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OPTIMIZING KEYBOARDS?
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With the ability toredetine ey strokes
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just within the confines of o stundard
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Paputar Science April 1977 and sketched
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HIRED GIRL AND THE MOWBOT

Re: James F Ward (Ash BYTE,
BYTE, Volume 2, Number 4, page 59):
There is a tobol lawnmower. L is
called “"Mowbot,” and has been written

%\;}CUCIV ol

Hardislbou
(502 257-9806

K’vj Yol 43

up in magazines such as Scientific Amer-
jeanr and Lsquire. Tt is a selt-propelled
mower that covers the area to be mowed
in « random walk. Qut-of-bounds areas
are marked by a wurrent carrying wire
burivd just below the surface ol the
ground; the Mowbot senses the magneltic
ficdd around the wire and “bounces”
olf the boundary in a random direction,
{1 it contacts an object, it stops. Besides
not requiring 4n operator, one claimed
advantage is  that the random  path
cavered by the machine eliminates un-
desirable  mowing patterns.  The  time
required to cover a given arca in a

random path is surpisingly not much
greater than the time required using o
regutar path (nonrandom path). This
gadget has been marketed fur some
time. A similar idea could be used tor a
home vacuum cleaner, although making
it small enough to sweep under the
furniture would be a tough mechanical
problem. Those who were devotees ol
B grade TV as children will recall a
“Science Fiction Theater™ story that
featured a mysterious couple hhom the
future who used such a gadger in their
hoome, OF course, Dan Davis has alicady
invented i, (Sce Heinbein, R A, fhe
Deowr into Suosnner, Signet Books, Mew
York). | bought it when paperbacks woere
still 50 cents, In the book, "Hived Girt™
was st marketed in 19705 however,
nat in this universe.

William R Hamblen
946 Evans Rd
Nashville TN 37204

MORE INFORMATION ON MOWBOT

I nclosed s a0 data sheet o the
Mowbot automatic fawnnmower which |
distribute i the Cindinnati OH area
This lawnmower has been atound tor al
least seyen years and costs considerably
fess than the $1500 quoted in the Tettes
tom James Ward tound on page 39 ol
Aptit 1977 BYTE.

The lawnmower is completely aulo-
matic and  will cut dround  trees, por-
manent obstacles and patios with no
problem, The seaet to the Mawbot's
pettormdnce i in o buricd 1B ogauge
coppur wire which is pliced around the
perimeter of your sard abour 1 oto 2
inches below the sarlace. The signal
generator which comes with the Mow-
bot generdates o high Trequency current
which the NMowbot will detect and ian
away  brom, The Mowbol's paltein s
campletely random svhich gives youor
Liwn a finished manicored ook, And
meanwhile, you e oft watching TV,
playing goll or warking on your robol
to  dean your house (& chore ihe
Mowbol will not presently pedorm).

| thought you might be interested in
this "'robot"” lawnmower. H 1 can be ol
ANy mMOore assistance, pledse let me know,

Kim Polleck
11824 Fairsprings C1
Cincinnali OH 45246

The Mowbot 7 muntuciised by
Kistler Products, 9 Hacket Dr, Tono-
wanda NY 14150, A factory represed-
tative in phone conversation said thal o
fimited number are available from staock
for $775. The company afso muarkels a
swimaing poot leaner witich works on
u similar principle,

SMALL COMPUTERS

While skimming /DN magasine this
morning | found an item that biought to
mind your April 1977 editorial con-
cerning Arthur Clarke's Minisee. Pages
43 1o 46 ol the April 20 1977 issuce of
EDON have an article on a microproces-









problem really exists, start in quadrant
1, 1 sector 1, 1 and move in dircction
3 with a warp factor of 1 (Q1 = 1T,
Q2=1,51=1,%2=1,W1=1,C1=3),
You will find that you end up in quad-
rant -1, 1 sector 8, 1 and the next time
an array is indexed with the quadrant
coordinates you will have a problem.

Exactly what one should do isn't
clear: you can either type a nasty er-
ror message and stop the ship at the edge
of the galaxy, or you can make the
galaxy “'circular” so that the ship comes
back in on the other side. In my original
correction | moditied the move section
to actually move the ship from one

AN APL BIGOT SPEAKS

DEAN EDITOR,

Yuu NAY CONCLUDE FROM THIS LETTER

UFE COURSE, AKE CORRECT.
11 USING MY APL ELEMENT (4817).

THAT T AM AN APL BIdoT. You,
I AM TYCING THIS LETTER ON MY OCELECTRIC
FRESENSLY D00 Noi HAVE

1Y WA

PERSONAL COMPUTER SYSTEM BUT AM LUOKING FURWARD Ta THE DAY WHEN

I CANBEGIN THAT PROJECT.

I UskE

(O MISUSE) APL ALMCST DATLY IN

MY WORK ARD OCCASIONALLY HAVE AN TBM H100 AT MY UISPCSAL FuR A

WEEKEND ., T AM OVERJOYED TO SEE THE
ING TO PICK UP HERE IN THE UNITED
ARNE WAY AHEAL OF US IN AUCEPTING

LARGUAGE THAT IT IS.

I REAL WITH INTEREST THE ARTICLE ON APL IN THE NOVEMBER BYPE
MEL ARRGLE . THE ARTICLE WAS A cool I
LEFINITION OF THE DPRIMITIVES WAS
ATTON OF THE PRIMITIVES WAS CRUDE
COMPLETE CHAKACTER SET WITH UVER

LETTER S0 THE KEARERS CAN SEE

INCOMPLETE AND THE RE
AT REST. I wini, T'Yre
STHIK

TOIN ALL ITE BEAUTY.

MOMENTHUM THAT APL 15 START-
STATES.
APL A5 THE CONCISE DROLGCTIVE

CANADA AN ENRODPE

IRTRGIUCTION T AL, THE

Al THE RBoPToN oF MY

ARNOLLY MICAO-PHOCESSOK AL GPECIFICATTUNSG MY COMMENT 195 ' . BACK
TO THE DHAWING BOARD.' A MICRU-TPROCESSCA TS5 NOT A 1607570 70

WitY &ioDT THEIR FORMAT.

ALSY USING

G BYTES TU REPRESENT A

CHARAVTER 1S KIDICULOUSG. 1 HAVE READ OF AN APL IMPL NIATTON

DUONE TN EUROPE ON A 16-BI7 10K
AL LANGUAGE .

MACHINE THAT UDED THE <0
THEY HAD DISKD ATTACHED T THE  MACHINE. I THINK

PLETE

THE ANSWER 15 T0 USE A COMBINATION OF FLOFEY DISK ANL 1THOM/ROM

rUOURCVIDE THE INTERPRETES.  THE
PULL APL LANGUAGE IN 16K, JUN'T
MICKG?  (LET ME EXFLAIN THAT MY
O ANY ENOWLELGE OF WHAT THEY WEALLY ARE 15 MEAN. YR JdusT
KEAL 'HE TERMS AND HAVE A VACGUR
SOFTHARE ORIENTEL. T DON'T HAVE

IN THE FEBRUAKY [SSUE UF BYIE I
FINDING AN APL ROM.

GET THE DESITREL RESULTY

FINALLY, THE BYFPE BUARE SHOULD

FoU ACCEPPED AN ARTICLE FRUM DA,
A DPICTURE OF A HOME- BREW MODIFIED

WOtEE ON THE CORVERSTION. | NAVE
Fof INSIRYCTIONDT ON HOow o
ANV HEN ARTTOLE FRoM DIV, WEL]

CoMiEe BAT

-

FURLTY
UF i)

MAVING

I ENGQY Yu
CUMPL 2

ShoU
VIV 4

L;)TEHELF. .
v
/. e —
).f;)du /f A e /LLL»

TARY & LUTHER

SUMEION
I

nho1
ROCHELSNER, TL nIsg

AGATH, 1 MAT
7O ME THAT THE IBM S1u0 MUST HAVE
GENERATION. CAN THAT BE INTERFACED

MAKE

CEONITHUT A COMPLETR PETATLE
DESCNITTION F MR DELESTRTS CoNVERS TN

STGN Youl PEASN .

ATION ANt &Y
itavy

Pl
P

ON CaLiFORNIA

TaM H100 MANAGES PO BUT O THE
THERE & SIMILAR APPROACH FOR

OF PROM/RUM 1S NoT BAS

IDEA AR VT THEM. IoAM MORE

HARODWARE KNOWLEDGE . CHELPTD)

SEVERAL LEVTELS AGHNTNG AROUT

BE WAY nNVER MY HEAD, U SEEMES

Hod ok METHIN POl CHARACTER
WITH FXTOUTING SYGrRENS TO

HUNG FrRobM THE NEAREST YARDARM.
KENNETH £,
SELECTRIC
REAL MANY y

WELLES WHICH CONTAIRED
PEWKRITER AN ROT A

TOIN BYTE BEGUGING
TR OYou ACeEDT

CUNTA

PholES0 D WILL PRNGONALLY

PO MENE TS THAY BEAOTINO CHARACTER SETOD TR OMIIFD
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Lo e QRN YOI OP ASDEGEIRLL L TN VRNM, sFAlYAvAT

Intormnation on Sclectric conversions
is coing; have patience. Dan 1vistra’s
article un the 1O Selectrics is a 1irst step,
for the viectronics of his intertuce is the
sime as that required for u comverted
el machine, Fhe mechunical detufls

of the intertace are discussed in one
urticle  presently being  edited and  u
secomnd drticle promised (bul nat yvel in
our oftice). Both ot these tuture articles
e wiitten by people who have sugcesss
fally uccomplished warking sy stems,
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sector to lhe next, across as many
quadrants as necessary to complete the
move. This single stepping allowed me to
catch the ship in the act ot trying to
leave the galaxy and to stop it at the
edge with a warning about navigation
out of the galaxy being prohibited.
These changes or those to implement
any other redasonable solution are not
difficult but do require caretul thought.

In hand tracing my c¢xample above
vou will find a bug new to this version:
the array C (which is used in course
calculations) is not completely defined.
In tines 170 and 180, only 11 of the 18
clements are initialized. What the other
scven have in them when they arc first
used (presuming your system will let you
evaluate  expressions  with  undelined
variables in them} is anyone’s guess and
will most certainly not be what you
want, The other seven values should be
detined in say tine 185 as follows:

185 C[1, 2] = ¢l2, 2} = ¢l6. 1]
= ¢|7, 1] = cls, 1) - cl8, 2]
=C|9, 1] =1

| don't wish to sound like I'm putting
Mr Price's work down; overall, this ver-
sion looks quite 1casonable. | do have
two suggestions (both are things that
were in the original bul dare not in this
version) which 1 feel make the game
moic enjoyable.

I. The short range scans should bu
completely optional as they take
& Jong time 1o type on a Teletype
and dre often not needed.

2. The player should be told what
quadrant and sector they we in
after  cach  ship movement. It
seems 1o me that this game would
be very ditficult 1o play since you
don't know where you started
nor where you are in the walaxy,
How do you know where to look
lor the rest ol the Klingons
without wandering around aim-
lessly hoping o tind them? (Not
knowing  where  you've  beea
makes it hard to know where you
haven't been.) This Lack ot intor-
mation also makes the “Hight out
of the galaxy' bug worse; il you
don’t know where you are it's cas-
ier to go too far the wrong way.

| also secem to remember that there is
a problem in the library computer sec-
tion, but I don’t remember exactly what
or where it is. Perhaps it has been cor-
rected in this version. I it comes back
to me Ul let you know,

John Suafford
4231 Casa de Machadao
La Mesa CA 92041
jwsiunis

HOMEBREW?
First of all, as a newcomer to BY TE,
I must say you have a4 very good set up,

but after reading awhile | must call

Continued on page 136
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E H Anthony

Zoology Department
University of Guelph
Guelph, Ontario N1G 2W1
CANADA

You and your contributor, Mark Arnold,
are to be congratulated for introducing your
readers to APL. Nevertheless, the article in
your November 1976 issue may benefit from
updating with respect to current usage of
some fundamental terminology, especially
for those who may have encountered APL
for the first time in your journal.

Arnold lists functions such as + X =+
“Iebut calls them operators. They are
tunctions. Then, when he gets to operators,
such as / and . | Arnold calls them com-
posite operators. They are simply operators.
Is this not merely nit picking? No, it is not.
Is this distinction in terms really important?
Yes, it is. To say otherwise is to overlook
much that is significant in the evolution of
APL.

| believe the corrections proposed herc
aligh with the grain of APL in a significant
manner, Computer languages scarcely bear
close comparison with APL for the simple
reason that it is more than just a computer
language. First and foremost it is a teaching
language. Teaching is the role for which it
was born, Requiring a language to be useful
in teaching apparently invokes a different
and better set of constraints than merely
requiring that it enable us to operate a digi-
tal computer. In general, it may be said that
what is good for teaching is good for all as-
pects of society. Certainly computer science
is not immune to this thesis,

An obvious requirement of a teaching
language is consistency in notation and ter-
minology. The lack of such consistency has
been a common source of difficulty for
those learning traditional mathematics. Com-
mon functions like plus and minus have
frequently been referred to as operators,
while less common ones like sine and cosine

Techaicsl

ORLGNs

have been called functions in the same text.
This distinction in terminology tends 1o
divert attention from the basic activity they
have in common, namely accepting an (non-
functional) argument {or arguments) and re-
wrning a resull. Using lerminology  that
relates them Lo the same class of activity
emphasizes the underlying unity. The term
function seems admirably suited to that
usage, although the choice is obviously
arbitrary.

Operators perform a higher level of ma-
nipulation in APL. They are characterized
by the fact that they take a function as one
or both of their arguments. (Their introduc-
tion necessitates & hicrarchy in the order of
cxcculion, such that operators are executed
prior to functions.) The differences between
function and operator in APL may be illus-
trated with reference to the symbol /[,
which serves dual roles, [f we say / O 7
P O/t 2 34 5, we are using the symbol
as a compression function. 11 then has a
Boolean vector as left argument and an ordi-
nary numeric vector as 4 right argument and
returns /3 4 as a result. Note that neither
argument is a function; the only function in
the expression is compression, represented
by /. If, on the other hand, we say +/1 2 3
4 5, we are using / as the reduction oper-
ator. It takes as its left argument a primitive
scalar dyadic function, ie: a function whosc
three properties are indigenous to APL
(present on the keyboard ol an APL ter-
minal), that it is defined initially for scalars
{single numbers), and that it accepts two
arguments. In this specific instance, the left
argument ol reduction is the plus function.
Plus reduction is summation and the oper-

Continued on page 106
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Leon Sweer

Thomas Dwyer

Margot Critchfield
Project Solo

University of Pittsburgh
Pittsburgh PA 15260

lander simulation.

Photo 1: A detail of the actual model, in operation in the authors’ Project
Solo laboratory at the University of Pittsburgh. The program used to drive
the output device is a relatively conventional BASIC version of lunar lander,
with modifications to use the analog inputs and outputs diagrammed in figure
1. Input comes from a “throttle’’ stick which is a lever mounted on a poten-
tiometer read by an analog to digital input conversion channel. Outputs
from several digital to analog conversion channels drive display meters (see
figure 1), as well as the voltage set point of the motor drive electronics
described here, In the authors’ system, these analog conversion functions dre
provided by a Cromemco conversion module which plugs into an Altair
(5-100) bus backplane of the computer which runs BASIC for the lunar

Controlling Small DC Motors

with Analog Sigr als

(Or, the Key to Making a Realistic Lunar Lander Simulation Display)

Microcomputers are starting to show up
in an unexpected variety of places: en-
gineering labs, businesses, factories, golf
courses, radio stations, the home, and most
recently, the classrooms of adventuresome
teachers.

One consequence of this growth has been
a rapid expansion in what might be called
“blue sky' thinking about how computers
might be uscd. Amateurs aren’t afraid to
fantasize a bit, knowing that’s where half

“the fun lies. Even when these ideas are too

ambitious for immediate implementation,
they often suggest simpler partial projects
that will eventually fit in as components of
a bigger system. For cxample, getting
simple black and white graphics to work
on CRT monitors could be the prelude to
running a more ambitious sound and color
“spectacular'’ under computer control.

Our experience at Soloworks in applying
computers 1o education indicates that
working at this imaginative level helps
foster the natural ability of people to learn
through creative explorations. This in turn
supgests that the more flexible the tech-
nology, the better the learning. Computers
hold special promise because of the way
they can be “transformed” with software.
Their main limitation has been at the inter-

18

face level. For example, it has not been easy
to find hardware for controlling ‘‘things’
(as opposed 1o symbols on a terminal).

An important first step in solving this
problem has been the appearance of analog
to digital and digital to analog interface
boards (eg: the Cromemco D+7A). On the
input side, continuous joystick control now
becomes easy. But what about output? In
particular, it now makes sense to ask if a
computer can be used for control of con-
tinuous DC motors. We'll also want Lo ask if
computers can move things according 1o
algorithms that specify position. The answer
is yes, provided that (a) we can find a way 1o
amplify the analog output so it can drive a
motor, and (b) we can create a feedback
path that lets the motor know if it has run
long (or fast) enough to accomplish the task
at hand.

This article describes one simple approach
to solving these two problems. In order ta
make the ideas involved easier Lo follow,
they are presented in terms of a specific
project, namely building a onec-dimensianal
dynamic plotter for use with a "'lunar
lander” style game. However, with a little
imagination, many other applications of
these ideas should be possible, including the
control of several motors.,
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Figure 4: A pictorial schematic of the mechanical arrangement used for the lunar lander model. A main shaft is connected
directly to the motor and has a spool of thread used to suspend the model, The direction of the motor controfs whether the
module rises or falls relative to the ground surface of the planet model as the shaft rotates, The main shaft hus a spur gear which
drives a large gear to achieve a gear reduction which maps complete physical travel of the model lander into the motion of the
pot’s wiper through its complete range.
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one of these conditions is satisficd, the com-
parator output becomes 12 V, and a portion
of that output {usually around 2 V, and
determined by R17 and R19) drives the
motor into its operaling range. The actual
values of these potentiometers will depend
upon the particular motor you use, and
upon your actual physical configuration.

1CS is a high power operational amplifier
capable of delivering up to one amp of cur-
rent at up to 12 V. It s also used as a
summing amplifier o bring together the
voltage commands from the other circuits.

Parts Substitution and Adjustment

None of the parts are extremely critical,
and substitutions can be made. Almost any
operational amplifier that accepts +12 V
can be used {(cg: 741C), and it is not nec-
essary to  use lhe LM306 comparators.
LM311s, for instance, will do. A substitute
for the power operational amplifier can also
be used, but be sure that whatever you use
is provided with a good heat sink.

When the entire configuration is set up,
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FEEDBACK
POTENTIOMETER

\_©) POINT B, FIG.3

POSITION
o) FEEDBACK, Xo

[—0) POINT A, FIG.3

EAR REDUCTION:

'ICK RATIO SO THAT FULL TRAVEL OF
'OT SHAFT TAKES PLACE WHILE LUNAR
10DULE TRAVERSES ITS FULL RANGE
F ALTITUDE

be sure that the feedback pot turns less
than once when the model moves through
its entire range. If it turns more, increase the
radius of the take up spool or change the
drive ratio of the motor pot gears. The wiper
should be almost midway in the pot (O V)
when the model is halfway up in distance.

Apply power and ort the position
command line to ground. The model should
position itself somewhere in the middle of
its range. If it oscillates, adjust the potentio-
meters lo sct the response range of the
lander (R13, R14) and the magnitude of the
threshold motor voltage (R17, R19). Ex-
perimenting with different motors and
gearing sctups should give you an idea of
what type of performance to expect. Basi-
cally, you want the motor to move at a rapid
rate if the difference between the X¢ and X
is more than about 2 V, and then to slow
down as X¢—X, approaches zero.

Use a power supply to apply different
position command voltages to see if the
model "‘scceks” correctly. Don't apply more
than about 6.5 V. If you do, the system will
try to move the model so that the position
feedback is more than 6.5 V, and this is
impossible. Result: the model goes crazy.

Once dll of the above is working, you're
ready to connect it to an integrating com-
puter. The two choices here are a special
purpose analog computer, or a general pur-
pose digital computer with « digital to
analog output board. A discussion of what is
involved in using a digital computer for this
purpose ¢an be found in chapter 10 of the
book An Amateur's Guide to Personal
Computing (by Margot Critchfield and
Thomas Dwyer, Addison-Wesley Company,
Reading MA, 1977).m



4 USERS ON 1 MICRO?!

That's right! The TSC Multi-
User System brings you the
capability you've been ask-
ing for! Four simultaneous
users, all running BASIC,
all independent, and all on
the same Micro!

=\

Presently, the system is
available only for the SWTPC
6800. It includes a 4-user
version of TSC's Micro BA-
SIC Plus. Also available are
8K tape and disc-based
BASICs.

You thought it couldn't be
done, but TSC has done it!
The basic system sells for
less than $130 and is avail-
able now. Write for com-
plete details or visit your
dealer.

7N

*Also be sure to check out
the complete line of TSC
software, including Text
Editors, Word Processing
Systems, Assemblers, Utili-
ties, Diagnostics, [nterpret-
ers, Games, and more!

Circle 110 o0 inquiry card.

Technical Systems Consultants, inc., P.O. Box 2574, West Lafayette IN 47906










with a course entitled ""Computer Calcula-
tions.” The sequence would be offered not
only to full-time students at Franklin, but
also to anyone in the community who, for
either industrial or personal reasons, wanted
a solid background in microprocessors. Stu-
dents would need no previous expcrience
with microprocessors, and the sequence
would be offered as an attractive alternative
to a 3 day seminar.

With the philosophies and prcliminarics
taken care of, implementation of the
sequence remained. By this time it was late
August, and the sequence was scheduled to
begin the following January. Being the
instructor, | was responsible for putting the
entire package together. Two tasks presented
themselves: the first was to adopt a course
outline and prepare corresponding lectures,
and the second was to equip the laboratory.

The first task was relatively casy. The
obvious strategy was to start from the abso-
Jute basics and work upward. Accordingly,
the course would begin with a review of
binary numbers and binary operations. A re-
view of digital logic elements, both gates and
flip flops, would be next, followed by devel-
opment of a generalized arithmetic and logic
unit. The arithmetic and logic unit would
proceed to a generalized microprocessor unit,
followed by a discussion of a particular
microprocessor., Course development could
not proceed until specific laboratory equip-
ment was sclected.

One of the problems at this point was
sclection of a suitable textbook. No general
textbooks on microprocessors were available
at the time. | chose Blakeslee's Digital Design
with Standard MS/I and LS/ because a few of
its chapters covered microprocessors anc
microcomputer system elements. In retro-
spect, the text was not very good for the
sequence because of its constant emphasis
on hardware design considerations.

While preparing the lectures, | began the
process of acquiring laboratory equipment,
Al the time, the two manufacturers who
scemed to be far ahead of the pack werc
Intel and Motorola. | thought that these two
would be in the best position to donale
equipment, considering their stable positions
in the marketplace and their competitiveness.
Accordingly, | contacted local representa-
tives from both Intel and Motorola. | asked
each for any help they could provide, and |
reminded cach that | was talking to the
other.

The Intel representative stated flatly that
there was nothing he could do personally,
but he advised me of a university danation
program, | wrote to Intel in California
requesting more information and an applica-
tion form. The material came shortly there-
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after, and it turned out that each application
was good for up to four kits, each containing
an 8080 chip, 256 words of programmable
memory, 1 K of blank erasable read only
memory, and four 8212 data latch chips. |
made a copy of the application and gave it
to another instructor at Franklin, We sent in
our applications sometime in September; in
mid-November, we received eight kits in the
mail. Each kit contained the chips plus one
programmer reference card.

The Motorola representative said he
didn't know exactly whal to do, but he was
sure there was something. After much corre-
spondence (among him, me, Austin and
Phoenix), he said Motorola would provide
five Microcomputer Evaluation Kits, without
read only memories, if the University would
purchase four kits. Each of these kits con-
tained an M6800, 128 words of program-
mable mecmory, two PlAs, one ACIA, a
printed circuit board, 1 K of read only mem-
ory containing the MIKBUG debugging pro-
gram, assembly instructions, a reference
manual, and an applications manual. This
offer came in carly December.

It appeared that the cash values of Intel’s
and Motorola’s donations were about equal.
Intel's equipment was already in, and | had
to decide how to proceed. Whereas intel’s
donation represented more raw compuling
power, Motorola's contribution was a better
package, which included a tested system
design, software and a Teletype interface.
Considering that | would have to do the
system design for the Intel package, and con-
sidering that | was up to my ears already, |
opted for the Motorola deal.

The time came now to spend some
money. Class was scheduled to start in about
four weeks, but we wouldn‘t be using the lab
equipment until about the seventh or eighth
week. The dean was reluctant at first to
spend any money, but at this point there
was no alternative. Besides, the Luition from
the students already enrolled in Lhe course
was enough to cover both my salary and the
lab equipment. The dean gave his biessing,
and we proceeded from there. | contacted
the Motorola representative and informed
him of our decision; then | called the local
distributor and ordered the equipment. |
expected the equipment to be ready in
about two to three weeks, about the same
time as the beginning of the winter trimester.

The cquipment | ordered from the
distributor included all the discrete circuitry
specified in the assembly instructions. There
were still two glaring omissions from 1he
microcomputer system: the power supply
and the 10 device. In addition, there was the

Continued on page 90









wilth existing systems, but rather Lo maxi-
mize the number of people who can afford
to own their own high technology graphics
and games fun machine.

In this article I'll give you some back-
ground information, outline my design
philosophy, and describe the COSMAC VIP
system. You can then decide whether this
article represents a blatant sales pitch or an
honest explanation of a relatively low cost
approach 1o small personal computers.
Home or business users who want extensive
data processing capability should stop read-
ing now. You will be better off with one of
the more expensive BASIC language oriented
systems. Those who are beginners or are
interested in computers for fun at absolute
minimum cost should continue reading.

First some background. About five years
ago | developed a system called FRED. This
was the prototype for a low cost micro-
computer aimed at video games, hobby and
school use. (FRED was described in the
August 1974 issue of the /EEE Computter
magazine.) COSMAC VIP evolved from this
FRED system. My family and friends have
been using this type of system for almost
five years and we've only scratched the sur-
face of applications for it. In fact, my $2000
personal BASIC system scems dull by
comparison and is gathering dust. The
development of the 1 card COSMAC VIP
system is due primarily to a desire to share
fun I've been having with as many others as
possible. RCA deserves a lot of credit for
supporting the development and making the
system available for home and school use.

Design Philosophy

COSMAC VIP is based on the premise
that a home computer should be low cost,
easy to use and fun for the whole family. [t
is thercfore aimed at video graphics and
games applications. Even  the youngest
family member can have hours of fun
drawing pictures on the TV screen.

Let's examine some cost factors. While
memory and logic costs continue to de-
crease, a 2 K byte programmable memory
will always be cheaper than a 16 K bhyte
one. To many designers, lower memory
costs mean that they can design more
memory into 2 system at the same price.
To me it means that | can design lower cost
compulers using about the same amount |'ve
always used. When the current crop of
$1000 computers drops to $500, a COSMAC
VIP type computer might drop 1o $150. The
lower the cost, the more pcople can own
their own computers.,

The drastic price reduction for a central
processing unit caused by the development
of single chip microprocessors has not been
matched by equivalent cost reductions tor
conventional computer input and output
devices. The lowest cost home computers
can only be achieved if the need for special-
ized 10 devices is minimized. | don't think
it is fair to ask the limited budget, unsophis-
ticated beginner to spend several hundred
dollars on a system which uses a $10 central
processor bul requires an additional expen-
diture of $1000 for a erminal and enough
memory Lo make it useful. The COSMAC
VIP minimizes 10 device cost by relying
only on a video monitor, audio cassctie
recorder and 16 position key pad. CMOS
circuits reduce power supply costs, and a
minimum  number  of  imegrated  circuits
permit  the  entire computer,  including
kevboard, to be packaged on one incxpen-
sive printed circuil board,

As 1 see it four major obstacles must be
overcome before everyone can own  their
own compulers. The first obstacle involves
justifying o relatively high priced piece of
cquipment which is olten useful to only one
family member. COSMAC VIP was designed
for relatively low cost and includes 20 video
game fistings that can be immediately loaded
and played by the whole family. This gocs
4 dong wiay toward climinating the first
obstacie.

The sccond obstacle is the complexity of
conventional computer operating and pro-
gramming procedures. 1 can’t understand
how a beginner can be expected Lo cope
wilh complex operating systems. COSMAC
VIP programs are initiated with a single
RUN switch. Any memory byte can be
examined or modified using the built-in
hexadecimal  keyboard. Loading programs
is ecasy. Just enter the starting address fol-
lowed by the bytle sequence to be stored.
No extra key depressions are required
between bytes. Memory addresses and stored
bytes are displayed on the TV screen in
hexadecimal format. Tapping a single key
steps  through  memory  letting the  user
examine stored Dbyles withoult modifying
them,

To load a casselle program into memory,
yvou mercly enter the starting memory
address and single digit block length code via
the hexadecimal keyboard and play the tape.
Less than 30 seconds later, COSMAC VIP
shows you the last byte loaded into memory
an the TV screen and you're ready to run
vour program. Recording the contents of
Memory on a casselle is just as easy.

A third obstacle in the path of home
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Listing 2, continued:

13 A AEAL EXAMPLE OF THE POWER OF APL. NOTE HOW THE RESULTSE
GF THE LOSICAL OPERATION M<|B (MAYINUM BURN RATE
LESS THAN THE ABSOLUTE VALUE OF THE BURN VECTOR
ELEMENTS) ARE USED TO JNCREMENT THE I VECTOR
WHICH ITNDICATES ENCINE DAMAGE. IF ANY ONE OF THE
BURN ELEMENTS FXCEEDS M, THE CORRESPOQNDING

ELEMENT IN £ IS INCREMENTED.
14 THE RESULTANT B IS LIMITED TO THE MAXIMUM BURN RATE. THE
OPERATION =<8 REPLACES THE SIGN ON FACHE ELEMENT

CF B WHICH WAS REMOVED BY THE

KAGNITUDE OPERATION.

ABSGLUTE VALUE OR

15 THE BURN VALUES (B) ARE LIMITED BY THE AVAILABLE FUEL
AND FUEL FRIORITY GOES TO THE VERTICAL ?%GIP
BEFORE TRANSVERSE, BEFORE HORIZONTAL. NOTE THE
NSE OF TKE PLUS SCAN CGPERATOR (+N). [F B:X 23,
THER +\ 34245 WOULD BE +\0 1 2 OF 0 1 3, IF PLUS
SCAN IS NOT IMPLEMENTED LINE 15 MUNT BE EXPANDED
T8 3 LINES WITH SEPARATE FUEL TESTE FOR FATH
ELEMERT OF 8.

16 THE NEW FUEL VALUE IS CAL
BRANCH TO L1530 OCCURS IF
CF A4 BURN UNIT REMAIN.

CULATED ARD THEN TESTE
MORE THRAN 9 THD

W

-

PRINTS THE QUT OF FUEL WARNING

i

@

Lis20 CONTAINS A POWERFDL TEST pOZDh TO DETERMINF IFP ANY
ENGINE HAS BEEN ABUSED. TWQ LOGICAL VECTORS (0=£
AND 2=2) ARE CATENATED AND THE RESULT IS TESTED
VIA OR REDUCTION {v/). IF ANY OF TRE ELEMENTS IN
THE RESULTANT VECTOR JF SET TC 1. THE RRANCH TO

L1780 OCCURS (BANG),
19 SHOWS APL ARRAY CAPABILITY AS THE LOGICAL VECTOR 220 IS
USED TO SELECT RONS OF A CHARACTER ARRAY WHICH

CONTAINS 4 MESSAGE, IF THE NICRO-AFL SYSTEM
DOESH'T SUPPORT ARRAY OPFRATION, USE ONE OF

TEE

NOW-APRAY ALTERNATIVES SHOWN EELCV.

18] (0=14Z)/PVERTICALY ((ENG<" ENGINE WILL RLOW IN '°

L9148 BNt BURKEY

[19.1] (0x14142 )/ TRANSVERSE JENG (1034580 BN

[19.2] rox_l%Z!/'HORIZDNTAL‘.Eﬂh.(v 14E ) BN
IF VECTOR SUBSCRIPTING IS ALLOWED A CONVERIZNT
ALTERNATIVE IE&:

[18] o AURN 'VERTICAL'

[13.1] 1 BURM
719.2] 2 BURN

"TRANSVERSE?
VHORIZORTALY

WHERE BURN
VA BURR MSS
zlalrusa,

TS PHFE FURCTION. ..

1113 ENGINE WILL BLOW IN " ,fwF[A)y,' RURNS'Y
20 LIKE EINE 13 USES THE LOGICAL
ARITHMETIC OPIRATICN-TC [#

BURN COUNT.

VECTOR R”"'” !H AN
FCRENERT T4

71 LBED - TRE REAL WORK OF THE FLY FUNCTIQN! THIS STATEMENT
CALCULATES THF NEW BIETANCF VECTCA
2 FORMS THE WER YELOCITY VECTOR

23 ZEROE TRE BURN VECTOR IF THE FUFL I8 FXHAITTED.

2y BRANCHES BACK T0 Leuwd IF THE LEM IS MORE THAN 4
MILLIMETER ABOVE THE SURFACE.
25 THE ENDAAME

FPNCTION PRINTS YOUR REFORT CARD.

FURCTION NAME: CKSCALE
TRIG FUNCTION DISPLAYS A SEIB FHOWIR ¢ PGEITIC
FISYPRDL Y RELATIVE TC TRE TAESED Lad THE
SRID APPEARS AS S0nN AS THE ALT R

A!
TAFPE..
*CH v

fTF “'F Fﬁ!;

LIl tesatvexalbese (5L IRTD 0

I EICH IoES A LOCL AhnOA
I COFES AOLACE AND A

wArngE

S Vex[Eeltl

Ienagpen

JTEY LGRS 11T

F B Rl BN YR L S

FUNCTIGN NAME:. FTSTAT
THRIS FuReTION PRINTE OUT THE CURAFNT FLIIET
ErATISTICN

FUNC

‘MHIAFL
spre

TuNCTIoN

IHIE i I8 USED TO
VALUE. T FLY PR@GRAM‘
FUXCTION TO READ AND CEECK

P”Hcalﬂ“ iy

ILL
AR

BE

A

FuNerIon

TreE ;RA”TS THE

THE

b“ G F

Listing 3: A sample run of the Lunar Lander program. This is the classic
version of the game in which the operator attempls to become a senior pilot
by optimally flanding his craft within the constraints of the program. As
part of its printout, the program provides a set of two coordinate axes show-
ing the position of the operator’s ship at discrete time intervals.

FLY
AT TIME T s 0 SEC, STATS ARE AS FOLLOWS:
VERTICAL TRANVERSE HORIZONTAL
DISTANCE  3000.00 2300.00 2000.00 MET
VELOCITY T100.00 Tspe.00 5. GOMTRS
FUEL... 1500.00 BUAN UNITS
COMPUTED TIME TO IMPACT AT PRESENT RATE.., 26.49 SECONDS.

ENTER TIME INTERVAL- 10
VERTICAL 12y SURN? 71
THANSVERSE {¥) HUAN? B1
NORS2ANTAL (X)) BURN? T11

AT TINE T =

10 S5EC. STATS ARE AS FOLLOWS:

VERTICAL TRANVERSE HOR]ZIO
DISTANCE 1900.00Q “usp.o0 1%03.00
YELOCITY  Tizp.00 io.co 7105, OGVTQ:/"FF
FUEL. .. 770.90 BURN UNITS

46

TMEACT
£HVAL7 8.6

(2) BURNY 1.2
FE ¥y RO

AT PRESENT RATF. .. 1u.93

tL (K B

SCALE:

¥=20,7=2u

[ IR N
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Results of Scanning a Hypothetical Program Containing a User Defined Function

FROGRAM:

VX« AVG Y
[1] X <« (+/Y) HCEEEE e 0 Note: Colored arrows indicate
[2] ¥ pointer destinations

0« AVG 37 25

TABLE SP INDEXED BY T TABLE VTAB INDEXED BY VAR
I =20 VAR = u
C m T74 7N Trn
1 9
2 g
3 1
Yy 7
5 7
6 5
7 2
8 7
9 6
10 4
11 N
12 2
13 7
14 7
15 9
16 7
17 7
18 3
19 6
2 1
3 4
u 3
5 7
& 2
7 5

and Y in VTAB, element V2 indicates that the symbols are local to function AVG, while the
symbo! AVG in VTAB has a V2 value of zero indicating a global variable name. V3 values are
all zero at this time, and will be set when the statement interpreter executes.

Having now discussed the major tables used by the interpreter and shown the general direc-
tion or goal of the scanner we can now discuss the statement scanner in greater detail. The
scanner is a relatively easy function to program, and with the detailed discussion and flowcharts
which follow one should be able to implement a scanner for any of the popular small
computers.


























http:FTABIFl.FG



http:FN_VAR_ADO(FTAB(Fl.F5
















D John Anderson

Dept of Zaology NJ-15
Univ of Washington
Seattle WA 98195

William F Galway
2246 Windsor St
Salt t_ake City UT 84106

Serendipitous Circles

In this article we describe a simple algo-
rithm which produces beautiful computer
art. The algorithm was written to draw
circles, but when we tried to draw large
circles, we saw strange complex patterns.
The screen was filled with wildly oscillating
jelly bean shapes which would periodically
explode in a beautiful sparkling flash and
collapse back into new jelly beans. Experi-
menting with different diameters, we discov-
ered many new dynamic patterns.

The Magical Algorithm

The algorithm that produced these seren-
dipitous circles is remarkably simple. A
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Photo 1: The basic ellipse
created with the algorithm
in figure 1 and with the
origin centered. There is
no evidence of ‘display
wrap around’’ or arithme-
tic overflow here.

flowchart is shown in figure 1. This algo-
rithm can be implemented on the smallest of
home computers in a short time, and is
guaranteed to impress everybody with pretty
pictures while providing an interesting math-
ematical puzzle. An example of an assembly
language listing for the Motorola 6800 is
shown in listing 1.

Implementing this algorithm on a com-
puter which has graphics capabilities is very
easy. However, if you are one of the many
unfortunate people with no graphics capabil-




CHOOSE AN INITIAL
X VALUE AND
Y VALUE

DISPLAY THE POINT
{X,v}

eyl Y
XNEW TX" 5

XNEW
2

YNEW: " Y+

X" XNEW

YT Ynew

Figure 1: The magical circle druwing algo-
rithm, This straightforward procedure results
inn same surprisingly sophisticated displays
whenr edcht coardinate pair s calculoted and
displayed on o graphics peripheral device,
the algorithm solves a difference equation
which has as its sofution an ellipse. The
nonelliptical palterns wrise from overflows in
the computer’s registers during the calcula-
tions, and from lack of precision due to the
finite size of computer words.

ities, we suggest the following possible solu-
tion: Borrow your friend’s oscilloscope (the
onc you used to gel your computer
working). This oscilloscope should be able 10
draw a point on its screen, given an X
deflecting voliage and a Y deflecting voltage.
Now all you do is connect a digital 1o analog
converter (DAC} 1o each of two parallel
outputs from your computer, and you'll
have the X and Y voltages necessary to drive
the oscilloscope. This is how the 6800
program in the listing works.

The reason this program produces its
beautiful patterns is quite well understood.
The algorithm solves a difference cquation
which has as ils solution an ellipse. The
continuous analog of this eguation is a
differential equation which has as its solu-
tion a circle. The complicated nonelliptical
patterns come from overflows and lack of
precision due to the finite size of a computer

Listing 1: The serendipitous circle algorithm as written for the 6800 micro-
processor. This program uses 16 bit arithmetic. The photos showrn in this
article illustrate circles generated with 24 bit arithmetic, although the resuits
for both methods are quite similar. Different precision arithmetics can be
used to generate slightly different results.

peee!
aean2
20003
geen4
28005
ae8v6
peaer
06098
200083
agale
20811
80812
80013
20014
88915
80016
0es817
60818
800813
080620
geaz!1
88|22
28023
08024
08825
80026
aaez?
886829
88831
89632
08633
60834
888935
A8836
a8es3r
28838
28833
20048
noB41
88842
80843
00044
a8e - A

B8p48
88849
88050
880851
88852
28853
28854
89855
88056
8eas?
88858
28859
feecs
068061
088862
88063
88864
80865
18066
80867
88868
80869
80670
200871
gearz
aear3
88874
80875
egary

3B8B
388D
388D
3B8F
3811

3Ba4
3885
38056

CE 388D

86 30
87 3894

E6 B2
B? 3885
F7 3806
E6 83
R6 B2

EB 83
AS B2
E? B3
A7 B2
28 D8
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NAM
OPT

CIRCLE

M

3

*CIRCLE DRAWING PROGRAM

HMJRITTEN BY WILLIAM F. GALWAY
* 38-DEC-76
*THE ALGORITHM USED IS AS FOLLOWS:

*
*LOOP: DISPLAY A POINT AT CURRENT (X.¥Y)
* X <= X=Y/2

* Y <= Y+X/2

* GOTO LOOP

¥

HORHKAHOKAACKHAHORAAHOARAHOIOKAKRAORRAAAAOR R RAORRK HOIOR K
*

*SIXTEEN BIT ARITHMETIC IS USED ALTHO ONLY
*E IGHT BITS ARE DISPLAYED.
HOHKHORARHORK ORI RO AOK

K

*SOME GOOD STARTING VALUES FOR (X.Y) RRE:
(7F06.0080)

(7F06.8108)

(7D@6.7Dhes)

(7CF3.7CF3)

¥ X ¥ ¥ X

sokksokkaciolok R kskokoroksotRololooroRsokokkok
#DEFINE SOME SYMBOLS

WK8 EQU $3B6B WORK REGISTERS. USEFUL FOR
WK1 EQU WKB+2 GETTING NUMBERS FROM

KHI EQU WK1 WORK REG’S USED FOR X.Y
WK2 EQU WK1+2

WK3 EGU WK2+2

*DEF IME ADDRESSES FOR

#*DIGITAL TO ANALOG CONVERTERS

*THE FOLLOWING THREE REGISTERS ARE
*UNIQUE TO THIS SYSTEM.

SRR KK OROR AR HORACK KR HCHIORNOOIOKIIOKROK KRR

DARCCSR EQU $3864 USED FOR SETTING UP DAC‘S
DACX  EGU DACCSR+! DAC FOR X YOLTAGE
DARCY  EQU DACK+1 DAC FOR ¥ YOLTAGE
ORG $2600
START LDX #xXH1 POINT TO HI DRDER X

*THE FOLLOWING TWO INSTRUCTIONS ARRE
HINIQUE TO THIS SYSTEM. AMD ARE NECESSARY
#T0 MAKE THE DAC’S WORK IN THE DESIRED MANMNER.

LDA A #3$38 SET UP DAC CSR

STA A DACCSR  TO SHOW DATA NOT ADDRESS
LOOP LDA A B8.% GET HI ORDER X

LDRA B 2.X%X GET HI ORDER Y

STR A DACX DISPLAY A POINT AT (X.Y)

STR B DACY

Lba B 3.X B GETS LO ¥

LDR A 2.X A GETS HI ¥

ASR A GET vs2

ROR 8

NEG A DD A 16 BIT NEGATE

NEG B NEGATE LO ORDER

SBC A #2 PROPAGATE CARRY

ADD B 1.X GET X+(-Y~2) LO DRDER

ADC A B.X THEN H! ORDER

STA B 1.X STORE LO X

STA A 8.X STORE HI X

ASR A GET Xr2 HI ORDER

ROR B LO ORDER

ADD B 3.X ADD LO ¥

ADC R 2.% ADD HI Y WITH CARRY

STA B 3.X SAVE LD ¥

STA A 2.% SAVE HI ¥

BRA LOoP LOOP TO DISPLAY SOME MORE! !

END



The screen was filled with wildly oscillating jelly
bean shapes which would periodically explode in a
beautiful sparkling flash and collapse back into

new jelly beans.

word. For example, overflow occurs when
your computer adds two positive numbers
and gets a negalive number. Lack of preci-
sion occurs when your computer divides 5
by 2 and gets 2 as the result.

Variations on the Algorithm

There are several different ways that the

program in figure 1 can be varied. Some of
these are described below.

Photo 2: Effects created
by overflows and lack of
precision of finite com-
puter words. The initial
point (X, Y) for this photo
was chosen to be slightly
further from the origin
than the initial (X, Y) used
for photo 1.
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The choice of a starting point deter-
mines the pattern the program draws.
Points close to the origin draw ellipses;
larger values can produce more interesting
patterns. Photo 2 was produced by using
slightly larger starting values than for
photo |. The best way to understand this
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effect is to experiment with different
values of X and Y yourself.

e Display Wrap Around

Most display devices have less than 16
bits of resolution, typically ten or fewer
bits are used. If X and Y are represented
as 16 bit integers, which ten bits should
be displayed? The logical solution is to
display only the most significant bits.
Different interesting results can be ob-
tained by displaying successively less sig-
nificant 10 bit slices from a 16 bit value
of X and Y. Choosing a 10 bit slice that
excludes some high order bits produces
an effect called wrap around. The effect
is the same as magnifying the original
picture and then folding it over on itseif
to fit the display screen. Photo 3 was pro-
duced from the same initial point as
photo 2; but photo 2 displays the ten
most significant bits, while photo 3 dis-
plays the ten bits just below the most
significant bit. Photo 4 was produced
by displaying an even less significant
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Figure 2a: One of two
preferred locations for the
origin of your coordinate
system display. Here the
origin is placed in the
middle of the display to
produce an ellipse cen-
tered about the origin. See
photo 1.

ELLIPSE — — T QRIGIN (0,0

Figure 2b: In this case the

origin hus been placed in

the corner, splitting the

ellipse up into four quur-

ters. This is called "'display
ORIGIN (0,0) TS——— /4 OF THE ELLIPSE wrap around. "’

Photo 3: This photo shows the effect of dis-
playing the ten bits just below the most
significant bit for both X and Y. Note the
radical change in appearance.

























Editorializing
with

Your Computer

One of the basic requirements of a
soflware system is & way Lo gel lext input.
Programs need data to work on; and you
need some way toe wwrn this data {rom
markings on 4 picce of paper Lo bits inside
the machine. The most obvious examples, if
only because you have 1o use them before
you can have any other programs ol your
owi creation, are assemblers and compilers.
The source program to be translated is just
the datd for the transiating program. Other
kinds ol programs, tabulations, statistical
analyses, and so forth, also cry out for a
convenient way o gel a large amount of text
inta the computer. This is where the text
editor comes in,

A Lext editor is a program which allows
the user to enter and modily encoded
character data. With i1, you can enter a
program or a list of figures or anything ¢lse,
go back and make corrections, and finally
output the text onto a storage device or
leave it in memory for your next program to
work over. A text editor is a fairly simple
program to write, and the 8 bit machine
which vou are probably using actually has
onc advantage lor editing over many big
camputers: Its unit of information is just the
right size for holding one ASCII character.

There are two basic requirements for an
editor: a place to put the text and a way to
handle it. The place w put it is the text

buffer, which is simply a block of main
memory of a reasonable size. The way you
handle it is with a command language, which
will run interactively through your console,

The buffer can always have the same
starting lucation, but where it ends depends
on how much text it holds at any moment,
So a pointer indicating the current end ot
the buffer has 1o be kept. Initially {or after
you ‘“‘scratch’ your file), it points to the
beginning of the buffer, since there is no
text yet. The convention assumed here is
that the end of bulfer pointer indicates the
first unused tocation. There is also an
absolute end to the buffer, which does not
change; this is the end of the memory
allocated for it. The editor should guard
dgainst  any attempt  to store characters
beyond this point, for that might wipe out a
program or crucial data,

Another pointer which the editor needs is
the cursor, This pointer indicates the exacl
Jocation in the buffer which will be alfected
by editing commands. Inserted characters
will appear at this puint; deletions will wipe
out the characters which are here. When the
cditor starts up, the cursor addresses the
beginning of the empty buffer.

Text Modifying Commands

The commands which an editor necds can
be classified into text modification, cursor

81

Gary McGath
7 Silver Dr, Apt 3
Nashua NH 03060









end of the buffer, then the end of buffer
pointer just has to be decremented; for
ncatness, the deleted character might also be
zeroed oul. If the cursor is in the middle of
the buffer, then the character it points at
and all subsequent characlers arc moved
back one position, thus overwriting Lhe
unwanted character.

For added power, the deletion command
could be allowed to take a numerical argu-
ment, indicaling how many characters to
delete. A number rcader for this command
can also be used in conncclion with other
commands. Other options conceivable in-
clude deleting all characters up to and
including the next “end of line" character,
thus cnabling the editor 1o delete one or
more lines.

Cursor Commands

Commands which position the cursor are
fairly easy Lo implement, since they require
no moving of text. Commands to increment
and decrement the cursor, and to move it 1o
the top and bottom of the bufier, are trivial
to implement. The only thing Lo worry
about is the possibility ol moving the cursor
outside the buffer.

Commands to move up and down a line
of text are just a little trickier. Assuming
that the end of a line is designated an “end
of fine'" character such as the carriage return
character, the next line command searches
the text buffer, starting at the cursor, Tor a
carriage return; it then positions the cursor
immediately after the carriage return, The
previous line command scarches backwards
from the cursor for the second carriage
return it encounters {the first carriage return
is at the end of the previous ling), and
positions the cursor al the character imme-
diately after this sccond carriage return,
Numeric arguments can be used to move up
or down several lines al a time,

The most complex curser positioning
command is the scarch command. Its lunc-
tion is lo secarch the buffer for & user
specified sequence of characters, and then to
position the cursor where the scquence is
found. The search may be forward or back-
ward from the cursor.

A buffer will be nceded 10 hold the
search string: the sequence of charactlers to
be matched. If you implemented a bulfer for
input, you can use it again here. To conduct
the search, scan the Lext buffer Tor the {irst
character; then, having found a4 match for i,
check if the immediately succecding charac-
ters match the rest of the search string. If
they don’t, resume scanning for the first
character. Continuc until a match is found
or the buffer runs out. Il the search is
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unsuccessful, the cursor is probably best left
where it was before the search started.

Input and Qutput Commands

There are two kinds of input and vutput
that the cditor needs to be able Lo do. One is
communication with the terminal; the other
is interaction with long term mass storage
such as casscties, tape cartridges or floppy
disks.

Terminal input has been implicit in the
discussion of all the commands. Terminal
output has two specific functions: giving the
user messages and displaying parts of the
text buffer. Messages should include com-
plaints about illegal commands, notifications
of whether searches succeeded, warnings
about attempts to go outside the buffer,
indications of failure in transfers 1o or (rom
mass storage, and so forth., Typecouts from
the buffer can be handled in various ways,
but what is important is that it be casy to
look at the vicinity of the cursor. A minimal
print or display command might just print
the line which includes the cursor character.
For greater flexibility, arguments Lo indicale
a number of lines could be implemented.
With two arguments, a number of lines
before the cursor and a number afterward
could be printed out; if both arguments are
zero, just the line containing the cursor
character would appear.

The other part of input and output is
based on the need 1o store your text for
later use. 1L is not very cfficient to have to
type in your whole program anew every
time you want to update it; it is far more
convenient Lo have a copy of the previous
version on magnetic or paper tape, disk, or
whatever medium is available to you, so that
you can load the editor’s text buffer, make
the necessary changes, and output the new
version for later sessions.

This is simple enough if the entire texl
file with which you are working will fit in
the text buffer (given that you have the
necessary interfacing and 10 routines). But
when there is oo much text for the editor
Lo handle at once, it has to be broken down
into buffer sized pieces. To do this, you
nced the ability to alternate between reading
one file and writing another. 1f you have
cassctie storage, this means you should have
Lwo recorders with motor controf. The trick
can probably be done with one recorder, but
only with painful quantities of rewinding
and positioning via the tape counter as the
tape is moved between the two files,

A large text file should be broken up into
pages. This is done by inserting the form
feed character control L into the text al
reasonable intervals. The text inpul routine
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Announcing. . .

MICRUTECH GSOYTWARE

Microtech, Incorporated introduces a number of sophisticated software packages for microcomputer
users. Our software is created expressly for microprocessors, making it fast and memory-efficient, Qur
higher level language, MICROTECH BASIC, provides features never before offered for microcomputers, and
our applications and documentation allow even firsi-time users to be up-and-running quickly and
effortlessly.

MICROTECH BASIC is designed with great flexibility. The structure easily accomodates driving a wide
range of peripheral devices through BASIC commands. The language is constructed expressly for Z-80 based
microcomputers, affording a truly sophisticated higher level language with a small {under 7 K without 1/O
drivers} memory requirement. Briefly, MICROTECH BASIC has all of these features:

32 BIT ARITHMETIC — numeric range *2,147,483,647 without loss of accuracy.

COMPLETE STRING VARIABLE PACKAGE.

TABLE DRIVEN VARIABLE STORAGE - reduced memory overhead for variable storage.

MASS STORAGE DATA FILE HANDLING — allows data to be read or written to mass storage

devices either sequentially or randomly.

e MASS STORAGE PROGRAM FILE HANDLING — a full directory based program file capability has
been implemented. Commands available include PGRM (used to create a directory entry}, SAVE,
ERASE, LOAD, and RUN (load and go).

e COMPLETE PROGRAM OVERLAY CAPABILITY - a powerful programming technique that allows

an executing program to load and execute any other program currently in the directory with all

variable values passed to the new program.

MICROTECH BASIC is currently available in audio cassette form for Digital Group Z-80 systems. We
have hooked MICROTECH BASIC to our own Phi-Deck driver software to create TOS (Tape Operating
System) BASIC. Up to four Phi-Decks may be used for mass data and program storage, All tape control is
provided through BASIC commands. This package, with all audio, video, and mass storage drivers, requires
roughly 9.5 K. A minimum 18 K system is recommended.

MICROTECH BASIC will soon be available for many Z-80 based microcomputers and will include a
variety of drivers for tape and disc mass storage systems. Write for complete details.

APPLICATIONS  APPLICATIONS APPLICATIONS

MICROTECH has an extensive library of applications written in MICROTECH BASIC. As
examples, we have:

e BASIC GAMES — a collection of 10 programs on tape (to be used with our Phi-Deck
BASIC). This is a comprehensive package including Casino Games, Educational Games,
Space Battle, and Tic-Tac-Toe.

e PERSONAL CHECKBOOK MANAGEMENT SYSTEM — a group of programs that allows
checkbook management, bank reconciliation, and tracking of deductibles for tax purposes.
It uses a single tape drive for programs and data storage.

You may purchase our products through computer retailers or directly by mail.

PRICING
TOS BASIC (for Digital Group Systems) — includes BASIC,
data tape formatting routine, and deck-to-deck copying

routine — 28 page user's manual and free updating service . . ... Special introductory price $59.95
(specify 32 or 64 character video when ordering) {$100.00 after 9/15/77}
BASIC GAMES — Program tape and documentation ... .........cuiiiiiiiinnnnnns $20.00

PERSONAL CHECKBOOK MANAGEMENT SYSTEM —
Program tape and documentation

Dealer and Manufacturer Inquiries Invited

MICAOTECH . So s

E. BRUNSWICK, N. J. 08816

INCORPORATL D)

Circle 127 on inquiry card.



hands on the system. Conscyuently, most
of the next faur weeks were spent in the lab,
writing and testing small programs.,

On the 15th week of class, 25 students
took the final exam. The first trimester,
which covered in signilicant detail ¢ com-
pletc microcomputct system, was finally
finished. Tn my opinion, it was a resounding
success, cven  considering  some  of  the
problems.

After a week long vacation the second
trimester began. In this trimester, applica-
tions and project work would be emphasized.
Several lab projects were scheduled, some of
which involved interfacing external hardware.
Lecture time would be minimized, and most
of what there was would feature guest lec-
turers and cover applications and related
topics such 4s microprogramming and direct
memory daccess techniguus.

Unfortunately, only 15 students enrolled
for the course. | atiribute the sharp drop in
part to graduation, but mostly o the fact
that many students do not like 1o go to
school in the summer. The students who did
attend had an advantage  thoogh, because
smaller class size gave them more opportunity
1o use the equipment,

The first part of the trimester was devoted
to various number representations, conver-
sion from one representation Lo another, and
arithmetic operations in Uhe representations,
The first two lab exercises were the multipli-
cation of two 8 bit numbers and Lhe binary
coded decimal  addition or subtraction of
decimal numbers up to four digits long. |
scheduled these exercises first because my
two technicians had graduated and nobody
was available 1o assemble and test the hard-
ware. | also thought that these excrcises
would accustom the studenls (o writing
fairly detailed programs. The students, how-
ever, had a difficult time with these pro-
grams. | found there were two major reasons
for this,

The first was that there was no assembler
available; all programs had 1o be wrilten,
assembled and entered inte system memory
by hand. This made for a lot of aggravaling
housckeeping and tramscription errors, The
second rcason was that most ol the students
were clectronic types and this was their first
experience with programming.

Meanwhile, | decided that there would be
three more lab exercises, The first would be
storing data on a iape cassette using the
Lancaster interface described on page 30
of March 1976 BYTE. The second would in-
volve a row of 24 LEDs addressable as three
memory locations. The third exercise could
be analog to digital canversion using the cir-
cuit shown on page 70 of May 1976 BYTE.
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By this time | had rounded up a technician,
and he started to work about the fourth
week of class. The cassette interface was
{inished first, but we never got it working
right. It took about two weeks to figure out
that coupling capacitors were necded on the
TTL circuitry. Then we found that the tape
was position sensitive, even after we changed
the delays from 2.5 and 5 seconds to 5 and
10 secands, respectively. In addition, the
entire thing was assembled on a super strip,
and they just don't lend themsclves to reli-
able operation. The analog to digital conver
sion and lights projects went very smaothly.,
The hardware worked right just about as
soon as it was built. The students had less
dilficulty with these two projects, and had
more fun playing with them than they did
with any of the other three. Photo 2 depicts
a Llypical class session during the sccond
trimester,

The second trimester went fairly smooth-
ly, and passed without much incident. We
had one gucst lecturer, and we spent one
evening 4l Ohio State University watching
a demonstration of a Motorola EXORCcisor.
The only problems during the second tri-
mester were a few minor glitches in some of
the external hardware and the lack of soft-
ware development facilities.

It was finally over, The 30 week excur-
sion into microprocessors ended. For me, it
was o greal experience. Most of the hard
work and sweat came in preparing the lec-
tures and waiting almost endlessly for the
hardware to arrive. The actual teaching of the
course and conducting of the class were a
pleasure, The students were perceptive, co-
operative and eager.

The total cost to Franklin for both tri-
mesters was about $1400. This includes six
Motorola Evaluation Kits; discrete com-
ponents, power supplies and extra program-
mable memory chips for nine kits; and a few
miscellancous components for the hardware
labs. Not included in this figure is the cost ot
six brand new Teletypes.

| would like to express my gratitude 1o 4
{ew people whose contributions were invalu-
able. Dean Kelly provided his and Franklin's
cooperdtion in the overall offering ol the
course. Mike Kabealo, the Motorola sales
engineer, gave us the hardware which was
the foundation of our lab. Dr Tony Lucido
showed us his EXORcisor and its software,
and he also provided us with an excelient
example of how not to fix a Teletype.
Finally, Lee Sensibaugh and Tom Richards,
my two ace technicians, through their
enthusiasm and tireless efforts, were the key
factors in getting the laboratory together
and working.m






Continued from page 32

tape consists of a start bit, 8 data bits and
a parity bit. Parity of cach byte is auto-
matically checked when a cassette program
is loaded into memory. A light and warnir.g
tone tell the user immediately if a parity
error occurs. This makes cassette volume and
tone adjustments possible. Another light
provides a visual indication of tape data.
This lets the user manually position the tape
when recording several programs on the
same cassette. The last byte loaded into
memory from a cassette is always displayed
on the TV screen.

The graphic video display consists of an
array of spots on the TV screen. There are
64 spots in the horizontal direction. The
number of spots in the vertical direction can
be varied, under program control, from 32
to 128. The normal display is 64 spots wide
by 32 spots high. This array of 2048 spots
represents 256 bytes. If a bit is 1, the spot
is white; if a bit is 0, the spot is black.
Changing the states of the memory bits
with a program creates patterns, pictures
or numbers on the TV screen. It is possible
to create moving patterns by shifting the bit
patterns around using a program. Switching
between different display maps by changing
the contents of a single address register
allows very quick display changes.

This graphic display uses the RCA
CDP1861 integrated circuit which was de-
signed for use with the COSMAC micro-
processor. It provides the lowest cost graphic
video display currently available with any
microcomputer. It is limited to fairly low
resolution applications. Higher resolution
requires larger refresh memory capacity
and much more ecxpensive circuits, In five
years of experience | have found this resolu-
tion adequate for large numbers of applica-
tions. A very inexpensive color graphics
add on is being planned for this display.

Physically, the COSMAC VIP consists
of a single 8.5 by 11 inch (21.6 by 27.9 cm)
printed circuit card that sits on rubber feet
{se¢ photo 1). The hexadecimal keyboard
occupies the lower right hand corner of the
card. The power pack plugs into the wall
and is connected to the card with two wires.
Three shiclded cables are needed for connec-
tion to the video monitor, the cassctle re-
corder mike input and the carphonc output
jack. These cables are readily available at
local electronics outlets.

Assembly time for a COSMAC VIP kit
is two to threc hours. It involves soldering
the components into the card. No individual
wiring is required, other than the above
external connections. The assembly instruc-
tions and printed circuit card were designed
wilth the experienced kit builder in mind. If
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you have never built a kit you would be
better off finding a friend with a sharp eye,
steady hand and fine point soldering iron to
help you out. Assembled versions will be
available and a plastic cover for the card is
planned. The printed circuit card can also
be mounted in your own box with the key-
board, single operating switch and three
LEDs remounted on the surface of the box.
Only 19 integrated circuits are used in the
2 K byte standard system. A single +5 VDC
supply comes with the kit and powers the
computer. Only 350 mA, average current,
is required with most of the current used
by the NMOS programmable memory. The
CDP1802 COSMAC microprocessor is the
key to the low power and relatively few
integrated circuits required for a system of
this type.

System Expansion

The COSMAC VIP was designed as a com-
plete, stand alone, graphic home computer.
Hardware hackers will, of course, not be
satisfied with the standard system and will
want to add a variety of gadgets of their
own. Expansion capability was therefore
designed into the system. First, you can
increase memory to 4 K bytes by just adding
four ICs to the printed circuit card. This
permits more sophisticated programs for a
system of this class. A comprehensive, 44
line interface is provided that can be used to
add almost anything to the system including
up to 32 K bytes of programmable memory.
This interface provides all the COSMAC
microprocessor signals. A fair amount of
technical skill is, of course, required by
hackers who actually use these lines.

For novices who want to add existing [O
devices such as relays, music synthesizers,
printers, or an ASCIl keyboard, an easy
to use parallel 10 port option is provided.
Adding four readily available ICs to the
printed circuit card provides an 8 bit output
port and an 8 bit input port plus hand-
shaking signals on 22 interface pads. A
standard 22 pin card sockel can be used for
connecting external devices to these ports.
The output lines can drive two TTL loads.
The input lines are high impedance, 22 K
ohms or more.

Software and Documentation

Two manuals are provided with the
COSMAC  VIP system. The COSMAC
microprocessor user manual is for those who
want to get involved with the details of
machine  language  programming. The
COSMAC VIP manual provides all the in-
lormation required to assemble, run, pro-
gram and troubleshoot the system. Every






program provided in this manual can be run
on the standard 2 K byte memory system.
Detailed, drafted logic diagrams are provided
and a section of the manual is devoted to
troubleshooting techniques.

The most important  feature of the
manual is the number of ready (o usc pro-
gram listings provided. | am one of those
people who find it hard to understand
anything unless | can sce some examples.
| suspect that a lot of people are in the
same boal but don’t like to admit iL. For this
reason, plenty of actual programs arc pro-
vided. You can enter these programs using
the hexadecimal keyboard and record your
own cassctie library. These programs were
developed and debugged using the COSMAC
VIP system itself Lo thoroughly test the
operating system. Most of the programs were
written in the interpretive language provided
with the COSMAC VIP system.

Several test programs are provided Lo help
you identify and analyze hardware problems
should they occur. A short test program that
can be loaded from the hexadecimal key-
board allows recording of a test cassette for
analyzing Lape problems. A special memory
test program is provided that will detect
most types of memory bit failures and will
inform you which circuit 1o replace.

20 video game programs are provided.
These games include target shooting, number
guessing, picture or pattern  generalion,
shooting stars, clc. Let’s be honest, a pri-
mary application for home compulers is
games. There is nothing to be ashamed of if
that's all you do with your computcr. Chess,
Go, bridge, tennis and baseball players do
not constantly apologize for playing games.
The sales of commercial games and the
newer video games show that games fill a
real need. Many people spend most of their
spare time watching people getting paid to
play games on TV. Games are fun, educa-
tional and satisly basic human needs. The
computer is a super toy. Why not relax and
enjoy it? The COSMAC VIP game sel per-
mits the whole family to enjoy it with
you. Starting with games may cven develop
latent programming interests that selving
equations won’t,

Designing Programs

This is where the frustration starts for
many beginners. A number of high level
languages have been developed (o make
computers easier lo program. These are
invariably English language oriented. This is
nice in theory but uses up a lol of memory
in practice. The more popular ianguages are
also aimed at math and data processing
applications rather than control, games
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and video graphics. A unigue numerically
oriented interpretive language is pravided
with the COSMAC VIP.

This language looks a lot like machine
language. It provides 31 elementary instruc-
tions. Each instruction is two bytes or four
hexadecimal digits. Single instructions per-
mit generating a random byte, reading in a
hexadecimal keyboard digit, displaying a
pattern on the TV screen, sounding a tone,
incrementing a variable, setting or testing
a real time clock, etc. Sixteen 1 byte var-
iables are provided. Subroutine nesting and
machine language inserts are permitled,
The interpreter for this language only
occupies 512 bytes of programmable mem-
ory. Programs written in this language are
extremely compact. A programmed video
kaleidoscope requires less than 64 instruc-
tions. A rocket launching space ship inter-
cepl video game only requires 104 instruc-
tions including on screen decimal scoring.
It is possible to play tic-tac-toe against
the computer using a 235 instruction pro-
gram that includes random mistakes by the
computer. There is space for programs
containing up to 592 instructions in the
standard 2 K byte system.

I've been using this type of hexadecimal
interpretive language programming for a
number of years. 1t has been learned and
used by children, engineers and programmers
with no difficulty. An occasional profes-
sional programmer may grumble about the
lack of self-documentation and the need for
patches, but the money that these features
cost isn't coming out of his pocket. New-
comers to computers might even find this
COSMAC VIP language somewhat easier
to understand than conventional high level
languages. This is particularly true if Lhey
come from a hardware background. It is
certainly cheaper to implement this type of
interpretive language. Ease of understanding
is difficult to measure since everyonc is
different. What's easy for one person may be
difficult  for another. Newcomers may
welcome a programming approdch that
simplifies programming without straining
their memory budgets. The home computer
field is still young enough to tolerate ex-
perimenting with a variety of languages.

Some home computer users will want to
get involved with machine language program-
ming. They may be interested in developing
their own languages or learning micro-
processors at the detail level to enhance their
careers. The COSMAC VIP can be directly
programmed in machine code from the hexa-
decimal keyboard, and machine language
programs can be saved on cassettes. The
operating system permits examination of the






Personal Computing Expo

will come to New York!
P CE PERSONAL COMPUTING EXPO

NEW YORK COLISEUM, OCTOBER 28, 29, 70, 1977

It's a brand new show (in the world’s biggest economic
center) specifically for manutfacturers, buyers and
those providing services to the personal computing
enthusiast. For the first time, this booming field will
have a New York Coliseum showcase. It is planned as
the largest public show of its type and will attract at-
tendance from the huge population oreas of Boston,
Washington, Philadelphia and Baltimore.

New York's is the world’'s communications focal point,
the one place that will put personal computing in a
significant spotlight. New York is surrounded in depth

by people who work in the computer tield, by com-
puter learning centers, universities, personal com-
puting clubs and thousands of others whose lives are
affected by computers.

More than 100,000 paid subscribers of BYTE magazine
will be urged to view the exciting exhibits and to at-
tend the BYTE-sponsored lectures. Circle the dates:
October 28, 29, 30 — and make your plans now to be
iherke when Personal Computing Expo comes to New
York!

"’ Personal Computing: An idea whose time has come! ‘'*

Tutorials by the IEEE
Computer Society,
Mid-Eastern Area

Personal Computing Expo is also joined by the In-
stitute of Electrical and Electronics Engineers Com-
puter Society, Mid-Eastern Area Committee, whose
experienced staff is presenting six day-long
tutorials at o modest charge. If inconvenient for
you to attend a tutorial during the show, simply
sign up for follow-up tutorials on weekends after
the show.

Whereas the lectures will provide you with in-
formation, the tutorials will teach important skills
enabling you to use your own computer at home or
at work.

TUITION:

The tuition fee for the tutorial program in-

cludes a one-day admission to the
Personal Computing Expo.
One Two Three
Tutorial  Tutorials  Tutorials
Students (with ID) $30 $50 $75
IEEE Members $40 $70 $100
Non-Members $50 $90 $125

Tuition includes hand-out material, in-
cluding text and/or hand-out materials.
Participants will also receive a certificate
of participation.

)

REGISTRATION:

In order to provide an interactive, learning environ-
ment between the participants and the lecturers,
the number of registrants is limited. Registration is
accepted on a first-come, first served basis. Early
registration is therefore suggested. Cancellations
received before September 15, 1977 will receive a
full refund.

To register, make your check payable to the IEEE
COMPUTER SOCIETY, and mail to:

Daniel R. McGlynn, Ph.D.

Tutorial Program Chairman

IEEE Computer Society

329 - 84th Street

Brooklyn, N.Y. 11209

FOR FURTHER INFORMATION:

on the technical content of the tutorials, technical
background suggested to derive maximum benefit
trom the program, or information on the IEEE Com-
puter Society, call

Cary Ringel

Chapter Chairman

IEEE Computer Society (212) 460-4600

TIME AND LOCATION:

The tutorials will be held from 9 AM to 4 PM each
day in the New York Coliseum, at a location to be
announced and posted. Participation in the
tutorials also includes a one-day admission to the
exhibition area and other lecture programs.

EXPO TICKETS:

Will be sent to tutorial registrants about three or
four weeks prior to the show.

Ul

The §mal? Sysrems Jourral

DAILY TUTORIALS AND
SPONSORED LECTURES
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Computers and Music
How to create music with computers. Problems of performing electronic musie, music under computer
program control and computer music in conjunction with traditional instruments. lllustrations and ex-
amples from personal experience.
Jack L. Davies . . . Friday 8 PM and Saturday 5 PM
President of Pan Atlantic Computer Systems GmbH, a distributor of various micro computer systems in
Europe.
Ex'err:sive experience in using minicomputers and microcomputers in the US
Military Schools in Europe. Designed and developed numerous gomes and educational progroms for
students in these schools.
Microcomputers in Education
Discussion of the many possibilities of using microcomputer systems in schools. Effect of personal com-
puters on students.
David Fylstra . . . Saturday 6 PM and Sunday 5 PM
Member of the research staff of the Telecommunications Sciences Center at Stanford Research Institute
for more than two years. Specialized in microcomputer software and computer simulation of speech pro-
cessing systems.
Graoduoted in 1974 with a BA in English and Psychology, Stanford University, Phi Beta Kappa.
Active in the research on communication systems and devices for the deaf.
Speech Analysis and Synthesis for the Amateur
Using the personal computer as a device to analyze the acoustical foundations of speech and to formulate
rules for the control of the speech synthesizer.
Max Mathews Ph.D. ... Friday 9 PM and Saturday 7 PM
Director of Acoustical and Behavioral Research, Bell Labs
Author of The Technology of Computer Music, and numerous articles.
Scientific Advisor to the Institute for Research and Coordination of Acoustics and Music (IRCAM)
Dr. Mathews is often regarded as the “Father of Computer Music”
Pure Digital and Real Time Music Synthesis
The use of the digital computer as a musical instrument with which composers and performers create and
play music. Slide and tape demonstration.

Carl L. Holder ... Saturday 8 AM and Sunday 6 PM

Director of Product Management, Planning and Communications at Information Terminals Corp. for five
ears.
"l;rior experience, including Memorex Corp., in the area of magnetic media development and testing.
Present and Future Storage Devices
Survey and discussion of current devices and media, including latest technological developments like the
charge coupled devices and magnetic bubble memories. Costs, advantages and disadvantages of these
devices for the personal computer user. Accompanied by slides.

(
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DAILY TUTORIALS

There will be two tutorials offered each day, one aimed at those participants who have
little or no experience with microprocessors, and the other for those already experienced

-with microprocessor systems.

BASIC COURSES
1. Development of Microcomputer Systems for

Business Use

Sy Rotner, Citibank, N A,

— system design concepts

— economic efficacy of microcomputers versus large centralized
computer systems

— disiributed processing definitions

— advontages and problem oreas

— network design and architecture

— data communicotions aspects

— case study: design of a stand-alone workstation for dato en-
Iry and retrievol

2. Development of Microcomputer Systems for

Home Use
Cory Ringel, Con Edison
— survey of simple microcomputer control systems for home use
selecion of hardware: IC's, boards, kits, development

systems

— programming and software oids

— interfacing: A/D ond D’ A conversion

— examples: design of a home control system: microcomputers
for a music synthesizer; computer TV games.

— ¢ose study: use of the Motorolo 6800 in design of @ microcom-
puter system

3. Survey and Comparison of Microprocessors

Donald Lewis, Standard Microsystems Inc ond other speakers

— detinitions and distinctions between ALU-chips, controllers,
MIiCroprocessors, microromputers

— current applications

— microprocessor orchilectures (bit-slice. 4-bit. 8-bit, 16-bit,
minicomputer-type)

— vendor survey

— perfermance evoluation ond criterio tor selection

INTERMEDIATE/ADVANCED COURSES

4. Microprocessor Interfacing
Donald Lewis, Standard Microsyslems Inc

interface components (peripheral interface chips, UARTS,

etc.}
interface standords (IEEE 488, RE 232C. $-100, eic.)
interfacing to keyboards

— intertacing o caselle and Hoppy disk drives
interfacing to disploy devices

— cose study: how to design a CRT terminal

5. Microprocessor Programming and Software
Donald Lewis. Standard Microsystems inc,
— software design: flow-charting.
documentation, etc.
— assembly language for the Intel 80BO, B0B5, Z.B0. Motorola
6800
instruction types ond addressing techniques
— use of the stack
— interrupt hondling and direct memory access (DAMA]
software development aids
— high level longuages tor microcomputers

setling breakpoints,

6. Technology Analysis and Forecast of Future
Microprocessor Structures

Daniel R. McGlynn, U.S Philips Corp

and Will Mathys. MOS Technolegy Inc.

— emergence of specialized computational elements {SCE)
architectural evolution (stack processars, recontfigurable ar-
chitectures, multi-level logic)
resource management techniques
software evolution (nanc-programming, extensible instruc-
tion sels, structured programming modules, very-high-level

languoges)
evolution of sermiconductor technology of microprocessors
microprocessor architecture ot the chip level

— case studies: design of MOS Technology's new 8-bit and 16-bit
processors

AN




Personal Computing Expo to be
produced by
H.A. Bruno & Associates

H.A. Bruno & Associotes, Inc., has been prominent in
the exposition and promotion fields since 1923. Highly
skilled in the production and promotion of consumer
and trade shows, the company currently promotes the
American Energy Expo, the National Boat Show, Auto
Expo/New York. Promotion assistance also is current-
ly rendered to the National Computer Conference
and the Triennial |IFIPS Congress in
Toronto.

The shew producer has promoted successful shows in
the New York Coliseum every year since the building
opened in 1957. Staft personnel are thoroughly
familior with the building, its services, management
and labor.

Interesting, educational exhibits
of Personal Micro Computers

The lectures and tutorials are not just theory! You will
be able to see a multitude of micro computers. Try out
various demonstrations: fascinating games, even in
color; small business applications; computer produced
speech; music; color graphics; and many more. Micro
computers are not only small and portable, also you
will need only a "micro budget” to be able to take
them home.

Show Hours and Admission

Personal Computing Expo hours are as follows:

Friday, Oct. 28 — Noon to 10 p.m.

Sat. Oct. 29 — 10a.m. to 10 p.m.

Sunday, Oct. 30 — Noon to 7 p.m.

General Admission: $5.00 (includes free BYTE lec-
tures) per day.

Two-day Tickets: $9.00 {advance sale only)

Three-doy tickets: $13.00 (advance sale only)

General Information

You may find it advantageous to purchase two or
three-day admission tickets in advance. These are
ovailable by mail only, no later than October 10,
1977. Use coupon below.

Group rates (10 or more persons) qualify for $1.00
off regular prices. Arrangements must be made by
mail prior to October 10, 1977.

Special arrangements have been made if you
desire to stay overnight. Our headquarters hotel,
the Barbizon-Plaza, is located on Central Park
South, two blocks from Columbus Circle. Single
rooms available at $34.00 per night; $40.00 double,
plus tax. There's a weekend plan: $22.95 daily, plus
tax per person, double occupancy . . . includes
breaktfast (brunch on Sunday) and meal gratuities.
Children under 14 in same room with parents, free.

For hotel reservations and information, call toll
free (800) 223-5493. From New York State call (800)
223-5963.

For those traveling to New York by air, American
Airlines offers a convenient service through ar-
rangement with Personal Computing Expo. For in-
formation, call toll free (800) 433-1790. In Texas the
number is (800) 792-1150. From the West Coast,
round frip fare via American is only $227.00,

20,000 persons are expected to attend and view the
more than 200 exhibits by personal computer
manufacturers and retailers.

Personal Computing Expo will occupy the 4th floor
of the New York Coliseum. It is located on 5%9th
Street and Columbus Circle — the geographical
center of New York City. Garage parking in the
building is available.

For answers to any questions pertaining to your at-
tendance at Personal Computing Expo, contact the
Show Manager, Ralph lanuzzi, at Area Code
212/753-4920.

Advance sale of tickets available . . . Three days *13
Two days *9. .. General Admission *5
MAIL THIS CONVENIENT ORDER FORM NOW!

r-----------------------------1

Personal Computing Expo admission is $5.00 per day. Advance reservation eliminates
waiting in line. Order advance tickets with this coupon. Admission ticket includes access l
to exhibits, lectures and tutorials.

Please send me ' advance registration tickets for three days, Oc- I
tober 28-29-30. Total cost $13.00 per person. I
Please send me advance tickets for two days, October ______ and |}
October ___ . Cost is $9.00 per person. I
Please send me advance tickets for one day, October ______. Cost
is $5.00 per person. I
Make all checks payable to PERSONAL COMPUTING EXPO, and mail to: I
Personal Computing Expo, 78 East 56th Street, New York, N.Y. 10022. I
Name Amount enclosed $ 0
Address i
City State Zip
-------------—--—------------‘
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Readers should be a-
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by the time subscribers re-
ceive their BY TEs.

Book Reviews

Expanding Your Computer Library

What do you do with your system? Where
is all the applications soltware? These are
questions frequently posed by people who
are trying to [ind out abeut small com-
puters. Aside from games, which are a
challenge to write as well as play, applica-
tions software secems somewhat scarce. In
this article, | recommend some books that
can introduce you to the world of computer
applications. Most of the books discussed
below contain program listings in BASIC or
FORTRAN. Others do not, bul are useful
for the wealth ol ideas or methods pre-
sented.

Al the head of my list is 4 remarkable
book, Scientitic and Engineering Problem-
Solving with the Computer, by Willlam
Ralph Bennett Jr {Prentice-Hall, NJ, 1976,
hardcover, $17.95), Based on a compuler
course which Dr Bennett taught at Yale, the
book introduces vyou to BASIC pro-
gramming, then rapidly branches out to
explore many unusual, but highly fascinating
problems in various areas. Chapter headings
include ‘“Plotting and Graphic Display,”
“Dynamics,” “Random Processes,” "“Wave
Motion and Fourier Series,”” “Electronics

and Communication,” and “Language” (a

singularly intriguing subject; ciphers, random
text gencration, and computer identification
of authors are some chapter subheadings).
Program examples introduce you to com-
puter applications in these arcas, and there
are do-it-yourself problems to solve. Refer-
ences are given al the end ol cach chapter to
facilitate  further research. A reasonable
knowledge of mathemaltics, such as college
level calculus, is useful, but certainly not
necessary Lo enjoy this texi. Dr Bennett's
writing style is refreshingly informal, and
quite humorous in places. A word of wamn-
ing: You will be extremely fhrustrated il you
buy this text and do nut have a machine on
which to experiment.

Numerical methods are the mainstay of
programming. Unlike analytical methods,
which yield answers in terms of symbals or
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equations {the way you did things in algebra,
trigonometry, etc), numerical methods are
computer oriented, and yield digital answers.
Typical numerical algorithms {a prescribed
step-by-step way of carrying out calcula-
lions) are used to approximate functions
(trig, log, ctc), solve equations, find arcas
and volumes (integration), or the inverse,
rates of change (differentiation), solve differ-
ential equations, manipulate matrices, and
numerous other procedures.

Though Bennett describes some numeri-
cal methods, there are more detailed books
on the subject. Two of the best | have
encountered ave Numerical Methods  for
Scientists and Engineers, by Richard W
Hamming (McGraw-Hill, New York, 1962,
hardcover, $18.50) and Numerical Methods
for Digital Computers, Volumes | and 2, by
Anthony Ralston and Herbert S Wilf (Wiley,
New  York, Volume 1, 1960; Volume 2,
1967, $17.25 and $19.25 respectively). Both
of these cover algorithms for numerical
procedures mentioned above, and consider-
ably more. Hamming's book is a text, with
descriptive chapters on each major subject.
There are no program listings, but the
algorithms are not terribly difficult to rans-
late into a computer acceptable form. The
book can be used for self-instruction, and a
knowtedge of calculus is helpful. Ralston
and  Wilf's books are more reference-
oriented. It is easy to find the algorithm for
your particular need, The first (carlier)
volume does not contain specific program
listings, though flowcharts are abundant.
The sccond volume does have listings,
mostly in FORTRAN and ALGOL. This
volume also includes an introduction 1o
programming in  both FORTRAN and
ALGOL, though it is somewhat out of date.
Ralston and Will’s volumes are mare useiul
once you have some experience with numeri-
cal programming.

A very fine text in numerical methods is
Applied  Numerical  Methods, by Brice
Carnahan, H A Luther and James O Wilkes






(Wiley, New York, 1969, hardcover,
$21.95). This book uscs salved and unsolved
problems to illustrate the major concepts of
numerical problem solving. Numerous useful
program listings are given in FORTRAN,
along with sample computer runs. Like
Hamming's book, this is a text, bul is less
general in scope. The programs, however,
make it most attractive, as it is sometimes
easier to understand an algorithm when pre-
sented in coded form. The problems chosen
as illustrations are engineering oriented. For
example, the book usecs radiant interchange
between plates, displacement of a cam-
follower, flow in a pipe network, member
forces in a plane truss, and transient behav-
jor in a resonant circuit, The programs are
organized as subroutines which you can easi-
ly use for other purposes.

Graphical presentation of data is dis-
cussed in Bennett and Carnahan et al, with
some program examples. For those of you
with some sort of computer graphics facility,
or an interest in graphics, Mathematica
Elements for Computer Graphics, by David
F Rogers and | Alan Adams (McGraw-Hill,
New York, 1976, paperback, $9.95) pro-
vides an excellent software “how-1o’' (unless
you have a system with hardware graphics
functions). The book has chapters for each
major graphic function: rotate, translate,
reflect, project, perspective and sterco view,
A major bonus is a complcte set ol program
listings for use in any BASIC that has true
subroutine call capability (like FORTRAN).
They can easily be rewrillen Lo accommio-
date other dialects of BASIC. The book is an
excellent reference and text. Some knowl-
edge of analytic geomelry and trigonometry
is helpful.

While Carnahan ¢t al briefly examine
chemical engineering, a more thorough book
on programming in chemistry is FORTRAN
IV in Chemistry, by G Beech {Wiley, New
York, 1975, hardcover, $23.50). In addition
to programs for simulation of lab problems
on the college level, there is much material
on theoretical chemistry (quantum and
classical mechanics), as well as practical lab
problems. These problems are comple-
mented by FORTRAN listings and sample
runs. This is a specific text, and il your
interest is in chemistry, you might easily
find a computer application based on the
material in this book. Topics include:
numerical methods, kinetic and thermal
problems, spectrometry, alomic and molecu-
lar orbital theory, and data acquisition in
chemisiry. Familiarity with the noncom-
puter approaches to chemistry problems and
a knowledge of FORTRAN are useful in
reading this book.
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Bennett, Carnahan et al, and Beech have
chapters devoted to statistics, an arca in
which the computer has proved of inesti-
mable value. Market analysis, reliability
tesling, election results projections, and even
scholastic testing would be nearly impossible
without the computer. The basic programs
are relatively easy to write, but the more
advanced techniques, including analysis of
variance and factor analysis, are considerably
more complex.

Two books serve as excellent guides Lo
statistics by computer. Biometry, the Prin-
ciples & Practice of Statistics in Biological
Research, by Robert R Sokal and F James
Rohlf (WH Freeman, 1969, hardcover,
$18.50) is a lextbook of statistical method-
ology. Il is well written and clear, and as an
added feature includes a complete library of
statistics programs in FORTRAN. These are
all subroutines which you can assemble to
perform the task at hand. The book is
oriented to biological research, but the
methods are easily adapted to other
situations.

FORTRAN Programming for the Beha-
vioral Sciences, by Donald | Veldman {Holt,
Rinehart and Winston, New York, 1967,
paperback, $5.98) is not as thorough as
Sokal and Rohlf, but is more concise. It has
a chapter devoted to learning FORTRAN,
and a set of statistics programs in
FORTRAN. These two books assume a
knowledge of mathematics through ele-
mentary calculus, but the mathematical dif-
ficulty varies with the particular topic. These
lexts have served me well, and | have even
been able to earn some extra income by
doing statistical analysis on research data,
Believe it or not, there is a large number of
people who still do statistical calculations on
nonprogrammable calculators.

A book related to my field of endeavor is
Computer Techniques in Biomedicine and
Medicine, edited by Enoch Haga (Auerbach,
Philadelphia, 1973, hardcover, $24.95).
This collection of articles is divided into two
major parts: simulation and modeling, and
data acquisition and management. The ar-
ticles vary in complexity and specificity.
Topics include simulation with applications
in cardiovascular and pharmacologic research,
data base accumulation, image processing, and
the role and potential of minicomputers in
medicine. Some topics contain sample pro-
gram listings and flow diagrams. Other top-
ics, especially those on data base management,
are quite general, but applications would be
highly dependent on the particular data base.
The book serves as a good starting point for
exploring the rapidly growing field of bio-
medical compulting.
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ation returns the result 75, This dual use of
a symbol, like the concept of valence applied
to functions, may seem strange and ecven
confusing upon first encounter. Familiarity
soon reveals that adoption of this procedure
is a source of considerable economy in the
language. There are only a few operators in
APL so far, but they impart great power Lo
the language. Implementation of new opcra-
tors will likely highlight subsequent develop-
ment of this exciting language.

Some insight into the evolution of APL
has been provided by the innovator of that
language, Kenncth lverson, and his collabo-
rators. When the history of its development
is widely appreciated, APL will be scen as
one of the great intellectual achievemenis of
this century. Iverson is & mathematician who
is keenly aware of inconsistencics thal have
long plagued his discipline and is eager 1o
avoid those blemishes in APL. Nevertheless,
the distinction drawn here between function
and opcrator was not made in the earliest
versions of the language. Only after opera-
tors were recognized as “'composile func-
tions” did the multer receive the attention
that brought it inte line with the generality
that is a basic theme of the language.

Arnold certainly is not alone in using the
older terminology. He cites a widely used
textbook that deals rather Yamely with this
point. A morc recent textbook on the lan-
guage (onc author a mathemalician and
prominent user of APL} uses the terms
function and operator imerchangeably and
appears determined to promote the con-
fusion that originators of the language have
been at pains to dispel.

1.
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An anonymous contributor to Scientific
Research (1969) posed two interesting
questions: “To what extent are scientists
beginning 10 use programming languages Lo
describe or model their problems in pref-

erence to normal mathematics?” “Is it
possible that resecarchers will some day
automatically think in FORTRAN or

BASIC instead of algebra or calculus?”
Positive answers to those questions could
scarcely have been framed then, even by
enthusiastic users of those languages. If
those enquiries now be made of APL, there
can be litile doubt of affirmative answers.

As Forsythe {1968) pointed out, “The
most valuable acquisitions in a scientific or
technical education are the general-purpose
mental tools that remain serviceable for a
lifetime." APL certainly fits more com-
fortably into that category than does any
other language by which we now uy to
instruct  computers. APL is sometimes
referred to as lverson’s notation; hence
it is appropriate to recall a remark attrib-
uted to Bertrand Russell: "A good nota-
tion has subtlety and suggestiveness which
at times make it seem almost like a live
teacher.”” That notion seems to have been
crystallized in APL. lverson will eventually
be recognized as the teacher of the century.

The story of APL includes a lesson that
our overstressed society might do well to
ponder, namely the importance of providing
some shelter from expediency for the de-
velopment of any significantly new idea. The
small team initially involved in design and
implementation of APL were not subject to
strong duress to get their kite in the air.
They did not have to settle for the com-
promises by which committees have pro-
duced such regrettable languages as say
PL/I. Instead, they were able to indulge the
luxury of Quaker consensus in reaching
important decisions. Our greatest debt to
carlier computer languages may well prove
to be the lebensraum they provided for the
development of APL. This remarkable lan-
guage will undoubtedly undergo considerable
further evolution, some of which will surely
be influenced by its use with microcom-
puters. It must be implemented throughout
the computer world. Those involved with its
development and implementation should
consider its history very carefully.

Cur thanks to Mr Anthony for his com-
ments about Mark Arnold's article and about
the present and future status of APL.®






Why People Get Hooked on APL
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The first guestion one
must ask when thinking
about the implementa-
tion of a new language is
whether or not the lan-
guage is capable of solving
the problems commonly
solved on that machine.

APL, A Programming Language, is one of
the most powerful interactive languages in
use today. Its rich sel ol operators is ori-
ented toward operating on groups of data
with the same freedom that other languages
operate on single data items. These op-
erators give the language the breadth Lo han-
dle an amazingly wide range of compulting
problems. This article explores APL's ap-
plicability to personal computing, and looks
at some of the ways that APL can be prac-
tically implemented on the small system.
Particular attention is given tu the problem
of storage management. References in the
article to the internal workings of an APL
interpreter for a microcomputer pertain
to the APL interpreter currently under
development by the Microsoft Company
for use with the Intel 8080 chip. This
interpreter (being implemented as this is
written) will include a significant subsel of
APL, decsigned to contain most of the
features available on large APL systems,
except for Lhose parts of Lhe language
which pertain to a multiuser environment.

The first guestion one must ask when
thinking about the implementation of a new
language on a machine is whether or not
the language is capable of solving the prob-
lems commonly solved on that machine.
With APL, the answer is a4 gualified yes.
Since the language is intlerpretive, it will
never be as fast or as efficient as assembly
language or a true compiler; une would not
want to refresh a display from memory
using APL. On the other hand, APL is a far
less cumbersome programming language
than assembly language. Clearly Lhen, APL
can be used 1o solve the problems {and play
the games) that are presently implemented
with BASIC, an area where APL excels.
As an interactive system, like BASIC, APL
Is easy Lo program with and debug, and it is
also considerably faster than BASIC,

The heart of APL’s speed lies in the
ability to express highly complicated algo-
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rithms with a few keystrokes. This gives the
language a double advantage over BASIC,
Part of the speed improvement will come
dbout simply because APL programs are
shorter than their BASIC counterparts. The
interpreter wastes less time analyzing the
program and spends morc time manipulat-
ing the data. The other, more subtle, speed
advantage lies in the speed of the functional
subroutines that are built directly into APL.
As an example, consider this BASIC routine
which calculates the average of the data
items in the N element array A:

1000 S=0

1010 FOR I=1 TO N
1020 SsS+A(I)
1030 NEXT I

1040 S=S/N

The routine exits with S being equal o the
average of the N items in the array. Now
compare that with an APL routine thal per-
forms the same function:

S+ /A) pd

Notice that the entire loop, lines 1010
thru 1030, is reduced to the expression +/.
Thus BASIC, while summing up the array
elements, must go through great convolu-
lions Lo achieve the desired result, including
performing the subscript calculation A(l) N
times and storing the temporaries S and | in
memory cach pass through the loop. This
involves considerable overhead, including
looking un S in the symbol table every time
through the loop, skipping over any remark
statements left inside the loop, calling the
formula evaluator to analyze the LET state-
ment in Jine 1020 ecach time through the
loop, etc. The BASIC routine is also fairly
cumbersome to use as a subroutine, because
one must be sure that the loop variable | is
not confused with some important piece of
data {with the same name) in the calling
program.,



APL, on the other hand, does the entire
calculation in a very fast loop internal to the
interpreter, keeping the sum in a special
memory location (or possibly an 8080 re-
gister, depending on the magnitude of the
temporary). Not counting the time spent
texically analyzing the line, one would be
hard pressed to write an assembly language
program that performs the summation faster
than APL does. The time overhead of ana-
lyzing the line, while measurable, is a fairly
insignificant percentage of the total time
spent, both because it is only done once, and
because the line is only nine characters long.
APL also relieves the programmer of the
possible variable conflict between the loop
variable |, and another use of | in some
other part of the program, since it does not
use d named variable as o temporary.

APL’s operators can be used in combina-
tion 1o perform considerably less trivial
tasks than averaging an array. Consider the
following APL function called SORT. This
tunction sorts an array  of alphanumeric
strings into an order specified by another
string called an “alphabet” string. SORT
takes two arguments: the string array Lo be
sorted, and the alphabet 1o be used during
the sort. As an example, we first assign the
string ABCDEFGH!IJKLMNOPQRSTUVW
XYZ 10 the variable ALPHABET.

The request:

ALPHABET SORT Vi)

would then cause APL to type the string
drray FOO sorted into norm.’ alphabetical
order, Other common permutations  are
casy 1o achieve; one could use the reverse
operator  {¢) 1o get reverse alphabetical
order. In this case, the proper APL  incan-
Lation would be:

(@ ALZHARBETY Loniit #oo

Well, what does it take to write this magical
SORT in APL? The function sort is de-
fined as follows:
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ln the first line (often called the function
header) the function is declared as having
two arguments which are assigned the values
ALPHA and LIST during the execution of
the function. TEMP is declared as a tempo-
rary variable, used only inside the function,
and R is declared as the value variable of the
function. Thus when the funclion is exited

the wvalue returned will be the value of R,
All four ol these variables are local 1o the
function; that is, they will be cleared. Thus
any space they use will be reclaimed upon
exiting the function. Also, if there were any
variables with these names already in exis-
tenee, the old values are pushed onto the
8080 stack to be restored on exit from the
function. {Actually, a peinter to the old
value is pushed onto the stack, not the value
itsell)) This guarantees that there will be no
conflicts between the function and the en-
vironment from which it is called.

Consider the deepest level of nested
parcntheses in line 1: The variable ALPHA
has a string composed ol one space cate-
nated in front of it. This new string is first
reassigned Lo ALPHA, and then used as the
lett argument of dyadic iota, with the right
argument being the array (LIST) that we
want to sort, This function returns a numer-
i array having the same number of rows and
culumns as LIST, and whose cvery character
is replaced by the index of the matching
character in ALPHA. A space would thus
become a1, because the first character of
ALPHA s u space. This new numeric array
is assigned 10 LIST, and then the shape
function p {the greek letter rho), is applied
te i, This returns a two clement vector
whose {irst clement is the number of rows
in LIST, and whose sccond element is the
number of columns. The scecond element of
the veclor is setected by the indexing brack-
ots, and is assigned to TEMP. TEMP thus
points to the last column of LIST,

Lines 2 and 3 perform the actual sort. In
line 2, the entire column pointed to by
TEMP is extracted by the expression LIST
|; TEMP|, and sorted to produce a vector
ol indices used Lo index LIST again. This
has the net effect of sorting LIST based
upen the column pointed o by TEMP. In
line 3, TEMP is decremented and its value
tested. |1 TEMP is nonzero {indicating that
the array has not been sorled on cvery
column), control is translerred back to line
3 for another pass, IT TEMP is equal to zero,
then the interpreter proceeds to line 4 where
LIST is used to index ALPHA and produce a
character array sorted in the proper order.
When the end of the function is reached, the
old values of ALPHA, LIST, TEMP and R
are restored, and the last value assigned to
the sorted alphanumeric array R s returned.

Because the bulk of the sort is done by
the grade up and index bracket operators,
the algorithm is fairly fast. [t s also quite
short, being less than 120 characters. When
compared with a BASIC routine that per-
forms a similar function (scc listing 1), the
APL routine scems quite short indeed. The
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APL tends to use large
quantities of memory,
reflecting its IBM/360
origins. The cause of this
weakness is unfortunately
also the cause of its
strength: its ability to
operate on groups of data.



100 FOR Xi=)l TO M=)
FOR XE=X1+1 TO N
X=}

200 1F IMSTRLAS,MIDSIXSCX) )X 12 )= INSTRCAS  MIDSCXICAR)I(Xs1D)

THEN IF XaLEN(XS(X1))
THEN NEXT X2,X1
ELSE X=x+|
8070 200

ELSE IF INSTR{AS,MIDS(XS(NED:X-1)I>INSTR(AS, MIDS(XS(XL)2X,1))

THEN SWAP X$IX1).X$(X2)

NEKT X2sX1
ELSE NEKT X2.X)

Listing 7: A BASIC string sort. This routine is designed to take a string of
characters and arrange them in alphubetical order. Compared with the corre-
sponding APL string sort {see article) this routine will typically take longer to
execute and is more cumbersome to write. One of the drawbacks of APL,
however, is that it invariably takes more memory spuce than other high level

tanguiage interpreters.

The heart of APL’s speed
lies in its ability to ex-
press highly complicated
algorithms with a few
keystrokes.

BASIC sort, incidentally, is written in
Altair extended BASIC; in standard BASIC
it would be longer yet,

This routine also demonstrates one of
APL’s losing fealures: its memory incffi-
ciency. APL tends to use memory in large
quantities, reflecting its origins on the
IBM/360. The cause of this weakness is
unfortunately also the source of APL's
strength: its ability to operate on groups
of data, Instead of having single numeric
temporaries inside a formula, as BASIC
might, APL often designates entire arrays
as temporaries. (Although BASIC can gen-
erate large character temporaries during
string operations, they are limited to 255
bytes in implementations such as Micro-
soft’'s  Altair BASIC.) These temporaries
can consume significant amounts of mem-
ory, especially if they are numeric. APL
requires at least 16 decimal digits of pre-
cision in its numbers, which in turn re-
quire cight bytes of storage per number.

The problem is aggravated by the sizc of
the interpreter itself, which we expect will
occupy around 24 K bytes if all the features
of the language arc implemented. Clearly,
if APL is to become popular as a language
among personal computer users, some way
must be found to implement a practical APL
interpreter on a small system.

The simplest way to solve the problem
is Lo streamline the language, climinating
features until the interpreter will take up no
more than 8 K bytes or so. One could limit
the size of floating point data to four bytes
rather than cight. Limiting arrays to one
dimension, and thus climinating most of the
operators designed to operate on multidi-
mentional arrays, would be a4 big saving.
Eliminating the composite operators (except
for the most important one, reduction)
would save a lot of storage in the inter-
preter.

Once this point is reached, it woulid prob-
ably be better to forget about APL entirely
and go back to BASIC, because all that re-
mains is a simple desk calculator style lan-
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guage with a strange character set and a
pecutiar order of evaluation. The heart of
the language is its ability to manipulate
arrays, and when this featurc disappcars the
language loses much of its usefulness.

It might seem morc reasonable to elim-
inate only those operatars, like matrix inner
and outer products, which appcar to be
useful only to mathematicians; but as one
becomes more familiar with APL, these
functions become increasingly more uscful
in everyday applications. Matrix inner pro-
duct, for example, is one of the most power-
ful tools in the language for exiractling
information from a stored array, Using
matrix inner product, the entire APL sorting
function can be reduced to only one linc
of code:

VA<ALDHA S0RT1 LIST

1 A<LTST LAY Y ALPHAD
VST %@ (pALPHA Y+ 1 )%
+1(plIsT) 121 ¢+ |

This algorithm (from Gillman and Rosc,
APL 360: An Interactive Approuch, john
Wiley and Sons, New York, 1970) performs
only one numeric sort, as opposed to SORT,
which performs a numeric sort for cach col-
umn of the array. Although this code is
fairly obscure {especially 1o a person used to
BASIC or FORTRAN]), one becomes more
comfortable with this sort of coding through
time,

| fecl that the efforts of an implementor
of an 8080 APL interpreter should be di-
rected toward writing a full set of APL that
is reasonably memory efficient. This is not
as hard as it seems: There are a few features
that can be built into the interpreter which
can reduce the memory requirements ot an
APL function down to a rcasonable level.

The first problem to solve is the number
of bits of resolution nceded for accurate
data representation. I a person is doing
floating point calculations, he or she should
have a full 16 digits of precision available
(ie: cight bytes of information per numeric
value). On the other hand, it is quite ex-
travagant to use 64 bits for storing Boolean
or character data. Also, operations on inte-
ger data (such as loop variables, counters,
etc) should be carried oui using a small,
reasonably fast integer format, rather than
a slow floating point format.

For example, in Microsoft's upcoming
APL interpreter, we have chosen to store
data in four differcnt formats: 1 byte un-
signed integer, 2 and 4 byte signed inleger,
and 8 byte floating point. These types are
transparent to the user, and any necessary
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conversions between types are performed
automatically, If one adds (wo arrays, for
example, there is no need to worry about
the best format for the arrays or for the
result. This multiformat scheme will also
tend to increase the speed of the interpreter,
since operations between integers arc much
faster than operations between floating
numbers.

For this multiformat scheme to be cffec-
tive, the interpreter must be as stingy s
possible in converting to a larger format
when deciding on the size of the result
of a calculation. If two arrays are being
multiplied, for example, the interpreter
will assume that the size of the resulting
array will be the same as that of the larger
operand. Only when this assumption fails
(ie: when the product of two elements
of the arrays overflows the result lype)
does the interpreter increase the size of
the result.

As careful as the interpreter is, occa-
sionally a variable is stored in an owerly
large format., This can happen if the squdare
root is taken of an array whose clements
are all perfect squares, for example. To
solve this problem the interpreter scans
all data during terminal input waits and
converts each one to the smallest format
that can hold it,

Another storage saver that can be built
into an interpreter is a carcful examination
of cach statement to climinate unneeded
temporaries. For cxample, consider this
APL statement:

ADE ¢

The simplest way to operate on this staie-
ment would be to make copies of both
X and Y, multiply them, and then store
the result in a new location pointed lo
by Z. While this is an acceptable way ol
handling scalars, it is wasteful Lo the extreme
if X and Y are large arrays. This statement
should use only enough memory Lo hold
the result and the two operands. No tem-
poraries are necessary. Accomplishing this
is not difficult when the interpreter knows
how large the result will be; it is a more diffi-
cult problem when the type of the result
is uncertain. If both X and Y are slored in
a | byte format, for example, Z might
require either onc or two bytes per value
depending on the contents of X and Y.
Since Lhe final size of the result cannot
be determined until the last clements of
the arrays are multiplied together, il might
seem necessary to go back and start again
using a 2 byte multiply routine!l. A more
sanc solution, though, is to go back and
convert all previous results from 1 byte
to 2 byte format, and then continue from



the point of overflow using 2 byte multiply.
Since upward type conversion is very fast,
the overhead on overflow will be small

Two other ways of saving storage are
worth mentioning: data sharing between
variables, and the overwriting of temporary
results, Data sharing, the more difficult of
two to implement, is a method of saving
storage by keeping as few copies as possible
of any one set of data. For example, if Ais
an array, then the stalement B < A should
not copy any data: B and A should point to
the same array in memory. The sharing will
continue until either A or B is modified, at
which point the interpreter is forced to
make an extra copy of the data. Although
this example is rather contrived, the tech-
nigue can be of great value when calling
functions. Only rarely does a function
modify its arguments (SORT being a notable
exception), so there is little point in making
unnecessary extra copies of them. Data shar-
ing has the additional advantage of requiring
very little overhead, just one byte per data
structure counting the number of variables
pointing toward i1.

The technique of overwriting previous
results can also be a big scratch memory
saver. Consider this APL statement:

=~ 3+ 1+ 4

Let us assume that A is an array stored in
floating point format, Working from right to
left, the interpreter adds 1 to A, then takes
the reciprocal of that result and assigns it to
B. At first glance it might seem that this
statement requires two temporaries: a place
to store 1+ A, and a place to store the recip-
rocal of 1 + A. The interpreter can avoid
creating the second of these temporaries by
writing the result of the reciprocal operator
over the 1 + A temporary. The only remain-
ing problem is finding a quick way to dis-
linguish between a “'true’ array, pointed to
by a named variable, and a temporary array.
The solution is to look at the reference
count of the array: [f it is zero, then no vari-
able is pointing toward it and it can be safely
destroyed.

No matter how careful a programmer is,
or how many tricks he or she builds into an
interpreter, there is no way of avoiding the
fact that implementing a powerful language
like APL on a small computer will take a lot
of memory, certainly more than a BASIC
interpreter. As | consider all of APL's useful
features (and the plummeting of memory
prices}, | feel sure that APL will become one
of the most popular languages among small
system enthusiasts. APL programs are short
and easy to understand once you are familiar
with the Greek character sel.®
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fubte 1: The truih tuble of
the rewd onlfy memory that
is ased for the displuy.
With this tuble it Is pos-
sible to huve o sepurute,
distinguishable  character
for each of the hexadeci-
il digits.

An 8 Digit Hexadecimal Readout

While working or playing with a micro-
processor the logic state of many lines must
be studied simultancously in order to under-
stand and debug the system. Typically, 16
address lines, eight data lines and possibly
some |0 lines are of interest. Each line can
be individually checked with a meter or
oscilloscope, but it is much more convenient

Hexadecimal

Decoder bafgedec segment

Address 76543210 bit
00 01110111 |
01 01000001 :
02 01101110 |
03 01101011 -!
04 01011001 l_ll
05 00111011 "E,
06 00111111 E,
a7 01100001 Tl
08 01111111 =
09 01111001 |
0A 01111101 ‘:;!
0B 00011111 |
oc 00110110 |
oD 01001111 .
OE 00111110 =
OF 00111100 =
10

All zeros blank
to 1F
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to measure the states of the lines in parallel.
Most microprocessor front panels have many
LED indicators to simultancously read out
the address and data lines.

Since microprocessors arc byte oricnted
machines, hexadecimal digits are often used
when writing code. After countless mistakes
decoding data and address lines, | knew |
needed an automatic method Lo transtate the
many ones and zeros to hexadecimal. The 16
hexadecimal digits 0 1o 9 and A to F can be
displayed in a directly readable format using
a 7 segment readout. A check of the data
sheets for the common TTL binary coded
decimal to 7 segment decoders, such as the
7447, showed none display the letters for
inputs greater than nine. Although the dis-
play may be unique for cach input, a
directly readable digit is required or the
system is not much of an improvement over
individual lamps.

A simple solution is to build a custom
decoder by burning part of an 8 bit by 32
word bipolar programmable read only mem-
ory. The hexadecimal digit to be displayed
provides four of the five address bits that
determine the decoder's outpul. Seven of
the cight output bits are used to wrn on ot
off the appropriate segments of an LED
readout. Table 1 shows the truth table for
the decoder. It can be programmed using
methods such as those described on page 66
of the November 1975 BYTLE or by the
distributor at the time of purchase. The [lifth
input, highest order bit, is grounded since
only hall of the read only memory is needed
to hold the hexadecimal 7 segment code.
The eighth output bit is also unused. [t
could be wsed to light the decimal point
during display of input values greater than
nine to emphasize the hexadecimal nature of
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(ALTERNATE CIRCUIT:
7442)

the readout. Since only minimal confusion is
present (b could be read as 6), this was not
felt 10 be necessary.

The circuit diagram is shown in figure 1.
Since programmable read only memorics are
relatively cxpensive, the display is multi-
plexed to reduce cost. This also results in a
power savings. A 3555 timer oscillates at
about 1000 Hz and drives a 7493 which is
used as a 3 bit counter. Its output address
determines which input digit is to be dis-
played by sclecting the correct output from
each of the 74LS5151 multiplexers and also
sely a 74154 decoder 1o drive the corre-
sponding  readout  digit. Each 74LS151
multiplexes one bit of the eight different
input digits. Low power or low power
Schottky should be used to minimize line

loading of the device under test. The four
bits 10 be decoded, the outputs from the
multiplexers, address the 82523 decoder as
discussed above. Common cathode 7 seg-
ment LED -eadouts are interfaced to the
decoder outputs and to the 74154 outputs
using PNP and NPN transistor drivers.

The component layout is not critical and
the construction technique will depend on
the use intended. The unit could be built as
a dedicated front panel; however, since ! feel
that a microprocessor should be brought up
with a manitor system  that enables the
system video display or teleprinter to serve
as the front panel, 1 built the readout to be a
stand alone tester.

The timer circuit, transistor and resistor
networks, and the output leads {rom the
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Figure 1: This is the sche-
matic diagram for the §
digit hexadecimal readout.
The output for the displuy
/s multiplexed to save on
the cost of the relatively
expensive read only mem-
ory. All resistors are .25 W
und are meuasured in olhms.
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top values,
professionalism

Computerland stores
are exciting, enjoyable
places to visit. From the
striking decor to the fun
and challenge of the
Computerlandw Game
room, you’ll find
Computerland stores a
completely new
shopping experience.
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Computerland stores for
total professional
support whether your
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and software guidance.

breadth of
products

At Computerland stores
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like Apple Computer,
Cromemco, DEC, Diablo,
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Polymorphic Systems,
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to name a few.
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completely stocked with
tools, books and a
broad range of
accessories.

beqginners
welcomed

Do you want to get
started with
microcomputers? Are
you seeking expert
guidance on computers,
peripherals, software?
The place to visit is
your nearest
Computerland.
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Morristown, NJ 07960
(201) 539-4077
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(213) 776-8080
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(502) 425-8308
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Tustin, CA 92680
(714) 544-0542
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Mission Viejo, CA 92675
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* 22634 Foothill Blvd.
Hayward, CA 94542
(415) 538-8080
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Computerland Corp.im (415) 895-9363.
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San Diego, CA 92111
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(312) 255-6488
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(607) 277-4888
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Rockville, MD 20850
(301) 948-7676
¢ 1612 Niagara Falls Blvd.
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(716) 836-6511
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Circle 128 on inquiry card.



DO IT

WITH 16 BITS

DO IT BETTER

With the language that is best suited for vour application: Business programming in
COBOL, Scientific and Engincering in FORTRAN IV, Educational in BASIC, and
Svstems Implementation in our MACRO ASSEMBLER.

With hardware that will grow with vour application, and protect vour software in-
vestment.

DO IT FASTER
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Loader, Load Module Library Iditor, Symbolic Debugger, and Text Editors.

Wilh a 16 bit processor that includes hardware multiply and divide, real-time clock,
and peripherals like single or dual diskette subsystems with integral DMA con-
troller.

DO IT WITH A MicroNOVA-
BPI

It vou are serious about computing. call or write
todav. BPI Inc.. 2205 East Broadwayv. Suite b.
Tuceson. Arizona 85719 16021 326-6975

3 NOVA « a registered trademark nb Data Gonaral Corporalion, Seuthbore, Massachuselts
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Look What You Can Do...

Ralph Tenny
POB 545
Richardson TX 75080

...with an Edge as a Cue

There are hundreds of digital integrated
circuit functions, some highly specialized
and others perfectly general. So long as
simple digital functions are involved, logic
cookbooks, truth tables and functional de-
scriptions explain what various integrated
circuits do and show how to apply
“standard” solutions to problems. But it is
often possible to combine integrated circuits
and other components to provide clever
solutions to various problems, taking advan-
tage of the characteristics of the integrated
circuits, In this article, we concentrate upon
several different ways to generate pulses or
time delays on cue, using analog, asynchro-
nous and synchronous (clocked) digital
methods.

7414

INPUT —D— oUTPUT

LINEAR AMPLIFIER

VOLTAGE

INPUT QUTPUT

SCHMITT TRIGGER

VOLTAGE

TIME ~———»

a

TIME —

Figure 1: Comparison of the Schmitt Trigger and Linear Amplifier. The
simple lineur amplifier generates an output voltage which is a fixed multiple
of the input voftage. The graph at the left shows what happens to a simple
input waveform as amplified with a gain greater than unity. The Schmilt
trigger, in contrast, has two threshold levels, V1 on the rising side and V2 on
the falling side of the input waveform. The output changes from a high logic
fevel to a low logic fevel when the V1 threshold is crossed, and returns to the
high logic level when the V2 threshold is crossed in the opposite direction. In
this example a 7414 circuit is used, which is an inverting Schmitt trigger.
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Exploring the Schmitt Trigger

Schmitt trigger integrated circuits are
available in both the TTL and CMOS logic
families, and share a common characteristic:
A property called hysteresis has been incor-
porated in the circuitry between input and
output, which leads to a useful time delay
effect with signals that are slowly varying
compared to logic speeds. This action can be
illustrated by comparing a linear amplifier’s
response with the response of a Schmitt
trigger. Figure la shows how the linear
amplifier responds to an input wavefaorm: |t
simply amplifies the signal but otherwise
makes a faithful copy. In figure 1b, the
response of the Schmitt trigger to the same
type of input waveform is illustrated. Note
how the Schmitt trigger output makes no
change until the input crosses a threshold
V1, then makes no further change until the
input voltage has dropped to a lower thres-
hold, V2. The hysteresis property of the
Schmitt trigger is this difference between the
rising (V1) and falling (V2) change thres-
holds. The use of this hysteresis to reduce
noise on a signal is illustrated graphically in
figure 2. The analog input signal in figure 2
would cause problems if applied to a TTL
gate input. By simply taking advantage of
the hysteresis levels V1 and V2 using a
Schmitt trigger, the input signal is trans-
formed into a much more usable signat with
clean (ie: the typical 10 ns) transitions.

Because the Schmitt trigger’s hysteresis
rejects noise so readily and has a rapid
response once the threshold has been
crossed, it is often used to accept slow
waveforms for input to normal logic cir-
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vz Figure 2: One of the principal uses of the Schumitt trigger

circiit Is (o convert slowly varying analog signals into the

nearly instantaneous transitions of digitul logic — and at the
sume time (o filter out minor variations. This example

OQUTPUT

iflustrates how an arbitrary analog inpul is converted into o
digitaf signal by a Schmitl trigger with thresholds V] end
V2. Changes only occur at V1 when the input is sising, und
V2 wihen the input is fulling.

cuitry. With proper external circuitry, the
Schmitt trigger will also accept capacitively
coupled waveforms. Due to this property,
the Schmitt trigger is a very versatile device.

An example of the Schmitt trigger's
application is the generation of a trigger
pulse on an ‘“cdge” of another waveform.
Figure 3 shows two different edge detectors
made with the 7474 circuit as the key
Schmitt trigger element. Figure 3a shows the
positive edge detector, and Figure 3b shows
the negative cdge detector. The Schmitt
trigger's properties of hysteresis allow the
reliable use of long time delays in the RC
network driving the device; use of an
ordinary TTL gate would not be reliable duc
to the optimization of TTL devices to
standard TTL transition speeds. The timing
diagram in figure 3 shows the relationship of
the two edge detector outputs to a common
driving waveform. How about pulse delays?
Cascading several such edge detectors gives a
series of delayed pulses as shown in figure 4,
The timing is determined by the RC com-
ponents used, and is thus called “asynchro-
nous” since it has no dependence upon 4
regular clock period and can vary with the
temperaturc and other physical parameters
which affect resistors and capacitors.

The Schmitt trigger also interfaces with
the real world outside digitland. Figure 5
shows 1lwo ways Lo create what is called a
“power on reset.” Such a reset function is
used to clear digital logic such as counters,
sequencers, controllers, and microprocessors
which must start from a predetermined state
following the application of power to the
system. A typical rule to thumb is to choose
the RC time constant to give a reset delay at
least three times as long as the power line
takes to come up to full voltage.

Q. POSITIVE EDGE b. NEGATIVE EDGE
+5

7414 7414
INFUT —) OUTPUT INPUT % OUTPUT

TIMING DIAGRAM

INPUT

EDGE QUTPUT

Q. FOSITIVE J

b NEGATIVE
EOGE QUTFUT

Figure 3: By using an RC network to differentiate a logic signal, the andlog
signal witich results can be used with a Schmitt trigger to generote puises at
“edges.' The positive edge detector (a) and negative edge detector (b) here
use the Schmiitl trigger version of an inverter, the 7:1-i.

| —
| ——
| S—

7414

NPUT —) . . ouTPUT
Figure +: A cascading
series of positive edge

detectors can easify be

L made using several Schmitt
INPUT .

: g g trigger stages. Each stage

POINT A | i i uses the logic signal gener-

ated by the previous stage,

; : 5 resulting in a series of

POINT B ” IJ || pulses with progressively

1 : g : longer delays relative to

QUTPLT ' ’ ' the Input signal's rising
edge.
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DIFFERENTIATED SPIKE AT C2-Rf JUNCTION
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Figure 5: Using the time delay properties of a Schmitt trigger with an RC
nelwork leads to this technique 10 produce u power on reset signal. A master
system enable (a low state) is delayed by the RC time constant of C2 being
charged by R2 after the power is turned on. During the time that normal
system dction Is disubled, the power on resel puilse is created by the positjve
edge trigger of the upper Schmitt circuit. The RC constanis are chosen so that
the system enable fafling edge follows the rising edge of the power on reset by
d good margin.
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Figure 6: The time deluy properties of a
Schmiit trigger and RC networks can be
used lo debounce switches. The common
approach is to use a flip Hop such as the
circuit at (a). However, by using a Schmitt
circuit, it is possible to get awuy with un
SPST switch instead of the SPDT switch
required for the flip flop technigue., Two
versions of SPST switch debouncing are
shown at (b) and {c).

Figure 7: An  inverling
Schmitt  trigger cun  be
used as an oscillutor by
feeding its output buck to
its input with an RC net-
waork as shown at {u). Il ¢
Schmitt  trigger NAND
gale is used insteud of the
imverter form, the extra
input can be used to gate
the oscillator on or off.



One of the mosl troublesome real world
logic interface problems is switch de-
bouncing. Any switch contact bounces, a
little or a lot depending upon many factors.
A typical way of debouncing a switch is to
use two NAND (or NOR) gates in a set-reset
flip flop circuit as shown in figure Ga.
However, this circuit requires a single pole,
double throw swilch. The circuits of
figures 6b and 6¢ show how the Schmitt
trigger gate can be used lo generale a
debounced TTL signal from an SPST switch
by using RC componenlts o generale a time
delay which is longer than the typical
bounce interval for the contacts.

One other place the Schmitt trigger shines
is in the digital oscillator as shown in
ftgure 7a. Besides the 7414 hex inverter
package, Schmitt triggers come in several
other packages including a quad NAND
package called the 74132, As an oscillator,
the 74132’ gating action can be used to gale
the oscillator on or off using the second
input as shown in figure 7b. {Note that any
of the previous illusirations can be imple-
mented with the 74132 or other gates in the
7400 series of parts with Schmitt trigger
inputs.)

For those who may not have the appro-
priatc logic handbooks, let’s note that the
two Schmitt trigger integrated circuits men-
tioned above are functlionally identical to
their normal TTL counterparts, with the
exceplion of the Schmitl input property. In
ligure 8, these pinouts are reproduced for
reference purposes. H you need a spare
inverter or NAND gate, the Schmitt trigger
property of any extra active seclions can be
ignored without side effects in most cascs.

INPLT —W—E«Nv—
7408 b OUTPUT
+%_,—

INPUT —)

B—Ak— ouTPUT
b I

b

Figure 9: If the Schmitt irigger property i
needed in an existing circuil, un AND gate
cannt oltenn be modified us o temporary
expedient. The circuit ot {u) shows a 7408
AND section used as the equivalent of the
Schmitt trigger in figure 1h. The circuit at
(h) shows the equivalent of the posilive edge
connector in figure 3.

Vee 6A [:34 5A 5y 4A 4y Ve

2 (3] |4 |S] |®B

1A 1Y 2A 2Y 3A 3¥ GND 1A

SN7414

l:] 1y 2 28 2Y GND

SN74132

Figure 8: Some Pinouts for Review. This illustration shows the pinouts of the

7414 and 74132 Schmitt trigger packages.

Note that these pinouts

correspond exactly to the pinouts of the 7404 and 7400 respectively. The
only difference between the standard inverter and NAND gates and the
Schmitt trigger forms is the fact that the inputs have the Schmitt trigger
property. These figures reproduced from pages 5-9 and 5-37 of the TTL Data
Book for Design Engincers (available through BITS).

The Schmitt trigger aspect of these gates
is thus a4 uscful bonus. Every digital kluge
board will most likely require at least one
Schmitt trigger integrated circuit on it for
those unexpected noise and timing problems
which crop up sooner or later. One other
item should be noted about the TTL
Schmitt triggers: Pull down resistors and
feedback resistors (see the cxamples in the
figures) should not be larger than 390 ohms.
Pull up resistors can range up Lo about
2.2 k ohms.

A Schmitt trigger can be made using
positive feedback around an AND gate.

7414
INPUT WOUTPUT

'
I
INPUT ,
l

———————— VI THRESHOLD
v CAP :
_i

ouTPUT

Figure 10: If the input network of the
Schmitt trigger is hooked up us an inlegra-
tor, charging the cupucitor, the pulse edge
out of the Schmitt circuit will be defayed. In
this cuse, the nequtive edge of the 7414
output is o deluyved and inverted copy of the
positive edge inpuif.
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v CAP

INPUT QUTPUT

Figure 11: If a deluy network such as that in figure 10 is prescnted with o
string of short pulses, there will be a certainn minitmwum length inpat wihich wift
be recognized as a transition on the oulpul. I the pulse is not lonyg enotigh to
charge the capacitor 1o the threshold level through the resisior, then there
wifl be no change at the output, Thus the Schmitt (rigger with un RC network
can be used [o discriminate against short pulses.

Figure 9a shows the 7408 used as Lhe basic
Schmitt trigger in a circuit analogous Lo
figure 1b. Figure 9b shows the 7408 sub-
stituting for the 7414 in a circuit like
figure 3a. In both cases, excepl for the facl
that the output is not inverted by the 7408,
the effect is the same. Nole Lhal the unused
input of the AND gate is lied lo +5V 10
enable the gate. Make the feedback resistor
about 10 times the pull down or pull up
resistor for best results. Use your own
imagination to design all the previous func-
tions {with the exception of Lhe oscillator)
using positive fcedback and AND gates
instead of Schmitt trigger circuits,

By reversing the resistor and capacitor at
the inputs, a Schmitl trigger will delay a
signal or discriminate against narrow pulscs,
Figurc 10 shows the delay Tunction, and
figurc 11 shows how narrow pulses {or noise
glitches) can be filtered out of a pulse string.

Using Gate Propagation Delays

When gates are as cheap as they are, it is
sometimes more appropriate Lo solve pro-
blems without resistors and capacitors. For
example, the cdge detector can be made
using gate propagation delays instead ol the
RC time delays of a Schmitt trigger.
Figure 12 shows such an cdge detector. For
those who may nol be familiar with the
principle, another common name for this
circuit is a "‘delay oneshot.” The delay
oneshot  works  this  way (referencing
figure 12): The input is initially low, which
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forces the output high. With three inver-
sions, point C will he initialty high. When the
input goes high, the output will go low {after
one gate delay) since point C is still high.
Three gate delays after the edge, point C will
go low forcing the output high again after
one gate delay. A similar process takes place
for the NOR gate version of figure 12b. The
timing diagrams of figure 12 show how the
gale delays lead 1o the pulse effect.

The name delay oneshot comes from the
fact that an integrated circuit's output does
not change instantancously with its input;
rather there is a finite propagation delay
shhown as AT in figure 12, Therctfore poim C
goes low three propagation delays after the
input went high, and the output will then be
low (for figure 12a) for a short time of
about 25 to 35 ns with standard TTL parts.
The exact time depends upon the particular
integrated circuit, its current temperature,
and other physical parameters. In many
applications, the exact pulse width is not
important; tor it is wide cnough 1o trigger
clock and edge sensitive inputs of other TTL
devices such as flip flops and counters. While
figure 12a shows a positive cdge detector,
using a NOR instead of 2 NAND as in
figure 12b yields the negative edge detector.
The circuit of figure 12¢ completes the
picture by using an exclusive OR gatle (o
detect both edges of the input waveform.
This exclusive OR circuit is also known as a
frequency doubler since it produces two
pulses in ecach period of the input waveform,

Digitally Controled Delays

Is a longer pulse needed? Do you need a
pulse with a programmable fength? Is a
special - synchronous  timing  relationship
necded? If the answer to any of these
questions is yes, then use of clocked cdligital
delay generation methods is a useful ap-
proach.

Figure 13 shows a combination synchro-
nizer and delay genceration circuit which uses
a shift register. The input wavetform lailing
edge can have any timing relationship with
respect o the clock signal to the shifi
register. In the illustration, its change is
shown occuring approximately in the middle
of onc phase of the clock cycle. Whenever it
changes, the next active edge of the clock
{marked by an upward arrow) will read the
input data into the first stage of the shift
register. Then scven clock periods later, the
output stage of the shift register will change,
since the 74164 used in this example has
total of ecight stages. By using the NAND
gale shown along with the inverter, the time
during which the QH and QA outputs of the
shift register disagree is detected to form the



pulsed autput wavelorm shawn in the timing
diagram. Note that, assuming 4 | MHz clock,
the widih of the pulse gencrated by this
circuit will be exactly 7 us. The relative
timing of the input change and the first
clocked transition of the shifl register deter-
mine the exact starting time of the pulse. By
adding other NAND gates tied to different
shift  register outputs, it is possible 1o
produce several different but synchronized
pulses for the same input edge. Also, since
the change information is passed from stage
lo stage by the clock, the output of any
stage will have a change cdge which s
synchronized to the clock. The example of
figure 13 uses 4 74164 shift register; the
same principle can be used with shorter or
longer shift registers. Note also that 1o
oblain a complete 7 us pulse, the input must
remain low for at least 8 us (worst case
relative timing).

How about a oneshot with a program-
mable pulse width? Figure 13 shows how the
combination of a presettable counter with a
latch gives a programmable oneshot. It
aperates this way: assume Lhat no negative
going inpul pulscs have rcached the circuit
lately. The normal operation of the counter
is 1o continuously count through 16 states,
giving a4 borrow output {calicd the “end
pulse’ in the diagrams) whenever state 0 is
reached. Thus after power is turned on,
within 16 clock cycles the RS latch will have
been reset such that the output line of the
circuit is low.

Now suppose an input pulse of arbitrary
duration reaches the circuit. This pulse
lorces the digital pattern on the four input
lines {noted C3 o CO corresponding to their
binary weights}) 1o be loaded into the
counier. During the load pulse, which need
nol be synchronous with the clock, the
counter is inhibited from counting and the

RS latch is set so that the output is high. As

soon as the load pulse ends, the counter can
again count down, from the loaded state of

Figure 12: Making use of
the finite (typically about
10 ns} qate deluys of logic
cireuits, it is possible to
muake edge detectors with-
out any anulog com-
ponents such as resistors
or capdcitors; (a) is a posi-
tive edge detector, (b) is a

negative edge detector,
and (c) is o frequency
doubler, which delects

bhoth edges of u repetive
fogic waveform.

3 in the example. Evenually the counter
reaches zero having exhausted the pro-
grammed count, This causes the borrow
pulse to be emitted, resetting the latch again,
thus ending the generated pulse. The net
length of the pulse gencrated is equal to the
length of the input pulse plus the delay
between the end of the input pulse and the

end of state 3, plus 2.5 clock periods. If the

input pulse
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Figure 13: Use of digital
circuits with clocked tran-
sitions enables delays, edge
detection and other func-
tions to be done with
outputs synchronized to
the clock. For example,
this 8 bit shift register is
used to obtain a pulse
width of exactly seven
clock periods, synchro-
nized to the clock. If the
input puise is longer than
the seven clock periods
plus one clock period for
refative timing slop, this
circuit produces a digital
negative edge trigger.

Figure 14: A program-
mable delay generator.
This circuit generates a de-
tay which is set by the
inputs of the counter and
the width of the trigger
puilse at the input. The end
of the pulse is synch-
ronized with the clock,
but the sturt of the pulse is
synchronized to the inpul.

such as might be generated by the circuit of
figure 12a, then the programmable delay is
determined by the count ¢ntercd but with
an uncertainty of onc clock period due Lo
the possible variations in timing ol the input
pulse relative to the clock. This same circuit These  particular techniques may not be
can be extended to arbitrary pulse widths by
cascading the 4 bit counters. With a | MH,
clock, for example, four 74193s could be
used o programmably time periods ol up o
65,535.5 us.
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fogged a little by the discussion of these edge
related phenomena, A number of circuits
which treat edge related phenomena were
made by using the characteristics ol some
integrated circuits and a little imagination,

immediately useful; but when you need one
of the functions described, they will come in
handy. In your spare time, remember to
study the various integrated circuils, not just
the cookbook applications, but any imagina-

Hopefully your imagination has been live extensions you can dream up.®
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This means that in an expression such as:
WHX+Y*Z

we perform the multiplications first (W*X
and Y*Z) before adding together the resufts.
Because logical operations arc defined as
comparisons of values (e.g., the results of
arithmetic operations) we must evaluate our
arithmetic expressions first. Thus, it should
be clear that any arithmetic operator (+,—,*,
{} has higher precedence than any relational
operator [LEQ., .NE., and so on). Thus in our
expression:

A B NE.C*D

we have to perform the subtraction (A B)
and the multiplication {(C*D) before com-
paring the results to sec whether they are
unequal,

There will never be any need to compare
one relational operator with another with
respect lo precedence, and we can assume
that all six relational operators (LEQ.,
NE., .GT., .GE., .LT. and .LE.) have the
same precedence. This allows us to start
the process of generating code for our
example expression. We recall that, in the
Bauer-Samelson algorithm, we have two
stacks, one for operands and one for opcra-
tors {see figure 1). The process in this case
proceeds as follows:

1. The A goes on the operand stack.

2. The minus sign goes on the operator
stack,

3. The B goes on the opcrand stack.

4. Now we come to the .NE. which we
cannol pul on the operator stack because, as
we mentioned before, the minus sign has
higher precedence. Therefore, we must take
the minus sign off the operator stack; take
its operands, A and B, off the operand stlack;
perform the operation, which in this case
means generating the code for “load A" and
"subtraclt B''; and put the result back on the
operand stack. In this case the resull is
simply the name of the register where the
answer (A -B) was left. Let us call this
register AC.

5. Now we can put .NE. on the operator
stdch, since the operator stack is empty.

6. The C goes on the operand stack.

7. The * goes on the operator stack,
since it has higher precedence than the .NE.
operdtor.

8. The D goes on the operand stack.

9. Nuw we come to the end of the
expression. First we must treat the * opera-
tor {at the top of the operator stack). We
take it off the operator stack; take its two
operands {C and D) off the operand stack;
and perform the operation, which in this
casc means generating the code for “load C"

EQUATION

YARIABLE OPERATOR
oy "

o
g . ° 8
<L <
1 ox
hid . o w
a. a
o o

L] .

Figure 1: A simple dicgram of the stack duta constructs of the Bauer-
Samelson algorithm. Tauke an equation and analvze it from left to right
pulting variubles or constants in the operand stack and operators in the
operator stuck. With each additional item added to the stacks, the previous
one is shifted down. Special attention must be paid to the operator stack
because the operators must be stacked in descending precedence order. If ain
operator of fower precedence than the previous one is louded into the
operator stuck, it will be saved, while the higher precedence operator and its
carrespotiditig operands ure processed out of the stack. The newly computed
valie will be put into the operand stack, and the lower precedence operator
wiltl now be loaded inta the operatar stack. The process then continues on.
When the end of the expression is reached, a cleanup process of unstacking
operators and operands continues uniil both stacks are empty. This algorithm
can be wsed i a compiler to generate machine code, or in an interpreter to
controf actial evaltiations of expressions.

andd “multiply by D.” [n doing this, we will
note (if we bave a4 single register computer)
that the register AC will be overwritten.
Therefore, we will have 1o generate “'store in
TEMP™ and put TEMP on the operand stack
where AC was. Finally, we put the result
bach on the operand stack. This time the
result is the register where C*D s kept. Let
us assume Lhat this is again AC {although the
method would work just as easily il it were
some other register}; then this is put back on
the operand stack.

10, Finally, we come to the NE. opera-
tor. Its two operands are AC and TEMP.
Since we are only processing the expression
A B .NE. C*D, and not the whole statement
in which it is contained, we don't know
where to jump yel {in this case it s 1o
statement number 87). Let s, therefore,
generate code which will jump to a label
called TRUE if the condition is satisficed, and
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Figure 2a: The basic block
diggram that will be used
to represent the different
fogical operators; “alpha”’
and  '‘beta’” represeni
generated code whereby
either a true or false state
is possible, depending on
witether or not the con-
dition in guestion is satis-
fied, Arrows in this diag-
gram indicale  branches
which might be taken.

Figure  2b:  Generating
code for “alpha or beta.”
If the first state is not true
then the second state must
be checked:
Alpha Beta

Trug  —=
False
True*

False*

Faise or
False or
True or
True or

—_—
—

* State need not be checked.

Result

Branch

TRUE

— FALSE

TRUE
TRUE

—+— TRUE

ALPHA

— = FALSE

—4—» TRUE

BETA

—— TRUE

ALPHA

— -+ (FALSE)

~——1—> TRUE

BETA

—1—& FALSE

these can be patched up: TRUE can be
changed 10 statement number 87, and
FALSE can be changed to be the next
statement after the IF statement. So, in this
case, depending on the computer we dare
doing this on, we would generate:

“compare with TEMP; if uncqual, go
to TRUE; go to FALSE"

or “if cqual to TEMP, skip the next
instruction; go to TRUE; go to
FALSE"”

or “subtract TEMP; it nonzero, go Lo
TRUE; go to FALSE.”

We notice immediately that, no matter
which of these options we take, the last
instruction we generate is “'go to FALSE”
and this is unnecessary, because FALSE
corresponds to Lthe next instruction follow-
ing the IF statement. In this case the final
“go 1o FALSE” can simply be thrown away;
however, in a mare complex case we might
actually nced the “'go to FALSL."” So for the
moment, let's assume that it is always
generated.

Logical Operators

We now pass to a consideration of the
Jogical operators “and,” ‘or,”” and so on,

Just as before, we start by considering
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questions of precedence. Suppose we have a
statement stch as:

iIF {A-B .GT.C*D .OR. E/F .LT. G+H)
GO TO 87

It is now clear that we have three levels of
precedence. That is:

. First we perform the arithmetic opera-
tions: A—B, C*D, E/F, and G+,

2. Then we look at the relational opera-
tors (.GT. and .LT. in this case) and form
the expressions A B .GT. C¥D and E/F LT.
G+

3. Finally, we ook at the logicsl opera-
tor (.OR.).

From this it should be clear that, just as
arithmetic operators have higher precedence
than relational ones, relational operators
have higher precedence than logical ones.
Suppose that we have more than ong logical
operator. For example, suppose we have o
statement:

IF {A.LT.B .OR. C.EQ.D .AND. E.GT.F}
GO TO 84

Do we consider the LAND. first? Or do we
look at the operators from lelt o vight,
which would mean considering the (OR.
first? The answer Lo this question is not g
natural result of the way we define logicdl
operations in the same way thal it is for the
drithmetic operations such as + or *. In
algebra and arithmetic, when we look at
WHEX+Y*Z, we know that by the ordinary
rules of algebra the multiplications are per-
formed first. But, there are no "ordinary
rules of algebra’ for logical expressians. The
only clue we have is that "or” and “and”
are often called logical sum and logical pro-
duct, respectively, and are sometimes cven
denoted by + and * in mathematical logic.
This would suggest that the “and,” or the
logical product, be performed Tlirst; in fact,
this is the rule that is generally adopted. The
logical operator “nol,” when it is allowed,
has higher precedence than “and" and “or,”
while “impflies,” when it is allowed, gen-
erally has lower precedence.

In order to sec how to generdie object
code when “or' is present, let us look at fig-
ures 2a and b. In accordance with what we
have just discussed, the code we are Lrying
to generate for an expression of the form
“alpha or beta' will have variots jumps
TRUE and FALSE. We do not care how
many jumps there arce, and in a complex case
there may be quite a few of these, We
assume, however, that we have already
generated code for “alpha’ and also code Tor
“beta,” and that at this point we only wish
to take carc ot the “or' operator. The code
for “alpha” comes first, followed by the
code for “beta'; and the code for "alpha”



will have its own jumps to TRUE and
FALSE, as will the code for “beta.” This
means that there are four possibilities:

I. A jump 1o TRUE from “alpha. I
“alpha’' is true, then clearly “alpha or beta"
is true. So this can remain 4 jump to TRUE.

2. A jump to FALSE from “alpha.’ If
“alpha'’ is Talse, we still have to check
“bela.” So this is changed into a jump to the
start of the coding for “'beta.”

3. A jump o TRUE from ‘beta.” If
“beta’ is true, then again “alpha or beta' is
true, so this can remain a jump to TRUE.

4. A jump to FALSE from “beta.” We
don't check “beta’ unless “alpha’ is false,
and we now Kknow that both “alpha” and
“beta' are false, so that “alpha o beta™ is
also Talse. So this can remain a jump to
FALSE.

From this we can see that the only jumps
we have Lo change (i.c., patch) are jumps to
IFALSE from "alpha.” Each onc of thesc
must be changed Mrom a jump to FALSE
to a jump to the start of the coding for
“beta” (see Figure 2b). We have shown only
one jump in the figure; but, if there is more
than one such jump, all of them must be
changed.

Now let us ook at “‘and” (sce Tigure 3).
The setup is exactly the same as before; we
still have four possibilitics; but the rules are
a bit different. Taking the four possibilitics
one by one, we consider:

I. A jump o TRULE from “alpha.” If
“alpha” is true, we still have to check
“beta.” So this is changed into a jump to the
start of the coding for "beta.”

2. A jump to FALSE from “alpha.” If
“ulpha't is {alse, then “alpha and beta™ is
lalse. So this can remain a jump to FALSE.

3. Ajump to TRUE from "beta.” By this
time we know that “alpha’ is true, and if
“beta" is also true, then “alpha and beta” is
truc. So this can remain a jump to TRUE.

4. A jump to FALSE from “beta.” If
“beta’ is false, then again “alpha and beta”
is false, so this remains a jump to FALSE.

Thus, it is only the jumps to TRUE from
“alpha” (rather than the jumps to FALSE)
which have to be changed to go to the start
of the coding for 'beta,” as in figure 3.

In all cases of this kind, the coding for
“heta” will immediately follow the coding
for “alpha.” If A is the start of “alpha" and
B is the start of “beta,” we only need to
fook through from A to B-1in order to ind
jumps to FALSE (or, respectively, jumps 10
TRUE) that have to be changed 1o be jumps
1o B. The start of ecach section of generated
code for an expression is what goes on the
operand stack to represent that expression.

(LAST STEPS TO BE GENERATED!

A variable CREL {current relation) is kept at
Al times 1o indicate the start of the section
of code generated for the curvent relation
{e.g., A.LT.B). When we finish generating
code for a relation, CREL goces on the oper-
and stack, and the current position in the
senerated code, plus one, becomes the new
value of CREL. At the beginning, CREL is
initialized to indicate the start of all gen-
crated code.

Let us now look at “not alpha” (sce
figure 4). This scems casy: All the jumps to
TRUE become jumps to FALSE, and vice
versa, There s one exception, however. For
any logical expression or subcexpression, the
generated code will end with something of
the form il C then go to TRUE; go to
FALSE,” which we shall abbreviate as “if C
then DECIDE.” This is clearly true of the
code for relations, and it remains true when
blocks “alpha’ and "beta” are combined by
means of “and' or “or,” hecause “beta’ will
nol be patched up. When we use “not,”
however, it would secem that "if C then go to
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Figure 3: Generating code
for “alpha and beta.”” With
—— —— (TRUE) the “and’" logical operator,
both states must always be
ALPHA checked. It either state is
false, the condition isi't
satislied and thus the end
_ FALSE state is false.
Condition Result
Alpha Beta Branch
=
I True and True TRUE
| _— L = TRUE False and True* FALSE
I True and False FALSE
BETA i False and False FALSE
: * State need not be checked.
1
|
(- FALSE
{TRUET
— TRUE —F—* FALSE
ALPHA "NOT" ALPHA
(EALSED
—_—t— FALSE —T—* TRUE
| _SUBEXPRESSION _| _SUBEXPRESSION
—_—» TRUE —— TRUE
If C If {NOT C)
T — = FALSE —— 1+ FALSE
}
|

Figure 4: Another logical
operator is  the ‘“not
alpha.”’ It can be thought
of as the inverse of an
alpha, true is false and
false is true. There is afso a
madification on the sub-
expression as explained in
the text.



Figure 5. Optimized code
for "alpha or beta.”’ The
subexpression “if C then
go to TRUE, go (o
FALSE” can be simplified
to "if C then DECIDE';
decide whether the code
satisfies the situation in
guestion or ot Bul, if the
first state of the ‘“or”
operalor isn’t  satisfied,
then “go to FALSE” in
the subexpression must be
changed to 'go to beta”
which is the next step in
the procedure. i the opti-
mized form, the ‘‘go to
FALSE” has been deleted
and the subexpression has
been simplified to "if C
then go to TRUL.”

Figure 6: The steps in-
volved in evaluating the
FORTRAN expression:
I (ALT.B  .OR
C+D.EQ. £ .AND.
NOT. F.GT.G*H) GO
TOS87
us compiled using  the
Bauer-Samelson algorithm,

— 1 erruE — . TRUE
ALPHA ALPHA
— = FALSE — = FALSE
(DEEOE)
1f C — + DECIDE 1f C —1—2" TRuE
—f———— TRUE -
—F— TRUE
BETA ————* FALSE BETA
— 1 » FALSE
——— DECIDE
—4——» DECIDE

TRUE; go 1o FALSE” would be changed to
read “if C then go 1o FALSE; go to TRUE.”
Instead, we will change it to read “if {(not C)
then go to TRUE; go to FALSE™ (or “if
{not C) then DECIDE”), so that the above
mentioned property ol generated code will
be prescrved. All other jumps to TRUE are
changed 1o FALSE, and vice versa, when we
produce 'not alpha’ from “alpha.”

This property of generated code- -namely,
the fact that it always ends with “if C, then
DECIDL" may be used to “optimize out”
the last generated instruction for any sub-
expression. In gencrating code Tor “alpha or
beta,” the last "go to FALSLE” in the sub-
expression of “alpha” must be changed to
“go to the start of beta”; but this is the very
next instruction, so that "go to FALSE”
may simply be thrown away. Thus “if C
then DECIDL” is changed, in this case, to
“if C then go to TRUE™ (see figure 5). In
generating code for “alpha and beta,” we
can think of *if C then DECIDE” in the
subexpression of “alpha’ as il it were “if
{not C} then go to FALSE; go 1o TRUE.”
This time “go to TRUE” must be patched so
that it goes to the very next instruction, and
it may likewise he thrown away. Therclore,
“if C then DECIDE" may be changed in this
case 10 “if {not C) then go to FALSE."”

Load A.

Compare with B.

I less than B, DECIDE.

Load C.

Add D.

Compare with E.

If unequal to E, DECIDE.
Load G.

Muitipty by H.

Compare with F.

11 greater than or equal to F, DECIDE.
Continue with next instruction,
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We illustrate all these notions by genera-
ting code for:

IF (A.LT.B.OR. C+D.EQ.E _.AND, .NOT.
F.GT.G*H) GO TO 87

The generated code is given in ligure 6; itis
gencrated as follows:

1. CREL is initialized Lo indicale step |.
2. Agoes on the operand stack.

3. .LT. goes on the operator stach.

B goes on the operand stack.

. .OR. has lower precedence than (LT,
s0 we cannol put .OR. on the operator stack
yet. We remove LT. from the operatm
stack, and we remove its two operands, A
and B, from the operand stack. We generale
code for A.LT.B, namely "Load A; compare
with B; il less than B, DECIDLE,” and pui the
result back on the operand stack. This result
is the current value of CREL, namely “step
I," and CREL is reset to “step 4" since
three steps have been gencrated so far.

6. Now we can put .OR. on the operator
stack, since that stack is empty.

7. Cgoes on the vperand stack.

8. + goes on the aperator stack, since it
has  higher  precedence  than  the .OR.
operator.

9. D goes on the operand stack.

10. We cannot put .EQ. on the aperator
stack, because it has lower precedence than
+. We take + off the operator stick, and ils
two operands, C and D, ofl the operand
stack, We generate code Tar C+D, namely
“load C; add D," and put the result, AC,
back on the operand stack.

11. Now we can put .EQ. un the opera-
tor stack because it has higher precedence
than .OR., which is at the top of that stack.

12. E goes on the operand stack.

3. We cannot put .AND. on the operd-
tor stack, because .EQ. has higher pre-
cedence. So we take (EQ. off the operator
stack, and its arguments, namcly AC and F,
off the operand stack. The code we generate
o compare AC with E is simply “compare
with E; if cqual 1o E, DECIDE.” CREL,
namely “step 4,” goes on the operand stack,
and since we have generated four steps since
then, the next step would be number §; so
“step 8" becomes the new value ol CREL.

14, Now we can pul .AND. on the
operator stack, because its precedence s
higher than that of the .OR. operator.

15. .NOT. goes on the operator stach,
since LAND. has lower precedence.

16. F gocs on the operand stack.

17. .GT. goes on the operator stach,
since .NOT. has lower precedence.

18. G goes on the operand stack.

19. * goes on the operator stack, since
.GT. has lower precedence. The operator
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stack now contains: .OR. (a1 the bottom);
AND., .NOT,, .GT., and *.

20. H goes on the operand stack, which
now contains “step 1, “step 4," F, G and
H. We are now at the end of the expression.

21. First we wreat the *. We take it off
the operator stack; we take its two operands,
G and H, ol( the operand stack; we generate
code for G*H, namely “load G; multiply by
H'5 and we put the result, namely AC, back
on the operand stack.

22. Now we treat the .GT. operator. Its
two operands are F and AC, not AC and F.
The result is the same as if .LT. were the
operator and AC and F were the operands.
{(If Fis greater than AC, then AC is less than
F, not less than or equal.) We generate
“compare with F; if less than F, DECIDE”
and put CREL, namely “step 8, on the
operand stack. As before, we have generated
four new steps, su that “step 12" becomes
the new value of CREL. Note that we have
now generated all the steps of the compiled
code shown in figure 6. The operand stach
now conlains “step 1, “'step 4,"" and “‘step
8"

23. The nexl operator to be treated is
the .NOT. operator. Its operand is “'step 8,"
and “step 12" is the current value of CREL.
This means that steps 8 through 11 have to
be checked. In these steps, there are no
jumps 1o TRUE or te FALSE (if there were,
then TRUE would be changed to FALSE in
these steps, and vice versa), but there is a
reference to DECIDE in step 11, This step
therefore becomes it greater than or equal
to F, DLCIDE" and “'step 8" remains on the
operand stack.

24, Now we treat the LAND. operator. lis
twa operands are “step 4 {alpha) and *'step
8" f(betd), which means that we have 10
check from step 4 to step 7. Again there are
no jumps to TRUE or FALSE. (A jump 10
TRUE would have to be changed, here, 1o a
jump to step 8.) But there is a reference to
DECIDE in step 7, which is changed 1o il
uncyudl to E, go to FALSE,” and “step 4"
goes back on the uperand stack, since this is
the beginning ol the code for “alpha and
beta.”

25, The lust vuperator to be treated is the
OR. operator. Its two operands are “step 17
{alpha) and *'step 4 (beta), which means
that we have to check from step | through
step 3. I there were any jumps to FALSE in
this range, they would have to be changed to
“jump to step 4 (see ligure 3). But, just as
before, there are none of these; there is only
the reference to DECIDE in step 3, and,
again by figure 4, this is changed 10 *'it less
than B, go to TRUL.”

26. Finally, we read the “GO TO 87,” so
that TRUE becomes statement number 87.

Comments on Notation

In this article, the logical and relational
operuators are shown using a FORTRAN 1V
convertion, as follows. They are used to
detine conditions with relational operations,
then combine them with logical operations.
Logical Operators: A new condition is eval-
uated using other conditions X and Y.

NOT. X Logical inverse of
condition X,

X.AND.Y  Logical product of results
ol conditions X and Y
(XAY).

Logical stum of conditions
Xand Y (XVY).

AN.OR Y

Relational Operators: A condition fs eval-
wated using operands which can be com-
pared, such as integers (or other representa-
tions of numbers), strings, etc.

A.GI1. B Trae it A js greater than B.

AGL.B True it A is grealer than or
equal to B.

AT B Trae if s less than B.

AL B lrae it A fs less than or
eqtal Lo B.

ALQ B True it A fs equal to B.

ANE B True it A js not equal to B,

Note that the meaning of the comparisons
depends upon the type of data imolved, and
that compiled code for each kind of test
must reflect the comparison of  identical
types of data. Thus, A and B should both be
integers it a simple compiler or interpreter
(such as Tiny BASIC), and both should be of
consistent inteyer or flouting point (RICAL)
type inoa FORTRAN compiler or inter-
preter, ete. The meaning of string com-
parisons tor value (other than equality) can
be detined.

There are now two jumps to TRUE (in steps
3 and 1), and these must be changed 1o
refer to statement number 87; there is one
jump to FALSE (in step 7)), and this must be
changed to refer to the neat step afwer the
generated code, namely step 12,0 This com-
pletes the process of generating code for this
statement.

As o tindd note, we may consider the
“implies™ operator ol symbolic logic, The
construction “alpha implics beta” is equiv-
alent to “(not alpha) or beta.” Thus fim-
plies” may be put on the operator stack, just
like any of our other operators, It s treated
in the same way as Yo" {see figures 2 and
5), except that FALSE and TRULE are
interchanged in “alpha’ just beforehand (see
ligure 4).m
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Several years ago, shortly after obtaining
an HP-35 calculator, | became interested in
the algorithm utilized by Hewlett-Packard to
calculate the sine and cosine functions,
Upon looking through the literature | found
that the simple elegant algorithm employed
is based upon the CORDIC technique devel-
oped by Volder. The basic algorithm was
first described by Henry Briggs in 1624 in
Arithmetica Logarithmica. This algorithm,
which does not seem to be widely known,
should be easily implemented in 2 micro-
computer. Further, a simple variation of the
algorithm, described by Walther in A Uni-
fied Algorithm for Elementary Functions™
(see bibliography), allows the calculation of
hyperbolic functions and, more interest-
ingly, the exponential function. Inverting
the procedure allows the calculation of the
inverse trigonometric and hyperbolic func-
tions and the logarithm. These algorithms
are generalizations of the well known add
and shift algorithm used for multiplication.

Trigonometric Functions

The flowchart for calculating the tangent
of an angle is given in figure 1. The algo-
rithm may be carried out in any radix, R,
generdlly the decimal (R = 10) or the binary
(R = 2). The radix should be chosen so that
the multiplication indicated in the ilterative
calculation of X;4q and Y4 may be per-
formed by shift operations only. Thus no
multiplication or division is required until
the final step of the algorithm is reached.
The calculation may be in either degrees
or radians, as long as either onc is used
consistently. «; and §; should be prestored
in memory and called as a look up table. [t is
not required that thc calculation be per-
formed in the first circle {0° < A, < 360°);
however, this is gencrally 1o be preferred.

Figure 1: Flowcharted algorithm for calculating the tangent of A, It is prefer-
able that the value of A be in the first circle, 0° <A<360".

Carc must be exercised il the finad value of
. . L=
Y is very close to zero (A, is close to 90
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or 270°) since division by a very small num-
ber, or zero, is apt Lo blow up. A separate
test for this condition should be included.
Max indicates the number of iterations
thiough the major loop and should be at
least one larger than the accuracy desired.
For example, if an accuracy of about one
part in RS s desired, then Max should be
about 6,

The final value of X obtained after cxit-
ing the major loop is proportiondl to the sine
of A, and the final value of Y is propor-
tional to the cosine of Ay, the proper signs
being maintained. Thus having obtained the
tangent of Ay, the sine and cosine may be
obtained,

dn(Ay) - (sgnX)(tan(A,))
1+ Lanz(Ao)
sin{Ag)

oslAo) = Toiag)

where sgnX is the algebraic sign of X,

Hyperbolic Functions

A strikingly similar algorithm may be
used to calculate the hyperbolic tangent of &
number. For most of us this docs not scem
to be a very usctul function, and the need
for calculating it may not be clcar. Having
unh{Ay) we can calculate sinh(Ag) and
cosh(A ).

tanh(A )
sinh{A) i

(1 - Lanh2(A0))

|

Vv (1 = tanh2(A,))

Having the capability to calculate the hyper-
bolic sine and cosine is something that most
ol us could get along without,

The next step provides the exponential
function, which is often of interest.

cosh{Ag) =

exp(Ay) = sinh(Ag) + cosh(Ag)
Using the identities

sinh( x) = -sinh{x)
cosh( x) = cosh(x)

we dlso obtlain

UXP("A(J) = - Sinh(Ao) + CUSh(AO)'

START

- < x
o O
.
- - O

]

tanh (h’)

(23} 1 1

ves

X
mnhmol -~

‘ STOP ’

Figure 2: Flowchart for calculuting the hyperbolic tangent of A. The value of
A should be between 0 and 5 because the hyperbolic tangent rapidly ap-

proaches unity for values greater than 5.

The hyperbolic tangent approaches unity
rapidly for arguments greater than about 5,
causing a loss of accuracy in the algorithm,
Thus it is best to prescale A, to the range
0 < A, < 1. For prescaling, the following
identity may be used.

exp(Qloga(R) + D) = RQexp(D).

Powers 1o any basc may now be calculated.
Sciting D to zero above gives

exp(Qloge(R)) = RQ
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‘ START '

from which we can obtain, for example

10Q
2Q

exp(2.3025851Q)
exp(0.69314718Q).

Figure 2 shows the flowchart for calculating
the hyperbolic tangent. Again oj and §j
should be prestored in memory and called
by mecans of a look up table. It is relatively
easy to combine these two algorithms into
onc. This saves some memory, but at the
cxpense of control instructions. For this
algorithm we again find that the multiplica-
tions carricd out within the loop may be
performed by shift operations only.

The Inverse Functions

Having implemented these two algorithms

utilizing table look up procedures for the
as and &8s, the inverse tangent and inverse
hyperbolic tangent can easily be calculated
with the same look up tabies. Flowcharts
are shown in figures 3 and 4. The arcsine
and arccosine as well as the inverse hyper-
bolic sine and cosine may also be easily
obtained. Another function of more gencral
interest, the logarithm, is obtained fr om the
inverse hyperbolic tangent (Lanh— ) by
making usc of the identity

-1

= M —] x
loge {x) = 2tanh™! ( T ).
The logarithm to any base, b, muay be

obtained

logp(x) = loge(x)/(loge(b)).

‘ START )

¥ =1 Y =1
o o
z, =0 2, =0
] =0 i = 1
51 - Rl Ei =r™!
o - arclan(ﬁii a.l = tanh 5
Xio1 7 X - 8Y, - X -8y,
MR Yier = YT 8%
Ziyy = %t Ziyg =2y
: !+1 I X = X'+1 ,
io=a) EREA!
no no
yes ves
z-= tanh_1(x )
Z = arcvan !Xol Q9
Figure 3. Flowchart for Figure 4: Flowcharted af-

¥
‘ STOP '

calculating the arctangent
of X. For this algorithm to
work accurately, X should
be a positive number.
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gorithm for calculating the
inverse hyperbolic tangent
sTop of X. The valtte of X must
be between Qand 1.
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John M Schulein
1186 Ariington La
San Jose CA 95129

A Trapping Technique

for the 8080

Debugging 8080 Software?
How About a Trap Routine?

If you have got your 8080 system up and
running and you are starting to wrile some
programs for your system then the trap
routine discussed in this article may be just
what you need to assist you in debupging
your own software or other software you
have keyed in or relocated. This trap routine
is in PROM in my system and has been
invaluable in locating bugs in  various
programs.

This trap routine is a program that is
written as a subroutine and is designed so
that when it is called it will do the
following:

1. Immediately save the machine state.

2. Print out the machine state on a
television display.

3. Wait for a keyboard input so that the
programmer can decide whether 1o
examine or modify memory or 1o
restore the machine state and resume
execulion of the program that called
the trap routine.

A typical way to use this trap routine is
to change one or more instructions in critical
arcas of the program being debugged 1o the
8080's RST 7 instruction (FI hexadecimal).
Nate that this implies that your problem pro-
gram is in programmable memory and that if a
multibyte instruction is changed, the RST 7
instruction is placed in the first byte of the
multibyte instruction. Several traps can be
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set at once since the trap location will be
printed out each time the trap routine is
executed. The trap rouline is aclivated
{called) whenever the 8080 processor en-
counters an RST 7 instruction. The RST 7
instruction assumes there is a trap handler
routine beginning at hexadecimal location
(0038 in memory, so il the trap routine does
not start at this location then a J[MP TRAP
instruction must be present instead. |f yow
PROM memory starts at location 0000 then
you can fix the trap routine {or jump
instruction and trap routine) into PROM and
you are ready Lo go, If your PROM is in high
memory, then you can {ix the trap rotuine
in high memory and you will have 1o
remember 1o load the jump to trap instrue-
tion (three bytes) into locations hexadecimal
0038 thru 003A cach time you initialize
your system. An alterpate way Lo gel inlo
the trap routine would be o use a standard
three byte call instruction, (Here no jump
instruction would be required.) | decided 1o
use the single byte call (RST) mainly for
convenicnce (one byte to change instead ol
three) and also because my PROM is in jow
memory.

The output of my trap routine is wo
lines of listing on a television display as
shown below:

TRAP AT 1xxxx:
Axxxx:Bxxxx:Dxxxx:Hxxxx:Sxxxx:

L 1elel ofel [ 1se]



Commentary

Save registers for final return to
the program being debugged.

Put corrected SP onto stack and
restore HL. Save and restore

Save registers for display.

Display "TRAP AT"

Calculate trap location, result in

Display trap tocation as four
hexadecimal digits.

Display flags, registers, and SP,

Wait for keyboard input (ESC
forces jump to monitor).

Restore machine state,

Return to program being

Subroutine 10 POP a trap register

through the top of the stack and
then print the result.

Listing 1: Symbolic assembly language listing of the
trap routine used by the author in his 8080 system. De-
tailed comments by line number are made in the text
of the article, Note that in the author’s system, a hard-
ware vector to the monitor occuirs if an ESC key is
pressed on his terminal keyboard instead of some other
character when the program is looking for input at line
36. The system rotitine referenced by this program are

Line Label Op Operand
1 TRAP PUSH PSW
2 PUSH B
3 PUSH D
4 PUSH H
5 PUSH H
8 PUSH PSW
7 X1 H, 000EH
8 DAD 5P
9 POP PSW flags.
10 XTHL
11 PUSH H
12 PUSH D
i3 PUSH B
14 PUSH PSW
15 LXi H, Trap Message }
16 CALL PRST
17 LX1 H,0013H
18 DAD SP I
18 MOV D,M :
20 DCX H ’ HL
21 MOV E.M ’
22 DCX D
23 XCHG
24 CALL PTADR
25 CALL CRLF
26 MV D,"A"
27 CALL PRREG
28 MV D, ’B"
29 CALL PRREG
30 MvI D,”D"
3 CALL PRREG
32 MV D,"H"
33 CALL PRREG
32 MvVID,”S"
35 CALL PRREG
36 CALL RDTTY
37 CALL CRLF
38 POP H
39 POP D
a0 POP B
41 POP PSW
42 RET debugged.
43 PRREG CALLPRNT
44 POP H
45 XTHL
486 CalL PTADR1
47 RET
48 TRAP- TRAPATY’
MESS

The Tirst line shows the memory location of
the RST 7 instruction that inveked the trap
routing and the sccond line displays the
machine state {accumulator, flags, the regis-
ters B,C,D,E,H and L, and the stack pointer)
at the completion of the last program
instruction executed before the trap calling
instruction {RST 7} was encountered.

The trap routine is shown in listing 1 and
the auxiliary subroutines used by the trap
routine are described in table [. Listings of
these auxiliary subroutines are not provided
since most monitor programs will already
have these routines and they most likely are
peculiar to individual systems since they deal
directly with 1O devices. The stack data
generated by the trap routine is shown in
figure 1 and will help in understanding the
operation of the trap routine.

When the trap subroutine is calied by a
RST 7 instruclion, the program counter is

summarized in table 1.

automatically pushed onto the stack. The
first four push instructions in the wrap
routine (listing 1, lines 1 thru 4) save the
A,B,C,D,E,H and L registers and the flags in
the stack. This machine state information
will be used at the very end of the trap
routine to restore the machine state just
before the trap routine return instruction
(line 42 of listing 1) is exccuted. The filth
push instruction (line 5} is used to provide a
space in the stack for the value of the stack
pointer when the trap routine was called,
This value is calculated by adding Q00E
hexadecimal to the current stack pointer
value at line 7 of the trap routine. The DAD
SP instruction (line 8) does this addition and
the desired initial stack pointer value ends
up in HL after the DAD SP instruction is
exccuted. Note that the DAD SP instruction
affects the carry flag, and thus the PUSH
PSW and POP PSW instructions at lines 6
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Table 1: Summary of Aux-
iffary  Subroutines. This
table lists the symbolic
name referenced in listing
1 and the corresponding
functions of several moni-
tor routines required. No
listings of these routines
ure provided since the de-
tafled code will vary from
system to system.

Symbol Function

PRST Display {as on a printer) a string of ASC!I characters in memory starting
at the location pointed to by HL. The string is terminated by a zero byte.

PTADR Display {print) HL as four hexadecimal digits surrounded by colons.

PTADR1 Display {print) HL as four hexadecimal digits surrounded by calans,

CRLF Sends a carriage return and a line feed {or equivalent) to the output device.

RDTTY Reads an ASCII character from the keyboard. Any character other than
ESC returns the processor to the calling program with the ASCII character
in the A and D registers. An ESC character sends the processor ta the
monitor routine.

PRNT Display (print) the ASCIi character in the D register.

and 9 are required to preserve the flag byte.

The XTHL instruction at line 10 ex-
changes the most recent two stack bytes
with the contents of HL. Thus after the exe-
cution of line 10, the initial value of the
stack pointer is on the bottom of the stack
(8080 stack grows downward) and the con-
tents of HL have been restored to their ini-
tial values {the values they had when the
trap routine was called). The ncxt four push
instructions (lines 11 thru 14) save the
machine state a second time for the printing
operation.

Lines 15 and 16 print the ASCII charac-
ter string “TRAP AT" in preparation tor the
printing of the memory address that gen-
erated the trap. This information is highly
desirable since several traps may have been
set into the program being debugged and it is
nice to know which trap was encountered
each time the trap routine is executed. The
trap subroutine return address (pushed onto
the stack when the trap subroutine was
called) is the key to determining the trap
location. In order to access this information,
line 17 and 18 cause the HL register pair to
point higher up in the stack to the most
significant byte of the return address. The
return address is put into the DE register
pair by the instructions at lines 19, 20 and
21. Note that the value of the DE register
pair is decremented by one (line 22) in order
to reflect precisely the location of the RST 7
trap generating instruction. This is due to
the fact that the return address pushed onto
the stack by the RST 7 instruction is the
next memory address after the RST 7
instruction. The XCHG instruction at line 23
exchanges the register pairs DE and HL
which puts the trap location into HL so that
the PTADR subroutine called at line 24 will
print the trap location. (PTADR prints out
the contents of 1L as four hexadecimal
digits surrounded by colons.) A CRLF sub-
routine called at line 25 moves the output
display device to the beginning of the next
line.
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Now things get a littie tricky, but we are
almost through so don’t give up yet. The
next ten lines of program (lines 26 thru 35)
result in the printing out of the machine
state in the form of five groups of characters
on the display using the PRREG subroutine
{lines 43 thru 47). Each group of characters
consists of a single identifying alphabetic
character, four hexadecimal digits, and a
colon. Thus the printout of the machine
state line takes 30 characters and just fits an
a 32 character line.

Each execution of the PRREG subroutine
results in the following operations. First the
ASCII character in the D register is printed
out on the display by the PRNT subroutine.
Next the return address for the PRREG
subroutine is popped off the stack into the
HL register pair by the POP H instruction at
line 44. This brings to the bottom of the
stack one of the two byte values 1o be
printed that was placed on the stack by the
instructions at lines 10 thru 14. Now the
PRREG subroutine return address is restored
to the stack (two bytes up from its original
position} and the two byte value at the
bottom of the stack that is to be printed is
put into HL by the XTHL instruction at line
45, (That XTHL instruction sure is nice!)
Finally the four hexadecimal digit value now
in HL is printed out on the display by
subroutine PTADR1 {called at line 46). Each
exccution of the PRREG subroutine causes
the stack to be reduced by two bytes and
after the execution of the last PRREG call
instruction {line 35) the stack has been
reduced to the upper hall of that shown in
figure 1.

After the entire machine state line has
been printed out, the trap routine wails for a
keyboard input in the RDTTY subroutine
(called at line 36). This gives the person
debugging a program a chance (o digest Lhe
trap information before proceeding. Any
character other than ESC will return the
processor to the trap routine and then 1o Lhe
program being debugged. An ESC will cause















SOLUTIONS FOR SALE:
OUR KITS SOLVE YOUR PROBLEMS.

PROBLEM: As you add more cards on to your buss, funny things start to happen .. . data scrambles, bits drop,
and programs crash for mysterious reasons.

SOLUTION: ACTIVE TERMINATOR BOARD ($29.50)

Piug into any S-100 slot to tighten up your machine by providing proper loading for TTL lines. Active
terminations draw far less power than passive types, and provide superior data handling compared to

unterminated lines.

PROBLEM: You have outgrown your GPU board, and are getting tired of talking to your 8080 in machine
language.

SOLUTION: 4K ECONOROM II'* SOFTWARE BOARD ($265)

Our latest model offers improved listings that make this board even more flexible . .. contains editor,
assembler, and monitor routines for your 8080, implemented in eraseable ROM. Very low power opera-
tions, 5-100 compatible. Also available unprogrammed for storing custom programs and routines.

PROBLEM: You have no idea which RAM card to choose out of the many available.

SOLUTION: 8K ECONORAM 1™ ($169)

Everything you want, from low power, to speed (zips along at 450 ns), to reliable technology (static
RAMs with low power Schottky support), to convenience features (dip switch block selectors, ability to
configure as 2 separate 4K blocks, and tri-state outputs that mate with the S-100 buss or bi-directional
busses). In our years of experience selling RAM cards, we’ve learned how to do it right . . . and how to

do itinexpensively.

PROBLEM: You need a simple, compact, regulated supply that won't blow up your computer if something goes
wrong.

SOLUTION: SMALL SYSTEM POWER SUPPLY ($45)

Delivers 5V at 4A with crowbar overvoltage protection, and + 12V at 12 A per side. Also features an ad-
justable bias supply and compact design.

PROBLEM: You want to add more peripheral cards to an already overpopulated machine ... or start a stand
alone system.

SOLUTION: 10 SLOT MOTHERBOARD ($89)
or 18 SLOT MOTHERBOARD ($124)

Not just another S-100 motherboard—includes all edge connectors, as well as our active termination
circuitry and extra-wide supply line traces (go ahead . .. fill all the slots, you won’t get additional pro-

blems with additional cards). Starting a system? Start here.

a B DEALER
INQUIRIES
INVITED

TERMS: Allow up lo 5% shipping, excess refunded. Cal res add tax.
BankAmericard® and Masterchard ©orders, call our 24-hour order dask at 8Ll GODBOUT ELECTRONICS
1415 582-0638, Include atrest addrass for UPS. BCOKX 2355, OAKLAND AIRPORT, CA 94614

Circle 186 on inquiry card.
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Classified Ads

FOR SALE One Central Data 2650 board with
8 K of static programmable memory, power supply
and cabinetl. Has connectors lor the keyboard,
video momtor and tape recorder, and s totally
assembled and tested; best offer over $850. Also
have a switch console for the 2650 board. Has
address, data and contral bus switches as well as
hardware breakpoimi  and single step. $250.
J Roloft, 2214 Brookshire Dr, Champaign IL
B61820.

USER’S GROUP For 2650-based microprocessor
as featured in April 1977 Radio Electronics.
G Frank Humiston, 506 Wayne Av, El Cajon ¢A
92021.

FOR SALE. Hewlet-Packard HP-55 scientific
programmable calculator with all orniginal acces-
sories, plus a security cradle, extra recharger, and
reserve power pack {less battery), Asking $225.
Frank Scavo, 1811 Court St, Syracuse NY 13208.

FOR SALE: Five new Phi-Deck umits. $100 each,
$25 with order, halance COD. Ron Riey, POB
4310, Fiint M1 48504,

FOR SALE: One IMSA) BOBO microcomputer with
6 slot mother hoard, 4 K RAM, and IMS MIO
multiple 10 board with cassette inerface. Also one
cable for ene 10 port. All assembled and working.
Postpaid $965. Michael C Bechard, 1 Walnut St,
Box 242, Champlain NY 12919,

FOR SALE: Burroughs Accounting System, Con-
sists of E6090 processor, EGO00 console, A4004
ledger reader, AS94 card reader, A9BE line primter,
Magnet wire 29 10 T15, $2 |b; ¥26 10 #40, $2.50
Ih, =471 0 =44, 53 Ih, SASE for reply Douglas
Craton, 56825 Balfrey Dr, W Palm Beach FL 33406,
{30%) BE6-1106 after 6:00 PM.

WANTE: Looking for PDP-B m/e modules,
positive 10, Teletype, Data Break, 8 K memory,
and R¥ 8 controller, Who can help? Wolf L
Carstens, D-2259 Hasenmoor, W GERMANY,

WANTED: Altair BOQ, 8800a, or 8800b, new or
used, kit o7 assembled, in working aigder, a1 a good
price, | also need one ¢copy each of BYTE issues
1 thru 11, Call evenings (201) 652-2875 or write
U Rubin, 47 Dale Av, Wyckoff NJ 02481

FOR SALE: HP6S lully programmable calculator
with al pccessories, like new, with two Math Pacs,
Nav Pac 1 and Stat Pac 1, Standard Pac, blank
magnetic cards, complete HP-65 User’s Library
catalog, 5325, Jack Sullivan, 17 Pethem Rd
Hurdson WH 03051, {603) 8838514 evenings.

FOR SALE. SWTPC CT-1024 converted to G4
characiers, computer cursor, screen sead, powe
supply, waorking parfectly, best offer over $250.
MARK-8: output port, CPU board, address latch,
display board, input multiptex, 1 K memory with-
out chips, CBOD8-1, documeniation, populated
hoards, best offer over $120, Will wait two weeks,
return all others, | pay postage, Cashiers check,
money order, postal money order only. Matt
Perdue, 4015 N 20th Rd, Arlington VA 22207,
(7031 527-8879.

Readers who have equipment, software or other
itemns to buy, sell or swap should send in a clearly
typed notice to that effect. To be considered for
publication, an advertisement should be clearly
noncommarcial, typed double spaced on plain
white paper, and include complete name and
address infor i These are free of
charge and will be printed one time only on 8 space
avaifable basis. Insertions should be limited to 100
words or less, Notices can be accepted from
individusls or bona fide computer users ¢clubs only,
We can engage in no pond on these and
your confirmation of placement is appearance in
an issue of BYTE,

Please note that it may rake three or four
maonths for an ad to appear in the magazine.®

FOR SALE Two complete CDC, RPC-4000 com-
puters, each ncludes CDC paper tape reader,
Friden paper tape punch, Reyal McBee console
typewriter 8000, 32 bit drum memory. These are
second generation computers, with discrete tran-
sistors, etc. Both are running, With the above goes
one Frden adding machine with paper tape punch,
one Friden Flexawnter, an exira Frden punch,
a Soroban high speed punch, and several other
penpherals parually scavenged for parts. Each com-
puter was S80,000 when new. Will sefl the works
for $2.500 including a compiler, some utility pro-
grams and some applicabon programs. Walter E
Page. 3960 S Marginal Rd, Cleveland OH 44114,

FOR SALE' Viatron System 21, complete with
CPU pawer supply, keyboard, CRT monitor, and
two tape drives, S475. Also Friden 10 cps paper
1ape reader-punch with 80 column card reader
attached, $95. Michse! Toft, 69 Westbury St,
Thousand Oaks CA 81360, (805) 497-7141.

WANTED: DECtape read write head in usable con-
ditian preferably with cable and Ampheno! con-
nector intact. Also CMB/| card reader with manuals
and engineering drawing if possible. Quote price
on any or all as well as other PDP-8/1 peripherals,
memory, parts you may wish o put into our
kindly “"old horse" pasture. FREE: copy of Mark-8
Construction Booklet for 10 by 12 inch. SASE.
Bro Felix Neussendorfer, Colegio San Antonio
Abad, POB 729, Humacao PR 00661,

FOR SALE. Typagaph Terminat {a modified
Model 33 Teletypel. Good condition. Full platting
capability. Will make beautiful curves. Can make
1/50 inch incremental moves 1n any direction. Also
has paper tape punch and reader. Two electronic
madules included. Soltware available. $995. Call
Nancy Daedone (408} 279-2737.

FOR SALE B8rand new MITS 88-S4K synchionous
dynamic  memories, professionally  built by
elecironic company, 3130 each. Call days. Marco
Lanza (617} 244-3216.

WANTED: Schematic or technical assistance on
interfacing a Friden Flexownter (Model SPS)
to an 1MSAI BOBO. Would like ta be able to use the
Friden in both local or remote mode. The IMSAI
has both serial and parallel ports. Wate John Gilt,
RT 5 Box 370, Blountville TN 37617,

FOR SALE: Portable TV, modified tor TVT use
$55, MITS 1 K static assembied, best offer; 4 K
staue $95; MITS 4 K static 8125, HP (ine printer
11 columns, duits only, needs interfacing 540
Charles Zalenski, POB 92, Johnson City NY 13790,

FOR SALE OR TRADE- One SIO IMSAI board,
two ports New, never used, assembled as a kit
tested by IMSA), One Carnterfone data modem, hall
full and power, RS-232, some parns need teplace-
ment but in good condion. Make an offer. Garry
Baratta, POB 335, Eveleth MN 55734, or call (218)
741.6838 alter 7:00 CST.

FOR SALE: Altair 680b, assembled and running
great. Best offer over S$3Q0. Alan Dahlbom,
16 Forest Si, Cambridge MA, (617) 492-0676,
evenings.

FOR SALE Fnden Mode! TM20K714 keyboard-
printer with TM20K 15 controller and schematics,
$300, you pay shipping. Aiso copes of schematics
for above controller availlable for 36 to cover
copying and first class shipping. Tim Ahrens, 2200
Sorret Tree Ct, Austun TX 78744,

FOR SALE- IMSAI 8080, 8 K IMSAI memory, 22
slot mother board, IMSAI audio cassetie board,
Processor Tech 3P+S (nterface, Oliver Audwo En-
gineering OP-BOA paper tape readerd, plus much
misceilaneous software, plugs, sockets, etc. All in
hike new condinon, S899. Ken Schwerm, 1709
Marcy Ln, N Mankato MN 56001, (507) 388.5734.

FOR SALE. Parcam data cassette interface CI-B10
in box with cable and connector, ready to plug
into a paraliel 10 port, $50. Larry Belmontes Jr,
1762 Yaie St, Corpus Christi TX 78416,

FOR SALE: OP-80 paper tape reader, brand new
and working, used only three times; regularly $80,
asking §55. Larry Belmontes Jr, 1762 Yale 51,
Corpus Christi TX 78416,
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WANTED. First ten issues of BYTE. K C Nawzer,
POB 355, Nederland TX 77627,

TELETYPE: Western Union Model 101 Baudot
Teleprinter. Going to college, no room oy
machine, good candition, Sell for S60 ar 1rage
for 772 Dawid J Lilja, 6401 Wan Weny Ra Rt 3,
Cedar Fails 1A 50613, (319 266-7633.

SWAP OR SELL: Have first 16 issues of BYTE,
like new. Desire Grid Dip Meter, ham ratho equip-
ment, or ??7 Billy Travis, 4054 Sawielle Blvd,
Los Angeles CA 90066.

WANTED. Micropersonal computing mate. 1've
gotten so wrapped up with microprocessors that
my love life is suffering. If thare's an iaresting
female out there with simular nterests, let's gqet
synergistic. | fly, so a reasonable distance 15 no
problem. Martin Edwards, POB 6244, Torrance CA
90504 or answering service telephone (213}
874-2200.

WANTED: Burned out ICs, any size. Also barned
out CPUs in 40 dip package. indicate price desired.
Is there a computer cleb for 1807 users? \f 5o,
tell me how | can |oin. Jeff Foster, POB 603,
Bellflower CA 30706.

FOR SALE: ASR 33 TTY with aula reader, aulo
punch, print blind leatures, parts, mainignance,
lube manuals and diagrams, good condition $700.
A W Watker, 6000 N 27th St, Arlingron Va
22207, (7031 533-83386.

FOR SALE 1BM (024 Card Punch, with alpha-
numeric  keyboard, good condition with docu-
mentation $275. IBM 056 Card Verifier, with
alphanumeric  keyboard, documentation, good
condition $125, Use far ariginal wntended purpose
ar modify readily for microprocessor card 10, Wil
not ship. & W Walker, 6000 N 27th 51, Arlinglon
VA 22207, 1703} 5339336,

FOR SALE: 63 key ASCH encoded keyboarg,
100% warking and budt, 550, Olive: Audio
Engineering OP-BOA paper 1ape reader assembled
and working, 575, Memory Translator, digital
FSK madecn {see Apri) 1975 Popular Electronics)
575. Call (617 0636578 Monday hru Friday
after IPM.

WANTED: lIssues 1 thru 16 ol BYTE in goord
condition, Best offer under $75. Brian Branson,
POB 911, Loma Linda CA 92354, {714} 796
1128,

FOR SALE OR SWAP- Texas Instruments SR-92
with PC-100. Qutint inclurtes all standard acces-
sories, EE1 program library, PPX-52 membarship,
and spare battery pack. As p complete outhit only,
will sell for $340 or swap wath cash fou HP-G7.
David Lamkins, 50212 Sherman S1, Canton MA
02021, {6171 828-7480 or 253-2460 most days
and evenings.

FOR SALE: Complete Vialron System 21 with
communications adaptor [missing UARTI; yncludes
all data and abaout six Viatapes, $375. Printing
robot and interface to  Wiatron, $175. I1BM
Selectric Model 72 typewrier, $300. Will take
$730 for all or make affer. All in pecfect operating
condition; you ship. Keith Teague WBSFI.J, POB
65, Alma AR 72921 (S0} 632-2532 aftn 6 PM.

ATTENTION HAMS. [ have vintage QST and CQ
magazines, 1962 to 1966, anod ) will swap ten for
one BYTE wsues #1, 2, 3, 8, 9, 14. OQan Lasley,
3365 Steve 14, Memphis TN 38111, {9014
744-4866.

FOR SALE: Issues 2, 3,4, 5 of BYTE: 1wo MITS
4 K programmable memory boards assembled and
in excellent conduion; one & WV, 26 A Wanless
regulated power supply; one Heath HAPScops. Will
accept best offer on each ilem. Dand Milhouse,
2823 Griffa Av, Columbus 1IN 47201,

SELL OR TRADE PDOP-8 4 K minicomputer with
TTY interface $750. Will sell with Teleyype for
$1500. Data Mark 300 1 pm printer with POP-8
interface and spare memory module $900.
PDP-B/E Teletype interface $200. Ampex TM-11-
291 9 track 150 ips tape drive $600. Wayne
Sumpson, 3330 W G4th PI, Tulsa QK 74132,
(918] 446-0401.



Order Mirumum $10 00 Add $1 .00 shunpung and handing charge per order Caltorna residents add 6.5%,

LINEARS
DMBS20/30 1.
NE536T 2.
NES5S5V
NE556A
SCHOTTKY 1456V
74501 .25 | 1458V
74502 25 | 566V 1.
1.25 | 74537 a0 567V 1.
.75 | 74538 60 | 540L 2.
75%| 74885 2.00
70 | 748113 BO HIGH SPEED
85| 748138 1.50 | 74H0O
1.50 |74s139 1.50 | 74H01
.85 | 745140 50 | 74H04
70:%| 745151 2.00 |74H10
70| 745153 250 | 74H1%
.85 | 745172 4.50 | 74H40
68 | 745174 205 | 74HS1
126 | 745175 2.05 | 7AHS2
50 k| 745181 295 | 74H74
.75 | 7as197 2.20 | 74H103
.70 748257 1.50 T4H106

tax Alf orders stupped First Class within 24 hoprs

World’s Lowest
C Prices

* SPECIAL PRICES *

Circle 129 on inguiry card.

-----1

CMOS 4073 16
4001 16 |4075 16 I
4002 16 |4516 85
4006 ‘oo |4528 75 I
4007 16

4008 70 |LOW POWER I
4011 .16 ;| SCHOTTKY

4012 16 3% | 74LS00 23 % I
4013 .30 ®)74L502 23 i
4015 .80 |74L508 .23 4
4016 .35 %[ 741810 233
4019 .70 740827 25 3
4020 90 |74LS73 .45
4021 95 |74LS78 .65 l
4023 .16 3| 74LS 151 75 %
4025 .20 ] 74LS153 753 I
4027 .40 | 74LS157 5%
4028 60 |74LS161 1.00 :# I
4030 35 |74L5183 1.50
4040 .95 |74LS164 1.50 I
4042 60 | 7418174 1.00 3
4043 75 | 7418178 1.50 I
4044 .70 |74Ls193 1.50

4049 1353k 74LS221 1.25 l
4050 .35 | 7418261 1.50
4066 .65 | 7418253 1.50 l
4068 .35 | 74LS257 1.25 %
4071 .16 |74LS258 1.25 %

:| Order the tamous lasis 6§ volume Programmed Learning Course ~"Microcomputer Design is a Snap’ for I

§99.50 and receive a special $10.00 credit on any group of IC's.

ELTRON

MEMORIES
I Rams

745200 2.95

2102 1.40%: | 7447 653k 74173

21021 1.60: | 7450 14 74174

Proms 7451 .14 k| 74175

82523/5123  1.95:¢ | 7473 28 [T4177

825129 .25 | 7474 .28 |74180

Qthers 7475 .40 | 74181

NS 5260 150 | 483 68 | 74192

NS8619 200 | 7486 28 | 74193

MH 0026H  3.25 | 7490 45 | 74194
7493 .44 3| 74195
7495 .49 | 74198

L 74107 29 | 9602

7400 1234 | 74109 .30 |9300

7402 14 | 74116 1.50 |[9312

7403 d4% | 74123 .45

7404 16k | 74141 .80 3%

7407 20 | 74145 65 5| Sa'es

7410 123 | 74150 60 3

7416 25 | 74151 .60

7420 123 | 74152 .90

7427 25 | 74155 .60 Sati

7437 .20 | 74157 .60

7438 .20 | 74160 .75

7440 123 | 74161 .60 %

7441 .65% | 74163 75 %

7445 .60 | 74165 .80

staction 100% guaranteed.

Free catalog—.Just send us your name and address
N I D B I D I D A G B S D IR G B B S I IE NS SaT IDE B GaE N e B

C O.D Orders. Phone (day or night) 408:354-1448 l

PO BOX 2542BI

Sunnyvale, CA 940871

(& CLOETOM BOARDS

MB-1 MK-8 Computer RAM. (not S-100), 4KX8, uses 2102
Iype RAMSs, PCBD only $22
MB-3 17024 EROM Board, 4KX8, S-100, switchable ad-
dress and wan cycles, ki less PROMS .. ..$65
MB-4 Basic 4KX8 ram, uses 2102 type rams, may be ex-
panded 1o BKX8 with p:ggybackmg $-100 buss. PC
toard ..$30
MB-6 Basic BKxa ram uses 2102 lype rams, memory pro-
18l in 256 ta 8K switchable S-100 buss. PCBD . . 835
MB-8 2708 EROM board, S-100, 8KX8 or 16KX8 kit without
PROMS . $85
10~25-100, Bbuparallell’Opon %ol board s for kiudging
Kt 55 PCBD . . 330
VB-1 64X 16 wideo board, upper Iower case Greek, com-
posile and parallel wdeo with solttware, 5100

il . $183.00 PCBD ... .. ... ..$35
8P-1 Music synthesizer board, S-100. compuler conlrotler
wave forms, 9 oclaves, 1V rms %2% distortion, includes

software kit 5250
Altar Compatitte Mother Board. 11 x 11%2 x %"
Board onty . . §45 With 15 conneclors .. 3105

Extender Board lull size Board only . . %9
With connectos $1 3 50
Sold state music Cybercom boards are high quality glass
board with gold linger contacts All boards are check for
shors Kils only have solder mask. 90 day guarantee on
Cybercom kils.

Special 8080A processor & support chip se! kil includes
one of each. all paris prime 9080A (8080DA). B228; 8212,
8216 8251, 8214, 8224, 8225, Special $75.00

Special 2101AL-4 1K x 1 rarm V3 1ass power than 211.02
type rams. wath gower down, prime lrom NEC Ea, 2 00, 32
ea 180 64ea 170 128ea 160 256ea 1 50 512ea
145

9080A AMD 8080A (Prime) 2500
8212745412 Prime 4.00
8214 Prime 8.30
8216 Pnme 4.95
8224 Prime 5.00
8228 Prime 8.90
8251 Prime 14 50
8255 Prime 14 50
1702A-6 AMD 47024 Prime 8.00
TMS-6011 UART Prime 6.95
2513 Char Gen Upper Prime 11 00
2513 Char Gen Lower Pnme 11 00
17024 Intel Not Prime 8.00
8710 2.00 grar 2.00 80197 150
873 2.50 8T1N0 2.00 Bi1L22 1.50
8716 2.00 5309 B.00 82123 1.90
8T20 2.00 53z 400 85151 250
8724 2.50 5313 400 B5L52 2.50
8726 275 5320 595 B5L63 1.25
8734 2.50 5554 190 BBL70 150
8737 2.50 5556 250 BEL7S 190
8738 2 50 5055 1.60 BELIY 3 50
8780 2.50 MC4044 225 aaL12

Waneco Boards

MM-1 BKX8B fully bullered, S-100, uses 2102 type rams
PCBD $30

Mother Board 12 slot, lermmaled $-100, board only $40

MIKOS

419 Portofino Drive
San Carlos, California 94070
Please send for IC, Xistor
and Computer parts fist.

74100 25 74L.S00 40 101 1.25
74101 .25 74L801 50 1103 125
74L02 25 741802 40 2101 450
74L03 25 74LS03 40 211141 avs
74L04 30 741504 45 2112 450
74L05 40 741805 45 2602 1.60
74L06 30 741508 40 4002-1 750
74108 40 74LS10 40 4002-2 750
74L08 40 741812 55 MMS5262  1.00
74L10 30 741820 40 7489 2.00
74L20 35 74L822 45 74200 495
74126 40 741827 45 74C89 3.00
74L.30 40 74LS30 40 82506 200
741.32 45 741837 .60 82507 200
74L42 1.50 741538 .60 82517 200
74L51 35 7418542 150 8223 2.50
74154 45 74L.851 40 82523 300
74L55 35 741854 45 825123 300
74N 30 741855 40 825126 3.50
74173 .85 74LS73 .85 825129 350
74L74 55 741574 B85 825130 395
74L75 1.20 74LS876 65 825131 395
74L78 80 74L3151 1.85 IM5600 250
74185 1.40 74L8174 220 IM5610 2,50
74186 75 74L51756 1.95 IM5803 300
74189 350 74L8192 2.85 IMS604 350
74L90 1.50 25018 1.25 IM5623 300
74LN 1.50 25028 3.00 IM53624 350
74L93 170 2507V 1.25 MMIE330 2.50
74195 170 2510A 2.00 DMB573  4.50
74198 2.80 2517V 1.25 OMB574 5.50
74L123 150 25198 2.80 DMB575 4 50
7aL164 250 25328 2.80 DMB576 4 58
74L185 250 2533V 280 OMB577  3.50
740192 125 DMB131 280 Dma578 400
74L183 120 NB263 3.50 24576 MHZ
MHO026 295 MC1489 150 XTAL 720
MC1488 150 OMB837 150

Check or money order only it you are notaregular Cuskymer and your
order s large please send either a casher's check or a poslalinoney
order, atherwise there will be @ delay of two weeks far the chneca
clear Alf lems pos! paid in the LS Calt residerls add &% tax
Money back 30 day guaraniee We cannot accep! returned (C & [hat
nave been soldered to. Prees subject o change withoul nobce. $10
minmum groer

s
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INTRODUCTORY MEMORY OFFER

NEW

2708 $92 495 [oumme

PRIME 1K Service
X uv .
QUALI PROM Available
21L02 350nS STATIC RAM $1.95 8 FoOR $14.00
FACTORY SECONDS 2102 STATIC RAM $1.256 8 FOR $ 9.00
—7400TTL SERIES 74LS SERIES 74L SERIES LINEARS
T400 .16 7491 .75 74L.500 .39 74100 .25 301CN .35
7401 .16 7492 .50 74L.502 .39 74L04 .30 308CN 1.00
7402 .21 7483 .50 74L503 .39 74106 .30 318CN 1.19
7403 .16 7434 .80 74L504 .45 74L08 40 3207T-5 1.50
7404 .18 7495 .75 741505 .45 74109 .40 3207-5.2 1.50
7405 .24 7496 .90 741508 .39 74110 .30 3207-8 1.50
7406 .20 74100 .00 741510 .39 74120 .35 3207-12 1.50
7407 .29 74107 .40 741513 .79 741,26 .40 320T-15 1.50
7408 .25 74109 .90 74L514 2.19 741 .30 .40 3207-18 1.50
7409 .25 74121 .40 74L520 .39 74042 1.50 320T-24 1.50
7410 .18 74122 .50 741.526 .49 74L75 1.20 323K-5 7.95
7411 .30 74123 70 74L527 .45 74178 .90 324N 1.50
7413 A5 74125 .60 74L528 A9 741086 .75 339N 1.10
7414 70 74126 .60 74L530 .39 74190 1.50 3407-5 1.50
7116 .35 74132 1.00 741532 .45 74191 1.50 340T7-6 1.50
7417 .35 74141 1.15 741540 .49 74193 1.70 340T-8 1.50
F420 .20 74145 1,15 741.551 .39 74L95 1.70 3407T-12 1.50
7423 .37 74147 2.35 741555 .39 74198 2.80 340T-15 1.50
7426 .30 74148 2.00 74L573 .65 74L123 1.50 340T-18 1.50
7427 .35 74150 1.00 741574 .65 74L164 2.50 340T-24 1.50
7430 .25 74151 .80 741575 .79 S566CN 1.65
7432 .ao 74153 .80 74L576 .65 567V 1.55
F437 .27 74154 1.00 741583 1.75
7438 .27 74155 1.00 74L585 1.75
7440 .20 74156 1.00 74L586 .65
7441 .85 74157 1.00 74L590 1.25 COM PUTER POWER SUPPLY
7442 .60 74160 1.25 74L592 1.25 -+
7443 .75 74161 1.00 74L593 1.25 +bV at 1.2 AMP' 112V at .25 AMP
7444 75 74162 1.50 74L595 1.25
7445 .75 74163 1.00 741596 1.89 $9 95
7446 .80 74164 1.10 7415107 .65
7447 70 74165 1.10 74L5109 .65
7448 .80 74166 1.25 74L5112 .65 I.C. SOCKETS (SCANBE)
7450 .25 74170 2.10 7415132 1.25
7451 .25 74173 1.50 74L5136 .65 14 PIN SOLDERTAIL 22
7453 .25 74174 1.95 7415138 .65 16 PIN SOLDERTAIL .24
7454 .20 74175 .95 7415139 1.25 14 PIN WIREWRAP .45
7460 .20 74176 .90 741 5151 1.25 16 PIN WIREWRAP .49
7470 45 74177 .90 7415153 1.25 24 PIN WIREWRAP .69
7472 .40 74179 .90 7415157 1.25
F473 .35 74180 .90 74L8162 1.75
7474 .35 74181 2.50 7415163 1.25 BA I I ERY CHARGERS
F475 .50 74182 .95 7415164 1.75 # 650
7476 .30 74184 1.95 7415175 1.25 6V and 9V
7480 .50 74185 2.20 74,5181 3.69
7483 .70 74190 1.15 7415290 1.75
7485 .90 74191 1.25 7415191 1.75 S100 BUS DESCRIPTION
7486 .40 74192 .90 7415192 1.65
7489 2.00 74193 .90 7415193 1.75 DETAILED WRITE-UP * 1 95
7490 .45 74194 1.25 7415194 1.75
74195 .75 7405195 1.75 OF ALL 5100 SIGNALS
7415257 1.25
74L5260 .55
74L.5279 .79
7415367 1.15
Minimum Order $10.00. California residents add 6% sales tax. Add $1.00 shipping and handling charge per order.
For immediate shipment, send cashier’s check or money order. wxxx 100% SATISFACTION GUARANTEED wwxnuw

ORDER BY PHONE: (213) 888-5079

OR BY MAIL

QUAN TRONICS SwomTH, CA
' CHATSWORTH, CA. 91311

MANY OTHER PARTS AVAILABLE — JUST CALL OR WRITE FOR FREE CATALOG

Circle 191 on inquiry card.




S.D. SALES CO. r.0.BOX 28810 - DALLAS, TEXAS 75228

Z-80 CPU KIT
For Imsai-Altair

$149. i

Z-80 Chip & Manual $49.95

From the same people who brought you the $89.95 4K RAM Kit. We were not the
first tointroduce an Imsai/Altair compatible Z-80 card, but we do feel that ours has
the best design and quality at the lowest price! . .

The advanced features of the Z-80 such as an expanded set of 158 instructions, 80804
software compatibility, and operation from a single 5VDC supply, are all well known.
What makes our card different is the extra care we took in the hardware design. The
CPU card will always stop on an M1 state. We also generate TRUE SYNC on card,
to insure that the rest of your system functions propecly. Dynamic memory refrash
and NMI are brought out for your use. Believe it or not, not all of our competitors
have gone to the extra trouble of doing this.

As always this kit includes all parts, all sockets, and complete instructions for ease of
assembly, Because of our past experience with our 4K kit we suggest that you order
early. All arders will be shipped on a strict first come basis, Dealers inquiries welcome
on this item. Kit includes Zilog Manual and all parts. Kit shipped with 2 MHZ crystals.

Z—80 MANUAL — $7.50 SEPARATELY

tHE wHoLE 4K LOW POWER RAM BOARD KiT

WORKS

$89.

95

Imsai and Altair 8080 plug in compatible. Uses low power static 21L02—1 500 ns. RAM‘S,'FuIIy buffered, dras-
tically reduced power consumption, on board regulated, all sockets and parts included. Premium quality plated

through PC Board.

For 250 ns RAM’s add 310.00

Muusic @

CAR/BOAT KIT

$34.95

s, Eawl NEWEST
4o

MUSICAL HORN

Musical Horn Kit for Car, Boat or Home
Piays any tune from Mozart to Led Zeplin
Change tunes in seconds
Complete Solid State electronics

o i or

KIT FROM S.D. SALES! HOME KIT

$19.95

Standard Tunes Available:
OIXIE —~ EYES OF TEXAS — ON WISCONSIN —
YANKEE DOODLE DANDY — NOTRE DAME
FIGHT SONG -~ PINK PANTHER — AGGIE WAR

tunes

{you supply us with the sheet music — we supply
electronics for your favorite tunes.)
One song supplied with original order

SONG — ANCHORS AWAY — NEVER ON SUNDAY
BRIDGE OVER RIVER QUI — CANDY MAN
Home Kit ncludes spesker which opsrates from your door bell. When das bell
15 pushed your favorite wne s played. CarfBoat Kit DDES NOT include speckar.
Uses standard Bohm PM spoaker. Allow 4 weeks delivery on bath hats.

at $6.95 each

Limited Luantity!

$9.95 kit

SIX DIGIT ALARM CLOCK KIT

We made a fantastic kit even better. Redesigned to take advantage of the latest advances in I.C. clock technoclogy.

Features: Litronix Dual %

" displays. Mostek 50250 super clock chip, single 1.C. seFment driver, SCR digit drivers.
Greatly simplified construction. More reliable and easier to build. Kit includes al

necessary parts {except case).

For P.C.Board add $3.00; AC XFMR add $1.50. Do not confuse with Non-Alarm kits sold by our competition!

Eliminate the hassle — avoid the 5314!

NEW! WITH JUMBO LED READOQUTS!

POWER DISC CAP
P.C. LEAD Just recewved a good
Fl._t'lll!lghgfg e mene RESISTOR ASRSEOSA%TMOE’;\]T DIODES mixed lot of National ASSORTMENT

Rated 35 WVDC Up Our best sellar Inchudes 15 OHM YW 5% 8 10% PC INAT48/IND14 T092 plastic lransis- P.C. Leads. Ar leon
fght - style  with PC miniature and standard ‘ 100/$2.00 tors. PNP & NPN. even 10 ditferent  wvatues.
laass, Most poular vl sizes, singla ang muiti- 25W feods. A good mix of . o At Inctudes DOT, 01, 05
ue for hobbyiss, positian units. All new. BY values!  Specwal) 1N14(§)03-M 8 few FET's. 40-50% olus  other  standnrd
4/$1 00 12/$1 00 CgROSTAT 200/$2 40;%1 gldoa‘e/“%ém 50

AMD-1702A
Huge Facoy FPunchase

FACTORY PRIME UNITS! BRAND NEW!
1.5 Micro-Seconds Access Time.

10/$40. $4.95 ea.

IC's from XEROX

7400 — 9¢ 7430 — 9¢ 7493 -26¢ 1402 A Shift Regulator — 50¢
7402 - 9¢ 7440 — 9c 74121 -22c MHO025CN — SSgc

7404 — 9¢ 7437 —10¢ 74123 -32¢

7406 —11¢ 7438 —10c 74151 — 9¢ 1IC*s REMOVED FROM
7407 -1 1c 7451 — 9¢ 74155 —22¢ PC BOARDS

7410 - 9¢ 7474 —16¢ 74193 —~35¢ ALL TESTED;

7416 —-13c 7475 —24¢ 8233 — 35¢ FULL SPEC.

7420 9c 7486 —16¢ fntel — 1302 — 45¢

UP YOUR COMPUTER!

And 350 is power| Not only are our RAM'S faster than a speeding
bullet but thoy are now very low power, We are pleased to offer
primg new 21L02-1 Low Power and Super Fast RAM . Allows
vou to STRETCH your power supply farther and at the same

21L02-1

time keep the wait light off!

500 ns 8/$12.95
250 ns 8/%$15.95

$12.95 S. 2.

Sales Enclusive! $12.95
MOS 6 DIGIT UP/DOWN COUNTER

40 PIN DIP. Everything you ever wanted in a counter chip. Features: Direct LED sement
drive, single power supply (12 VDC TYPE.), six decades up/down, pre-loadable counter,
separate pre-loadable compare register with compare out-put, BCD and seven segment out:
puts, internal scan oscillator, CMOS compatible, leading zero blanking. IMHZ, count input
frequency.

. ’ 3579545
S ! MHZ Time
P Base Crystal
$1.2
2g Plk NiC
ackets 39 MFD
3/$1.00 16V Matlory
11,000 MFD Electrolytic
50WVDC 15/$1.00

Computer Grade

Cap. $%$3.00

TERMS:

MONEY 8ACK

GUARANTEE!
No COD’s. Texas Resi-
dents add 5% Sales Tax.
Add 5% of order for pos:
tage & handling. Orders
under $10. add 75¢. For-
eign orders: U.S. Funds
Only!

VERY LIMITED QUANTITYY
Call i BANKAMERICARD
oril M/I\nSTg;urCHARGE order in on S.A!I?vegec [a)dg Su pply
our Comine.mal United States Toll tgo\;Dc for | cglcul;\t"%ra $2 ea
Free Watts Line: ?yzgom:u ::Ific < . B

ma.
1-800-527-3460
Texas Residents Call Collect: Pg g{siAZLBEBS‘;l;:?.B
214/271-0022 DALLAS, TEXAS 75228

Orders over $15. - Choose $1. FREE MERCHANDISE!

Circle 192 on inquiry card.
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http:15/$1.00
http:8/$15.95
http:8/$12.95
http:12/$1.00
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Resder Service

BCMB-

BYTE’s Oagoing Moaitor Box

To get futher information on the products advertised in BYTE, fill out the reader
service card with your name and address. Then circle the appropriate numbears for the
advertisers you select from this list. Add a 9 cent stamp to the card, then drop it in the
mail. Not only do you gain information, but our advartisers are encouraged to use the

marketplace provided by BYTE. This helps us bring you a bigger BYTE.

Reader Reader Reader

Service Page Service Page Service Page

Number Number Number Number Number Number
197 Alpha Digital 150 132 Heuristics 103 * PerCom Data 10. 140
108 Apple Computer 14, 15, 16 179 Hybrid 157 124 Peripheral Vision 83
195 ARTEC 172 106 IMSAI 11 168 Porri White 153
121 BITS Inc 61, 75, 105, 128, 146, 148, 152 136 Infotech 111 * Perscnal Computing EXPO 98-101
141 BPI 119 149 Innovative Sottware 157 *  Polymorphic Systems 27

* BYTE Index 112 154 Inteliigent Business Machines 150 104 Processor Technology €, 7. 8
194 California Computer Products 35 135 International Data Systems 116 181 Quantronics 173
184 Canada Systems {Comptek) 151 126 Ithaca Audio 88 181 Aeeves 157
160 Charles Floto 150 187 James 166, 167 125 RHS Marketing 87
156 Computer Corner 150 131 Kent-Moore 97 158 Rotunda Cybernetics 150
155 Computer Depot 150 174 Kit House 157 115 Scelbi 39
159 Computer Enterprises 153 145 Logical Services 156 * Scientific Research 23, 47
161 Computer Mart 150 188 Meshna 169 192 SD Sales 174
177 Computer Mart of NH 157 169 Micro BYTE 150, 157 112 Seals 33
128 Compuleriand 118 172 Micro Design 155 181 Sherwood Medical 157
148 Computer Store 152 157 Microcomp 157 142 Smoke Signal Broadcasting 127
182 Compuler Warehouse 161 143  Micromation 136 171 Software Records 155
162 Contact East 150 163 Microware 151 103 Solid State Music 5
116 Conlinental Specialties 41 127 Microtech 91 193 Solid State Sales 175

* Creative Computing 117 147 Midwest Scientific Inst 141 101 Southwest Tech ClI
102 Cromemco 1, 2 190 Mikos 171 118 Synchro-Sound Enterprises 48, 49
170 Data Search 154 111 MiniTerm 29 100 Tarbell Electronics 154
114 Digital Group 37 146 MITS CIV, 139 107 Technical Design Labs 13
176 Disc 3, 157 183 Morrow 162 110 Technical Systems Consultants 25
185 ORC 164 119 mpi 59 113 Technico 107
105 ECD Cill 130 Multen 97 183 Thinker Toys 147, 162
139 Economy Company 113 129 National Multiplex 95 139 Tripke | 13
138 Edityper 113 122 North Star Computers 65 144 Vector Electronic 137
151 Electronic Control Technology 147 117 Ohio Scientific 42, 43 134 Vector Graphic 105
189  Eitron 171 196 OK Tool 21, 85 153 Worldwide Electronics 149
175 EMA 157 120 PAIA 60 152 Xybek 149
137 Extensys 93 150 Parasitic 129 140 Ximedia 89
184 Formula international 163 * PC77,76,77, 78,79, 80
186 Godbout 165

* HAL Communications 138 * Readar service inquiries not solicited. Correspond directly with company.
123 Healh 66, 67, 68, 69

On BOMB Card,

Article No.

ARTICLE PAGE

1 Sweer-Dwyer-Critchfield: Controlling Smalt DC Motors 18

2 Fohl: A Microprocessor Course 26

3 Weisbecker: COSMAC VIP, the RCA Fun Machine 30

4 tverson: Understanding APL 36

Defused 5 Keefe: Here's APL in Action! a4
6 Wimble: An APL Interpreter for Microcomputers, Part 1 50

This month, there is no BOMB analysis 7 Galway-Anderson: Serendipitous Circles 70
for May BYTE. The BOMB gol defused 8 McGath:l Editorializing with your Computer 21
by the late delivery of the May 1977 isssue 9 Atwoad: Why .Ps.mple Get Hoo‘wd on APL 108
¥ . ¥ i y 10 Burns: An 8 Digit Hexadecimal Readout 114
due Lo the strike at our printer. As a result, 11 Tenny: Look What Yau Can Do. . .With an Edge as a Cue 120
we are holding the analysis until next month 12 Maurer: Processing Logical Expressions 130
when a double BOMB will report the results 13 Rheinstein: Simpie Algorithms for Calculating Elementary Functions 142
of May and June reader response together.® 14 Schulein: A Trapping Technigue for the 8080 158

176
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