing P;.

At this point we perhaps should em-
phasize that the difference in time rate of
change of the vectors at various levels in
the hierarchy does not imply that the H
operators are computing slower at the higher
levels than at the lower. We will, in fact,
assume that every H operator transforms
S into P with the same computational delay
At at all levels of the hierarchy. That is:

P; (t) = H; (S; (t—4t)) or PX = H, (Sk—T)

at every level. The slower time rate of
change of P vectors at the higher levels
stems from the fact that the F vectors driv-
ing the higher leveis convey information
about events which occur less frequently. In
some cases certain components of higher
level F vectors may require the integra-
tion of informaion over long time intervals
or the recognition of symbolic messages
with long word lengths.

When we represent time explicitly as in
figure 17, we can label the relatively straight
segments of the T_ trajectories as tasks and
subtasks. Transitions between the subtasks
in a sequence correspond to abrupt changes
inT,_.

If we do not represent time explicitly,
the relatively constant C vectors corre-
spond to nodes, as in figure 15. The result-
ing tree structure represents a classical
AND/OR decomposition of a task into
sequences of subtasks, where the discrete
C; vectors correspond to OR nodes and
the rapidly changing sequences of P;
vectors become sets of AND nodes under
those OR nodes.

Intentional or Purposive Behavior

Figure 17 illustrates the power of a
hierarchy of multivariant servomechanisms
to generate a lengthy sequence of behavior
which is both goal directed and appropriate
to the environment. Such behavior appears
to an external observer to be intentional,
or purposive. The top level input command
is a goal, or task, which is successively
decomposed into subgoals, or subtasks,
at each stage of the control hierarchy
until at the lowest level output signals
drive the muscles (or other actuators)
producing observable behavior.

To the extent that the F vectors at the
various levels contain sensory information
from the environment, the task decomposi-
tions at those levels will be capable of re-
sponding to the environment, The type of
response to each F vector depends on the H
function at that level. If the F vector at any
level is made up solely of internal variables,

Text continued on page 28






























Figure 22: A set of Tp
trajectories in which there
is opportunity for branch-
ing at many points in
time. If behavior can be
modified by feedback at
many different levels and
in many different ways,
it appears to be adaptive
and flexible. If there are
orly a few branch points,
with only a few afternative
actions available at each
branch, behavior will ap-
pear stereotyped.
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in which there is opportunity for branching
at several different levels at every step along
cach trajeclory. Al each instant in time the
C veclor to any particular fevel depends
upon what the C and F vectors were to the
next higher level at the previous instant.
Thus, a change in the F vector at any level
causes an alternative C vector to be sent to
the level below. Behavior is continuously
modified at all levels by external variables,
and hence does not appear stereotyped at
all.

Many degrees of freedom place great
demands on the H functions for maintaining
stabililty and precision of control in such a
large space of possibilities. Since successful
behavior is only a tiny subset of all possible
behaviors, it is clear that most of the poten-
tial branches will lead to disaster unless the
H functions produce actions which steer
the S and P vectors back into the narrow
regions surrounding success trajectorics. For
a multilevel hierarchy with sensory interac-
tion at many different levels, this is ex-
tremely complex. However, if the H func-
tions are trainable, then performance can
improve through practice. Complex tasks
can be learned, imitated, and communicated
from one individual to another.

Conclusion

We have now completed the first step in
our development. We have described a hier-
archical computing structure which can
exccute goals, or intended tasks, in an un-
predictable environment. We  have also

defined a notation by which the behavior of
such a hicrarchy can be described clearly and
concisely. We have asserted that the com-
plexity of behavior resulting from such a
control hierarchy depends on four things:

® the number of levels in the control
hierarchy;

® thenumber of feedback variables which
enter each level;

® the sophistication of the H functions
which reside at each level;

® the sophistication of the sensory pro-
cessing systems which extract feed-
back variables for use by the various H
functions.

In part 2 we will describe a computer
model of a ncurophysiological structure in
the brain which computes multivariant H
functions. We will then suggest how the
brain might use such structures to learn skills,
remcmber events, selecl goals, and plan
future actions.®

BIBLIOGRAPHY

1. Albus, J S and J M Evans, “Robot Systems,”
Scientific American, February 1976, pages 77
thru 87.

2. Arbib, M A, The Metaphorical Brain: An fntro-
duction to Cybernetics as Artificial intefligence
and Brain Theory, Wiley-Interscience, New
York, 1972.

3. Sommerhoff, G, Logic of the Living Brain,
Wiley-Interscience, New York, 1874,

4. Tinbergen, N, The Study of instinct, Clarendon
Press, Oxford, 1951,






Simple Maze Traversal Algorithms

This article is a discussion of some solu-
tions to the problem of traversing a maze.
The algorithms here represent neither an ex-
haustive nor a high-powered study of the
problem, but rather an intuitive approach.
The ideas reflect our thought processes and
those of Tony Rossetti in our efforts to com-
pete in JEEE Spectrum magazine's ongoing
Micromouse contest.

Sandra and Stephen A Allen
2543 Luciernaga St
Carlsbad CA 92008

RIGHT LEFT
ANGLE ANGLE
TEE U-TURN

MOUSE TRAP

Figure 1. Tvpes of intersections affowed in the maze. All intersections are at
right angles and no cross intersections are allowed.
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Problem Specification

The tEEE Spectrum's Micromouse Maze
contest began time trials last June at the
1978 National Computer Conference in Ana-
heim CA. A mechanical “mouse" {ic: robot)
must find its way under its own power from
the entrance of a maze to the exit. Lach
mouse is given three tries through the maze,
with a time limit on cach attempt. The
mouse with the shortest logged time wins
the contest. The solution to the problem,
then, is to find the path through the maze
that yields the shortest time.

An important consideration in finding a
solution is the characteristics of the maze.
The corridors are of uniform width. There
are only five types of intersections: right
angle; left angle; T; U turn; and mouse-
trap. These are shown in figure 1. There are
no cross-intersections, nor are there any
king's chambers, which are large vacant areas
in the maze. This simplifies the traversal
algorithms somewhat. Finally, there are
exactly one entrance and one exit on the
perimeter of the maze, but not necessarily
on opposite sides.

Characteristics of the mouse should also
be taken into consideration. [t must be com-
pletely self-contained, having an on board
computer and any required memory. Since
the mouse must carry its own battery, avail-
able power is a limiting factor.

Easy Algorithms

The criteria used in looking for a solution
were primarily based on the considerations
discussed above. The limited power, pro-
gram space, memory and processor power
were perhaps the most important aspects.
Simplicity was also an important element
in order to provide easy maodification and
enhancement of the robot.





















THE DIAGNOSIS:

MEDICAL OFFICE MALAISE

Between insurance
forms, Medicare and
Medicaid forms, bills, and
patient records, the typical
medical office today is
swamped with paperwork.
If the sheer volume isn’t
enough of a problem, it is
also essential that all this be

THE CURE:

done with speed and
accuracy. It has been
estimated that Doctors and
office staff spend nearly a
quarter of their time
handling paperwork. Until
now, the only alternatives
were either hiring more per-
sonnel or subcontracting

with an outside firm.
Obviously, a medical data
base management system
has great potential for
significantly increasing
office efficiency and freeing
staff for more valuable
duties.

MED2 FROM OHIO MICRO SYSTEMS

MED?2 is a reliable,
debugged program that
generates valuable adminis-
trative reports, bills, aging
account analysis, and
insurance forms. It is the
result of over a year of
design, testing, and
retesting in colloboration
with medical offices. It
features a large on-line
capacity and can be
operated by the existing
office staff. MED2 is
suitable for one person
offices or group practices.
It adapts readily to GP’s,
specialists, dentists, and
medical laboratories.
MED?2 requires a Z80/8080
microcomputer system that
supports CP/M and it is
available on Micropolis
5.25in. and IBM 3740 8 in.
diskettes.

FREE USERS SEMINAR
WITH EVERY MED2 DISK

There is a lot to know
about MED?2 - more than can
be explained in an ad or
manual. To show you what
MED2 can do, how to use it,
and why it is configured as it
is, OHIO MICRO SYSTEMS
makes an unprecedented offer
- a FREE two day user’s
seminar (lodging included)
with every MED2 disk. We
believe this is the best way for
you to obtain a thorough
working knowledge of MED?2.
You get to see, question, and
evaluate MED2 with its
designers. The seminar is
comprehensive and includes
information on procedures in
medical offices, customizing
MED?2 for unique situations,
technical aspects of MED?2,
and marketing strategies. The
seminar can be a complete
course for an end-user familiar

with microcomputers, but it is
specifically geared for dealers.
MED?2 provides an excellent
entry for dealers into the large
new marketplace of medical
offices. There is no question
that the need exists. Investing
the time in the seminar will
open the doors to increased
hardware and system sales.

The price of MED2 is
$895. A deposit of $200, which
applies toward the purchase
price, is required for
registration in the seminar. If
you decide to not purchase
MED?2 after the seminar, you
owe no more. Contact OHIO
MICRO SYSTEMS for
seminar dates, registration,
and further information.
Phone (216) 678-5202 or write
to us at 500 South Depeyster,
Kent, Ohio 44240.

OHIO MICRO SYSTEMS

500 S. DEPEYSTER ST. » KENT, OHIO 44240 e (216) 678-5202

Circle 284 on inquiry card.
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Figure 9: Optimization. If
a leftmost path were to
vield the red path and a
rightmost path were 10
yield the gray path, the

common intersections
would be A, B, C, and D. o

By taking the shorter path

between each sticcessive

pair of intersections, one |
obtains the shortest total / ’
path which has been tra- 4

versed. Examples of short c
paths are the gray path

fronr A to B, either path

from B to C (since they
are the same), and the red A

path from C to D. The

final path is the most 7
direct and shortest path
through this section of the / |

mize. |
A
T x
2 i
x ¥ ¥ ¥ x
8 8
X iR a 1 X
TOTAL LENGTH TOTAL LENGTH
10 UNITS = 12 UNITS

Figure 10: Turning time considerations. Due to the time it fekes for the
mouse to turn fn an intersection, evaluations regarding this difference in the
average length traveled per unit time must be made. For example, the mouse
moves one unit of length in one unit of time and it takes two units of time to
turn in an intersection. Then with the mouse starting in position A in each
course, after 12 units of time the mouse has progressed 10 units of fength on
the left and a full 12 units on the right.
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for the mouse to take the rightmost path,
optimizing and recording as it went on the
first attempt, and similarly take the left-
most path on the second try. Now the
mouse has recorded in its memory two
different optimized paths. At the beginning
of the third attempt, each of the two paths
can be measured by a straightforward, length
of corridors sum, and the shorter of the two
optimized paths can be taken on this final
run.

A logical cxiension of this shorter total
path philosophy is to compare the leftmost
path list to the rightmost path list, finding
all the common intersections. A short total
path can then be composed by joining the
shorter of the path segments between cach
common interscction pairs. For example,
cach complete path might go through the
origin, intersection A, intersection B, and
the exit point (perhaps along with many
other different intersections).  Then an
optimal path could be made by combining
the shorter path between the arigin and
A, the shorter path between A and B, and
shorter path between B and the exit. Con-
ceptually, this is like breaking the maze
down into “common denominator' sections
and picking the shortest path through each
individual section. And, in fact, this path is
the shortest one which has been traversed
through the macze so far (see figure 9).

However, time is critical, not distance,
and most likely the robot corners more
slowly than it goes straight (see figure
10). So if the shorter path has many turns in
it, and the longer run has few turns, the
shorter path may not necessarily vield the
shorter time for the run. Therefore, a slight-
ly more sophisticated scheme could measure
the paths using a weighted sum (alarger value
for turns than for straightaways}, and yicld
values which more closely reflect how fast
the robot can negotiate the maze by the
different paths.

Conclusions

The algorithms presented here are by no
means high-powered or devious, but are
more the results of a natural, intuitive ap-
proach to the maze traversal problem. They
are all straightforward and relatively easy to
implement. But even so, they arc reliable
and produce solutions which are reasonably
good, cspecially when compared with the
common wall-hugging tactics.

Clearly, there are still many ways (o im-
prove the performance of these algorithms.
More contests like the /EEE Spectrum’s
Micromouse contest will perhaps encourage
investigation in this area and will produce
much more sophisticated approaches and
solutions to the maze problem.=

































If you've written software
in Altair Basic,you've written
“spells” for the Exidy Sorcerer.

Now, make it pay off!

There’s never enough software.
Particularly good software.
That’s why Exidy is sponsor-
ing a software contest where
nobody loses.
Altair programs run on Sorcerer.
The Sorcerer computer’s
Standard Basic is compatible with
Altair 4K and 8K Basic. So our
contest is open to programs
—we like to think of them as
“spells” or “Sorcery” — written
in all three of those Basic versions.
Trade one of yours for one of
ours. Just for entering a program
in our contest, we’ll send you a new, professionally
written and documented program. Free. It’s a
classic game of concentration that’s a fun mind-
stretcher for both kids and adults. Plus you'll
get our new 20" by 24" color poster.
And maybe 99 more good programs. We'll publish
a bound book of the best programs entered —up
to 100 of them, with full credit to each author. If
you enter you can have a copy for just the printing
and mailing cost. And if your program is included,
you get the book free.

WIN THIS EXIDY SORCERER.

And maybe a free Exidy
Sorcerer: Submit one of the four
programs judged “best,” and win
a free Sorcerer computer. (Or
choose Sorcerer accessories of
equal value.) There’ll be one
winner in each of the following
categories: Business, Education,
Fun & Games, and Home/
Personal management.

Test-run your entry free.

Take your program to any

participating Sorcerer dealer

if you want to give it a test run.

At the same time, maybe you'll

want to jazz up your program to take advantage of

Sorcerer’s state-of-the-art features. These include

512 by 240 high-resolution graphics; user-defined

characters; and dual cassette 1/0, among others.
You can turn in your entry right at the dealer’s.

And collect your poster and new program on

the spot.

Enter now. Send us your entry with the coupon.

Or visit your dealer. But cast your best spell at

Exidy now. And see if you can’t make a free com-

puter appear on your doorstep.

RULES:

1) Entries, including documentation, must
be printed by computer or typed double
spaced on 8% by 11 paper, with your name
on every page.

2) Enter as many times as you like. This cou-
pen, or a copy of it, must be completed and
attached to all entries.

3) Enter at any participating Exidy Sorcerer
dealer, or mail entries postpaid to the ad-
dress on this coupon.

4) Entries must be received by midnight,
Aug. 31, 1979. Winners will be notified by
Nov. 30, 1979. For a list of winners, send a
self-addressed, stamped envelope marked
"Winners List” to the coupon address.

5) You warrant, by your signature on this
coupon, that all program and documen-
tation material included in your entry is
entirely your own original creation, and that
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no rights to it have been given or sold to any
other party, and you agree to allow Exidy to
use, publish, distribute, medify, and edit it
as it sces fit,

6) All entries become the property of Exidy,
Inc. No entries will be returned, nor any ques-
tions answered regarding individual entries.
No royalties, payments or consideration

EXIDY, INC.
969 W. Maude Ave.
Sunnyvale, CA 94086

inc.

Gentlemen:

Here's my “spell.” Send me my free program and
poster. If | win, send my Exidy Sorcerer computer to:

beyond the items set forth in this advertise-  NAME
ment will be given to any entrant. .
7) Judging will be by a panel of experts cho- ADDRESS
sen by, and including representatives of, N
CiTy STATE ZIP

Exidy. Inc. Judges may assign programs to
whichever entry category they consider ap-
propriate. Decision of the Judges is final.

8) Employees of Exidy, Inc., its dealers, dis-
tributors, advertising agencies and media
not eligible. Void where prohibited, taxed or
restricted by law.

SIGNATURE

DAYTIME PHONE

TITLE OF PROGRAM

CATEGORY L Business

O Fun & Games
O Education [0 Home/Personal Management

DATE

Copynght 1979, Exidy, Inc.









100
110
120
130
140
150
140
| 7%
180
190
00
210
ano
210
240
250
260
170
080
290
300
310
420
330
340
150
360
270
380
490
400
16
420
130
440
450
460
a70
480
a0
500
510
520
530
540
S50
540
570
580
590
400
510
420
430
&40
450
660
470
480
690
700
210
720
730

REM This prodram demonslrates how Lhe com-uter can he

KFM used to rrovide conlol oulrol from ane EMG didital dneut

REM EMG atwesrl 15 o rort 3r bit 0. No slimalus 15 legic O

REM while muscle zotivilw is sidnified ba lodic 1.

REM Tesl grrarablus uses / lights attached to bits 1 thry 7 af

RF¥ ouleuyl work 17, The compuler seauences thru the lighls urdil the
REM oreralor sidgnifics o choive by —="THINKING®~~ about 1t 11

REM

REM Coruridgnhl 1979

REM

REM

FOR I O TD 300 INEXT I
REM

REM This roubtine sewuentiallw flashes bits 1 thdgoudh 7 of rort 17
REM 1L onlw enits when an iroml flzd has been set by the EMG mondtor
He

STEVE CIARCIA

X=2"B 1DUT 17X

GOSUR 440

IF F-1 THEN QUT 17,1 1GOTD 320
B=Fil1l IF b7 THEN GOTO 210
G011 2460

REM

I #-1 THEN GOSUB &70 GOT0 570
IF B-2 THEN GDSUE 670 1GOTO 580
IF B 3 THEN GOSUR 670 (G0OTO 5%0
IF H-4 THEN GOSUE 470 (GOTD 400
If R-3 THEN GOSUB &70 (GOTO 610
If H=é& THEHW GOSUE 470 IGOTO 420
IF B=7 [HEN GOSUR 47¢ (GOTO &30
IF K-7 THEN STOP

REM

REM

REM Thio routane reads bthe EMG monitor on rort 3 bal O
REM If s:anal as rresent 1t sets tlag F-of

A= 1F--0

I=INF(3)Y-204

IF 70 THEN 4%0

fi-fd L S IF AT-200 THEN RETURN (REM dive owreratur time to resrond
GOTO 4%

F=1

Q=INF(3)

IF G254 THEMN 500

RETURN

REM

REM

REM These 7 routines can be rerlaced with outeuts to
REM 1ndividual control rrodrams.

FRINT*b=1"1G6AT0O 210

FRINT "b= 210
FRINT“b=3"1G07T0 210
FRINT "bh=q 210
FRINT b= 210

FRINT*b=46"1G0TO 210
FRINT*b=7*iG0TD 210
REH

REM

REM This routine flashes individual light to indicate selection
FOR T=0 TOQ 10

oUT 17X

FOR 11=0 TO 50 INEXT T2
QUT 170 ¢

FOR Ti=0 70 S0 INEXT T1
NEXT T

RETURN

Listing 1: BASIC program to sense input
from the biofeedback monitor. This program
scans the cursor through several choices and
waits a short period of time. If the user
squints or blinks within the allotted period,
that choice is designated. If it is not designa-
ted, it cycles to the next choice. This par-
ticulur program just blinks the chosen ob-
jective to indicate that the interface is work-
ing. The required body connections for pick-
ing up eyebrow movement are shown in
photo 1.

up, the program can be easily tested with
the muscle monitor by temporarily at-
taching a normally closed, pushbutton
switch on port 3 bit 0.

Conclusion

All of this ¢ffort for a single bit of data
acquisition may appear unjustified, but it
can prove to be exceedingly significant in
situations where no other means of com-
puter interaction is available. At the lcasl,
the interface should provide a substantial
base for biofcedback experiments. With
additional amplification and filtering to
monitor  brain waves, a whole series of
challenging  experiments come o mind.
Personal computing need not be relegated
to the level of canned amusements and
commercial presentations. A relinement of
this interface could be the one critical
design feature which would open the ficld
of personal computing to individuals who
are otherwise physically unable 1o take
advantage of it,

It you have any questions on this or
any other “Ciarcia’s Circuit Cellar' article,
or just a good idea, please don't hesitate
to write. While it may take some time, |
do eventually answer all inquiries. Please
enclose a sclf-addressed stamped envelope,
Next month the “Circuit Cellar™ topic wifl
be sound generators.m
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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 fetters,

GET HARD COPY FROM YOUR
COMMODORE PET USING A
STANDARD RS-232 PRINTER

manuscripts, mailing  labels,
tables of data, pictures, in-
f'i‘h voi_ces, graphs, checks, nef.edle—
N point patterns, etc., using a
standard RS 232 printer or

terminal.

T 17 HY TE Fubsheatione T

PET PRINTER ADAPTER

$98.50

Assembled and tested

SIGQOO ADA 1200C "
With case, power supply ‘m VISA®
and RS-232 connector

Order direct or contact your local computer store,
Add $3.00 for postage and handling per order.

Em@

ADA 12008

CONNECTICUT microCOMPUTER
150 POCONO RD, BROOKFIELD, CT 06804
{203) 775-9659 TLX: 7104560052
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Figure 3: Circuit which must be added to the Apple Il to add more colors to
the high resolution display. (Caution: Adding this circuit voids the warranty.)
A starred assignment (*) indicates that the connection is made to a pin which
is out of its normal sockel. Besides the connections which are shown, also
connect pin (B8-14) to (A8-6) which is out of its socket, and (B8-7) to
(A8-13) which has also been removed from its socket. The power connections
to the 74L.502 are +5 V to pin 14 and ground connected to pin 7.

Disconnect the power supply from the
printed circuit board.

Remove the #8 nut and lockwasher secur-
ing the center of the printed circuit board.
These will not be found on the earlier
Apple Il computers.

Carefully disengage each of six nylen in-
sulating standoffs from the printed circuit
board (seven on earlier versions),

Lift the printed circuit board from the
bottom plate,

. Above the board wiring method.

Lift the following IC (integrated circuit)
pins from their sockets.

Pin
IC Number
A8 1
AB 6
A8 13
A9 1
A9 2
A9 9

Mount a 741574 (dual C-D flip-flop) and
a 741502 (quad NOR gate} in the Apple
1! breadboard area (A11 to A14 region).

Wire the circuit in figure 3.

. Below the board wiring mathod.

Desolder ail pins of socket A8, Lift the
socket and its 74LS257 integrated circuit
off the printed circuit board taking care
not to destroy it. Cut the trace between
pins 6 and 13 of A8 on the top side of the
board. Also cut the trace between pins 13
and 15 on the top. Reinsert socket A8 and
the 74LS257. Be careful.

Cut traces going to the following pins on
the bottom of the Apple |l board. Each

pin should have a single trace going to it.

Be careful.
Pin Pin
IC Number IC Number
A8 1 A9 1
A8 i AQ 2
AB 13 AS g

(c) Cannect pin 15 of ICA8 ta ground {pin B
of ICA7 on the keyboard socket is a
nearby ground).

{d) Mount the 74L8574 and 74LS02 as per
step (b) of the above the board wiring
method.

(e} Wire the circuit of the above the board
wiring method, step (c}. All wires are on
the bottom of the Apple Il board and no
pins need be removed from their sockets
or soldered to.

4. Reassemble the Apple Il and make sure it is
operational. If not, chack all wiring very carefully.
Make sure that all integrated circuits are in their
sockets and properly oriented.

5. The following color valuss are now applicable
to the high resolution subroutines:

BLACK2 128
ORANGE 170
BLUE 213
WHITE2 256

For example, the program below draws an
orange line from location {10, 20} to {200, 140).
It is assumed that the high resolution routines are
already in memory locations hexadecimal B00
thru BFF.

0 X0 =Y0=COLR
5 INIT = 2048 : PLOT = 2830 : LINE = 28386
7 ORANGE =170 : CALL INIT
10 X0 =10: Y0 =20: COLR = ORANGE :
CALLPLOT
20 X0 =200 : YO =140 : CALL LINE
30 END =
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Figure 2: Schematic of the Turtle’s motor control and pen control circuitry.
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touch sensor, lights, and horn control
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Figure 3: Horizontal paths of maze.
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Figure 3 shows a box with alternating
rows of Xs and spaces. These represent
the horizontal paths and walls of the raw
maze. Note that there is no way to get
from one horizontal path to another. To
creale such a pathway, the user would
simply erase any X on the line of Xs sepa-
rating them.

Figure 4 represents the vertical paths
and walls of the maze. Again, the paths are
totally separate, but the user could easily
make an opening between the adjacent
paths by erasing one X.

Figure 5 is the result of combining
figure 3 with figure 4. What you see in
figure 5 is the initial maze that I've been
referring to. Another way of looking at
it is to think of it as an aerial view of a
grid of streets running north-south and
east-west. Imagine that roadblocks have
been established at every intersection.
To get from point A 1o poinl B, it is nec-
essary only Lo remove the specific road-
blocks blocking your route. For the pur-
poses of this program, the user performs
a similar operation by removing those
Xs which block the paths he desires through
his maze.

This concept is illustrated in figure 6.
By crasing the blocking Xs along the de-
sired horizontal and vertical pathways, we
are able to create a functional maze., We
must remain on those pathways and can
erase an X only if it is blocking us unduly,
In practice, we can only erase an X if there
is a space cither above and below it, or to
the right and left of it.

The above can be a little confusing, even
after you are used to it. Because of this, |
built a routine into the program which
automatically checks every X you try to
erase and determines whether or not that
particular X may be erased. If a given X
may not be erased, your command will
be ignored. As a result, you need nol worry
about making an error, but remember when
you try to erase an X and nothing happens,
that the program is designed to do this.

Among the Xs which cannot be erased
are those which form the borders of the
initial maze, meaning that there is no escape
from this maze. It doesn't really matter.
Unlike other mazes {in which the idea is to
escape), the goal of the computer in this
program is.to find “food”, indicated by
the letter F.

Command Details

While the program does print out a list
of all the valid user commands, ) feel it is
worthwhile to elaborate. One of the basic
principles involved in setting up the maze
is the fact that the cursor is not allowed
to pass beyond any boundary of the maze.
This means that when the cursor reaches
the right side of the maze, it will not be
able to “wrap-around” and reappear on
the left side of the screen. It doesn’t matter
in which direction you are moving: when
you reach a boundary line, you will be
stopped from going any further. Should
you try to go further, the command will
be ignored.

I chose this approach to facilitate coor-
dination of the on-screen maze and its
counterpart stored in memory. Coordina-
tion of the cursor on the screen and the
block of reserved memory is critical to the
successful operation of this program. It
is important that | included a routine
designed to abort the program if certain
commands are detected.

Because it is so much easier to remember
the letter R for right rather than Control-l
for right, | decided to allow the user to use
U, D, L and R to cause the cursor to move
up, down, left and right. In operation, the
program recognizes these easy to remember
commands and substitutes the specific
control character used by the terminal






Figure 5: Complete maze grid, containing alf horizontal and vertical com-
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device for the intended cursor movement.
| followed this approach bccause it was
relatively easy to program and made things
easier for the user. However, should the
user input one of the actual control char-
acters rccognized by the terminal system,
synchronization between the on-screen maze
and the special block of memory would
probably be lost. Rather than permit this
to happen, | chose the simple alternative
of having the program check each command
input by the user. If it detects any control
character, it will immediatcly crase every-
thing on the screen and return to MIKBUG
control. The program itself will not be
affected, but you will need to reenter the
program at ils starting address and begin
again.

Other Commands

The remaining valid commands are C,
H, F, E, and S. These stand for carriage-
return, home-up, food, erasec and start.
Carriage-return moves the cursor to the
left of the current line, while the home-up
command is used to move the cursor to
the upper lefthand corner of the maze.

When you have the cursor positioned di-
rectly over an X you wish to remove, use
the erase command. Use the food command
to replace any X in the raw maze with an F.
You may set up several target Fs around the
maze, but the program will stop its search
as soon as it finds the first one. When you
are ready to allow the computer to run the
maze you have prepared, issue a start com-
mand.

Issuing the start command removes
control of events from the user and turns
everything over to the computer. As soon
as it takes control, the computer checks to
see whether the cursor is positioned over
an X or a space. At this point, if the cursor
is over a space, the computer will begin
its search. If, however, the cursor is over
an X, the computer will move it to the
space in the upper lefthand corner. Either
procedure gives the computer a valid point
from which to start, and as soon as one has
been taken, the computer prepares to make
its first move.

Strategy

I now need to discuss, in general terms,
the strategy used by the program to move
around the maze in search of food. A good
place to begin is with figure 7. This type of
diagram is referred to as a tree. Such a
diagram by itself does nothing. When used
as an aid in solving certain types of problems,
such trees can make it much easier to
visualize relationships of various elements
of a problem.

If we assume that each circle represents
a combination of factors which could be
the desired answer, our task is to devise a
scheme of searching through the tree until
we find the solution. A number of methods
for doing this are available. While the onc
that | selected is not the best, it is reasonably
efficient, provides an interesting simulation,
and is so simple to understand that | had no
reservations about using it as the basis for
the most important part of the program.

The strategy | selected for my program
is embodied in the following set of simple
rules, The first rule is that once a passage-
way is entered for the first time, it is ex-
plored until a dead end is reached. During
this initial search, any corridors branching
off the passage being explored are ignored.
The second rule is that after a dead end is
reached, special signals are stored in the
reserved block of memory until the com-
puter must either change direction or reach
a new corridor. These signals mean that
it is not necessary to explore that particular
corridor, as it is already known that the goal
is elsewhere. In effect, the program will later
react to these signs in the same way that









classic tree diagrams. Experts in the ficld of
artificial intelligence tend to disapprove of
such loops for they can raise havoc with
simple search strategies like the one I've been
explaining. It is entirely pos e to enter
one of these loops and, following the rules
exactly, remain in the loop indcfinitely.
This can all be summed up in the following
rule: do not create loops in the mazes you
sel up for this program to run through.

Finally, on the matter of loops, figures
10 and 11 are examples of various mazes.
Those shown in figure 10 are incorrect
because of loops. Those shown in figure 11
are correct.

Run Completion

Now | am going to bricfly describe what
happens once the computer completes its
ren. If it was unable to find the goal (because
you fo 1 1o include it or placed it out of
reach), the program will tell you that it has
no valid moves and will ask if you wish to
rerun the same maze.

Il you indicate that you would like to
rerun the same maze, the computer will
clean out all the signs it placed in its special
block of mem and jump back to that part
of the program which allows the user to
m¢ Yy the maze. It will print out a new
maze or change the one on the screen. If
you desire to start the next run from a new
location or further modify the maze, use the
same commands you originally used in set-
ting up the maze. When you are ready to
begin the new run, input a start command.

When the program actually finds the goal,
it gocs through the same general routine as
when it has no more moves, with one major
difference: instead of reporting that it has
no more moves, it states that it has found
the goal. Beyond this, everything is the same.

If, in cither of the above cases, you indi-
cate to the computer that you do not desire
to rerun the same maze, the program will
erase cverything on the screen, completely
clear out the special block of memory, and
then print out a new initial maze.

Minor Points

A few minor details remain of which you
should be aware. Foremost among these is
the cursor. | decided to use the cursor to
explore the maze because it was the easiest
way to do the job. The simulation is very
effective when the cursor is operated in the
solid mode (as opposed to the normal blink-
i mode). The program will function per-
fectly with a blinking cursor, but the visual
effect is not as pleasing.

Text continued on page 96

Figure 9: Seurch tree containing loop paths, which can cause probiems.

Figure 10: Mazes containing loops. Creation of such mazes is to be avoided.
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Wi SURE DO ALICE . BESIDEG OuR OWww EXTENSIVE
LING ,WE CARRY SOFTWARE FRom PEREONAL SOFMLINYE,
SHMALL SYETUM 10FNLARE, B0-US, CREATIVE COMPUTING,
MTICROLOBTY , TR$-JO SOFTWRRE EXCHONGE , €0 FTAPK,
CIRCLE ENTEEPRIERS AND MANY OTHERL SORTOMSE PUBLISHER?,

b STRANGE CRTAPILLER SENT me |
HERE . HE TOLD ME THAT YOU MAVE .
I‘OPTI-!’E PR MY MIRDComMPUTER, .

)

1 \“

TRS-80 L1/2 L2

W

DESCRIPTION
* AN EXCITING SPACE WAR GAME WITH GRAPHICS

PROGRAM
GALACTIC BLOCKADE RUNNER

SCI-FI GAME SAMPLER * 3 GAMES—LUNAR LANDER—STAR MONSTER—SPACE BATTLE

R/T LUNAR LANDER * A REAL TIME LUNAR LANDER WITH GRAPHICS L
MICRO-TEXT EDITOR * FORMAT TEXT—SAVE & LOAD TO TAPE—OUTPUT TO PRINTER [
OTHELLO 1Nl ¢ A STRATEGY BOARD GAME—PLAY AGAINST COMPUTER OR OTHERS|w
AIR RAID * A REAL TIME, ARCADE TYPE SHOOTING GAME IN MACH. LANG. [
MICRO-CHESS * PLAY CHESS WITH YOUR COMPUTER—VARIOUS LEVELS OF DIFF. [
BRIDGE CHALLENGER * DON'T WAIT FOR OTHERS TO PLAY—YOUR COMPUTER'S READY L]
APPLE 21 * BLACKJACK WITH HIRES GRAPHICS

STAR WARS/SPACE MAZE » SCI-F1 GAMES FOR THE APPLE

RENUMBER * RENUMBER YOUR BASIC PROGRAMS—RENUMBERS EVERYTHING .
DISK RENUMBER * SAME AS ABOVE, BUT ON DISK L]
PILOT 2.0 » THE EDUCATIONAL LANGUAGE. IN MACH. LANG —INC. EDITOR [}
PILOT 3.0 * THE DISK VERSION OF THE ABOVE )
APPLE TALKER ¢ YOUR APPLE SPEAKS! NO NEW HARDWARE REQUIRED

APPLE LIS'NER * SPEECH RECOGNITION THE EASY WAY—GREAT WITH THE TALKER
TIC-TAC-TALKER * TIC-TAC-TOE USING SPEECH SYNTHESIS AND RECOGNITION

FORTRAN * FOR THE TRS-80—SEE MICROSOFT'S ADS []
S5YSCOP * MAKE BACKUP TRS-80 SYSTEM TAPES THE EASY WAY °
ANDROID NIM-2 * GAME OF NIM WITH ANIMATED ROBOTS AND SOUND g
SNAKE EGG ¢ A BETTING GAME WITH ANIMATED SNAKES AND SOUND L4
LIFE 2 * 100 GEN. PER MIN. LIFE & BATTLE OF LIFE W/ANIMATION & SOUND | |®
DCV-1 * PUT SYSTEM TAPES ON DISK EVEN IF IN SAME MEM AS DOS L
MUSIC MASTER * ENTER SHEET MUSIC—THE TRS-80 THEN COMPILES & PLAYSIT g
DISK MUSIC MASTER * SAME AS ABOVE BUT ON DISK W/MANY SELECTIONS b
TRS-80 CP/M ¢ OPENS UP THE WHOLE WORLD OF CP/M SOFTWARE TO THE TRS-80 | |®
PET ASTROLOGY ¢ DOES ALL THE COMPUTATIONS FOR YOU

PERSONAL FINANCE PKG. * KEEPS TRACK OF CHECKS, BUDGET. COMPUTES INTEREST [
TRS-80 DISK LIB. ""A" * 9 PROGRAMS ON DISK—INC. BLOC. RON, OTHELLO ETC. °

BUSINESS AND APPLICATION SOFTWARE—CALL OR WRITE FOR DETAILS
16K MEMORY UPGRADE FOR TRS-80, APPLE & SORCERER COMPUTERS
C-10 HIGH QUALITY DATA CASSETTES W/SCREW HOUSINGS

VERBATUM 5-1/2 INCH BLANK DISKETTES

10% OFF IF YOU ORDER 3 SOFTWARE PACKAGES OR MORE

l +

APPLE
PET FPRICE

SEND FOR FREE CATALOG—GIVE TYPE OF COMPUTER

”I\\\

P

9.95
7.95
7.95
9.95
7.95
14.95
19.95
14.95
9.95
12.95
14.65
19.95
14.95
24.95
15.95
19.95
19.95
$325.00
$ 995
$ 1495
$ 14,95
§ 14.95
$ 995
$ 1495
$ 2495
$150.00
$ 14.95
$ 9.95
$ 39.95

Ll R N R R N W W R WP W Y

§ 94,95
10/5 10.00
10/8 34.95

AVAILABLE FROM THESE FINE MICRO COMPUTER DEALERS

HOBBY WORLD ELECTRONICS
19135 BUSINESS CENTER D&. #6
NORTHRIDGE CA 91 U

&) ELECTRONICS LTD
18 COLLINOTON AVE.
BEXHILL-ON-SEA, E. SUSSEX, ENC.

CAPITOL COMPUTER SYSTEMS COMPUTER CABLEVISION, INC
1396 EL CAMINO AVE 617 AIND ST NW 82
SACRAMENTO CA 93821 WASHINGTON DC 20007

COMPUTER VILLAGE
231 SW ITTH AVE.
MIAMI FL YHN

AUGUST AUTOMATION
HWMILK ST
WESTBORO MA 01841

TRS-80 SOFTWARE EXCHANGE
17 BRIARCLIFF DR.
MILPFORD NH 03043

KENNEDY SYSTEMS
14 BROAD ST,
LYNDONVILLE ¥T 03831

L. C. SALES
100 HINCHEY AVE. 04
OTTAWA. ONT,, CAN. KIY4L®

OF AMP TECH BOOKS
1033 N SYCAMORE AVE.
LOS ANGLES CA 900)4

ADYANCED COMPUTER PRODUCTS
13108 £ EDINGER
SANTA ANA CA 97703

)% PLEASANT ST.
CHARLESTOWN MA 02129

TO ORDER BY PHONE OR FOR DEALER INFO—CALL—(617) 682-8131
ADD 75c¢ SHIPPING & HANDLING ¢ MASS. RESIDENTS ADD 5% SALES TAX
MAD HATTER SOFTWARE ¢ 900b SALEM RD * DRACUT, MA 01826

Circle 202 on inquiry card.

8y

DMNAIDSE MBAAYM M

BY T g 1670 9
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Listing I continued from page 96:

S113
St13
S113
S113
S113
S113
s113
S113
s113
S113
s113
S113
s113
sSi13
s1i3
S113
s113
sii13
5113
5113
S113
s113
5113
s113
S113
s113
s113
S113
S113
s113
S113
S113
S113
s113
5113
S113
s113
S113
S113
S113
S113
si13
S113
S113
s113
S113
Sii3
5113
S113
s113
s1i3
5113
S113
S113

0130
0140
0150
0160
0170
0180
0190
01A0
01B0O
o1co
01D0
01E0
O1F0
0200
0210
0220
0230
0240
0250
0260
0270
0280
0290
02A0
0280
02co
02D0
02E0
02F0
0300
0310
0320
0330
0340
0350
0360
0370
0380
0390
03A0
0380
03C0
03D0
03EO
03F0
0400
0410
0420
0430
0440
0450
0460
0470
0480

OAOD
4P56
5345
4147
4D4S
2041
0AS3
424F
2050
4EGL
4S4E
4345
4554
CEO2
2705
2086
0227
EO7E
ELDI
OABD
8658
7A02
5527
4827

5327
257E
7E02
ELD1
0200
023C
24B6
7E02
4184
0000
20P3
038¢C
8E27
8CB6
02D3
C17D
D17E
0000
A700
7FB7
8611
ra7
037E
1F27
27DF
B604
8820
1308
D37E
A600

352p
4520
2041
4320
2055
4E20
2D53
5645
5245
2033
2052
4544
3445
06BD
6F00
08B7
7002
3910
D02
E1D1
AT00
6A7D
2581
2181
1DBD
0308
F886
39CE
BDO2
BDO2
0324
8C00
1F88
BDO2
860D
B603
0608
038D
FFO3
03C1
028¢C
BDO2
BDE1
O8BF
B708
099F
028¢C
EEFF
2002
3584
27BD
20F3
028¢C
8120

o8 June 1979 4 BYTE Publications inc

4apar
444F
4E20
3243
500D
5820
5441
2043
5041
5641
4541
2C20
522E
EO7E
0820
0227
2727
0AO4
6A27
860D
BDE}
026A
4427
4327
02D3
7802
08BD
0820
OA7E
E37E
841F
00BD
1F27
D3FF
BDE1
8csl
7A03
84E0
BFB6
2706
B603
D3A6
D186
B708
5FB7
B709
FFO4
0434

E088
FFO4
FEO4
FEO4
270C

5645
ST4E
80D
5455
0A46
5749
52564
4F4D
5243
5254
4459
5459
2004
3910
F639
3900
05BD
861E
0608
BDEL
D108
2702
2481
2081
20D4
FCTE
EID1
398D
EOE3
028¢C
881F
0203
0686
035A
D17E
0927
8E20
88E0
03BF
097A
c084
0081
08BD
FFB7
089F
DF39
347C
TA04
FFO4
£027
34A6
3486
34B6
0101

2033
0AQA
0A43
S24E
2D32
5448
0DOA
4D41
0DOA
2052
ODOA
3045

1604
CEO02
1016
0268
B702
71A02
D139
8620
20E6
4c27
4527
7E03
0342
A600
E1AC
BDO2
BDO2
2706
FFO3
08BD
B603
028C
1886
F586
27P4
8108
03cl
EO88
58217
E1D1
093¢
B708
BDO2
0435
35B6
34B6
€820
0081
20A7
0435
O1CE

300A 0D44 2D4D 51

0D45
2D43
0AQD
4530
2041
0A33
4GE4L
4Dal
554K
S44F
2041

CEO8
28BD
0AO4
20F0
6A86
6A20
0086
A700
0139
2381
1F81
8F7E
TE04
BDE1
85E0
D339
D3FF
8609
407A
E1D]
5B85
0000
2087
OABD
20DD
2718
20P3
2027
037E
20EF
B709
DFB7
D3A6
B604
0435
0434
0986
1127
0OBD
8401
0495

2D45
4152
482D
4cal
4E20
5345
3320
5A45
2E20
2030
4LE59

008C
EO7E
BDO2
CEO2
358A7
EEO8
1087
BDEL
BDO2
5227
4627
035¢C
087E
D186
2701
BDO2
0323
BDEL
0341
097E
1F27
BDO2
038E
E1D1
0000
8620
8608
F420
028C
86FF
1FB7
091\F
0081
3584
841F
8108
0435
0781
E1D1
27P3
BDEO

3241
5249
4B4F
4345
460D
2041
544F
2041
3748
524F
204C
0000
0A00
CEO08
467A
43BD
00BD
0886
026A
D108
E781
2281
1E81
7E03
03c2
088D
39BD
D3BD
7C03
D108
B603
028C
0309
D3FF
7003
71E02
00BD
B703
BDE1
DDOO
8646
B708
09BF
B709
5827
1F88
881F
2708
84E0
FF27
BDO2
20E7
7ECE

FL

9B
9K
cé6

67

28
r8
23

FF

BS
EC
40
1D

0B
P>
16
AF
70
45
23

c7
3B
72
EF

E7
7
17
Fé
23
8F
BF
16
B3
91
A9
1A
c3
71
BO
82
cs
A9
CE
9B

P've never seen documentation covering
the types of errors the MIKBUG ecrror
detection feature will catch, so | purposely
made a number of different errors and can
report that all were detected. | entered
incorrect digits, tried nonhexadecimal char-
acters, rearranged the placement of correct
digits and entered the address incorrectly.
While | can't guarantee absolute reliability
in error detection, | can say that ['ve entered
many programs by hand using this method,
and to the best of my knowledge every
entry error that | made was caught.

As you successfully enter each line, it
is stored in memory. Should you be unable
to complete the loading of the entire pro-
gram in one sitting you may use the tape
dump feature of MIKBUG to store what
you have entercd on cassette or paper
tape. At the beginning of your next session,
load the tape back into memory and begin
hand loading at the point you left off
previously.

Eventually you will have the entire pro-
gram in memory. Before you do anything
else, | suggest that vou generate a tape of the
program. Once that is done, prepare your
terminal system to usc the program. Sel it
in the page mode, for upper case operation,
with the cursor in a nonblinking mode. The
hexadecimal starting address is 003D. Once
you have this loaded into addresscs AQ48
and A049, you will be ready to issue the go
command.

Because | have entered this entire pro-
gram by hand on three separate occasions, |
can appreciate the feelings of those who
think that it’s just too big a job. To assist
those who are lacking the time or inclina-
tion to hand load this program, | will be
happy to supply a Kansas City standard
cassette tape of the program for a $5 fec.

Conclusion

This program is serious fun. As written, it
provides quite a bit of excitement but,
human nature being what it is, the urge (o
improve things may strike one or more of
you. ldeas for improvement could include
adding land mines, a limited range requiring
stops for fuel, magic spots that transport Lo
another location, and even little Klingons. I
these or other ideas excite you, | hope vou'll
get busy and write the program to conlain
them. I’d like to run jt.=












Listing 1: BASIC subroutine for generating general purpose, perspective

projection maps.

1000
1005
1010
1015
1020
1025
1030
1035
1040
1045
1050
105%
1060
1069
1070
1075
1080
1085
1090
1095
1100
1105
1110
1115
1120
1125
1130
1135
1140
1145
1150
1155
1160
1165
1170
1175
1180
1185
1190
1195
1200
1205
1210
1215
1220
122%
1230
1235
1240
1245
1250
1295
1260
1265
1270
1275
1280
1285
1290
1295
1300
1305
1310
1315
1320
1325
1330
1335
1340
1345
1350
1355
1360
1365

102

REmM
REM
REM
REM
REM
REM
REm
REM
REM
REM
REw™
REM
REM
REM
REM
REM
REM
REM
REN
REM
REM
REM
REM
REM
REM
REM
KEM
REM
REM
REM
REM
REM
REM
REM
REM
REM
KEM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
KREM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REMm
REM
RE.M
REM
REM
REM
REM
REM
REM
REM

SUBROUTINE TO COMPUTE MAP CQOORDINATES
FOR PERSPECTIVE., MOUIFIED PERSPECTIVE:s

AND AZIMUTHAL EQUIDLISTANT PROJECTIONS.

THE FOLLOWING FUNCTION MUST BE DEFINED
BEFURE THIS SUBROUTINE IS CALLED:

FNC( ) COMPUTES THE ARC COSINFE OF THE
ARGUMENT. THE FUNCTION MUST BE
NON-AMBIGUOUS: THAT IS» IT MUST
ATTACH THE CORRECT ALGEBRAIC
SIGN TO THE RESULT. & GOSUB TO
AN ARC COSINE SUBROUTINE MAY BE
SUBSTITUTED IF DESIRED.

THE FOLLOWING CONSTANTS MUST BE DEF INED
BEFORE THIS SU3SROUTINE IS CALLED THE
FIRST TIME+: AND ARE NEVER CHANGED:

E = 6378.0¢r THE MEAN RADIUS OF THE
EARTH» IN KM.

Kl 1.0

K2 = 1.5707963» THE VALUE OF PI/2.
K3 = 3.1415927r THE VALUE OF PI1.

K6 = 6.2831853¢ THE VALUE OF 2#%P1.
T = 0.00015r USED AS A TEST VYALUE.

Z % 0.0

THE FOLLOWING VARIABLES MUST BE DEFINED
BEFORE THIS SUBROUTINE IS CALLED THE
FIRST TIME FOR ANY GIVEN MAP. EACH
TIME A NEW MAP IS Ty BE STARTED: THESE
VAR, ABLES MUST BE REDEFINED BEFQRE
CALLING THE SUBROUTINE THE FIRST TIME
FOR THAT MAP+ AND ARE NOT CHANGED UNTIL
THE MAP IS FINISHED:

A IS THE GEOGRAPHIC LATITUDE OF THE
WOCATION ON WHICH THE MAP IS
CENTERED .

Al [S EQUAL TO SINCA).
A2 IS EQUAL TO CcOS(a).

F IS THE MAP SCALE FACTOR TO CONVERT
TRUE PROJECTED RADIAL DISTANCE TO
THe MAP RADIAL DISTANCE.

= R/{E*SIN(M) )¢ WHERE R IS THE
RADIUS OF THE FINISHED MAP« IN CWM QR
INCHES? E IS AS UEFINED ABOVWE: M IS
AS DEFINED BELOW.
F IS USED ONLY FOR PERSPECTIYE AND
MODIFIED PERSPECTIVE PROJECTIONS.

F1 ]S THE MAP SCALE FACTOR TO CCNVERT
TRUE ARC DISTANCE TO THE MAP RADIAL
UISTANCE. F1l IS USED FOR AZIMUTHAL
tQUIDISTANT PROJECTIONS ONLY,

F1 = R/M+ WHERE R IS THE RADIUS GOF
THE FINISHED MAP, IN CM OR INCHES:
aND M IS5 AS QEFINED BELOW.

G iS5 A PRECOMPUTED FACTOR USED IN THE
COMPUTATION OF THE RADIAL COMPOMEMT

Listing ! contited on poge 104
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sce that by this very simple modification of
the azimuthal equidistant map program, we
can use a single subroutine to generate any
desired perspective map, as well as all of the
orthographic, polar equidistant, and azi-
muthal equidistant maps illustrated in the
earlier article! We will add a few frills that
will make the program still more versatile.

Modified Perspective Projection

The azimuthal equidistant map portrays
radial distances in a linear fashion. On the
other hand, radial distances in a perspective
map are computed from an involved trigono-
metric formula in order to show them as
they actually appear when viewed from
some point in space. Each of these maps has
its own special applications, but also has (as
do all maps) certain distortions.

A projection which is a compromise be-
tween the kinds of distortions inherent in
the azimuthal equidistant and the pure per-
spective maps can be easily developed. This
is done by using the same angular compo-
nent, but presenting the radial distance in
direct proportion to the sine of Lhe arc dis-
tance. For the sake of simplicity, | will call
this a modified perspective projection. It has
been included as an option in the accom-
panying program. This projection is quite
useful, especially when used in conjunction
with the pure perspective projection, as we
will sec in some later examples. As an added
bonus, the sine of the arc distance has to be
computed anyway to come up with the
angular component of the map coordinates,
so we don't have to do any extra work to
include this projection in the program.

General Purpose Perspective Projection
Program

The program in listing 1 is in the form
of a subroutine, and is to be used in the
same manner as the subroutines presented
in part 1. The subroutine is fully docu-
mented by the remarks contained within it,
so there is little need to claborate. In fact,
of the 300 lines in the listing, fewer than
60 are executable statements; the other 240
or so are all remarks concerning the usc
and operation of the program.

As in the case of the carlier programs,
certain parameters are initialized, then the
subroutine is called once for each pair of
coordinates to be converted. A geographic
latitude and longitude from the data base
(see part 1 for a description of the data base)
are supplied to the subroutine each time it

Text continued on page 108
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Listing T continued from page 102:

1370
1375
1380
1385
1390
1395
1400
1405
1410
1415
1420
1425
1430
1435
1440
1445
1450
1455
1460
1465
1470
1475
1480
1485
14390
1495
1500
1505
1510
1515
1520
1525
1530
1535
1540
1545
1550
1555
1560
1565
1570
1575
1576
1577
1578
1580
1585
1590
1595
1600
1605
1610
1615
1620
1625
1630
1635
1640
1645

REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REm
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM™
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM

H2

LO

JF THE POLAR FORM OF THE MAP
GOORDINATES FOR PERSPECTIVE
PROJECTIONS ONLY. i
¢ = E * (H2 - E*C0S(M)) s WHERE E IS
AS DEFINED ABOVE: H2 AND M ARE AS
UEFINED BELOW.

1S THE SUM OF THc EARTH'S RADIUS AND
THE HEIGHT OF THL OBSERVER» AND IS
USED ONLY FOR PERSPECTIVE AND
MODIFIED PERSPECTIVE PROJECTIONS.

H2 = E + He WHERE E IS AS DEFINED
ABOVE» AND H IS THE HEIGHT OF THE
OBSERVER (POINT OF PROJECTION) ABOVE
THE SURFACE OF THE EARTH: IN KMe

IS THE AZIMUTH THAT THE OBSERVER IS
FACINGs FROM 0 TQO 2%PI RADIANS:
CLOCKWISE FROM TRUE NORTHs AND IS
USED ONLY FOR PERSPECTIVE AND
MODIFIED PERSPECTIVE PROJECTIONS.

IS A FLAG WHICH INDICATES THE TYPE

GF PROJECTION TO BE DONE:

J=0r» PERSPECTIVE PROJECTION.

v=1» MODIFIED PERSPECTIVE PROJECTION,
J=2» AZIMUTHAL EWUIDISTANT PROJECTION.

IS THE GEOGRAPHIC LONGITUDE OF THE
LOCATION ON WHICH THE MAP IS
CENTERED.

IS THE MAXIMUM POSSIBLE ANGULAR
DISTANCEr IN RADIANS: THAT THE
UBSERVER CAN SEE FROM THE POINT OVER
WHICH HE IS LOCATEDr TO THE LIMB
(VISIBLE EDGE) OF THE EARTHe FOR A
PERSPECTIVE OR A MODIFIED PERSPECTIVE
PROJECTION, THI> BECOMES THE
ANGULAR DISTANCE, IN RADIANS, FROM
THE MAP CENTER TO THE EDGE OF THE
MAP. M = FNC(E/H2)r WHERE E AND H2
ARE AS DESCRIBED ABOVE: AND FNC IS
THE ARC COSINE FUNCTION» AS
DESCRIBED ABQVE.

FOR AN AZIMUTHAL EQUIDISTANT
PROJECTIONe M IS NORMALLY SET EGQUAL
TO PI (WHICH WILL PRODUCE A MAP OF
THE ENTIRE EARTH)» BUT THE USER MAY
ALSO SET IT EQUAL TO ANY VALUE LESS
THAN PI IF IT IS DESIRED TO MAP A
SMALLER PORTION OF THE EARTH,

THE FOLLOWING VARIAQLES MUST BE DEFINED
PRIOR TO EACH CALL OF THIS SUBROUTINE:

P

1S THE GEOGRAPHIC LATITUDE (FROM THE
UATA BASE) OF THc POINT BEING

1650
1655
1660
1665
1670
1675
1680
1685
1690
1695
17p0
1705
1710
1715
1720
1725
1730
1735
1740
1745
1750
1755
1760
1765
1770
1775
1780
1785
1790
1795
1800
1805
1810
1815
1820
1825
1830
1835
1840
1845
1850
1855
1860
1865
1870
1875
1880
1885
1890
1895
1900
1905
1910
1915
1920
1925
2000
2100
2200

REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REm
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
LET 5§ = 2
REM
REM

PROCESSED .

[S THE GCOGRAPHIC LONGITUDE (FROM
THE DATA BASE) OF THE POINT BEING
PROCESSED »

THE FOLLOWING VARIABLES ARE COMPUTED BY
THIS SUBROUTINE:

Bl

cl

Dl

De

L1

Pl

R1

IS THE ABSOLUTE VALUE OF L1 (SEE
SELOW) .«

1S THE NORMALIZEU ANGULAR COMPONENT
UF THE POLAR FORM OF THE MAP
COORDINATES,

IS THE COSINE OF THE VALUE OF C
BEFORE C IS NORMALIZED.

IS THE ANGULAR DISTANCE (THE ARC
DISTANCE)» IN RADIANS: BETWEEN THE
LOCATION ON wHICH THE MAP IS
CENTERED AND THE POINT BEING
PROCESSED .

1S TEMPORARY STORAGE FOR THE SINE
QF D.

IS TEMPORARY STORAGE FOR THE COSINE
QF D.

IS THE DIFFERENCE BETWEEN THE
LONGITUDE OF THE POINT BEING
PROCESSED» AND TrE LONGITUDE OF THE
LOCATION ON wHICH THE MAP IS
CENTERED.

IS TEMPORARY STOKAGE FOR THE SINE OF
THE LATITUDE OF THE POINT BEING
PROCESSED.

IS THE RADIAL DISTANCE COMPONENT OF
THE POLAR FORM OF THE MAP
COORDINATES.

IS THE OFF=SCALE FLAG. S=0 MEANS
ON-SCALE. S5=1 MEANS OFF-SCALE.

1S THE MAP X-COORDINATE: IN CM OR
INCHES.

1S THE MAP Y-COORDINATEr IN CM OR
INCHES

COMPUTE THE DIFFERENCE BETWEEN THE
LONGITUDE OF THE POINT BEING PROCESSED

Listing 1 continued on page 106
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Listing 1 continued from page 104:

2300
2400
2500
2550
2600
2700
28p0
2900
3000
3100
3200
3250
3300
3350
3400
3450
3500
3550
3600
3650
4000
46002
4004
4005
4010
4015
4020
4025
4030
4035
4040
4045
4047
4048
4050
4060
4070
4080
4090
4100
4150
4200
4205
4210
4215
4220
4225
4230
4235
4250
42595
4260
4265
4270
4275
4280
4285
4290

REM AND THE LONGITUDE OF THE LOCATION ON
REM wHICH THE MAP IS CENTERED+ THEN
REM NORMALIZE THAT VALUE BETWEEN =PI AaND
REM +PI,

LET L1 = L = LO

IF Ll >= -k3 THEN 3000

LET L1 = L1 + Kg

GO TO 5400

IF Ll <= K3 THEN 4000

LET L1 = L1 - Ke
REm IF THE LONGITUOINAL DIFFERENCE (THE
REM VALUE OF L1) IS WITHIN 0.00015 RADIAN
KEM OF 0 (OR PI)e THEN THE DIFFERENCE IS
REM CONSIDERED TO BE EXACTLY 0 (OR PI)s IN
REM SUCH CASES» THE GREAT CIRCLE BEARING: Co
REM CAN HAVE A VALUE OF ONLY 0 OR PI (NOT
REM NECESSISARILY RESPECTIVELY)r AND THE
REM STATEMENTS FROM HER: THROUGH STATEMENT

REM (LINE) NUMBER 4215 PROCESS THE DATA FOR
REM THESE CONDITIONS.

LET B1 = aBs(Ll)
REM IF THE LONGITUDINAL DIFFERENCE IS NOT

REM WITHIN 0.00015 RADIAN OF Q¢ GO TO 4050.
IF B1 > T THEN 4050
LET D = ABS(A - P}
IF D > M THEN 4300

LET D1 = SIwn(D!

LET D2 = €O0s(D)

LET ¢ = 2

IF P >= A THEN 5000

LET C = K3

GO TO 5000
REM IF THE LONGITUDINAL DIFFERENCE IS NOT
REM WITRIN 0.00015 RADIAN OF PI+ GO TO 4250.

IF  ABS(K3 = 8l1) > T THEN 4250
LET D = K3 - A =P
IF D > K3 THEN 4100

LET C = Z

GO To 4200

LET D = Ké - D
LET C = K3

IF U > M THEN 4300

LET D1 = SIN(D)

LET De = cos(D)

Go TO 5000
REM COMPUTE THE ARC DISTANCEr D+ AND THE
REM GREAT CIRCLE BEARINo:» Cr» BETWEEN THE
REM LOCATION ON WHICH THE MAP IS CENTERED
REM AND THE POINT BEING PROCESSED.

LET P1 = SIN(P)
LET D2 = Al * P1 + A2 * COS(P) * COS(L1)
LET D = FNC(D2)

REM IF THE COMPUTED ARC DISTANCE IS GREATER
REM THAN THE MAXIMUM POSSIBLE ARC DISTANCE
REM FOR THIS MAP» THEN THE POINT IS

REM OFF-SCALE+ AND CONTROL RETURNS TO THE
REM CALLING POINT AFTER SETTING THE

REM OFF~SCALE FLAG.

4295
4300
4400
4500
4520
4540
4560
4580
4600
4620
4640
4660
u680
4700
4720
4740
4760
4780
4800
4900
5000
5050
5100
5150
5200
5250
5300
5350
S400
5450
5500
5600
5700
5800
5900
6000
6050
6100
6150
6200
6250
6300
6400
6500
6520
6540
6560
6580
6600
6620
6640
6660
6700
6800
6900
7600
7010
7020
7030

IF D <= M THEN 4500

LET S = K1

RETURN

LET D1 = SIn(D)

LET C1 = (PL - Al = p2) / (A2 * D})

IF Cl1 < =K1 THEN 4300

IF Cl > K1 THEN 4300

LET € = FNCHCL)
REM NORMALIZE THE VALUE OF C» DEPENDING
REM UPON THE RELATIVE LUNGITUDES OF THE
REM LOCATION ON WHICH THE MAP 1S CENTERED
REM AND THE POINT BEING PROCESSED.

IF L1l >= Z THEN 5000
LET C = K6 - C

REM AT THIS POINT C IS iN THE RANGE FROM
REM 0 TQ 2*PI+ MEASURED CLOCKWISE FROM TRUE
REM NORTH.

REM

REM IF THE VALUE OF I IS NOT 0+ ROTATE THE

REM COOKRDINATES BY THE AMOUNT OF 1.

IF I = Z THEN 5500

LET C =¢C -1

IF ¢ >z Z THEN 5500

LET C = Ko + C
REM REVERSE THE DIRECTIUN OF MEASUREMENT OF
REM C AND ROTATE IT BY PI/2. THEN
REM NORMALIZE THE RESULT BETWEEN =PI AND
REM +PI, C THEN REPRESENTS THE NORMALIZED
REM FORNM OF THE ANGULAR COMPONENT OF THE
REM POLAR FORM OF THE MAP COORDINATES.

LET C = K2 = C

IF € >= -K3 THEN 6000

LET C = C + Kb
REM IF A TRUE PERSPECTIVE PROJECTION IS NOT

REM TO BE USEDr GO TO 6500.
IF J <> Z THEN 6500
REM COMPUTE THE RADIAL COMPONENT» R1s OF

REM THE POLAR FORM QOf THE MAP COORDINATES
REM FOR A TRUE PERSPECTIVE PROJECTION.

LET RL = F * (G * D1) /7 (H2 = E * D2)

GO TO 7000
REM IF A MODIFIED PERSPECTIVE PROJECTION IS
REM NOT TO BE USEDe GO TO 6700.

IF J <> K1 THEN 6700
REM COMPUTE THE RADIAL COMPONENT: Rir OF
REM THE POLAR FORM OF THE MAP COORDINATES

REM FOR A MODIFIED PERSPECTIVE PROJECTION.
LET RL = F * £ * D1

GO TO 7000
REM COMPUTE THE RADIAL COMPONENT:» R1s OF
REM THE POLAR FORM OF THE MAP COORDINATES
REM FOR AN AZIMUTHAL EQUIDISTANT PRQJUECTION.

LET RL = F1 * D
REM CONVERT THE POLAR MAP COORDINATES TO
REM RECTANGULAR MAP COORDINATES.

LET X = R1 # COs(C)

LET v = R1 * SINI(C)

RETURN

END
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Figure 1. A view of the Farth as seen from a point over the southeastern
Indian Ocean.
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Text continued from page 102:

is called. It returns the rectangular (X,Y)
map coordinates (in inches or centimeters)
corresponding Lo that point for the selected
projection. The units {inches or centimeters)
in which the computerist initially specifies
the radius of the finished map automatically
determine the units of the map coordinates.
All constants, such as 7 and 0, have been
given variable names because most BASIC
interpreters can operate faster on variables
than on numeric constants.

Remember that all angular paramecters
are in radians. The program uses spherical
trigonometry to arrive at the solution,
and some tests have been included to pre-
vent the trigonometric functions from
“blowing up’ when the map center and
the distant point both lie on the same
meridian.

The trigonometric functions can also
blow up il you attempt to generate an
azimuthal equidistant map centered on
either of the two poles (ie: a polar equi-
distant map). This can be avoided by simply
specifying the latitude of the map center
as slightly less than 90° (perhaps 89.99°7).

The exact maximum value that can be
used will depend upon the precision of
your trigonometric routines, but, inany case,
you won't be able to sec the difference on
the finished maps. Incidentally, the longi-
tude that you specify for this kind of map
will determine its orientation. This capa-
bility was not available with the simplified
polar equidistant map program presented
inpart 1.

For all other types of maps, an option
(1) has been included in the program 1o
permit the user to specify the azimuth
that the observer in space is facing (ic:
to specify the orientation of the map). While
this option has little value for a printed
map (which the user can turn in any dircc-
tion), it comes in handy on a video display
which is simulating the view from a window
of a maneuvering spacecraft.

Within the limits of resolution of any
map that you produce, you can assume,
for perspective projections, that if the
observer is beyond 10,000,000 km above
the Earth, the distance is infinite. If you
wish to generate an orthographic map,
simply assume a height of 10,000,000 km
for the observer, and there will be no detect-
able difference between the resulting map
and a truly orthographic map.

Grid lines gencrally enhance the appear-
ance of perspective maps. These can be
included by generaling the geographic coor-
dinates within loops in your main {driver)
program, then calling the subroutine to
obtain the map coordinates. Keep the
number of generated points down to the
minimum required to obtain the desired
resolution, as it is not difficult to expend
more processor lime creating the grid
than creating the map.

Having covered the major operational
features of the program (additional details
are contained in the remarks within the
listing), let us now look at some specilic
examples. All of the maps illustrated here
were generated using the subroutine given
in listing 1. Each map was created for a
specific purpose and should give you some
ideas as to the applications of this program
to your own system,

Perspective Maps

Figure 1 provides a good example of
what this program can do. Here,the point
of projection has been placed at infinity, over
a point in the southeastern Indian Ocean.
This gives us an excellent view of Austral-
asia, as well as Antarctica. You can create
a similar view of any part of the Earth by
simply providing the coordinates of the
central point. Orthographic perspective
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Figure 2: The Earth as seen by a geosyn-
chronous weather satelfite. Figure 2o is a
view from GOES-2 and figure 2b is from
GOES-3. Compare these maps to the
weqather photographs shown on evening tele-
visiof rnewscasts.

projections, such as this one, find widespread
use in scientific applications and are also
quite attractive when used in games.

Anyone who walches Lelevision weather
reports regularly should recognize the maps
in Figures 2a and 2b. These are the views
seen by the two primary United Slates
geosynchronous weather satellites, GOES-2
and GOES-3. (Note that these are not
orthographic projections; the field of view
extends only aboul 807 from the central
point}. Sequences of pictures from these
satellites are frequently made into film
loops and shown as a sort of jerky motion
picture. Although the photographs you
see on television usually have outline maps
drawn on them, the original pictures trans-
mitted by the satellites do not.

A number of enterprising amateur radio
operators and experimenters around the
world have built equipment to receive the
signals directly from the satellites ang
print out up-to-the-minute weather pictures
in their own homes. Through the use of
the perspective projection program, one can
generate map overlays in the same scale as
the received pictures. This is particularly
easy il the weather pictures are being dis-
played on a video screen where the map
can be overlaid electronically.

The same principle is applicable to
pictures received from some of the lower
altitude polar orbiting weather satellites.
Many of the carly US APT (automatic
picture transmission} satellites, such as
those in the ESSA serics, used a ''snapshot”
technique to record the images. The satel-
lite would snap a photograph and transmit
it in its entirely before snapping ancther
one. By entering into the computer the
altitude of the satellite and the coordinates
of its subpoint, onc could generate a map
overlay to fit the photograph snapped
by the satellite at that particular point.

When the next picture was snapped a
few minutes later, the satellite would have
traveled several hundred miles, bul by
entering the new coordinates a correct
map overlay would be created for each
picture. In actuai practice, a tracking sub-
routine is usually incorporated to compute
the coordinates of the satellite subpoint.
{As exotic as this sounds, it requires only
a few simple calculations.)






Figure 3: Here the Farth is shown exactly as
it appears to the Oscar 7 amateur radio com-
munications sateflite as it passes over Atlanta
GA. Compare this map to that in figure 4.

The newer US polar orbiting weather
satellites, such as TIROS-N, use a slightly
different transmission system which greatly
improves the picture quality, the ease of
reception, and the amount of data received.
It makes the generation of map overlays
more difficult, however, and the program
presented here cannot be used. {Once you
are familiar with the transmission system, it
is not difficult to develop a program to do
the job.) There are a few satellites, including
some of the Soviet Meteor series spacecraft,
that still use the older system, but their
picture quality is relatively poor and hardly
worth the effort to obtain them.

Figure 3 represents the scene below the
Oscar 7 amateur radio communications
relay satellite as it passes over Atlanta GA.
Anyone engaged in satellite communications
would do well to have available the capa-
bility for such a display. Updated in real
VIEWED FROM 1453 KM DYER 33:45N 84124H. FACING O OEG AZIMUTH time, it provides a continuous panorama of

PERSPECTIVE PROJECTION PREPARED BY WILLIAW 0. JOWNG1ON the area visible from the satellite and, hence,
the area with which communications
through the satellite are possible at any
particular time. Any two or more stations
can talk to onc another as long as they are
located within the mapped area. As the
satellite moves in its orbit, the mapped area
# changes, but as long as your own location is

within the map you can talk to all other
% points on the map.

Modified Perspective Maps

We have also come upon the ideal occa-
sion to make use of the modified perspec-
tive projection. Figure 4 illustrates the
same area as that of figure 3, but the modi-
fied projection has been used to reduce some
of the distortion inherent in the pure per-
spective  version. MNote the differences
between the figures, especially in the west
coast areas of the US, the northern coast
of South America, and the upper reaches

Figure 4: This is the same view as that in
figure 3, but here we have used the modified
perspective projection to reduce some of
the distortion. Compare the west coast of
the United States, the northern couast of
South America, and the upper reaches of

VIEHED FROM 1453 KM OVER 33145N B4t24H, FACING O DEG AZ[MUTH Hudson Bay. Remember that both maps
MOO1FJED PERSPECTIYE PRQUECTION FREPARED BY NILLIAK 0. JOMNSTON cover the saqime areq.
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Figure 5: This is a sequence of views of the
Earth as one would see it out the window
of a spacecraft taking off from Peterborough
NH. The final two views are orthographic,
with the last of these illustrating the view
after the spacecraft has made a 45° turn to
the right. (Figures 5c, 5d, 5e and 5f are
shown on pages 118 and 119.)

of Hudson Bay. While figure 3 reproduces
the scene as it appears visually, figure 4
shows more clearly all of the areas with
which communications can be established
when the satellite is at the given point.

Incidentally, all of the Oscar satellites
are at altitudes comparable to those of the
various polar orbiting weather satellites.
Indeed, they are launched on the same
rockets. The Oscars take the place of other-
wise useless ballast and are ejected a few
minutes before or after the weather birds.
Consequently, the pictures transmitted from
this type of weather satellite, especially
the earlier versions, are views similar to
that shown in figure 3.

Maps for Space Games

Let us now take a look at same maps
that will be of special interest to space
game fans. Figures 5a through 5f comprise
a sequence of views of the Earth as seen
from the window of a spacecraft taking
off from Peterborough NH (where BYTE
Publications is located). The particular
altitudes used in generating these figures
were chosen arbitrarily, but they could just
as well be inputfrom the game program itself.
A fairly large altitude change is required
to get a significant change of scenery (assum-
ing no lateral movement), Therefore, it is
not necessary to update the display very
often if the spacecraft is ascending or
descending vertically. Whenever the craft
is moving laterally, however, you will want
to change the display more often.

The final two views in the sequence of
figure 5 are orthographic; that is, the point of
projection is at infinity. Although this is
not truly realistic in terms of what space
travelers see as they recede from the Earth,
it is typical of the display that the ship's
navigator might have on his video console,
regardless of altitude. (Of course, the navi-
gator would want to have a map display of
an area considerably larger than what could
be seen out the window.)

The last view of the sequence shows the
orientation after the spacecraft has made a
45° turn to the right (assuming the observer

Text continued on page 122
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between this map and those in figures 3
and 4. The map in figure 7 shows af/ loca-
tions with which communication is possible,
irrespective  of satellite position, whereas
the maps of figures 3 and 4 show where
communication is possible at some particu-
lar moment in time when the satellite Is
over a given point.

Summary

In part 1 we discussed the fundamental
methods and resources required to produce
any kind of map on a computer. We also
presented several simple programs in BASIC,
each containing only about a dozen execut-
able statements, but which are capable of
producing a number of attractive and useful
map projections.

In this conclusion to “Computer Gener-
ated Maps’', we have shown both the necd
and the means to develop a single, general
purpose, map projection program with the
fexibility to produce a variety of perspec-
tive and azimuthal equidistant maps. The
subroutine given in listing 1 is an efficient,
functional program which does just that,
vel it only contains about 60 executable
statements.  All of the maps illustrated
in this article were produced by that pro-
gram, and they are only a sampling of its
total capability. Whether you plan to gen-
erate maps for use with communications
satellitcs, maps for the captain’s console
of a spacecraft, or maps for the sake of
having maps, the program presented here
can enhance your system’s capability enor-
mously and give you many hours of enjoy-
ment.®m
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Figure 7. Another azimuthal equidistant projection is presented here, but we
have limited the coverage to 90° of arc. This expands the scale of the map.
The three concentric circles that have been superimposed on this map show
the maximum possible communications range from the central location,
through all of the currently operational amateur radio communications satel-

lites (Oscar 7, Oscar 8, and R5:1-2).
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- 80-column tractor feed

+ 132-column tractor feed
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it was farmerly the publication’s "Psychol-
ogy Column’”. An innocent bystander
might conclude that any word this import-
ant must have a universally accepted defini-
tion, but that is not true. Behavior is a
slippery concept.

Here is an example of a person behaving.
Chip Chad is seated in front of a teletype-
writer pounding keys. What is he doing?

Is he alternately tensing and relaxing
muscles in his arms? Yes. Is he moving his
fingers up and down? Yes. Is he typing
strings of symbols? Yes. Is he adding a
return instruction that he forgot at the
end of a subroutine? Yes. ls he writing a
program for plotting stock market prices?
Yes. Is he making a litile extra money for
a vacation? Yes. Is he justifying his hobby
to his family? Yes.

Clearly, each description of what Chip is
doing is, in fact, an accurate description of
the very same collection of actions. Which
one, then, is Chip's behavior? Obviously,
they all are expressions of behavior.

Suppose Chip decides that he really
doesn't need a subroutine, and substitutes
a jump instruction for the return. Now, he
is writing the program — obviously the same
program — by using a different behavior. Or
suppose he buys an input device, and con-
tinues working on the subroutine by speak-
ing letters into a microphonc, Now he is
using different muscles and movements, but
he is still doing the same behaviors farther
down the list. How could he be doing the
same thing by means of doing something
different?

Or consider Chip driving a car along a
straight road. He is consciously steering.
This happens to be a gusty March day, and
every five minutes the wind changes speed
and direction. Chip is an cxperienced driver,
and continues to stecr the car down the
road in a straight line. If we look at what his
arms arc doing, however, we lind that they
are moving the steering wheel in an appar-
ently random pattern, now centiered, now
far to the right, now far to the left. Some-
how he is managing Lo produce a constant
steering-the-car behavior by means of a be-
havior that is widely varying. The path of
the car doesn't correlate with the position
of the steering wheel at all.

Scientists have always thought of be-
havior as the final product of activity inside
the organism. The brain sends commands to
the muscles, which create forces, which
produce movements, which pgenerate the
stable and repcatable patterns we recognize
as behavior. There is, in principle, a chain
of cause and effect, with the events at the
end of the chain being caused by the cvents
at the beginning. Such scientists would say

that in the example with Chip at the compu-
ter keyboard, we were simply attending to
various stages in that chain,

How does that picture fit in with Chip's
driving the car in a straight line? The direc-
tion in which the car is going is affected by
his movements of the steering wheel, and is
farther out along the chain of causes and
effects. But the wind adds its effects on the
direction of the car after Chip’s effects in
the chain. Somehow he is varying his actions
so that when their effects are added to the
effects of the randomly varied wind, the
result is something constant. If we had been
thinking of driving the car in a straight line
as Chip's behavior, we have to revise that
idea: the direction of the car depends just
as much on the wind as on Chip.

It may seem that we have simply moved
our definition of behavior closer 1o Chip.
But consider fow he moves the steering
wheel. The wheel moves when the forces re-
flected from the front wheels do not exactly
balance the forces created by his muscles. As
the car goes along, the roadbed tilts and
various bumps and dips cause changes in the
reflected forces. The wheel may be turned
far 10 the right, into the crosswind, on the
average, but maintaining the wheel in that
position requires that his muscles be con-
stantly changing tension, as the reflected
steering wheel forces fluctuate. We have
the same problem as before: Chip produces
a varying output that affects the steering
wheel, but the steering wheel is alse being
affected by forces that are independent of
what Chip is doing with his muscles. Yet
the sum of the muscle forces and those
extraneous forces is zero, except when the
steering wheel is changing position,

Even if we back up another step and call
Chip's muscle tensions his behavior, we have
trouble. Muscles are made to contract by
signals from the nervous system, but muscles
don’t respond the same amount to a given
signal every time they are used. They fatigue;
other muscles interfere with them; joint
angles change so that a given muscle tension
can produce different amounts and direc-
tions of force. The only behavior that
Chip produces which can be attwributed
entirely to Chip and not in part to his en-
vironment consists of the nerve signals that
leave his nervous system and enter his
muscles,

If we want to be completely accurate
about Chip’s behavior, we should consider
the output signals from his nervous system,
and leave everything else in his environment.
That is what we will do, but by deing that
we create the biggest problem of all.

A scientist studying a behavior hopes to
learn enough about its rules to predict when






it will occur. Under the old approach, this
means varying factors in the environment
and looking for behaviors that correlate
with those variations. But if we try to
describe behavior in terms of the output
signals from the nervous system, all correla-
tions disappear. Oh, maybe we have a knee
jerk or a sneeze left over, but we have lost
all the regularities that give us some reason
to talk about behavior in the first ptace.
We would never guess, from looking at
Chip’s neural signal outputs, that the result
of them would be a straight path of a car
that is being forced one way and another
by a variable crosswind.

When you pause and reflect upon what
has been covered so far, you will realize
that we are already deep into control theory,
even though we haven’t discussed it by name
yet. We have dealt with the subject as
such because the discussion concerns a
fundamental difficulty with the very con-
cept of behavior, especially the concept
that behavior is the final product of an
organism’s inner activities. As we see how
this difficulty gets resolved, we will be
forced into control theory no matter how
we approach the solution, One reason biolo-
gists or psychologists have not developed
control theory is that they have clung stub-
bornly to the idea that behavior is part of
a causal chain that starts in the nervous
system (or in stimuli that cause activity in
the nervous system) and propagates outward
from there according to physical laws of
cause and effect. That is why people design
robots in the same way, and why those
robots have yet to behave in a way that is
convincingly alive. In order to solve this

problem instead of just brushing it aside,
we have to admit that the causal chain in
which people have believed for so long
simply does not exist, and never has exjsted.

Figure 1 sums up the problem we are
dealing with. At every stage of events follow-
ing the outputs from Chip’s nervous system
disturbances come into play, adding to the
effects that can be traced to the neural sig-
nals. As we go farther to the right of the
figure, we might expect that any regularities
in Chip’s output signals would be lost (ie:
that each successive variable would show
more and more random variations).

Exactly the opposite is true. The farther
to the right we go in figure 1, the fess ran-
dom variation occurs. The variable farthest
to the right, the relationship of the car to
its lane, can remain constant within a few
inches for hour after hour. We find that this
is the most stable variable in the chain,
and that as we go backward up the chain
toward Chip’s nervous system, the random-
looking variations get larger and larger. At
the beginning of the chain the variations
become totally unpredictable.

Consider figure 2; we added the effects of
external events on a nervous system. Accord-
ing to the old picture still fundamental to
most life sciences, external evenis act on the
physical structure of the nervous system
{along with internal events such as changes
in body chemistry), and cause outputs to
occur. Those outputs have consequences
which show up at the end of the chain as be-
havioral patterns. To study the organization
of behavior, you manipulate the external
events, and look for regular behaviors that
result (of course, you find them).

CHIP'S NEURAL SIGNALS CONTROL FORCES LATERAL FORCES CAR'S
NERVOUS MUSCLE WHEEL CAR F—= POSITION
SYSTEM IN LANE

FATIGUE BUMPS, DIPS

ENERGY SUPPLY WHEEL FRICTION WIND

JOINT ANGLE TIRE PRESSURE ROAD TILTY

OTHER MUSCLES (REFLECTED FORCES)

Figure 1: The cause and effect chain leading to behavior. The behavior called '‘driving in a straight line' is anything but simple.
Some psychologists speak of behavior as simply being emitted by an organism, but this is clearly an inadequate concept. 8Be-
tween the nervous system and the stable pattern it appears to produce, disturbances come into play, having just as much effect
on the final outcome as the nervous system has. Nevertheless, the most reqularity appears at the end of this chain, and the least
at the beginning.
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1 INPUT "WIND, MPH: "W

2 PRINT “WHEEL ANGLE, DEGREES”,

3 PRINT TAB{25),”"CAR DEVIATION, FEET"”
4 FORJ=1TO 10

5 PRINT %7F1,” " A*10,
6 PRINT %7F1,TAB(25).1
7 D=05+W+A

8 1=1+D

9 A1=-2+{1+.8*D)
10 A=A+.200*{A1-A)

11 NEXT
12 GOTO 1
13 END
RUN
WIND, MPH: 20
WHEEL ANGLE, DEGREES CAR DEVIATION, FEET
0 .0
-7.2 1.0
—11.8 13
—-13.3 1.1
—12.7 .8
~11.3 .8
—10.1 4
-9.5 A
-9.4 4
-9.6 .5
WIND, MPH: —30
WHEEL ANGLE, DEGREES CAR DEVIATION, FEET
-9.8 5
8.0 -2.0
19.3 —-2.7
231 —-2.2
2186 —-1.4
18.3 -8
154 -4
13.8 -4
136 -5
14.0 -7
WIND, MPH: 40
WHEEL ANGLE, DEGREES CAR DEVIATION, FEET
14.6 -8
—-10.1 2.7
-26.0 3.7
-31.2 3.1
—29.2 2.0
—-248 1.0
--20.5 6
-18.4 .5
-18.0 7
-18.6 .9
WIND, MPH: -50
WHEEL ANGLE, DEGREES CAR DEVIATION, FEET
-19.5 1.0
12.3 -34
326 —-4.7
393 -39
36.8 ~2.5
30.9 -13
25.7 -7
229 -6
224 -9
23.2 -1

Listing 1: A rough simulation of Chip driving the car in a straight line. Each
fteration is assumed to correspond to a fixed time interval. Therefore, the
distance the car drifts away from straight line travel is the sum of the wind
and steering wheel angle. The simulfation shows Chip trying to arrive at the
wheel angle which will counteract the force of the blowing wind. If you
repetitively use the same wind value, you will see that a steady wheel angle
is arrived at. [I found it interesting that this simulation seems to settle down
within 60 time units to a consistent value. Even changing wind values from
+1000 to —1000 units was compensated for within 60 time units. ... RGAC/
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an integrator, and so puts a lag into the con-
trol process. This alone would not cause a
problem, but Chip also contains a transport
fag; he cannot actually produce an output
at’ the same instant that the input occurs,
nor can our program since it is evaluating
equations one at a time. The integration lag
we take care of by adding to the position |
{which Chip senses) the variable D, which is
approximately the first derivative of the in-
put quantity. He senses the input quantity
with some emphasis on its rate of change,
which is actually a realistic model of human
perception. This part of the stabilizing of
the control action is done in step 9:

9 A1=K3«(l+08=*D)

We have computed a variable A1, the
angle which the wheel would assume if Chip
reacted instantly, But to handle the trans-
port lag, we must slow his reponse, letting
only a fraction K5 {between 0 and 1) of it
occur during any one iteration. That is what
step 10 does:

10 A=A+KS5* (Al -A)

This slowing technique will be used in
the larger simulator next time, To see how it
waorks, set Al to 10,00, K5 to 0.25, and A
to 0, and then simply keep doing step 10
with pencil and paper. A will gradually
approach the value of AT from any starting
point.

The program in listing 1 asks for a wind
velocity, and then proceeds to do ten itera-
tions of the control loop, printing whee!
angle A and car position deviation | each
time. A positive number means the wind
is blowing, the wheel is cocked, or the car
has moved to the right. If you want to fol-
low the program for more than ten itera-
tions, give it the same wind again. It always
starts where it left off.

In part 2, we will begin exploring a model
of the kind described in figure 4 and start
the somewhat mind boggling task of retrain-
ing the intuition to think in closed loop
terms instead of straight through cause and
effect. There is a big difference. We'll see
that, in gencral, control systems control
what they sense, not what they do. We'll
discover something called a reference signal,
which functions in a control system exactly
the way an inner purpose has always been
supposed to function. In part 2, we'll see
how perception figures into control. And
we'll start working with a more extended
BASIC simulator than the tiny one in listing
1. Parts of this simulator will be suitable for
building into the computer part of 2 robot,
should anyone want to carry matters that
far.m

Circle 97 on inquiry card, —g















The second computer generation is
said to have begun with the advent of
the transistor. An equally important ad-
vance was the realization that most pro-
grammers would soon be programming
not in symbolic machine language but in
machine independent high level lan-
guages. This led hardware designers to
build instructions that simplified com-
piling of programs, such as editing, table
lookup and string scanning instructions.
Some of these instructions are found in
the 1BM 7070, announced in 1959.

The 7070, like the 650, was built
around a 10 digit signed decimal word.
Signs and digits were stored in a two-out-
of-five code; five bits were used to repre-
sent a digit, of which exactly two were
“on”. The five bits were assigned values
of 0,1,2,3 and 6, so a little fudging had to
be followed in order to represent 0.
Since 3 can be represented two ways, 0-3
or 1-2, the former was used as the value
for 3 and the latter for 0. Alphabetic
characters were represented by digit
pairs; hence, only five letters could be
stored in a word. To distinguish between
alphabetic and numeric representation,
three signs were allowed: +, —, and @,
represented by the codes for 9, 6, and 3,
respectively.

Two memory sizes, 5,000 and 9,990
words, were available. The larger size
could have been 10,000 words, but ad-
dresses 99919999 referred to addres-
sable registers, including three ac-
cumulators The small memory size was
seen as a drawback, but a remarkably
powerful instruction set tended to offset
this problem. The 7070 might have been
the start of a new decimal based family
of computers if IBM had added a
memory paging feature to allow for ex-
pansion.

The instruction format used the sign
and first two digits as an operation code,
two digits for an indexing address, two
digits for field definition or instruction
augmentation, and four digits for an ad-
dress. Hence, 200 different instruction
types and 99 index words were possible.
In fact, 190 instructions were imple-
mented, and memory locations 0001
through 0099 could be used as index
“registers.””  Field definition allowed
anthmetic to be performed on parts of
words. If field definition 58 was speci-
fied in an ADD instruction, the contents
of digit positions 5 thru 8 of the address-
ed value would be added to the speci-
fied accumulator.

/O (inputfoutput) units did not look
much different from first generation
equipment, but in fact embodied several

significant improvements. Magnetic
tape units could read and write in low
(200 bits per inch) or high density (556
bits per inch). Data channels allowed
overlap of data transfer and processing,
and a priority 1/O scheme allowed for
simultaneous peripheral operation on
line—spooling, as it is still called. The
idea behind spooling is that punched
cards may be read and lines printed dur-
ing times when the machine is simul-
taneously doing something else. The
main program gets and puts records on a
faster medium, such as a disk, and is
therefore not forced to wait for the
relatively slow card reader or printer.

File handling capability on the 7070
was very sophisticated due to a feature
called block transmission. A record
could be read into several noncon-
tiguous blocks of memory under control
of RDWs (record definition words). The
programmer specified in a tape read in-
struction the unit number of the tape to
be read and the address of the first of a
sequence of one or more record defini-
tion words. Each definition contained
the starting and ending address of a
block (set of consecutive words) into
which data was to be read. Each record
definition word in the sequence had a
positive sign except the last one, which
was negative If the physical record end-
ed before all definitions were exhausted,
the remaining were ignored. If the last
record definition word was exhausted
before the end of the record was reach-
ed, the remaining data were not transfer-
red into memory. When a record was
written, record definition words were
similarly used to gather data from
various parts of memory without actual-
ly transferring them into one contiguous
memory block.

Variable length records could also be
handled easily through use of a tape
read per record mark control instruction.
A record mark was a special character
having the keypunch code 0-2-8, which
was written as a not equal sign (#).
When the tape was read under record
mark control, the normal sequence of
data transmission to storage via record
definition words was followed until a
record mark was read. This caused the
7070 to cease transmission of data to the
block specified by the current definition
and to move on to the next.

For example, suppose a tape record
contained:

ABCDEFGHI # |[KLM=NOPQR

and a tape read per record mark control

Keith S Reid-Green
Member of Technical Staft

RCA, David Sarnoff Research Center

Princeton NJ 08540
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Up Your
Output.

MULTI-TASKING!

The TEMPOS Operating System is quickly becoming the standard in Multi-
User, Multi-Tasking operating systems for 8080 and Z80 microcomputers.
Multi-Tasking means that, even with only one user al one terminal, more
than one job can be running on the system simultaneousiy! If you have ever
had 1o go get a cup of coffee while you wait for your compuiter 1o print list-
ings, you know the advantages of a system that will handle one job while
you are working on another. TEMPOS is a true fume sharing system, and
the maximum number of jobs is limited only by your memory.

MULTI-USER!

Want to share your computer with another user? With TEMPOS all it takes
is another lerminal . . . up to seven interactive terminals are allowed! And
with Re-Entrant programs, each user does not need o complele copy in
memory. We include three Re-Entrant pragrams {the OPUS; THREE High-
[Level Language, the TEXTED Text Editor, and FILES, a disc file
directory/mampulator) or write your own! In addition, we mclude an
assembler, a linking loader, over a hall-dozen other utihty programs and
over 60 system subroutines, callable by the programmer!

PROVEN!

With TEMPOS, you get a package that has been tested m our lacilities lor
over two years, and in the field at over 50 different installations. We have
used this system ourselves for everything fromwriting high-level tanguages
to developing apphcations to text editing to games. TEMPOS 1s undoubted-
ly the most flexible software tool on the market . . and you can have it for
much less than you think!

COMPATIBLE!

TEMPQS is available for many different systems: pre-wntten drivers may
include yours. Or, using our interactive System Generahon Bouiing, you
can add your own. Call or write now {or our free catalog and the name of a
dealer near you. The TEMPOS Operating System 1s avallable for $787.00,
the manual set (price may be credited toward the purchase of the TEMPOS
package) for 52150 (prices include shipping within the U.S.}.

ADMINISTRATIVE
OCOSYSTEMS
OOOINC.
OO

1642 S. Parker Road, Suite 300, Denver, Colorade 80231
(303) 755-9694

Circle 2 on inquiry card.

instruction referred to the record defini-
tion words:

+ 0070007005 words 1000 thru 1005
F 0014607480 words 1460 thru 1480
DOTYYY2999 wards 1999 thru 2999,

ABCDE would be read into location
1000, FGHI into 10017, JKLM into 1460
and NOPQR into 1999,

A major problem arose because of the
special nature of alphabetic data. In
first generation computers, conventions
had been established regarding coding
of alphabetic characters on tape, and
these conventions were carried on into
the 7070. Some means of differentiating
between alphabetic and numeric data
had to be established, however, since
the old-fashioned “‘overpunched”
numeric sign used in unit-record equip-
ment and early computers could not
always be distinguished from alphabetic
characters. This problem was resolved
on the 7070 by assuming that a tape was
alphabetic until a delta character was
read, whereupon the delta was not
transferred into memory, but served in-
stead to change the mode of data
transfer to numeric. The next delta
flipped the mode back to alphabetic,
and so on. A delta on the seven track
BCD (binary coded decimal) tape (in
which the tracks were labeled CBA8421)
consisted of the CB8421 bits. Thus the
three words:

+0123443210
— 5678998765
@7461796368

would be written on tape as /\01234-
432105678998765/ \MARCH. When re-
read into a 7070, a perfect translation
took place back into the three words
shown above. However, when read into
any other computer, the delta char-
acters transferred into memory, giving
I1BM 1401 programmers considerable an-
noyance. Nevertheless, it is safe to say
that the 7070 represented a very large
step between first generation and
modern computers. Most apparent
among the second generation refine-
ments was the recognition that com-
puters did not have to be classified as
commercial or scientific machines but
in fact could be used to solve problems
in both of the disciplines. On the one
hand, the record definition word con-
cept made sorting extremely fast, while
hardware implemented floating point in-
structions were available for calcula-
tion. m
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and Entropy

Although this article is written with a
sense of science fiction creativity and
speculation, the concepts involved are based
on sound ideas that recently won for llya
Prigogine the 1977 Nobel prize (see refer-
ence 1). No longer can it be said that the
laws of thermodynamics prohibit the
creation of artificial intelligence.

Computer intelligence has long been a
hazy dream in many enthusiasts’ eyes, but
so often that gleam has been glazed over by
a rational response from the scientific com-
munity: “You can get out of any computer
only what you put in. The computer, after
all, has to be told what to do. 1t can’t think.”

These valid scientific arguments are
based, essentially, on the laws of thermo-
dynamics, especially the second law, con-
cerning entropy. The second law says in
effect that for all (isolated) systems at or
near equilibrium, any process will have a
tendency to increase the system’s entropy.

Shannon has developed the idea that
entropy is related to the inverse of informa-
tion (see reference 2); so as entropy goes up,
information goes down. The second law of
thermodynamics seems to demand that this
decrease in information shall always happen
for mechanical or electrical machines.

The conclusion that machines will never
be capable of thinking seems irrefutable.

But man is a biological machine, and yet
he thinks. How can these two seemingly
contradictory ideas be reconciled with the
second law? One of the greatest scientific
puzzles of the last century was that the idea
of a thinking biological machine cannot be
brought into accord with the laws of equilib-
rium thermodynamics! The paradox stands.

The brilliance of | Prigogine lay in his
recognition that another regime far from
local thermadynamic equilibrium may exist
for complex interacting systems. Exactly
what this new regime is all about took many

years of study to formulate and understand,
but in the last two years the verification of
this new thermoadynamic concept has been
achieved by a small but convincing number
of chemical experiments (see reference 3).
Simply, the new thermodynamic regime isa
regime far from equilibrium where semi-
steady state modes of collective interactions
can self-organize in complex systems. In this
collective mode of self-organization, far
from thermodynamic cquilibrium, the
entropy of the system drops dramatically,
the information content rises. The increasing
entropy dictum of the second law is no
longer valid because the system is not in
equilibrium.

The key features of systems that can
support such entropy-decreasing moedes are
that:

1. They are not isolated systems: they
draw energy and material from their
surroundings: that is, they feed.

2. They are complex systems of many
interacting parts, and the interactions
must be nonlinear.

These conditions seem to be necessary
but not sufficient. A complex system that
has these properties need not self-organize
into an entropy decreasing mode, but il
these conditions are met, the low cntropy
modes are now scientifically recognized
possibilities.

Theoretical models of complex chemical
systems have indicated that the minimum
number of subparts that will form a collec-
tive mode far from equilibrium is measured
in the thousands. This result is striking; it
could have been that it would take statisti-
cally large mole numbers (1023) of parts Lo
form self-organized systems, but no, it
appcars that thousands, or a few tens of
thousands, of subsystems interacting non-
linearily can, for certain ranges of parame-

ters, flip into self-organized modes of
decreasing entropy.
For the first time, thermodynamics

{albeit of the nonequilibrium varicty) can
be used to substantiate entropy decreasing
modes, biological systems, and thinking
machines! Using thesc ideas as a basis, it is
conceivable that a collection of subsystem
computers  linked together nonlinearly
could, for certain ranges of coupling parame-
ters, self-organize into a collective mode of
operation in which the entropy of the
complex system decreases.

The gleam in the young experimentcr’s
eye need not be glazed over and extinguished
by a thermodynamic "“it's impossible”
argument. The loophole in the law has been
discovered,



A few years ago such a project would
have been economically impossible, but now
with the advent of cheap small volume
microprocessors it is conceivable that, say,
ten thousand computer subsystems could be
assembled and Jinked together in one com-
plex. Moreover, following the theoretical
advances pioneered by | Prigogine, such a
complex might be arranged to operate in a
collective mode far from equilibrium in
which the entropy content drops dramati-
cally, the information content skyrockets,
and the idea of artificial intelligence need no
longer be squashed by thermodynamic
dictum. It indeed may be possible to create a
thinking machine.
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Appendix: Collective Mode Systems of Low Entropy

After | submitted the above article to
BYTE, editor Carl Helmers asked if | could
provide a utorial example explaining the
ideas of a collective mode system with low
entropy. Perhaps the most striking example
of such a system is given by the laser {sce
reference 4).

The typical laser consists of an optical
cavity, a set of atoms — such as He-Ne—
connected to the outside world by means of
a power supply. Energy flows continually
into {and out of) the system so it cannot be
considered to be isolated. If the system gain
parameter is below a critical value, the gas
atoms may be excited by the energy source
and subscquently release their excess excita-
tion energy through the emission of
photons. The photons all have random
phase, ie: the emission of photons by the
various atoms in the gas is random, and not
coherent. The system has a high entropy
content associated with the disorder and the
random emission of photons. The system
does reach a steady state, not a collective
mode state, and not a state of equilibrium,
because it continually receives energy across
its boundary.

If the gain parameter of the system is
slowly increased to above the critical value,
a dramatic transition takes place — far from
equilibrium. The system lases, ie: the gas
atoms no longer emit the photons in a
random manner, but instead they de-excite
in a coherent collective mode. The emission
of one photon from one atom stimulates the
emission of another photon from another
atom, and so on. The photons are emitted
with the same phase; disorder has been
removed, and the system entropy drops
dramatically.

HIGH ENTROPY ENERGY
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Figure 1. The He-Ne discharge glows in a disordered random fashion. The
emission of photons is random, disordered and associated with the notion of
high entropy.
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Figure 2. For the system ‘gain” above the critical value lasing action takes
place in the He-Ne gas. The radiation is phase locked into a collective mode
associated with fow entropy.
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Like many an individual who uses com-
puters at work and for personal purposes, |
have a tendency to write. AL work, this
tendency is expressed in the usual ways as
memos, project oriented documentation
and more general papers. In personal life,
this tendency is expressed by the existence
of this article and several others which
preceded it.

After some considerable chicken scratch-
ing it became apparent that my method for
collecting ideas and crealing a final manu-
script was not optimum. The problem
became clearly defined when one day |
looked up from my note pad only to see my
IMSAI arrogantly slecping while | worked.

The literary approach | had been using
was reasonably conventional. First in the
procedure was the generation of an outline
which contained ideas organized by section.
Then a handwritten rough draft was com-
posed in which these thoughls were slruc-
tured within each section and expanded
upon. The draft was then reviewed and
changes made until legibility was threat-
ened. If the writing had been for “work”
the next step would have been to have the
draft retyped. However, as writing for
microcomputer journals is a private pursuit,
a paid typist is used sparingly.

The next step was thercfore Lo go back
through the draft and reedit, being very care-
ful with es and is, and then to give it to the
typist for final preparation. The typist's job
was to take the grubby and somewhat illegi-
ble pile of paper and transform it into a
nicely typed manuscript suitable for submis-
sion. However, the last step was invariably
one of carefully applying correction fluid,
scissors and tape in the proper proportlions
to assemble a truly final version. Usually the
alterations were due to my own errors,
though my excellent typist often adds a few
variations as part of her own ediling contri-
bution. As a result, | have never sent an
original to an editor, always a copy which
hid the horrors of the manuscript's creation.
After all, what editor wants flakes of dried
correction fluid sprinkled on his or her
clothes and desk?

A few further considerations convinced
me that it was time 1o make a change, First,

| cannot stand reading my own handwriting.
Second, | can type much faster than | can
write. Third, it was a convenient time to de-
sign an editing system. The reason for the
latter was that | had a video display, IMSA
and North Star disk combination at home
and a very nice Diablo printer, Altair 8800B
and North Star disk setup available at work.
Thus there was basic compatibility between
the two systems via the floppy diskette. |
had taken care to assure that the two sys-
tems were software compatible, particularly
with respect to 10O.

The general idea was to use my personal
system to compose and edit versions of a
manuscript and then to bring the finished
form, on diskette, to work to be printed out
on the Diablo. In practice it turned out to be
more convenient to have listings of the vari-
ous versions to work from. This made
the iterations much easier. There is no re-
placement for hard copy when writing cither
a program or an article.

One of the goals established for the cven-
tual editor software was that it should not
be unique to my particular hardware con-
figuration. Rather it was to be translatable
to other systems with a minimum of change.
For this reason BASIC was chosen as the
implementation language, though machinc
language would have led to a much better
utilization of memory as well as higher
speed. The particular BASIC used wus North
Star, Version 6, Refease 3. This interpreter
has string manipulation functions which are
very convenient for developing editing rou-
tines. These functions can also be transiated
into counterparts a la Microsoft BASIC. This
will be discussed more later.

Text editors naturally require significant
computer storage capabilities. The one
shown in listing 1 is no exception. For those
who have disk based systems other than
North Star, the conversion of this program
for use with another system would be
through changes in the disk access subrou-
tines which are clearly defined on the listing.
For those who do not have disk hardware,
but rather cassette 10, storage and retrieval
can also be accomplished through the disk
access subroutines after the appropriate
modifications are made.

The program also has the ability to auto-
matically save and retrieve the text from
active memory. This is presently not in ef-
fect in the version shown in listing 1, but
can be brought to life by removing state-
ments 2000 and 2100. This featurc is useful
if the computer is a little unstable and has a
tendency to crash; at least the latest texl
version might be saved in a protected mem-
ory region if the program did not get as far
as saving the text on diskette or tape. The






Listing 1. This BASIC program is the complete listing of the text editor.

158

10
20
30
uQ
50
60
70
80
30
100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
2170
280
290
300
310
320
330
340
350
360
370
380
330
400
41D
520
430
Wug
450
480
470
480
490
500
510
520
530
540
550
560
570
580
590
600
610
620
630
640
650
660
670
640
690
700
710
720
730
THD
750
760
770
THO
790
800
510
B20
B30
Bu0
E50
860
870
380
890
900
910
920
930
q4a0

HEM EDITCR, VEKSION 6, AS OF 1600 HOURS,
REM WRITTEN BY F.R. RUCKDESCHEL

REM 773 JOHN GLENN BLVD.

REM WEBSTER, NEW YORK 14580

1/31/18

REM NEw PARAGRAPH CHARACTER:z &
PRINT "ENTER MAXIMUM LINF LFNGTH",
INPUT MY

PRINT “ENTER LETTER LENGTH",

INPUT M2

DIM A$(M2),G3(M1 ) ,B$(2000),E(300)

PRINT “INPUT PEGINNING STORAGE LOCATION (DECIMAL): *,

INPUT Y9

REM TEST TO CHECK IF LFTTER 1S NEW
PRINT "NEW LETTER (N) OR RESTART (R): ",
INPUT G1$

IF G1$(1,1)="N" THEN GOTO 190
GOSUB 2010

GOTO 380

A$:H||

Shav

L=0

8$:1l n

PRINT "GET LETTER FROM FILE? (Y/N): "
INPUT H$

IF H${1,1}<>"Y" THEN GOTO 300
PRINT "INPUT NAME OF LETTER: ",
INPUT 2%

GOSUB 1530

GOTO 630

REM START OF NEW LETTER

L=L+1

PRINT $41,L,

INPUT G$

IF G$="1" THEN GOTO 630
At=AS+G$

GOTO 310

REM EORAENNERERERREARRNS

HEM ENTER EDIT MODE

PRINT "EDIT SUBRQUTINE"

PRINT "ENTER LINE NUMBER TO EE EDITTED™,
INPUT L

REM L=0 IS ESCAPE EDIT

1F L=0 THEN GOTO 630

REM ADDITION AT FRONT OF LETTER?
IF L<2 THEN GOTO 1680

REM ADDITION TO END OF LETTER?

IF L>N-2 THEN GOTQ 1790
Z=2%INT(L/2)

REM INSERTION? F CHANGE IS DEFAULT
1F L<»Z THEN GOTO 1900

PRINT $41,L,A$(E(L-2)+1,E(L))
PRINT %3I,L,

G$=IIII

B&:""

INPUT G3

E(0]1=1

IF G$(1,1)<>" )" THEN B$=B8$+G$

IF G$(1,1)<"]" THEN GOTO 550

IF E{L)+1>LEN(A$) THEN A$=A$+"
A$=A$(1,E(L-2) }+B$+AS(E(L)+1,LEN(AS))
GOTO 630

REM SERBRARRARADSONOEERSE

REM JUSTIFICATION ROUTINE

PRINT "COLUMN WIDTH",

INPUT W

PRINT "ENTEK PAGP LENGTH: ",

INPUT P

C=0

S=1AN=2\ 120

PRINT "WANT LINES NUMBERED? (Y/N): ",
INPUT H1§

IF H1${1,1)="N" THEN H=)

IF H=1 THEN J9:1

IF H<>) THEN SOTG 740

FOR K=1 TO 7

ERINT

NEXT K\GOTO #70

PRINT "LINF NUMBREHR RANGE: {LOW, HIGH)",
INPUT NB,N9

Jg=0

PHINT "WANT JUSTIFIED TEXT? (Y/N): ",
INPUT J9%

TF J9$="Y" THEN J9z)

FOR K=1 TO 5

PRINT

NEXT K

T=S

IF T>LEN{AS) THEN GOTO 1220

Sz5+W

HEM NEW PARAGRAPH FLAG

F=0

IF S>LEN{AS$) THEN SzLEN(A$)
IF J3=0 THEN GOTO 1030
REM TEST FDR PARAGRAPH CHARACTER
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key disadvantages to using this feature are
that more memory is required and consid-
erable time is consumed performing the
extra storage function, which is relatively
slow.

In the following sections the fundamental
features of the editor program will be dis-
cussed in some detail. It will become appar-
ent that the program does not have many
frills, but still has considerable utility when
one becomes practiced in its operation. A
sufficient number of examples are given such
that the user should not have to experiment
much to determine how the program re-
sponds when kicked in a particular way.
Following this are comments on software
items which should aid in modifying the
present program for use on other machines.
The program as presented here suits my
needs, but is probably deficient with respect
to specific uses. However, the structure is
sufficiently modular and sprinkled with
comment statements such that the addition
of new capabilities should be possible with-
out a total revamping.

Editor Features

The object of the editor program is to
generale a text oriented file which can be
corrected and expanded with a reasonable
level of ease. As mentioned earlier, the file
may be stored on diskette, tape, or in active
memory. The file can be recalled and printed
out in two general formats, justified and
unjustified. In the justification mode, by
definition, lines are ended between words.
The chosen line length may be any size as
long as it is longer than the longest word in
the text and shorter than the maximum line
length allowed by the software. In the un-
justified format, printing fills the entire
line, regardless of whether or not a word is
broken.

In either justification format the program
will list selected line number groups using
only even numbers. This allows the user to
insert lines, when in the edit mode, by
giving them odd numbers. Inserted lines
can be dany number of characters long with-
in the constraints of memory or dimension.
The program renumbers and reformats after
cach editing exercise.

Upon listing, it is the choice of the user
to have the lines numbered or not. If the
decision is not to number, the entire text
will be printed. Otherwise a line number
range can be chosen. In either case, the
program goes through the entire text, re-
formats and assigns line numbers. In the
justification mode defined above this may
consume a significant length of time as tests
for the gaps between words and new para-
graph identifiers must be made. In the un-
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In addition, changing the first character in
the text is a little cumbersome; it issuggested
that the very first character be a blank to
mitigate this problem.

When any of the above failures occur
there is a good chance that recently edited
work may be lost. For example, when a
program fails, most BASICs enter the direct
command mode. If the program is rerun,
most likely the string variables will be
cleared. The temporary save and retrieval
subroutines were included to reduce the
impact of such errors. If the error occurs
during the edit mode, the last form of the
text (before the edit modec was entered)
may be retrieved by rerunning and answer-
ing the initialization appropriately (re-
start: R). If the failure occurs during a disk
or a tape load, unless a large crash occurs,
the most recent texi version may be re-
covered upon restart.

Additional Notes

There are several statements employed in
North Star BASIC which must be modified
if the edilor program is to be used with
another interpreter. The following is a list
of the types of changes required if this
program is Lo be translated into a BASIC
similar to that written by Microsoft and
distributed by MITS:

FILL<>,< > samc as POKE< > <>
EXAM(<>>) same as PEEK(<>)

% Denotes a printing format (for
example, nFm which is similar to the
FORTRAN rea! format nFm). This can
be simulated using the INT function
along with some multiplication and divi-
sion. In the more advanced versions of
BASIC there is usually an equivalent
format statement.

, Denotes a continued print statement
without a carriage return and linc feed. In
MITS BASIC onc would use a semicolon.

A$(M,N) With respect to the editing
functions as implemented by the pro-
gram, this is the most important differ-
ence between the North Star and Micro-
soft interpreters. For the task at hand
the North Star form is preferred because
of ease of use. In North Star BASIC
A$(M,N) represents a substring of A$
which runs from character position M to
character position N, thus having length
N—M+1. To accomplish this in Microsoft
BASIC one would use MID$(AS,M,
N—M+1). Although a lititle more cumber-
some, the Microsoft string function
would suffice if it were not for the
important variance that North Star
BASIC allows arbitrarily long string
lengths whereas Microsoft limits the

string length to 255 characters. However,

this limitation may be overcome by

string subscripts. Note that string dimen-
sions and subscripts are permitted in

Micrasoft BASIC, but not in North Star.

Having to resort to subscripts is certainly

an inconvenience and is a small pain to

program. North Star BASIC certainly
has an advantage in that respect.

The most difficult editing function Lo
perform is the alteration of a text segment
as the set of characters to be changed may
extend over more than one text line. Gen-
erally it is best to altack the last line of the
modification first. The corrections should
then proceed toward the lower line num-
ber. The reason for doing this is that the
text is reassembled upon each editing pass.
If a change is made in a given line, all the
lines above that point are altered, whereas
all the lines below that point maintain their
structure if the same line width format is
chosen.

Inserting text is usually easy. As a re-
dundant word of caution, remember 1o
place a blank in the last character positian
in the file, Also, as there is some awkward-
ness in changing the very first character in
the file, having a blank there is also helpful.

Conclusion

The limited capability editor program
presented in the previous sections has the
advantages of being easy to use as well as
being somewhat portable. [t was really
meant 1o operate with the North Star Disk
System, but can be translated for use on
other BASIC oriented machines. Its utility
is exemplified by the present article which
served as a test case. In this application the
article was broken up into files of 12 blocks
(12 by 256 characters) or less to case the
strain on active memory. Thus, in effect,
there is no limit to the document length
which can be handled. Incidentally, 12
blocks corresponds to approximately half
a typesel magazine page.

The true power of this program is ap-
parent when large portions of Lhe text
creation and editing are donec on a video
display system (it is casy to get inlo the
swing of rapidly typing additions and
changes). However, occasional hard copy
listings are invaluable for leisurely review-
ing. A near ideal combination would seem
to be a video display for editing and a fast
hard copy terminal for printing. The denser
and faster the video display the better.m

Copies of the software shown on listing 1
are available from the author on diskettes in
North Star farmat for $2.95 each {(New Yaork
State residents add sales tax).







Bubble Memories

A | Halsema
32014 Grenville Ct
Westlake CA 91361

Update on Bubble
Memories

In the third quarter
of 1978, after this
article  was  written,
Texas Instruments an-
nounced a new mag-
netic bubble memory
which is capable of
storing 250,000 bits
of information. The
new circuit has 252
minor loops consisting
of 1137 bubble po-
sitions of which 224
are guaranteed. The
memory has an access
time of 7.3 ms for the
first bit of the 224 bit
page.

A Short Tutorial

In the first quarter of 1977 Texas Instru-
ments announced the availability of a
92,000 bit magnetic bubble memory, mak-
ing bubble memories a commercial reality
ten years after the effect was discovered at
Bell Laboratories. The bubble memory pro-
vides nonvolatile, medium speed data stor-
age at a price close to that of the floppy
disk, but without either moving parts or
the problems of reliability that moving
parts entail. Future memories will provide
storage densities of up to one million bits
per chip and faster data rates, as the tech-
nology matures.

Bubble memories are shift registers that
move magnetic domains representing binary
data using rotating magnetic fields. The bub-
ble memory integrated circuit is made of a
magnetically reactive material such as garnet
and has implanted in it a bubble generator
for writing data, bubble detectors for read-
ing data, bubble annihilators for crasing
data and replicators to provide nondestruc-
tive rcadout. Bubbles move in loops made
of small bars of permalloy. As the mag-
netic field driving circuit rotates, the permal-
loy bars change their magnetic bias, attract-

PHASE OF DRIVING
MAGNETIC FIELD /

N

- -

WH*

-

OOV

Figure 1. Movement of a magnetic bubble through a permalloy patters in
response to a rotating magnetic field.
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ing or repelling the bubbles, as shown in
figure 1. This creates a shift register. The
Texas Instruments TBM 0101 memory con-
tains 157 minor loops of 641 bubble posi-
tions for data storage, and a major loop of
6540 bubble positions for reading and writing
data. This configuration is shown in figure 2.

In operation, data is written into the
major loop at the bubble generator. The bits
so written are shifted along the major loop
until they are adjacent to the minor loops
where they are to be stored. The bubble
transfer line is then activated and the bub-
bles are shunted onto the minor loops. Of
the 157 minor loops on the device, 144 are
guaranteed to be good, so the user must
avoid writing into any of the 13 minor loops
declared bad at the factory. Each memory
device will be shipped with a map of the
bad loops written into the device at the
factory. This map should be written into
programmable read only memory to control
access of the minor loops. The controller
integrated circuit offered by Texas Instru-
ments will have an input to cause it to ig-
nore bubbles and may be driven by the read
only memory. To read data, the minor loops
are rotated until the desired 144 bubbles are
adjacent to the major loop. The transfer
line is activated and the bubbles are shunted
out of the minor loops and onto the major
loop. The bubbles are then shifted along the
major loop until they reach the combination
replicator and annihilator.

If a replicate pulse is applied to the cir-
cuit, the bubble is duplicated. While one
copy goes on to the detectors and eventual

FERMALLOY
/— PATTERN

- BUBBLE




BUBBLE GENERATOR
MLIDR LOOP FOR \
DATA 1/0 (640 \

BIT POSITIONS) l l & -

REPLICATOR &
ANNHILATOR

/‘ 8UBBLE
DETECTORS

[

o % <%

) BUBBLE
/ TRANSFER LINE

M

B iiiietaienrieerennesatettarrranannnen TR Y S A 4

4
>
.
.
-
.
.
.
.
-
.
.
.
.
.
-
.
.
.
-
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
<
<
>
>
<%
<
»
»-

— PAGE ©
r\ (\ — PAGE |
u \_/ i pacE 640

157 MINOR LOOPS

destruction, the other bubble continues
around the major loop until it is shunted
back onto its minor loop, thus providing
nondestructive readout. The bubble that is
passed on to the detectors activates dual
Hall effect devices that vary their elec-
trical resistance with varying magnetic fields.
Two of these detectors are supplied in order
to cancel noise through the use of a detector
bridge connected to a differential amplifier.
The detectors have a nominal resistance of
1100 ohms and are matched to within
+10 ohms. A single bubble passing under the
two detectors produces a 7 mV signal with
two positive and two negative peaks. Care
must be taken when laying out circuit
boards to avoid long detector signal lines
and cross-coupling of control signal noise.

The rotating magnetic field for shifting
the bubbles is produced by driving the coils
built into the circuit with signals that are
90° out of phase at a maximum frequency
of 100 kHz. This technique is shown in fig-
ure 3. For standby low power operation,
the coil drive may be turned off with no loss
of data.

Data in the memory is organized in the
form of 18 byte pages and 641 pages per in-
tegrated circuit for a total of 11,538 bytes.
Using the TMS 9916 controller, any byte
within a page may be randomly accessed, al-
though the pages are serially accessed. Each
minor loop contributes a bit to the forma-
tion of a page, so that the 144 bits of a page
are distributed over 144 minor loops.

Prior to removing power from the mem-
ory system, the user must be sure that page
zero is rotated back into the page zero posi-
tion. If this is not done, the next time power

is applied it may not be possible to locate
page zero for proper addressing. This is be-
cause there are no physical indices to mark
the beginning of the medium. If the TMS
9916 controller is used, power failure detec-
tion circuitry will initiate data positioning
automatically. This process requires 12.8 ms,
so the system’s power supplies should re-
main in regulation for at least this long.

Considering the high price of the mag-
netic bubble medium, it is unlikely that it
will be used in a removable form as is the
case with the floppy disk. Instead, they will
probably be built into a cabinet (or even a
mainframe) and used as a drum would be.
An 11 K byte drum may seem small, but re-
member that single circuits with 3 to 10
times the capacity of the TBM 0101 are on
their way.m

Figure 2: Logical layout of
the Texas Instruments TBM
0101 bubble memory. The
157 minor loops are used
for data storage. Each loop
contains 641 bit positions.

CLOSED
Figure 3: This simple cir- A OFEN
cuit is an example of how | M
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Stacks in Microprocessors

Introduction

The stack or the “last in first out”
{LIFQ) data structure has become an essen-
tial tool in computer systems. There are
two major operations associated with this
dala structure:

PUSH: places a new data item on

top of the existing ones in

the stack.

POP:  removes the topmost cle-
ment of the stack for suc-

ceeding operations.

A spring loaded plate holder in a cafeteria
is a good example of a ‘“stack," since addi-
tion and removal of items occur at the same
end in a last in first out sequence (sec figure

1).

When the capacity of a stack is “n
items, then n+1 consecutive PUSH opera-
tions will cause the stack to overtlow.
Similarly, popping an empty stack creates
an underflow. Even though stack underflow
may not occur intentionally, programmers
should account for this condition. Stack
overflow is more probable when the stack
capacity is not large enough to accom-
modate all the occurring conditions
simultaneously.

Stack size is onc of the major design
paramelers in processor architecture. For
instance, the earlier Intel 8008 processor
had a built-in 7 level subroutine control
stack which was later increased to a more
general stack pointer which could range
throughout memory in the 8080.

In the softwarc realization of stacks,
a programmable memory location is used
along with an address pointer, called the
“stack pointer’ or SP. The stack pointer
points to the memory location that holds
the top element of the stack; the pointer is
updated (incremented or decremented) after
every push or pop operation (see figure 2).
In this case the programmecr must sct aside

A K
X
A
EMPTY PUSH A PUSH X
PUSH K
X A
A
POP POP

Figure 1: A sample 3 word stack. A PUSH
command causes one piece of data to be
“PUSHed” onto the stack. the resident
data is pushed downward to make room.
Simitarly, a POP command removes the
topmost piece of data and shifts the rest of
the stack upward.

a portion of the main memory to accom-
modate the stack. Consequently, the stack
capacity is determined by the free space in
the main memory and is more flexible. In
figure 2 the occupied portion of the stack
grows from low to high memory addresses.
Hence, Lthe PUSH operation increments the
stack pointer and the POP operation decre-
ments it. It is not difficult to introduce the
stack overflow and underflow conditions in
the above simulation.

In another realization of stacks, a set of
n registers constitutes a stack. Every POP
operation takes the data item from Lhe top-
most register; the data in each stack location
is then shifted upward. The PUSH operation
shifts the stack contents down one place






Pop: Operand +« M{SP]:
SP -~ SP-1.

Push: SP — SP+1;
M{SP] <« Operand.

X a-l X a-|

A 0-2 A a-2

0-3 a-3
M: MEMORY M: MEMORY
BEFORE POP AFTER POP

Figure 2! A software simulation of the pushdown stack. Operation of the
stack is identical to the hardware stack (see figure 1), except that there is
no dedicated hardware involved. Instead, a program creates a stack pointer
in memory which points to the current location of the top of the stack.

Hardware Stack or
Processor Stack Pointer Stack Oriented Instructions Remarks

1. 8080 16 b1t stack pointer at Push register pair into stack

b} Pop register pair from stack

c) Push/Pop processor status word

d} Exchange stack 10p with
register pair (H,L}

e} Load SP from register pair (H,L)

2,280 16 bit stack pointer al AH the instructions of Intel 8080
b} Push/Pop the {two) index
registers
3 MEBOO 16 hit stack pointer al Push/Pop the {A or B) accumulator

bl Load SP trom memary

cl Store SP into memory

d) Transfer index register contents
to SP

e) Transfer SP into index register

fI Increment/Decrement SP

4 RCA 1802 16 bit stack pointar al Increment/Decrement the selected Any of the 16
register (SP) registers can
b) Push/Pop the working (D) register be used as a SP

ct Load the D register into ieft or
right half of SP

5. PACE Hardware stack al Push/Pop program counter Stack overflow
8 16 bt wards bt Push/Pop the specified reqister Underflow
¢l Exchange the contents of the interrupts are
register with SP provided
d) Push/Pop the flag register
6. IMP.BC Hardware stack 8} Push/Pop the selected accumutator No overfiow
16 8 bir words into stack Underflow
b) Exchange the stack top with the interrupits

selected accumulator
Push/Pop the status flags into
the stack

[

Table 1: Stack features of some common microprocessors. The stack is a
storage place in a computer designed to hold pieces of data in serial order.
“PUSHing" an element onto the stack causes the existing elements in the
stack to be moved downward, in much the same manner as a spring loaded
plate holder found in restaurants. “POPing" an element from the stack re-
moves the most recent addition to the stack for use. Because of these two

features, the stack operation is often referred to as ‘fast in first out,” or
ln‘L ’FO' Ly
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and adds the new data item. In this ap-
proach, reading from and writing to the data
structure occur only with the topmost regis-
ter. Inter-register transfers can be achieved in
parallel during the same clock period. The
stack facility available with IMP-8C micro-
processor, an example of this type, has a
capacity of 16 words. This method of
realization is known as the fixed top {figure
1) in contrast to the moving top approach
explained earlier (figure 2). The flexibility
associated with the latter can be combined
with the speed advantage of the former as
is done with PACE microprocessors (sec
table 1).

Most modern processors provide one or
more registers to hold stack pointers. For
example, there is one stack pointer register
in the Intel 8080 and therc can be as many
as 16 stack pointers in the RCA 1802
processor (see table 1). The pop and push
instructions update the SP registers auto-
matically. The architecture and the stack
oriented instructions differ widely among
the various processors, and table 1 gives
details of some of the common ones.

Typical Applications of Stacks

Suppose a routine A calls another routine
B at some point a in A. Similarly, let B call
C at point b. The addresses a+1 and b+1 are
the return addresses where execution contro!
will return from the called routine. It is
evident from figure 3 that the return ad-
dresses are used in the reverse order of their
sequence of occurrence. The labels ¢1, c2,
¢3 in figure 3 stand for the first, second and
third calling of routines, and r1, r2, r3 stand
for the first, second and third returns from
the called routines. This last in first out
(LIFO) nature of the use of return addresses
in multilevel calling is commonly imple-
mented with stacks. Simple extensions have
been devised to pass the parameters along
with these return addresses using the stack
structure (see reference 1).

The calls shown in figure 3 could also be
considered as calls to service routines duce Lo
asynchronous interrupt signals, In the latter
case, the return addresses are not predeter-
mined address points, bul are instead the
contents of the program counter. However,
the last in first out nature of the return
addresses remains valid. The call due Lo an
interrupt creates a new process, and hence
the status of the current process (process
status word, flags, etc) has to be additionally






caLL B

ROUTINE A

cl

N
Nl

CALL C

ROUTINE B

c2
~ CALL D c3
Nr2
N AN
N \r3
ROUTINE C N
AN

ROUTINE D

Figure 3: Diagrammatic representation of multilevel, or “nested,” subrou-
tines. The return address of each subroutine call must be remembered so that
the program can return to the right place after the subroutine is compleled.
The “fast in first out” nature of nested subroutines is such that the stack is
@ fogical way to keep track of the return addresses.
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saved. Some processors, like the IMP-8C,
have instructions to push and pop status
flags onlo stacks. In other processors, this
is done automatically when an interrupt
occurs, Stacks in microprocessors, starting
from the early Intel designs, have tradi-
tionally been used primarily for subroutine
control and interrupt handling.

Another use of stacks, though one not
much used in the hardware of processors,
is in the compiling arithmetic expressions,
Consider the following arithmetic expression:

A+BXC-D/E

In this form, the “operator” is between the
two operands. This is known as infix
notation. The form in which the operator
follows the operands is called postfix or
reverse Polish after the Polish logician
] Luckasiewicz, who investigated the prop-
erties of this notation. The postfix equivalent
of the above expression, which does not
require any parentheses, is as follows:

AB+CXDE/-

Algorithms cxist which use the stacks Lo
convert arithmetic expressions from infix
to postfix notation (see reference 2). Figure
4 shows a sample code for the above postfix
expression; it is meant for a computer with
stacks, and is used to evaluate arithmetic
expressions. Operations such as ADD and
SUB take the top two elements of the stack,
perform the operation, and then push the
result back onto the stack. Such a system
is called a stack computer. Using this postfix
notation, it is not hard to generate code for
machines with single accumulators or for
machines with multiple registers.

Stack Machines

Among the architectures with two stacks,
two broad categories arc evident. The first
kind of machine provides stack fealures
along with conventional architecture. This
stack feature might be implemented through
a hardware realized stack, a stack pointer
register with a set of associated hardware
instructions, or a complete software simula-
tion using a memory location as the stack
and its pointer. Some combinations of these
three approaches are also present in some
recent processor architectures. Most proc-
essors have some sort of stack facility and
instructions to manipulate data with stacks
or stack pointers.

The second kind of machine with stack
facility can be called a stack machine. s
architecture is completely centered on
stacks. The Burroughs B5500 and BG700,
HP3000 and (CLL2900 are cxamples of this
category. In these machines, the three basic
functions of process management, memory
management, and data management ol jobs
are all stack oriented. Most of these archi-

Contents of Stack

Op Code {read left to right}
PUSH A A

PUSH B B.A

ADD (A+B)

PUSH C C.(A+B)

MPY {A+B)*C

PUSH D D,(A+B)*C

PUSH E E,D,(A+B}*C
DIV (D/E) (A+B)}*C
SuUB {A+BI"C—{D/E}

Figure 4: Op code designed for use with
Polish postfix notation on stack oriented
computers. Polish notation /s a method
for rewriting expressions unambiguously by
systematically segregating operators and
operands. For instance, the expression used
in this example appears as (A+B}XC—DJIE
in normal, or “infix'’ notation; the Polish
postfix equivalent is AB+CXDE/J. The latter
can be directly used by a stack oriented
computer, which automatically performs
stack operations. (For example, a stack
ADD instruction takes the top two elemerits
of the stack, adds them together, and pushes
them back onto the stack. The MULT,
DIV and SUB operators work in the same
manner.) The algorithm for evaluating the
expression then reduces to examining euch
element in the Polish notation string from
left to right, pushing it onto the stack if
it is an operand and performing the opera-
tion if it is an operator,
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tectures support block structured languages
(c) similar to ALGOL or PLJ/L. A program
written in 4 block structured language can
be visualized as a tree structure; execution
of the program traces some paths in this
tree structure. The relationship between tree
Y: Begin structures and stack data structures is well
Integer v1,vy2,y3; known (see reference 4). An example is
: shown in figure 5 along with "snapshots”
of stacks holding the program variables.
Becausc of the limited access points with
stacks, certain extensions are required in
stack machines Lo implement the array data
structures. These exlensions are of a dif-
End: (2) ferent kind, such as the use of index registers
for addressing. Similarly, to facilitate process
and memory management, special soltware
tools are used.

Computer systems and architectures can
be appraised from Lhree points of view: the
languages available to users {application and
system programmers), the operating system,

End: (K) and the hardware. These Lhree areas are
highly interrelated, and it is dilficult 1o
separate their capabilities. A loew stack

) machine architectures are commercially
N: Begin available with [acilities for multiprogram-
Integer n1; ming and timesharing. The architecture of

) the Burroughs systems is such that the sys-

tem software can be effectively written in

End: () 2 high level language. Stack machines have
good and bad points. Their advantages are

X Begin
integer x1, x2;

Z: ~Begin
Integer z1;

End;  (Y)

K Begin
Integer k1, k2;

End:l {x)

Figure 5: A block structured program. FPrograms written in block structured
fanguages can be visualized as tree structures (figure 5a). ALGOL and PL{!
are examples of this type of language. The tree in this iffustration shows fiow
the program is structured. Figure 5b shows how the stacks in a stack oriented
machine would look at various points of the program. Figure 5¢ shows the
block layout of the program.,
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noticeable in block structured programming,
which is becoming popular. As Doran points
oul (sec reference 1), stack machines have
proven to be successful. The increasing cost
of software and the flexibility available
through microprogramming indicates a trend
towards stack machines or, at least, toward
a greater use of stack features in computer
architectures,

Conclusions

Developments in software and program-
ming techniques during the past decade have
proven the advantages of stack data struc-
tures. Microprocessors of recent origin
provide adequate facilities to support this
data structure. The provision of stack
pointers is a compromise between the ex-
pensive and inflexible hardware stacks at
one end and the inexpensive and flexible
software simulation at the other end. Most
microprocessors have stack pointers and a
set of associated machine instructions.

Stack machines have certain advantages
in higher fevel block structured programming
and the implementation of operating sys-
tems. At present, programming with micro-
processors is done mostly in machine or
assembly language level. Large in-house
software systems for microprocessors are not
yet a reality. As a result, stack machine
architectures are still in the realm of large
machines.m
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Now, consider the following conversation
between the computer and the player.

C: ENTER YOUR FIRST MOVE.

P: MOVE FROM D2 TO D4
: IMOVE FROM H5 TO E2. CHECK.
: CAPTURE E2
: FROM WHERE?

H2

avoovn

This method not only cuts down on the
unnecessary chatter which was encountered
in the first case, but gives the player credit
for possessing some knowledge of what is
happening in the game. By taking time Lo
design an easy to use command language, the
designer can produce a game which will not
only play well but which will also be enjoy-
able to use.

The problem encountered when designing
a program which handles a sct of commands
such as these is that often no organized
approach is taken to assure that the allow-
able commands are processed correctly.
Each input string may be scanned and re-
scanned for the information which is needed
by the program. This type of haphazard
approach will very likely produce unreadable
code which is hard to debug and which may
contain hidden errors and ambiguities. To
avoid these problems, the theory of finite
state machines (FSMs) may be used to
produce a recognizer program which can
parse the input commands and produce a
structured command which can be inter-
preted by the system.

Finite State Machines

Since the aim of this article is to show
how to use finite state machines to aid in
programming a command language, not o
thoroughly cover finite state machine
theory, | will give a rather informal descrip-
tion of the machines. The representation
used here has appeared in various places, and
was chosen mainly because of its simplicity
for this application.

—{)F—()

Consider the finite state machine shown
ir figure 1. Each circle represents a state of
the f{inite state machine. In this example
there are seven states: S, 1, 2,3, F1, F2 and
F3. The names chosen for the states are
arbitrary. The directed lines between the
states are called state transition paths. The
state transition path, labeled with an H,
located between state S and state 1, is
named S-1(H). The parenthetical symbol
will be omitted when there is no ambiguity,
such as the path 1-3. The states which are
circled twice are final states. The final
states in figure 1 are F1, F2 and F3. The
states which are pointed to by arrows which
lead from no other state are called initial
states, The only initial state in figure 1 isS.

This finite state machine can be used to
recognize several different strings, a string
in this case being merely a sequence of
letters. For a particular string 1o be recog-
nized, an ordered path must exist between
an initial state and a final state such that
every symbol in the string being recognized
exists {in its original order) along the path
starting at the initial state. Using this finite
state machine the string HOG is recognized
in the following manner. Starting at initial
state S, the first symbol in the string, H,
leads Lo state 1 along path S-1(H). The
second symbol, the letter O, selects path
1-3 leading to state 3. Finally, the symbo!
G leads to the final state F2 via the path
3-F2. Since this path exists from the initial
state S to Lhe final state F2, the string has

Figure 2: Finite state machine that has a
stute trunsition puth loop.

Figure 1: A finite state
machine with one initiaf
state and three final states
that js capable of recog-
nizing the words: sat, sog,
sogs, hat, hog and hogs.
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Figure 3. A lexical finite
state machine for rec-
ognizing the entities that
witl be accepted by the
gume: <TJO> <TAKE>,
<MOVE>LCAP>
LFROM> <END?>,
<POS>.

EOL

been recognized. The wother strings which
can be recognized by this FSM are SAT,
HAT, SOG, SOGS and HOGS.

State transition paths nced not proceed
to a new state. A state transition path may
return to a previous stile or may cven re-
turn to the state from which it started. Fig-
ure 2 is an example of a finite state machine
which will recognize any string which begins
and ends with an A and which has zero or
more Bs between the two As, such as the
strings: AA, ABA, ABBA, etc.

Sample Problem

Now that the basics of finile state mu-
chines have been explained, a simple com-
mand language will be defined and imple-
mented using them as a design toul. Using
this example, a similar procedure can be
followed to produce a recognizing pro-
gram for nearly any command language
which might be chosen.

@ CEND>

Fa3

o
G

L

¢

-

) G

LIS

a¢

L16

C

1,2,3,4,5,6,7,8

Assume that there is a game which is
played on a chess board. The columns of the
board are labeled with the letters A thru H
and the rows of the board are labeled with
the numbers 1 thru 8. The three possible
moves which may be made by any player
consist of moving a piece from one square 1o
another, MOVE, moving a piece to another
square and capturing the piece on that
square, CAP, or removing one of his own
pieces {rom the board, TAKE. Some exam-
ples of commands which are to be accepted
by the program are:

MOVE FROM A1 TOC3
CAP FROM 4H TO H1
TAKE FROM E5

MOVE TO F6 FROM 6G

It can be seen that the commands are
made up of six basic entities which must be
recognizable. Three of these entities are the
commands MOVE, CAP and TAKE. TO and
FROM are keywords which must be identi-
fied in order to interpret a command. The
final type is a position which may consist of
a letter followed by a number or a number
followed by a letter and which will exist onc
or more times in each command.

<TAKE>

<MOVE>

A,B.D,E,G,H

1.2.3,4,5,6,7.8

‘a2;3;4,5,6,7,8

L1

&

)

1,2,3,4,5,6,7,8

L22

g

1,2,3,4,5,6,7,8

]
o
I =

LZ3

C
€

178 June F79 - BYT{ Publications e

L24

<FROM>






Figure 5: Two example
COMMAND arrays. COM-
MAND array A results
after processing the com-
mand  MOVE TO (I
FROM HG. COMMAND
array B is the result of
processing TAKE FROM
A7,

Table 1: Semantics for the syntactic finite state machine.

(a) (6}

— (MO —

nized when an end of line {col) delimiter is
found.

Most of this finite state machine js self-
explanatory. Note, however, the two states
L15 and L23 which are entered after match-
ing an initial C or F, respectively, These
states represent a point in the matching proc-
ess where the token being recognized may
be either a command {<CAPZ> or <FROM>>)
or a position {(<POS>). When the next sym-
bol in the input stream is examined, the rec-
ognition of the (oken as a position (paths
L15-L20 and L23-L.20) or as a command
(paths L15-L16 and L23-L24) can be made.

The finite state machine which has just
been described performs the process known
as lexical analysis, (the process of grouping

S1-82(<MOVE>) : SET COMMAND(1) TO 1

S1.82(<CAP>) SET COMMAND{1) TO 2

$183 SET COMMAND(1) TO 3

$4-87 SET COMMAND(2} TO COLUMN (A-H)
SET COMMAND(3} TO ROW (1-8)

$10-813 SET COMMAND{4} TO COLUMN (A-H)
SET COMMAND(5) TO ROW [1-8)

$859 SET COMMAND{4) TGO COLUMN (A-H)
SET COMMAND{5) TO ROW (1-8)

$10-56 SET COMMAND(2) TO COLUMN (A.H)
SET COMMAND(3) TO ROW (1-8)

S12-813 SET COMMAND(2] TO COLUMN (A-H)
SET COMMAND({3) TO ROW (1-8)

OTHERS {NO SEMANTICS}

Table 2: Semantics for the lexical finite state machine.

These routines are used to set up the array TOKEN.

L1-L2 SET TOKEN(1l) TO
SET TOKEN(2) TO
L4-L5 SET TOKEN(1) TO
SET TOKEN(2) TO 4
L8-L9 SET TOKEN(1} TO
SET TOKEN(2) TO 3
L13-L14 : SET TOKEN{l} TO 0
SET TOKEN(2) TO 1
L17-L18 : SET TOKEN(1) TO 0
SET TOKEN{2) TO 2
L26-L27 : SET TOKEN{l) TOO
SET TOKEN{2} TO 5
L1-L19 SET TOKEN(2) TO INPUT CHARACTER
L1-L22 : SET TOKEN{1) TO INPUT CHARACTER
L19.L20 : SET TOKEN{1) TO INPUT CHARACTER
L22.L20 : SET TOKEN{2) TO INPUT CHARACTER
L15-L20 : SET TOKEN(1) TO INPUT CHARACTER
SET TOKEN(2) TO “C”'
L23.L20 : SET TOKEN{1} TO INPUT CHARACTER
SET TOKEN(2) TO “F"
OTHERS : (NO SEMANTICS)
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together input symbols to determine the
tokens which have been input. The next
process which must be performed is the
process of syntactic analysis, checking the
order of the tokens which have been formed
to see whether they form a valid command.
For example, the two “‘commands”:

MOVE FROM A1 TOC3
Al C3 FROM TO MOVE

are both composed of valid tokens for the
example language but only the first com-
mand is syntactically correct. To determine
the syntactic correctiness of a command an-
other finite state machine must be designed.
This machine, rather than having paths la-
beled with symbols from a character set, will
have labels which are valid tokens of the lan-
guage being processed. Figure 4 shows a fi-
nite state machine which will accept the
valid commands of the language.

Semantic Routines

At this point two finite state machines
have been produced which can be used to
recognize valid commands for the game.
Before these machines are used to help
produce code to process actual commands,
the results of processing each command
must be defined. After a decision has been
made regarding these results, semantic
routines, routines Lo carry out the processing
of the various commands, should be associ-
ated with each state transition path of the
finite state machines. In our system, each
command will be converted to a set of codes
and placed in an array called COMMAND
which will have five elements. COMMAND( 1)
will be set to a code describing the command
operation (1=MOVE, 2=CAP, 3=TAKE),
COMMAND(2) and COMMAND(3} will
hold, respectively, the column and the row
position associated with the FROM key-
word. COMMAND(4) and COMMAND(5)
will hold the column and row position
associated with the TO keyword. Figure 5
shows the expected results of processing
following two commands:

MOVE TO C1 FROM Hé
TAKE FROM A7

For the finite state machine that is shown
in figure 4, table 1 shows the semantics
which will produce the desired results.
Routines for paths such as $1-S2(<MOVE>)
set the first element of the COMMAND
array to indicate which command was rec-
ognized. Path 52-53 is an implicit recog-
nition of the word FROM and has no
semantics associated with it since nothing
must be done until the path $3-S4 is tra-
versed. When this action occurs, the row and






column are stared in the COMMAND array
to indicate the FROM position. When a
final state is reached, an entire command
has been parsed and the COMMAND array
contains all of the necessary information to
fully describe the command.

The lexical finite state machine shown in
figure 3 will be used by the syntactic finite

Listing 1: Routine constructed for the lexical finite state machine.

B oE F X X kR X F R N R % ¥ ¥ EE K P X

LEX:

S

L4:
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LEX IS A SUBROUTINE WHICH EXAMINES INPUT
CHARACTERS UNTIL IT FINDS A VALID TOKEN OR

AN INPUT ERROR, SUBROUTINE RCHAR READS THE

NEXT CHARACTER FROM THE INPUT BUFFER INTO
CHAR. ‘#' IS THE END-OF-BUFFER CHARACTER.
LEX SETS TOKEN (THE TWO ELEMENT ARRAY) TO
THE FOLLOWING CODES:
TOKEN(1) TOKEN(2)
<MOVE> —
<CAP> -
<TAKE> -
<TO> -
<FROM> —
<END> -
ERRCOR -
<POS> -

[sXeloloRale)s)
N O b RN

ROW: 18 COL: A-Z
SUBROUTINE;
TOKEN(1) = 0

STATE 1 — BEGINNING STATE
CALL RCHAR( );
IF CHAR = ' "THEN GO TO L1;
IF CHAR ‘T' THEN GO TO L3;
IF CHAR = 'M'THEN GO TO L10;
IF CHAR = 'C’THEN GO TO L15;
IF CHAR ‘F' THEN GO TO L23;
IF CHAR ‘#' THEN DO;
TOKEN(2) = 6;
RETURN;
END;
IF CHAR ='A! l B’ I ‘D! I [ | Fel |
‘H'" THEN DO;
TOKEN(2) = CHAR;
GO TOL19;
END;
IFCHAR = '1" | ‘2" t'3 14" ] 5" |
‘6' { ‘7' 1 ‘8" THEN DO;
TOKEN(l) = CHAR;
GO TO L22;
END;
GO TO LEXERR;

oo

STATE 3 — HAVE FOUND ‘T’
CALL RCHAR( };

IF CHAR = ‘O’ THEN GO TO L4;
IF CHAR = 'A'THEN GO TO Lé;
GO TO LEXERR;

STATE 4 — HAVE FOUND <TOQO>
CALL RCHAR( );
[F CHAR = ‘ 'THEN DO;
TOKEN(2} = 4;
RETURN;
END;
GO TO LEXERR;

STATE 6 — HAVE FOUND ‘TA"
CALL RCHAR( };

IF CHAR = 'K'THEN GO TO L7;
GO TO LEXERR;

STATE 7 — HAVE FOUND 'TAK’
CALL RCHAR( );
IF CHAR = ‘E’'THEN GO TO L§;
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state machine just described to obtain
tokens from the input stream when they are
needed. The output from the lexical finite
state machine will be a 2 element array
named TOKEN which will contain the
following codes. If the token is <<POS>,
then the first element of TOKEN will be
the row number and the second clement

GO TO LEXERR,;

STATE 8 — HAVE FOUND <TAKE>
CALL RCHAR( };

IF CHAR = ' 'THEN DO;
TOKEN(2) = 3;
RETURN;

END;

GO TO LEXERR;

STATES 10 THRU 13 ARE VERY SIMILAR
TO STATES 3 THRU 8 ABOVE AND ARE
NOT SHOWN.

STATE 15 - HAVE FOUND ‘C’
CALL RCHAR( );
IF CHAR = ‘ll l (2! l 131 [ 141 l t5! I
‘' 1 ‘7' | ‘8" THEN DO;
TOKEN(1) = CHAR;
TOKEN(2) = ‘C;
GO TO L20;
END;
IF CHAR = ‘A' THEN GO TO L16;
GO TO LEXERR;

STATES 16 AND 17 RECOGNIZE THE REST OF
<CAP> AND ARE NOT SHOWN.

STATE 19 - HAVE FOUND COLUMN LETTER (A-Z)
IFCHAR = ‘1' | 2" ‘3" | ‘4" | ‘5" |
‘6' | ‘7' | '8 THEN DO;
TOKEN(l) = CHAR;
GO TO L20;
END;
GO TO LEXERR;

STATE 20 — HAVE FOUND <POS>
IF CHAR = ' 'THEN RETURN;
GO TO LEXERR;

STATE 22 — HAVE FOUND ROW NUMBER (1-8)
IFCHAR = ‘A" I 'B' 1 'C’ | 'D' | ‘E" |
‘F' | ‘G’ | ‘H' THEN DO;
TOKEN(2) = CHAR;
GO TO L20;
END;
GO TO LEXERR;

STATE 23 - HAVE FOUND 'F'
IF CHAR = ‘1" 1 ‘2" 1'3" [ ‘4" 1'5" |
‘6’ 17" | ‘8" THEN DO;
TOKEN(1l) = CHAR;
TOKEN(2) ‘F';
GO TO L20;
END;
IF CHAR = 'R'THEN GO TQ L24;
GO TO LEXERR;

i

STATES 24 THRU 26 ARE SIMILAR TO OTHER
STATES WHICH RECOGNIZE KEYWORDS AND ARE
NOT SHOWN,

LEXERR — AN ERROR HAS BEEN ENCOUNTERED
IN THE INPUT STRING,

LEXERR: TOKEN(l) = 0;

TOKEN(2) = 7;
RETURN;

END LEX;
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Listing 2: Routine constructed for the syntactical finite state machine.
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53
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SYNERR:
END SYN;

SYN IS A SUBROUTINE WHICH EXAMINES INPUT
TOKENS TO DETERMINE IF A COMMAND IS OR IS
NOT VALID. SYN USES SUBRCUTINE LEX TO
OBTAIN THE TOKENS FROM THE INPUT STREAM.
A FIVE ELEMENT ARRAY NAMED COMMAND IS
SET USING THE FOLLOWING CODES:

COMMAND(1) 0=ERROR, 1=MOVE, 2=CAP, 3=TAKE.
COMMAND(2) : COLUMN (A-H) OF “FROM'.
COMMAND(3) ROW (1-8) OF “FROM".
COMMAND(4) : COLUMN (A-H)OF "TO".
COMMAND(5) ROW (1-8) OF “TQ",

SUBROUTINE;

STATE 1| — BEGINNING STATE

CALL LEX();

IF TOKEN(1)=0 & TOKEN{2)=1 THEN DOQO;
COMMAND(1) = 1;
GO TO 82;
END;

IF TOKEN(1)=0 & TOKEN{2)=2 THEN DO,
COMMAND(1) = 2;
GO TO S2;
END;

IF TOKEN(1)=0 & TOKEN(2)=3 THEN DC;
COMMAND(1) = 3;
GO TO S3;
END;

GO TO SYNERR;

STATE 2 — <MOVE> OR <CAP> FOUND

CALL LEX();

IF TOKEN(1)=0 & TOKEN(2)=5 THEN GO TO S3;
IF TOKEN(1)=0 & TOKEN({2)=4 THEN GO TO 54;
GO TO SYNERR;

STATE 3 — <MOVE><FROM> FOUND

CALL LEX();

IF TOKEN(1)>0 THEN DO;
COMMAND(2) = TOKEN(2);
COMMAND(3) = TOKEN(1);

GO TO $4;
END;
GO TO SYNERR;

STATE 4 — <MOVE><FROM><POS> FOUND
CALL LEX();

IF TOKEN(1)=0 & TOKEN(2)=4 THEN GO TO $5;
GO TO SYNERR;

STATE 5 — <MOVE><FROM> <POS><TQC> FOUND
CALL LEX();
IF TOKEN(1)>0 THEN DO;
COMMAND(4) = TOKEN(2);
COMMAND(5) = TOKEN(1);
GO TO S6;
END;
GO TO SYNERR;

STATE 6 — ENTIRE COMMAND FOUND
CALL LEX();

IF TOKEN(1)=0 & TOKEN(2)=6 THEN RETURN;
GO TO SYNERR;

STATES 8 THRU 13 ARE VERY SIMILAR TO STATES
2 THRU 6 AND ARE NOT SHOWN.

SYNERR — INVALID COMMAND SYNTAX.
COMMAND(1) = 0;
RETURN;
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will be the column letter. If the token is
not <PQOS>, then the first element of
TOKEN array will be set to zero and the
second element will be a code indicating
which type of token was recognized (1 for
<MOVEZ>, 2 for <CAP>, 3 for <TAKE>,
4 for <TO>, 5 for <FROM>, 6 for
<ENDZ>>). The semantic routines associated
with the lexical finite state machine 1o
set TOKEN correctly are shown in table 2.

Implementation

The first step in implementing, the com-
mand language is the conversion of the
lexical finite state machine into a sub-
routine which locates the next token in
the input stream and places the necessary
codes into TOKEN as described above.
If at any time, an error is detected while
attempting to recognize a new Lloken from
the input stream, then TOKEN(1) is sel o
zero, TOKEN(2) is set to 7 and this routine
returns (o its calling routine.

A program named LEX, written in a
BASIC-like language, which accomplishes
these results is shown in listing 1. Prior to
the invocation of this routine, the input
command must be obtained from the user
and stored in a buffer followed by a blank
and the end of line character. A routine
RCHAR is assumed to exist, which reads
the next character from the input buffer
and places it into the variable CHAR.
Because of the way that the program has
been designed, the flow of the program is
easy to understand and modifications are
casy to make if necessary, especially if
the corresponding finite state machine
diagram is available. The program is divided
into sections which correspond to the
states in the finite state machine. Each
section determines which state transition
pointer should be followed from the
character which is being scanned. 1t then
performs the semantics associated with this
state transition pointer and moves along
the path by means of the appropriate GO-
TO statement. If during the processing of
any state, the input character being ex-
amined does not correspond  with any
valid state transition pointer, the rouline
sels TOKEN to the ecrror code described
above and returns to its caller.

Listing 2 shows the routine constructed
from the syntactic finite state machine. The



5 reasons why you should not buy

the electric p

Check the appropriate box{es):
You love typing the same copy 20 thousand times a day.
CJ Your secretary can type 250 words per minute.

[] You're dying to spend $15,000 on a word processing system, just for the
tax investment credit.

(1 ANl your capital assets are tied up in a 10-year supply of correction fluid.
(] You never commit a single thought to paper.

If you have checked one or more boxes, you do not need The Electric Pencil.
On the other hand, you may want to join the thousands of people who haven’t
checked a single box.

CP/M versions

The Electric Pencil 11 is a Charac-
ter 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 or word
hyphenations is not required since
lines of text are formatted automatic-
ally.

As text is typed and the end of a
line is reached, a partially completed
word is shifted to the beginning of the
following line. Whenever text is insert-
ed or deleted, existing text is pushed
down or pulled up in a wrap around
fashion. Everything appears on the
video display as it occurs, which elim-
inates guesswork. Text may be review-
ed at will by variable speed scrolling
both in the forward and reverse direc-
tions. By using the search or search
and replace functions, any string of
characters may be located and/or re-
placed with any other string of charac-
ters as desired.

Numerous combinations of
line length, page length, line
spacing and page spacing permit
automatic formatting of any
form. Character spacing, bold
face, multicolumn and bidirec-
tional printing are included in
the Diablo versions. Multiple |
columns with right and left justified
margins may be printed in a single pass.

Wide screen video

Versions are available for Imsai
V10 video users with the huge 80x24
character screen. These versions put al-
most twice as many characters on the
screen!!]
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Digital Research’s CP/M, as well as
its derivatives, including IMDOS and
CDQOS, and Helios PTDOS versions are
also available. There are several NEC
Spinwriter print packages. A utility
program that converts The Electric
Pencil to CP/M to Pencil files, called
CONVERT, is only $35.

Features

CP/M, IMDOS and HELIOS compatible
Supports four disk drives

Dynamic print formatting

DIABLO and NEC printer packages
Multi-column formatting in one pass
Print value chaining

Page-at-a-time scrolling

Bidirectional multispeed scrolling con-
trols

Subsystem with print value scoreboard
Automatic word and record number
tally

Cassette backup for additional storage
Full margin control

End-of-page contral

Non-printing text commenting

Line and paragraph indentation
Centering

Underlining

Bold face

Upgrading policy

Any version of The Electric Pencil

encil 11’

° 1978 Michael Shrayer

Have we got a version
for you?

The Electric Pencil |l operates
with any 8080/Z80 based microcom-
puter that supports a CP/M disk sys-
tem and uses an Imsai VIO, Processor
Tech. VDM-1, Polymorphit VTI, Solid
State Music VB-1B or Vector Graphic
video interface. REX wversions also
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 B,
e.g., SS-11A, DV-IIB.

Vers. Video Printer Price
SS-1I SOL TTY orsimilar  $225.
SP-11 VTI TTY or similar 225.
SV-II VDM  TTY or similar 225.
SR-II REX TTY or similar 260,
SI-n VIO TTY or similar 250.
DS-1l SOL Diablo 1610/20  275.
DP-lI VTI Diablo 1610/20 275,
DV-Il VDM Diablo 1610/20 275.
DR-II REX Diablo 1610/20  300.
DI-1 VIO Diablo 1610/20  300.
NS-I1 SOL NEC Spinwriter 275,
NP-11 VTI NEC Spinwriter 275,
NV-1l VDM  NEC Spinwriter 275,
NR-11 REX NEC Spinwriter  300.
NI-11 VIO NEC Spinwriter  300.
SSH SOL Helios/TTY 250.
DSH SOL Helios/Diablo 300.

Attention: TRS-80 Users!

The Electric Pencil has been de-

1253 Vista Superba Drive
Glendale, CA. 91205
{213) 956-1593

MICHAEL SHRAYER SOFTWARE, INC.

signed to work with both Level !
(16K system) and Level !l mod-
els of the TRS-80, and with vir-
tually any printer you choose.
Two versions, one for use with
cassette, and one for use with

may be upgraded at any time by sim-
ply returning the original disk or cas-
sette and the price difference between
versions, plus 515 to Michzel Shrayer
Software, Only the originally purchas-
ed cassette or diskette will be accepted
for upgrading under this policy.

disk, are available on cassette.
The TRS-80 disk version is gatily tran-
sferred to disk and is fully interactive
with the READ, WRITE, DIR, and
KILL routines of TRSDOS 2.1.

Demand a demo from your dealer!

Version Storage Price
TRC Cassette  $100.
TRD Disk $150.
BYTE June 1974 185



Figure 6 An  alternate
solution for the lexical
unalysis of the gume pro-
gram,

structure of this program is almost identical
to the structure of the previous routine. This
time cach scction of Lhe program examines
the next token which has been obtained by
a call to LEX, performs the appropriate
semantics for the path to be traversed, and
then moves to the next defined state.
Again, if either an invalid token is encoun-
tered or if the routine LEX returns an error
code, this routine returns to its caller after
feaving an error code of zero in COMMAND.

Due to the way these routines were con-
structed, a single error code is returned if
any error occurs in a command, But, be-
cause the exact location in the state dia-
gram is known whenever an errar oceurs,
more descriptive crror messages can be
generated, or fix up action may be per-
formed. If the command:

MOVE TO A8

is entered, then the syntactic routine would
encounter the <END> 1oken while process-
ing state S8. Based on 1he present form of
the program, the error message printed
would most likely be “INVALID COMMAND
SYNTAX — ENTER NEW COMMAND"
since no attempt is made to analyze the
syntax error,

However, instead of merely returning
the zero error code Lo its caller, the syntactic
routine could return a unigue code to indi-
cate that the FROM section of the command
is missing. The calling routine could then

L4

H(:

A-Z

%

O

L7

-

L1 o prompt the user for the coordinates of the
piece which is Lo be moved. Depending on
the extent to which this error checking is

EoL @(END>
-8 \QA'Z ﬂ[ﬁ]
Jﬁa
A-H A-Z
L)
I-2Z
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carried out, a very elaborate and easy to
usc command system can be created.

Other Representations

The finite state machine diagrams in fig-
ures 3 and 4 have been chosen to illustrate
the techniques of using finite state machines
for designing command languages and do not
represent the only way to implement this
sample command language. An alternate
finite state machine which performs lexical
analysis for the example game is shown in
figure 6. In this finite state machine all
of the commands and keywords (MOVE,
CAP, TAKE, TO and FROM) map into the
single token <KEYWORD>. Semantic rou-
tines associated with the paths L1-L6,L1-L7,
L6-L7 and L7-L7 would be used to save the
symbols which have already been matched.
Then when path L7-L8 is traversed, the
semantics associated with this path would
include a table lookup routine to identify
the command or keyword and correctly
fill in the TOKEN array.

To illustrate this technique, observe how
the finite state machine in figure 6 would
recognize the capture command. Starting
with state L1, the C would causc the tra-
versal of path L1-L6 and would be saved to
later help identify the token being parsed.
The A and the P would similarly cause the
program to move along the paths L6-L7
and L7-L7, respectively, and again these
letters would be saved by the semantics
associated with these paths, Finally, the
ending blank would cause the traversal
ol path L7-L8. At this time, the semantics
associated with path L7-L8 would examine
the letters which had been saved, identify
the parsed word as either a valid token or
an invalid word, and correctly fill in the
TOKEN array with the code for the token
or the error code.

<KEYWORD>



























THE TRS-80
ASSEMBLY LANGUAGE
DEVELOPMENT SYSTEM.

(ASTEAL AT TWICE THE PRICE)

A short time ago,
Microsoft infroduced TRS-80
FORTRAN— a complete
ANSl-standard FORTRAN
with macro assembler, linking
loader, and text editor, all for
only $350. The response
has been overwhelming.

Many TRS-80 users even
told us, "The assembly
language development
software alone is worth that
price.” We think they're right,
of course, but we've made it
an even better deal.

ANNOUNCING:

THE TRS-80

ASSEMBLY LANGUAGE
DEVELOPMENT SYSTEM
FOR $175.

For half the price of the
TRS-80 FORTRAN Package,
you can buy the TRS-80
ASSEMBLY LANGUAGE
DEVELOPMENT SYSTEM,
including:

EDIT-80 A fast, random
access text editor that's easy
to use and loaded with
features. Lets you insert,
replace, print or delete lines;

edit individual lines;
renumber lines in a file; and
find or substitute text.

MACRO-80 The best
Z80 assembler anywhere.
MACRO-80 supports a
complete Intel-standard
macro facility plus many
other "big computer”
assembler features: comment
blocks, octal or hex listings,
8080 mode, titles and
subtitles, variable input radix
(base 2 to base 16), and a
complete set of listing
controls.

LINK-80 Loads your
relocatable assembly
language modules for
execution and automatically

resolves external references
between modules.

CREF-80 Gives you a
complete dictionary of
program symbols, showing
where each is defined and
referenced.

The Microsoft TRS-80
FORTRAN Package is still
available for $350. Or, for
HALF PRICE, get the TRS-80
ASSEMBLY LANGUAGE
DEVELOPMENT SYSTEM.

Either way, it's a steal.

TO: Microsoft, 10800 N.E. 8th, Suite 819, Bellevue, WA 98004
O Send me the works! TRS-80 FORTRAN Package for $350.

O Send me half the works! TRS-80 Assembly Language
Development System for $1785.

O Check enclosed [ Master Charge

O VISA

CARD NUMBER EXP DATE

CARDHOLDER S SIGNATURE

HAME

ADDRESS

:/EijICﬁOSOf-T

CITY STATE zZip

Dealer Inquiries Invited

BYLE June 1979
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Please send

Tables

Rather than using Wimble's method of
storing tables in arrays (variable table,
valuc table, function table, token table),
we took advantage of one of Pascal’s data
structures, the /inked list. This offers two
big advantages to the design of the inter-
preter:

® Array sizes do not have to be declared
clsewhere in the program. There is no
way of telling which tables will grow
very large and which ones will stay
small; this is dependent on the calcu-
lations being performed with the inter-
preter and will vary from one terminal
session to another. With linked lists,
storage allocation is dynamic and can
be used for each table as needed (stor-
age is taken from a common pool of
storage reserved for linked lists).

® |t is a simple procedure 1o de-allocate
storage {using the standard function
“dispose’’ in Pascal) so thal it can be
re-uscd by the program as needed. This
helps 1o keep the size of the running
program to a minimum.

Values

We store all values as real numbers. We
decided to do this based on the fact that
although APL's data structurcs arc weak
{cg: reals and integers can be stored in the
same  array), Pascal's data strucuures are
very strongly typed. Numbers are checked
1o be whole numbers (nonlractional) for

certain operations such as index generation
{(monadic iota) and reshaping (dyadic rho).
Numbers are checked to be Boolean for such
operations as fogical negation (tilde), ANDs,
and ORs.

The Nybbles Library is an inexpensive
means for BYTE readers to share some jnter-
esting but specialized forms of software.
These programs are written by readers with
small computers and printer facilitivs, ond
are therefore designed for particulir systems.
The algorithms and programniing techni-
ques in these programs can be direct!y used
by readers with similar equipment, or cun
serve as an inspiration for hmprovisation
on computers of different characteristics.

Potential  authors of such programs
should send us a self-addressed stomped
envelope, with g request for a copy of our
“Guidelines for Nybbles Authors.” Payment
for Nybbles items is based on sales and
length of the item. Rates are set at the time
of acceptance.

Nybbles Library programs are sent in
listing form, printed on 8.5 by 11 inch paper
on both sides. The Nybbles [Library pro-
grums are 3 hole punched for collection in
loose leaf binders, and come in an attracifve
folder which serves as a cover.

This month "An APL Interpreter in
Puscal” (document # 109) has been udded
to the Nybbles Library. Use the coupon
below to order your personal copy, at
$710.00 postpaid in USA or 512.00 for over-
seus orders.

copies of BYTE Nybble #

postpaid.

Please remit in US funds only.

Bilf my BAC #
Biff my MC #

Name

Check Enclosed

Exp Date

Exp Date

Street

City

State

HYTE Vubhications 1nc

Zip Code

BYTE Nybbles Library, 70 Main St, Peterborough NH 03458

You may photocopy this page if you wish to keep your BYTE intact.
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BUSINESS

Appolntment Log by M. Kelleher Perfect for the
professional. Accepts name and address, meeting
start and endings, subject matter, derives elapsed
time. For Level |}, 16K $9.95

Payroll by Stephen Hebbler Comprehensive 24 pg.
manual with step-by-step instructions included in the
package. Supports W2 and 941 information. D,
$59.85

Mall List | by Michael Kelleher is the economy model

of disk-based mailing list programs. Uses a single

drive and handles up 1o 1400 names per disk, plus

provisions for sorting options. 16K, D $19.95
81Z-80

The Business Software Peopie®

Just about everything you need ... within 1
yoar, participants recelve programming for
Inventory, Accounts Recelvable, Accounts
Payable and General Ledger systems, plus
Sales and Payroll. Complete documentation
and software on diskette, $200.00

Mait List I} by BiZ-80 Complete mail list system for
dual disk. Enter, update, merge, sart, and print
mailing labels, D, 32K $99.95

Small Business Bookkeeplng by Roger W. Robilaille,
is based on the Dome Bookkeeping Journal, sold for
years in stationery and discount outlets. Level II, 4K
with (322.00) or without ($15.00) Dome journal.
Inventory System Il by BIZ-80 Proper inventory
management is the backbone of a profitable business,
yet it's very difficult to keep current on price
Increases, shrinkage, low-an-stock items, profitable
items versus losers, without an efficient and prompt
method of surveying your inventory levels at any
given time, This program can help you to achieve
optimal management — it can handle up ta 1,000
items on one disk; each additional disk can handle
another 1,000 items.  With Documentation, $150.00
tnventory § by Roger W. Robitaille, Sr. 240 stock
items ¢an be contained using the full 6 data areas and
2 pieces of alpha information. Level | or 1,16 K $25.00
Invenfory 11.2 Disk based program allows for
creation, maintenance and review of over 2,000 items
per clean diskette. Operates under Disk BASIC,DOS
2.1 with minimum memory allocation. D, $59.95

N PEEEsEAMGEBNoOAANAsSSssemascSEENESSq
]
L

ST 80 - SMART TERMINAL
Lance Micklus

L]
2
a
L]
Turns your TRS-80 into a computer terminal.
Features include CONTROL key, REPEAT key,
ESC key, RUN key and a functioning BREAK 4
key. Lets you list Incoming data on line printer.
Reprogram RS-232-C switches from keyboard, !
making baud rate changes simple. Level Il, 16K
$49.94 :

]

Text-80 by Frank Rowlett Fully-documented text
processing system for disk. Create, edil, mave,
delele, insert, change, print words or lings. D, 32K
$58.95

KVP Exiender by Lance Micklus Corrects keyboard
bounce, upper case lock, permits use as a terminal,
screen printing. On tape ($24.95) or disk ($29.95)
808C-Z80 Conversion by M. Kelleher Permits you to
enter 8080 codings and returns the Z80 equivalent. L
11, 16K $15.00

Beslc Stalistics by Steve Reisser Pearson producl-
movement correlation coefficient, chi-square, Fisher
T-test, sample analysis of variance, Z-scores and
standard scores, with a random number generator
built in to simulate data. L 11, 16K $20.00

Renumber by Lance Mickius Complete user control
over which lines are renumbered, and how, including
all GOSUB's and GOTO's. Specity 4, 16, 32, or 48 K
version when ordering. QOperates in Disk mode. L [{, 4
through 48K, $15.00 Source Listing, $20.00 All 4
versions on disk, $25.00
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NEWDOS

Apparat
DISK ERROR SOLVED! Stop blaming your
drive, flx your DOS with NEWDOS: an
snhanced disk-operating aystem capable ol
correcting over 70 errors In TRSDOS 2.1 to
Improve rellability, end key bounce, enable
DOS commands o ba called lrom BASIC and
much more! Avallable NOW for 16K systems
with a minimum of 1 disk drive. $49.85

ACTION GAMES

Slslom by Denslo Hamlin Choose between Slalom,
Giant Slalom and Downhill. Level Il, 16K $7.95
X-Wing Fighter by Rev. George Blank Pul yoursell
into Ihe cockpil of this fighler. Extensive use of
INKEY functlon puts all ship controls at your
fingertips wlhoul hitting ENTER key. Long range
sensors warn of approaching aircraft prior to visual
comtacl. Level I, 16K $7.85

Alr Raid by Small Syslem Socfiware High speed
machine language program wilh large and small
aircraft flying at different altitudes. Ground-based
missile launcher aimed and lred from keyboard.
Planes explode when hit, cause damage 1o nearby
aircratl. Score tallled lor hits or misses. Level | or |1,
4K 31485

Batter Up by David Bohlke Level I, 16K $5.95

Ten Pin by Frank Rowlette A game of coordination,
the scoring is true to the rules of the sport. Level 1],
16K §7.95

ADVENTURES

Scott Adams

Feel as if you're manlpulating HAL from 2001

when you play ihese games. Hardiy any rules,

{inding oul is pari of the lun. Two adventures )

on 32K disk, $24.95 Tapa, one adventure on h

each tape - plrata ar lend - Level II, 16K $14.95 4
'y
/

DOG STAR ADVENTURE
2 Lance Micklus 3
4 You're \rapped aboard an enemy battlestar ...
can you find the gold, rescue the princess, 4
discover the plans and safely escapa? Level 1I, i‘
16K §9.95

G5 PG5 SHGSGEEEY
Amazin® Mazes by Robert Wallace Ever-changing
maze siluation Leve! ll, 16K $7.95
Sink '"UM by Rev. George Blank L 1l, 4K 54,95
Breakaway by Lance Micklus Level | or I}, 4K $4.95
Treasure Hunt by Lance Mickius Explore caves in
search of twenly hidden lreasures. L | or I,
16K $7.95
Kamikaze by Russell Starkey Command your ship
agains| allacking suicide planes. Machine language
graphics make this fastand fun! L I}, 16K $7.95

MISCELLANEOQUS

Diskettes Dysan 10471 Box of five, $24.95 + $1.00
shipping Werbatim, box of ten, $34.95 + §1.00
shipping/handling

Z80 Instruction Handbook by Scelbi Publ. $4.95

The BASIC Handbook by Dr David A, Lien $14.95 +
$1.00 shupping/ handling

SIMULATIONS

3-D Tic Tac Toe by Scotl Adams  Three skill levels —
author warns you to practice before tackling
computer’s third skill level. L1or Il, 16K $7.95

Star Trek 111.3 by Lance Micklus One of the mosl
advanced Star Trek games ever written. Level ((, 16K
$14.95

End Zene by Roger W. Robitaille, Sr. Aulhenlic
football simulation, right down to the 2-minute
warning. Leveliorll, 16K §7.95

Cribbage by Roger W. Robitaille, Sr. You versus
the computer cribbage played by standard rules.
Level lor i, 16K  $7.95

Bridge Challenger by George Duisman You and the
dummy play 4-person contract bridge against the
computer. Level Il, 16K $14.95

'Round the Horn by Rev. George Blank You're the
captain of a clipper ship racing from New York to San
Francisco. Level I, 16K $9.95

Concentration by Lance Micklus One of the most
popular televisiongames Llorll, 16K $7.85
Salari by David Bohlke You're in the running for a
film contract at a major Hollywood studio. To qualify,
you must photograph the most wild animals [n their
natural habitat. Level 1l, 16K $7.95

Pork Barra! by Rev. George Blank Places you In lhe
shoes of an aspiring Congressman. L Ii, 16 $9.95
Backgammon by Scott Adams Level |, 16K $7.95

Chess Companion by M. Kelleher Combines chess
clock features with ability to record your moves whils
action is fast and furious. Level I, 16K $7.95

Sargon Chess by Dan & Kathe Spracklen Winner of
the 1978 San Jose Microcomputer Chess Tournamenl
Level 1, 16K $19.95

Mastermind 11.2 by Lance Mickius Lels you and the
computer take turns making and breaking codes,
Level 11, 16K $7.85

PERSONAL

RPN Calculator by Russell Starkey A self-
documenting calculator program. Uses Reverse
Polish Notation with 4-level stack, 100 memaries,
scientific functions. Level 11, 16K $9.95

Home Financial Management by M. Kelleher Turns
your computer into a personal financial advisor. Level
I, 16K $9.95

Yarot by Frank 8. Rowlett, Jr. Probably the best
future-gazing type program ever written. Try il —
you'll like it! Level L or Il, 16K $9.95

Ham Radio by M. Kelleher Amaleur frequency
Aliocations, 1D Timer, Q-signal File, Amateur Log
Routine, Propagation forecasting. L 1, 16K $9.95
Special Disk-enhanced version, 32K $24.95

Educator A t by Steve Rel Five programs
of value to educators. Compute percentage,
individual student averages, class averages, standard
test scores, final grades. L tl, 16K §9.95 D, $14.95
Electronic Assistant by John Adamson A group of &
subprograms designed to solve problems such as
tuned circuits and active and passive filters. L Il,
16K $9.95

Personal Finance by Lance Micklus 33 different
budgets can be easily adapted by user to fit his
individual needs. A 2-part program, entry and
search. Level Il, 16K $9.95

Advance Personal Finance by Lance Micklus Same
as above with advanced analysis routine. Supporis
Disk Files D, 32K $19.95

SOFTSIDE Your BASIC software magazln)
Regular 1 year subscription - 12 issues - $15.00

PROG/80 For the serious programmer, from
beginner to professional 1 year regular
subscription - 4 issues - $10.00 J

T¢€ 1-:603-673-5144

e TR$-80 Software Exchange ===
7 Briar ClIH Drive  Millord, New Hampshire 03055 I
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Book Reviews

The BASIC Handbook: An Encyclopedia of
the BASIC Computer Language

by David A Lien

CompuSoft Publishing, San Diego CA, 1978
360 pages, paperback

$74.95

The title of this book really shouid read
A Dictionary of the BASIC Computer Lan-
guage. |t is laid out in a self-indexing format
as an alphabetic listing of BASIC keywords
{such as PRINT, GOTO, and INT) accom-
panied by a dctailed explanation of the ef-
fect that the keyword has when used in a
program. Operator symbols are also dealt
with,

The description given for each keyword
includes the following: introductory and
descriptive remarks, a test program with a
sample run to show how the machine should
respond, helpful hints, variations in usage
between different brands of computers or
different implementations of the BASIC
language, and cross-references to related
keywords. Also included is a section called
“If Your Computer Doesn't Have It."”” This
scction is of great value to readers who may
have BASIC interpreters that lack certain
featurces,

In many cases this section gives a subrou-
tine which performs a function. These sub-
routines are similar in design to thosc which
are found in the Radio Shack User's Man-
val for Level 1 TRS-80 Microcomputer Sys-
tem. In some cases a slightly modified
algorithm is used for better accuracy.
These subroutines are written in a form
which transports well between different sys-
tems. {The similarity to subroutines in the
TRS-80 manual, and a slight cmphasis on
TRS-80 BASIC, is not surprising. Dr Lien is
the author of the TRS-80 Users Manual.)

The BASIC Handbook is good within its
limits. It will be a help to the beginning pro-
grammer, cspecially one trying to convert a
BASIC program from one microcomputer
system to another. When this novice pro-
grammer encounters a word with which he
or she is not familiar in a program, the
chances are that it is in this book, along with
supplementary information,

A problem arises, however: not ail fea-
tures and differences between BASIC sys-
tems occur in the keywords, For example,
the BASIC compiler offered by North Star
Computers has several characteristics which
differ from other BASIC systems. These in-
clude reversed use of commas and semi-
colons, and accessing of single characters
from a string by subscript notation. The
book could address the punctuation symbol
usage, but it does not. The format does not
provide a good section to discuss the sub-
script notation for strings or other differ-
ences of a similar nature.

The book in this edition is incomplete.
Certain keywords do not appear. Notable by
their absence are the string usage statements
CHANGE and LINPUT; the special farms
RESTORES$ and RESTORE#; the matrix
arithmetic operations (MAT C = A + B): the
matrix initialization keywords {MAT C =
ZER or CON or IDN); the matrix manipula-
tion statements (MAT C = TRN{A} or
INV(A), etc.); and most of the various state-
ments for handiing data files on mass storage
devices,

Part of the reason for the above men-
tioned omissions is that most of the informa-
tion presented in this book concerns micro-
computer BASIC systems. In particular, the
various Microsoft (MITS, Apple, Radio
Shack, Commoadore, Ohio Scientific) inter-
preters are well covered. Implementations of
BASIC on minicomputers and large main-
frames are somewhat neglected, however,
They appear in the list on the inside back
cover, but most of the more unusual fca-
tures, those which are most likely to cause
trouble, have not been included in this book.

The result of all this is that a person who
wishes to convert a BASIC program from a
large computer system to a small computer
system will need to determine if the more
specialized features of the '“large” BASIC
have been used. If they have, the program-
mer will need to consult the user’s manual
for the BASIC language as it works on the
large source computer. Dr Lien recognizes
this, as he states in the introduction, “The
BASIC Handbook is not a substitute for the
manufacturer’s manual which accompanies
each computer, It is a supplement.”









Dr Lien treats the END statement in a
way | dislike. He describes it only as a means
of terminatling program execution; whereas
many computers use END as a means of in-
dicating the end of the program text, and
some systems use END as a marker for the
physical end of file when a program is stored
on a disk. Programmers treating END only as
an execution terminator scatter ENDs
throughout the program, If an unsuspecting
user types in such a program on a system
using END for end of file and saves it on a
disk, he may losc the result of hours of
work. | prefer the use of the STOP state-
ment for terminating program execution
other than at the end of the program.

I hope that BASIC experts will communi-
cate with Dr Lien, to provide him with exact
information concerning the more exotic fea-
wwres of the Janguage. Then, perhaps, the
second edition of this essentially helpful
book can be more helpfully essential. All
things considered, the book is a useful pur-
chase, especially for the beginner, but | urge
that it be improved. An improved version
could truly require the appellation "“encyclo-
pedia.”

Richard S Shuford
Editorm
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NO FRILLS! NO GIMMICKS! JUST GREAT

DISCOUNTS
MAIL ORDER ONLY

HAZELTINE DIGITAL SYSTEMS

1400 ... ... $ 679.00 Computer . ... .. ...54345.00

1500 . ... ..., 995.00 Double Density

Mod 1 ... ... .. 1495.00 OualDrive . . ... ... 2433.00
CENTRONICS IMSAI

7791 954.00 1 ypp go/1000 ... .. .$5895.00

779-2 105100 | yppgg 3795.00

700-2 1350.00 f yppgp 3895.00

761 KSR tractor . . . .. 1595.00 VOP4d . ... ... ... 4195.00

703 tractor . .. ..., 2195.00 16K Memory assem. ..  399.00
NORTHSTAR PCS80A1S .. ....... 679.00

Horizon | assembled. . 1629.00 . )

kit T 1339.00 15% off on all olher Imsai products
Horizon il assembled . 1999.00 | CROMEMCO
kit 1599.00 System 11l $1000 off . . 4990.00

Disk System . ... .. . 589.00 10% aft on 2l other Cromemco praducts
TELETYPE TEXAS INSTRUMENTS

Mod 43 .. .. ..... 995.00 | gipPprinter 1595.00
IMS

16K Static Memory‘ .. 459.95 CE[\ATCTORFS'?IL?S . 495.00

Most items in stock for immediate detivery. Factory-fresh, sealed carlons.
DATA DISCOUNT CENTER ro.5ox 100
135-53 Northem Blvd., Flushing, New York 11354, 212/465-6609

N.Y.S. residents add appropriate Sales Tax. Shipping FOB N.Y.
BankAmericard, Master Charge add 3%. COD orders require 25% deposit.

Structured Programming and
Problem-Solving with Pascal

by Richard B Kieburtz

Prentice-Hall, Englewood Cliffs NJ 1978
365 pages paperback

$70.95

Good habits appear to be in vogue for
1979, In programming, the good habits that
we arc suddenly hearing about are docu-
mentation, top-down design and bottom-up
coding techniques, and the Pascal language.
Richard B Kieburtz's book demonstrates
the necessity of a firm grounding in the de-
sign and implementation of programs in
order Lo cope with the complexity of
today’s programming problems.

The book is divided as follows: 45 per-
cenl Pascal, 45 percent structured design and
programming techniques, and 10 percent
theory {introductory material on computers
that qualifies the book for use as a college
textbook).

Pascal is largely defined and taught by
the context of its use in solving problems
such as determining the intersection of two
ting scgments, writing a word processing
program, and running a rabbit population
simulation. Although there is an index of

Expand your TRS80.
Save $100.

Meet the Vista V80 Mini Disk System. The perfect way
to upgrade your TRS-80* system. Inexpensively.

(Our $395.00 price is about $100.00 less than the
manufacturer's equivalent.) Here's how it can help you.

23% more storage capacity. Useable storage
capacity is increased from 55,000 to 65,000 bytes on
drive one.

8 times faster. While electronically equal to the TRS-
80 Mini-Disk system, track-to-track access is 5ms
versus 40ms for the TRS-80.

Better warranty. The V80 carries a 120 day warranty —
longer than any comparable unit warranty available.

The Vista V80 Mini Disk System comes complete with
Minifloppy disk drive, power supply, regulator board
and case. And it's ready to run — simply take it out of the
box, plugitin and you're ready to go.

Vista

1320 East St. Andrews Place, Suite |
Santa Ana, California 92705
(714)558-8813

At Vista, we mean business.
*TRS-80 @Tandy Corp.
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Revolution in Miniature

by Ernest Braun and Stuart MacDonald
Cambridge University Press, 1978

231 pages hardcover

$16.95

The invention of the transistor was not a
fortuitous accident of pure resecarch. It had
been sought for years before its actual
invention. A working {though impractical)
solid state amplifier had been demonstrated
as carly as 1933, and in 1939 Dr William
Shockley tried to put a “‘grid” in a copper
oxide rectifier. It didn't work. When devel-
opments in physics finally permitted its in-
vention, the transistor principle was iden-
tified within weeks by Bell Laboratories,
Purdue University, and a French team,
all working independently.

These are some of the fascinating, amus-
ing, and always factual incidents related in
Revolution in Miniature. The book traces
the history of solid-state electronics from
the coberer (the first solid-state electronic
device) to large scale integration. Onc of the
authors is a historian, the other is a physi-
cist, and | can’t think of a better combina-
Lion for this endeavor. The flair that these
two British authors exhibit with their com-
mand of the English language provides a
force of expression seldom seen in a tech-
nical book.

As the publisher states, “Semiconductor
electronics’ . . . effect on life in the second
half of the twentieth century can hardly be
overestimated.”” Solid-state technology has
made possible things that were never before
envisioned, yel in the beginning the tran-
sistor was seen, even by its developers, as
a mere substitute for the triode tube {or
“valve,” as described hercin). The later,
more successful transistor Lypes were often
electrically inferior to the fragile, lab assem-
bled models and were adopted only in the
interests of cheap, uniform mass-production.
Early integrated circuits contained a lot of
hand labor, and digital clectronics as we
know il today resulted from attempts (o
minimize the passive components needed in
carlier analog circuitry.

The book is heavily footnoted and the
bibliography is impressive. Aside from enter-
tainment value, the historical data is well-
worth having for reference. You will find
answers to such questions as: who developed
which manufacturing techniques; which key
people spun a new company off from an
established one; why Silicon Valley is what
it is; and which bar is the scene of employee
and information swapping. It's a lot like read-
ing someone's diary.

Circle 316 on inquiry card.

CATCH THE
S$-100 INC. '
BUS! © Ouun

LST  SPECIAL
PRICE CASH
PRICE
S.D. Versafloppy Disk
Controller Kit 159.00 135.00
S.D. Expandoram 32/64K
Memory Kit 141.00 120.00
Imsai M 10 Multiple 1/0
Interface Kit 195.00 166.00
Anadex Model DP8000 U/L
Case Printer w/RS232 995.00 850.00
SSM 1/0 4 Parallel & Serial
Interface Kit 14995 128.00
Xitan Z-80 ZPU Factory
Assembled and Tested 199.00 170.00

Call for Qur Prices on:
Cromemco, {MSAI, Veclor Graphic, Narth Star, Sanyo,
Hazelting, IMC plus Most Other Major Lines.

Subject to Awvailable Quantities » Prices Quoted Include Cash Discounts
Shipping & Insurance Extra.

Bus. . .S—"DD,;HB.

Address. . .7 White Place
Cilark, N.J. 07066

Interface. . .201-382-1318

WE SHIP FROM STOCK EVERYTHING FACTORY FRESH. FULLY WARRANTEED
WE ARE KNOWN FOR OUR PROMPT, COURTEOUS SERVICE

TELETYPE MODELA43TTL......... . ... ... $985

RG232 $1,085
1We stock Teletype Paper and Ribbons)

DEC LA 34

High quality, hard copy, dot matrix printer. Plug compatible substitute

for the Teletype 43. RS232 included at no extracost ......... $1,159

HAZELTINE 1500 assembled .......................... $945
1010 $1,085

Also available with French, Gernman or Danish character sels.

MARINCHIP SYSTEMS M39900 CPU
The Complete, Compatible 16 bit CPU for the S-100 Bus
Kit Assembled
3900 lincludes software) ... ... ... $550 $700
We configure systems to suit your individual requirements.

MODEM
Originate/Answer. The "CAT" from Novation. ... ........... $180
HARD DISK CONTROLLER FromKonan .......... $1,550
S-100 compatible; plugs into S-100 mainframe, controls 1-4 drives.
We Also Carry:

*PER SCIl* FUJITSU HARD DISK DRIVES* TEI MAINFRAMES *

* TARBELL CONTROLLERS * INTERTUBE * SOROC *
* |[MS AND OTHER MEMORIES ¢ TELL US OF YOUR NEEDS »

* WE CAN OBTAIN MANY ITEMS AT LOW COST »
To Order: $10 shipping for Terminals. $3 shipping for other items. 24
hr. shipping upon receipt of certified check or money order. Personal
checks: allow 10 days. Credit cards: 4% charge. NY residents add tax.
* WE EXPORT TO ALL COUNTRIES
OVERSEAS CALLERS USE (212) 448-6298 ONLY
WE CAN ADAPT MOST EQUIPMENT FOR 220v, 50Hz
We have no reader inquiry number. Please call or write.

JoHn D. OWENS ASSOCIATES, inc.

147 NORWOOD AVENUE

STATEN ISLAND, NEW YORK 10304
DAY. EVENING. WEEKEND, HOLIDAY CALLS WELCOME!

(212) 448-6283 (212} 448-6298
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Traag ~0313 GCorporation

ANNOUNCES MICROCOMPUTER SOFTWARE
FOR APPLE Hl, NORTH STAR,
& OHIO SCIENTIFIC USERS

APPLE Il

*FILE MANAGEMENT SYSTEM (32K). ................. $60.00
It's used to create, add, change or delete data records on disk.
Inciudes label printing & mailing lisl.

*WORD PROCESSOR(32K). .............. .. ... ... $60.00
Disk based word processor includes upper & lower case plus
complete printer control and more.

*STEPbySTEP(16K)........ ... .. ... .. it $39.95
{add $10.00 for disk version)

Computer Basic course in 20 lessons, 10 quizzes & final test.

NORTH STAR
MINVENTORY ... ... . e $25.00
*MEDICALBILLING ............... ..., $25.00
TPAYROLL ... e $25.00

*COMPLETE BUSINESS PACKAGE
OHIO SCIENTIFIC {All Series)

*GAMES*SMALL BUSINESS PACKAGES
*EDUCATIONAL SOFTWARE

We have the most sophisticated library of software for these
microcomputers in stock. Send §1.00 for software catalog or
call our toll free number (800) 327-8455.

Please specify disk or tape version.

Trans-Data Corp.
161 Almeria Avenue, Suite 100-E
Coral Gables, Florida 33134

Revolution in Miniature is a must as a his-
torical reference, and great reading for both
electronics types and those who don’l care
about how things work. [t provides first class
nostalgia for the old-timers who actually
remember using crystal sets, who remembecr
when tubes “went miniature,” and who have
tried to make equipment smaller by simply
cramming conventional parts closer together,
As the authors state, at onc time it was
theoretically possible to achieve a parts
density of 1000 per cubic foot, but in prac-
tice the heat wouldn’t permit it, Gur thanks
are due to all of those pioneers who made
this remarkable revolution possible.,

Ernie Broaner
COMLABS

POB 236

Lakeside MT 59922a
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TRS-80 means business! ! !
... With CP/M, CBASIC2,

& applications software.
CP/M (the software bus™) & CBASICY (the stan-

dard for business softwuare) biing new power and
versatility to the TRS-80 Tor practical use.

0>

2009

CP/M Operatlna System (w/Editor, Assembler,

Debugger, Utilities & 6 manual'set) . . ... .. $150
CBASIC2 Comiler (w/manual) . . .. ........ 95
DESPOOL Print Spooler (w/manual). ... ... .. 15

*OSIJGCrEe & Assoc. PAYROLL W/COST

*Oshorne & Assoc ACCTS RECEIVABLE &
ACCTS.PAYABLE ................. 250
*Dsborne&Assol: GENERAL LEDGER. ..... 250
"=CBASIC2 source programs; add $15 (each) for
anplicahle O & A book.
APH - Self-administered Automated Patient
History. ... ......... ... .......... $175

Write/call for additional software available & FREE
“"CP/M Primer’’,

CA residents add 6% tax. Visa, M/C ,M/O,Check OK.

‘ CYBERNETICS (714) 848-1922
N

L+
BN NEWMAN AVENUE « SUITE 208 o HUNTINGTON BEACH CALIFORNIA 32647
LA TSR DL D L LSO LS L AT LR LSO E L LD B L L L L LSS LS L S L L ST 1

&
[=—]
S OB DL FATUSTA0 DO HEDEBE NS VE S ST SN SHEFEIT 4501 mmummmwmmmaJa‘om‘nmmooom‘m‘ma 8045 5UBATTITEITFOXIIY
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How to Program Microcomputers

by William Barden fr

Howard W Sams and Co, Indianapolis 1977
256 pages paperback

$8.95

How to Program Microcomputers is an
introduction to machine language program-
ming for the 8080, the 6800, and the 6502
microprocessors. The only other book | have
seen Lhat attempted to teach programming
for a group of microcomputers did so by
presenting all problems in a superset of the
PL/M language. This book takes a different
approach, and uses the assembler mnemonics
for each of the processors discussed.

The book begins with an introduction 1o
microcomputers: what they are, how they
operate; and an introduction to alternative
processor architectures. The structures of
the 8080, the 6800, and the 6502 are
described, then alternatives for addressing,
memory access, stack manipulation, /O
{input/output) operation and interrupt pro-
cessing are introduced. Each topic is illus-
trated with features from the applicable
microprocessor.

The next part of the book deals wilh
programming techniques. Data movement,
arithmetic operations, multiple precision
arithmetic, branching, indexing, subrou-
tines, stack operations, table operations,
list processing, bit manipulation, decimal
and floating point arithmetic, and /O
are discussed, as well as how to put all of
these elements together. As before, ex-
amples are given for each processor.
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The last part of the book provides stan-
dard algorithms for cach machine. Twenty
different building blocks (most of which

if you need Business Reports with fancy

belong in any good monitor) are given tor frills you have the wrong company. We
cach processor, Appendices summarize the don't put these in our Software or our Ads.
inslTr}uclion scls.} f o Both cost *** You *** Money.

were are three groups of people who . s
might be interested ?n lhﬁs booi. "I?hc first But if you need solid, Down-To-Earth
group is composed of anyone becoming Software for your North Star, Imsai, or
acguainted with microcomputer technology other low cost Data Processing System
who w‘?nts an overview of the main pro- written in Microsoft Basic or Cbasic in-
cessors in present hobbyist use, The second .
group is composed of people who already CIUdmg GL’ AR, AP, Inventory, Payro”’
have o machine and who want good stan- Mailing List and Fixed Asset Accounting
nLu‘dnm;niInc]s). The third ?mup (inh v\L/)hich I then you *** Do *** have the right
am included) consists of those hobbyists
who have o machine and who would like to company.
see how other processors operate. While | GIVE US A TRY — WE KNOW YOU'LL BE GLAD YOU DID
would certainly never trade my Z-80 for any
ol the processors illustrated in the book, it We honor Visa and Mastercharge

iv good to hnow how the rest of the world

operates. %&ﬂ/ % 2l
John A Lehman 102 Avenida Dela Estrella
716 Hutchins =2 Suite 208

Ann Arbor Ml 48103= San Clemente, CA 92672

(714) 492-7633

You can use the versatile new BETSI
to plug the more than 150 S-100 bus
expansion boards directly into your PET*!

On a single PC card, BETSI has both interface circuitry and a 4-sJot S-100 motherboard. With
BE1SL voucan instantly use the better than 150 baurds developed Tar the 5-100 hus. For
expanding vour PEF s memony and | O, BEF TSI gives vou the mterface. Phe single board

liits both the complete interface cirewntry required and a -~lot S- 100 motherboard, plusan
Ki-pin PET connector. BETSEconnects toany S-100 1 pe poser supply and plugs direetdy
mto the memory expansion connector on the side of vour PETs case. And that’s it You

need no additional cables, intertaces or backplines Youdon'thuase to maodils vour PH 1 in
amywav.and BETSTdoesn™ iierfere with PETS TEER or paralle] ports, And - whensou
want o move vour system BETSTinstantly detaches trom vaur P

REINDis the new Interface Motherboard from Forethought
L . . . . i ; Productn—the makery of KININC*—which allows ivers of
BETS] is compatible with virtually all of the S-100 boards on the market, including memory and Commodore’s PET Personal Computer to instantle work

170 boards. BE TSI has an on-boatd controller thut atlows the use of the ligh-densits low-power  withthescares of memory and 1O boards develaped for the
o N ; £ R} P N-100 thmsais Altaie typed bus. BETSTis avaddable fram sock

“Fapandoram™ dynamie memory board from S.1 Sales Thas means vou van expind your on aingle 5, x 107 printed circuit card.
PET to its tull 32K limut on a single S-100 card! Plus, vou won't reduce PE TS speed when

vou use either dy momic or static RAM expansion with BE ST Additionelly, BE TS has

tour an-bourd sochets and decoding cireuttry for up to 8K af 2716-15 pe PROM expansion

t make wse of tuture PE T sofiware available on PROM Y BEUST jumpers will address the

PROMs amvswhere within sowr PETS ROM drea, too

The BETSE Interface/ Motherbosrd Kitincludes all
companents, a 1H-pin connector, and complete
assembly and operating instructions for SEI9,

MAIL ORDERS ARE
NORMALLY SHIPPED The Assembled BITST board has four 100-pin

WITHIN 48 HOURS. connectors. complete operating instructions and a

VISA AND MASTER- full 6-month Warcanty for just $165. BE 11 & avaitable off theshelf from vour Incal dealer or tif
CHARGE ORDERS ARE ety Qe from e pafere

BOTH ACCEPTED. FOR ETHOLIGHT PRODL!CTS Ask about our

%7070 Dukhobar Road #K memory prices, too!
Eugene, Oregon 97402
Phone (M) I85-K575,

PETs L arcthoue it Proddagts SPEL o Comamadore pooduct
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Programming Quickies

Alan R Miller
MNew Mexico Tech
Socorro NM 87801

10 REM TEST FACTORIAL SUBROUTINE

20 INPUT “FACTORIAL OF ";X:GOSUB 5000

30 PRINT "'THE FACTORIAL OF *;X;" IS .G

40 GOTO 20

5000 REM GAMMA FUNCTION G(X)

5010 YO=X+1:Y= YO+5: Y2= Y*Y*30: Y1=SQR{2*3.14159/Y v 1y
5020 G= Y1*EXP((1-1/(30*Y2})/{(12*Y)-Y)/YO

5030 FOR |=1TO 4: G= G/ (YO+)): NEXT: RETURN

oK

Listing 1: BASIC program for determining factoriafs using
the ganmma function.

ARUN

FACTORIALOF ? 2

THE FACTORIAL OF 2 IS 2.00001
FACTORIALOF ? 3

THE FACTORIAL OF 3 IS 6.00003
FACTORIALOF ? 4

THE FACTORIAL OF 4 IS 24.0001
FACTORIAL OF ? 5

THE FACTORIAL OF 5 IS 120.001
FACTORIALOF ? 8

THE FACTORIAL OF 8 IS 40320.1
FACTORIAL OF ? 12

THE FACTORIAL OF 12 15 4.79001E+08
FACTORIAL OF ? 16

THE FACTORIAL OF 16 IS 2.09228E+13
FACTORIALOF 7 20

THE FACTORIAL OF 20 IS 2.43292E+18

Listing 2: Sample run of the factorial
program. Notice that the answers are not
exact. The truncated integer portions of the
smalfer resufts are exact factorials; as the
faciorials grow in size, the result quickly
exceeds the precision of the floating point
representation of the numbers.

BASIC Factorials

Here's another function to add to your
BASIC, a factorial calculator. The factorial
of a number X is equal to X times X-1 times
X-2 etc down to one and is represented by
X! Thus 4! is 24. For large values of X,
Stirling’s approximation can be used to find
the gamma function which is readily con-
verted to the factorial by the rclation:

Xt=T{X+1)

To find the factorial of X with the BASIC
program shown in listing 1, exccute a jump
Lo subroutine at linc 5600. On return, the
factorial of X will be in G. If for some
reason the gamma function itself is wanted,
rcmove Lhe first statement from line 5010
and GOSUB 5000 with the argument in YO.

The subroutine works by finding the
gamma function of a number six values
larger than the argument:

Xl=T(X+1)
(X+5)=T(N)
= \2a/N NN
LI £ N B

I (X) =T (NJ/(X(X+1) (X +2)
(X +3) (X +4))

This function is only approximate, as can
be scen in the sample run of listing 2. The
returned value should be rounded to the
nearest integer.m

WWIEIRIO
WOIRLES

MOTOROLA MG6809S
EMULATOR

Run 6809 software bafore the chipis
avallable!

DS-80 5-100% compatible video digitizer with
256 x 256 resolulion & 64 levels ol grey
scale $343.585

DS-6B  The same ilem lor the $S50/6800 buss

$169.95
MPAINT 5800 Drever software 1 2708 for Malibu
160 printer Wiring diagram included.
$39.95
BIOPIC Complete Biorhylhm and Computer Portrant
Software in 2708S for Mahbu printer.
DS-68 and SWTPC 6800 computer
$175.00
PSB-08 Prom system board with 8K ol 2708 and
1K ram for all $5-50 Computers. $119.95

P.0. 80X 1110 DEL MAR, CA. 92019 714-756-2887
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Smoke Signal Disk Users!

Run Mixed 5 and 8 inch Drives
The Disk Mixer Is a retrofll kit for Smoke
Slgnal Disk controller boards capable of
driving either 5 in. or 8 In. disks that allows
the user to mix drive sizes. OM-85 allows

any configuration of 5 In. and 8 In. drives to
be user defined, and provides the appropri-
ate clock signals for the disk being access-
ed. This Is a kit, and Is not recommended
tor those without hardware experience.
$38.85

E6809 Is a 6800 machine language program
that emulates all of the functions of the
Motorola 6809 third generation micro-
processor. Developed for use on any SS.50
computer sysiem, the program allows soft-
ware development and debugging prior to
6809 avallability. The 3 K byte program is
compiete with a 6809 mini-monitor for ease
of use, and on source listing. Available in
Smoke Signal or Flex format disk, or cas-
sette tape. $49.95
*Sae Byts, Jan, Feb., Mar,, 79

Master Charge
and
BankAmericard
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Listing 1. 8080 assembly language program for finding areas of memory that
are free and unprotected, Modifying the command on line 6 allows the pro-
gram to start looking at any point in memory,

0000 #Free Memory Allocation Routine

0001 " locates available unprotected memory

0002 *

00023 * coming in: DEE point to location

000 * where results are to he stored

a0os *

0006 FMAR: LX1 H,0 3 SET HEL Tr 0400

0007 FMAR1: CALL LOOK sLOOK Fnk FIRST FRLL LUCATION
oocs JZ REP1 SFOUND 1T, REPORT IT

Q009 FMARI: CALL CHECK L LOCK §iDF END OF MEMOPY

o010 JHZ FMAR] JNHOT YET, LOOK SOME MOFE

ooit ¥ JMP EXEC JEND OF MEMORY, RETURN TC EXLCUTIVE

0012 REPL: CALL REPOR yREPORT FIRST FREE LOCATION
0013 FMAR2: CALL CHECK 3SEE IF AT END 010 MEMORY
0014 JNZ  TRYON 4 NOT YET, CONTINUE LOOKING
0015 FMARL: DCX H VREPORT LAST LOCATION

0016 CALL REPCR .

0017 JMP FMAR3 3AND USE CHECK TO EXIT

018 TRYOM: CALL LOOK 3 LOOK TOR A FREL LOCATION

o019 J2 FMAR2 3VALID LOCATION

Qg20 JMP FMARY JHOT VALID, LOOK FOR START COF NEXT FREE MEMORY
o021 *

0022 LOOK: MOV C,M 3SAVE MEMORY IN REGISTER C

0023 MOV M,H sWRITL H INTO MEMORY

o024 MOV  A,M sREAD MEMORY INTQ A

0025 CMP H 3SEE IF A AND H AGREE

Q026 RNZ 3+NO, NOT VALID MEMORY

0027 MOV M,L ;0K PASS 1, THIS TIME PUT IN L
0028 MOV ALM iREAD BACK INTO A
0029 MOV M,C {PUT C BACK INTO MEMORY
Q030 CMP L ;SEE IF A AND L AGREL
0031 RET ;RETURN WITH FLAGS SET
0032 4
0033  CHECK: SUB A {SET A TO O
0034 N s INCREMENT HEL
0035 CMP H {SEE IT H=0
0036 RNZ 3NOT YET, RETURN
0037 CHP L +5EE TF L=0Q
Q038 RET 3AND RETURN
o039 *
0040  REPOR: MOV  A,L \GET THE LOW ADDRESS
Q041 STAY D +STORE WITH D&E POINTER
0042 DCX D ;DECREMENT POINTER
0043 MOY  ALH \GET HIGH ADDRESS
D04L STAX D ;STORE WITH DEE POINTER
0045 BeX D LDECREMENT POINTER
0046 RET JRETURN
[ ]
5 Byte Hexadecimal
to ASCIl Converter
Ashwin L Doshi I was recently challenged by a colleague
5830 Graan Valley Cir 105 to find the most cfficient 8080 code to trans-

Culver City CA 90230 late hexadecimal O thru F (stored in the ac-

cumulator) into ASCH 0 thru 9 and A thru
F (also in the accumulator). After | came up
with a 5 byte translation, he showed me a
well-published 6 byte translation {of which
| was unaware) which is as follows:

ADI  90H
DAA
ACl  40H
DAA.
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The 5 byte code that does the same trans-
fation is as follows:

DAA
ADl  FOH
ACl  40H.

The latter assumes that the carry and the
auxiliary carry are reset, which is the case in
all applications that | could find of this
translation.m

Checkbook Balancing
Routine

Loring C White
26 Boswell Rd
Reading MA 02119

Every month the bank statement arrives
and we have to go through cancelled checks
and the usual mathematical ritual 1o recon-
cile our figures with those of the bank. Here
is some software the computer enthusiast
can use to balance a checkbook. The pro-
gram in listing 1 is written in MITS 8 K
BASIC Revision 3.2 (used on my Altair
8800 computer). [Since the MITS 8 K
BASIC language was written and imple-
mented by the Microsoft Company, this
same [isting should work with minaor changes
on a humber of computers besides the
Altair. These include the Apple If with the
“Applesoft” BASIC, the Radio Shack
TRS-80 with Levelll BASIC, and the
Commodore PET computer. . . .CH/ If you
have printer or Teletype, you can get hard
copy of all pertinent information for later
references.

The program has the following features:

e The initial printout is a listing of all
outstanding checks by check number,
date and amount.

e A list of all cancelled checks as they
are entered as well as a final summary
list is given.

e A new, updated list of outstanding
checks is provided to update the list
of checks appearing in the data state-
ments. Provision is made for this list-
ing to be in data format so that it can
be punched on tape to make the pro-
gram update easier.

e The computer will search for each
check listing as it is entered during
the program run.

e |[nput statements are provided for en-
tering the bank statement balance;
service charge and deposits not entered
on the statement.



140

150
160
166
168
§70
180
190
191

192
193
194
200
210
220
230
240
250
260
270
280
285
290
300
310
320
500
600
601

602
603
604
605
606
807
608
609
610
611

612
613
614
615
616
617
618
818
620
700

DimM P{100)

DIMN{100},D{100},A[100),NR{100),DR{100},AR {100}

PRINT"PROGRAM TO BALANCE CHECK BOOK"™

PRINT“ONLY CHECKS NOT RETURNED SHOULD BE LISTED IN DATA 600~
FORX=0TO70:PRINT"—"; :NEXT:PRINT

PRINT CHECK #" “DATEIMDY}","AMOUNT"

FORN=1TO100

READ NIN},DIN},AN)

IFN{N)=0THENSQ

S=5+AlN)

PRINT N{N|,DIND, S AIN)

NEXT

PRINT"LIST ALL CHECKS RETURNED: CHECK#,DATE{MDY) AMOUNT{$)

PRINTLIST '0,0,0' AS LAST CHECK IN LIST"

FORN=1TO100

INPUT NR{N),DR{N}ARIN)

FOR X=1TC100

IF NR(N)=0THEN130

IF NR{NI=N{XITHENSD

GOTO95

IF DRINJ=D{X}THENS0

GOTO986

IF ARINI=A{X)THEN100

NEXT X

NEXT N

PRINT“CANCEL CHECK #:";NR{N};"DATE:"";" AMOUNT:$' ;AR {N]

PYI=N

¥=Y¥+1

T=T+AR{N)

GOTO97

PRINT“TOTAL AMOUNT IN $ OF CHECKS RETURNED FROM BANK=$"";T
PRINT"LIST OF CANCELLED CHECKS"

PRINT “CHECK#","DATE(MDY)","AMOUNT $"

FORY=DTO100: IFN{P[YH=0THEN140

PRINT MR{P{Y1],DRIP{¥}},ARIP{Y))

NEXT

PRINT"TOTAL CHECKS NOT RETURNED=$"":5.T

INPUT"ENTER BALANCE PER STATEMENT FROM BANK §*;B
INPUT*TOTAL OF DEPOSITS NOT CREDITED ON STATEMENT $:D
INPUT”ENTER SERVICE CHARGE INDICATED ON BANK STATEMENT $7;5C
Z=B—-S+T+D+5C

PRINT*CHECKBOOK BALANCE SHOULD BE=$";INT(Z*10+2+ 511012
PRINT"REM TO DELETE ALL RETURNMED CHECKS FROM DATA LIST”
PRINT"REM TO SUBTRACT SERVICE CHARGE FROM CHECKBOOK BALANCE"
PRINT”IF YOU WANT LIST OF CHECKS OUTSTANDING FOR NEW DATA"™
PRINT*LISTING THEN PREPARE TELETYPE TAPE LEADER AND TYPE 'YES' *;
INPUT VS:IF V$="YES"THEN200

GOTOS00

FORN=1TO100

FORY=0TO100

IFN{N)=0THENS00

IFN{NI=NRIPIY I THENZ50

GOTO280

IFD{NI=DR{PIYNTHENZ70

GOTO280

IFA{NI=AR{P{Y))THENZ220

MEXTY

GOTO300

NEXTN

F'HINT600+L “DATA"NING", DN, AIN)

END

DATA 100,12876,18.75
DATA 3,3177,2.6
DATA6,3177,16.2
DATA 7,3177,48
DATA 8,3177,16.75
DATA 10,3177,251
DATA 13,32177,70
DATA 14,32877,70
DATA 15,31477,70
DATA 18,31577,15
DATA 17377712
DATA 18,3977.5
DATA 18,39775
DATA 100,31077,88.4
DATA 100,31177,15.62
DATA 20,31177.20
DATA 100,31077,8
DATA 21,31277.47
DATA 1,31277 52

Listing 1: Checkbook bal-
ancing routines for Micro-
soft (MITS) BASIC. The
date statements contain

gﬂi 36301 53‘1‘71758_93 all  outstanding  checks
DATA 0,00 that will be checked.
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HEAVY PROGRAMS
WITH A LIGHT TOUCH

PDl educational software teaches
with lively, interactive, motivating
programs. PDI programs and games
can teach you new skills and help
your kids learn essential math, read-
ing, and language skills. The light,
direct, and entertaining style makes
the software ideal for home use.

See Program Design educational
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e A final summary is provided giving
the total of all outstanding checks,
checkbook balance and the checks
returned from the bank.

How It Works

To implement the program it is necessary
to provide a list of all checks written by
number, date, and amount in the data state-
ments at the end of the program. When |
first started writing the software | included
the name of the company but later discov-
ered that this information is not really
nceded.

The first data statement in the program
of listing 1 is:

600 DATA 100, 12876, 18.75

The statement says that check number 100
was written on Deccember 8, 1976 for the
amount of $18.75. (I usually carry a number
of blank checks in case | need to write a
check. | always number this type of check
with 100. At the end of the month | may
have scveral checks with number 100 but
this is no problem, because they are also
identified with the date and amount.)
The computer, when searching for each
check, looks for all three pieces of informa-
tion before assuming that the check has been
located. Listing cach check on a separate

270

List Our

CROMEMCO 20% DISCOUNT Price
System 1 5990 4800
System 11 3995 3200
16K Ram 595 480
NORTH STAR 16% DISCOUNT
Horizan I-DD kit 1699 1344
Horizan I-SD kit 1599 1299
Horizan I-DD asm 1899 1590
Horizan 11-DD kit 1999 1679
Horizan 11-DD asm 2349 1973
16K Ram kit 399 335
16K Ram asm 459 385
VECTOR GRAPHICS 20% DISCOUNT
Vector M 1 316k disk
Vector MZ 2 315k disks
Intertube CRT 874 725
LA-36 DecWriter 1795 1444
Escon Selectric Interface 496 422
Integral Data (P125 799 699
Integral Data |P225 949 834
Compu Cruise 199 164
Radio Shack 5 % Discount
Prafassional Afr, Alp, Ledger, Payroll, Medical Billing soft-
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G d  (813)485-3559
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line uses up more memory, but there are
good reasons for doing this that become
apparent when vyou run the program.

Using the Program

After all the checks are listed in the data
statements, as shown in the program, you
are ready to run the program. Take the can-
celied checks you get from the bank and
input the check number, date and amount
the same way you entered the information
in the data statements. Then hit carriage
return. The program will search the data list
for the check and deduct it from the
balance, printing for example:

“CANCEL CHECK #: 100
DATE: 12876
AMOUNT: $18.75"

If the check is not located in the data, the
computer types a question mark mcaning
that either the check isn't there or you have
not entered the data correctly.

After all the checks have been entered,
type 0,0,0 for the last check and hit carriage
return. The computer will give you a com-
plete list of all the cancelled checks just
entered plus the total of all the outstanding
checks. You will be asked to enter the bank
statement balance and any deposits not
shown and the service charge, if any. Using
this information, the program calculates
the balance in your checkbook. In this way
you can reconcile your arithmetic with that
of the bank.

Normally at this point it is necessary to
change the data statement list by eliminating
all the cancelled checks received from the
bank. This would mean searching and typing
some of the line numbers. When | developed
the program | decided to let the program
do this work, so you will be asked if you
want an updated “‘data’ list of the outstand-
ing checks.

If you have a mass storage device, you
can store the data statements. The program
lists all the outstanding checks in the re-
quired data format, including new line
numbers. The program can then be updated
by entering the information back into the
program. All data statement numbers not
stored will have to be deleted by hand. This
is now an easier job because these numbers
are at the end of the program and no search-
ing by the operator is required. Also, don't
forget to deduct the service charges from
your checkbook balance.

Before developing this software | used
to dread receiving “‘that envelope” from
the bank, but now | actually lock forward
to it in spite of the fact that it requires a
bit of effort to enter the required informa-
tion into the computer.m


















Languages Fforum is a
feature which is intended as an
interactive dialog about the
design and implementation of
fanguages for personal com-
puting. Statements and
opinfons submitted to this
forum can be on any subject
relevant to its purpose of
fostering discussion and com-
munication among BYTE
readers on the subject of lan-
guages. We ask that all corres-
pondents supply their full
names and addresses to be
printed with their commen-
taries.
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Comments on “ A High Level

Language for 8 Bit Machines ”

“A High Level Language for 8 Bit Ma-
chines,” by Ted Williams and Steve Conley
(July 1978 BYTE, page 152) discusses the
interpreter for a simple language. If we
take the language as given and ignore minor
errors in the examples and Ffowcharts
(such as pushing a variable '‘near operand
stack” rather than onto it}, several sub-
stantial errors remain.

First, evaluation is claimed to start
“in the innermost parentheses.” Following
the flowchart in figure 2 or table 2 or the
example in listing 3 shows that this is not
true, despite the incorrect annotation
accompanying listing 3., Expressions are

Glen Newton
Sperry-Univac
Rosaville MN 55113

evaluated from left to right until parentheses
are encountered. In order for evaluation to
begin within the innermost parentheses, in
the language described in the article, cach
binary operator except the last would have
to be followed by a left parenthesis. Since
the programmer cannot define his own
functions, the result of evaluation will be
the same as if evaluation had begun in the
innermost parentheses /f the language's
intrinsic functions have no side effects.

Second, the claim that although in-
terpretation provides some advantages, 'the
price paid for this feature is memory" is
misleading. The combination of source code,

* A new star on the Horizon — —

MMile's

x

% North Star DOS and BASIC now fully supported on double density 8” drives.

More than 500K storage per disk now possible.

TIMESHARING

for the Horizon—

The only true interrupt-driven, bank
swilching vimesharing software available
{or the Horizon.

Supports as many as four 54,7 drives,
four 8" drives, and as many as four
CRTs with 16 to 48 K RAM per CRT.
Interrupts at 26 ms. Spooler and file
locking to be supported in the near
{ulure.

Specify single (Release 4} or double
density {Release 5).

Requires additional memory in computer.

A machine language program
ondt, disk L. $49.95

Complete business application software
quailable. Write for additional
imformation. Dealer discounts available.
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Thinker Toys dual density B” drive and
controller .......... .. ... ... ..., $1149

8" disk drive connector software on
514" disk included with drive(s} and
controller withoul additional charge,
or, separately

PerSci dual and quad density dual 8° drives to be
supported in the near {ulure.

Specify CPU clock speed and Release 4 BASIC or
Release 5 BASIC.

North Star DOS and BASIC licensed for use with
North Star disk controfler only.
All software shipped on 51, North Star ONLY.

Write for information about COMPUCORP
compulers.

Micro Mike’s
PROGRAM LIBRARY

A onetime fee of $500 (soon to be
increased) buys for the purchaser
continuous  unlimited access to  the
programs. updates and revisions in the
PROGRAM LIBRARY

In stock: Intertec Intertubes .. $874 ea.

Slightly used (demonstrator ADM-3A
CRTs, full upper & lower case $695 ea.

Micro Mike’s,Incorporated

905 South Buchanan
Amarillo, Texas 79101
806-372-3633
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Fifth, like the factorial function which is
presented to illustrate recursion in program-
ming primers, the usc of recursion to find
matching ENDIFs during interpretation is
unneccessary overkill. The nonrecursive use
of an "unmatched IF” counter is adequate
and conceptually simple. Furthermore, it
avoids the problem that “care musl be
laken in allocating and preserving local data
within SEARCH during recursion.”

Finally, although APL, like the language
presented in the article, does not use oper-
ator precedence within expressions, APL
expressions are evaluated from right to left,
not left to right. Furthermore, APL has
numerous nonstandard opcrators, providing
some justification for its no precedence
cvaluation; in contrast, the language pre-

sented has only standard arithmetic opera-
tions plus functions. Thus the claim that the
use of precedence in this language would
lead to confusion is probably unfounded.
Probably the best justification for the
decision to have no precedence is that it
simplifics implementation somewhat. How-
ever, the authors’ claim that "'this procedure
minimizes the size of the stack” is incorrect,
as shown by cxample 2. The FORTRAN
expression A — B * C requires parentheses
to be expressed in a precedenceless language,
The parentheses, in turn, require an extra
level on the operator stack (in general, one
for each level of nesting). Example 2 shows
that a precedenceless language can, for some
expressions, require more, not less, stack
space than a language using precedence.®

Operator Operand Stack
Language Expression Stack (Maximum) (Maximum}
C
FORTRAN A-B*C - B
A
precedence- * C
less A-(B*C) B
language A

Example 2: Stack size comparison.

Special Offer

Now you can have a good laugh on us! That's right. If you buy
Calculating with BASIC now, you‘ll get our hilarious book, Take
My Computer ... Please! at 1/2 price — that's $3 off, on us! And
you'll be sure to laugh. With SCELBI's BASIC routines working
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slapping humor of Take My Computer ... Please! Order now.
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Calculating with BASIC
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Management
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what a computer
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computer with-
out knowledge of
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PIMS =

Personal Information
Management System

“IMPORTANT ORDERING INFO! Include 75 cents postage/handling for each item.
Prices shown are for North American customers. Master Charge, VISA, Postal and
Bank Maoney Orders preferred. Personal checks delay shipping up to 4 weeks.

ONo. 10 ONo. 30 O No. 32

Name {please print)

Card No. Bank No. Exp.

Address

City/State

Signature

Circle 318 on inquiry card. june 1979 & BYTE Publications Inc

219



Laagusges

Forum

SNOBOL Conquers All?

Bruce Burns
3852 Amundson Av
Bronx NY 10466

In my experience f{at the Bronx High
Schoal of Science and at home with my own
6502 system) the most enjoyable part of
computing is the coding of algorithms. |
know several languages, and | find some
beauty in almost every language. The lan-
guages | know are BASIC, FORTRAN,
LISP, APL, PL/I, and SNOBOL4, BASIC
has simplicity, FORTRAN has the virtue
of speed (FORTRAN compilers have deve-
loped quite a bit over the years), LISP
has a straightforwardness unparalleled in
most other languages; PL{l has the virtue
of strong structure, and while | know almost
no Pascal, it is obvious that it, too, shares
this virtue. APL has sheer array processing
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power and great elegance with its implicit
looping and other simplifying features. And,
finally, | get to SNOBOL4, by far my
favorite.

| feel that SNOBOL4 is one of the most
powerful languages in existence. Like APL,
it is loaded with eclegance and implicit
looping, and, also like APL, it lacks the
standard structures for repetition of BASIC,
FORTRAN, PL/I, and Pascal such as the
FOR-TO or DO loops. These structures are
not needed as much in SNOBOL4 programs.
In addition, the language is powerful enough
to permit user defined functions which are
implementations of these structures. An
example of the powerful implicit looping
coupled with some explicit looping is the
following statement, which will (in the full
scan mode) permute the characters in the
string S so that they are in increasing lexical
order. This is useful in certain applications
which invalve set operations:

LEX_ORD S LEN(1) $ A LEN(1) $ B
*LGT (A,B) = B A :S(LEX_ORD)

SNOBOL4's major feature is its dex-
terity with string manipulation, particularly
the operation of pattern matching (ie:
the language is good at scanning strings;
looking for patterns; and processing them
when found). But in addition to these capa-
bilities, SNOBOL4 vyields considerable
power with respect to data manipulation. |
know of no other language (not even APL,
which specializes in array manipulation) that
allows an array to have an integer in one
element, a real number in the next, a string
in the next, another array in another, stse/f
in still another, etc. One may put gny data-
type into anything, and one may also crecate
user defined datatypes if desired. The
reaction of some people to all this is in-
difference, but they are missing the point;
the best part is knowing you can do it
Besides, one of the most important appli-
cations of a language of SNOBOL4’s string
processing capabilities is implementation
of experimental languages, and with these
other abilitics, one may create all sorts of
arbitrarily complex languages.

While all these abilities may seem con-
fusing at this time, when they are fully
understood they are simple to use and the
good programmer will soon master them.
Opponents to the language say they feel
that the language's power invites unstruc-






Random Comments

David Thornley
2600 Bryant Av §, %205
Minneapolis MN 55408

in the September 1978 BYTE (“Letters,”
page 17), Scott Johnson inquired about
the production of random numbers, par-
ticularly hardware-generated ones. The first
and foremost consideration in generaling
and using random numbers is Lo access
Donald E Knuth's The Art of Computer
Programming. Volume 2, Seminumerical
Algorithms. Most of what | am going to
say is derived from there.

First, beware of assuming that a process,
whether hardware or software, produces
random numbers simply because the process
by which it produces numbers is incom-
pletely understood. If you wish to use such
a source, test the resuits for randomness
using every test you can think of. There
are many good ones in Knuth's book.
The Z-80 refresh register, by the way,
can be a good source for one random num-
ber, but is not recommended for more
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than one. As far as | can tell, the refresh
counter is incremented every time an in-
struction fetch oceurs, which makes it
rather deterministic, although if a vari-
able delay is imposed (such as waiting
for an entry from the keyboard) it could
be used.

For outside randomness, just look around
you. Plug your computer into your sterec
receiver, set the selector to AM, find a
frequency away from any broadcasts,
and fiddle with the volume until you get
random bits from the static. {To even
out the distribution of low and high bits,
take the transitions from low to high and
high to low as your bit input — in other
words, take 2 bit signals, throw out 00
or |1, and treat 01 as O and 10 as 1.} This
may or may not work, but if it does work
it is a quick way to randomness. Give
some thought to encouraging noise in
the system. Read random numbers off
the cassette of your favorite rock group ...
be creative.

For those, like myself, who know some-
thing about programming but are lost
with hardware, this formula is taken from
Knuth's book cited above:

“Kpey = l@ax X, +c)mod M”

where M is the word size you are using
(probably hexadecimal 10000), a is between
hexadecimal 300 and 7C00, and has 5 or
D as its last digit, and ¢ is odd and some-
where in the necighborhood of hexadecimal
3800. The calculation must be performed
exactly, which is much easier in assembler
than in BASIC; in the former, one merely
disregards the incvitable overflow. Starting
with X, at any initial value, this will give a
long series of good pseudorandom numbers.

Finally, for people with RND functions,
here are several tips: Generating random
numbers until the user hits the BREAK key
{or othcrwise inputs something) is a great
way to get a random secd as long as the sys-
tem does not somehow reinitialize the seed
before the program uses the randem num-
bers. Or, 10 make an intrinsically guestion-
able generator work, throw out a random
number of numbers as follows:

LET J=INT {10*RND(0)+1)

FOR1=1 TO
LET X=RND(0)
NEXT |

This would fit well in a program as a sub-
routine, to be called whenever a random
number was desired.

| hope this information will be of use to
some people .
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june 6-8, Twelfth Annual Association
of Small College Computer Users in
Education Conference, Denison Univer-
sity, Granville OH, Sessions will include
the presentation of papers, demon-
strations of the educational use of
microcomputers, computer text book
surveys, discussions with authors of
computer texts, administrative uses of
computers in smail colleges, and a
tutorial on microprocessors. Contact
Douglas Hughes, Computer Center,
Denison University, Granviile OH 43055,
(614) 587-0810.

June 6-8, Eighth Annual Conference of
the MUMPS Users Group, Marriott
Hotel, Atlanta GA. Papers will be
presented on all aspects of MUMPS
development, implementation, and use.
Contact Judith Faulkner, Program Com-
mittee, Department of Psychiatry, Clin-
ical Sciences Ctr, 600 Highland Av,
Madison W1 53792.

June 6-8, Computer Contract Negotia-
tion, New York NY. This three day
course is designed to give participants
sound answers to the complex ramifica-
tions of preparing and negotiating com-
puter contracts. Contact Brandon Con-
sulting Group Inc, 505 Park Av, New
York NY 10022.

June 11-13, Minicomputers and Distrib-
uted Processing, Chicago IL. This semi-
nar will examine the uses, economics,
programming, and implementation of
minicomputers. Contact The University
of Chicago, Center For Continuing
Education, 1307 E 60th St, Chicago
IL 60637.

June 13-15, Computer Applications in
Industry, Grenoble FRANCE. This sym-
posium is intended as a forum for the
discussion of recent advances in the
applications of computers to industrial
processes. The symposium will cover
basic problems in computer science
as related to industrial applications.
Contact ALPES Congres, Avenue
d'Innsbruck, 38029, Grenoble-Cedex,
FRANCE.

June 19-21, International Microcomput-
ersfMinicomputers/Microprocessors '79,
Palais des Expositions, GenevaSWITZER-
LAND. Focusing on the changing state
of the art in mini/microcomputers and
microprocessors, the 1979 conference
program will probe advances in systems
and equipment with emphasis on prac-
tical applications and uses of minicom-
puters and microcomputers as well as
the techniques important to their
development.

June 19-23, First Annual Meeting of
The American Association of Physics
Teachers, New Mexico State University,
Las Cruces, NM, The theme of this meet-
ing will be the use of microcomputers
in physics teaching. Contact American
Association of Physics Teachers, Grad-
uate Physics Building, SUNY at Stony
Brook, Stony Brook NY 11794.
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June 20-22, The 1979 Symposium of
the Wilmington Section of the Instru-
ment Society of America, University of
Delaware, Newark DE. The symposium
theme: '"‘Measurement Technology for
the 80s,” is being programmed by three
ol ISA's divisions: Process Measurement
and Ceontrol, Analysis Instrumentation,
and Water and Waste Water Industries,
Contact A I Straightiff, £ [ DuPont
de Nemours and Co Inc, {302) 366-3810.

June 25-26, Forum on Information
Resource Management, Drake Hotel,
Chicago I, Addressing the theme:
“Information Resource Management in
the Years of Change,” the forum will
provide an outlook for the next decade
in terms of information systems technol-
ogy. Contact Ken Burroughs, DBD Sys-
tems, 1500 N Beauregard 51, Alexandria
VA 22311,

June 25-29, Applied Numerical Methods,
The University of Michigan, Ann Arbor
MI. This course is intended for individuals
in industry and branches of the govern-
ment who wish 1o acquire a working
knowledge of f(undamental numerical
methods, Emphasis will be placed on
computer solutions Lo practical engineer-
ing and scientific problems. Contact
Engineering Summer Conferences, 400
Chrysler Ctr, North Campus, The Uni-
versity  of Michigan, Ann Arbor M|
48109,

June 27-29, Data Processing Operations
Management, Toronto Canada. This
seminar wiil emphasize the management
skill and technigues applicable to the
data processing opcrations function,
Contact The University of Chicago,
Center  For Continuing  Education,
1307 E 60th St, Chicago IL 60637,

June 27-29, Machine Processing of
Remotely Sensed Data, Purduc Univer-
sity, W Lafayette IN. The symposium
will focus upon the theory, implementa-
tion and nowvel applications of machine
processing of remolely  sensed  data.
Contact Purdue University, Laboratory
for Applications of Remote Sensing,
1220 Potter Dr, W Lafayette IN 47906,

July  9-20, Computing Systems Re-
liability, University of California, Santa
Cruz CA, Contact Institute in Computer
Science, University of Calilornia Exten-
sion, Santa Cruz CA 95064,

July 11-13, Microcomputer Applications,
Southern Technical Institute, Marielta
GA. See August -3 for description. Con-
tact Dr Richard L Castellucis, Southern
Technical Institute, Electrical Engineer-
ing Technoliogy Dept, 534 Clay 5t,
Marietta GA 30060,

July 16-27, Introduction to Digital
Electronics and Microcomputer inter-
facing, Lexington VA. This hands-on
laboratory course is for academic and
industrial  personnel. There  will  be
approximately 60 hours of laboratory

instruction with one microcomputer
laboratory station for each two partic-
ipants. Contact Prof Philip Peters, Dept
of Physics, Virginia Military institute,
Lexington VA 24450,

July 19-20, BASIC: A Computer Lan-
guage For Executives, New York NY,
Executive computing will be discussed,
including problem solving, planning,
forecasting and database systems. Also
to be covered are programming funda-
mentals, the mindless compulter, se-
quence, decision and iteration, com-
puter languages and BASIC, Contact
American  Management  Associations,
135 W 50th St, New York NY 10020,

July 23-27, Finite Element Method In
Mechanical Design, The University of
Michigan, Aan Arbor MI, This course is
intended for engineers working in
mechanical design where knowledge of
stresses, displacements, or vibratory
motion is important. No previous ex-
perience with finite elements is assumed,
The course will familiarize the attendee
with finite element modeling concepts
and will review the fundamentals on
which the method is based. Contacl
Engineering Summer Conferences, 400
Chrysier Ctr, North Campus, The Uni-
versity of Michigan, Ann Arbor M|
48109.

August 1-3, Microcomputer Applica-
tions, Southern Technical Institute,
Marietta GA, The emphasis of this semi-
ndr will be on the applications of micro-
computers in industry. Software, hard-
ware and interfacing techniques will be
discussed. Contact Dr Richard L Castel-
lucis, Southern Technical Institute, Elec-
trical Engincering Technology Dept, 534
Clay St, Marietta GA 30060.

August 6-8, Pattern Recognition and
Image Processing, Hyatt Regency O'Hare,
Chicago IL. This conference is sponsored
by the Machine [ntelligence and Pattern
Analysis Committee of the [EEE Com-
puter Society. The program will consist
of submitted and invited papers and a
large trade show of graphics and image
processing equipment. Contact PRIP 79,
POB 639, Silver Spring MD 20901,

August 8-10, SIGPLAN Symposium
on Compiler Construction, Boulder CQ.
This symposium will consider methods
of constructing compilers and experiences
with them. The emphasis will be less on
theoretical methods and more on tech-
niques applied to real compilers. Contact
Prof Leon Osterweil, Dept of Compulter
Science, University of Colorado, Boulder
CO 80309.

August 8-10, First Annual Conference
on Research and Development in Per-
sonal Computing, Hyatt Regency O'Hare,
Chicago IL. This conference is sponsored
by the Association for Computing Ma-
chinery (ACM) Special interest Group
on Personal Computing (SIGPC). A
large trade show of personal compuier
and graphics equipment is planned Lo












Timesharing:

Sheldon Linker

6399 Wilshire Bivd
Suite 1010

Los Angeles CA 90048

Squeezing the Most from your Micro

Table 1: An example of a quick relocation scheme designed with a 6500
processor in mind. This set of instructions would be stored along with the
program on the auxiliary memory to direct the loader us to how to reinsert
the data into main memory each time the program was run. The point of this
scheme js to provide u minimal amount of computation when u program is
loaded from a library into memory prior to execution. Similar schemes can be
chosen for any particular computer’s architecture.

Command to Run Time Loader

Start absolute loading:

Start relative loading:

Skip bytes:

Define absolute start address:

Define relative start address:

One byte:

Two bytes absolute:

Three bytes relative:

Three bytes absolute:

Two bytes relocatable address
values:

End:
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Explanation

The header code is followed by the absolute start
address. In this case, the loader behaves as any
other loader. There is no relocation of the data
and instructions that follow. Loading starts at the
address given.

The header code is followed by an address.
Loading begins at the first available address, as
determined by the operating system. From this
point on, a relocation factor will be added to all
instructions and data flagged for relocation.

This code is followed by a number designating
the number of bytes to be skipped. This is useful
in defining uninitialized buffers and is more
efficient than repeated uses of code to reserve
one or two bytes {see below).

The header code is followed by the absolute
start address. If the routine is a subroutine, this
code would not be used as the module has no
start address. When this code is used the program
will be started at the specified address once
loading is completed.

Similar to the preceding code; however, program
execution will start in a position relative to the
first location.

The header code is followed by one byte. This
code gets no relocation, because it is either an
instruction without an address, or data which is
too small to be an address.

The header code is followed by the two bytes.
This code also receives no relocation because it
1s either an absolute address wvalue, a one byte
immediate instruction with its data byte, or it is
a relative address instruction which is self-
relocating.

The header code is followed by the 3 byte
instruction. This code will receive a relocation
factor.

The header code is followed by a 3 byte instruc-
tion with an absolute address value which is
unchanged in loading.

The header code is followed by the address data.
The address data is always relocatable.

At this point, control returns to the program that
called the loader if no starting address was given
in the loading module. If the |pading module con-
tained a start address that address is called.

Although one normally thinks of time-
sharing as only working on large compuler
systems, it is possible to run even on small
systems. Many of the newer large scale time-
sharing systems use virtual memory and
swapping, which is not possible or practical
on smaller machines. Virtual memory
requires mapping hardware (a machine with
interruptable instructions, such das dan
IBM 370). Swapping requires a reasonably
fast disk, which will cost at least $2000.
What we are left with is an in core system
that keeps everything running in real mem-
ory at all times.

The first consideration is the assembler
and loader. In your current system, a pro-
gram’s location can be assigned only at
assembly time. On a timesharing system, the
programmer may not know where the pro-
gram will be located in memory. The reason
knowledge of this location is conditional is
that a decision point in the design of the
system has been reached. If the system is Lo
be nonrelocatable, the programmer may
define the location of the program. The
problem that arises here is that if, at the
time the program is to run, the place in
memory that the program was supposed to
run in is already occupied, it cannot be
loaded. On the other hand, if the system is
capable of relocating, the program can be
put anywhere in memory. This produces the
additional bencfit that subroutines do not
have to be assembled with the program. To
perform this relocation the assembler leaves
offset information in the object tape or [ile
which the loader will interpret as it goes.
One possible relocation code scheme s
shown in table 1. Of course, all sorts of
schemes are possible. Note that relocation
alone will take some amount of coding and
execution time.

The second consideration is the allocation
of system resources. In most cases this
should concern only 10 devices, although
there may be some systems with interrupts
not associated with 10 devices. There are






Table 2: Minimum routines that uare required for handling a timesharing sys-
term. The end task routine should return control to the supervisory program
with information that the task is totally finished. The last thing you want to
do is encounter g halt instruction in the program code and halt the machine,

Attempt 1o allocate a particular device. This routine must give a return code stating

basically three types of |0 devices. The first
and mosl common lype of device is the
single owner. This is a device which can only
be used by one task at a time. [A task is a
program running in the timesharing system.)
An example of a device which must be single
owner is a cassette recorder, (L would just
not do to have someone else's data in the
middle of your program,

The second type of [Q device is the
shareable unit. The most common example
of this is the floppy disk. For a disk to be
correctly shared, the operating system rou-
tine which is handling the disk must reposi-
tion the heads every time the disk is used.
Most systems already use Lhis method, but
there are those thal have a call to position
the head and another sel of calls to read,
write and verify. Separate calls cannot be
used because a second task might reposition
the heads before the first task had a chance

The third type of 10 device is the device
that is the system’s alone. An example of
this is the clock interrupt, a solilary inter-
rupt device. |t must be the system’s job 1o
keep track of time. It is also lhe charge of
the system Lo keep track of which devices
are owned by which tasks. The system must
place all of the task's allocated devices back
on the available list if a "cancel the program”

When a task wants Lo perform input or
output, it might use a considerabie amount
time monitoring status lines,
timesharing impossible,
unless all, or at least some of the devices are
interrupt driven, The best way lo handle
things is to have a routine which will cause a
task to wait until an interrupt is received for
that task, then let the task handle the inter-
rupt, including polling. So far, the routines
required are summarized in table 2. (This is
not to say that these are the only routines
you will ever need. Table 2 is probably the
minimum set of functions you will ever

When handling disk interrupts, it is neces-
sary to keep track of which lask, if any, is

»
whether or not the device is already being allocated.

® Free a device,

« Read a character from a particular device.

e \Write a character to a particular device.

o Read a particular disk block.

e Write a particular disk block,

* Wait,

s  End a task.
to read or write.
function is executed.
of system
thereby making
need.)
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using the disk. When a task requests the use
of a disk or other shared device, it musl get
a return code stating whether or not the
device is busy. Otherwise, the system must
queue its request {make the program wail
and handle the request whenever it can).

A third consideration is scheduling. Each
task has a status: ready to run, running,
running with an interrupt pending, or
waiting, At some point, the system musl
stop running one task and begin running
another.

We will require the operating system to
reschedule the tasks every time a task asks to
wait, Since that task cannot proceed, we will
perform a task that is not in a wait state.
There are three other times when we may
optionally reschedule the tasks: every inter-
rupt, every clock interrupt, or every inter-
rupl and system call. These methods are
called demand scheduling, event scheduling,
time slicing, and quick scheduling, respec-
tively. The fastest method is to wail for
WAIT calls. The other three methods are
fairer, depending on how you look at things.

The actual method of scheduling leads to
another decision point. The scheduler may
be foreground-background, round robin, or
priority scheduling. Foreground-background
is the fastest. In this type of scheduling, the
system scans down the list ol tasks and runs
the first nonwaiting task. When this method
is used, the position on the list is the impor-
tant factor.

Round robin scheduling starts the search
for an ecxeculable task after the last task
running. The search starts at the top of the
list when it hits the bottom. This way gives
every task its chance to run.

Priority scheduling requires a list of
priorities. This scheduler runs the task with
the highest priority which is not waiting,
This is the fairest method because cach task
is given exactly what it deserves. When you
run off the bottom of the list, using cither
the foreground-background or priority
scheduling method, you have the option of
starting over or executing a WAIT instruc-
tion. Although it will cost a byte of program
memory, it will save considerable time on a
6800 or similar machine, since the interrupt
vectoring will be half done by the time you
get the interrupt.

The above covers most of what you need,
but there are a few more minor considera-
tions:

Creation of tasks: A task has to get into
the machine somehow. Two possible meth-
ods come to mind. One is the typical time-
sharing method with each terminal getting
its own task. The other is 1o add a system
call which adds a new task.
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CLOCK DISK < » PROCESSOR [ | TERMINAL PRINTER
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Figure |: A system sel up with each processor having its own mass storage
device and [0 peripherals.

PRINTER

[y

PRINTER

June 1979 ' BYTE Publications Inc

| PROCESSOR | & TERMINAL

_
PROCESSOR |« # PROCESSOR |& » TERMINAL
» PROCESSOR > TERMINAL

Figure 2: This arrangement uses resource sharing. To moke this arrungement
work, processor to processor data links must be added. Timesharing and
multiprogramming can be useful in the personal system. What huppens when
two children and two adults must share several terminals? What about the
case when vou wanl to do a listing or assembly on a slow printer while con-
tinuing an editing operation on a separate source file? The smaliness of the
scope of a computer does not rule out the use of resource sharing and
meftiprocessing.


















PRINT “HOW MANY NUMBERS DO YOU WANT?"';

A 4-DIGIT SEED"";

100

110 INPUTJ

120 PRINT “INPUT

130 INPUTN

140 FORI=1TOUJ

150 LET N = INT(N*N/100)
160 LET A = INT(N/10000)*10000
170 LETN=N-A

180 PRINTN

190 NEXTI

200 END

Listing 2: A BASIC program which will generate a list of random numbers
using the center squared method. The program embeds u revised form of the
calculation of listing T within a FOR-NEXT loop.

this becomes an 8 digit number in line 120,
Line 130 divides by 100 in the first step of
several necessary to get out the four center
digits. Of course if you wanted 2 digit
random numbers vyour seed would have
been a 2 digit number; you'd have a 4 digit
square, and you would change line 130 to
divide by 10. For 6 digit numbers, you'd
change it to divide by 1000, etc. Line 140
completes the removal of the right-hand
two digits by integerizing the number.
This resulting 6 digit number is then set
aside, and you start removing the front
two digits. This is done by dividing by
10000, integerizing the result and then
multiplying by 10000, In line 180 you
subtract this number from the one pre-
viously set aside and out come the center
four digits, the new random number. If
you are working with 2 digit random num-
bers, the divisor in line 150 would be
changed to 100 and you'd then multiply
by 100 in line 170.

One number isn't going to be cnough

PRINT “HOW MANY NUMBERS DO YOU WANT?"";

PRINT “DEGENERATION AFTER"; N ; “NUMBERS"
PRINT “ENTER ANOTHER 4-DIGIT SEED"";

100

110 INPUTJ

120  PRINT “INPUT A 4-DIGIT SEED'";
130 INPUT N

140 FORI=1TOJ

150 LET N = INT(N*N/100)

160 LET A = INT(N/10000)*10000
170 LETN=N-A

180 PRINTN

190 IF N <> 0 THEN 230

200

210

220 INPUTN

230 NEXTI

240 END

Listing 3: The program of listing 2 will occasionally produce examples of
degenerate cases. The center squared method is prone to such degeneration
with an unpredictable frequency, so for purposes of illustration this version
incorporates an ad hoc fix to ask for a new seed when degeneracy is detected,
and report on how many cycles were required to reach degenerucy.
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for most applications, so let’s put in a loop
and get '‘n” numbers. Listing 2 shows the
modifications necessary. Also, we'll combine
lines 120 to 140, and lines 160 to 170 in
listing 1.

| remember when 1 first coded this
method in a beginning FORTRAN class. I've
forgotten what 4 digit seed the instructor
used at the time, but it was a revelation
when | found out about something he called
“degeneration."” |'m sure a simple program
can be written to discover any and all of
the 4 digit seeds which will cause this
program to degenerate to zero, but let's
assume that there is at least one, and that
Murphy's Law will guarantee that this
particular one is the seed you choose for
your first run. It is not difficult to imagine
that there is a 4 digit number, which, when
squared, will have four zeros in the middle.
Maybe vyour number squared will be
12000034, or 65000023, etc. This being the
case, you'll get 0000 as your next random
number until you discover what is going on
and get out of the loop. Listing 3 shows how
we'll test for that problem and perform an
ad hoc fix; we'll just call for another seced
when a random number of zero is obtained.

Our final try at the center square program
still doesn't solve one of the worst problems
with this method. The method doesn’t give
very long periods for many seeds, and you
really can't predict what the results will be
until you try it. The method starts repeating
numbers, and even the place where it starts
repeating can't be determined without trying
it. For example, you may print out 722 dif-
ferent numbers, and then it will start
repeating the last 34 of them, The method is
casy, and it is fun, and it may just produce
all the pscudorandom numbers you need
for your application.

Fibonacci Serics Technique

A second method for generating random
numbers makes use of the Fibonacci series,
so named for its discoverer Leonardo of Pisa,

known as Fibonacci (meaning son of
Bonaccio). Leonardo was perhaps the
greatest European mathematician of the

Middle Ages, and if not for him you might
be programming your machine using Roman
numerals, because it was Leonardo who
recognized the enormous superiority of the
Hindu-Arabic decimal system with its
positional notation and the zero symbol,
over the much clumsier Roman system.
Table 1 shows several numbers in the
Fibonacci series, and you'll notice that each
number is simply the sum of the previous
two numbers. Actually, we could make up
any number of series by starting with any






(a)

The Fibonacci Series

n Fn (b) Some Characteristics of the Fibonacci Series

1 1

2 1 Final digit (LSD) repeats in cycle of 60

3 2 Last 2 digits repeat in cycle of 300

4 3 Last 3 digits " oo " 1500

o 5 Last 4 digits “ e v {5000

6 8 Last 5 digits “ 150000

7 13 etc.

. . Every 3rd Fis divisible by 2

19 4181 o 4th " o 3 Note: this is also
20 6765 ‘" 5th " " "5 the Fibonacci series.
21 10946 ' Bth " " “ 8

etc.

22 17711

Table 1. The Fibonacci series is a numerological phenomenon which is generated by the
following definition: the next term in the series is the sum of the previous two terms, with the
first two terms defined to be a value of 1 as a starting point. At {a) are listed several representa-
tive sections of the Fibonacci serjes, and at (b) are shown several miscelfaneous characteristics
of the Fibonacci series abstracted from the mathematical literature. This series can be used as a
basis for a random number generator, as described in the text.

220

two numbers and letting their sum be a new
random number, and repeating this for our
desired number of iterations. The reason
that we'll use the Fibonacci series specif-
ically, and not any other series, is that the
characteristics of the Fibonacci series have
been studied, and we know several facts
about it that will be of interest. Table 1
for example shows that if we want more
than 60 single digit random numbers, the
Fibonacci series isn't going to work. Of
course we could start extracting 2 digit
numbers from different parts of the num-
bers produced, but here we're on our own as
far as  statistical characteristics  are
concerned.

PRINT “HOW MANY NUMBERS DO YOU WANT?"";
INPUT J

LET A = 10946
LETB=17711
FORI=1TOJ
LETN=A+B

IF N <100000 THEN 180
LET N =N - 100000

PRINT N
LETA=B
LETB=N
NEXT1
END

Listing 4: A BASIC program which implements a Fibonacci series random

number generation

technique. The program works machines of finite

precision {even though the Fibonacci numbers eventually get infinitely large)
because only the low order digits are kept as part of the pseudorandom
number. Since the high order portion of a Fibonacci number has no effect
on the low order portion during calculation of the next number, it is possible
to completely ignore the high order part.
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Listing 4 shows a BASIC program for
calculating and printing “n"" random num-
bers of five digits each. Notice that the
generator is seeded with two seeds from
table 1. These could have been INPUT, of
course, and in that way a different series
of random numbers could be produced.
I've chosen the first two 5 digit numbers
in the sequence, but there is nothing specjal
about them. Also, you might consider having
the generator run through the loop a number
of times before it starts printing the output.
This could be easily implemented with
another INPUT statement and another FOR
... NEXT loop, or maybe by just adding the
number of unwanted numbers to |, and then
putting in an IF to suppress printing of the
first J-N numbers. Listing 4 is straight-
forward: after determining how many num-
bers you want, it takes the two seeds and
calculates the first number. It is possible that
the result will be over five digits when the
two previous numbers are added, but it can
never be greater than 199998 (99999 +
99999), so we check for this condition in
line 160 and simply subtract 100000 if the
number is larger than 99999, Lines 190 and
200 serve to shift the second number into
the location previously holding the first
number, and the new random number into
the location previously holding the second
number, and we're ready for a new iteration.

In order to find the nth Fibonacci
number, you needn’t go up to ‘'n"’ one at a
time. There is an easier method, although
you might not think so when you see the
formulas in figure 2. You might try to find
the 20th Fibonacci number with your
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Figure 2: The program of listing 4 was an iterative calculation. It turns out
that there are several ways to calculate Fibonacci numbers directly which do
not involve iteration. Formula (a) is an exact calculation of the nth Fibonucci
number. Formula (b) is also an exact calculution if the result is rounded to
the nearest integer. Formula {c) defines a criterion for making the Fibonacci
sequeice pass various statistical tests which would otherwise fail: pick every
kU pumber where k is chosen so that the “qolden ratio” to the kN power is
refatively large compared to the fow order portion of the Fibonacci numbers
which is used us a random number outpul.

100
110
120
130
140
150

pocket  calculator (or maybe your
computer?) using formula a of figure 2. We
know the answer is 6765, from table 1. This
formula produces the exact answer, but we
can get it with a little less calculation by
using formula b in figure 2. The term
(1 ++/5)/ 2 is known in the mathematical
literature as the “Golden Ratio” and is often
symbolized by the Greek letter & (phi).
If formula b is evaluated and then rounded
to the nearest integer, it will produce F .
You might try this, again, with n = 20,

The Golden Ratio assumes importance
when using the Fibonacci series random
number generator, because it is used as a
“correction factor.” The results of the
generator, aside from being somewhat pre-
dictable as shown in table 1, fail many of the
statistical tests usually applied to random
number generators. A big improvement can
be made in the results if we use only every
kth number, where k is almost any number

PRINT “INPUT ANY ODD INTEGER";

LET X =N * 65539
LET Y = X * 0.46566128730773925781 25E-09
PRINT X ;Y

Listing 5: A BASIC program to calculate one cycle of a pseudorandom
sequence using the power residue method. This particular program is the
algorithm used for a 32 bit machine as found in the 1BM System 360 and
370 “Scientific Subroutine Package,” IBM Publication Number H20-0205,
In the source document cited, this algorithm is given as ¢ FORTRAN sub-

progrum named RANDU,
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which will make the Golden Ratio to the kth
power relatively large. Figure 2c is the
required formula. If this modification is im-
plemented, and k is large, your calculating
time for each random number that is to be
used will greatly increase, but you'll have
numbers that are about as good statistically
as any other method.

Power Residue Calculations

A third general class of pseudorandom
number gencrators is called the Power
Residue Method. It is this method that is
usually favored by hardware manufacturers,
software  writers and mathematicians,
because long periods prior to repetition
can be assured, and the numbers generated
hold up well to statistical tests for
randomness. The method is, however,
machine dependent since it relies on the
word size of the machine. The Power
Residue Method is the method emploved
in RANDU, an extremely popular random
number generator appearing in the “Scien-
tific Subroutine Package” (IBM publication
number H20-0205) for the IBM System 360
and 370 computers. The publication gives a
FORTRAN listing of this subroutine and
documentation on how to use it, and also
delincates a FORTRAN listing and instruc-
tions for use of GAUSS, which is a program
for producing a normal distribution of
random numbers. The methods can easily
be extended to distributions other than the
normal. Background on the number theory
aspects of the Power Residue Method can
be obtained in another IBM booklet,
“Random Number Generation and Testing”
{1BM publication number (C20-8011),

Listing 5 shows a BASIC version of a
program to produce one random number on
a 32 bit machine. The program can be easily
modified, of course, along the lines we
followed for the center squared and
Fibonacci methods covered earlier. The
multiplier in line 130 is 2731 and of course
you'll be rounding it to fit your particular
BASIC compiler. Line 130 simply trans-
forms our new random number X into a
floating-point version between 0 and 1,
which is a more usual way of delineating
random numbers. With a 32 bit machine
(1 sign bit) we use 2731, and this would
be changed to correspond to the particular
machine upon which the method s
implemented. The multiplier in line 120 is
also machine dependent. 1t has the form:
&/ 1 3, where / is any integer. The trick here
is Lo choose 7, such that the resultant multi-
plier is close to 206/2. Since 6 = 32 for this
example (b is the number of bits), then we






(a)

1. Choose an odd integer starting value. We'll choose the B bit number 100001 {(simply
because it'll be easy to multiply).

2. Choase the multiplier. (We've already decided on 5, binary 101.)

3. Compute the product. (100001) * (000101} = 000010100101

4. Cross out the first six bits, and you have the new number.

£686+8100701 = 100101

5. {100101) * {000101) =-868846111001 = 111001

6. (111001) * {000101} = etc.

(&) Multiplier = 5 Multiplier = 11

{0001012) {0010112)

Starting seed 100001 = 100001
ni1} \ 100101 \ 101011
ni2} 111001 011001
ni3} 011101 010011
nl4} 010001 010001
ni5) 010101 111011
n(6) 101001 001001
n(7) 001101 100011
n(8) 000001 000001
niQ) 000101 001011
n{10} 011001 111001
n{11) 111101 110011
n{12) 110001 110001
n{13) 110101 011011
n{14) 001001 101001
n{18) 101101 000011
n{16} S—3 100001 S————3 100001

Table 2: The power residue method, adapted to a 6 bit example with two
possible multipliers. The algorithm is shown at (a), and the complete set of
16 pseudorandom output states is listed in this table at (b)., Note the devia-
tions from randomness apparent in the regular patterns seen in the two low
order bits of each number.

treat the numbers as points in the interval
0 to 1. Some tests can handie either case, of
which the Chi-square test is one. It can be
applied directly to the digits produced, or to
groupings of the digits, or we can divide the
interval 0 to 1 into subintervals and see how
many of the random numbers fall into each
of the subintervals and apply the Chi-

The Chisquare (symbol X2) statistic
looks somewhat formidable, but in reality
is easy to work with, The formula is:

k (Oi - 9i)2
X2 = 3
i=1 Ei
= (o —e)? {og - ep)?
+
E-I EQ

2

(o), — e}

. . %k k

®k

where e; is each expected frequency, and o
is the actual observed frequency. !f we had a
generator which produced 250 digits we
would expect each of the digits O through 9
to appear 25 times, although the digits might
actually appear more or less than 25 times.
Assume that your random number generator
has just produced a series of 500 digits. You
count all the zeros, ones, etc, and tabulate
these observed frequencies (as in table 3)
along with the expected frequency in each
case of 50. You have counted 58 zeros,
28 ones, etc. You next put these observed
and expected frequencies into the X2
formula and arrive at an answer of 46.45 as
shown, At this point we need to turn to a
Chi-square distribution table, which can be
found in the back of almost any statistics
book. Table 4 shows a portion of such a
table and will suffice for most of our needs
for uses like this application of the Chi-
square statistic. The table is entered after

square test to see if the distribution is you calculate the “degrees of freedom" in
biased. the column labeled *v'' and after you
Digit 0 1 2 3 4 5 6 7 8 9 || Sum
Observed
frequency 58 28 40 34 70 62 72 36 40 60 500
Expected
frequency 50 50 50 50 50 50 50 50 50 50 500
<2 . 88-5002  (28-5012 (40— 50)2 L, o502
50 50 50 50 o=

Table 3: A random number sequence can be tested wilh various statistical measures. One
excellent test is the Chi-squure test, here illustrated with a hypothetical single digit decimal
random number generator with the observed frequencies shown in a trial of 500 cycles of
calculation. If the result were truly random, of course, the expected frequencies of each digit
would be uniform. The Chi-square test involves calculating the characteristic number shown
by the formulu here (using this table’s data). This characteristic number is then used with o
statistical reference table of the Chi-square distribution and the number of degrees of freedom
allowed by the statistics (here v=9), to check the quality of the pseudorandom sequence.
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Table 4: An abbreviated
portion of a standard
Chi-square table used as
described in the lext to
check the quality of a
pseudorandom sequence.

Figure 3: Several formulas
for the run test of a
pseudorandom seguence.

v X295 X299
1 7.88 6.63
5 16.7 15.1
9 23.6 21.7
10 25.2 23.2
19 386 36.2

24 4556 43.0

X295 X290 X275
3.84 2.71 1.32
11 924 6.63
16.9 147 114
18.3 16.0 125
30.1 272 227
36.4 332 282

determine the level of significance you
want to test. The degrees of freedom in our
case are 10 — 1 = 9. This simply means that
after we have determined nine of the ab-
served frequencies, the 10th one is fixed.
The frequencies have to add to 500, so we
have ‘‘nine degrees of freedom.” Tradi-
tionally, the Chi-square statistic is used to
test the hypothesis that the numbers are
randomly distributed. If the computed
value of Chi-square is greater than the
critical value read from the table, we would
then conclude that the observed frequencies
differ significantly from the expected
frequencies and we would reject the hy-
pothesis of randomness at whatever level of
significance we select. The levels of signi-
ficance often used are 0.05 and 0.01, corres-
ponding to the X2 95 and X2 .99 columns
respectively, in the table. Going back to our
example, we calculated a value of 45.56,
but in the table for nine degrees of freedom
and at the .01 level of significance, we
see that the critical value of Chi-square is
21.7. Since 46.56 > 21.7 we therefore
conclude that the observed distribution of
numbers produced by our generator differs
significantly from the expected distribution
at the 0,01 level of significance, and we
therefore cast considerable suspicion on our
random number generator. As previously
mentioned, we could take our list of gener-
ated numbers in the 0 to 1 interval and set
up some subdivisions of this interval. Next,
we could see how many of the numbers fell
into each subinterval, calculate the ex-
pected frequency for the subintervals, and
apply the Chi-square test in the same
fashion.

A second test frequently applied to
random numbers is called the “poker test,”
but is in reality similar to the frequency test
already considered. In the poker test we

Run langth

1
2

k (for k <n- 1)

n—1

2 {(k2+3k+1)n-(k3+3k2—k—4) } / {k +3)N

Farmula

(5n+1) /12
{11n-14) /60

2/n!
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look for specific combinations of digits.
For example, suppose we are generating
S digit integer random numbers in the
interval 00000 to 99999. Probability theory
tells us the number of numbers we should
have where all digits are the same, like
22222 or 66666 etc. We can also calculate
the expected number of pairs, three-of-a-
kind and full houses, etc. The Chi-square
test can be applied to the analysis of the
results.

A very similar test, called the *'gap test,”
can be applied in like manner to the dis-
tances separating two like digits or two like
groups of two or more digits. Again, Chi-
square is a useful statistic in the analysis of
these findings. The power residue method
satisfactorily passes the poker test, the gap
test and the usual frequency test; however
it often fails to pass tests which consider
runs of numbers. We've already seen how
the power residue method produces certain
predictable results, so this should not come
as a surprise. However, if we are generating
random numbers instead of random digits,
this is not a big problem. A study of the
runs up and down is often a good test to
determine which multipliers are better than
others when you use the power residue
method, and the “run test” will also con-
sistently prove that the Fibonacci series
method will not produce the predicted
number and lengths of runs. Taking, for
example, a long string of random generator
produced bits, we would count the num-
ber of strings of zeros bracketed by ones
for each length, from one, on up to the
longest string length. Number theory helps
us determine the number of total runs we
should have for both the ones and zeros.
Figure 3 shows how to calculate these
lengths, assuming *'n’’ bits. There are several
special tests similar to the run test, for
example: “runs above and below the mean,”
etc. And, as usual, the Chi-square test is
frequently applied to see if the actual resuits
are reasonable.

| can’t guarantee all of the above will help
you program your computer to play inter-
esting Star Trek or sophisticated One-
Armed-Bandit games but at least you'll be
able to come up with generators that are
biased in your favor.m
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$5.00 {or air. COD's add 85¢ All items guaran-
teed salisfaction for 120 days!

NORTHRIDGE, CA91324
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ITHACA AUDIO

THE OEM MARKETPLACE

Assembled and Tested
Added at Ithaca Audio

Field-proven
reliable engineering

Over 15,000 boards worldwide prove Ithaca
Audio provides the quality and reliability you
demand.

Ithaca Audio Boards are fully $-100 com-
patible, featuring gold edge connectors and
plated-through holes. All boards (except the
Protoboard) hawve fully buffered data and
address lines, DIP switch addressing, solder
mask and parts legend.

Z-80 CPU Board still the most power-
ful Bbil central processor available. Featuring
power-on-jump, provision for on-board 2708.
Accepis most 8080 software.

A&T 4 mHz 205.00
A&T 2'mHz 175.00
Blank PC  § 35.00

Disk Controller Board controls up
to 4 single or double sided drives. Supported
by a host of reliable software packages:
K2 FDOS, Pascal, Basic and complete diag-

nostics.
A&T $175.00
Blank PC  $ 35.00

K2 FDOS Dpisk software in the DEC
tradition. Includes character orlented text
editor {TED), File Package (PIP), Debugger
{HDT), Assembler (ASMBLE), HEXBIN, 1
COPY, System Generator (SYSGEN) and
more. Command syntax follows Digital's
0S-8/AT-11 format. First in a family of high
level software. Basic and Pascal available
now. Soon-to-be-released Fortran.

K2 Disk $ 75.00

Video Display Board features the
full 128 upper/lower case ASCIl character
set. Easy-to-read 16 line x 64 character
format can be displayed on an inexpensive
video monitor or modified TV set. Includes
TTY software. Add our powerful K2 FDOS to
create a versatile operator's console.
A&T  $145.00
Blank PC 25.00

8K Static RAM Board High speed

static memory at a reasonable cost per bit.

Includes memory protect/unprotect and
salectable wait states.

A&T 250 ns 195.00

A&T 450 ns 165.00

Blank PC 25.00

2708/2716 EPROM Board indis-

pensable for storing dedicated programs and

often used software. Accept up to 16K of
2708's or 32K of 2716's.

A&T (less EPROMSs) 95.00
Blank PC 25.00
2708 EPROMs 11.00

Circle 190 on inquiry card.

The leading manufacturer of blank S-100
boards is adding a new wrinkle—now all their
boards are available assembled and tested.
“This is a natural progression for the com-
pany” according to Mr. James Watson,
President. "Actually we've been supplying
assembled and tested for some time to our
volume customers and OEM's, particularly
those overseas. Our production staff is now
fully up to speed, so just about everything is
available from stock.” The company sched-
uled 6 months to phase in assembled and
tested to allow time to build base inventories,
before offering the boards to the public. “We
feel this is quiteimportant. A lot of companies
have earned themselves a bad name in this
business by announcing products they can't
really deliver. We simply won’t do that.” Mr.
Watson further explained that Ithaca Audio
intends to remain leader in blank boards and
expects to release a minimum of & new
designs by August, which will be offered both
blank and assembled and tested.

Memory Prices

Tumble
Ithaca Audio first to break

1¢/Byte Barrier

By cutting prices for 32K of RAM to $319
Ithaca Audio becomes the first computer
vendor ever to offer high speed memory for
less than a penny a byte. Commenting on the
announcement, Steve Edelman, Director of
Engineering said “Just a few years ago
people were wishing for a penny a bit, and
even now memory for most large computers
costs about 2¢/byte and that's only in 1
Megabyte chunks.” In fact it's the relative
modest capacity of the 32K board that makes
it so interesting. Users need not buy the full
64K to take advantage of the low price per bit.
Furthermore, the board is available both as a
kit and assembled and tested.

Delivery is stock to two weeks. Pricing is:

¢ 32K kit $319
® 32K A&T 359
® 64K kit 645
® 64K A&T 695

8" Disk Drives

Shugart compatible Memorex 550's are in
stock.

Single and double density compatible, 330K
bytes capacity with our controller or use your

own.
Either way $456

Protoboard universal wire-wrap board
for developing custom circuitry. Room for
three regulators. Accepts any size DIP

socket.
Blank PC  § 25.00

Pascal/Z Ready

The first Pascal Compiler for the Z80, and the
fastest Z80 Pascal ever is now ready. Over
one year in development, Ithaca Audio was
obviously pleased with the results. "Wa really
have outperformed them' states Jeff
¥ rskow, Director of Software Enginesring,
beaming over the recently released bench-
marks, in which Pascal/Z averaged better
than five times the speed of a recent P-code
implementation.

"“Pseudo-code means a vendor only has to
supply one compiler to lots of people using
lots of differant machines, and that makass his
life very easy, but it also means users' pro-
grams execute significantly slower. There-
fore, we chose to write a natlve compiiler that
delivers fast re-entrant ROMable code, with
no need for an intermediate language and
interpreter. That's where our speed comess
from.” As a matter of fact, Pascal/Z is often
twenty times as fast as UCSD’s implementa-
tion and may well be faster than dedicated
Pascal machines such as the racently
announced Waestern Digital Pascal Micro-
engine.™ Unlike the Microengine, Pascal/Z
does not require any new special CPU
hardware and has the added benefit of com-
patibility with existing Z80 software.

Operational requirements of Pascal/Z are
the Ithaca Audio K2 Operating system and
48K of memory during compiles. The output
is standard Z80 Macrocode which is linked
and run through the Ithaca Audio Macro-
assembler. Binary files may be as smail as
2.5K, or even less if the full library is not used.
The compliler, including the Macroassembler,
is available on an 8" K2 floppy disk. Price
including fult documentation is $175.00. The
Macroassembler is available separately for
$50.00. Delivery is from stock.

More Software:

For those that don't require the speed of a
compiler like Pascal/Z, Ithaca Audio also
offers the convenience of BASIC. BASIC/Z,
an extended version of TDL's Super Basic,
runs in stightly over 12K and is supplied on an
8" K2 disk for $75.00.

SAVE Even More -

When you buy your software as a package

K2 and Pascal/Z $225
SAVE $25
K2, Pascal/Z and Basic/Z $275
SAVE $50

HOW TO ORDER

Send check ar money urder, include $2.00 shippin der.
N.Y.5. Residents incruda tax. PRINQ pér order

Far technical assistance call or write to:

ITHACA
AUDIO

P.O. Box 91
Ithaca, New York 14850
Phone: 607/257-0190

BYTE June 1979 261






















We have 5V 2716's in Stock. We have the Best Prices on 2102's, 2114's, 4116's.
unbeatable GREAT JUMPERS

S100-WWGQ 100 Cont 125 chrs 3 S100-8TG 500100 Cont 125 cirs DIP
LE¥EL WIRE WRAP 025" sq posts on  SOLDEA TAIL on 250 spaced rows for
.250 spaced iows. GOLD PLATED, VECTOR and MASI motharbeards GOLD

59 10-24 plated. FLAT RIBBON
3378 " oo oas oo CABLE ASSEMBLIES

S100ALT 531100 Cont. 125 clrs. DIP
SOLOER TAIL on 140 spaced rows lor  S100SE S0V100 Cont. 125 cirs. PIERCED AT AFFORDABLE PRICES
ALTAIR molherboargs. GOLD plated. SOLDER EYELET talls GOLD

58 10-24 1-4 59 10-24 ® Choice of 3 types of end connectors molded -
5375 550 $5.00 S50 428 on and factory tested, // .
OTHER POPULAR EDGE CONNECTORS ® Daisy chain and singla-end also available. /%
All Edge Card Conneclora are GOLD PLATED (not Gold Flash} Bodles are non britite, Solvent -
res. G.E Valox. Conlacts are Bifurcated; Phos/Bronze. GOLD over Nicke! ® 5 popular sizes to choose from: CARD !Doss;ﬁm‘:::sums‘ CHAIN
ABBREVIATIONS: SE = Solder Eyelal WW = 3 Level Wire Wrap ST = Solder Tail 20, 26. 34. 40 and 50 contacts, each COUBLE END i
" with line-by-line probe access holes, No. |Ewctric Pink | Relnbowe 12 SN ok
100" Contact Center Connectors Contacts g 26 (3
® Choice of 2 cable types and 5 lengths. N ETTTrr e T Wy
FLAT RIBBON CABLE Eid 1t 98 42
Siranded, 28 AWG wah laminated PVYC insulation 924051 06 R | 92406036.R | 924080 06 R
“Eluctne Pink’* cable has red stnpe on cne ecige for an- L 56 46 5489 954
entatan  Used only on doutde end and dasy chan as [ o7ai5a 06 7 | 925068 B | aze0ma BB

sembhes u
3796 $6 15 1M
“Rainbow™ cabie s coded in standard 10-cotor se
quence onfrant Serpentine stoping on back ands i dents. ™ S23055 06 A | 924085 26-R | 924006 06-R
fyeng wire numbee and wiee Group dunng tear down sepa- 9 ¥ 11370
wnon for discrete wiro terminations  Used onty on single- 50 924056 06 A | 934065 X6 F | 92408605 R
end jumpers 350 10 821 S14 86
PCB JUMPERS SOCKET JUMPERS
DOUBLE END| SINGLE END DOUBLE END JUMPER ASSEMBLIES SINGLE END gAISY l".::IIN'
1 LORN lary
No Electeic Pink Rainbow No Elecinc Pink Cabin Rminbow Eloctric Pink
Contacis |3 8 Contacty [ 18 3% 3 [
- <Snlecin g ., ]
2 92403206 R | 924042 % R 924002 06 R | 924002-18 A 924002 35-R | 524012 D8 R 924077 D6 R
5257 3255 3370 1485 3312
125" Contact Center Connectors 2 | ¥03306R | 92404336 R 924003 06 A S24000 %6 R | 524013 36 R
PHICE 3337 X I3 47 35 $ 6528 04
N 324034 06 H 924044 36 R 924004 06 R 324004 26 A SMO4ER
$38h $413 5625 $ 83 3530
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PART NQ. TYFICAI. APPLICATION
D1328-15E Imsai M10. SIO
DI 1WW Veclor Plugboards
Imsai P10, intal Mulllbuss
imsal P10, Intel Mullibuss

BrRR8EEE

Inkul Mulllbuss

Yecior Plugboards
Veclor Plugboards
Yector Plugboards

28RILHEABIRILSEEY

BN I o N LB LI 2N,
REETICRBRB2EBILIBT4L
T T T P Y TR TEY RO RTNT AT VS
PG s o D~ D N

RRAPGRAIPSR
POANLAANA RS LLORRNWWLWN

n
o

TYPICAL APPLICATION
04020 2WW Vector 4350 X 5 724035 0b W | 974045 36 R 574005 06 R & 524005 36 A | 974015 36 R
5100-5TG S-100, Imsal, Veciar, Cromanco, Mothar. “° 3457 58 84 $733 $ 968 86 22
5100 WWG ?l’D’Od :Vlu Weap 974036 06 A [ 924046 36 A 924D06 06 R | 924 24006 6 R | 92016 36 A
S100-ALT Allale

50 ' ’ 3562 s597 5915 51206 91
.156 Contact Centers Cannectors d o

uble-row Ideal mates for
JUMPER HEADERS ""GREAT JUMPERS"

® Solder to PC boards " 025" square posts ara # Choice of straight
for instant plug-in maoldad into plastic or right angle con-
accass via socket- header stripon a figurations
connector jumepers A0 x 107 matrix
~ - No. | Dim. | Dim. Part Price
- - STRAIGHT Posts | “a” | "B" | Numbar | 2 sats

o
ROOODOCOOOOOT
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Pt ot
Y
oV
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=
wi
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BRREREIEDEARENEEEe

PART RO. TYPICAL APPLICATION
-SBE Fal, N5C CLK Modules
Pa1. NSC CLK Modules
Pay
Pat
Veclor Mughoards, GRI Keybrds
veclor Plugboards. GRI Keybrds
Vector Plugboards. GRAI Keybrds

N
5888

Veclor, Kim, glc

Veclor. Kim, etc

- Veclor, Kim, ote.

SE Vaclot Plugboaitds
;;g ;Sw!‘w t'fe:tor :lunggmdn N X
- ector Ply, rILY RRERI IS -

AEESE Matl 6800, Inte] Mulbbuss. NSC pacey APSABANA AN 20 1o 09 923862R | ¢ 98
Mol BBOO, Intel Multibuas, NSC paces

Mol GE0. Intel Mullibuss, NSC pacai \onm - % '3 12 | 923863-R |5 1.28
Imsa: Style Card Guides 511.00 o 10010 00 U]J L_U M 17 | V6 |923854 R | % 1.6

RS232 & “D” TYPE CONNECTORS 40 20 | 19 |923865 R | $ 1.94
P = Plug-Mate S = Sockel-Famale C = Cover-Hood ‘Lrlr“mﬂ"‘t"]f \J‘ lﬂ‘U‘—Ll—I)"‘L 80 25 24 923866-R | 5 2.36
PRICE oo nLr

We have the Best Prices on 2102's, 2114's. 4116's.

e e
LERTLLRBESTELEETSA

N LN L LRI R R NP NG et
RN DRI AN
BrRs588848885Ra

JLBM NOA S[IYM SBIIGUISSSY 9|QBD UOqQIy WOISND aXell s/

BESCRIPTION
9 Fin Male

# Fin Female
9 Pin Cover
15 Pin Mola
15 Pin Fomale
15 Pln Caver
25 Pin Male
25 Pin Famale

- a -

M v ef T - RIGHT-ANGLE AT " | Number | 2 sats
o A ot

Y U’E"C’f " :..n 20 | 10 o5 |szsr2n |20

—-nnﬁ 26 13 923873 R | 5 152

J UJL H”r :m | 17 923874 R 51‘96

| ™ 40 20 923875 R

* “"‘ﬂ.T...ﬁ..f i 2 125 | 24 | oamrsn
B o DIP JUMPERS ' '

Amphenal 57-30360 lnr hnck otim&[-%rgﬁmzﬁﬁ's%iypvsjgﬁs! 4—3$900 Sup—$750 FLAT RIBBON CABLE ASSEMBLIES
pRICE OIP PLUGS o WITH DIP CONNECTORS
Pat ¥ No.ol 124 2588 100499 Part® No.ol 124 2 100-499
Fine 2 paez B 2 ! o Avallable with 14, 16, 24 and 40 contacts.
E gg::g u N 66 o Mate with standard IC sockets.
B <o ) e Fully assembled and tested.

GOLD SOLDERTAIL STANDARD ¢ integral l'nolded-on s_traln relief.
9 5009 124 e Line-by-line probeability.
70 [:x]

[;,—v_w;vyvv—i',;\.m;. ' No. | Dim. | Oi Part Price

1 pc. Gray Hood

37 Pin Wate

37 Pin Fomale m
37 Pin Cover —
S0 Pin Mate L FEMALE

50 Pin famale

PO B e i e o LI e e gy
BESHBY BB aNBIEE R

SNOURG L = = LIRS = 23R e
288828 RIBRREELRREL

PO A et on o KBS
SIZITLRIBRRBRR

70 .8 A P DIP Jumpers are the low-cost, high-  board; mterconnecung between PC boards,
100 1 quality solution for jumpering within 8 PC  bacl glanes and motherboards; interiacing In-
52 R “'/' . put/ At‘lllpul sngnlals and morg s

. EIREA assemblies use rainbow cable. Stan-
TN SE.LDERTA'L LOW PROFILE . - dard lengths are B, 12, 18, 24 and 36 inches.

P 50 B
18 15 22C82 738 A Atrow Cenctes P Na |
8 . w0es? X ; . L DOUBLE-ENDED
32 30 e DIP JUMPERS
Length Length Length Langth Length
& 12 8 u° »

No.
3 LEVEL GOLD WIRE WRAP SOCKETS mm 6 324106 6.1 | 82410612 R | 974106 16-R | 524106 J4-R | 574106 R

1241 1261 e 302 (Y]
Sockets purchased In mulliples of 50 per type may be combined for ‘ D24116 6 R | 920116 12| 520116 100 | S24116.24.R | 834116 BR
380

best price. 19 10-24 2599 100-248 250-999 ‘ 265 288 ®an nu
12 gm. :g gg g; g; g; g S GR [ SAIZE 12 S0 16R | SA126 20| 920126 R
- 50 *

9241365 R | 924136 12.A| 924136-18-R | 924135-24-R s:msea&n
1752 8N

.42 .40 .36 .34 1691 W

.70 60 .55 .50 45
20 pin .90 80 .75 85 62
153 22 pin* 85 .85 .80 .70 65

pin 95 .85 .80 .65 Minimum order $10.00. Prepaid U.S. orders less Ihan $75.00 include 5% shipping anc handling,
28 pin 1.25 1.15 1.00 90 minimum $2.50. Excess rafunded. Jusl In case . . . please include your phona no. 2
40 pin 1.65 1.45 1.35 1.10 Prices subject to change withoul natice. OEM and Inalitutional
: R Wa will do aur best to maintain prices thru Juna 1979. Inquirles invited.
All sackels are GOLD 3 level ciosed antry ' End and side stacable 2 level, Sokder Tadl, Law
Protie. Tin Sockeis and Dip Plugs available CALL FOR QUOTATION phone orders welcome (213) 894-8171, (800) 423-5633

We have the Best Prices on 2102's, 2114's, 4116's, We have 5V 2716's in Stock.
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L J .A. DB Computer Products

\

/% DISK DRIVES %

B51 &% 295.00
by Mictu Paripherails, Inc. arates
in eithe. single density (125K8,
unformatted) or double density
{250K B, unformatted) modes, up
to 40 tracks, with a track-to-track
access time of only 5 ms,

SABO1R $495.00
by Shugart Single-sided B' floppy

disk drive,
$395.00

SYSTEM

FOR TRS—80
$395.00

FD8-100
GSl/Siemens. Runs cooler ang
quieter than 801 (8}

SAMD $325.00
Single density 5%, 35-Track drive.
Cabinsl and power supply available

1791 8O1

$-100 MOTHER BOARDS 7 A IDIES
JADE 6-SLOT

Kt $41.85

Agsembled & Tested $56.95 MAI N FRAM ES
Bare Board $24.95

9-SLOT “LITYLE MOTHER"

K $85.00

Assembled & Tested $99.00

Bare Board $35.00

13-5L0T “QUIET MOTHER"

Kit $95.00

Assm. & Tested $110.00 modates ail $—100
Bare Board $40.00 Acco

Mother Boards. Bullt-in card
cage with card guldes. Lighted
reset swilch, Rolron whisper fan.

22-SLOT “STREAKER"'
Assm & Tested $149.00

Includes heavy duly power
supply. (+ 8volts DC @ 30 AMPS,
+ 16 volis DC @ 4 AMPS, -8 volls
DC may be added.

$389.00

JA IDE
VIDEO INTERFACE

5-100 Compatible Serial Inter-
face with Sockets Included,

Kit $117.95
Assembled & Tested $159.9%
Bare Board w/manual $ 35.00

Dual Dansity Controllar Chip
s"'os Inciudea disk drive, power supply,
regulator board, and compacl case.
® TW0 SIEMENS/GSI B FLOPPY The V-80 ofiers 23% more storage
0AIVES capacity. Simply take it out o;lhe box,
lug In the cable, and it's ready to mn
® POWER SUPPLY FOR ABOVE ;Egu,m 16K, Level I, exp
® JADE TARBELL D1SK CONTROL interface.
KIT 1S100] .
® (P M OPERATING SYSTEM WITH Signal Cable ... ... .... .. $24.95
BASIC E 3-LEVEL GOLD
® PACKAGE OF 10 BLANK WIRE WRAP SOCKETS
8 DISKETTES 14 PIN 39¢ each
Price 1l purchased separately 16 PIN 43¢ each
$119250 100 for $35
JADE SPECIAL PACKAGE OEAL Sockets we end and side stack
$1050.00 abte Closed enty,

M
& or VERBATIM
FLOPPY DISKS

5% in, Minidiskettes
Solt sector, 10 sectar, or lbsecinr
$4.40 each o7
box of 10 for $40.00

Z80A SPECIAL
4MHz CPU Chip

Yy s14.95 Yy

8 in. Standard Floppy Dsks
Salt Sector
$4.75 each—10 for $42.50

Convert your T.V. set into a
Video Momitor

EXPANDOR’S BLACK BOX PRINTER

This 64-character ASCH) impact printer
with 80-column capability is portable
and uses standard 8¥:" paper and reg-
ular typewriter ribbon., Base, cover
and parallel interface are included,
Assembled and complete with manual

and documentation, only $470.00

{90 day manufacturer’s warranty)

TRS-BO Interface Cable for Black Box Frinter

woth mating connectors. $48.00
[rst De used with expansian madule,
AMp power supply reauieed )

Power Supply for TRS—80/Black Box Printer

1Byl

$49.00

Kit $8.95
FLOPPY DISK INTERFACE
A IDE JADE FLOPPY DISK {Tarbell
PARALLEL/SERIAL board)
INTERFACE Kit $195.00

Assembled & Tested

$250.00
S.D. Computer Products

S.100 compatipte, 2 sertat ;0
oonKs 1 parallel 1/

JG-P/S $124 95
Assemblea & Tested: VERSA-FLOPPY
3G-P/SA $179.95 Kt $159 95
Bare Board w/Manual  $ 30,00 Assembled & Tested  $23%.00

TRENDCOM 100
Intelligent Printer

Interface & Cable
for TRS-80
$45.0

* 40 character per second rate
* Low cost thermal paper
.
L]

Interface & Cable

for Apple 96 character set tP-125 Integral Data System IP-125 Friction Feed Printer
o0 Microprocessor controlled *96 upper & lower case ASCII( character set
330. « Bidirectionat took-ahead printing :gé\'ﬂaalna%dzgggalctter ::ont{o‘ld fact : )
* Quiet operation ¢ No external power supplies = Only two ! nterface (5 actory wiring
driven parts e High reliability e« Clear 5 x 7 characters :gg’:gm;;h;"m”“e (factory wired on req.)
« Attractive metal and plastic case 2 rolls of paper for $5.00 ®256 byte multlline buffer $799

Integral Data Systems

®

Check the iImpressive
features on Integral's
IP-125 Impact Printer

only $799

LOADED WITH EXTRAS AT NQ EXTRA COST

® MiCropracessor controlier ® henad R52120 toteriace ® Pacaitel THL teves iledtace o b un
unO®r and tower cate ASCIL character o) (36 cnaraclers) & Fun B ™ anch wide paper @ Line
angin of B0 colurmay at [0 charactess pes 1nch ® Irn@act grnting ® Fud drl matea & LIrdatary
pepel toll dantald, oo aheet * Seodal DAad rdate 10 1200 Bls per secund ® Mulliple Luve tutler
Of 256 cnaractery ® inttantaneaus meont rate o |00 cnaraciers ped second ® Mullagle copir
withoul Jgjuiiment & Reinking (DD oN mMacharin B Ergnt paned gpecalon contiat « Alfrsclive
1abte Tuo Cansme

IP-225 Integral Data System (P-225 Tractor Feed Printer
® All standard features of IP-125
e Tractor feed paper driv

®
e Forms Control Option (P1250) $945

Jruwennal

Gen  Pupow DIF dowdm
wilh Bug Patisrn for Solder or
Wie Wrap Epony Glass 1/16°
44 pincon wpacrd 156

3690-12
CARD EXTENDER

Cardt Eutendes hus 100 contacil 50 per hide - 1
an 175 cenlen AT(CNEd CONNCTON 1§ £om ¥

patbie worh 5-100 Bus Syirema 87500
M0 85" 224 pw. 188 cory

N Eatendery

MIT96°x487 ..
WIT2RE n AL L

FILA )
LN

itV
[T I8!

19.95
14.9%

#1200

yzx Plugboards
8800V

Microzomputes  processor
plugboard Use with 5.100 but Com
plete wnih heat unk & Rardware
53w 102 11167

Seme 41 BB00V excenl plan  lem
powet Dutes & hear unh

HiQenuity  Dualbn Line Plug
board  lor Wee Wiap wionh
P patiern plughoards tor IC7y Power & G Buws Eposy
Epaxy Glan 11167 #4 mn con Gtazs 118" 44 pen con spacec
waed 156 156
59 1074
1285 1508 MWETES A4S . S188 FL LR T FT K- 311
V4 1IN ME2-298 45", . 51145 WI2-28.5 w45,

. H.H)
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PLACE ORDERS TOLL FREE:

® 12" Biack and White
® 12MHZ Bandwidth
® Handsome Plastic Case

$139.°%°

KiM-t  Modute monil-
of, programs stored in
2048 AOM Bytes. User

Manual, Wall size
schematic, Hardware
manual, Programming

manual. Programmers
relerence card.and

CASES — $29.95 Keyboard display.

NI DG L LIRLN hOUBLE DENSITY

Assmb. & Tsid: $299.00

JADE'S

Controller Board
KIT: $249.00

mSingle or Double Densily Recording
BFull Size or Minl Fioppy

BCP/M Compatable In either density

|Programmed Dala Transier, no DMA
mControls up 1o 8 drives

WIBM tormal In either density

Sl Sal ble O It

¥

TEE, 5245

6502 — Dpased single board
compuler with keyboard/dis-
play, KIM-1 hardware compa-
tible, compiete documentation.

SYM—1 CASE $39.95

MICROPQOCESSORS

® This controler utilizes lhe proven
reliabllity of the IBM siandard format
as well as the laslest phase-iocked-
foop for data seperation. B All clocks
are generated from an on-board
cyrstal oscillalor m Right precompen-
sation is used to enhanced data
recovery reliabiiity in the double
density mode W Oensity selection ie
enifirely iransparenl te lhe user m
Singte and double density diskelles
can be mixed on the same syslem.

JGA 16 tuses 2708 o0

JADE Z80 BOARD

IMPROVED DESION AND
FEATURES
ON BOARD 2708 o1 2716 EPROM
VERY RELIABLE AT a MH? OR
2 MHZ

POWER ON JUMP AND RESET
ON BOARD USART (8291)

2MH;z

(.11 $1358,
Assembled & Tested $185.00
4 MH;z
L1 $149.95
Assembied & Tesled $199.93

Bare Board $ 38,

wilh full documentation

Kt 00.00
Assembied & Testea $|49 9”5
Bare Boara $ 30.00

EPROM BOARD KITS

$69.95 |

2716

$00/421-5809 Continentsl U.8.
800/262-1710 inside Callfornia

N RPPLE TR 80 RPPLE | TRS. B0~ APPLE - TAS B0
Jade Memory

Expansion Kits for

TRS-80 and Appie!

4116y
Everything a person needs to
add 16K of memory. Chips
€ come neatly packaged with
£ easy to follow directions. In
minutes your machine Is
ready for games and more
advanced software.

$82.00

SY1e gt 085U 1+ 3 bl e 08 SHL - 3l 08 SY LW

80*APPLE*TRS-80*RPPLE

"¥8-SH1e 3\ddte 08-St Le 31ddb« 08-St Le 3Wid 0 ]

“IMSAI"-TYPER CARD
GUIDE SPECIAL:

Regular Price 304 each
SPECIAL: 10 for $1.00!

$16 95 e —
zao {ann) 20 00
el it
1 D
i i NOcAWeil AINL-85: The Hoad-Start
ca02 2590 In Microcomputers
i
B035-8 .
sgggA 3,2 gg A b;lM: compatible machine with
. an-boar rinter and a [ !
TMSI900TL 44595 3;5 00' /1K Hi%i eybaard
BMOA SUPPOHT DEVICES 560 50.00 :,4'( RAM
azu s63 4K assembler/editor in ROM: § B0.00
azza pany a.30 B BASIC in ROM: £100.00
ggza (AMMz) g.?g Power supply: $ 59.95
azas 6 40 Case for AIM-65: $ 4995
8238 640 . .
8243 $800 Special Package Price: $599.00
8253 $20 00 AlM-65 (4K ), Pawer Supply, Case, and
B25% 6
8257 520 00
8259 520 00
8275 79 00 Y B YT E
8279 $18 50
RY
52350 $1095 Naked Terminal ZIP*
R 12 R
pE . FEATURES & SENEFITS ®
1:4‘52%2;? : 232 ® 80 character by 24 line lormal (Model 57} @ Dlp ll
IMEA0] $ 200 Completely self contained terminat glectronics, usl
BAUD RATE GENERATORS sdd CCTV monitor and key baard @ No supporl s Ockets
n‘;ll‘l"c“ o :lg-gg soltware required B Swilch selectable modes: Hall
st Duplex, Full Duplex, Block mode m Block mode o _
a0 PE%Q,UCT 4.00 allows lor editing before iranamit B Keyboard o] ©
6820P 660 interface provided m Fully assembied, sockeled, I
6821P  6.60 tested, burned In, and guaranteed for a fult year | ToToRas]
ggggﬁ :égg from date of purchase & Video is swlich selectable
6850P 865 “Black-on-While” or "While-on-Black” «ZERO
6852P 11.00
6860P 9.25 $-100 EDGE CONNECTORS INSERTION FORCE
6B62P 12.00 sockets
sa71e 28 75 M AICES:
CHARSAs(a:g':R GENERATORS 250 solgenan s m$3.25 each 16 pin Zip Dip 1 $5.50
or $35.
2513 Upper {-12+5) $ 675 Wire Wiap $4 00 each 24 pin 2ip Dip 11 $7.60
2513 Lower (-1275) 675 10 ot $40.00 40 pin Zip Dip 11 $10.286
2513 Upper (5 VBIt) 9.75
BRaTRaSh  hed
wan B
PROMS
ITOZA $5.00.
e Computer Products
27)6 5~12)'n 46000
555‘,3? {mm_ .g%%% 4901 W ROSECRANS AVENUE ;F;:;;::f;;emm
- Department “F" 3
NNeB /116 (200m) 12.50 HAWTHORNE. CALIFORNIA 50250 {800) 421-5809 Continental U.S.
210474096 4.00 USA {800) 262-1710 Inside Calitornia
21078-4 3.95
TMS54027/4096 (300ns) 4.00
STATIC RAMS 1-15 16—100 @ 00000 MR TN DAWUY a0 VA -
i 1 1R
ns. B
g}OI } : ggg g.gg Cash, chacks, monay orders, and credit cards accepted, Add
2IH i $ 2485 > 265 freight charge of $2.50 for aorders under 10 Ibs. and $1.00 service
FLOPPV DISK CONTROLLERS : charge for orders under 3$10.00. Add 6% sales tax on all parts
7171801 $39.95 delivered in Cafifornia, Dlscounis avallabta at OEM quantities.
179! $49.95
KEYBOARD CHIPS
AY5.2376 $i3.75 WRITE FOR OUR FREE CATALOG
AY5-3600 HH] All prices subject to change without notice.

h MMS5740

Clrcle 195 on inquiry card.

Vew Prices

DYNAMIC RAM BOARDS
EXPANDABLE T0 64K

32K VERSION s KITS

Uses 4115 (8K x 1, 250ns) Oynamic
RAM's, can be expanded in 8K
ncrements up to 32¢C:

BK $159.00 24K $24%.00
16K $199.00 2K $299%.00

4115 SALE
8 for $39.95
64K VERSION « KITS

Jses 4116 (16KKx 1, 200ns) Dynamic
RAM's, can be expanded in 16K
increments up to 64K:

16K $249.00 40K $46%.00
32K $369.00 64K $569.00

STATIC RAM
* SPECIALS *

2114’3, low power (1024x4)

1-15 16-99 100 +
450ns 8.00] 695 [ 5.90
300ns 9.00| 8.00 | 6.50

450ns 8.00 | 7.50 |&6.50
300ns 9.95 | 8.7S |0.00
1

4200A (4% x1, 200ns)
9.93 | 0.50 lo.oo

TMS‘O“/MMSr57, low power

410D (4K x 1, 200 ns;

STATIC RAM

JADE 8K

Kits: 450ns $125.98
250ns $149.75
Assembled & Tested:
450ns $139.73
250ns $169.75
Bare Board: $ 25.00

16K — Uses 2114’s (low powar)
Assembled & Tested:
RAM 16

250ns 375.00

RAM 188B(430ns 325.00

16K with memory management
Assembled & T.'Y

RAM § 250"! $390.00
RAM oufuom] $380.00

32K Static

Assembied & Tested;
250ns 798.00
430ns 728.00
230ns Kit $575.00

BYTE Junc 1979 273
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Unclsssilicd Ads

MUST SELL: SwTPC 6800 computer system, in-
cludes 16 K programmable memory, two serial
ports, PerCom Data CIS-30 plus cassette storage
unit, software and manuals. $525 buys everything;
shipped post paid. Don Domek, 535 Burlington,
Billings MT 59101, (406) 248-3477.

FOR SALE: One SD sales expandaram set up with
integrated circuits for 16 K (for 115-41); has prob-
tam. Data can be enterad and retriaved but pro-
grams will not run, $200. CFI add-on memory for
18M system )11, mod 6 or 10, 16 K. Working con-
dition, with cables, $2000 or best coffer. Norm
Doty, 53 Kauiman Rd, Chesktowaga NY 14225,
{716} 892-8829.

FOR SALE: KIM system KIM-1 Computer, Enclo-
sures Group case, miniature 4 K wire wrap memory
121L02s), TVT-6 video intarface, surplus vidao
monitor, Radio Shack ASCli keyboard, oscillator/
driver board and speaker, 1/O (input/foutput) con-
nector block, 5 V. 1 Asupply, 5V, 2 A +12 V,
1 A supply. All for $450. Ron Kushniar, 3108
Addison Ct, Cornwells Heights PA 19020, {215)
767-9057.

FOR SALE: IMSA! 4 K static, $80. MITS 4 K
dynamic, $50. Tarbell cassette board, $30. MITS
ACR, $70. MITS disk drive with BASIC and
FORATARAN, $1,300. MITS-Okidata printer with
controller, $1,500. All boards fully socketed and
factory checked our. Make offer. For wrade: BOSO
FORTRAN MITS disk version for B080 COBOL or
MITS timesharing BASIC. Manuals available. K A
Roberts, 105660 Main St, Suite 515, Fairfax VA,
22030, {703} 591-6008 or 378-7266.

FOR SALE: SwTPC MF-6B minifloppy disk sys-
tern, $850. CT-64 terminal with two pages mem-
ory, screen resd board, etc. Alse CT-VM maenitor,
$450. Two MP.-8M memory boards, $190 esch,
Expendor black box printer with bese, cover and
case of paper, $390. Will make good price on TSC
disk software to purchaser of minifloppy. All units
are complete with documentation, were assembled
by a professional and are 100 percent functional.
John Gorman, 143 Chengult Rd, Lexington KY
40502,

FOR SALE: Digital Group 2-80 26 K, dress cab-
inet, 64 character TV controller, two Phi-Decks
and controller, PHIMON, Business BASIC etc.
Original cost over $3,000. Will sell for $1,995.
William C Dewbercy Jr, 314 Interbay Av,
Pensaccla FL 32587, {904) 456-1061.

FOR SALE: A complete computer system consist-
ing of an Altsir BBOO-A with 36 K of static pro-
grammable memory, a8 North Star § inch floppy
disk drive, VOM-1, 3P+§, Cherry Switch keyboard,
ALS-8, Sanyo video monitor, Bytesaver, and a real
time clock. Highest offer ahove $1700 accepted.
Also, So! motherboard computer for $500. Juan
Rivera, 354 Marshall Dr, Walaut Creek CA 94538,
{416} 936-3235.

FOR SALE: Used Selectric (/O linput/output)
printer Mode! 731 in working condition, $450.
TVT |l bosrd assembled with full data $50. Core
memory plane 4 K by 16 bits or 8 K by 8 with
interface and drive information $50. Shipping
extra. Ted Becker, 317 158th St SE, Bothell WA
98011, [208) 743-1321.

WANTED: Back issuas ol BYTE, Interface Age,
Popular Etlectronics, Popuiar Mechanics, Radio
Electronics and Scientific American 1n  good
condition, Send details of holdings and price.
Also, | have some duplicates of the above maga-
zines 10 sell or swap. SASE would be appreciated,
Michael Carter, 62B Escondido Village, Stanford
CA 94305,

June 1979 & BYTE Publications lac

FOR SALE: AMDS511 arithmetic integrated cir-
cuit on $-100 card with BASIC-E. Calculate SIN
(X} in 2.8 ms in BASIC. $250. G Lyons, 280
Henderson St, Jersey City NJ 07302, {201) 451-
2905,

WANTED:  Microcomputers; TRS-80, PET,
Apple; any condition and quantity. Immediate
cash svailable or trade for DEC POP8e, I, m. 4 K
PDP8m with teletypewriter interface $1100. Port-
acom briefcase ASCIl terminals with modems
£595. K2DCY. Box 632, W Caldwell NJ 07006,
1201) 226-9185.

FOR SALE: Digital Group 10 K Z-BO system,
assembled, includes MINI-BASIC, MAXI-BASIC,
Assembler I, Editor, Op-sys, and all documenta-
tion. Asking $1000. Will consider selling compo-
nents separately. Also 8 K of 21102 integrated
circuits, 450ns; unused, $65. J € Tucker, Box
4338, APO NY 09223.

FOR SALE: Surplus pipe organ parts. Oirect
electric chests, keyboards, console, cable, and
veripus runks of pipes. Low pressure, good to
excellent condition with reasonsble to ridicu-
lously tow prices. Also Friden Flexowriter, Potter
high speed photo tape reader, 8 level punch and
reader with power supply and interface electronics.
Ferranti tape spoolers, other readars. Preter pick-
ups. Andy LaTorre, 46 Ellis Av, Northport NY
11768, 1516} 757-1913,

FOR SALE: Vista 5 1/4 inch floppy disk drive
with §-100 controller znd cables. Factory assem-
bled, mint condition. Tao small for my needs. |n-
cludes CP-M, BASIC.E compiler, VOS assembler,
text editor, other utilizies, plus five diskettes of
software and games. Paid $750, asking $500,
Alsn, new cabinet and power supply for above.
Paid $80, asking $50. David Schwinck, 2221 SW
14th, Lincoln NE 68522,

WANT TO TRADE: Have a Kenwood KT5300
tuner and KA?300 niegrated amplifier with
CT-F9191 Pioneer cassetie and Infinity 2000 I
speakers in excellent condition. Worth $2600
aew, Would Ilke a good computer system with
mini disk of similar value, Leroy A McDaniel,
916 N 4th 51, McAllen TX 78501,

FOR SALE: Complett assembled and running
microcomputer system. Includes 680b mother
board with cabinet and powar supply, 16 K static
memory, 680 KCACR cassette interface, 8 K
BASIC on casselle, Assembler and Editor on
paper tape, SwTPC. CT-1024 1erminal system
complete with all options plus cabinet for key-
board, scrolling conversion kit, and fully sacketed
with 74LS series integrated circuits. Asking $1000
US. R Pieracci, 43 Maytield Rd, Regina
Saskatchewan CANADA, 54V 087.

WANTED: Manuals fo- Wang BAS system. Also,
software suitalle for Wang 2200C cassette based
computer, J € Thompson, POB 128, Monee IL
60449,

FOR SALE: Four 8 K memory bosrds for Heath-
kit HB{WHB-8); assembled, tested and burned in.
Heathkit price, $250 each; asking $195 each or
four for $760. Henry Fale, 2918 S 7th St,
Sheboygan WI 53081, i414) 4524172,

FOR SALE: Intel SOK-BS development kit;
fully assembled. 3 K programmable memory,
cassette interface (software in 2708). Powermate
PS 9§ V/6 A. All integrated circuits socketed;
contain all connectors. Packaped inside attache
case, Full documentation. First money order for
$375 gets i1; | pay shipping. L Stroll, 211-05
85th Av, Hollls Rills NY 11427, {212] 464-7341,

NEW UNCLASSIFIED POLICY

Readers who have eguipment, sofiware ar orher sremy
0 DUy, £ ar Jwap shouid tead i 2 Clsarly typed nolce
fo that effsct. To be connderad for pubhcation, an adver.
niamen! must be clearly noncommarcial, typed double
spaced on plain white paper, contsin 75 words or Jess, and
inciude complete name and address information.

These natices are free of charge and will be printed one
1ime only on & space avarlable basii. Notces can be o
cepted from individfuals or bona fide computer users club
onfy. We can engage 0 no correspondence on theie ang
pour of i i an ssue ol
BYTE.

Flrase note that it may rake thareg or four months for an
ad 16 appear in the magarme B

FOR SALE: SwTPC M6800 with 8 K memory
$300; MP-A processor board $100; AC-30 $65; 4 K
memory boards $60; MS) 2708 erasable read only
memory board $B5; Digital Group Phi-Deck
systam, two drives, cantroller {not werking), soft.
ware, $250: above items fully socketed. Phillips
Digital cassette drives, simple interface $125;
Heathkit oscilioscope 1/0  linput/output) 105
15 MHz, dual trace $425; Sols constant volt.
age xfmer, 750 W $150. Jim Georgoulis, 504 Fort
Drum Dr, Austin TX 78745, {512) 441-6568.

FOR SALE: Two MITS Alair 4 K memory boards,
model B8-4MCOD, assembled and in service now,
no bad bits. Includes original documentation. |
need the slots. Price $75 each, posipaid and in-
sured. Money order or certified check, or allow
three weeks for personal check 10 clear. Lewis
Mosley Jr, 2676 Glendsle Ct ME, Conyers GA
30208.

FOR SALE: IMSA! microcomputer with 28 X
programmablie memory, read only memory board,
Tarbell cassette interface, poly video board, key-
board, monitor, and cassette tape recorder. All
documentad and working, $1300. Leo Breiman,
905 Centinela Av, Santa Monica CA 90403,
(213} 828-2840 or 828-7411,

FOR SALE: Seattle Computer Products 16 K plus
static memory, $350; Tarbell Electronics floppy
disk controller, $225. Both new, factory assembled
and tested units. Glenn Nelfson, 205 Meadows Rd,
Whitefish MT 59937, {406) B62-3854.

FOR SALE OR TRADE: S D Sales, 16 K Expand-
oram [has sockets for 32 K). This board will not
work with DMA aor any application thal requires
wait states. | prefer to trade for static mamory,
| will selt for $200 ONO. Wayne Miller, 905
Fairmount Bivd, Jefferson City MO 65101,

FOR SALE: One Processor Technology VDM-1
board kit, $130; one Processor Tachnoiogy 8 K
programmabla memory board kit, $170. Both kits
in original factory package — never opened. Best
offer. Joe Haran, 607 Painters Xing, Chadds Ford
PA 19317, (215) 358-3346.

FOR SALE: Assembled Cromemco D+7A analog
11O finput/output) board. Ribbon cable and edge
connector included, ) will include all driving and
applications sofiware | have writtan to date. Ex-
cellert condition, only $112. John Peterson, 1820
Camino Dr, Farest Grove OR 97116,

FOR SALE: 8 K programmable memory board,
§-100, fuliy buffered. Memory protected,
NEC21021.450. Used over 50 hours; $129.
J Grina, 1284 Fitield PI, St Paul MN 55108,

FOR SALE: Model 123F Expandor/Mite printer.
Complete with case and interface electronics.
Ready to plug into any 8 bit parallel port. Full
documentation, $325 postpaid. A P Stump!,
Box 1603, Litchfield Park AZ 85340, {602)
935-2053.

FOR SALE: A limited number of BYTE, Volume
1 #1, in mint condition. Never been opened.
Highest bids can heve them while they last. Joe
Haran, 807 Painters Xing, Chadds Ford PA 19317,
(215) 358-3346.

FOR SALE: Digital Group Z-80 26 K system,
keyboard, dual Phi-Decks, printer. All working,
in dress cabinets; Jots of seftware. No reasonable
offer refused, Scott Bishop, 2221 Charlotte Dr,
Maitland FL 32751, {305} 869-4203,












OHI0 SCIENTIFIC DOES IT AGAIN

Ohio Scientific has taken its standard C3 computer and
married itto the new Shugart 29 Megabyte Winchester
Drive. The resultis the C3-C. This new microcomputer
now fills the vacuum that existed for computer users
who need more mass storage capability than floppies
can offer — yet until now, could not justify the additional
cost of a larger capacity hard disk computer such as
our C3-B 74 Megabyte disk system.

Winchester Technology
Winchester hard disk drives offer small business and
professional computer users the logical solution to
mass storage problems that are beyond the capability
of floppy disks. In addition, Winchester
disksfeatureatrack seek-
time that is much better
thanfloppies and because
they spin at eight times the
rate of floppies, Winches-
ters have a shorter latency.
Both of these points reflect
one remarkable speed
advantage Winchester disks
have over floppies.

Coupled to the C3 Computer
Ohio Scientific's award win-
ning C3 computer is a classic.
It is the only computer series
that utilizes the three most
popular microprocessors —
6502A, 68B00 and Z-80. This
tremendous processor versatil-
ity enables one to utilize a seem-
ingly endless selection of quality
programs available from Ohio
Scientific's software library as
wellasfrommanyindependent
suppliers.

And Advanced Software
For instance, there are single user,
multi-user and network operating
systems. A complete turnkey small
business package, OS-AMCAP pro-
vides accounts receivable, accounts
payable, disbursements, cash re-
ceipts, general ledger, etc. OS-CP/M
offers a complete FORTRAN and
COBOL package. And there is WP-2, a
complete word processing system. For
information management, OS-DMS,
features an advanced file handling system
and program library that simplifies informa-
tion storage and recall and routinely per-
formstasks which usually require special
programming on other systems.

OHI0 SCIENTIFIGC

1333 S. CHILLICOTHE RD., AURORA, OHIO 44202 (216) 562-3101

OEM pricing available

Yields the Microcomputer of the Future

With an eye toward the future, the C3-C, like all other
C3'swasdesigned with provisions for future generation
16 bit microprocessors via plug-in options. There are
ten open slots for lots of I/0'and multi-user operation.
Truly, the Ohio Scientific C3-C is a computer with a
future.

The new C3-C computer
with 29 Megabyte
Winchester Hard Disk.

$9340 with 48K static
RAM and OS-65U
operating system

600K byte
Dual 8" floppys

Easy to configure
and service.

Rack slide mounting
on all subassemblies..
10 open slots for
expansion.

Shugart SA-4008

29 Megabyte
Winchester Disk

(23 Megabytes of
formatted user space
under 0S-65U).

Circle 290 on inquiry card.
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