APRIL 1979  Volu nher 4  $2.00 in USA/ $2.40 in Canada





































Steve Ciarcia
POB 582
Glastonbury CT 06033

“Mister? Mister?”

A little boy was tugging on my sleeve.
It startled me that in today’s sophisticated
society anyone would attempt to attract
my attention by such an obvious, though
effective, means. Impatient and undaunted
by the scowl | flashed in his direction, he
said, “'Mister? Do you know where the toy
department is?”’

| have never acquired what some people
call the ability to commune with children.
Perplexed therefore as to the presentation of
a proper reply, | considered an indignant,
wave-of-the-hand dismissal of “Over there,
kid.” On the other hand, should | consider a
character reversal with a Santa Claus imita-
tion and invite the young man to hop up on
my shoulder while we looked over the store
directory together? The latter seemed hardly
my style and the former was much too harsh
even considering his still firm attachment to
my sleeve.

"“Mister? Mister?”

The delay only heightened his fervor.

| looked up and found myself staring
straight at the shirt pocket button of a very
large man. Instantly | calculated that this
male figure dressed in jeans, heavy boots
and a woolen shirt was a foot taller than |[.

His relationship with the boy was quickly
clarified as he said in a deep paternal voice,
“'Come on Brucie, | think it's over there
where that crowd is.” | waited for Paul
Bunyan and son to be safely on their way
before | made my next move.

Stark reality returned, however, when
| remembered that I, too, was looking for
the toy department. It verges on humilia-
tion actually., Why do they have to cate-
gorize everything? Just because an item is
manufactured by a toy company doesn’t
immediately classify it as a toy. | mean, big
people have constructive leisure time manip-
ulatives and little people have toys. Depart-
ment stores should realize the embarrassment
of crossing this line and have an '‘amuse-
ments for the sophisticated” department and
a ‘'toys for tots' department.

Finding the toy department was no prob-
lem. | simply stood where | was and slowly
rotated 360°. The noise peaked at about
160" SSE and | cautiously proceeded in that
direction. The noise in my immediate vicin-
ity became sharply amplified as two young
boys raced by, carrying some unidentifiable
toy devices,

| spied my objective ahead — the elec-
tronic games counter. | got into line between
two youngsters and their parents. Were these
PG or R rated games? | saw no parents with
the kids playing basketball in the next aisle.
Perhaps the cost of computerized games war-
ranted closer parental scrutiny. $5 for a
hockey stick is ane thing, but $50 for a talk-
ing plastic robot is another. All the games at
this counter incarporated microprocessors as
their intelligence. Some simulated war games

Figure 1b: Details of the
circuit in figure 1la, show-
ing one of the four light
and sound generating sec-
tions.

Copyright © 1979 by Steven
A Ciarcia. All rights reserved.
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Mark Zimmermann
Caltach 130-33
Pasadana CA 91125

Computers are becoming increasingly val-
uable in the sciences, for daia reduction and
analysis and for the simulation of physical
systems. With a machine to do the repeti-
tious work, an astronomer can (ollow the
orbits of hundreds or thousands of stars as
they are affected by their mutual gravita-
tional fields and move to make a globular
cluster or a spiral galaxy. A chemist can fol-
low molecules in a liguid as they attract
and repel and undergo chemical rcactions. A
physicist can watch the atoms of a gas mov-
ing from a low entropy, highly ordercd state
toward a more probable chaotic conligura-
tion, and can follow the random walk mo-
tion of any specific particle as it su(fers col-
lisions with the rest of the gas.

How does one go about setting up a phys-
ical simulation? It's necessary to deter-
mine the most important laws that govern
the system under investigation. A slar

Photo 1. Initial configuration for a run of the ideal gas model.
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cluster, for example, is controlled mainly
by Newton’s law of gravitation. The nuclear
reactions which power individual stars are
interesting, but probably not very important
to the structure of the cluster as a whole.
(An exception might be a cluster of extremely
massive stars; such stars could run out of
fuel and blow up before there was time for
their orbits 1o settle down.)

The first step in programming any phys-
ical system is to cut away all the features
except those which are crucial to it — in
other words, to make a model. If the correct
effects and features have been included, the
model will act enough like the physical
system to be useful and accurate, and the
model will be small and simple enough to be
computable in a reasonable amount of time
and space.

Secondly, one must take the equations
that govern the model and translate {and
sometimes simplify) them into a form
which a machine can handle. Today, only
a few very high-level systems (such as
MACSYMA, REDUCE, SHEEP, and
FORMAC) can handle abstract equations
and functions, and even these sophisticated
systems can’t do very much. Until people
learn how to explain the details of problem
solving mathematics better, most machines
are best at manipulation of discrete, finite
precision numbers. So, if one wants 10
compute the flight of a Frisbee, one needs
to turn the continuous differential equations
for its motions into discrete difference
equations. It's analogous to the way one
plots a diagonal line on a teletypewriter —
the continuous line is broken up into a
discrete set of points that the printer then
approximates as best it can. If the printer
can type smaller, the approximation is
better. Similarly, if the smooth equations
describing the Frisbee’s flight are broken
up into tinier steps, then the approximate
solution the machine generates comes
closer to the actual motion.



Finally, given the model of the physical
system to be simulated, and given a transia-
tion of the equations controlling that model
into a machine acceptable form, the rest is
easy: just write the program! Ah, if it were
only so. To avoid gross errors and smaller
bugs, it's best to write in a high-level lan-
guage (BASIC, FORTRAN, Pascal, etc), but
then the resulting code usually runs unac-
ceptably slowly. [t seems to be a general
consequence of Murphy’s Law {“'Anything
that can go wrong, will!”’} that any physical SssssssEEREEENEES
system interesting enough to be worth
simulating is too complex to be effectively
simulated. So, compromises are always
necessary. Astronomers try to simulate
galaxies using a thousand point masses and
an approximate force law, instead of using
the actual ten billion stars with 1/r? fields.
Chemists settle for a few hundred molecules
in their “liquid,” instead of 1023 or so. All
they can do is hope that enough of the
many-body collective effects show up for
their 100 small models to be interesting, and
that the cost of computing comes down
enough for them to simulate bigger systems
next year. As calculations get cheaper, that
last hope seems to be the best.

Another way to compromise between the
human speed and efficiency of programming
in a high-level language, and the computer
speed and efficiency of programming in
machine language is obvious: do both, and
produce a hybrid program. The BASIC (or
Pascal, or whatever) program provides the
framework and handles non-time-critical
tasks; it then calls machine language modules
to perform the innermost loops, the time-
consuming parts of the program which are
simple enough to write accurately and
rapidly in such a low-level language. As a
developmental tool, this top-down approach
is infinitely better than writing all machine
language code and then spending days
debugging it. In fact, if the program can be
entirely written in the high-level language Photo 3: A view of the simulation 102 time steps after starting.

Photo 2: One time step later, particle number O has moved ten units to the
right and is colliding with particle number 31 at X=10, Y=0.
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Figure 1: 90 degree type
collision for two particles
with equal and opposite .
initial velocities. 7

ENERGY= 180

Photo 4. A velocity distribution histogram after 102 steps. Note the energy
error {possibly due to roundoff and truncation error, or mavbe I acciden-
tally hit the G key). Energy error is worse at these low energies when most
particles have only very small velocities.

Phato 5: Configuration for a high temperature gas with o tatal eneryy of
1207 units.
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and then run (slowly, perhaps) on small,
special cases to test out the fundamental
equations, so much the better. The machine
language subroutines can then be written
and substituted in only as necessary.

With this 3 step approach (model, trans-
late, program), simulating physical systems
isn't necessarily easy, but it is systematic
and can be interesting and educational.

The Ideal Gas

As an application of the above principles,
I've programmed in BASIC and 6502 machine
language (on a Commodore PET) a simula-
tion of an ideal gas — a gas made of pointlike
particles that interact only by direct colli-
sions. An actual gas, of course, is made ol
molccules or atoms which have size and
internal structure. The molecules may react
when they collide with sufficient energy,
and they may influence ecach other (via
electrical forces) even when they are quite
far apart. The gas may condense into a liquid
or solid phase if its temperature is low
enough and its pressure high enough.

The model | made does not include thase
features. It doesn’t even include the three
dimensions in which the physical gas moves!
For speed and simplicity, | restricted the gas
particles 1o move in two dimensions within
the 50 by 80 cell “box" of the PET’s video
screen. The two-dimensional gas is interesting
in iself, and it actually occurs, approxi-
mately, when atoms get adsorbed on the
surface of some crystals. The adsorbed
particles are relatively free to move from
place to place on the crystal surface, but
they are not free to leave the surface if the
temperature is low enough. (If this physical
system isn’t exciting enough for you, you
can imagine that the program is simulating a
farge number of balls on a billiard table, or
perhaps hockey pucks sliding on ice.)

Several other features of the model |
made arc important. | used only 256 gas
particles for two reasons: it made the
machine language routines simpler, and
more particles would have filled up oo large
a fraction of the screen. As a general rule,
the errors in simulating a random process
shrink as 1NN, where N is the number of
objects in the simulation. For example, if
a polister asks 100 randomly chosen people
for their opinion on some issue, he or she
typically makes about 1/NT00 = 10% crrors
in estimating the general opinion based on
the finite sample. If the average number of
molecules in one cubic centimeter of air is

Text continued on page 32.
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Decimal Memaory Address

5632 thru 5799
5800 thru 6036

6144 thru 6389
6400 thru 6655
6656 thru 6911
8312 thru 7167
7168 thru 7423
7424 thru 7679
7680 thru 7935
?%36 thru 8191

11 thru 25

26,27
28

29,30

31,32

6050 thru 6074
6075 thru 6099
6100 thru 6114
5632 thru 5654
5655 thru 5660
5661 thru 5679
5680 thru 5685
5688 thru 5689
5690 thru 5726
5727 thru 5746
5747 thru 5779
5780 thru 5798
5800 thru 5809
5810 thru 5824

5825 thru 5848
5849 thru 5866

5867 thru 5882
5883 thru 5886
5887 thru 6036

6037 thru 6049

Contents Or Function
Move particles one step forward in time,
bouncing off walls as necessary.
Plot particles on screen, colliding ones
which fall in same cell on the 50 by 80 grid.
High bytes of X coordinates.
Low bytes of X coordinates.
High bytes of Y coordinates.
Low bytes of Y coordinates.
High bytes of VX velocities,
Low bytes of VX velocities,
High bytes of VY velocities.
Low bytes of VY velocities.
Current screen character at location to
be plotted.
Table of PET ' graphics symbols; translates
to and frem “'binary graphics symbaols.”
Low, high bytes of current screen address.
“Binary graphics symbol’” to be put onto
current location {1, 2, 4, or 8).
High, low bytes of M=(A+B+C+D)/2.
High, low bytes of TEMP=M-B.
Low bytes of table of left ends of screen
lines,
High bytes of table of left ends of screen
lines.
Table of graphics symbals, in order defined
tobe 1,2,3,4,...,15in “binary graphics
symbols.”
Move X coordinate.
Check tosee if in box; fix if not.
Move Y coordinate.
Check to see if in box; fix if not.
Increment counter; do next particle if not
done.
Fix if gone off left edge.
Fix if gone off right edge.
Fix if gone off bottom.
Fix if gone off top.
Transfer table to page 0 of memory.
Put address of screen left edge of line to be
plotted into 26,27.
Put “binary graphics symbol” to be plotted
into 28, and add location in line to be
plotted to 26,27,
Find current graphics symbol which occu-
pies space 1o be plotted in; ook up in table
and transiate to “binary graphics symbal.”
Plot particle if space to which it goes isn't
already occupied.
Increment counter and go back to 5810 if
not through.
A collision has occurred! Scan back to see
which particle has collided with the one
about to be plotted, and fix their velocities,
as in text,
This space intentionally left blank.

Table 1: Comments on Gas machine language modules yiven in listing 2.

Photo 6: Velocity histogram for the high temperature gas shown in photo 5.

32

ENERGY=

April 1979 2 BY TE Publications In¢

1267.01486

Text continued from page 28:

3 X 10!9, then the Ffractional fluctuation in
this number is about 1A X 107~ 0.2
parts per billion — small, but megsurable.
(The human car is sensitive enough 1o barely
hear these fluctuations — try it, if you can
find a quict enough place!) So, the crrors
that the 256 particle gas model will lend to
make are of the order of 1N256 = 6% — not
terribly bad.

A second important feature of my model
is the way it handles collisions. Time is
broken into steps, and two particles which
end a timestep in the same cell are considered
to collide. It would be far more complicated
to calculate distances between particles as
they move and to declare a collision only if
their center-to-center distance fell below a
certain limit. [t also turns out not to matter
much, as far as the final equilibrium state of
the gas is concerned. Actual collisions are
sometimes grazing, sometimes head-on, and
generally everywhere in between, depending
on the details of the interactions belween
the molccules and their impact parameters,
None of that really matters for our purposes.

The important feature of all collisions in
gasses is that the collisions always conserve
energy and momentum. Energy is just
kinetic energy for pointlike particles: Vimv?.
To simplify the arithmetic, | let all of my
gas particles have mass m = 2, so their ener-
gies are just the squares of their velocities.
In two dimensions, velocity has components
along the X and Y axes; call them VX and
VY. The momentum of a particle is just its
mass times its velocity. Momentum thus has
X and Y components, each of which must
separately be conserved, Lhat is, remain con-
stant during a collision.

To be specific, suppose that VX and VY
are arrays, and that particles numbered 1
and 2 are colliding. If arrays WX and WY are
used to hold their velocities after the colli-
sion, then conservation of energy says that
{total energy after)=(tolal energy before),
that is, WX(1)2+WY(1)2+WX(2)2+WY(2)2=
VX(1)2+VY(1)2+VX(2)2+VY(2)2. Conser-
vation of X momentum says that WX{1]+
WX(2)=VX(1}+VX(2), and conserving Y

momentum implies that WY{1J+WY{(2)=
VY(1)+VY(2).
Now, if the velocities before the col-

lision are known, then there are four ve-
locities afterwards to solve for: WX(1},
WY(1), WX(2), and WY(2). Three equations
are not enough information to solve for four
unknowns. The missing cquation contains
the details of the collision - whether it is
head-on or glancing or what. Onc might
write out this fourth equation (it's done in
most freshman physics lextbooks) in terms






Listing 1: BASIC program for the PET which simulates an ideal gas. This
program uses the assembly language modules shown in listing 2. The notation
used in this listing is described in table 3.

1
10
15
20

30
35

40
45
50

60

720
740
760
780

785
790

795
800
810
815

820
825

830
840
845
850
860
1000
1020

1100

34

REM POKE 135,22 FOR SAFETY!! (KEEPBASIC BOUNDED}

REM GAS COPYRIGHT 1978 MARK ZIMMERMANN

REM GRAPHICS SYMBOLS FORPLOTS INDATA STATEMENTS

DATA 100, 111, 121, 98, 248, 247, 227,160, 101,116, 117, 97, 246, 224,
231,160

DIM UP{7), RI{7), VY(20) ,vXI(20): FOR I=0 TO 7: READ UP{l}): NEXT |
REM UP ARRAY IS FOR UPWARD GRAPH, BRI FOR RIGHTWARD, VY & VX
HOLD VELOCITIES

FOR 1=0 TO 7: READ RI{I}: NEXT |

REM SCS DRAWS THE AXES FOR THE GRAPHS

SC$="cis 101pd 1bd lbd lbd |bdb5dbd [bd lhd lbd [bgh0bd Ihd |bg
Ibd |bdbb—5J"

SC$=SCS+"'bd |bd |bd lbd |bdbbb—10dbd |rrererrrd—10 ubb T |bd—Sbu
T Thd0u "

SC$=SC$+" ba5u™ T bbd 10h0me”

REM MEMORY ALLOCATIONS: 6144-6399, HI BYTES OF X COORDINATES
REM 6400-6655, LOBYTES OF X; 6656-6811, HIBYTES OF ¥

REM 6912-7167, LOBYTES OF Y; 7168-7423, HI BYTES OF WX, 7424-7679,
LO WX

REM 7680-7935, HI BYTES OF VY, 7936-8191, LO BYTES OF VY

PRINT “HIT ‘R* TO RESET TIMER "'

PRINT * ‘S*' TO MOVE SLOWER”
PRINT ‘F"FOR FASTER"
PRINT 'G'TO GOOSE PARTICLE =0

PRINT "AND ANY OTHER KEY TOPLOT VELOCITIES”

REM 120-140 FILL THE VELOCITIESWITH ZEROES AND THE LO BYTES
OF POSITIONS

REM TO CENTER THE PARTICLES IN THEIR RESPECTIVE SQUARES
FOR I1-0 TO 255

POKE 7168+1,0: POKE 7424+1,0: POKE 7680+1,0: POKE 7936+1,0
POKE 6400+1,128: POKE 6912+1,128: NEXT |

REM ARRANGE PARTICLES NICELY HERE

FOR (=0 TO 39: FOR J=0TO5

POKE 6144+1°6+),2*1: POKE 6656+1*6+J,2*J:NEXT J: NEXTI

REM USE UP ALL PARTICLES!

FOR 1=240 TO 255 POKE 6144+1,2°(1-240): POKE 6656+1,200 NEXT |
DE=30: REM PRELIMINARY TIME DELAY

SYSI5632): REM MOVE ONE TIMESTEP
PRINT “cfs”::N=N+1:REM CLEAR SCREEN: N COUNTS TIME
SYS(5800):REM PLOT & COLLIDE THEM!

PRINT N:T=Ti

X0=INT(PEEK(8144)/2): YO=INT(PEEK({6656)/2): POKE 33728+X0-40°Y0,
42:REM MARK =0

IF(TI-T) < DE GOTO 560: REMDELAY

GET AS: IF AS="""GOTO 400

IF AS="R"” THEN AS=""":N=0:GOTO 400

IF A$="8" THEN AS="":DE=2*DE. GOTO 400

IF A$="G” THEN A$="": POKE 7168,10: GOTQ 400

IF A$="F" THEN A$="""DE=DE/2: GOTQ 400

A$=""E=0:PRINT SC$

FOR 1=0 TO 20: vX(1)=0: VY{1)=0: NEXT |: REM CLEAR
ACCUMULATORS

FOR 1=0 TO 255: HX=PEEK(7168+]): HY=PEEKI[?680+I}). LX=PEEK([7424:1)
LY=PEEK{7936+}): REM CALCULATE VELOCITIES, ADJUST IF NEGATIVE
IF HX > 127 THEN HX=HX-255: LX=LX-2%6

IF HY - 127 THEN HY=HY-255: LY=LY 256

VX=HX+LX/256: VY=HY+LY/256: EsVX*VXVY*VY+E: REM ADD UP
ENERGY

cric o :REM NOW COMESPLOTTING: @@ 201

WXEINT(VX): VY=INT(VY): IF(VX > 1000R{VX < —10) THEN ¥X=
SGN{VX}*10

REM LIMITS PLOTSTO BETWEEN —-10& 10

IF{VY > 10) OR (VY < =10) THEN VY=SGN(VY]*10
VX=VX+10:VY=VY+10

REM ACCUMULATE COUNTS INVX & VY ARRAYS; SCALARS VX & VY
ARE DIFFERENT!

VXIVX)=VXIVX)HT - VY VYISV Y (VY)I+1: AX=33582+VX—40 " INT{VX{VX]/8)
REM CALCULATE AX AND AY, ADDRESSES FOR PLOT OF A GIVEN VX
AND VX{VX), ETC.

AY=33572-40°"VY+INT(VY(VY)/8)

CX=UP(VXIVX)—8*INT(VX(VX}/8)}: CY=RIIVY{VY}I-B*INT{VY{VY!/8))
REM CX & CY ARE GRAPHICS CHARACTERS USED FOR SOME VX OR VY
POKE AX,CX: POKE AY,CY

NEXT |

PRINT TAB(10);"ENERGY=""E

GET AS: [F AS=""" GOTO 1020: REM WAIT UNTIL DONE LOOKING AT
GRAPHS

GOTO 400
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of the scattering angle, and then use the
details of the particles’' positions to choose
that angle, but that would involve calcu-
lating sines and cosines of the angle, and it’s
unnecessarily slow and complicated (espe-
cially to program in machine language).
Instead, | chose one special type of coili-
sion, which enabled WX(1), WX(2), WY(1},
and WY(2) to be calculated using only addi-
tion, subtraction, and division by 2. {I
can program those!) This special collision
scatters two particles by 90 degrees, if they
approach each other with opposite ve-
locities, as shown in figure 1. The resulting
equations for the velocities after the colli-
sjon arc simple. Let M=(VX(1)+VY(1)+
VX(2)+VY(2))/2. Then WX{1)=M-VY(1],
WY(1)=M-VX(2), WX(2)=M-VY(2}, and
WY (2)=M-VX(1). It’s an exercise in cle-
mentary algebra to see that these values for
the velocities after the collision conserve
energy and momentum.

So that's the specific model: a two-di-
mensional gas made of 256 particles on a 50
by 80 grid, which make 90 degree type colli-
sions whenever two fall in the same cell.
Now for step 2: make the equations of
motion computable. The equation that
governs the particles’ positions between
collisions is, in words, that the time-rate-
of-change of the position is the velocity; the
velocity is constant. [t's the simplest differ-
ential equation imaginable, and the solution
is also simple: particles move in straight lines
at constant speed between collisions. But in
a machine, nothing moves continuously.
It’s rather like Zeno's Paradox: if you look
at an arrow in flight, at some moment it cer-
tainly is where it is, not somewhere else —
it's at a definite location, not smeared out or
blurred. So, how can the arrow move? Zeno
couldn’t answer this (or chose not to), but
later mathematicians (Newton, Leibnitz, and
others) did. Their answer involves looking at
the motion as a series of tiny discrete jumps.
The computer can do that too. If a particle
is at position X,Y at one moment, and has
velocity VX, VY, then a time T later it will
be at X+TXVX, Y+TXVY. When | wrote
the original (high-level language) version of
this simulation, | used precisely these “‘time-
step” formulae; in the machine language
version, | set T = 1 for simplicity. | also
chose a specific precision arithmetic: two
bytes for each number, in 2’s complement
notation, with the decimal point {it’s really
a binary point!) between the two bytes. The
high byte (to the left of the point) gives a
number that can be directly plotted on the
screen; the low byte keeps several decimal
places of accuracy and holds down roundoff

Text continued on page 38.
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Listing 2: The 6502 assembly language modules for use with the ideal gus
program.

LABEL
BEGINMOVE:

38

LDX
LDY
LDA
CLC
ADC
STA
LDA
ADC
STA
8Mi

CmPpP
BCS

LDA
CLC
ADC
STA
LDA
ADC
STA
BMI

CcmPpP
BCS

INX

BNE
RTS

TY A
SEC
SBC
STA
TYA
SBC
STA
TYA
SEC
SBC
STA
TYA
SBC
STA
JmpP
LDA
SEC
SBC
STA
LDA
SBC
STA
JMP

TYA
SEC
SBC
STA
TYA
SBC
STA
TYA
SEC
SBC
STA
TYA
SBC
STA
JMP

LDA
SEC
SBC
STA
LDA
SBC
STA
JMP

TOP:

RETX:

RETY:

NEGX:

REFLVX:

BIGX:

NEGY:

REFLVY:

BIGY:

MNEMONIC

COMMENTS

#0 ;initialize particie counter

w0 ;clear Y register

VXLO,X :move x coordinate of particle
;by adding VX to X

XLO,X

XLO,X

VXHI X

XHI,X

XHILX

NEGX

#80

BIGX

VYLO,X

;bounce off left wall if x.L.T7.0

;bounce off right wall if x.GE.80
;move y coordinate

;by adding VY 10 Y

VLO,X
YLO,X
VYHIX
Y HILX
YHILX
NEGY
=h0
BIGY

;bounce off bottom 1f v LT.0
;bounce off top if y.GE.50
TOP

:do all 256 particles
;back 10 BASIC control

sprepare to reflect —x to x
;by subtracting from 0
XLQ,X
XLO.X
;another 0 in accumulator
XHIX
XHILX
:reflect velocity vx also

VXLO,X
VXLO,X

VXHILX
VXHIX
RETX
#2585

;return to main program
;prepare to reflect x to 160--x
Aactually, 158.99. . . -x}
XLO,X

XLO,X

#1569

XHILX

XHILX

REFLVX reflect velocity vx using previous code

;reflect y to —y

YLO,X
YLO,X

YHIX
YHIX
;reflect velocity vy also

VYLO,X
VYLO.X

VYHIX
VYHILX
RETY

#2585

;return to main program
;prepare to reflecty t0 99.89 . . .~y

YLO,X
YLO X

;use previous code to reflect vy

Listing 2 continued on next page.
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BEGINMOVE 5632
BEGINPLOT 5800
XHI 6144
XLO 6400
YHI 6656
YLO 6912
VXHI 7168
VXLO 7424
VYHI 7680
VYLO 7836
OLDCHAR 10
GRAFTAB 11
ADDRNOW 26
NEWSYMB 28
MH!I 29
MLO 30
TMPHI 31
TMPLO 32
SCRTABLO 6050
SCRTABHI 6075
SYMBTAB 6100

Table 2: Specific addresses used in the 8 K
byte PET Gas program. Addresses are given
in decimal.

cls = clear screen.

b = backspace (cursor left).
d = down {cursor down).

r = right {cursor right).

u = up {cursor up}.

home = cursor home.

Table 3: The PET uses special graphics sym-
bols to denate cursor control characters.
Since these special characters cannot be
typeset, the above notation is used in the
pragram.

Text continued from page 34:

or truncation errors. When an X coordinate
ends up less than O or greater than 80, |
reflect the particle off the left or right wall
and reverse its X velocity; when a Y coordi-
nate falls outside the box's range (0 to 50),
| do the same for it. {Since | don't check for
arithmetic overflows, if velocities get larger
than about 32, there is a chance for crror:
this isn't a serious restriction, in practice.)
In this format, addition and subtraction are
trivial, and the only trick to dividing by 2 is
to get the sign bit correct after shifting
right.

That's all there is to the model. The
details that are explained in the remarks
in the BASIC listing (listing 1), and in the
commentary about the listing 2 machine lan-
guage modules in table 1, are probably of
interest mainly to 6502 system users, espe-
cially PET owners who can use the program
without modification. (At top speed, it
makes about seven limesteps per second!)
Much more interesting in general are the
“bells and whistles'’ that can be added to the
bare model for convenience and physical
insight.






Listing 2, continued:

LDX
LDA
STA
DEX
BNE
LDA
LSR

TAY
LDA
STA

LDA
STA

LDA
B8CC
LDA
STA
LDA
LSR

BCC
ASL
ADC
STA

BCC
INC

LDY
LDA

BEGINPLOT:
LOOPO1:

TOPPLOT:

SKIPO1:

SKIP02:

SKIP03:

STA

LDY
CwMmP
BEQ
DEY
JMP

LOQPO2:

FOUNDIT: TYA
AND
BNE

TYA
ORA
TAY
LDA
LDY
STA
INX
B8NE
RTS
TXA
TAY
LDA
DEY
CMP
BNE
LDA
CMP
BNE
LDA
CcLC
ADC
STA

INCRX:

HIT:

LOOPO3:
SEEK:

LDA
ADC
STA
LDA
CLC
ADC
STA
LDA
ADC
STA
LDA
CLC
ADC
STA
LDA
ADC

CmpP

#15

SYMBTAB-1,X
GRAFTAB—1,X

;transfer graphics symbaol table to page 0
;binary symbols allow quarter-character
;high resolution graphics

LOOPO1
YHILX ;get a particle’s y coordinate
A ;divide by 2
SCRTABLO,Y Jlook up screen address i tahle
ADDRNOW ;for teft end of screen line to be
SCRTABHI,Y plotted on
ADDRNOW+1 :and store on page 0
#1
SKIPO1 af carry is clear then vy coordinate was even
#4 ;before division by 2
NEWSYMB :;store #1 or 24 here, it y even or odd
XHI, X ;get particle’s x coordinate
A ;divide by 2
SKIPO2 ;skip if x was even
NEWSYMB :double NEWSYMB if x odd
ADDRNOW ;add x/2 ro left edge address
ADDRNOW :to get plotting address
SKIPO3 skip if no carry
ADDRNOW+1
#0
(ADDRNOW),Y :get symbol currently occupying
particle’s
OLDCHAR ;target plotting cell, OLDCHAR=
GRAFTAB-1
=186 sprepare to ook up symbol in tabie
OLDCHAR,Y
FOUNDIT ;exit when found in table
LOQPO2 have no fear, it will always be found! — OLD-
CHAR=GRAFTAB-1
;binary symbol in Y register, one bit for each %
ceil
NEWSYMB :check for a collision
HIT :a hit!!! no need to plot, but must collide veloc-
ities naw
;restore old binary symbol to accumulator
NEWSYMB ;add new bit
OLDCHAR,Y Jdook up new plotting symbot
(ADDRNOW),Y :plot new symbal
;increment particle counter
TOPPLOT Joop until done
;back to BASIC control
;transfer particle counter to Y register
XHI,X ;colliding particle’s x coordinate in accumulatar
XHLY Jlook for the (previously plotted) colliding particle
SEEK Hoop until found a matching x coordinate
YHI,X :do their y coordinates match too??
YHI,Y
LOOPO3 ;if not, keep looking
VXLO,X ;match found — prepare to collide velocities
VXLOY
MLO ;MLO and MHI store M={VX1+V¥Y1+V X2+
vY2)/2
VXHI,X
VXHLY
MHI
MLO
VYLO,X
MLO
MHI
VY HILX
MHI
MLO
VYLO,Y
MLO
MHI
VYHI,Y ;now we've got the sum, must divide by 2
to get M
#128 :first, essential to set carry flag lor proper
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division

Listing 2 continued on next page.

First, it's easy to write a loop to add up
the kinetic energy of each particle; the total
energy of the system should be conserved.
Roundoff (from the division by 2, in par-
ticular) does make small errors occur, but
I've found them to be tiny even after hun-
dreds of timesteps. It is interesting to note
that the energy is directly proportional to
the temperature of the system. The eye can
casily tell the difference between “hot” and
“cold" gasses, with some experience.

It is also interesting to plot the velocities
of the gas particles. In theory, after lots of
collisions have occurred, the distributions
of VX and VY velocities should be bell
shaped (also called “Gaussian' or “'normal’’}
curves (sce photos). It's quite satislying to
see a ridiculous initial distribution, with all
the particles at rest except for one, evolve
as collisions happen toward the normal
curve. {The width of the distribution is pro-
portional to the square root of the tempera-
wre,) There are fluctuations away from this
cquilibrium distribution, of course, but they
are small, roughly 1/\/Nt 6% in this model.

Another educational phenomenon that
this model can illustrate is called Brownian
maotion, the “random walk" that a particle
in the gas executes as it is buffeted by other
objects. It's a 1 line addition to the original
program to change the symbol for one par-
ticle {(number 0, for example) to something
distinctive, so its motion can be followed.
{An asterisk was used in the photos here.)
On long timescales, the net motion of a
particular particle is less than one might
expect — the average distance it moves is
not (average spced)X(time), but {average
specd)X+/(time). (Albert Einstein got his
Nobel Prize partly for his explanation of
Brownian motion, published in 1905.)

There are many other “‘theoretical
experiments’’ that one can do with this
model of a gas. One could count the col-
lisions off a wall and check the ided/ gas
faw  which relates pressure, density, and
temperature. Another experiment could be
to measure the “‘speed of sound’ in the gas,
by giving a push to the particles on one side
of the box, and sceing how long it takes
the resulting density wave to move across.
(The box may be too small and the gas too
dilute to do this cleanly, however; I'm not
sure.) It might be nice to connect up the
screen edges, so that particles which move
off the right side appear at the left, etc.
That way, one could set up a “wind” (a net
nonzero momentum in some direction) and
it would last forever (within roundoff) with-
out hitting any box walls. Another possi-
bility is to evolve a system forward in time
for a while, and then reverse all velocities.












BASIC Programming for
Scientists and Engineers
by Witbert N Hubin
Prentice-Hall Inc, Engle-
wood Cliffs, Nj 1978
$8.95 paperbound
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rial emphasizes the heuristic programming
school of thought, which favors the methods
that produce the maximum amount of intel-
figence, rather than those schools that try to
model human thought processes. Each chap-
ter in this section describes the terminology,
basic concepts, and technigues ol the sub-
ject. The game playing chapter is useful for
readers interested in designing sophisticated
game playing programs.

These last chapters describe the most im-
pressive “intefligent” programs in several
fields: Guzman's See, which analyzes and
recognizes solid geometric forms from a
video picture; Samucls' checker playing pro-
gram, one of the most successful game play-
ing programs; the theorem proving Logic
Theorist and the General Problem Solver
(both by Newell, Shaw, and Simon); Weizen-

baum’s Eliza and Raphael’s Sir, both written
to appear to understand conversational
English.

Each chapter ends with a complete bibli-
ography and a short sct of exercises. A lot of
material is presented in a short space, and
the readability of the book varies with the
reader’s familiarity with the basic concepts
of the subject being presented. Except for
this one necessary shortcoming, the book
still manages to cover some of the most im-
portant idcas and programs in computer
science history. The scction on biological in-
formation processing systems augments the
book's value.

Gregg Williams
1605 Eastmoreland 3
Memphis TN 381048

With personal computers currently fol-
lowing a geometric growth curve, | think
BASIC will become the Esperamo of the
cognoscenti; it nearly is now. Since the
professional community farms a liarge user
group, | feel the science and enginecring
people will nced the ability 1o work in othey
languages besides the ubiguitous FORTRAN,

Mr Hubin’s fine book is one of the best

first books of BASIC that | have seen, I is
suitable  for both the experienced pro-
grammers secking to add BASIC to their
repertoires, and lor the beginning science
students who need both  computer and
technical problem solving expericnce.

The first portion of the book is devoted
to learning the language. The various state-
ments of BASIC are defined and illusirated,
and there is a discussion ol elementary ler-
minal usage as well as hints for using BASIC
in the most cfficient manner. Each type of
statement has review questions and problems
for cach subsection, and, for the insccure
among us, answers. Hints on troubleshooting
are a nice bonus for the newcomer, since it
takes a little ACL (accumulated computer
lore) before one develops a feel for de-
bugging code. Segments ol programs show
just how code consisting of BASIC state-
ments can be used Lo accomplish the reader’s
purposc.

The chapter on flowcharting ably demon-
strates the fundamentals of this art, dis-
cusses their applications, and then provides
a diverse sampling of problems to sharpen
the reader’s skills. The author’s editorial on
flowcharting may even bring old hands back
to the fold of those who document programs
before they become operational, |lindily,
once again, solution flowcharts are in the
appendix.

The concluding two chapters are devoted

to solving technical problems with a com-
puter. The problems deserve a mention here,
since they form a nucleus of problems suit-
able for a science course. Equations of mo-
tion, centers of mass, Hermite polynomials,
and others serve to show the student how to
apply the computer to classroom concepts.
The range of problems is superb, from simul-
tancous equations and lcast squares fit to
solutions of differential equations and error
analysis. Each application mastered will
mean a valuable addition to the reader’s
skills. The problems are drawn from the
gamut of the enginecring ranks and the
physical sciences, and footnotes refer the
reader to the journals of science. Comple-
tion of these cxercises will give the prac-
titioner a mastery of BASIC and a few
fundamentals of science.

The appendices offer a summary of
BASIC statements and the meaning of each.
There is a short example of terminal usage
cmploying a Digital Equipment Corp PDP-11
as an cxample. Especially handy is the sec-
tion on BASIC error messages, although it is
a bit brief. In familiarizing yourself with a
new machine or language, deciphering the
error messages is usually a headache. The
computer's opinion of the defects in a
program is often expressed in a cryptic
manner.,

While machines vary, beginners’ mis-
takes do not, and the common ones are
listed. In addition, there is a useful index.
The bibliography focuses on books applying
computers to the physical sciences. Through-
out the book, the print is well-displayed and
casy to read. If you are thinking of learning
BASIC, think of this book.

Noel K Julkowski
18755 Van Buren St
Salinas CA 93901 m






Daniel R Buskirk

POB 211

The Rockefeller University
New York NY 10021
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A growing number of microcomputer
enthusiasts are finding the need to perform
control operations, cvaluate complicated
mathematical expressions and analyze statis-
tical data. In short, many hackers want
to tackle problems conventionally left
to larger computers. To do this, they must
become acquainted with error analysis.

Programmers need o be concerned
about errors in any program involving the
evaluation of a function or algebraic ex-
pression, or one which involves a large
number of simple but repetitive operations.
Even in control applications, it is often
critical fo be aware of the potential for
error.

What do we mean by error? The numer-
ical analyst, a professional mathematician
involved with the design and analysis of
numerical algorithms, recognizes three dis-
tinct types of error. The first is the blunder,
which is not an error at all in the mathe-
matical sense, A blunder is a gross error: a
mistake in program logic, a typographical
error, or perhaps only a misplaced decimal
point. The mathematician, like the rest
of us, must shrug his shoulders at a blunder,
and hope to do better next time. Blunders
need not concern us here.

Certainly blunders account for the vast
majority of errors; but what other types of
errors are there if we ignore blunders? One
type is the truncation error. For example,
take the infinite series representation of the
function sin(x):

sin(x) = 2 - X+ X
]l

If we were to use this relation to evaluate
sin{x) in a computer, we could not carry
this series on forever. Whenever we stop,
we have failed to evaluate the remaining
terms in the expression, or {runcated the
series. Those who understand a little calcu-
lus will recognize that this series converges,
that is, it gets arbitrarily close to the correct
value when sufficiently many terms are
calculated. But there must always be a
small but finite truncation error {if this
computation is carried out on a digital
computer),

Another calculation involving truncation
error is the evaluation of integrals using the
trapezoidal rule. Though an infinite series of
trapezoids, each approaching zero width,
will give us the area under the curve (its
definite integral) exactly, any computer
evaluation must settle for a finite number of
trapezoids. Thus there will be truncation
error. To be sure, it is generally possible to
avoid the consideration of truncation error
by simply requiring that the truncation
error be less than the precision of the whole
calculation. However, the clever programmer
recognizes that there are usually several
different infinite series representations of
any function. Often, one of these series will
require significantly fewer terms to come
within the required precision.

The error of most concern to numerical
programmers is not truncation error but
rather roundoff error. Since the word length
in most computers is fixed, any number
that exceeds this length must be rounded
off before it can be stored in the computer’s
memory. This error is the most significant,
so we shall consider it in more detail.

Although almost all “big” computers
store numbers in binary digits, the following
examples are given in base ten because it is
more familar (and it is similar to the binary
coded decimal format often used in micro-
computer floating point packages).

Most computers store a real number by
breaking it down into a mantissa and an
exponent, much like scientific notation.
A word which looks like this:






48

April 1979 © BYTE Publications Inc

mantissa exponent

would represent the real number 0.7352 x
105 or 73520. Now, if we wish 10 slorc a
number larger than four decimal places, we
must round it off. (It is true that our ex-
ponent here is limited 1o two decimal
places. Any exponent wilth three or more
places in this case represents an overfiow
condition. Since overflow is gencrally easily
avoided, we will not discuss it here.) Con-
sider the numbers 8,931,724 and 0.761253.
In the first case, rounding off to 0.8931 x
107 represents an error of 724, The crror
in rounding the second is 53 x 10-6. Thus,
it is most common for the numerical analyst
to speak of relative error rather than abso-
lute error. In this case, both errors will be
on the order of 10~4 of the value being
stored in memory.

If this error seems trivial, let us look at
an example, albeit a contrived one {mare
realistic examples will be examined later).
For instance, if we wish to evaluate the
expression;

1
a~b

where a = .89136 and b = .89134. Rounding
a and b and subtracting, we get 10,000
rather than 50,000, the correct answer,
Thus our answer was off by a factor of
five even though our round ofl crror wds
very small. It might be argued that double
precision calculation would have climinated
the problem completely. Clearly, accuracy
increases with increased word length, but
roundoff never disappears. Since some hand
calculators use up to 13 decimal digits in
storing numbers while displaying ten digits,
we might expect them to have “more than
enough' accuracy. But in many engincering
and statistical problems, calculators can
make significant errors. The reader con-
cerned with calculator accuracy might wish
to read the short article by Bernard Cole in
the November 25 1976 issue of Electronics.
The reason for the problem with round-
off, even with 13 digit accuracy, is the
situation most frustrating for numerical
programmers, Roundoff occurs at every
step of any program. In a very long program,
roundoff error may have been introduced
many millions of times, This crror may
propagate itsel{ and accumulate into a very
large error in the result. Programs in which
this propagation of crror is likely to occur
(finding the inverse of a farge matrix, for

instance) are generally so  complicated
that it is impossible to predict precisely
what the effect of constant rounding off
will be. Often the numerical analyst resorts
to probability theory to get an idea of how
much error is likely to be in the results.
Errors often become critical when func-
tions are calculated. Let us assume we have a
value for the varable x stored in memonry.
There is some error  associated with x
{perhaps roundofi error, or maybe x is the
result of a physical measurement). We'll call
this error 8. Thus x = x4 + 8, where xg is the
unknown true value of x. It may be very
easy to calculate some function of x, f(x),
but what is the error of the result? Let us
define the error of the result as e, Then:

f(xg) + € = f(xg +8)

If we know our initial error 6 is small,
we would like to assume the error € is
small as well. If the function is simple, or
involves only one variable, we can be conti-
dent the resulting ervor is not large if neither
& nor the derivative of the function at x is
large. But what about functions of more
than one variable? What about complex
algorithms such as the solution to simul-
taneous equations, often donc using a
process mathematicians know as Gaussian
elimination? Very often, small errors in the
input values will yield results which are off
by a significantly large amount. So large,
in fact, that the results are worthless and the
programming is futile. This situation is dis-
tressingly common in everyday problems in
science, engineering and the social sciences.
Numerical analysts call a problem we//
posed il small errors in input still result
in a reliable answer. However, even a well
posed problem can be solved inaccurately
if the programmer has not chosen his algo-
rithm cautiously.

With all this talk about errors, what can
be done? Is there any hope at all of obtain-
ing consistently reliable results? Unfortu-
nately, there are no general methods., How-
ever, the programmer who is aware of how
errors can occur is in a better position to
compensate for them. For instance, lel's
look at the general quadratic equation:

x2+2bx+c=0

[Note: The expression on the left side of
this equation is equivalent to the familiar
form used to generate the quadratic forma,
ax2 + bx + c. However, it leads directly to
the computationally simpler form of the two
roots X1 and X2 ... CM]




































part of future selection criteria, Alternatively,
these flags might be used o save carry or
overflow information during parallel arith-
metic routines. Indecd, combining these
program variables with further comparison
scquences makes possible a whole list of
paraltel associative routines like:

MAXIMUM

MINIMUM

NEXT GREATER THAN

NEXT LESS THAN

ADD or SUBTRACT constant

ADD or SUBTRACT Ticlds

STRING SEARCII {pattern matching)
SORT on any field.

Figure 3 demonstrates the method of flag-
ging responding words, table T shows a
complete information processing cxample
with parallel update, and the use of disjunc-
Live sets.

Responder Resolution

When it becomes necessary 1o gel infor-
mation out of the words rather than just
updating them i place, some Torm of ar-
bitration is required to handle vases of mul-
tiple responders. [ is usciul 1o have a guery
tunction to tell if there are any responding
words. “ls anybody in there?” Any demons
sitting down and asleep would not answer,

SOF TWARE DEFINED WORD FORMAT WITH

ONE BIT RESERVED FOR A FLAG —1

NAME

PHONE AGE [O| STATE

I} SET

2) MW FLAG, O

SELECT ALL WORDS

MULTIWRITE O IN FLAG BIT
(MASK ENABLES WRITING ONLY FLAG)

ALL FLAGS ARE INITIALIZED TO A KNOWN STATE (O}

St 1 IL
.
.
.

5% |0 0K
.
.
.

80 |1 L

3} AGE > 50

4) STATE=IL

5) MW FLAG, |

Figure 3: Multiwriting allows the user to write data into all tocations that are

responding at the same time.
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and any amount of simultancous yes replies
would still be interpretable. In fact, any
answer at all, except total silence, indicates
there is at least one responder. A single,
readable bit line on which each word ORs its
tag (responder = 1) would tell the central
processor whether or not any active words
were left, (With some analog hardware we
might even count the number of responders
by measuring the intensity of the answer.)

It is not acceptable to walk to the mouth
of the cave and yell inside, 1 want the name
of anyone who speaks French.” If only one
standing demon meets this requirement, the
answer you hear will be true, but in general
you may expect 10 be greeted with an un-
intelligible mixture of voices. To handle the
problem, a priority list can be implemented
at the hardware level, All words in the sys-
tem are daisy-chained together 1o one word
arbitrarily defined as having the highest
priority. When an associative read is exe-
cuted, a small amount of time is allowed
for the chain to select the highest priority
responder, and that responder alone s
cnabled to place its requested field(s) on the
data in bus to the processor. With a compan-
ion function, Next, which turns off the first
responder, information may be extracted
serially  Trom cach active word  without
addresses and without conflict.

Without addressing, we are able Lo do the
following: sclect via content those words we
want (in parallel); process them in place (in
parallel); and read out their information
{serially).

Entering data into an associative memory
initially is a serial operation, so provision is
often made for random access addressing.
With absolute fixed addresses, associative
memory may be quickly loaded from scc-
ondary storage or main memory through
DMA  (direct memory access) or block
transfers. Random access reads and writes
are both allowed. To save address space
when using this addressable associative mem-
ory, the memory may be arranged into
banks occupying the same locations. Ran-
dom access memory requests affect only
the addressed memory section whose bank
is selecied; associative instructions ignore
bank information and activate the whole
memory.

Given the addressing order now placed
onh the memory, an alternative to the prior-
ity list responder resolution hardware s
available. The tags of words scquential in
address space may be blocked into groups
and ted to the central processor as dita
from special input ports or memory loca-
tions. The processor can then scan the bits
in order for 1s (responders). Since tag N
represents word N in the associative mem-






Photo I: Video display
of an inquiry to Semion-
ics' associative memory
board, REM, and the re-
sponse. In the ingtiry, ?
is u don't care character
which will match anvithing.
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NDERSEN | GERARD
0811 1925 288-16-3243

AHOERSON CEORGE
12/10 1928 104-98-3264

AHDERSON GERALD
11721 1910 104-26-1199

ANDERSON Qs
03/26 1938 555-46-5982

ory, an absolute word address can be de-
rived and intormation read random access
style.

The accessing of data via address makes
this sccond responder resolution technique
nonassociative, but it is sometimes used 1o
avoid the extensive hardware of the priority
list.

The Real Time Pinch

When the dirst generation of computers
was being built, hardware was critically ex-
pensive, and the von Neumann architecture
a general purpose design which truly mini-
mizes hardware through serial processing
was not seriously questioned. With the
plummeting cost of electronic parts, mini-
mizing hardware has become less important
to the designer. The desire Lo maximize
throughput, particularly in multiuser situ-
ations, has fed 1o the introduction of par-
allel processing at all architectural levels
with the concomitant increase in hard-
ware complexity ~ from multiprocessor
systems, 1o machines incorporating mul-
tiple independent 1/O (input/output) chan-
nels, down to distributed processing lagic, as
in an associative memory. The concept of a
general purpose parallel computer is quite
hazy, so the thrust has been to build
specialized hardware for the von Neumann
machine to deal with the parallel  com-
ponents of computing as  they are
recognized.

Some products for assaciative processing
are commercially available. On the high end,
STARAN is a very expensive associative
machine from Goodycar Acrospace, and
may be the only machine of its kind for
sale. On only a slightly less grand level,
there arc a few 16 bit or smaller CAMS
{integrated circuit associative memory inte-
grated circuits), which even in quantities of
100 carry a price tag of about $1.50+ per
bit. They are fast parts, some with speeds in
the 10 to 40 ns range. IBM also uses such
fast, and small associative memories in the

9338-LILLY-LN

1609-CRESTVIEN-D LOS-ALTOS

632-0RECON-RD  NWTH.VIEN

286-LAURA-LN  NTN.VIEN

LOS-HLT0S CA 94822 415-%41- 1047

(A 34022 415-%41-309
CA 94043 415-%61-217

CA %43 415-%1-13¢9

virtual memory hardware of the 360/67
for quick address lookup. But wssociative
memory for a large computer subsystem
need not be nearly so tast, nor could it
be tolerable at such a price. Cost, in the
world  of electronics, is not necessarily
a function of complexity, but of volume.

Unfortunately,  farge  manulfacturers
musi usually sec millions of projected sales
before  entering  the  marketplace  with
anything really new. Big businesses, mean-
while, cannot afford to walk away from
yvears of accumulated sofltware on their
present machines, no matter how cumber-
some. Software is cxpensive o creale and
maintain, so big installation inertia will
keep sales volume at a trickle. Yet given the
ubiquity of sorting, scarching, merging,
updating, and linking in such business sys-
tems, it is no small frony that a judiciously
used associative memory subsyslem could
in many cases greatly reduce sofltware com-
plexity, and therefore expense {not to cven
mention greatly increase program speed),
To review, costs will not come down, nor
viable products  become  available  until
expected sales volume goes way up, and at
51.50 per bit. ...

The cycle, representative of large scale
business, may perhaps be broken at the
new grass roots level - the home, small
business, or research system where incrtia
is al a minimum. An add-in associative
memory can be designed with off-the-shelf
integrated  circuits  and  random  access
memories for a cost to memory ratio of
only 2 or 3 to 1. This memory design is
discussed in part 2 (May 1979 BYTE).

BIBLIOGRAPHY

1. Foster, Caxton C, Content Addressable Paralief
Processors, Van Mostrand Reinhold Co, New
Yark, 1976.

2. Yau, S S and Fung, H S, "Associative Processor
Architecture — A Survey,” Computing Surveys,
volume 9, number 1, March 1977.m











http:Ple-J.Se




The author wishes to
thank TRC Photograph-
ic Specialists of Omaha
NE for their help.

Coordinate Transformations

In order to display the stars as they
would appear from another point in space,
their coordinates must bc converted to a
manageable form. Shifting the origin of the
coordinate systemn appcars to be the casiest
way to obtain the desired results. Declina-
tion and right ascension must be converted
Lo radians first:

RA =RA X 0.261799
DEC=DEC X 0.01745

where RA and DEC represent right ascen-
sion and declination, respectively. Then the
celestial coordinates can be converted to
rectangular coordinates:

X =R X cos {DEC) X cos (RA)
Y = R X cos (DEC) X sin (RA)
Z =R Xsin (DEC)

The resulting rectangular coordinates are in
units of light years, because of the variable
R {distance}. The cocrdinates may be kept
in three arrays for easy manipulation.

Next, the origin must be shifted to the
new point of view. The celestial coordinates
of the destination or new origin are given by
the user of the program (through console
input) and converted to rectangular co-
ordinates with the same set of equations
used above. To shift the origin, the follow-
ing three equations should be used:

X = X X,
Y=Y - Y,
and Z = 2 Z,

where X, Y, and Z  are the rectangular

tI13T » V0181 Kde

Photo 1: Side view of our guluxy from 90,987 light years,

coordinates of the new arigin; X, Y, and Z
are the old coordinates of a star in the
three arrays; and X', Y  and Z° are the
resulting shifted coordinates.

To display the stars, the rectangular
coordinates must be converted back to
celestial coordinates:

(R1)2=(X")2+(Y)?+(Z)7,
RA "= arctan (Y {2},
DEC "= arcsin (Z /R ).

It is also necessary to multiply by the ap-
propriate scale factors lto be compatible
with the screen or window dimensions of
the display device. The current version of
the program displays the stars in the form
of a Miller projection, as shown in fig-
ure 2. This produces a distorted view on the
top and bottom of the display but does
show the entire sky. An alternate format
magnifies the window to display only a
50 by 50 degrec frame. This gives the
impression of looking out the window of a
spaceship, but makes navigation difficult.

In order to shift the window, we must
introduce some new variables to indicate
in the program which rotations are required.
This can most easily be accomplished by
altering the equations used for shifting
the origin:

Text continued on page 70

A glossary is provided on
page B0.
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Table 1: Execution times of one fteration of the program with various num-
bers of stars. Times include plot or display device data transter rates.

Numbear of
Stars 1IBM-1130
10 4 minutes
100 6 minutes
400 8 minutes

8080/BASIC

10 seconds
100 seconds
400 seconds

8080/ASM

0.5 seconds
5.0 seconds
20.0 seconds

1BM 370/158

0.1 seconds
0.3 seconds
1.0 seconds

Table 2: Star coordinates taken from star atlases and catalogues. Besides
using real stars, the aguthor also input 300 "imitation’ stars to fill out the
galuxy to what it actudlly looks like. The stars listed should be enough to
produce interesting patterns in a reasonable amount of home computer time.
Names (popular or scientific) are rough approximations in English alphabet.
An asterisk represents ficticious “‘fill-out” stars to represent extragalactic

objects.
Right
MName Ascension Daclination Distance Magnitude
{hrs) (degrees) {light yrs)
A. CETUS 02.983 003.900 250.0 2.8
A2, LIB 14.800 —15.833 62.0 29
THI. ERI 02.933 -40.517 120.0 34
SUN 0£0.000 0.000 A —9.0
AND,GALAXY 00.667 4.100 1500000.0 7.8
AND. A 00.668 4.100 1500000.0 7.8
AND, B 00.666 4,200 1500005.0 7.8
AND. C 00.665 4,400 1500010.0 7.8
AMD. D 00.668 4.300 1501000.0 7.8
AND. E 00.667 4.500 1500100.0 7.8
AND, F * 00.660 4.000 1500150.0 7.8
AND. G 00.656 4,400 1500050.0 7.8
AND. H 00.660 4.550 1510000.0 7.8
AND. | 00.661 4.500 1510001.0 7.8
AND. J 00,667 4.600 1510000.0 7.8
EG224A 00.667 041.001 1500000.0 5.0
EG224B 00.669 041.000 1500000.0 5.0
EG224C * 00.665 041.001 1500000.1 49
EG224D 00.666 041.002 1500001.0 5.0
EG224E 00.665 041.001 1500000.0 5.0
EG224F 00.668 040.899 1500000.0 5.0
EG225COMP 00.630 041.420 1500000.0 9.9
EG201COMP 00.667 040,600 1500000.0 9.5
PLEIADES 03.733 023.950 4300.0 4.7
SIRIVUS 6.718 -16.6 8.7 -1.4
A.CENTALR! 14.600 -60.6 4.3 -2
CANOPUS 6.380 —52.6 2300.0 -7
VEGA 18.586 38.733 23.0 A
CAPELLA 05.216 045.950 420 2
ARCTURUS 14.223 019.450 320 2
PROCYON 07.612 005.350 10.0 5
ARCHERNAR 01.598 —~57.483 70.0 6
B CENTAURI 14.005 -~60.133 130.0 8
ALTAIR 19.805 008.733 18.0 9
ALDEBARON 04.550 016.416 54.0 1.1
SPICA 13.376 —-10.900 190.0 1.2
FORMALHAUT 22,815 —29.883 27.0 1.3
DENEB 20.662 045.100 465.0 1.3
RIGEL 05.202 —-08.250 545.0 3
BETELGEUSE 05.875 007.400 300.0 9
BELLATRIX 05.367 006.300 230.0 1.7
E. ORION 05.567 —01.233 300.0 1.7
K. ORION 05.767 ~09.683 2100.0 2.2
D. ORION 05.497 -00.333 600.0 25
L. ORIOMN 05.550 008.817 1600.0 3.7
ANTARES 16.438 —26.316 170.0 1.2
REGULUS 10,095 012.216 70.0 1.3
B. LEO 11.800 014.733 43.0 22
G. LEO 10.300 012.983 90.0 26
E.LED 08.733 023.917 100.0 3.1
TH. LEQ 11.217 015.600 150.0 34
Table 2 continued on next page.
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Text continued from page 67

X=X - X,
Y=Y -y,
and Z = Z — Z,,
will become:
X = (X = X,) (cos ¢} (cos §) +
(y — Yo) {sin &) {cos ¢) +
(z-2,) (sin9)
Yo=Y - Y) {cos0) -
(X = X, (sin 6)
z = (Z-2,) (cos ¢) —

(X — X,) {cos 6} (sin ¢} —
(Y ~Y,) (sin 8) (sin ¢)

where:
8 = rotation about the X axis on the
Y,Z plane,
¢ = rotation about the Z axis on the
X,Y plane.

Also, when converting back to celestial
coordinates, scale factors must be intro-
duced to produce a 50 by 50 degree field of
view. The user may wish to experiment with
other window formats.

Expanding the Model

Locking at the sky from various points
of view in space is interesting, bul | have
found that animation really shows the power
of the simulation technique, and of animated
graphics. With the coordinates of over 400
stars (100 real stars and 300 that add the
general shape of the Milky Way spiral arms
of our own galaxy), we can begin the explo-
ration of our universe. Unfortunately, 400
stars do not make a galaxy, or even a small

About the Author

Mark Dahmke is currently empioyed
by the University of Nebraska Computer
Network as a programmerfanalyst in the
Academic Computing Services section. He
is also a senior computer science major.
At home Mark owns an 8080 based sys-
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programming.







Toble 2, continued: fraction of jt, but with a little imagination
{(which was all we had in the first place) we
can mentally fill the gaps in the model, The

current version of the simulation runs on an
D. LE 11.217 021.000 140.0 35 . . .
z. LEg 10250  023.567 500.0 3.6 IBM 370-158 with a 2250 graphics display
M, LEO ?g.ggg Ogg.;gg ‘1‘;8-8 3.8 unit. The 2250 has a resolution of 4096 by
R.D SCO k —28. K . . . . A R
200 16.883 42317 300.0 38 4096 points. W;lh a sllght_modlﬁcat_lon to
TH. SCO 17.567 —42.967 140.0 2.0 the program, it will run in a continuous
SHAULA 17.500 —37.067 2000 1.7 loop, starting with a direction vector and
E. SCO 16.783 -34.200 75.0 23 ¢ . . . .
K. SCO 17.650 —39.000 360.0 25 velocity in light years per iteration. The
D. SCO 15.938 —22.533 §90.0 2.5 effect is that of a space craft with almost
G, SCO 16.883 —42.317 100.0 3.8 P . s
POLLUX 07705 028.150 310 s .unhmltt?d velacity. Wl.th a fast processor, Fhe
CASTOR 07.523 032.000 44.0 16 impression of speed is dramatic. Velocities
E. GEM 06.700 025.167 200.0 3.2 of 10,000 light years per second have been
Dg%ﬂ gggaé g%gg'ag gggg g:g simu'lalcd.. Thcre' are no relativistic effects,
Y, CAS 00.900 060.450 200.0 2.2 but it might be interesting to add the nec-
A.CAS 37.833 059.267 230.0 24 essary equations—especially if color graphics
B. CAS 00108  058.883 45.0 24 Y &d pecially 11 color grap
D. CAS 01.400 060.083 150.0 28 are available. The Doppler shifts would be
E.CAS 01.867 063.517 100.0 3.7 most striking. The stars in the direction of
D, TAURUS 05.383 28.567 1300 1.7 travel woul - blu i
TAU 05 633 027000 3500 W : _wol d be intensely blue, while those
HYADES 04.250 016.000 3000 40 reccding from the observer would be a deep
E.TAU 04.450 019.117 300.0 40 red.
E URSAE MAJ 12.863 056.233 50.0 1.7
DUBHE 11.000 062.017 105.0 1.9 .
N. UMA 13.767 049.467 210.0 19 Adding More Stars
MIZAR 13.367 055.183 190.0 2.2
g: HMQ }g:ggg ggéf‘:% 192:8 g:z As my desirc Lo travel outward increased,
Y. UMA 11.867 053.967 88.0 25 | soon realized that | would have to have
B CRUCIS 12.746 —59.416 465.0 1.5 something to travel to. Additions to the
A CRUCIS 12396  —62.816 150.0 16 & o. Addition
E CANIS MAJ 0B.945 —28.900 325.0 16 model lnClUdCd the Andromeda galaxy
ACRUX 12.400 —63.150 220.0 9 (approximately 1.5 million light years away},
E. CARINA 08.358 -59.350 330.0 1.7 . P . R
B GARINA 09915 s 3000 ‘s the Magell‘amc clouds (our nearest inter
A TRIA 16.717 ~68.933 130.0 18 galactic neighbors) and several other extra-
“\{M%Et'( Ug-GSg 929-623 %gg 1.9 galactic objects. One problem with adding
ALHENA 36:;83 01(75:150 78.0 :g more stars is Lthat the executiop time' goes up
KAUS. AUST 18.350 —34.417 160.0 1.9 proportionately. When experimenting with
ALWAZOR 07.100 —-26.317 650.0 1.9 . i i i -
MORZIM 06.342 15933 3000 19 computer based 5|mulatlons., lh-ls.soon be
0. VEL 08.717 —-54.517 70.0 20 comes apparent. Naote that in llsllng ], the
ALN&LTGK e 05.633 -01.967 400.0 2.0 algorithms have been optimized to the
B.A A 05933 044 950 84.0 20 " ) . . .
PEACOCK 20.367 Z56.900 1600 21 cxucme‘, to cut down on the execution time,
POLARIS 01.817 089.033 470.0 2.1 Comparison Lests were run on several Sys-
;- Bm: g}ggg g;gggg 5’88'8 ‘5‘_7, tems with the results shown in table 1.
D. UMI 01.795 086.100 6500 50 ‘Thc IBM-1130 was slowed _down by its
E. UMI 16.850 082.130 550.0 5.1 printer, used to generate a printer plot of
TH. UMI 01.572 078.100 750.0 5.0 the star map. The 8080 is almost fast enou
A.QPH 17.550 012.600 67.0 2.1 L tp ith th 378 a;n didn't h gh
NUNKI 18.867  —26.367 160.0 2.2 0 compete with the 3/0, if it didn’t have to
A, AND 00.088 028.817 120.0 2.1 do the floating point calculations in software.
ALPHARD 09417 —08.433 200.0 2.2 AT i H . . P
AL NA'IR 22,083  —47.200 91.0 22  Moating point hardware board would
SUHAIL 09.100 —43.933 2200 29 probably decrcase the times given for the
B. I;ERF: ALGOL gg.oaz 840.767 100.0 2.2 8080 by a factor of 10. The 370 is a multi-
A, 067 23.233 74.0 2.2 N H . . . . .
B GRUS 22650 —47150 3250 29 programming system running severa!_othel
8. CETI 00.683 —18.267 57.0 2.2 programs at the same time. Thus, the simula-
‘Ia'éJANIEINA glgggg 023323 278'8 22 tion has Lo compete with other programs
TH CENT. 14.067 :36:117 1g6:0 22 and is also slowed down by competition for
5. PUPPIS 08.033 —39.867 800.0 2.3 peripheral devices such as video terminals,
1. AND. 02.033 042.083 400.0 23 . H 7 ;
ALPHEGEA 15850 026 883 670 53 th‘c. 2250 graphics display, printers, and card
¥.CYGNUS 20.333 040.100 4700 2.3 readers.
3, AND 01.117 035.350 75.0 2.4
. DRA 17.917 051.500 150.0 2.4 :
N, CMA 07.367  —29.200 270.0 24 Implementation
A.PHE 00.400 —42.583 76.0 24
E.PEG 21.700 009.650 260.0 25 The details of i ;
A PEG A 014993 00 2e details o _ |mplemen_ tation depend on
N. OPH 17125 15667 76.0 26 the computer, display device, and language
Y. CRV 12.217 —17.267 130.0 2.8 used. The original {BM-1130 version used a
printer plot because that was the only out-
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your plans for 1979"!
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pressure living, with more pro-
fessional and personal advantages

than we canlist.

..that’'s why the
big moveis to
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Milisboro.

» Long growth cycle projects. ® Rapid advancement. ®» Direct computer
access. ®» Good internal communications. » Real state-of-the-art develop-
ments. ® High internal visibility. ® In-plant recreation. = Low cost of living.
® High quality of life. » Beaches, boating, and wildlife preserves. » Within
reach of major Cultural Centers. m Ground floor opportunities in the design
and development of our new C-2140 ECR/POS Multi-Microprocessor Based

Retail System.

You'll find solid professional and personal reasons for building a new ca-

reer with us.

The following are current career openings:

SYSTEMS ANALYSTS/REAL TIME
PROGRAMMERS

s Operating System Design

» Microprocessor Software—Assembly Language
» |/0 Drivers
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TEST SYSTEMS ENGINEERS/
DEVELOPMENT ENGINEERS

« 8080 Based Microprocessor Design

* ATE Programming of Microprocessor Boards

* NMOS, EMOS, CMOS, LS| & MSI Technologies
* Multiprocessor Systems Architecture

SUPPLIERS QUALITY ASSURANCE

» Vendor Qualily Management

= Interfacing with Design Engineering, Product
Test, Field Engineering, Purchasing
& Manufacturing

» Components—Specification & Product Design

Complate Computer Systems

Circle 279 on inguiry card.

INDUSTRIAL/MANUFACTURING
ENGINEERS

* Assembly Routines, Labor Estimating,
Production Line Layouts

+ Facility & Capital Equipment Analysis

e ATE & CAM

¢ Production Support & R&D Liaison

POWER SUPPLY DESIGNERS

» Design and Develop Low-Voltage Switching
Power Supplies

* Adherence to UL/CSA and International Safety
Standards

¢ Worst Case Design on Circuils

If you qualify for any of the above, call us at:
302-934-8111, or send resume and salary require-
menls, in complete confidence, to: Mr. Joseph G.
Buskirk, NCR Corporation, Dept. . Engineer-
ing & Manufacturing, Mitchell Road, Milisboro,
DE 19966.

An equal opportunity employer
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put device avajlable. Since the available
memory was limited (8 K words), the pro-
gram was written to make heavy usc of disk
files for storage of the starting coordinates
and intermediate results. The last phase of
the program scanncd the disk file containing
the shifted coordinates and produced a
printer plot.

The second version ran on an [BM/360-65
and plotted on a Tektronix 4013 graphics
display terminal. Although neither of these
first two versions was animated, single star
maps could be obtained.

The 2250 version required considerably
more programming effort. Since the 2250 is
a high speed device, truc animation was
finally possible. The 2250 refreshes its dis-
play from a core buffer loaded from the
processor.  Coordinates are plotted and
mapped into the buffer; subroutine EXEC is
then called and the entire buffer is sent to
the display. Unfortunately the buffer must
be cleared before another iteration can take
place—but clearing the buffer also clears the
screen. The solution is to maintain two scpa-
ratc buffers. One can be displayed on the
screen while the other is being cleared and
loaded. If this is not done, the display will
(licker with a duty cycle of about 10 percent
on, 90 percent oft, since the calculation time

2 w0 e X : . . .
R 10 G000 VEL is greater than the intermediate display time.,

Sample Output
Photo 2: Our galaxy from —5983 light years.

Photo 1 is a side view of our galaxy from
90,987 light years. As you can see, the
model is not accurate because the middle of
the galaxy is almost empty. Also, the large
bright spot on the right side of the galaxy
represents the tight group of 100 stars that
form our local constellations. At the boltom
of the screen distance, right ascension,
declination, and velocity have been dis-
played for reference. The minus sign on the
distance means that the direction of travel is
opposite the dircction the right ascension/
declination vector. Photo 2 is a view of our
galaxy from -5983 light years. Phota 3
shows the sky from Earth {notc the Big
Dipper in the upper center, Leo just above
and right of center, and the Milky Way down

the left side and across the bottom). Photo 4
shows our local constellations from 2937

light vyears, against the background of
the Milky Way. Photo 5 is another side
view of the Milky Way from one million
light years (viewed with the 50 by 50
degree window). The 1wo small objects
just below and to the right of the galaxy
are the large and small Magellanic Clouds.
They arc approximately 100,000 light years

Photo 3. The night sky as seen from the Northern Hemisphere of Earth, Note from the Milky Way.
the Big Dipper in the upper center, Leo just ubove und right of center, und
the Milky Way down the left and across the middfe. Text continued on page 80
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DIMENSION FX (400}, FY(400), FZ (400}
REAL NRA, NDEC, NEWR

c READ IN AND STORE RECTANGULAR COORDINATES FOR STARS IN FX,
C FY, AND FZ ARRAYS.

DO 11=1,400
READ (5, 100} CRA, CDEC, CDIST

C FIRST, CONVERT CRA, AND CDEC TO RADIANS

CRA =CRA *.261799
CDEC = CDEC * .01745

CXY =DIST * COS (CDEC)

FX {I) =CXY * COS {CRA)}

FY (1) = CXY * SIN (CRA)

FZ {1) = DIST * SIN (CDEC)
1 CONTINUE

100 FORMAT (3({10F7.3))
RA, DEC, AND DIST REPRESENT THE POLAR COORDINATES FOR THE

DIRECTION VECTOR. VEL IS THE VELOCITY CR RATE OF CHANGEOVER
EACH ITERATION OF THE ALGORITHM.

ao0o0n

DIST = 0.
RA =3,1415927
DEC =0.
VEL =0.

ADVANCE THE DISTANCE COUNTER BY ADDING THE VELOCITY FOR ONE
ITERATION.

00

10 DIST = DIST + VEL
c NOW COMPUTE THE NEW LOCATION IN SPACE FROM RA, DEC, DIST.
AXY = DIST * COS (DEC)
AX = AXY * COS (RA)
AY = AXY * SIN (RA)
AZ =DIST * SIN (DEC)

c NOW ENTER THE INNER DO LOOP WHERE THE SHIFTED COORDINATES
C ARE FOUND, CONVERTED TO CELESTIAL COORDINATES AND PLOTTED.

DO 201 =1,400
XP=FX(l)- AX
YP=FY (I} - AY
ZP =FZ (1} - AZ
NRA = ATAN (YP/ XP)
NEWR = SQRT (XP * XP + YP * YP + ZP * ZP}
NDEC = ARSIN (ZP / NEWR)
C TEST FOR QUADRANTS MESSED UP BY THE ARCTANGENT FUNCTION.

IF (XP .LT.0) NRA =NRA +12,
IF ((XP .GT.0.) .AND. (YP .LT. 0.)} NRA = NRA + 24,

C TEST FOR SCREEN LIMITS.

IF (NRA .GT. 24} NRA = NRA - 24,
IF (NRA .LT. 0. ) NRA = NRA +24.

C PLOT POINTS HERE, USING THE APPROPRIATE SUBROUTINE CALLS FOR THE
C AVAILABLE DISPLAY DEVICE.

CALL P POINT {-NRA, NDEC)
20 CONTINUE
CLEAR SCREEN; PREPARE FOR NEXT ITERATION.

TEST FOR CONSOLE INPUT; CHANGES IN DIRECTION, VELOCITY, SCREEN
WINDOW FRAMING, ETC.

o0

GO TO 10

STOP
END

Listing 1: Generalized FORTRAN version of galaxy simutation. This program
can be converted almost directly into BASIC. Note: for those people not
having an arcsin function: arcsin function: arcsin (x) = arctan (x; / 1-x2).
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Get Your
Up-Grade
Kit Here:

AL: Birmingham: Computer Center, (205} 942-8567;
Huntsvilte: Computerland, (205) 539-1200. AZ:
Tuscon: Myotis Enterprises, (602) 326-5306. CA:
Berkeley: Byte Shop, (415) 845-6366; Davis: Capilo!
Computer Systems, (916) 483-7298; £l Cerrito: Compu-
terland, (415) 233-5010; Hayward: Computeriand, {415}
538-8080; La Mesa: EDP Management Inc., (714) 462-
5400; Los Altos: Computerland, (415) 941-8154; Marina
Dol Rey: Base 2, (213) 822-4499; Mt. View. Byte Shop
Computer Store, (415) 969-5464; Digital Deli, {415) 961~
2670; Palo Alto’ Byte Shop. (415) 327-8080Sacramenlo:
Capitol Computer Systems, (916} 483-7298; San Diego:
Byte Shop of San Diego, (714) 565-8008; San Francisco:
Byte Shop, (415) 434-2983; Computer Center Inc., (415}
387-2513; Computer Store of San Francisco, (415) 411-
0640; Computerland, {415) 546-1592; San Jose: Elac-
tronic Systems, (408) 226-4064; San Rafsel: Computar
Demo Room Inc., (415) 457-8311; Santa Clara: Byte
Shop Computer Store, (408) 249-4221; Walnut Creek:
Computerland, (415) 835-6502. C€O: Denver: Compu-
tarland of Denver, (303) 753-4685; En%Iewood: Byte
Shc:r. (303) 761-6232, CT: Fairfisld: Computeriand ol
Fairfield. (203) 374-2227; New London: R & R Computer
Store, (203) 447-1079. FL: F1. Lauderdale: Computar
Age, (305) 791-8080; Computerland, (305) 566-0776;
Jacksonvilie: Williams Radio & TV, (804) 354-5460.
Panama City: Boyd Ebert Corp., (904) 769-4492; Tampa:
Microcomputer Systems, (813) B78-4301  GA: Smyrna:
Computerland of Atlanta, (404) 953-0406. MI; Hono-
lulu: Computerland, (B08) 521-8002. IL: Chnmpnlgn:
Byte Shop, (217) 352-2323; Niles; Computerland, (312}
967-1714; Oak Lawn: Con&gmarlnnd. (312) 422-8080.
Pecria: Computeriand, (309) 688-6252. KY: Louisville:
Computeriand, (502) 425-8380. MA: Cambridge:
Computer Shop. (617) 661-6270; Waltham: Compular
Mart Inc., {(617) 899-4540. MD: Rockville; Computer-
{and of Gaitharsburg, (301) B48-7676, MK Ann Arbor
Newmann Computer Exchange, (313) 994-2200; East
Lansing: New Dimensions in Computing Inc., (517} 327-
2880; Kentwood: Computertand of Grand Rapids, (616)
§42-2931; Royal Oak: Computar Mart, (313) 576-G900.
MN: Bioomington: Computerland of Bloomington, (612)
884-1474; Minneapolis: Computer Depot Inc., (612) 927-
5601, NB: Omaha: Amarica Compuiars, (402) 592-
1518. NC: Raleigh: Byte Shop, (919) 833-0210. NJ:
Sudd Lake: Computer Lab of NJ, (201) 691-1984; Clark
S-100, (£01) 382-1318; [salin: Computer Mart ol NJ,
(201) 283-0600; Succasunna: Computer Hut, (201) 584-
4977  NY: Carle Place: Computariand of Nassau, {516)
742-2262; Elmira Heights: Red Ten Eiectronics, (607)
734-3566; Ithaca: Computeriand of lthaca, (607} 277-
4888; Johnsan City: Micro Worid, (607) 798-9800; New
York City: Computer Mart of NY, (212} 686-7923,
Syracuse: Computer Shop of Syracuse Inc., {315] 446~
1284; White Plains: Computer Corner, {314) 349-3282,
OH: Cincinnati: Digital Design, (513) 561-6733; Colum-
bus: Mini Micro Computer World Inc., (614) 235-5613;
Ohio Microcomputer Specialists, (614) 488-1849;
Dayton: Computer Solutions, {513) 223-2348. OK:
Oklghoma City: Microlithics Inc., (405) 947-5645;
Micronics, (405) 942-8152. PA: Frazer: Personal
Computing Corp.. (215) 647-8463; Philadelphia: Micro-
tronix, (215) 665-1112; State College: Micro Computer
Products Inc., (814) 238-7711. TX: Austin: Computer-
land, {512) 452-5701; Dallas: KA Elecironic Sales, (214)
634-7870; Ft. Worth: Patrick Associates, (817) 531-2761.
Garland. Digital Research Corp., {214} 271-2461,
Houston: Computeriand of SW Houston, (713) 977-
08909; Houston Computer Mart, {(713) 649-4188; San
Antonio: Micromart, (512) 222-1426. UT: Orem: John-
son Computer Electronics, (801} 224-5361 VA:
Alexandria: The Computer Hardware Store Inc., (703)
548-8085; Computers Plus, (703) 751-5656; Arlington:
Arlington Electronics Wholesalers, (703) 524-2412.
WA: Bellevue: Computeriand of Bellevua, (208) 745~
2070; Seattle: Magnolia Microsystems, (208) 285-7266.
WI: Madison: Computeriand of Madison, {608) 273-2020;
Neensh. Fox Valiey Compuler Store, {414} 725-3020.
CANADA: ONTARIO: Mississauga: Arisia Micro-
systems, (416) 274-6033; Toronto: Computer Mart Lid.,
(416) 484-9708. BRITISH 1SLES: CHESIRE: Cheadle:
New Bear Compuling Store, 061-491-0134. ESSEX:
lliford: Byte Shop Ltd., 01-554-2177. HARTFORD-
SHORE: New Barnet; Compuler Componants, 14
Station Rd. ISRAEL: Haifa: Microcomputer Eng Lid.,
31-070. WEST GERMANY: Munich: ABC Computar
Shap. Schellingstrasse 33, 8000 Munchen 40; Micro-
computer Shap, Toelzerstr, 8, D-815 Holzkirchen;
:N?‘deg ?lgl!fOﬂiC Computer Systems, Bei-der Doppe-
iche 3-5.
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The Simple Up-Grade™

Trying to add computer
memory is not much fun if
you don’t get everything
you need. '

S
0 &
alay

Everything you need to up-grade your
TRS-80 to a 16K system

Receiving unprogrammed
jumpers and having to
program them yourself is

not much better. Most
important, that's the place
where the problems are
introduced.

So Ithaca Audio’s better
idea is the Simple Up-
Grade. Each Simple Up-
Grade is specially designed
to make adding memory
foolproof. We Include all
the parts you'll need; 8
prime, tested 16K. RAMs,
along with concise step by

Circle 190 on inquiry card.

step directions and dia-
grams. And if a personality
jumper is required, It's
premade.

The TRS-80" memory
expansion was our first
Simple Up-Grade. Now
there are two more—for
owners of Apple n' and
Exidy Sorcererf computers.
Each kit is 100% guaran-
teed—if a part ever fails, we
replace it FREE. Your Ithaca
Audio dealer has them in
stock, only $140. Now you
can afford to add high
quality, high density memo-
ry to your system for
remarkably little—far less
than you would expect to
pay from Radio Shack,
Apple, or Exidy directly.

/
R
2 b*é}% e

Everythung you need to up-grade your
Sorcerer in tocks of 16K,

ik

= 8 1ested and guaranieed 16K RAMs
& New programming jumpaes
e Lse anly a screwdrnes and saldenng ron

® Easy insliuclhions

ITHACA
AUDIO

®

R ’ “" \
X
et

0 ”»

Everything you need to up-grade your

Apple Il in blocks of 16K,

Bty I

* 8 1ested and guaranteed 16K RAMs
® New Memory Select Units
® Use only @ household screwdnver

® Easy instruchons. ITHACA
AUDIO e

s e sy ¢ e

These Simple Up-Grades
are Ithaca Audio’s first step
in adding more capability
and reliability to your
computer at lower cost.
Other Up-Grades are on the
way to your dealer now.

ITHACA
AUDIO

P.O. Box 91 -
Ithaca, New York 14850
Phone: 607/257-0190

*TRS-80 is a registered trademark of
Tandy Corp.

+Apple Il is a registered trademark of
Apple Computer, Inc. - -

tSorcerer is a registered trademark of
Exidy, Inc.
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nviarsport, Here 1 Come

Delmer D Hinrichs
2116 S E 377th Av
Washougal WA 98671

Figure 1: Mars, with the
orbiting spaceship and the
target landing site. Both
rectangular and spherical
coordinate Sys 15 are
shown.
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The Three-Dimensional Celes i |

Introduction

The motion of a freely lalling body in a
gravity field has many interesting characier-
istics. One of the better methods of showing
this is with a simulation, in this case written
for the Hewlett-Packard HP-67 or HP-97
programmable calculator.

Lunar lander simulation programs, in
which the application of thrust is used to
counteract gravity, have became quile popu-
lar. Extending the lunar lander concept to
two dimensions allows study of the motion
of bodies in orbit. Further cxtension 1o
three dimensions, as in this program, makes
it possible to investigate orbital plane
changes. Since Mars has a much stronger
gravity field than the moan, the effect of
gravity is accentuated.

Running the Program

This pram is designed as a three-
dimensional Mars lander so y  can exercise
your three-dimensional visualization of
space. With a limited fuel supply you can
pilot a spaceship from its initial orbit around
a spherical simulation of Mars to a seft
landing at a designated target site on Mars’
surface. The initial orbit does 7110t pass over
the target site. The three-dimensional tra-
jectory of the spaceship is calculated as a
series of segments under your control.

Realistic features of the program include:

® Tyue inverse square law gravity actis
upon the estimated midpoint of cach
trajectory segment.

The thrust of the spaceship's rocket
engine simulates the use of a hydrogen-
oxygen fuel, with an exhaust velocity
of 4 km/s.

The spaceship loses mass as fuel is
used; with less total mass, the space-
ship accclerates more rapidly for the
same fuel usage rate.

If the limited fuel supply is exhausted,
the spaceship automatically free-falls
to impact on the surface of Mars.
After impact with or landing on Mars’
surface, the actual landing position,
velocity, and remaining fuel are inter-
polated from the segment-end condi-
tions immediately before and aflter
impact. Also, the distance along the
spherical surface of Mars from the
impact site to the target site is
calculated.

To avoid some pilot errors, there are
data entry checks: the maximum fuel
usage rate is limited to 100 kg/s. The maxi-
mum segment duration is limited to 60
scconds, |f an attempt is made to burn
more {uel than actually remains, only the
actual remaining fuel is burned.



Mechanics Simulation for the HP 67/97

One difficult part of landing the space-
ship wilth this program is to correctly
interprel cxactly where the spaceship is and
where it is going at all times; that is, lo
vistualize its movement in three dimensions.
To make this as easy as possible, the position
is displayed as the spaceship’s altitude from
Mars' spherical surface, plus two position
angles, ¢ and ¢, as shown in figure 1. The
coordinate system is fixed with the origin at
the center of Mars, and both position angles
cqual Qatthedesignated targetlanding site. If
Mars is considered as a globe like the Earth,
then angle ¢ is degrees of longitude and
angle 0 is degrees of latitude. The X,Y plane
intersects Mars' surfacc along its equator.
Therefore, angle ¢ is /n the X,Y plane, and
angle 8 is from the X,Y plane. Then Z and
—Z are the north and south poles, respec-
tively. The maximum range of anglc ¢ is
+(0° to 180°), while the maximum range of
angle 8 is £(0° 1o 90°). Note that when anglc
0 is exactly 290°, angle ¢ is indeterminate.

Similarly, the spaceship’s velocity is dis-
played as a magnitude and two velocity
angles, ¢ and 0. The velocity vector is paral-
lel to the vector from the origin to a position
with the same angles. Thus if velocity angles
¢ and 6 are both 0, the spaceship’s velocity
is parallel to the X axis, and toward morc
positive X values, regardless of the space-
ship's position.

Now that we know where we are and
where we’re going, let us check out the space-
ship’s operation, summarized in table 1. We
must first decide on the initialization
method we want to use. To start with a
relatively easy landing problem, use the
fixed initialization on the Three-Dimensional
Mars Lander program card (program listing
1); this always puts the spaceship in the
same position and at the same velocity in
a nearly circular orbit. When landing from
this fixed initialization becomes too easy,
use one of the random initialization routines
of program listing 2; these put the spaceship
at a random altitude (107 to 3,607 km), in a

Step

Instructions

Prepare for Three-Dimensional Mars landing—
Use either:

(a) Fixed initialization:
(1) Load Three-Dimensional Mars Lander
program;
{2) Initialize;
{3) Go to step 2.

(b) Random initialization:

(1) Load Random Initialization Program;

(2) Optionally, enter a random seed;

{3) Optionalty, spin for a random seed,
wait for a few seconds, then stop;

{4) Initialize for a random circular orbit,
or for a random elliptical orbit;

(5) Load Three-Dimensional Mars Lander

Optionally, reset segment duration, t seconds.
Enter either a free-fall or a rocket burn:
(a) Free-fall n segments of t seconds each;

{b) Rocket burn for one segment of t seconds;
(1) Angle of thrust ¢, degrees:
(2) Angle of thrust 8, degrees;
{3) Fuel usage rate, kgfs; (O thru 100)

To calculate next trajectory segment, go to Step 2.

Notes

Input

HKEXXXX

¢
]
kals

Keys

B
A
/s
c
E

I

(]

ENTER
ENTER
8

Qutput

0.000
Status

0.000
O.xxx

1.000

Status
Status

tf2

Status

Status

When fuel is gone, there is a print/pause of 10000, then the spaceship free-falls

to impact.

After Mars impact, there is a print/pause of 3393, then the landing status is

displayed.

Status is a double stack review of:

(a) Segment time, seconds (after landing, impact-to-target distance, km/;

(b} Position angle ¢, degrees;

{c) Position angle 0, degrees;

{d) Ship's altitude, km (after landing, vertical error of estimated position);

{e) Remaining fuel supply, kg;
(f) Velocity angle @, degrees;
(a) Velocity angle 8, degrees;
{h) Ship's velocity, km/s.

Any status display may be repeated by pressing D.

Stack

Register

T

o4 N 4 X < N

Table 1: Operating instructions for the optional random initialization pro-
gram and for the Three-Dimensional Mars Lander program.
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Listing 1: Mars Lander program for the HP 67/97 programmable calculator. Clear flags, set for DEG, and set display to FIX 3
before recording program. User entry points are capitalized in comments.

Location Program Steps Commentary
oo1 (ste ) (Ceex ) (2 ) (x<vr )y (X&) (Rl ) ROCKET BURN: Check fuel usage rate,
an? (ReLa )y X D (rerz) C - ) calculate mass loss.
011 Cers ) (Crero ) (O xry ) (x>v2 ) Fuel gone?
015 {(aGsBg ) ( RL ) (8107 ) Update ship's mass and velocity for burn.

018 (estx >y (C = ) (v Yy (a3
022 (GsBa ) (C 1 )

024 (ieta ) (CsTi FREE-FALL: Store number of segments.
026 (eLo ) (Gsea ) (cFo ) Free fall loop: Calculate position for
029 (esBb ) (U x2 ) (Rera) (Cxzy ) gravity update, update velocity for

033 (+ D (rern) (essa ) (pes ) gravity, update ship’s position.

037 (retd ) (. + ) (_rt ) (RCLG
041 (C+« >(Cmr D) (Creesy (+ xy (CRrt
046 (p=s ) ((sfo ) (Gssb)

0489 (rcLe ) (x#ry2 ) (x>vr ) (oet07) Impact?

053 C - ) (sto8 ) (aGsBa ) Shift data.

056 (CF21 ) (c100 ) (RCLD) No fuel?

059 ( xz1 ) (Cosz2 ) (G100 ) More free-fall segments?

062 (BLD ) (6sB2 ) (RCLE ) DISPLAY Current segment time, position,
055 ( ) (reLa) (C ety (st ) fuel, and velocity status.

069 (RrcL? ) (ReLe ) (- )
072 (GsBd ) (GsBc ) ( stk ) (_RTN )

076 CeLs )y C x Yy Ce=r ) (Rt D (x2v ) Subroutine; Spherical to rectangular, then
081 (=R ) (st0-4) (_Ri ) (510 -5) update velocity.

085 (Rt ) (sto-8)

08?7 (isLd ) Crees ) (RCLS ) Subroutme; Recall velocity

090 (RcL4 y ( RTN )

092 (e y (rete) (C x ) Subroutine; Calculate new position, then
095 (rec1 ) C « ) (CFrro) store new position only if

098 (sto1 ) C Rt ) (rers ) C x ) flag O is set.

102 (reL3s )y (. + ) (Fro0 )

105 (Cs103 ) (C rt ) (rerey (. x D)

109 (ree2 ) (.« Y (Fr0 )

112 (s102 ) (_ RU )

114 (CiBLe Y (R ) (RE ) (Cxy )y (RE D Subroutine; Rectangular to sphericai.
120 (R~ )y (CBLda ) (7 Y (_ xn 3y (s00) Subroutine; Shift final segment data into

Listing 1 continued on next page.
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Listing 1, continued:

125 (LBLs ) (RcL i) ( pPzs )y ((sTO (i) ) secondary registers.

129 (pzs ) (Coszz ) (Gros ) (RN )

133 (a2 ) (CreL3) (CRCLZ) Subroutine; Recall position.

136 (RcL1 ) (GTOc) i)
138 (L7 ) (-x-) (- O (x=00 Impact; Exactly on surface?

142 (G106 ) (STO -8) Calculate interpolation ratio,

144 (sto+8) (7 ) (st ) then interpolate position,

147 (CieLs ) (Cp=s ) (ReLi) P=S velocity, and fuel

151 (Reci) = ) (Crees) (= data for instant of impact.

155 (sto-t) (obszz ) (GI05)

158 (BLe ) (ase2 ) ( mrt ) (cos )y Calculate miss distance;

162 XY cos C x ) (Ccos 1)

166 Cs D (C9 )(C - DOC2HC2 )y CxD

172 (x#202 ) (G6103) (RCL2) if zero, alternate calculation:

176 (RCL3 ) R-P (8L3)

178 (stoA ) (GTOD) Display impact status.

180 (CeLe ) (Cskr1 ) (Cx ) (Uxz=vy ) (RN Subroutine; Out of fuel.

185 (ieLe ) (cFi1 ) (CLREG) INITIALIZE Store constants, the fixed

188 C 3 ) (C 3 )YC s Y 3 )(Csroe)

193 (4 > (3 ) (CEex)y (C 3

197 (stop ) (Ceex ) (4 ) (s109) initial position and velocity,
201 C 9 ) (C x Y (st07) ( GSBc )

208 (= ) (s01 ) (s102)

208 (sto3 ) (C 2 ) (stoa)

211 (_cHs ) ((stos5 ) ((GsB4 )

214 then display the initial status.
215 (BLc ) (6 ) (o ) (X)) ((x=y SEGMENT TIME: Check and store.
220 (stoAa ) (2 ) C = ) (so8) (RIN )

Listing 2: Optional random initialization for Mars Lander. Clear flags, set for DEG, and set display to FIX 3 before recording
program. User entry points are capitalized in comments.

Location Program Steps Commentary
001 (weLC ) ( SF2 ) CIRCULAR: Set for random circular orbit.
003 (weLe ) (8 ) (o D (stoa) (C 2 ELLIPTICAL: Set segment time, gravity
008 (= ) Cstoe) (& ) (3 )y Cesx )y (3 ) constant, Mars radius,
014 (stop) (3 D C 3D (9 O3 ship’s mass, ship's random radius
019 (stfoe Y (9 ) (Ceex ) (C 4 $and 8.

Listing 2 continued on page 98.

92 April 1979 € BYTE Publications [ne


















Listing 2, continued from page 92:

023
029
033
038
042
047
051

053
057
080
063
067
071

a74
077
080
084
088
a92
005
098
102
103
106
109
113
117
120
124
129
131

135
140
145
147
181

154

155

98

(s107 ) (3 ) - ) Cs5 O (Ceex ) (3 )

(st08 ) (GsBo ) (sto+8) (GSB1 ) Convert position ta X, Y, Z, and store.
s O Cs ) Co ) Cx )(sessi)

Ca O (Ces O (Co ) Cx )

GRete) (D) (R v (R

(R ) (st01) ( RE ) (st02 )

(R ) (sT03)

(reep) (recs) (C = ) (VXD Caleulate circular orbit velacity,
(stoe ) (Gsg1 ) ((s104) random X, Y, Z velocity for an erbit
(Rree1 ) ( x ) (GsB1) horizontal at the ship’s
(stos ) (CreLz) C x ) (C+

Ccus ) (Rers ) (= ) (st08 ) position,

(RcLs ) ((RCL4 ) ((GSB2 )

(RrReLs ) ( + ) (sto+4) adjust X, Y, Z velocity.
(sto+5) (sto+6) (_Fr2 ) Circular orbit?

(105 ) (GsB1 )y (C 2 ) (= If elliptical orbit,

(s10+4) (Gs81 ) (2 Y (= ) make random

(s10+5) (681 C 2 O (= ) X, Y, Z velocity adjustment.
(sto+s) (wBLs ) (7 )

(C st1 ) (L) (RCL{) Shift data from primary to
(P2 Y (stow) ( p2s ) ((pszz ) secondary registers.

(Lo ) (reL3 ) ((RCL2) DISPLAY: Show segment time,
{mrcLt1 ) ((GsB2 ) ((RCLE) ship's position,

C - ) (Reea) RV (st tuel,

(ree7 )y (CEeex )y (a ) (st08) and velocity.

(- ) (rets) (ReLs)

(ReLa ) (GsB2 ) STK RTN

CwLr Yy C v Y(Cses80) (- O (C 5 D Subroutine; Randomize position and velocity.
- RN )

Lo ) (reeo )y C » ) (C + D Subroutine; Random number generator.
Cx2 ) (Crrac ) (Csto0) ((C x D) (CrinD)

CeLz ) (Crr > (C R ) (xxx ) (Rt ) Subroutine; Rectangular to spherical.
(RrR-p Y (RTN )

(LBLA )Y (cLrec) (v ) (Cens ) SPIN: A random seed randomizer.
( sT1 ) (_cHs ) (s10+0)

(LeLe ) (sT00) RTN SEED: To store user's random seed.
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program

Operation

Initialize {fixed orbit} E

Rocket burn for 60 seconds,

$=135",6=0", 100 kg/s

Free-fall 66, 60 second segments

Free-fall one, 35 second segment

Keys Display

Load Three-Dimensional Mars Lander

- 0.000

60.000
45.000
35.264
1803.152
80000.000
—45.000
0.000
2.828

135, ENTER,
0, ENTER, 100, B

60.000
42.820
35.245
1802.794
74000.000
—46.751
—1.238
2.563

66, A 60.000
-115.974
—33.762
5.694
74000.000
145618
—7.423
3.907

3393.000
6706.884
—-118.488
-34.135
—0.206
74000.000
144.164
—6.425
3.913

35,C,1,A

XLAN—AX<LN=A XS<NAX<IN X<N=-IX<NA

X<N—X<N—

Explanation

Default segment time, seconds
Position angle ¢, degrees
Position angle @, degrees
Ship's altitude, km

Initial fuel supply, kg
Velocity angle @, degrees
Velocity angle ¢, degrees
Ship’s velocity, km/s

Segment time, seconds
Position angle ¢, degrees
Paosition angle @, degrees
Ship‘s altitude, km
Remaining fuel supply, kg
Velocity angle ¢, degrees
Velocity angle U, degrees
Ship's velocity, km/s

Segment time, seconds
Position angle ¢, degrees
Position angle g, degrees
Ship’s altitude, km
Remaining fuel supply, kg
Velocity angle @, degrees
Velocity angle 0, degrees
Ship's velocity, km/s

Impact signal

Impact-to-target distance, km
Impact position angle @, degrees
Impact position angle g, degrees
impact position vertical error, km
Remaining fuel supply, kg

Impact velocity angle @, degrees
Impact velocity angle ), degrees
Ship’s impact velocity, km/s

Table 2: Demonstration of the Three-Dimensional Mars Lander program’'s operation. Note that the
thrust from the rocket burn is directly opposite to the initial velocity.

April 1978 D BYTE Publications Inc

Text continuad from page 86:

America. Follow the demonstration example
in table 2 to help to understand the space-
ship control, and the status displays. The
HP-97 prints staius displays.

A good landing is within 100 m (0.100
km) of the target site, with a ncar-vertical
descent (@ = £180°, and 8 = 0°, for velocity
angles), and at an impact velocity of less
than 1 m/s {0.001 km/s). There is plenty of
fuel on board to make a good landing at
the target site from even a ‘‘worst case'
random orbit. The initial mass ratio is 9
to 1.

Note that the display reads in kilometers
and in km/s; in the normal FIX 3 display
format, you can read down to the nearest
meter and m/s. When near to landing, it is
helpful to change the display to FIX 6, so
that you can read down to the nearest
millimeter and mm/s. Also note that during
descent, the spaceship’s position is given in
degrees, and on Mars’ surface, one degree
is about 60 km.

Celestial Mechanics

Celestial orbits of a relatively light body
around a massive primary may be repre-
sented by the conic sections: circle, ellipse,
parabola, and hyperbola, all formed by the
intersection of a plane with a cone at various
angles. In this program we are concerned
only with circular and elliptical orbits, since
parabolas and hyperbolas represent non-
repeating, or one pass orbilts.

In a circular orbit, the orbiting body
always has the same velocity and the same
distance from the primary. The attraction
of gravity is exactly balanced by the centrif-
ugal force at all times. Both the body's
potential cnergy (a result of altilude} and
its kinctic energy (a result of velocity) are
constant.

An elliptical orbit is far more common;
a circular orbit is really just a special case
of an elliptical orbit. In an elliptical orbit,
the body’s velocity and its distance from the
primary are continually varying. While the
body's potential energy varies with its alti-
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tude, and its kinetic energy varies with its
velocity, its total energy remains constant.
Its energy is merely oscillating belween
kinetic and potential forms,

If we are in a spaceship, how do we
change altitude with a minimum energy
usage (ie: minimum fuel usage)? Under some
special circumslances, this is fairly straight-
forward. For example, to go from one
circular orbit to another circular orbit in the
same plane — but at a different altitude —
the minimum-fuel-usage maneuver is known
as a Hohmann transfer. It is simply an
ellipse tangent to both circular orbits. A
Hohmann transfer is made in three stages:

(1) Thrust along the current direction of
motion (or against it} until the vel-
ocity has increased (or decreased)
enough to form an elliptical orbit
that reaches just up {or down} to the
desired new circular orbit altitude;

(2) Wait in elliptical twansfer orbit until
the new altitude has been reached
on the opposite side of the primary
from the start;

(3) Thrust along the current direction
of motion {or against it) until the
orbit has been circularized al the
new altitude. Note that the direction
of this second thrust must be oppo-
site to the initlial direction of thrust
(since we are now on the opposite
side of the primary), though both
increase {or decrease) the spaceship’s
velocity.

But how can we use this method 1o land on
the surface of the primary? Just perform a
Hohmann transfer to zero altitude, then
stop! Of course, this assumes that the land-
ing trajectory is tangent Lo the surface, and
that we stop instantly. While this is theoret-
icafly the most efficient way to land from
orbit, we can’t guite actually do it this way;
we have to leave some room to slow down
and stop and a little extra for maneuvering
room. However, the closer we can approach
this theoretical minimum-fucl-usage landing,
the lower the actual fuel usage will be.

To repeat: for a minimum-fuel-usage
landing from orbit, an initial rocket burn
is made when the spaceship is on the oppo-
site side of the primary from the landing
site to slow down cnough to pass over the
landing site at a low altitude; then free-fall
until near to the targel site. AL the last
possible moment, again make a rocket burn
{or series of rockel burns) 1o stop orbilal
velocity, and to land vertically on the sur-
face at the target site. Note that Mars' very
thin atmosphere is ignored.

But what do we do when the landing site

is not in the plane of the orbit? Just change
the plane of the orbit so that the landing site
/s in the plane of the orbit. This can create
two complications:

(1) Since orbital velocity around Mars
is fairly high, it takes a lot of fuel
to change the plane of the orbit;

(2) In general, the heading of the space-
ship in orbit is continually changing.
But what is the proper heading to
make the plane of the orbit pass
through the landing site?

The answer to (1) is, literally, roundabout.
If the plane change is very great, it will save
fuel to first do a Hohmann transfer 1o a
higher altitude so that the spaceship’s veloc-
ity will be lower, before changing the plane
of the orbit. Then come back down on
another elliptical orbit to a low altitude over
the target landing site. In answer to (2),
there are two planes that the spaceship’s
orbit can be in, that also pass through the
targel site, where the heading does not
change: the equator, and the Greenwich
meridian. If we approach the target site
along the equator or along the Greenwich
meridian, there is no problem of constantly
changing headings.

Note that any free-fall orbit is planar
{that is, flat), and that the plane of the
orbit always passes through the center of
the primary. Therefore the orbit's path on
the surface of the primary is always a great
circle. (A great circle is formed by the inter-
section of the primary’s surface with a planc
passing through the center of the primary.}
It passes over the equator twice for each
complete orbit, and over the Greenwich
meridian (or its extension, position angle ¢
= +180°) twice for each complete orbit.

Program Organization

To squeeze this rather complex program
into the 224 program steps available in the
Hewlett-Packard HP-67/97, considerable use
was made of subroutines, as shown in pro-
gram listing 1. Note that subroutines may
have two entry points. To translate this
program to other systems, remember that
the HP-67/97 uses RPN (reverse Polish nota-
tion) on a 4 register stack. Therefore func-
tion symbols follow data entry, the same as
though you were doing the calculation
manually. Flags and conditional tests skip
the following program step if the test is
false.

The more important equations used for
calculating the random initialization, the

Text continued on page 108,






Operation Variable Definition

Random Initialization: Vco = Velocity for a circular orbit, km/s
VCO =4/ Cg/R Cg = Mars’ gravity constant, 43,000 km3/s2
RV, = —(RV, P+ RVva”Pz R =Radius, Mars’' center to spaceship, km

RV, etc = Relative velocity in X,Y,Z directions

Spaceship’s Trajectory: P, etc =Spaceship’s position in X,Y,Z coordinates
V, =V, - Vexhln(Mff‘Mi) V. =Spaceship’s velocity after rocket burn, km/s
Pg = Pi + Vrt/2 Vi and V¢ =Initial and final ship's velocity, km/s
Vaxh = Rocket exhaust velocity, 4 km/s
g= CQ/FI2 Mi and I'\.r'lf = |nitial and final ship’s mass, kg
Vf = Vr — gt Pg = Paosition of spaceship for gravity calculation
Pe=P, +(V, + V2 P, and P, = Initial and final ship's position

t =Segment duration time, seconds
After Impact with Mars’ Surface: g =Gravity acceleration, 3.74 m/s2 at surface
Vimp =V +cldIV; — Vil Vimp = Impact velocity on Mars’ surface, km/s

c/d =Interpolation ratio

Pimp =Pg+c/diP; — P Pimp = Spaceship’s impact position on Mars' surface
Distance = 59.22((:05—‘l {{cos (;b) {cos 1)) 59.22 =Kilometers per degree along Mars‘ surface
or: Distance =Impact-to-target distance along Mars’ surface, km
Distance = \jps(imp) + Pftimp, ¢and @ =Spaceship’s impact position angles, degrees
Pv“mpj = Spaceship’s Y impact position, km
Pz“mp} = Spaceship’s Z impact position, km

Table 3: Random initialization, spaceship trajectory, and impact status cal-
culations. The trafectory and impact equations do not give exact velocity
and impact data, but do give good approximations. The calculated values
increase in accuracy as segment duration and velocity decrease and as radius
increases. While the equations are shown in their simplest linear form, cal-
culations are actually carried out in three dimensions, using rectangular or
spherical coordinates. Note that the initial conditions for one segment were
the final conditions for the previous segment.

Polar to Rectangular: where: X.¥Y =BRectangular coordinates
X=Rcos A R,A =Radius and angle of polar coordinates
Y =Rsin A

Rectangular to Polar:
R=+/X2+ Y2
A=tan—1 (Y/X)
For calculation of the angle A:
a) If X =0, substitute a very small number for X, ie: perhaps 1p-10
b) 1fX <0, 2dd 180" to A Table 4: Polar-to-rectan-
¢} 1f X < 0and Y < 0, subtract 180° from A gular and rectangular-to-

polar coordinate conver-
sions.
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(3a)

r‘DlSTANCE
TARGET LANDING SITE\. \7

o°

/

/S~ TRAJECTORY

7/

{/ INITIAL POSITION

—/—IMPACT SITE

FINAL POSITION

(3b)

Table 5. Register, label,
and flag usage for the

Figure 3: Interpolation of
the spaceship's fanding sta-
tus. Figure 3a is d cross-
section showing the space-
ship's last trafectory seg-
ment. Figure 3b is a view
from above showing im-
pact position and miss
distance.

IMPACT SITE
'/

S

TARGET LANDING SITE

Three-Dimensional  Mars
Lander program.
Registers Labels
Primary Secondary A Free-Fall 0 Free-Fail Loop
0 Temporary Loop Count 50 — B Rocket Burn 1 -
T x S1 x l C Segment Time 2 Recall Position
2 vy ) New Position S2 vy Initial D Display Status 3 Skip Alternate Calculation
3 =z S3 Position E Fixed Initialization 4 Shift Data, Second Register Set
4 x S4 x k a Update Velocity 5 Interpolation Loop
5 y  New Velocity S5 vy Initial b Update Position 6 Skip Interpolation
Velocity
6 z S6 =z ¢ Rectangular to Spherical 7 Mars Surface Impact
7 Ship’'s Mass S7 Ship’s Mass d Recall Velocity 8 Data Shift Loop
8 Last Altitude S8 - e — 9 Out of Fuel
9 10,000 S9 -
Segment Time, t Flags

t/2

Gravity Constant

m Qo O W »

Mars® Radius

Loop Count

2 —

0 On, Stare New Position

1  On, Out of Fuel
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| am sure that many readers have en-
countered the same type of difficulty in
developing relatively complex software

which must be optimized for speed, space,
or both. It 'was a frustrating experience be- Initi .
. . nitial permutation
cause of the many revisions required. 1 PT - PT
Permuted Choice 1
Data Movement 2 Key = co
Permuted Choice 2
One of the first tasks in designing this 3 cD > Subkey
program, or any program, was the definition A B Trian Select E .
of the data structures and the data transfers rignt > eme
xbvhich \_villloccdur. The basic data elements to 5 Temp () Subkey - Subkey
¢ manipulated are: Select S1 thru S8
6 Subkey > Temp
® 8 bytes of plaintext input  (PT) Permute P
7 Temp . Temp
® 8 bytes of key {KEY)
8 PTleft @ Temp . PTleft
¢ § bytes of subkey {SUBKEY) Inverse initial permutation
9 PT > PT
e 8 bytes for Ci and Di (CD)
Table 8: Data transformations and movement used in software imple-
® 3 bytes of storage for mentation of the Standard Data Encryption Algorithm. This table
intermediate results (TEMP). does not include the exchange of PTleft and PTright used in block
transformation.
Text continued on page 114.
PERMUTED Kf* ( J J 1L I | ] I ]
CHOICE
oNE o 11 1 ( |77 | e | — —////
i J A vy
€O (28 BITS) DO (28 BITS)
v {28 BITS) Di (28 BITS)
I N 7 )
sesres |7 | N — |7 | [ — — -/
CHOICE
TWo suskey [ |7 17| Id ¢ 1¢ 14 N7 |
N S
Ki (8 GROUPS OF 6 BITS EACH)
R
7 ™
PT RIGHT [ 11 J | J | J
SELECT E
Temr  [] ¢ 7! | U N/ Y 7 7! l
(8 GROUPS OF 6 BITS EACH)
{8 GROUPS OF & BITS EACH)
SELECT suekey [ | Y | ¥ | Y ] ¢ i /| ]
S THRU 58
TEMP L 1 /1 I 1
TEMP [ I N J 1
RERMUTE P
TEMP [ ] [ 11 ||
L 7
(R, K} Table 9: Date format and
data movement used in the
INITIAL AND | pT 1 1 1 software implementation
INERSE } l I I 11 of the Standard Data En-
PERMUTATION | PT [ | 1 I 11 I Il ) cryption Algorithm.
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Figure 7: Flowchart
of module
the per-
function

performs
muitation
TFORM.

(e wome e )

ANY MORE BITS
IReQuIRED TO YES

Text continued from page 111:

Table 8 depicts the data transformations and
data transfers that occur. The first item
shows that the plaintext data is permuted by
the initial permutation and stored in the
bytes originally occupied by the plaintext

data.

MOVE
PARAMETERS
FOR NEXT
PERMUTATION
INTO ZERO
PAGE AREA

which

|

STORE CORRECT
NUMBER OF
BITS /BYTE
FOR RESULT
IN BITCNT

FETCH
PERMUTATION
ARRAY ELEMENT
PUT SOURCE
B8YTE NUMBER
IN Y

PUT MASK
NUMBER IN X

|

FETCH PROPER
SQURCE BYTE
ISOLATE
PROPER BIT
USING MASK

SHIFT
ISOLATED BIT
INTO HOLD
DECREMENT
INDEX TO
PERMUTATION
ARRAY ELEMENT

[FiLL curRmRenT [
EOLD

PUSH HOLOD
CONTENTS
ON STACK

Chave A |

| ELEMENTS OF
| PERMUTATION L - ? NO

ARRAY BEEN
|pone |

Apnl 1979 Q2 BY TE Pubbications Inc

YES

PULL WORDS
FROM S5TACK
AND STORE
AT PROPER
DESTINATION
LOCATION

RETURN

For cach of the transformations which
oceur, table 9 shows the format of both the
data input and the results of the operation.
Each rectangular box represents one byte.
As an example, consider the transformation
Permuted Choice 2 (PC-2). The input is Ci
(28 bits) and Di (28 bits} and the output is
stored as & blocks of 6 bits each. The label
CD (to the left) shows the source data, and
subkey shows the destination of the results
of the permutation,

Permutation Module: TFORM

At this point | can begin the detailed ex-
planation of the major modules. The module
where most of the work is done (and where
most of the time is spent} is TFORM. Steps
1, 2,3, 4,7 and 9 of table 8 depict the per-
mutation functions performed. The opera-
tion ol this module is similar in each case:
only the input parameters arc different. The
primary input parameters to TFORM are:
source data address, destinarion address tor
results, and permutation table address. For
example, to perform the permutation shown
in step 4 of table & TFORM would get the
source address of PT (right), the destination
address of TEMP, and the table address of
the Select E permutation.

A gencral flowchart of TFORM is shown
in figure 7. It provides a top level description
of the operation for those readers who want
to program the function on different
machines.

The first task is to update the input pa-
rameters used by the routine. In addition to
the parameters described above, the routine
also needs the number of elements in the
permutation table (PCOUNT), the number
of bytes in the result of the permutation
(WCOUNT), and the number of bits in each
result byte (BCOUNT).

Here's how the permutation is done. The
first clement of the permutation table is
obtained. This clement tells which bit of the
input is the first bit of the result, as follows:
referring to figure 8, bits 0, 1 and 2 refer to
the byte of the source data to be used; bits
3, 4, 5 and 6 refer to a mask number to be
used to isolate the proper bit. At this point,
an example might help. Figure 9 shows how
the first bit of Permute P is obtained. The
first bit of the result is bit 16 of the input -
this corresponds to byte 1 of the input

| 7 6 S 4 3 2 | 0

L AN 4
MASK NUMBER BYTE MUMBER

Figure 8: Format of elements of permuta-
tion table.






1 8 ] & I7 24 25 32

@ SQURCE DATA FOR
PERMUTE P

8YTE @ k BYTE | BYTE 2 BYTE 3

FIRST ELEMENT OF PERMUTE P

X 1 0 O O O 0 !

%/_—)R/—J
| INDEX _TO BYTE 1

After completion of all bit permutation op-
erations using all table clements, the result
bytes are taken from the stack and placed at
the proper destination address.

This routine, as well as others, makes ex-
tensive use of the 6502 indirect, indexed
mode of addressing. It is a particularly
powerful technique for sequencing through
many tables, as this program does.

Before leaving the description of this
routine, | should explain one problem | had
with the permutation table for Permuted
Choice 1. For the results of each permuta-
tion except Permuted Choice 1, there are
either 6 or 8 bits in cach byte. Table 9 shows

INDEX TO MASK 8

o0 0 0 0o o o (| a6 isoated

+ } ADD FF

that two bytes of the result have only 4 bits,
CARRY To achicve consistency in the code for
0) x x x x x x x x | eirie movep 1o carry  TFORM, | added cight clements to the per-
mutation table of Permuted Choice 1. They
CARRY force these extra bits to 0, using mask 0, and
allow all bytes of the result to have eight
X x X x x x x x (b re SHIFT BIT 16 INTO bit
RESULT BYTE 15

Select $1 thru $8 Module

Figure 9: Example of per-
mutation operation being
used to obtain first bit
of Permute P result.

As described before, the Select S| thru
S8 function transforms groups of six bits in-
to groups of four bits according to tables S1
thru $8. Table 9 shows that each group of

ANDed with mask 8. Once the bil is iso-
lated, it is forced into the carry bit by first
clearing the carry bit and then adding hexa-

decimal FF., The value of the carry bit is
then shifted into the result bylLe.

The process described above is continued
for all the elements of the permutation
table. The number of bits in cach result byte
is controlled by BCOUNT. Each result byte
is temporarily stored on the program stack.

six bits is contained in one byte of source
data. Figure 10 shows the organization of
the data for the tables $1 thru $8.

In order to transform each 6 bit source
group into the proper 4 bit result group, you
must generate an /ndex into the scgment
containing the S1 thru S8 data. As seen in

s s2 64 BYTES
SI, S2 INDEX 0 00 X X X X X e bala CeECmEnT O]
s3 s4 64 BYTES
§3, 54 INDEX o X XX XX DATA DATA {SEGMENT 1}
s5 s6 64 BYTES
§5. 56 INOEX ooxo X oxoxox DATA DATA {SEGMENT 2!
Figure 10: Table organiza-
tion for Select ST through
57 s8 64 BYTES
S8 data. S7, S8 INDEX boloX X x X %X DATA DATA (SEGMENT 3)
—
HIGH Low
NYBBLE NYBBLE
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INPUT TO

s

Figure 11: Example of the
process which performs
the mapping function S8.
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51 -38
-~ —
o ™
t 1 by bz b3 bg bg by s 52
DATA DATA
INDEX INTO
SI-58
TABLE L
hd
> s7 58
DATA DATA
dq dz dp dy Cg €3 €z € OATA

AND

figure 10, the index into cach individual
table is controlled by bits 6 and 7 of the
index byte.

Let's examine how to map the last byte
of the source data using S8. Figure 11 shows
that the low order 6 bits from the source
byte arc used to sclect a byre from the 64
bytes in the S7, S8 segment. To access the
correct 64 byte scgment (S7, S8) we lorce
the two high order bits to 1. The resulting
byte is used as an index into the table. 11
you mask the high 4 bit word of the ac-
cessed byte (which also contains S7 data),
the proper S8 data is selected. Of course, the
table data must be properly ordered within
S8, but that’s fairly easy.

In order to carry out the other transfor-
mations, you proceed in a similar {ashion.
The only changes would be the two high
order bits used to index the proper segment
of the table, and whether you mask the low
or high nybble.

A gencral flowchart of this module is pro-
vided in figure 12.

ROTATE Module

As | said before, | decided Lo generate
each subkey as | needed it. To generate sub-
keys Ki thru KIG' it is necessary Lo perfarm
left rotations of Ci and Di and then perform
Permuted Choice 2 as shown in part 1.
The number of left shifts is determined by
using the iteration count, LOOPCT, as an in-
dex into the table SHIFTM. This module is

MASK HIGH NYBBLE

DATA TRANSFORMED BY S8

relatively  straightforward except for the
problem causcd by the half byte boundary
shown in figure 13.

A second problem arises in the case of de-
cryption. In this case, the subkeys must be
generated in reverse order (ie: K16 thru K1),
In order Lo generate them properly, the rota-
tion of Ci and Di is done by right shifting
and by using the SHIFTM table in reverse
sequence  and by performing  Permuted
Choice 2 before the right rotation is done.
This may seem strange, but | gave it a great
deal of thought to make sure it was right. (1
is the simplest way that | could devise to do
the decryption correctly, and it works!

What’s Left?

The only remaining module is the one
which swaps two groups of four bytes cach.
This module is called SWAP, and it performs
the swap function and block transform
function discussed in Part 1,

Put Them All Together

The main module, DES is really a master
controller for the other modules. It initial-
izes the parameters used by TFORM, per-
forms the appropriate modulo 2 additions
shown in table 8, makes sure that subkeys
are properly generated during encryption
and decryption, and maintains the iteration
count. Figure 14 is a general flowchart for
this module.






Figure 12: Flowchart
of module which per-
forms the select S1
through 58 mapping
function SELECT.

START

SET BITS &
AND 7 OF
SEGMNT TO
POINT TO

57 AND 58
DATA SEGMENT

SET X
REGISTER TO
FETCH

8 BYTES

FETCH BYTE
TO BE
MAPPED.
CREATE INDEX
INTO SELDAT
TABLE USING
SEGMNT

|

FETCH
SELDAT DATA
MASK HIGH
NYBBLE AND
RETAIN

I

FETCH NEXT
8YTE TO BE
MAPPED.
CREATE INDEX
INTG SELDAT
TABLE USING
SEGMNT

FETCH
SELDAT DATA
MASK LOW
NYBBLE
COMBINE WITH
PREVIOUS
NYBBLE

TO FORM
RESULT BYTE
PUSH ON
STACK

PULL 4 BYTES
FROM STACK
AND STORE IN
TEMP (0) -
TEMP (3)

ADJUST
SEGMNT

TC POINT
TO NEXT
SEGMENT OF

SELDAT
DECREMENT X
TO POINT TO
NEXT BYTE
TO BE MAPPED.

RETURN

e 17

24 25 28

Figure 13: Rotation of the bits in Ci,Di requires special attention to bit 28

28 BITS

because it is in the middle of a byte,
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The only particular point worth noting
is that the parameters used by TFORM to
perform the proper permutation are stored
sequentially in the order used. The order of
the information in the table DATA is:

Initial Permutation data
Permutcd Choice 1 data

Permuted Choice 2 data 16
Select E data I i
Permute P data iterations
Inverse Initial Permutation data

Once the Initial Permutation and Per-
muted Choice 1 are performed, the DES
routine sequences TFORM thru Permuted
Choice 2, Select E, and Permute P, for 16
iterations. Then TFORM performs the
inverse Initial Permutation to complete the
encrypt or decrypt operation.

Using the Program

The Standard Data Encryption Algorithm
program is written as a subroutine which can
be called at hexadecimal address 0176. In
order to use the routine, threc things must
be supplied: mode, plaintext, and key. The
mode byte (location 0000) is set to 00 for
encryption or FF for decryption. The plain-
text is 8 bytes of data (locations 0001 thru
0008) which is to be encrypted or decrypted.
The key is eight random bytes provided by
you (locations 0009 thru 0010) to control
the algorithm. The encrypted [or decrypied)
result is returned to locations 0001 thru
0008.

A call to DES uses 12 bytes of stack stor-
age. If your other programs use the stack,
you should take care to avoid overwriting
the main routine. Many of the page zero lo-
cations used by DES may be used for other
purposes between calls. These hexadecimal
locations are 0011 thru 002C and 0038 thru
0040. A memory map of the entire program
is shown in figure 15.

When the encryption key is loaded, you
should make sure that the bits are nearly as
random as possible, since it is the random-
ness of the key which makes it difficult for
an outsider to decrypt the cipher. If you
attempt to load ASCII characters as key, it
is likely that the most significant bit of each
byte will be zero. This will substantially re-
duce the strength of the algorithm. An alter-
nate way to handle the key is as 16 ASCII
characters, with random contents in the four
low order bits. The four low order bits of
these characters can be compacted to form
the eight bytes of key which the algerithm
requires,

Text continued on page 124.






PERFORM
PERMUTED
CHOICE TwWO

|

ROTATE
€1, Di

START

INITHALIZE
TFORM DATA
POINTER AND
LOOPCOUNT

PERFORM
INITVAL
PERMUTATION

|

PERFORM
PERMUTED
CHOICE ONE

ROTATE
Ci, Dy

PERFORM
PERMUTED
CHOQICE TWO

|

T

PERFORM
SELECT E

]

MODULUS 2
ADDITION OF
SUBKEY

AND PERMUTED
PT RIGHT

|

PERFORM
SELECT
51-68

|

PERFORM
PERMUTE P

|

MODULO 2
ADDITION

t{R,Ki)

TO PT LEFT

L

SWAP PT
LEFT AND
PT RIGHT

i
ITERATIONS

NO

PERFORM
BLOCK
TRANSFORMATION

PERFORM
INVERSE
INFTIAL
PERMUTATION
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RESET
TFORM DATA
POINTER

Figure 14: Flowchart of the main routine for the Standard Data Encryption Algorithm.
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CIS COBOL is the Compact, Interactive, Standard COBOL which offers
for the first time a cost-effective key to full commercial use of micro-
computers.

It can be used simply and naturally, offers facilities unavailable with
other farms of COBOL, and produces efficient code without wasting

space. For example, a 32K byte sytem is sufficient to run the compiler
or a substantial application program.

CIS COBOL contains the most relevant parts of the ANSI 74 standard
plus extra facilities to provide a powerful interactive business language.

The CIS COBOL Object Pack is available for shipment on IBM compatible diskette to users of a
variety of 8080/Z280 based computers running the CP/M* operating system.

Dealer and Application Vendor terms are available
Now enhanced to version 3 with FORMS utility to generate COBOL source direct from CRT
image.

Micro Focus offers a C1S COBOL licencing package to OEM'’s including access to internal docu-

mentation and program source plus an /nterfacing Kit to enable CIS COBOL to be implemented

quickly in the OEM’s own hardware and software environment. The CIS COBOL compiler is
itself written in COBOL making it self compiling and thereby extremely portable.

Telephone 01 722 8843 TLX 28536
* CP/M is a trademark of Digital Research
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2 bytes 3 cycles
2 bytes 2 cycles
2 bytes 2 cycles
2 bytes 5 cycles
8 hytes 12 cycles
total total

CLC

LDA  $00
STA  WORD 1
STA  WORD?2
STA  WORD3

STA WORD 8

LDA  SOURCE 1
AND  $XX

ADC  $FF

ROL  WORD 1

LDA  SOURCE 2
AND  SXX

ADC  $FF

ROL WORD 1

initialization

Basic in fine coding to
permute one bit

Table 10: 6502 instructions which could be used to in fine code the per-
mutation function. Fastest time to permute one bit requires 12 cycles and

& bytes of memory,

Key

7CA110454A1A6ES7
0131D9619DC1376E
Q07A1133E4A0B2686
3849674C2602319€
04B915BA43FERSRBE
0113B970FD34F2CE
Q170F175468FB5EG
43287F AD38E373FE
07A7137045DA2A16
04689104C2FD3B2F
37D06BB516CB7546
1F08260D1AC2465E
584023641 ABAB176
025816164623B007
49793EBC79B3258F
4FBOSE1515AB73A7
49E95D6D4CAZ29BF
018310DC409826D6
1C587F1C13924FEF

Plain Cipher
01A1D6D039776742 690F5BODOAZ26939B
S5CD54CA83DEFS70A 7A389D10354BD271
0248D43806F67172 S68EBB51CARB4530A
514548582DDF440A 7178B76EQ1F19B2A
42FD443059577F A2 AF37FB421FBC4095
059B5E0851CF143A 86A580F10ECEDBSRE
0756D8EQ774761D2 0CD3DADZ20021DC0O9
762514B829BF486A EAGYER2CBVDBZ2B7A
3IBDD119049372802 DFD64ABISCAF1AQF
269565F68365AF609A BCH13COCABBBC088
164DSE404F 275232 QA2AEEAE3FF4AB77
6BOS6E18759F5CCA EF1BFOIEGDFAB7HA
004BD6EF09176062 88BFODBBDTODEESE
480D 39006EE762F2 A1F9815541020B56
437540C8698F3CFA 6FBF1CAFCFFDO5S56
072D43A077075292 2F22E49BARBT7CATAC
02FEBS778117F12A SABBB12CC26CCE4A
1D9D5C5018F 728C2 5F4C038ED12B2E41
305532286D6F295A 63FACOD034D9F 793
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Table 11: Sample test words for the Standard Data Encryption Algorithm.

Text continued from page 120:

Data encrypted using the Standard Data
Encryption Algorithm  will be decrypted
properly as long as the correct 8 byte bound-
arics are maintained. This allows you 1o in-
dependently decrypt 8 byte blocks of data
in memory. There are other ways of using
the encryption algorithm which require data
to be decrypted in the same sequence as it
was encrypted. If you are interested in adapt-
ing DES to these other techniques, you
should refer to textbooks dealing with
cryptography.

As a final note in using the encryption

0000
PAGE ©
DATA/TABLES
0086
0087
ROTATE C AND D
ROUTINE
oops
0009
SWAP
ROUTINE
O0E6
/] (QOEF - OOFF }
0010
SELECT SI-58
ROUTINE
0132
0133
TFORM
PERMUTATION
ROUTINE
0175
oire
MAIN
ROUTINE
oice
PROGRAM
STACK
0200
PERMUTATION
TABLES FOR.
INITIAL
PERMUTATION
INVERSE INITIAL
PERMUTATION
FERMUTED
CHOICE TwO
PERMUTE ¢
Q2FF
0300
MAPPING TABLES
FOR SELECT
51 -58
Q3FF
1780
PERMUTATION
TABLE FOR
PERMUTED
CHOICE ONE
178F

Figure 15: Memory map for the Standard
Data Encryption Algorithm program.

program, all of the routines, permutation
and selection tables, and TFORM input
parameter tables (array DATA} may be
relocated by altering a small number of
address references.

Timing Analysis

One of my primary objectives in pro-
gramming the Standard Data Encryption
Algorithm was to determine the efficiency
of the 6502 processor in handling a task
which requires lots of bit manipulation.
In order to determine the efficiency of the
implementation, | calculated the approx-






imate number of machine cycles spent in
each module during one encryption cycle.
The cycle times which | used for cach
instruction were taken from the data pro-
vided by MOS for the 6502. My calcula-
tions revealed the following times:

DES (Main) Routine — 4300 cycles

Rotate — 1900 cycles
Select 51-S8 — 7500 cycles
TFORM — 146000 cycles

This indicates that over 90 percent of
the time is spent in the module TFORM.
These calculations also indicate that the to-
tal encryption timeis approximately 160 ms;
assuming the 1 us cycle time of the KIM-1.
In order to verify these calculations, | timed
a loop which performed 256 encryption
operations. The observed execution time was
164 ms. Not bad for a rough estimate. Max-
imum throughput would be about 390 bps.

| next wondered what maximum through-
put could be achicved, given unlimited mem-
ory. The two most obvious changes to make
were to perform subkey generation only
once, and to optimize TFORM, Table 10
shows the basic instructions which could be
used to code the basic permutation func-
tions, such as Permute P in line. It also
shows the number of machine cycles re-
quired and the numbcer of bytes of memory
required. These changes would reduce the

Listing 1: The DES program implemented on the basic KIM-1 module.

T

SR

ok

a0
wg
oo
YuE

nuE
s
WA

126

[EEER NN

LR AR X,
HEWIRY

T T REY

Wi DE
PTL
PTE
FE ¢
TEWF
SUEBYEY
DR
th2
O]
ch4
D RR-]
chs
Divn
DY CE]
LEUBFLT
BrILIHT
SEGRNT
HOL [

SN R N SRS R E RS E N RN

+ *
«  HICFO - GATh EBCEYETIOH STRNDARD FROGPRUM
+ B 4
. FOEERT ¥ HEUSHRY ¢
ES +
~' SENTRY o1len +
ot v bAoA EC T P R Y Y Rt A b4 KR E KKK R M RENE KK

0EG $0047

IR
L RTINS

44t A R b

+ oo EHCRYPT/DECRYPT MWODE
+ tovol PTOLEFTY 3THRT

0 f00ag PTtRIGHT Y START

. fonsnd EEY STHRT

. too: g TEMPORHREY STORALE

) FooL9 SUBKEY STukT

N fonl) STAkT OF (1.

" TonZl

. 1a023

+ Toe2gd

+ foozs START OF D1

v foo 2y

. Fuol?

. | R ITee ]

* fonns [TERATION COUNT

- Tty # BIT3 PER WORD

+ funia baTa POIMTER FOR &1-82
4 fveze TEMPURHRY STORRGE

Listing T continued on next page.
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number of cycles spent in TFORM to about
16900. The time for one encryption cycle
would be reduced to about 31 ms, and maxi-
mum throughput would increase to 2000
bps. Memory requirements would increase to
about 3500 bytes.

It is clear that although the 6502 can per-
form at a reasonable rate, its instruction set
is not well suited to high speed implemen-
tation of the Standard Data Encryption
Algorithm. If bit test instructions were avail-
able, similar to those of the Zilog Z-80, it
would theoretically be possible to reduce the
time spent in TFORM by 50 percent. It
would then make sense Lo speed up the other
routines. | would not be surprised if through-
puts of 8,000 to 10,000 bps were possible.

Conclusions

| have demonstrated that the Standard
Data Encryption Algorithm can be imple-
mented on the basic KIM-1 with recasonable
performance. However, it is clear that the
instruction scts available for most processors
are not well suited to an efficient implemen-
tation of the algorithm. It is also clear that
the basic functions necessary to perform the
algorithm (ie: bit permutations) are not
well suited to implementation in software.
I have shown that an increase in memory
to about 3500 bytes will allow the through-
put to be increased from 390 bps to about
2000 bps.

I have attempted to present a coherent
description of the Standard Data Encryption
Algorithm for those readers who may be
interested in reprogramming it. Table 11
provides a set of test words to verify your
implementation. These test words are part
of those available from National Bureau of
Standards Special Publication 500-20.

The coding of my encryption program
is provided in listing 1. For anyone inter-
ested in obtaining a KIM compatible cassette
with the Standard Data Encryption Algor-
ithnmy program, scveral driver routines for
Tceletype and keypad, a shortened version
of the program, and complete documenta-
tion, send $6 to R Meushaw, 4188 Brittany
Dr, Ellicott City MD 21043.
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Listing 1, continued:

ongz
REEE]
[ARVRSE)
933G
auSH
0osL
093E
QORG
RIS
00R3
DT
O0E 7
GORS
DGHE
Ganul
QORE
0OEN
00B1
00EZ
0OB4
00BS

QoL
BGLF
Oob L
0903
LRIk

[N

NN N

[ N N L

P B e~

BRNCE N
[V RR- R ST I BN

IS

I SN S 3
RCON RN RN PR A
RUE- N3 ]

3.
fa g B T

[UINE DR PR D
o

oS

POINT
SELLRT
Mu St
IHFD
SOURLCE
DEST
FERNUT
PCOUNT

SHIFTH

AR AR ]

ROTATE

R

POTHTE

SLEFT

ShEPL

SKFPZ

SEIGHT

Continued below:

F oa o ox ¥ = %

£ % ¥ % »

[T RN
SUBROUTIHE
Bk Rk A w4

o

ROR
ROF
ROk
pEY

16620
FowaD
fOGZF
$0038
0033
F0034
Fou3L
F903E
$003F
o040
Fo041

0577

LOOFLCT

MOLE

SRIGHT
SHIFTH, X

shs

[Ny e
ohbz
LDhi
SHF L
fio
LD4
tbe

o
S MO DO

o

<

oo

IR

FOINTER FOR TFORM DRTA
S1-%& bATA ADDRESS

BIT MA3SK ARRRY S5TART
S3TART OF TFORM DATA
SOURCE DATA ADDRESS
DESTINATION DATA ADDRESS
PERKMUTE ARPAY ARDDRESS
PERMUTE ARRAY LENGTH

4 8175 PER WORD

4 WORDS IN DESTIMNATION
DATA FOR FROPER TFORN

ROTATE DATA FOF C4I10,D010

PUT ITERATIOH ¥ IH X
IF THIS 15 DECRYPT. GO
TGO SHIFT RIGHT
FUT SHIFT COUNT IN Y
ROTATE BITS f-28 OF
C LEFT JOHE EBI1T

ROTATE BITS 1-28 UF
O LEFT ONE EBIT

IF WE NEED 7O SHIFT MOFPE
GO TO SHIFT LEFT
ELSE RETUEH

FOR DECRYFT, ADJUST
INDEX THTO SHIFTH

FUT SHIFT COUNT IHN ¥

FROTATE BITS 1-28 OF
C RIGHT OHE BIT

ROTATE BITS 1-328& OF
D RIGHT OHE BIT

IF WE MHEED TO SHIFT MORE

0130
0140
o142
0143
0144
0146
0145
O1l4A
01417
O14E
014F
0151
0152
0153
0154
0155
0155
0157
0159
01SE
015C
01SE
0169
0i62
0164
0is6
0le%
0i6u
016E
016l
Clef
[ ]
0172
0173
01?3

R
AN g
0179
0176
(R erd ]
0i7F
o182
0185
0187
0189
[ E:1H
O18F
0191
0194
0197
0198
019¢C
019E
O1AG
0142
0144
0183
01A7

1
32

F7
3F
24
3E
3C

o7

FS
0o

a0

ot
a1

a0

1

[
a0

o1

LS LDA DATAR,Y
STA LINFOD. ¥
DEY
DEN
BFL LS
L6 LDR BCOUNT
5Ta BITCNT
L7 LOY PCOUNT

LDA C(PERHUT.

Tal
RND $07
Tay
TXA
LSR
LSR
LSR
TAH

LOR (SOURCE»,Y

AND MASK., ¥

CLT

ADC $FF

ROL HOLD

LDA HOLD

DEC PCOUNT

BRI ERXIT

DEC BITCHT

BNE L7
EXIT PHA

BFL L6

LDY MCOUNT
L8 FLH

STh tDEST., v

DE¥

BPL L8

RTS

Fek Aok ok Rk Ok b AR P R K ok
DES (MRINY SUBRDUTIHE

(22T EESEL RS RS LTSRS

DES LLD
t0a FF
STR FOINT
LDa %of
STR LOOPCT
JSR TFORHM
JSE TFORM
LY BIT MODE
BMI SKP3
JSR ROTATE
JSE TFORH
BMI SKP4
SKP3 JSR TFORHM
JSR ROTATE
SKP4 JSR TFORM
LDY $07
Lto LDA TEMP. X
EOR SUBKEY.Z
AND #3F
STA SUBKEY.,HX
DEX
BFL Lio
JSR SELECT

Continued below:

LOAD HEW DATA INTO ZERD
P4GE AREA C(INFO).

STORE # BITS PER WORD IH
BITCNT .
GET ELEMENT OF PERMUTATICON
ARRAY
PUT COPY IN ¥
GET PROPER WORD #
IN Y
RETRIEVE ARRAY ELEMENT
AND ISOLATE BIT
HASK #. FUT IT IN
¥ REG.

LOAD SOURCE WORD
ISOLATE PROPER BIT
IF BIT IS t, GET 1T INTO
CARRY AND MOVE INTO
‘HOLD’
GET *HOLD’ JUST IN CASE
HOYE INDEX TO NENY PERMUTE
ARRAY ELEWMT., EXIT IF DOME
IF MORE BITS IN WORD,
KEEP GOING;
ELSE PUSH DN STACK
CONTIHUE UNTIL DONE
PUT % WORDS IMW ¥
PULL YORD FROM STACK
AND PLACE IN PROPER
DESTINATION WOKRD
CONTINUE UNTIL DONE

CLEAR DECIMAL MODE

INITIALIZE DATA POINTER
USED BY TFORHM

IHITIALIZE LOOP COUNT
FOR 16 ITERATIOHS

PERFORM 'IP’

PERFORN ‘PC-1’

FOR ENCRYPT CYCLE, GET
SUBKEY BY ROTATING
C(I) AND D(1) THEN
PERFORM ‘PC-2’. FOR
DECRYPT CYCLE,
REVERSE THIS
SEQUENCE

PERFORM ’‘SELECT-E’

PERFORM MOD 2 ADDITIOHM
OF SUBKEY AND
PERMUTED PT(RIGHT)
SET BITS 6,7 TO ZERO
FOR SELECT S1-S8

PERFQRM ‘SELECT’ S1-58
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62l

nola
sob s

QoD
oubB
anlf
wobF
00E 1
0E3
D]
00ES

ofno

vlow
yloz
01464
0106
0108
CitA
0108
otoh
O1GF
o111t
o112
o114
ol
o117
o119
01lE
oltl
O11E
0L1Eo

0123
0135
0135
0135
0134
0136

Ga

a0

T
i

R3

59
&5
A3
#2

I8

F

a3
[N |
ag
ol
@3

FS

49
2R

DE
a0

EHE LOGF GO0 YO0 LOOF
ETS ELSE RETURM

FRKY A EA N AR VT KR IS V4 A XN KE K Ak
SWAF PTCLEFT)APTeRIGHT ) SUBROUTINE

LRSS AR E RIS AR IR ARARBLESIEEIEEE TS S S

Lbxn %03 SET X TO EACHANGE FOUR
Lz Lba FTL ¥ BYTE PAIRS

LDY FPTR.H

STY PFTL. W

STA FPTR. X

DEX

BFL L2 CONTINUE UNTIL FINISHED,

RTS . THEN RETURN

R T P P ET TS "
SELECT FUNCTIUN 21-58 SUBROUTINE

LEREEE SRS EREREEESEIREEEIEREIR LR RS ]

ORG $Q0ien

SELECT LD& $C0 STURE 11000000 TO ACCESS
STH SEGHNT CORRECT DATA SEGMEMNT
LOK® ¢07 SET X T0O TRANSFORM & BYTES
L3 LO#A SUEBKEY. Y GET EYTE
OfA SEGHNT ADJUST INDEX INTO SELECT
TaY TRANSFORM MATRIX
LOA ¢ SELDRT .Y GET MATRIX DATAH
AHD #0OF HASK HIGH NIBBLE
STA HOLC STORE TEWPORARILY
DEM GET NERT
L0A SUBLEYS, X BYTE
ORA SEGHNT ADJUST INDEX IHNTO SELECT
Tay TRANSFORM MATRIX
LD#A CSELDATY. Y GET MATRIX DATA
AND TFo MASK LOW NIBBLE
ORA HOLL COMBIME WITH PREVIOUS DATA
PHH AND PUSH ON STATK
LOA SEGHHT HDJUST POINTER INTO
SED CORRECT DATA
SEC §40 SEGHENT
STH SEGHHT
DEX COUTINUE UNTIL ALl
BFL L3 BYTES TRANSFURMED
LOX ¢oc
L4 FLA FULL FDUR BYTES FROM
STha TEMF. STACK AND PUT INTO
INZ TEMPCODX-TEMPC 3
CFY $04
BNE L4
RTS

Bk R KKk Ok R KKk KR RO R KK K K K
TFORM PERMUTATION SUBROUTINE

LR AL E R R R EZELER EELIESEIESEELE]

TFORM LDA POINT LOAD OLD FOINTER TO DATA USED

CLT BY TFORM. UPDATE POINTER
ADC $09 TO GET HEXT SET OF DaTA -
STA FOINT SOURCE ADDR, DEST ADDR,
TRY PERMUTE 4ARRAY aADDR. #BITS,
LDx s0B #UORDS, ARRAY LENGTH.

OtAn
O1AD
ClAfF
0161
0163
01B3
01Bs
01BS
01BE
olel
O1BF
oicCt
01C3
0iC3
OLCE
OiCE

OGZF
0039
o3
0032
3033
0034
0035
IV
0¢37?
ondt
0043
0045
0o47
[[LER]
0049
GOdA
o0dL
004E
0050
0031
0ws52
0053
0035
0057
0059
005A
0058
0¢s5C
O0SE
00460
0062
0063
9064
0065
[
0n69
CO6E
305C
IOy
005E
Qoo

95
LA
ta
e
30
Ad
55

Do

24

X

Ed

a5
a3
ot
ot

33
03
gl

a1

03

0
o0

L

(31
e
¢

ou
Qo
0z

o
(X%

YN

o0
<5

Lt

FIN

JSR TFORHN
LC® $03
LA FTL. X
EOR TEMP,Z
STe FTL. O
DEY

EFL L1
JSE SHHP
FEC LOQPLT
BMI FIH
LDA 11
ST FOINT
BNE L9

JSF SWaF
JSR TFOEM
RTS

(TR )
FRIGRAMN DATA
HAE R KR KR ARG A

PERFORM 'PERMUTE-P~
PERFGRM MOD 2 ADDITIOHN
OF PT(LEFT)> RND

FC PTC(RIGHTY )
STORE IN FTC(LEFT)

EXCHAMGE PTL AND PTR
DECREMENT LOOGP COUNT
EXIT IF DONE
ELSE ADJUST POINTER
FOGR TFOURM ROUTINE
AND CONTIMNUE

PERFORM 'BLOCK' TRANSFORM

PERFORM *IPCINYERSEY’
DES COHMPLETED

ADDR OF 31-53 DATA
BIT MASK TO FORCE ¢

BIT 1 MASK
BIT 2 #MAas3K
BIT 3 MARSK
BIT 4 MASK
BIT 5 MASK
BIT 6 MASK
BIT 7 MASK
BIT 8 MASK

IP DATA: SOURCE RDOUR
DEST ADDK
PERMUTE ADDR
-LENGTH
DEST BITS/UOKD
DEST & BYTES
PL-1 DATA:

PC-2 DATAH!

FERMUTE~F DATH:

IFCINVERSE) DATA:

Listing 1 continued on next page.



Listing 1, continued: ggig ii gg lf d; ;3 3“ ; ;T
& r- o= B 27
WBrE 40 02 1780 00 Q0 o0 00 20 2z 2z 22 PC~1 TABLE
Juid 3F 17588 2% 2% Za 2B 2C 20 ZFE =2F
0a7S RE 1?90 30 31 32 33 34 35 38 27
QoTE 07 1798 38 3% I3 3B 3IC 30 3E 3IF
VETT Ol 0 vz uvZ 02 pE ol o] SHIFTH UBTH FUR [PA0 oG d0 ou 0o 24 25 Ze 27
QOPF 02 ¢2 02 02 02 0z o0l ui C,D SHIFT 1788 1% 1% 1m 1B 1C 10 1E F
t?B0 1t 1t 12 13 14 15 16 17
oz2ae 38 3% 34 3B 3C 30 3IE 3F 1P TABLE L?Ed a% 09 on B oC op oE ©ofF
9298 28 2% 2w 2B ZC 20 2E 2F
02140 1S 1% 1k 18 1L 10 LE F G230 EF 03 44 FL DB 74 LE &7 SELDAT ¢SELECT 5i-58 DATA
0218 08 09 oem 08 ol oD oE &F 6308 26 EF FB 22 83 DS 354 1E
0220 40 41 42 43 34 45 48 47 G31¢ 3D Al KT 6w 52 L1 L0 Ba
0228 30 It 32 I3 34 35 3¢ IV 0318 5L 94 90 5% o5 3B Th B85
0230 2¢ 21 22 23 24 25 26 27 23za 4 F{ LE E% EV 5n 3B It
0238 1¢ 11 12 13 14 15 1g 17 n328 DPh 43 B4 SF 2D 4 Bl 72
2339 F5 3B L3 B6 3C 37 75 EL
Q249 DB OF va vE 09 ub 0% O( IPCINVERSE 5 TuBLE 03348 3% A0 w3 w3 32 sE 0F D9
0248 13 17 12 16 11 15 10 14 9340 a7 00 o0 T8 9E 0B K
¢259 (& (F 1a& 1E 13 10 1% i 0348 Bv 38 36 4F F3 su
0258 231 27 22 25 2t 25 2w 4 0350 11 24 D2 BT 0B 5%
0269 2B 2F 2A 2E 29 20 2% 24 9398 BE C1 4 Ba 24 FE
o268 33 37 32 35 31 35 30 24 B340 DA 13 me HF 43 Do
92?0 36 3F 3n 3E 33 3D 38 2{ u3e8 &1 e FB 91 37 30
VZTHE 43 47 42 35 41 45 e 43 3ty BF 49 t1 F4 23 ES
G378 55 BL me 57 E® 22
0280 24 oL 44 36 35 1s OF 34 PC-2 TABLE nIB0 20 E& C1 BF 44 24
U288 27 L 28 49 2e 20U o0& 3t 03YH 72 47 w2 VL Be D9
029y 25 {4 IF 1E oD T 48 z0 9390 J3¢ S5 SO ot 33 FO
0298 (v 2% 22 1B 38 41 ¢ 132 0393 DE 3o vl 9B ES 83
g2an 26 21 {A 3R 11 ZR Ju 29 Ulaw 49 B4 2E 3 AF L2
G2AB 23 1% % 0B 42 1Y ew 3t 028 AZ 1% DB ES PC 2F
G3BY F7? wB 9u FE C4 ol
9zB0 08 43 38 33 2B 23 2&8 &3 SELECT-€ TABLE 2388 &l A% 30 40 w8 953
02B8 {6 13 0B 42 0B 42 3In 3:Z w3ty 40 DL B2 oF 28 EO
0200 2R 22 A 22 1H L2 vk 4t BICH Fu 4R OF 93 &R 17
gerg dA 41 3% 3 29 21 29 Ii nipn 3 EL OS99 35 93 S&
0200w 19 11 19 40 ©9 40 35 3o 930§ 55 2¢ mu FE 60 29
G208 268 2¢ 28 29 18 j6 0% 43 n3EN LY 62 4B Bl B4 CE
93fE C2 14 30 44 "E w3
G2Ew nE 2t 1% 32 30 3T 2D 1k PERMUTE-P THELE UIfa A 3F Fa Su af 0N
B2EB 0% 1% 1€ 43 31 4z dv G3IFF oF ET 3 ¢% 9% 1.
- -
The CP/M Operating System now available
-
3
for Radio Shack’s TRS-80
CP/M OPERATING SYSTEM SID™ SYMBOLIC INSTRUCTION DEBUGGER
e Editor, Assembler, Debugger, and Utilities ¢ Symbolic memory reference
o For 8080 and Z-80 Systems ® Built-in assembler/disassembler
e Up to four floppy disks Si1D Diskette and Manual for $125.
e Documentation includes: TEX™ TEXT FORMATTER
CP/M Features and Facilities . ’
CP/M Editor Manual ¢ Powerful text formatting capabilities
CP/M Assembler Manual e Text prepared using CP/M Editor
CP/M Debugger Manual TEX Diskette and Manual for $125.
CP/M Interface Guide
CP/M Alteration Guide t"BGHTLEVEL LANGUAGES
CPIM System Diskelte and Documentation {Set . Fars{lc
of 6 manuals) for $150. . CO braln
CPiM Documentation (Set of 6 manuals) only cCOHO te for inf .
$25. all or write for information
MAC™ MACRO ASSEMBLER USER'S GROUP
e Compatible with new Intel Macro standard ¢ 35 disks with utilities, games and
. Comp_lete guide to Macro Applications appllcanons _ _
MAC Diskette and Manual for $150. o Call or wrile for information
FMG Kl i it : TR
P O Box 16020 e Forl Worth, TX 76133 & {817) 738-0251
CP M v cxgistered ttachimark ol [hgddr Resgarsn 2o TRS B0 s re guteeint POk of Rahio Shace
130 April 1972 © BYTE Publications Inc

Circle 136 on inquiry card.







Queuing Theory,

the Science of Wait Control

Len Gorney
POB 96 RD 1
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How many times have you waited in a
line? Do you always gel Lo a supermarket
checkout counter without having to wait?
Is the pump at the gas station always open
and ready for you as you drive into the
service area? It's difficult to imagine anyone
going anywhere and not having to wait in
aline.

Since we're computer oriented, let’s
define a waiting line by its proper name —
that is, a queue.

A queue is a waiting line contralled by
some service mechanism. A customer enters
a queue at the ta/f of the queue, waits in line
until he or she arrives at the head of the
queue, is serviced at the head of the queue,
and, finally, leaves the quete. At the super-
market a customer pushes a cart to one of
the lines formed at the checkout area and
waits in a linc until finally arriving at the
cash register at the hcad of that line. After
checking out the purchases, that customer
leaves the queuc.

Queue Examplcs

Other examples of queues can be found
in many areas of our everyday lives. The
supermarket checkout queue is a commercial
type of queuing system. Other commercial
queues include the bank teller queue, the
barbershop queue, thc gas station qucue,
etc. The field of transportation is not with-
out its share of queues: traffic lights, turn-
pike toll booths, airport runways, loading
and unloading docks are but a few examples.

Of course, we have personal queucs. How
about that shelf of books you're planning
to read some day?

Let's Have Order

A queue is defined as a waiting line, and
since a waiting line has both a beginning
(tail) and an end (head), a queue must also
have both these properties.

Part 1: Queue Representation

The head and tail idea implies that cus-
tomers entering (being inserted) or leaving
(being deleted) must follow a definite order-
ing scheme as members of the queue, This
ordering scheme is defined as the dispatching
discipline of the queue,

The wusual dispatching discipline of a
queue is known as first in first out or FIFO.
An orderly queue exhibits this scheme. The
first person entering the queue is the first
person to receive service, and the last person
entering the queue is the last person o
receive service. Any person entering after
the first but before the last must spend some
time waiting in the queue before service may
be rendered,

The first in first out discipline is but one
of many ordering schemes that queues
follow. Other servicing disciplines include
last in first out (eg: a stack of dishes), a
priority queue, and shortest line first or
longest line first {these are multiple queuing
systems and will be discussed later).

Queue Representation

How can we represent a queue as part of
a computer program? The following piece of
BASIC coding (a one-dimensional array)
could be used to represent a queue in a com-
puter program:

10 DIM Q(100).

A queue is nothing more than a special
purposc one-dimensional array. Just as the
ordinary one-dimensional array is repre-
sented as a single row or a single column
structure # locations long or deep, the queue
can be represented as a single row structure
n locations long.

Over and Under

When an array is dimensioned to 100
locations, the program cannot access the
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HEAD POINTER

TAIL POINTER

fa/

HEAD POINTER

TAtL POINTER

(v)

TAIL POINTER

HEAD POINTER

{c)

Figure 2: Circular queue in three states of use. Figure 2a is an empty queue, in which the head pointer and the tail pointer
point to the same location in the queue. Figure 2b shows a partially filled circular queue. The tail pointer moves ahead of the
head pointer as duta items are added to the queue. As an item is deleted, the head pointer moves towards the tail painter.
Figure 2¢ shows g fulf queue. In this state the tail pointer has caught up with the head pointer. Note that one location in the
guieue will be left empty. If this were not done, the next item added to the queue would make the head and tail pointers point

to the same location, which would seem to indicate that the queue was empty.
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because it is easier to output the queue dur-
ing cxecution of the program in a normal
left-to-right reading fashion.

The head (service facility arca) of the
queue of listing 1 is always at location Q(5),
The tail of the queue (the location in the
queue where items will be inserted) moves
from location 5 toward location 0 of array Q
as items are inserted into the qucue. When
items are deleted, the tail of the queue
moves from its present value toward loca-
tion 5.

The tail of the row queue is indicated by
a tail pointer (variable T). When T is 5 the
gueue is empty: that is, there are no items in
the queue. When T is O the queue is filled
to its capacity and no insertions can be made
without causing an overflow condition.

To simulate the action of a queue proper-
ly, listing 1 generates pseudorandom numbers
to determine queue insertion or deletion.
The importance of randomness in proper
queue operation is explained later.

Before you execute the program in list-
ing 1, run through its operations with pencil
and paper. This approach will show you how
the program will run before the actual
operation is simulated by the computer.
This method will also clarify the mechanics
of a simple row queue operation.

The Circular Queue

A major disadvantage of our simple row

gueue is the fact that items must be moved
toward the head of the queue after each
deletion. [Editor's Note: This is not true for
all implementations of a row gueue. Often,
the pointers indicating the head and tail of
the row queue are moved jnstead of ail the
data inside the queue. . . .RGAC/ The loop
in line numbers 1370 through 1400 of list-
ing 1 accomplishes this move. If we're trying
to represent a queue simulation fn a com-
puter program, why not use some program-
ming techniques to take advantage of
decreasing execution time and thereby elimi-
nate some of the unwieldy code?

The circular queue, figure 2, is also repre-
sented as a special purpose one-dimensional
array. The simple row queue has a pointer
to keep track of the location where the next
item insertion was to take place. The circular
queuc also has this tail pointer.

The difference between the row and
circular queue lies in the addition of another
pointer to indicate the location of the head
of the queue. The simple row queue always
has its head at the last available location of
the array Q. The circular qucue structurc
can have its head anywhere within the queue.

Circular Queue Representation

The circular gueue operates in the same
manner as the simple row queue. ltems are
still inserted into the location given as thc
tail point location of array Q.






Listing 2: BASIC listing for a circular queue simulfation. Lines 1900 through
2700 are the insertion routine; lines 2110 through 2270 are the deletion

routine. A sampfe run of the program is shown at the end of the listing.
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1000
1001
1002
1003
iolo
1020
1030
103t
1032
1033
1034
1040
1050
1051
1032
1033
1060
106}
l1os2
1063
1064
1065
1070
1080
1090
1091
1092
1093
1054
1100
tiio
1120
1130
1131
1132
1133
1140
1150

1151
1152
1153
1134
1155
1900
1910
1920
1930
1931
1932
1933
1934
1940
1950
1960
1970
1971
1972
1973
1580
1990
1991
1992
1993
2000
2010
2020

REM
REM
REM

REM
REM
REM
REM

REM
REM

RENM
REM
REM

REM

REM

REM
REM

RENM
REM
REM

REM
REM
REM
REM
REM

REM
REM
REM
REM

REM
REM
REM

REM
REM
RENM

DIM Q(5)
INITIALIZE QUEUE TO EMPTY STATE

FOR J2=1T05
QJ2) = =9
NEXT J2

IRITIALIZE HEAD AND TAIL POINTERS
TO HEAD OF QUEUE LOCATION

H=5

T=5

START OF MAIN SIMULATION LOOP
FOR J3 = 1 TO 10

GENERATE A RANDOM NUMBER TO DETERMINE
AN INSERTION WHMEN N <= 5
A DELETION WHEN N »= 6

N = INT ¢ RND (1) * 10 ) + |
IF N <= 5 GOSUB 1500
IF N »>= 6 GOSUB 2110

PRINT QUEUE CONTENTS
PRINT TAIL AND HEAD POINTER VALUES

FOR J4 = 1 TO 5
PRINT QCJA)3

NEXT J4

PRINT ™ TAIL AT"; T3 " HEAD AT"; H

END OF MAIN SIMULATION LOOP

NEXT J3
STOP

INSERTION ROUTINE

CHECK TAIL AND HEAD POINTER VALUES

IF K= T GOTO 1970
IF H < T G0TO 2030
IF T »= 1 GOTO 2030
IF H = 5 Q0TOo 2080

INSERT ITEM AT QCH)
SINCE QUEUE IS EMPTY

Qc5) = N
T:= 4

GOTO 2050

IF T <> 0 GOTO 2000

RESET POINTERS TO HEAD OF QUEUE

5
5

H
T

H o

CHECK IF @(T) EMPTY FOR POSSIBLE INSERT

IF Q(T) <> -9 GOT02080
H=3
T=3

nu

Listing 2 continued on page 140.
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The major difference is in the way which
the program controls the head location of
the queue. A new variable called H (for head
pointer) points to the array location which
holds the item ready for deletion.

An item is inserted into the gueue at the
location pointed to by the tail pointer. After
this insertion, the pointer is moved by onc
location in readiness for another insertion.
When an item is deleted, the head pointer
comes into play. In the simple row queue,
the head is always at the last available loca-
tion. In the circular queue, the head of the
queuc is defined by the value of the head
pointer variable H. After an item is deleted,
the head pointer is moved one location
toward the value of the tail pointer. In this
structure, data items remain stationary; only
the pointersvary, indicating relative positions
of the tail and the head of the queue.

This queue structure is clearly advan-
tageous when we're dealing with  long
queues. If a row queue is filled to its capac-
ity and an item is deleted, every remaining
item has to be moved one at a time toward
the stationary head of the row queue. The
circular queue moves the head pointer by
only one location, thereby cutting program
cxecution time,

The tradeoff is time versus space. The
circular gueuc program is longer than the
simple row queue; however, the time to
cxecute the circular queue routine is shorter
since the majority of code execution in the
simple row queue is during the moving of
the items after a delete operation.

In the circular queue, the tail pointer
chases the head pointer during insertions.
During deletions, the head pointer chascs
the tail pointer.

When the circular queue is filled to
capacity, the head and 1ail pointers are at
adjacent locations. No more items may be
inserted simply because there is no more
available space to fit an item into the queuc.
An overflow condition occurs if an insertion
is attempted on a filled queue.

An underflow occurs when the quecue is
empty and a dcletion is attempted. An
emply circular queue is one in which the tail
and the head pointers are at the same loca-
tion in the array Q.

The program given in listing 2 simulates
a circular queue. Again, a pencil and paper
method of initial execution may prove help-
ful. After the mechanics of this structure are
understood, then execute the program.

This completes our discussion of two
different types of queues and their repre-
senlation in a computer. In part 2 we will
consider queues in the world around us
and fit them into the structures alrcady
developed.






Circle 382 on inquiry card.

Listing 2, continued:

2021 REM
2022 REM NORMAL TAIL INSERTION
2023 REM
2030 QT = N
2040 T = ; -1
2050 PRINT *
The PERKIN-ELMER BANTAM 2060 PRINT "ARRIVAL"
q 2070 RETURN
2080 PRINT = =
4%;4( 2090 PRINT *OVERFLOW"
\\\ég, 2100 RETURN
2101 REM
2102 REM DELETION ROUTINE
2103 REM
, $799.00 2104 REM CHECK POINTER VALUES FOR POSSIBLE DELETE
All the Features of the 2}?5 REM FH =T GOTO 21
Hazeltine 1400 & LSI ADM-3A Zl2e  Irn g 30T 2120
aze 2120 IF H > 0 GOTO 2190
Plus 2130 H=5
Upper/Lower Case Tab Tunction 2140 GOTO 2180
7 x 10 Char. Matnx Backspace Kay 2150 IF H <> 0 GOTO 2180
White ar Black Char Shiftlock Key 2160 Hz 5
Transparent Mode Print Key 2170 T=z5
Integrated Numeric 2171 REM
Pad
2172 REM DELETE FROM QCHY IF QCH) HAS AN ITEM
$41.67 per montn 2173 REM ELSE, QUEUE IS EMPTY, I,E, UNDERFLOW
2174 REM
Lease-Purchase 2180 IF QCH) = -9 GOTO 2240
: 2190 QU = =9
2200 Hz H=1
2201 REM
$1095.00 2202 REM RESET POINTERS FOR NEXT DELETE
2203 REM
TELETYPE 2210 IF H <> 0 GOTO 2260
MODEL 43 2220 H=5
KSR with R$232 2230 RETURN
10 or 30 CHAR/SEC 2240 PRINT = "
132 COLUMNS 2250 PRINT *UNDERFLOW"
UPPER/LOWER CASE 2260 RETURN
2270 END
USR-310
Originate RUN
S Acoustic L
149.00 cCoupler ARRIVA
0-300 Baud Stand Alone -9 =9 =9 =9 3 TAIL AT 4 HEAD AT 5
Crystal Controlled USR 3388232 ARRIVAL
R- -9 =9 =9 2 3 TAIL AT 3 HEAD AT 5
Originate
Auto-Answer
ARRIJAL, 5 3 TAIL AT 2 HEAD AT 5

$324.00 Modem
FCC Certified for Direct Connection =9 =9 4 2 -9 TAIL AT 2 HEAD AT 4
to Phone Lines

USR-320 Auto-Answer
Only Modem  $299.00 -9 5 4 2 =9 TAIL AT 1 HEAD AT 4
AllUnitsinclude a 120 d anty
Opllongilf:"la[:r:tgn:ri:e pac;;gv;zr\;::m\me ARRIVAL

ARRI VAL

Any Product may be returned 5 5 4 2 -5 TAIL AT G HEAD AT 4
within 10 days for a full refund. ARRIVAL

3 5 AIL AT EAD AT
U.S. ROBOTICS, INC. 4 2 1 TAIL AT 4 HEAD AT 4
1D35 W, LAKE 8T. OVER FLOU

CHICAQO, ILL. 606D7
3 5 4 =9 1 TAIL AT 4 HEAD AT 3
Sales {312) 733-0497
General Offices  (312) 733-0498 ARRIVAL

Service (312) 733-0499 3 5 4 3 | TAIL AT 3 HEAD AT 3 4
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Cryptography

Sonior Comtting e Part 2: Using the Pocket

GE Company
Court St Bidg 4, Rm 38A
Syracuse NY 13221

J field index: 1 2 3 4 5 6 - - - - -} - - - - - Nc

Pj {plaintext}: MAY UP

encipher

decipher

|
M field index: 1 2 3 4 5 6 - - -« . m- - - « +« Nc

Cm iciphertext): E B8 A E Y E - .-

Table 8 A transposition mode operation using program Crypto. In this
example the number displayed by the calculator (J.M) is 6.002. When enci-
phering, this means that the character in position 6 of the plaintext is placed
in position 2 of the ciphertext. If this were deciphering, the character in posi-
tion 2 of the ciphertext would be placed in position 6 of the plaintext.

Alphabetical Numerical
Order Order
{1 {2) (3) (4)
A 07 01 F
B 02 02 B
c 26 03 T
D 23 04 L
E 08 05 2
F 01 06 X
G 09 07 A
H 13 08 E
| 1 09 G
J 15 10 Y
K 20 11 |
L 04 12 Q
M 22 13 H
N 14 14 N
o] 16 15 J
P 19 16 (¢]
Q 12 17 S
R 25 18 w
S 17 19 P
T 03 20 K
U 21 21 U
1 24 22 M
w 18 23 D
X 06 24 \%
Y 10 25 R
Z 05 26 C

Table 9: Mixed alphabet used in the examples. Column 2 was derived from
program Crypto using values of A: 0.5, 1.625, 3.725, 26 and R/S:0.
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As mentioned in part 1 of this article
(March 1979 BYTE, page 56), a field cipher
is a technique for encoding plaintext so that
it can be casily decoded with pencil and
paper (or calculator) in the field, so Lo speak.
The calculator program of listing 1 when
used with the procedures described offers
the user an cffective field cipher capability.
Unlike most field cipher machines, which
perform substitution only, the program
Crypto (listing 1) offers both transposition
and substitution. The transposition cpera-
tion is mandatory and provides the main
strength of the cipher. Substitution may be
added for further protection if desired. The
basic principles of operation are first de-
scribed, including detailed instructions lor
usage. Following this, a discussion ol pro-
gram organization is given,

Since Crypto performs both transposition
and (optionally) substitution, a transposition
table and substitution key are involved in
the processing of cach character, 1t is con-
venient to define a few terms:

Na — alphabet size {no practical
limit);

Nc — number of characters in mes-
sage (300 maximum);

| — plaintext character position
(1,2,..., Nc);

M -~ ciphertext character position
(1,2, ..., Nc);

P - plaintext character

_ (A,B,C,...;

P — plaintext character value,

C - ciphertext character

(A,B,C,...);

ciphertext character value;

— key value used in substitution
process.

el
!

The program uses a random number gen-
erator which must be initialized with a seed,
RO, and two parameters, Al and AZ2. These
three numbers plus the character count are
entcred into the stack, after which A s
depressed. One more number compleles the
entry, after which R{S is depressed. The



in the Field
Calculator

demonstration numerical key is: R0 = 0.5;
Al =1.625;and A2 =3.125,

Transposition Only Mode

The character manipulations for trans-
position only are illustrated in table 8.
The top two rows, an index row and a
plaintext character row, arc concerned
with plaintext. The bottom two rows are
ciphertext index and ciphertext. Each time
Crypto is cycled, a pair of integers is dis-
played in the format:

|.M

and are interpreted in the enciphering opera-
tion as “plaintext character from position |
goes Lo ciphertext position M. Number | is
simply indexed every cycle (1, 2, ..., Nc).
Cryptlo produces the M values randomly in
the range 1 to Nc with no repetitions (trans-
position table). For the cycle illustrated in
table 8, the display shows 6.002, which
requires that the B from ) = 6 be moved to
M = 2. By this means the plaintext characters
are reordered in a random fashion to form
the ciphertext.

The deciphering operation works in an
ubviously reverse fashion. The displayed
J.M is read as “ciphertext characler at posi-
tion M goes Lo plaintext position ]."" Thus
in table 8 6.002 would return the B from
ciphertext position 2 to the correct plaintext
position 6,

Mixed Alphabet Generation

H the optional substitution operation is
to be added o the transposition operation,
numerical equivalence for each character of
the alphabet must be established. In the dis-
cussion which followed the Vigenere Tableau
method {March 1979 BYTE, page 57, table
3), an ordered alphabet was used in which
the numerical values ran, in order, from
0 10 onc less than the alphabet size (Na -1).
In the work which follows, two changes are
made. The numerical equivalents are moved

Location Keys
o1 (ieta) ((fereG) (tpss ) (s103 ) (s104 ) (( hRI )
07 (stoz ) ("Rt ) (Cstoi ) (CnRr ) (Cstoo ) ((ST0A)
13 C ris ) Chrero) (Cix<02 ) (Chsro ) (Cnass ) ((stoc )
19 Cherr ) (Cix=02) (Cnsk1 ) (Crrix ) (2 ) (CEnti )
25 (2 > C 9 ) (Cnye ) (Csmoe ) (1) (st08)
31 Cner )y (5 ) (o ) (Cstos ) (1Bs ) ((rea)
37 (iesee ) (s109) C 3 ) (C o ) (Csoe) C =)
43 Cnt ) (Cstor) C v ) Ce ) C = Cers)
49  nsti )y (rews ) (mrewd ) C - ) (res ) (CRCLY )
ss () ) C2 ) Coey) Cy* ) Csto1)
61 Creutn )y (Chxwy )y (2 ) (efRac) (- O (5 )
67 Co>vi )y (Cem0s) (v ) (105 ) ((RCLs ) ((tx#02)
73 (G105 ) (B2 )y (Rc3 ) ((fGseE ) (st09 ) 1 )
79 (e ) ( pst )y (RCLi ) (Cstos ) (CRcLE ) ( sT07 )
85 (s ) (Crees ) (ReL7 ) (Cexy? ) (G706 ) (5708 )
91 (B )y (v )y (reug ) (ax=v?) (Go7 )y (2 )
97 (svo:7 ) ((eto3 )y (Cier ) (Cmsz ) (reLi ) ((st08 )
103 (mreLte ) (Cst07 )y (Gro3 ) (nete ) (ReLo ) (fx=07)
109 (gree ) (1 ) (st08) (Grog) (B y (2 )
115 (s10:7) (Cues) (reez) (stov) (2 ) (C o )
121 Chrat ) (C -- Y (C 3 > (o O x )(Crar)
127 Cen ) (2 ) v ) (= C ) ()
133 C + YCant )Y C - ) EEX C 3 YO ==
139 (rewe ) C + )y (sto5) (Cosea ) C RrRis ) ( nEnr )

Entries:

% AD, A1, A2, Nc
R/S: Na

Na=0 transposition only,
Na#0
+MNa
-—Ma

encipher
decipher

Registers:

Rj

A1
A2

S

Nc
utility
J
utility
utility
R

e
wn
©

M.field bit storage
Raj
not usad
MNa
not used
29

2

MOODBPLOELOT A0

transposition and substitution

Listing 1 continued on page 152.

Listing 1: Crypto program written for
the HP 67. This program performs
encryption and decryption functions
by transposition and substitution as
described in the text. The value of Nc
must be less than or equal to 300
and the value of Na must not exceed
999. Flag FO has two states: true for
decipher and false for encipher mode.
Flag F1 is true when only trans-
position mode is wanted and false
when the dual transposition and sub-
stitution mode is used. Flag F2 is used
in the random number generation
loop.
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to the range of | to the alphabet size for
user convenience only. Secondly, a mixed
alphabet is recommendcd, such as that
shown in table 9. This type of alphabet is
no harder to use and offers an increase in
security over the ordered alphabet.
Generation of such an alphabet is trivial,
Columns 1 and 3 arc prepared first, Program
Crypto is then run in the transposition only
mode with a character count equal to the al-
phabet size. The M values generated are cop-
icd into column 2; the | index corresponds 1o
column 3. The data thus formed in columns
I and 2 permits column 4 Lo be filled in.
Table 9 allows convenient alphabelic-to-
numeric  conversions (columns 1,2} and
numeric-to-alphabetic {columns 3,4},

Dual Mode Operation

Table 10 illustrates the situation in which
substitution is done in addition to trans-
position. Note that a plaintext numerical
value row has been added to the plaintext
section and a ciphertext numerical value row
has been inserted into the cipherlext section,
The Pj row is Tilled by use of columns 1 and

J field index: 1 3 4 5 6 7 - i oo N
Pj iplaintext): S A L E P R I
Fj (plaintext value): 17 07 04 08 19 28 11
encipher J
Cm = Pj+Kj(MOD Na), encipher
Pj = Cm — KjlMOD Na), decipher
J I decipher
M field index: 1 2 3 4 5 6 7 e m ----- Me

Cm {ciphertext value): 09

Cm {ciphertext): G

24
\

22 20 17 23 05

M K § D 2

Tuble 10: An example of the dual mode operation of program Crypto, which
performs transposition and substitution. To encipher the examplie shown, the
calcutator first displays a |.M number. In this case it is 7.002. The user then
enters the plaintext value (Pj) or 11. The calculator then displays 7.002024 in
the form | .M Cm. This values means that the character which was in the
seventh position of the plaintext s moved to the second position of the
cipher text and given a value of 24. The value 24 is then given the alphabetic
equivalent or V. When deciphering, the calculator again displays a value in
the form .M. Again it will be 7.002. The user then enters the value of the
ciphertext (Cm), which is in position 2. This number happens to be 24, the
vafee_of the letter V. The calculator then displays a number in the form of
/.M B, or 7.002011 for the example. This instructs the user to transfer the
number that was in position 2 to position 7 and give it a vafue of 11, This
valtie is converted into the equivalent alphabetic or 1.

Either of these processes is repeated for the entire plaintext or codetext
unlil the entire message is decoded or encoded.
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2 of 1able 9. Each Crypto cycle now has two
parts, In the first part the machine halts with
J.M in the display, as before. The user then
enters the plaintext (Pj) value (11 for | in
this case) from the plaintext value row and
depresses R/S. The machine will perform the
appropriate addition (modulo Na) and halt
showing:

|.M Cm.

For the table 10 example the display would
show:

7.002024.

The user then places 24 in position 2 of the
ciphertext value (Cm) row and depresses R/S
for the next cycle. Columns 3 and 4 of table
9 may be used later to convert the character
values to cquivalent characters Cm.

In the deciphering operation one starts
with the ciphertext and obtains the Cm
values from table 9. During the ).M halt in
the Crypto cycle the user enters Cm {24
from position 2 in the 7.002 example) and
depresses R/S. The subtraction operation
{modulo Na) is performed and the result is
shown as:

.M Pj;
which would be:
7.002011.

This directs that 11 be placed at position 7
of the Pj row which is thus filled and later
converted to character equivalents to com-
plete the deciphering operation,

In actual usage a single index row may
serve for both | and M. However, one may
wish (o record M of the displayed |.M pair
as a record of the transposition operations.

Detailed Instructions and Examples

Tables 11 and 12 give detailed instruc-
tions for the use of Crypto in the transposi-
tion only mode. Tables 13 and 14 give
instructions for operation in the dual (trans-
position and substitution) mode.

These tables contain 10 character exam-
ples using the demonstration message and
demonstration key. The complete demon-
stration message processed by transposition
only {table 11) using the demonstration key,
becomes:

(A: 0.5,1.625,3.125, 40 R/S: 0)

EBAEY
I PDEO

ECNTM
RRYPP

Text continued on page 150.









Look for Personal Software™ products at the dealer nearest you!

ALABAMA

BYTE SHOP

Huntswille, AL 35805
COMPUTERLAND

Huniswil e AL 35805

THE LOGIC STORE

Opefika AL 36801

ALASKA

ALPHA ELECTRONICS
Anchorage AK 9403

ARIZONA

PERSOMAL COMPUTER PLACE
Mesa AZ B5202
COMPUTERLAND OF PHOENIX
Phocrms AZ B5036

COMPUTER SHOWRODOM
Tucson, AZ 85710

ARKAMSAS

COMPUTERLAND

Lnlie Reck AR 72212
DATACOPE

Little Rack AR 72204
CALIFORNIA

JAY-KEAN ELECTRONICS
Bakersheld, CA 93305

BYTE SHOP

Buthank CA 91506

BYTE SHOP OF SACRAMENTO
Crirus Heights, CA 95610
COAST COMPUTER CENTER
Costa Mosa, CA 92627

CAPITOL COMPUTER SYSTEMS
Davss CA 95616
COMPUTERLAND SAN DIEGO EAST
El Cajon CA 92020
COMPUTERLAND OF EL CERRITO
Ef Cernio. CA 94530

BUSINESS ENHANCEMENT
COMPUSERVICE

Esconddo. CA 92027
CHANNEL DATA SYSTEMS
Golela, CA 93017

RAINBOW COMPUTING
Granada Hills CA 91344

JADE COMPUTER PRODUCTS
Hawrharne CA 80250

BYTE SHOP OF HAYWARD
Hayward, CA 84541
COMPUTERLAND OF HAYWARD
Hayward, CA 94541
COMPUTERLAND OF WEST L A
lngicwrod, CA 90302
COMPUTERLAND OF SOUTH BAY
Lawndale. CA 90260

AVIDD ELECTRONICS

Long Beach CaA 90815
COMPUTERLAND

Los Ailos, CA 94022

BY¥TE SHOP

Mountain View CA 94040
HOBBY WORLD ELECTRONICS
Norinndge, CA 91324
COMPUTERS-MADE-EASY
Palmdate. CA 93550

BYTE SHOP OF PLACENTIA
Placenha, CA 92670
COMPUTERLAND

San Bernacino, CA 92404
COMPUTERLAND OF SAN DIEGO
San Diego, CA 92111
COMPUTER MERCI4ANT

San Diega, CA 92115
COMPUTERLAND OF

SAN FRANCISCO

San Francisca, CA 94105

VIDED GAMES & COMPUTERS
San Francisco, CA 94118
COMPUTERLAND OF SAN JOSE
San Jose. CA 95129
COMPUTERLAND |Centraly

San Leandro CA 94577

GYTE SHOP

San Lo Cspo, CA 93401
MARIN COMPUTER CENTER
San Ratacl CA 84903

ADVANCED COMPUTER PRODUCTS

Sania Ana CA 92705

BYTE SHOP

Santa Clara, CA 93U5Y
COMPJUTER FORUM

Santa Fe Spnngs. CA 90670
THE COMPUTER STORE
Santn Momca CA 90401
SANTA AQSA COMPUTER CEMTER
Sanra Rosa, CA 95404

BYTE SHOP

Swsum CA 3585
COMPUTERS PLUS
Sunnyyale CA 94087

BYTE OF OF TARZANA
Tatsara CA 91356
COMPUTERLAND OF
THOURARD OAKS
Thausang Oaks C& 91360
SMALL SYSTEM SOF TWARE
Thopsind Oaks CA 91360
COMEUTER COMPONENTS
VAo Moy GAGLIT
COMFUTEREAND

Walnul Cooek CA GI59E
BYTE SHOP

Wistmnatoe DA GRRAT
COMFLTER COMPONENTS OF
ORANGE COUNTY

Vs imnnsline A QRRAT

Circle 302 on inquiry card.

COLORADO

BYTE SHOP

Boulder, CO 80301
COMPUTERLAND

Colorado Springs. CO 80917
AMPTEC

Denver CO 80218
COMPUTERLAND

Denver. CO B0222

BYTE SHOP

Engiewood CO 80110
MICRO WORLD ELECTRONIX
Lakewood, CO 80226
CONNECTICUT
COMPUTERLAND OF FAIRFIELD
Fairhield. CT 06430

JRY COMPUTER STORE
HMamden CT 06518

THE COMPUTER STORE
Hartford, CT (6103

THE COMPUTER STORE
Windsor Locks, CT 06096
WASHINGTON D.C.
COMPUTER CABLEVISION
Washington, D C 20007
FLORIDA
COMPUTERLAND

Boca Raton, FL 33432

THE COMPUTER STORE
Bradenton, FL 33505

THE COMPUTER STORE
Clearwater, FL 33516
UCATAN

Desun, FL 32541

BYTE SHOP

Fort Lauderdale, FL 33334
COMPUTERLAND

Fori Lavderdale, FL 33308
COMPUTERS FOR YOU
Fort Lavderdale FL 33312
DATA MOVERS

Fort Meyers, FL 33801
FOCUS SCIENTIFIC ENTERPRISES
Miarmi, FL 33132

GRICE ELECTRONICS
Pensacola, FL 32589
COMPUTER AGE

Pompano Beach, FL 33082
PAPERBACK BOOKSMITH
Sarasota. FL 33581

AMF ELECTRONICS

Tampa FL 33612

MICRO COMPUTER SYSTEMS
Tampa FL 33609
COMPUTER CENTER OF
PALM BEACHES

Wes! Palm Brach, FL 33409
GEORGIA

ADVANCE COMPUTER TECH
Allanta GA 30328
COMPUSHOP

Atlanta. GA 30342
DATAMART

Atlamta, GA 30305

THE LOGIC STORE
Columnbus. GA 31806
COMPUTERLAND OF ATLANTA
Smyrna, GA 30080

HAWA{I

COMPUTERLAND
Honolul, Hi 96813
MICROCOMPUTER SYSTEMS
Honolulu, HI 96813

RADIO SHACK (Dealer)
Libue HI 96766

IDAHOD

NORTHWEST COMPUTER CENTER
Boise, 1D 83704

ILLINOIS

COMPUTERLAND OF
ARLINGTON HEIGHTS
Arlinglon Hewghts 1L 03904

FARNSWORTH COMPUTER CENTER

Aurora, W 60505

KAPPEL'S COMPUTER STORE
Beleville 1L 62220
DOW-COM

Carbondale 1L 62901

BYTE SHOP

Champagn, IL 61820

THE ELEKTRIK KEYBOARD
Chicago, IL 60614
EMMANUEL B GARCIA R
AND ASSOCIATES

Chicage, IL 60613
PERSONAL COMPUTER
Chicago. IL 81820
COMPUTERLAND

Downers Growe, It 60515
COMPUTER STATION
Granite Ciy, IL 62040

ILLING MICROCOMPUTERS
Napervaile [ 60540
COMFPUTERLAND OF NILES
Nites 1L 60648
COMPUTERLAND

Oak Lawn L 60453
COMPUTERLAND QF PEORIA
Prona L 81614

WALLACLE FLECTRONICS
P 1 GG

DATA NOMAIN

Srhaumhurg 1L A0195

INDIANA

DATA DOMAIN OF FORT WAYNE
Fort Wayne, IN 46805

HOME COMPUTER CENTER
ingranapotis IN 46220
PUBLIC COMPUTING
Latayene. tN 47904

I1OWA

SYNCHRONIZED SYSTEMS
Des Momes. 1A 50310

THE COMPUTER CENTER
Waterloo. 1A 50701

KANSAS

PERSONAL COMPUTER CENTER
Overland Park. KS 66208
COMPUTER SYSTEMS DESIGN
Wichita, KS 67214

LOUISIANA

COMPUTER SHOFPE

Metave. LA 70002

MARYLAND
COMPUTERLAND

Rockwville. MD 20855
COMPUTERS ETC

Towson. MD 21204
COMPUTERS UNLIMITED
Towson, MD 21204
MASSACHUSETTS

THE COMPUTER STORE
Buriington, MA 01803

THE COMPUTER STORE
Cambnidge. MA 02139

MAD HATTER SOFTWARE
Dracul MA 01826

NEW ENGLAND ELECTRONICS
Springhie!d, MA 01103
MICHIGAN

NEWMAN COMPUTER EXCHANGE
Ann Arbor. MI 48104

NEW DIMENSIONS IN COMPUTING
East Lansing, M 48823
COMPUTER HOUSE DIV
Jackson. M1 249202
COMPUTERLAND OF

GRAND RAPIDS

Kentwood Mt 49508
COMPUTRONIX

Midland, MI 48640
COMPUTER MART OF ROYAL QOAK
Royal Oak. M1 48073

TRI CITY COMPUTER MART
Saginaw, MI 48603
COMPUTERLAND

Southtield, MI 48034

LEVEL FOUR PRODUCTIONS
Westland, MI 48185
MINNESOTA
COMPUTERLAND
Bloomington MN 55431

MINN MICRO SYSTEMS
Minneapohs. MN 55454
MISSISSIPPI

OXFORD SOFTWARE CO
Oxford MS 38655

MISSOUR!

FORSYTHE COMPUTERS
Clayton, MO 63105
COMPUTER COUNTRY
Flonssant. MO 630214

NEVADA

HOME COMPUTERS

Las Vegas. NV 89109

NEW HAMPSHIRE

TRS-80 SOF TWARE EXCHANGE
Milford, NH 03055
COMPUTERLAND OF NASHUA
Nashua, NH 03060

BITS, INC

Peterborough, NH 03458

NEW JERSEY

COMPUTER LAB OF NJ

Budd Lake, NJ 07828
COMPUTER EMPQRIUM
Cherry Hili, NJ 08002
COMPUTER MART OF NJ
tsehin, NJ 08B30

MSM ELECTRONICS

Medlorg NI 08055
COMPUTERLAND

Morristown NJ 07960
COMPUTERLAND

Paramus NJ 07632
COMPUTER NOOK

Pine Brook, NJ 07058
COMPUTER ENCOUNTER
Prnceton NJ 08540
TYPTRONIC COMPUTER STORE
Ramsey NJ 07448

NEW YORK

COMPUTERLAND

Buflalo NY 14150
COMPUTERLAND

Carle Place NY 11514
COMPUTER SHOP OF SYRACUSE
De Wit NY 13212

THE COMPUTER TREE
Endwell NY 13760

LONG ISLAND COMPUTER
GENERAL STORE

Lynbhrook NY 11563
COMPUTER MICROSYRTEMS
Manhasset NY 11030

THE COMPUTER FACTORY
Mewe York, NY 10017

COMPUTER MAHRT OF NEW YORK
New York, NY 10016
AUTOMATIC SYSTEMS
Poughkoepsie, NY 12603
COMPUTER HOUSE
Rochester, NY 14609

THE COMPUTER STORE
Rochester, NY 14618

HOME COMPUTER CENTER
Rochester, NY 14607

THE COMPUTER CORNER
White Plains NY 10601
READOUT COMPUTER STORE
Willlamswille, NY 14221
NORTH CAROLINA

BYTE SHOP

Charlotte, NC 28212
COMPUTERLAND

Chartotte. NC 28205
FUTUREWORLD

Durham, NG 27707

BYTE SHOP

Greensharo NC 27401
MICROCOMPUTER SERVICES
Hickory, NC 28601

BYTE SHCP OF RALEIGH
Raleigh. NC 27605

OHIO

BASIC COMPUTER SHOP
Akron, OH 44314

CINCINNATI COMPUTER STORE
Cincennalti, OH 45246

21ST CENTURY SHOP
Cincinnali. OH 45202

CYBER SHOP

Cotumbus, OH 43227

MICRO MINI COMPUTER WORLD
Cotumbas, OH 43213
COMPUTER SOLUTIONS
Dayton, OH 45408

DAYTON COMPUTER MART
Daylon, O+ 45409

ASTRO VIDEQ ELECTRONICS
Lancaster, OH 43130
COMPUTERLAND OF CLEVELAND
Maytinld Heights, OH 44121
RADIO SHACK (Deater)

St Clatrswille. OH 43350
OKLAHOMA

HIGH TECHNOLOGY
Oklahoma City, OK 73106
MICROLITHICS

Onlahoma City. OK 73127
HIGH TECHNOLOGY

Tutsa. OK 74129

OREGON

THE COMPUTER STORE
Corvailis. OR 97330

CAMERA AND COMPUTER
EMPORIUM

Portland, OR 87205
COMPUTERLAND OF PORTLAND
Tigart, OR 97223
PENNSYLVANIA

BYTE SHOP

Bryn Mawr, PA 19010
PERSONAL COMPUTER CENTER
Frazer. PA 19355

COMPUTER AID

Latrobe, PA 15650

THE COMPUTER WORKSHOP
Murryswille, PA 15668

RADIO SHACK (Deater)

North Wales, PA 13454

A 8 COMPUTERS

Perkasie. PA 18944
MICROTRONIX

Priladelpma, PA 19106
SOUTH CAROLINA

DATA MART

Greenville, SC 29607
TENNESSEE
MICROCOMPUTER STORE
Knoxwile, TN 37919
COMPUTER LABS OF MEMPHIS
Memphis TN 38117

DOC'S COMRUTER SHOP
MNashwlle TN 37211

TEXAS

COMPUTERLAND OF AUSTIN
Austin, TX 78757
COMPUSHOPR

Dallas, TX 75243
COMPUTERLAND

Danlas, TX 75231

KA ELECTRONICS SALES
Dallas. TX 75247

COMPUTER TERMINAL

El Pasc. TX 79901

RAM MICRO SYSTEMS

Furt Wonh TX 76116
COMPUTERGRAFT

Houston TX 77083

COMPUTERLAND OF HOUSTON BAY

Houstan TX 77058
NEIGHBORHOOD COMPUTER
tubhock TX 79401
COMPUTER PATCH OF SANTA FE
Oefrssa TX 79762
COMPUSHOP

Ru hargson TX 75080

THE COMPLUITER SHOP

Sue Antones, TX TB21R
COMPUTER SOLUTIONS

San Antome TX 78220

WICHITA COMPUTER SYSTEMS
Whchita Falls. TX 78301

UTAH

ADP SYSTEMS

Legan UT 84321

THE HI-FI SHOP

Salt Lake Cily. UT 84117
VERMONT

COMPUTERMART

Essex Junchon VT Q5452
VIRGINIA

COMPUTER HARDWARE STORE
Alexandra VA 22314
COMPUTERS PLUS
Alexandna, VA 22304

COW INC

Blacksbuwrg, VA 24060

HOME COMPUTER CENTER
Newpnrt News YA 23606
COMPUTER TECHNIQUES
Richmaond, VA 23235

THE COMPUTER PLACE
Roanoke. VA 24015
COMPUTER WORKSHOP
Springhieid. VA 22151
COMPUTERLAND

‘enna. VA& 22180

HOME COMPUTER CENTER
Wieginia Beach, VA 23452
WASHINGTON

OMEGA NORTHWEST
Bellevue, WA 98004
COMPUTERLAND DOF SOUTH
KING COUNTY

Federal Way, Wa 38003

YE OLDE COMPUTER SHOPPE
Richland, WA 39352

THE COMPUTER SHOPPE
Seattle. WA 98115

EMPIRE ELECTRONICS
Seattle. WA 38166
PERSONAL COMPUTERS
Spokane, WA 99202
COMPUTERLAND

Tacoma, WA 98499
WISCONSIN

BYTE SHOP OF MILWAUKEE
Greenheld, Wi 53227
COMPUTERLAND

Madison, Wt 53711

MADISCGN COMPUTER STORE
Madison W 53711
COMPUTERLAND

Milwaukee, Wi 53222

FOX VALLEY

COMPUTER STORE

Neenha. Wi 53956
AUSTRALIA

ELECTRONIC CONCEPTS P™Y LTD
COMPUTERLAND

Sydney. N SW

CANADA

COMPUSHOP

Calgary, Alberta T2N 2A4

THE COMPUTER SHOP
Calgary. Alherta T2T 479

TR MICROSYSTEMS
Edmorntoen Alberta T50 QHS
COMPUTER CITY

Winnepeg Maritoba R3P 0HE
COMPUTERLAND

Winnepeg Manitaba R3G OMB
INTERACTIVE COMFUTER SYSTEMS
Frederickton, New Brunswick
MINICOMP SYSTEMS
Hahfax. Nova Scotm B3K 2GT1
KOBETEK SYSTEMS
Wollville. Mova Scolra BOP 130
LYNTRONICS

Downswvigw, Oniano M2J 2WE
COMPUTER CIRCUITS
Londen, Ontary MEA 3H2
COMPUMART

Otawa. Onlano K24 112
COMPUTER INROVATIONS
Onawa. Onlano X 18 448
RICHVALE TELECOMMUNICATIONS
Richmond Hill Ontara

THE COMPUTER CENTRE
Sarna, Ontano N7T 164
COMPUTER MART

Toronte Omiaag MG 38%
THE COMPUTER PLACE
Tatonto Ontaric MW 121
COMPUTER SPECIALIST
Toronto Ontano MAK 1E7
HOUSE OF COMPUTERS
Toronto Oatano
MARKETROMN

Taronta Omano
MICRO-WARE

Tarordo Ontano MAE 3137
COMPUCENTRE

Manteal Quebec HYJ 174
FUTUR BYTE

Monteeal Quebec HIB 3CA
CUSTOM COMPUTING SERVICES
Siskatoon Sasxatchewan 57K 2fis
DIGITAL SERVICE

Saskatoon Sasaatchewan 570 349
PUERTQ RICO
MICROCOMPUTER STORE
Rin Pietdeas PR 00921

PLUS 17 DEALERS IN EUROPE!
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Prepare table as example table 11b shows and enter plaintext Pj. (11a)
Switeh calculator 1o RUN and ON.

Load program. .

Input data Rg, A4, Ay, Ne. Follow each entry except the last with ENT?. Press A.
input data 0.

Depress R/S to start program.

Calculator will stop with a number in the form J.M. Copy plaintext character at
position J to ciphertext position M,

Depress R/S and return to step 7.

Repeat the steps 7 and 8 loop. Pressing R/S after character Nc will cause the
ERRQCR sign to flash, When flashing stops, press R/S one time.

If program is to be restarted, return to step 4.

Enciphermant Exampla (11b)
J.M 01 02 03 04 0s 06 07 08 09 10
Pj M A Y U P B | D P R
Cm A B M P D i P R U Y

Table 11: Crypto instructions for enciphering in the transposition only mode.
The key is A:0.5, 1.625, 3.125, 10 R/S: 0.

N

SO W woesWN-—

s

Prepare table as example table 12b shows and enter ciphertext Cm. (7 2(1)
Switch calculator to RUN and ON.

Load program.

Input data Rg, Aq, Ay, Nc. Follow each entry except the /last with ENT1. Press A.
Input data 0.

Depress RIS to start program,

Caleutator will stop with a number in the form J.M. Copy ciphertext character at
position M to plaintext position J.

Depress R/S and return to step 7.

Repeat the steps 7 and 8 loop. Pressing R/S after character Nc will cause the
ERROR sign to flash. When flashing stops, press R/S one time.

If program is to be restarted, return to step 4.

Decipherment Example (12b)
J4.M 01 02 03 04 05 06 07 08 09 10
Cm A B M P D | P R U Y
Pj ™M A Y u P B | D P R

Tabie 12: Crypto instructions for deciphering in the transposition only mode.
The key is A:0.5, 1.625, 3.7125 10 R/S: 0.

—

.
SO ® Nomswn

—_
N =

olHD =

m
Cm

Prepare table as example 1able 13b shows. Enter plaintext Pj and,
using alphabet table, enter Pj values.

Switch calculator to RUN and ON.

Load program.

Input data Rg, Aq, Ay, Nc. Follow each entry except the /ast with ENTt, Press A.
Input data Na.

Press R/S to start program. -
Calculator will stop with a number in the form J.M. At index J select and enter Pj
ang press RfS. =

Calculator will stop with a number in the form J.M Cm. At index M in table enter
Cm from display.

Press R/S and return to step 7.

Repeat the steps 7, 8 and 9 loop. Pressing R/S after character Nc flashes the ER-
ROR sign. When flashing stops, press R/S cne time.

Using alphabet table convert Cm to Cm to obtain ciphertext.

If program is to be restarted, return to step 4.

(13a)

Encipherment Example (73[7)
01 02 03 04 05 06 07 08 09 10 index.
M A ¥ U P B I D P R plaintext.

22 07 10 21 19 02 11 23 19 25
13 01 10 22 19 11 05 06 22 09
HF ¥YMP I Z X MG

entered at step 7 from alphabet table.
program output from step 8.
from alphabet table.

Table 13: Crypto instructions for enciphering in the dual transposition and
substitution mode. The sample table used for enciphering is shown in table
136, The key is A:0.5, 1.625, 3.125, 10 R/S: 26, table 9 used.
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Text continued from page 146:

WEINA
NNTOU

CONTC
LTTRY.

The same message enciphered in the dual
mode (table 13) becomes:

(A:0.5,1.625,3.125, 40 R/S: 26)

SFHIU JIFYY
IMPAI XRVXZ
SAVVW PARTU
SGIWM VFFBG.

In the dual mode operation a conver-
sion operation may be saved at each cnd
of the system by using the numerical Cm
data directly as the cryptogram, The dis-
advantage o this is that the number of
characters to be transmitted is doubled.
In some circumstances  Lransmission  of
numerals may be preferred over alphabetic
characters in spite of the expanded volume.

Use of Nulls

Many procedures may be followed which
will aid in protecting the cipher. One of
these is the use of nulls. This procedure is
very simple to use and actually specds up the
enciphering and deciphering process as dis-
cussed in the text box on search strategy. To
use this technique, specify a message char-
acter length {Nc) to program Crypto which
is larger than the actual message length, For
example, consider a message of length 100
and an Nc value specification of, say, 125.
Crypto is used in the normal way uniil all
100 message characters are processed into
the ciphertext. At this point the 125 char-
acter ciphertext contains 25 (scattered)
blank spaces. Fill these blank spaces with
characters chosen by you at random. When
finished, the cryptogram will contain 25
totally irrelevant characters randomly located
in the ciphertext.

The nulls present no problem to the deci-
pherer since Crypto will point that person
to genuine data for the first 100 processing
cycles; after that the nulls are indicated. 1t
might be wise to clearly delineate the end of
a4 message by appending some prearranged
terminal symbol to the plaintext. The speed
ol operation may be greatly increased by use
of nulls since this keeps the mean processor
time low, as discussed in (he text box on
search strategy. The langer messages should
definitely use nulls 1o specd up the process.
The use of nulls is clearly advantageous,
since this prescnts the cryptanalyst with
some additional possibilities that must be
sorted out, Make sure that the nulls you
supply blend well with the genuine cipher-
lext. Do not attempt, for example, ta bal-
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FOR YOUR

IR3-80 - PET - APPLE

GALACTIC BLOCKADE RUNNER—an exciting, different and sophisticated space war game with

interesting graphic displays. Plays better than many of the Star Treks out there, TI1/4 T2/16 P A $9.95

SCI-FI GAME SAMPLER —includes 3 games—Space Monster, Lunar Lander and Space Battle, all

with graphics, T1/4 T2/16 P £5.95

SOI ARIA—a sophisticated fantasy economic simulation—you won't believe the complexity ol this

onc's output. T2/16 P $9.95
-

PILLOT— The cducational language— Ready for your TRS-80! This version comes complete with a
built in editor and 3 sample programs. Tape Version $14 95 Disk Version $24.95

Mease Sir—Could vou tell me where | can DIET PLANNIN((inPACKAd()E—u?e youlr compulcrhm‘ help plan a safe, reliable diel——u:alculme; wh;:il

H e . I your weight should be. your daily caloric allowance—helps plan your menu, T1/4 T2/16 14,98
Find Software for my MlLI’OCOranJtCr? OTHEI 1.O 111—A strategy board game—play with the computer, a friend or have the computer play
apainstitself. T1/4 T2/4 P A $7.95
DAILY BIORHYTHM PROGRAM—has interesting moving line display, gives 30 day graph and
maore! T4 T2/4 $5.95
MICRO-TEXT EDITOR—non destructable cursor, graphics capability, versital editing options, save &

B U SI N ES S load screen, output to printer. T2/4 $9.95
GIVE A YOICE AND EARS TO YOUR APPLE COMPUTER!
APPLETALKER —speach synthesis for your APPLE computer! 1595

AND APPI FLISTENER—speech recognition for your APPLE compuler. A nice companion program 1o the

one ahove. Just think of the possibilities! $19.95
R

NMICROCHESS—play chess with vour computer. Uses graphic display and provides various Jevels of

dilficults. TS T2 4 P A 319495
A P P LICAT I O N BRIDGE CHAl LENGER—why wait to get 3 other people together 1o play? Your computer's ready

anvtime. T2/16 P A $14.95

AIR RAID-a machine language, real-time, arcade type game. Shoot down planes as they My by

SOFTWARE | [ni®" o
RSM-2—a machine tanguage monitor for the TRS-80. Many, many features including a built in disas-
sembler $26.958 Disk Version $29.95

m—
AVAILABLE A NEW AND EXCITING VERSION OF STAR TREK IS ON THE WAY!
WATCH OUR ADS FOR DETAILS OR SEND FOR FREE CATALOG.

APPLE 21—black jack for your APPLE! £9 95
CA L L o R W R IT E STAR WARS'SPACE MAZE—-ci-11 games (or your APPLE. $12 45
MICRO-TAX 78—just in time 10 help you prepare your returns. Does form 1040 and schedules A, B, C,

SE.D&4797. T2/16 £12.95
RENUNMBER—a machine language program lor renumbering your BASIC programs, one ol your mosy

FO R D ETAI LS wselul programming tools, T2/4 §$14.65

100'S MORE — SEND FOR FREE CATALOG — GIVE TYPE OF COMPUTER
T TRS-80 Level/Mem P Commodore PET A Applel]

' 10% OFF IF YOU BUY 3 OR MORE!

wC.D HAVVER 8CRYHARE @

SALEM ROAD, DRACUT, MA 01826 (617) 682-8131 VISA

IF YOU WOULD LIKE TO HAVE YOUR COMPANY NAME HERE
AS ONE OF OUR RETAIL DISTRIBUTORS CALL

(617) 682-8131

FOR WHOLESALE PRICE INFORMATION

Circle 202 on inquiry card. BYTE Aprit 1975 151



Listing 1, continved from paye 145.

145 Carofa ) (entt ) C_ 1 ) (=) (ro) (rCLC )
151 C x >y Cant ) (o) (arote ) (C+ ) (610M0)
157 (ke ) (Cenws ) (rec ) (C+ ) () (gBLa)
163 (Rewe) (o) Cex ) (C - DO CTvH (D
169 Ceex ) (Ce Yy C = D) (Crews)y (C+ ) (Coses )
175 (s ) (eBa) (v ) (sto3) (rez) (Chix )
181 v )y (sto6) (8 ) (Creza ) (Coxv?z) (G101 )
187 (Cemo2 ) (CsBLE ) (ChsF2 ) (CRea ) (CouBLfe) (CReCL1 )
193 =+ ) (rez ) (Chy ) (gFrac) (st0a) (Crez )
199 (erofe ) (C x »y Cant )y (reeo) (Crecr) (v )
205 (Reez y (e )y (@FRac) (Cstao ) (Crea) (C - )
2 (Chik )y (CpRi ) (ChRIN)

Listing 2: Keygen program written for the HP 67. This program generates
numerical keys from afphabetic phrases for program Crypto. When using
this program, the user needs to know both the key base and the number of
the key within the key sequence produced. A detailed description of how to
operate program Keygen [s givesn in table 15.

Location Keys

1 (e (entt ) (Ceex ) C 1 O (0 )

]

7 (fx ) (osea ) ((st06 ) (Csto7 ) ((st0D ) ( Cx )
13 (sto0) (v )y C -~ C 2 > (C 5 ) (swoa)
19 Cros y (CEex ) (3 O (¥ H(emrac) (- )
25 C 7 (s ) (Cx D (D (sm08) (RCLE)
N Ceex )y (C s ) (Cx ) @) (C 3 ) (-

37 C 7)Y C 5 Y (_x Y (mrea)y (+ H (stoc)H
43 (CnwrTN ) (Cnete) ((stos ) ((ieLg ) (CRCLo ) ( RCLE)
49 (ox>v?) (G708 ) ((RCL6 ) ((s707 ) ((STOD ) CLX

55 (stos ) (i) (ree) (ree ) C - ) C 7 )
61 C - ) (=07 ) (cro7 ) (nsti ) (CiBLe ) ((9GSBid )
67 ( sz ) (Ccero6) (BL? ) (CRe8 ) (( s709 ) ((9GSBid)
73 (mrew7 ) (Crewe) (+ ) (Ces ) (Cree) -
o (7 ) (s ) Cx ) ran) () (CrRs)
s (Ron) (3O (O T OO CD
91 Creea) (v Y (CRs D) (v ) (Cstos) (6109)
97 (gBLtd) (CRee7 ) (Cmree ) (C + ) (Reee) (C hwy* )
103 (oFRAC) ( S107 ) (RCD ) (CRCB ) (C + ) (_RaL)
109 ( byr ) ((oFRAC) ((sTO0E ) ((RCLB ) (_ + ) (_RCLC)

115 by ((oFRAC) ((sTOD ) (rerz ) (- ) (hix)
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ance out the letter frequency count in a
transposition only cipher by manipulation
of the nulls.

As an example of the use of nulls Lhe
following 40 character demonstration
message is used with RRXYY appended as
end of message indicator. An alphabet length
of 60 is chosen, which vyields 15 nulls,
The cryptogram follows with the nulls
underlined:

A: 0.5, 1.625,3.125, 60
R/S: O
(transposition only)

NBEAR TLCNL
AOTEM SPEPI
XRIPN POEYD
WRRRT ONECR
YYEYI UOENT
GMUIR TSCNY

The 15 nulls are distributed randomly
throughout the ciphertext. The reader may
verify the operation by deciphering this
cryptogram. Note that the first null pointed
to will be on plaintext character 46, which is
the start of the junk region.

In addition to the use of nulls, some
other precautions may be taken to protect
the cipher. The beginning and end of a mes-
sage can represent sources of vulnerability,
Standard or easily guessed salutations and
signatures can be of great help to the crypt-
analyst. One counter to this is to insert a few
nonsense words at the beginning and end of
each message using prearranged delincation
flags. There is also the bisection method,
which involves starting the message from
some point near the middle, going to the
end and then picking up the start. This
buries the hecad and tail of the message
somewhere in the middlc of the cryp-
tographic process.

The key of program Crypto is the 3 num-
ber group (Rg, Ay, Aj). Program Keygen
(listing 2) provides for convenient gener-
ation of thousands of keys from an easily
remembered keyphrase. There is abso-
lutely no excuse for using a given key more
than once. In dual mode operation use one
key for the mixed alphabet transposition
table (table 9) and a different key for the
Crypto enciphering operation. {By 1he
way, do not be overly impressed by the
added complexity of the dual mode cipher.
In this business, complexity and sccurity are
not necessarily correlated. The wransposi-
tion only mode represents a very effcctive
cipher in spite of its simplicity of operation.
Don't be alraid to use it.)

The limited speed, storage and 1/O
(input/output) faciiities of today’s pockel



First Time Offer for the Micro Market

1Ete
MODEL 501

DATA-SCREEN® TERMINAL

A NEW LOW COST, MICROPROCESSOR
CONTROLLED CRT TERMINAL

QUALITY — APPEARANCE
ECONOMY

ONLY $995.° (aTv 1)

DELIVERED CONT. USA

90 DAY WARRANTY GUARANTEES YOU
YOUR EQUIPMENT WORKS PROPERLY

T YEAR EXTENDED WARRANTY
AT SPECIAL RATES

p” Our Specifications Before You Buy

SPECIFICATIONS

Go First Class

DISPLAY INTERFACE

SCREEN CAPACITY, CHARACTERS 2000 DATA FORMAT

CHARACTERS PER LINE 80 VATA BITS 7 seral, asynchronous

NUMBER OF LINES .. 2B DATA BIT B, . 1.0 or deleted

SCREEN . _. ...  Paghosphor iwhitoh PARITY . - 0?‘:- even 0 dﬂ":‘ed
1 i S

TUBE SIZEIDIAGONAL)  121nches 130 4 cm! DLE o dhmaved @

VIEWING AREA 54 square inches {137 1 cmi STOP 8I1TS ) 1or2

CHARACTER SIZE

REFRESH RATE

0.20" tugh x 0B widde I8.08 a1 s TRANSFER RATE
mm high x 2.03 mm widal

60 Hz (50 He available)

50, 75, 110, 134.5,150,
300, 600, 1200, 1800,
2000, 2400, 3600, 4800,

SCAN METHOO Raster 7200, 9600 BAUD
CHARACTER GENERATION . 5k 7 character in an 8 STANDARD FEATURES

x 10 dot matrax INVERSE VIDED ... . Operator or soltware
CURSOR - RN . Bhinking block selectable

MEMORY TRANSMIT MODES Halt or tull duplex (switch
TYP R A M selectable}
YPE . andom Access Memaory DATA ENTRY Tob o1 bottom hne
CAPACITY 2000 characters END OF LINE BELL Switch selectable

CURSCOR POSITIONING . L X=Y
CURSOR AODRESS | .
DiSPLAY ABLE CHARACTERS
CURSOR CONTROLS

OPERATOR CONTROLS

POWER ON/OFF SWITCH
BRIGHTNESS CONTROL

. Load and read

I uni
On reac of unit 126 lincluding space}

On rear of unit Up, down, left, nght,
home, return
AUTOMATIC ROLL UP

AUTO CARRIAGE BETURN
AND LINE FEED

MONITOR MDDE

NATIONAL DISTRIBUTOR FOR

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

I
VisA®

Switeh selectable

POWER REQUIREMENTS

Model 501 - 115 volts, 60 Hz, 100 watts nomnal
Model 502 - 230 volts, 50 Hz, 100 watts nomnat

Switch selectabie

Special “Momtor” Mode
allows display of control codes
{first two columns) af ASCII
Code Chart),

I master charge | OLDEST INDEPENDENT
e g COMMERCIAL CRT TERMINAL

P.O. Box 45944  Tulsa, OK 74145
918 - 622-1058

3S SALES, INC.
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calculators are compensated for in Crypto
by putting the user Lo work. Because of the
manual cooperation required, one quickly
learns to keep messages brief. Thus the
tendency o keep traffic volume down is,
in a lefthanded sort of way, an aid in pro-
tecting the cipher.

Program Organization

Extensive use is madc of a pscudorandom

ENTER

INITIALIZE

TRANSPOSITION
OPERATION

PHASE A

YES ~ SPACE R

R =
INT[N::Rzn]

PHASE B

OPEN
F

LOOP
A

number generator for producing a sequence
Rn where:

0<R, <1. (4)
The algorithm used is:
Ry + 1= FRAC[(R, + A1)A2)  (5)

Term (n + 1) of the sequence is obtained
from term n by addition of a constant A,
raising the sum to the power As (another
constant parameter), then taking the frac-
tional part of this result as R, + . The
following seed and parameter value ranges
have been used successfully:

0 < Rg <1 (seed)

1.25<A; <2 (6)

1.25< Ay <5
Changes in any of these three values by
0.0001 or more will produce rapidly di-
verging series. At the higher A, values

much smaller changes in Rg and Ay will
suffice.
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TRIALS INTERVENTION
EXHAUSTED
) TRANSPOSITION
ONLY .
YES TRANSS RESTART
POSITION ENCIPHER :
ONLY ENTER P,
r RESTART
DECIPHER
ENTER Cm,
R: RESTART
T [SaRz,]
K -
INT [NaxRp]
SEARCH FQOR ]
R th
OPEN SPACE
EMPLOY
SUBS KEY
CISPLAY  _
COMPUTE M J MC OR J.MP
FOR DISPLAY HALT UNTIL
RESTART
\
DISPLAY
4. M
UPDATE J,$
s> 0 ke
I . . oy
Figure 1: A simplified

block diagram of program
Crypto.




5 reasons why you should not buy

the electric p

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

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

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

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

The Electric Pencil 11 is a Charac-
ter Oriented Word Processing System.
This means that text is entered as a
string of continuous characters and is
manipulated as such. This aliows the
user enormous freedom and ease in the
movement and handling of text. Since
line endings are never delineated, any
number of characters, words, lines or
paragraphs may be inserted or deleted
anywhere in the text. The entirety of
the text shifts and opens up or closes
as needed in full view of the user. The
typing of carriage returns or word
hyphenations is not required since
lines of text are formatted automatic-
ally.

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

Numerous combinations of

CP/M versions

Digital Research’s CP/M, as well as
its derivatives, including IMDOS and
CDQS, and Helios PTDOS versions are
also available. There are several NEC
Spinwriter print packages. A utility
program that converts The Electric
Pencil to CP/M to Pencil files, called
CONVERT, is only S35.

Features

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

Dynamic print formatting

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

Page-at-a-time scrolling

Bidirectional multispeed scrolling con-
trols

Subsystem with print value scoreboard
Automatic word and record number
tally

Cassette backup for additional storage
Full margin control

End-of-page control

Non-printing text commenting

Line and paragraph indentation
Centering

Underlining

Bold face

Upgrading policy

Any version of The Electric Pencil

encil 11"

© 1978 Michael

Shrayer

Have we got a version
for you?

The Electric Pencil |l operates
with any 8080/Z80 based microcom-
puter that supports a CP/M disk sys-
tem and uses an Imsai VIO, Processor
Tech, VDM-1, Polymorphe VTI, Solid
State Music VB-1B or Vector Graphic
video interface. REX versions also
available. Specify when using CP/M
that has been modified for Micropolis
or North Star disk systems.as follows:
for North star add suffix A to version
number; for Micropolis add suffix B,
e.g., SS-11A, DV-XIB.

Vers. Video Printer Price
SSHl SOL TTY or similar  $225.
SP-11 VT TTY or similar 225,
SV-II VDM TTY or similar 225,
SRl REX TTY or similar 250.
Sl VIO TTY or similar 250,
DSl SOL Diablo 1610/20 275,
DP-11 VTI Diablo 1610/20 275,
DVl VDM Diablo 1610/20  275.
DR-1I  REX Diablo 1610/20  300.
Dt-11 VIO Diablo 1610/20  300.
NS-Il SOL NEC Spinwriter 275,
NP-11 VTI NEC Spinwriter 275,
NV-Il VDM  NEC Spinwriter 275,
NR-I REX NEC Spinwriter 300,
NI-11 VIO NEC Spinwriter  300.
SSH SOL Helios/TTY 250.
DSH SOL Helios/Diablo 300.

Attention: TRS-80 Users!

The Electric Pencil has been de-

line length, page length, line
spacing and page spacing permit
automatic formatting of any
form. Character spacing, bold
face, multicolumn and bidirec-
tional printing are included in

1253 Vista Superba Drive
Glendale, CA. 91205

{213) 956-1593

MICHAEL SHRAYER SOFTWARE, INC.

signed to work with both Leve! |
(16K system) and Level 1] mod-
els of the TRS-80, and with vir-
tually any printer you choose.
Two versions, one for use with
cassette, and one for use with

the Diablo versions. Multiple
columns with right and left justified

margins may be printed in a single pass.

Wide screen video

Versions are available for Imsai
V10 video users with the huge 80x24
character screen. These versions put al-
most twice as many characters on the
screen!!!

Circle 319 on inguiry card.

may be upgraded at any time by sim-
ply returning the original disk or cas-
sette and the price difference between
versions, plus $15 to Michael Shrayer
Software. Only the originally purchas-
ed cassette or diskette will be accepted
for upgrading under this policy.

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

Version Storage Price
TRC Cassette  $100.
TRD Disk $150.

Demand a demo from your dealer!
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In place of the old keyphrase PATRICIA
ZLOTNIK, three keystream generator num-
bers (Rg, A1, As) now become the key. The
demonstration values arc chosen as;

(0.5,1.625,3.125). (7

This move from keyphrase to numerical
key required by automation is undesirable,
A word or phrase is much more easily
remembered than a sequence of digits.
In order to humanize this process, the
program Keygen is written which accepts
a keyphrase and produces any number of
machine-oriented keys (Rg, Ay, As).

The ideal sequence generator would pro-
vide an infinite sequence of R, values,
cach value being statistically independent
ol all other values. In practice the sequence
must cventually repeat. There is a finite
number of digits in the representation of
Ry, so there is a finite number of different
Rp values that may be produced. Since
Rp + 1 is a function only of Ry, once a
value is produced that has appecared before,
a computational cycle is entercd which
cannol be broken and a periodic sequence
results. This can create serious cryptographic
vulnerability problems, especially if the
sequence  repeats  during the processing
of a message. Other shortcomings of se-
quence  generators, such as correlation
tendencies or biases, can also be exploited
by the cryptanalyst.

Protection against looping is provided in
Crypto using a technique ascribed by D E
Knuth and ] Gait to R W Floyd. Sece espe-
cially problem numbers 6 and 7 in Scction
3.1 of the Knuth book in the bibliography.
Floyd's algorithm requires that a second
sequence generator be used, which is cycled
twice for every cycle of the first generator.
The values of R, and Ry, arc compared.
As Knuth shows, equality will always be
reached before cycling begins. After each
cycle of R,, comparison is made with
Ran, and, if equality is detected, Crypto
halts (at step 211). If this occurs (very,
very unlikely), pick another (Rg, A, Az}
key and try again. The author has tested
many keys selected at random and found
sequence lengths much longer than re-
quired for any message, even in the worst
cases. The demonstration key (0.5, 1.625,
3.125), for example, has a nonrepeating
sequence length which lies between 18,303
and 24,403, after which cycling takes
place with a period of 6101.

Transposition Operation

The operating principles of program
Crypto can be explained with the aid of

Search Strategy

The method of generation of the random integer R for selection of
M-field cells {phase A, figure 1) does not preclude repetition in the
random number sequence. That is, on a given pass an M cell can be
peinted to that which has already been used. The bits in the special
registers are used to represent M-field cells, bit off meaning cell open
and bit o7 meaning cell already used. Access to and control of these
bits currently involves arithmetic rather than logical operations, and
processor time becomes an important consideration.

In the phase A pdrtion of figure 1, repeated trials are made to find
an open cell. Up to T such trials are permitted before phase B is entered
as a slow but sure last resort solution. Timing runs indicate that cne
phase A trial requires 4.375 seconds of processor time. Hence we
define a time cost Ca as:

Ca = 4.375 seconds. {8}

This is the time required to test one isolated bit in one of the ten
special registers.

In phase B an exhaustive search is made of each bit in the M-field.
The overhead is lower here and it takes only 1.533 seconds to search
each cell. However, the mean cell number searched until the specified
empty cell is found will be roughly half the number of characters in the
message (Nc/2). Hence the mean cost of the phase B operation Cb, is:

Cb = 1.533(—";—°) = 0.767 Nc. (9)

Note that the phase B cost increases with the number of characters in
the message. For long messages, the cost of phase B becomes much
greater than the cost of phase A. We seek now a strategy which mini-
mizes the mean overall time cost (Co) for an M cell selection in the
transposition table generation. (The substitution operation takes a
very short time to complete.)

If the number of open cells is S then the probability of success (Ps)
per phase A trial is simply:

Ps = (10)

S_
Nc.
On a given phase A pass, let the first success be on trial K. The prob-
ability of this is:
- (1=Ps)K=T(Ps);
and the total cost of this phase A operation is:
{K)(Ca).

The probability that T consecutive failures will occur in phase A (and
hence require use of phase B) is:

(1—Ps)T.
The cost when this occurs is:
(T Ca+Cb).

Putting these results together, the mean overall cost for a transposition
table entry calculation becomes:
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Co = Z(1-Ps)K-1Ps K Ca+(1—Ps)T (T Ca+Cb). (11)

1

e

Using the identity:

K—1 K—1 K _
T NXN = X [KX X 1] (12)
N=0 X-1 (X=1)2

allows equation 11 to be reduced to:

: —~(1—pgT 1 paT
Co Ca[.%]wLCb(l Ps)T. (13)

The function Co is monotonic in T and behaves as indicated in
figure 2. Wheh T is equal to O, no phase A triais are made and the cost
is simply the phase B cost (Cb). As T increases without limit {success in
phase A is forced to prevent use of phase B) the mean overall cost has
an asymptote of CafPs. If this value is smaller than the cost of phase B
{Cb), the lowest mean cost (time) is achieved with the penalty that
some calculations may never finish,

As the encipherment (or decipherment) progresses, S becomes
smaller and eventually the critical point is reached when the value of
the asymptote Ca/Ps equals the cost of phase B (Cb). Using equations
{8}, {9) and (10), this critical value (Sc) is seen to be:

Sc = (Nc)(.g%.)

= Ca - )
(Ne) (0.767 Nc) > (14)

which simply says that when the number of empty cells reaches approx-
imately 6, phase A operation is too expensive (in time) because the
probability of success is too low. The strategy at this point is to cut out
phase A completely and go directly to phase B. The parameter T con-
trols the cxchange of maximum processor time for a transposition table
calculation to the mean processor time. Increasing T results in lower
mean times and longer maximum times.

Figure 2 shows that, for sufficiently large values of T, the mean time
{Co) becomes inversely proportional to the probability of success in
phase A {Ps) and hence the number of opens cells (S). One way of keep-
ing the probability of success {Ps) high and the mean cost (Co) low is to
pick a number for Nc {message length) which is greater than the actual
message length, The program is then used only to process all the legiti-
mate message characters. The remaining spaces are filled with randomly
selected characters (nulls). By this artifice, the number of available cells
(S) is not permitted to run down to its critical value. Use of this tech-
nique is detailed in the main text.

The 2 phase approach of figure 1 has real value even if faster compu-
tation is al hand. Random tests of isolated M cells will always be faster
than the contiguous M-field search required in phase B. Hence the opti-
mization strategy will always be able to contribute to computational
efficiency. Additionally, the pseudorandom nature of the transposition
table calculations helps isolate the resulting cryptogram from the key-
stream generator, hence strengthening the cipher.

Key Generation
Those concerned with field ciphers generally concede that the basic

method of operation cannot be kept secret. The security of the cipher,
therefare, rests in the key. In some of the examples given in part 1 of
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figure 1. The ten special registers 50-5% of
the HP 67 are reserved for up to 300 cipher-
text character position indicators {M-field).
A bit is reset (0} if the corresponding posi-
tion is open and can accept a ciphertext
character. Conversely, the bit is set (1) if
that M-field position has been filled in a
previous transposition operation.

The transposition operation of figure 1
is comprised of two phases, A and B. Upon
entry to phase A the sequence generator is
cycled and a random integer number R
in the range 0 to Nc — 1 is generated.
Position R is then tested in the M-field
and if the Rth position is open the bit is
set and phase B is bypassed. If the position
is already filled, additional tries via loop A
are executed. If an open position is not
found in T trials, phase B is entered.

Phase B is demanding of processor time,
but success here is guaranteed. A count S
is kept of the number of open spaces remain-
ing in the M-field. The sequence generator is
cycled and random integer number R is
gencrated in the range 0 to S - 1. The
entire M-field is then searched and the open
positions are counted until the Rth one is
reached. When this happens the correspond-
ing bit in the M-field is set and phase B is
complete.

Following phases A and B an M value is
computed and the transposition pair ).M
is displayed with the program halted. The
transposition portion of the program is now
complete.

Substitution Operation

In dual mode operation the user would
at this point enter Pj (encipher) or Cm
(decipher) and press R/S to restart the
program. The necessary residue arithmetic
would be done as shown in table 10 and the
program would again halt showing either:

J.M Cm (encipher)
or
J.M Pj (decipher).

The substitution key is generated from
the R, register of the Floyd algorithm; the
sequence generator is nol cycled for this
operation. In the transposition only mode,
this whole process is bypassed as indicated in
figure 1.

Throughput Optimization Strategy
After this information is disposed of by

the user, the program is restarted. If the
number of open spaces in the M-field is Q
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 AVAILABLE FOR IMMEDIATE DELIVERY )
CASSETTE SOFTWARE DISKETTE

Package = 1036 (Level I1) .. . ... . $495.00

COMPLETE SMALL BUSINESS - This program is a complete small business program that was tailored to
work for most small business applications. The program includes such things as Accounts Receivable,
Accounts Payable, Invoicing, Inventory Control, Payroll and General Ledger.
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With certified check or money order, all orders shipped within 24 hours.
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this article, the keys were easily remembered keyphrases such as ROYAL
NEW ZEALAND NAVY, PHYSICAL EXAMINATION, and our own
PATRICIA ZLOTNIK. In program Crypto the key becomes the 3
number group (Rg, Ay, Ag) such as (0.5, 1.625, 3.125).

Since keyphrases are more easily remembered than a sequence of
digits, program Keygen has been written to permit the use of key-
phrases for the generation of keys for program Crypto. One part of the
program key is a 10 digit integer which we may call the key base. Once
this base number is entered into Keygen, a number of keys may be
generated. Each key triplet is identified by a key number N, If a differ-
ent key base is used, a different sequence of (Rp, A, Az) keys will be
generated. |f Keygen is employed, the user needs to know both the key
base used to produce the sequence of keys and the number of the key
within the sequence,

A convenient way of relating keyphrase to key base is to number the
normal alphabet using 2 digit numbers. That is: A =01, B =02,C =03,
v, X =24, =25, Z2=26. Now simply associate each letter with the
second digit of its corresponding numerical value, Ten characters are
selected from the keyphrase and their digit-for-character equivalences
form the key base. For example, calling once more upon our friend
from the main text yields:

PATRICIAZL (keyphrase);
6108939162 (key base).

Using Keygen with this key base, a table of keys may be created and
listed by key number N as follows:

N Ro A Ay
1 0.6233 1.7175 2.8561
2 0.4283 1.7423 2.6784
3 0.6564 1.7579 3.5444
4 0.3809 1.8209 3.8895
5 0.6771 1.9392 48296
6 06119 19619 3.9956
7 0.7612 1.7418 2.3276
8 0.7039 1.9241 3.4082
9 09190 17517 24218

10 09546 13436 3.4242

A little imagination in the use of Keygen should make it possible
never to have to repeat the use of a key. For example, in a multiple-user
environment, each user could be assigned a unique block of key num-
bers. These would be used in some form of rotation that could be re-
started after a new key base is invoked. All users must know the key
base by prearrangement. The key number, however, could be contained
in the cryptogram, If certain groups are set aside by prearrangement as
control groups, the key number information could be contained in
these characters.

For example, let the third group of each cryptogram be a control
group and assume the same alphabetic-numeric equivalence described in
the keyphrase-key base relationship. Let the center character of the
third group indicate mode: even number for transposition only, odd
number for dual mode, The first two characters of this group could
represent mixed alphabet key number for dual mode or would be nulls
in the transposition only mode. The last two characters could represent
the encipherment operation key number. The control group JNGTI,
for example, signals dual mode, indicates key number 4 for mixed
alphabet generation, and shows that key number 9 was used in encipher-
ment. The control group is inserted into the cryptogram after encipher-
ment and removed before decipherment.
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or less, phase A is skipped and phase B is
entered directly, Otherwise the program
loops back and enters phase A. This strategy
and the choices of T and Q are designed
to minimize the mean processing Llime
(details are in the text box on scarch
strategy). Coincidentally this approach pre-
sents the cryptanalyst with a highly non-
linear, multivalued barrier from the cryp-
togram back to the key {Rg, Aj, As). On
some passes R, is cycled only once. At the
other extreme it is also possible that Ry is
cycled T times in phase A and onc¢ time
in phase B for a total of T + 1 cycles of the
R, generator. The luck of the draw nature
of the transposition algorithm can produce
some dramatic changes in the flow of events
arising from very minor situation difler-
ences, such as adding or subtracting one
character from the plaintext. This algorithm
has some intercsting trapdoor or one way
propertics.

General Remarks

With the notable exception of Vernam’s
onetime key, all cryplographic systems are
considered Lo be vulnerable to cryptanalylic
attack. As a consequence any proposed
cryptographic technique must be evalualed
for degree of sccurity before being used.
The adversary roles of the cryptographer
and the cryptanalyst have existed for cen-
turies. Mathematical proofs of security
{(usually based on the impossibility of
testing the vast number of combinations
offered) have lured innumerable amateurs
and a few professionals over the ycars
into positions that later proved cmbar-
rassing to the people who formulated
the proofs. These proofs of invulnerability
were destroyed by competent cryptanalysls
who accepted the fulility of exhaustive
searches and instcad scarched for other
means to break the system. The question
of security, which is the very core of cryp-
tography, encompasses many disciplines and
occupies the full-time efforts of thousands
of talented people worldwide. Part Il of
the Shannon paper and sections VI and VII
of the Diffie and Hellman paper are highly
recommended for background in this area
(see bibliography).

Standard evaluation methods of sccrecy
systems involve cryptanalytic attacks on the
system. The ciphertext only attack is Lhe
weakest test, since the analyst is given only
ciphertext with which to work. Systems
which fail this test are raled as very wcak.
The known plaintext attack allows the
analyst access to corresponding portions of
plaintext and ciphertext. The mosL severe
test is the chosen plaintext altack, in which
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BUSINESS SOFTWARE FOR
MICROCOMPUTERS

Osborne & Associates is publishing its business systems in book form.
These systems represent five years of development and testing by
O&A programmers, and the books include more than a year’s worth of
extensive and detailed documentation.

What systems are we selling?

1) PAYROLL WITH COST ACCOUNTING

2} ACCOUNTS PAYABLE AND ACCOUNTS RECEIVABLE

3} GENERAL LEDGER

Each book sells for $15.00, and includes source listings in Wang BASIC,
program and system documentation, and user's manual. Each is a

complete package by itself, or all three may be implemented together
to form a complete system with interdependent files,

NET PRAY
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And if Wang BASIC won't work, or you don’'t know pragramming, or you'd rather not key in thousands of words of
source code, take a look at the list of consultants who have adopted O8A programs, converted them to run on
many popular systems, and are waiting to hear from you.

CP/M CBASIC: GOOD NEWS
FOR CONSULTANTS, COMPUTER STORES AND SOFTWARE HOUSES

Qsborne & Associates is converting its business software from Wang BASIC - as it was originally published — to CP/M CBASIC, which runs on
many floppy disk-based microcomputer systems, We will only sell the CP/M magnetic surface to consultants, computer stores and software
houses. Osborne & Associates prefers to write and sell books, not customize the praograms or answer the end user's questions. The disk for each
book sells for $250.00. Once you buy the floppy disk you can copy 1, resell it, change 1t or use 1. We place no restriction on the magnetic sur-
face: we copynght anly the printed word in our baaks. CBASIC Payroll1s available now. All three systems are scheduled to be available in the first
half of 1979: call ar write for the exact availability of each system.

if you are an end user interested n the CBASIC programs, wnte or call us. We will put you in touch with your closest dealer.

ALPHA MICROD: 18M 5110: TRS-80" DIGITAL GROUP 280 under DASIS BASIC:
P Burke Mark Sherman (o French Chartes Fmn
THE BASIC BUSINESS SOFTWARE CO INC DATA WORKS FMG CORPORATION THE SYSTEMS GROUP
PO Bax 2032 35 E Wacker Dave Sune 1843 3312 Dunbury Dnve 29493 Bonng Fudge Drive
Salt Lake City, UT 84110 Chicago IL BDEDY Fort Worth TX 76133 Deeatur, GA 30034
1B 3831199 (33 1% 1577 18171 T38-025) 1404} 289 8969
APPLE I MICROPOLIS, PROCESSOR gamaes E Smith Wang BASIC:

TECHNGQLOGY. NOATHSTAR-

Richard Armour

Anger Varnes
ADVANCED COMPUTER TECHNOLOGIES

THE HEADY CORPORATION

Davit Price P Box 532

ATLANTIC COMPUTING £ CONSULTING

290 Hilderbrand Avenue N E DAP SYSTEMS Pleasanton CA 54566 PO Box 7294
Atlanta GA 30328 3901 Viciona Lane 14151 443 4B 16 Hamptan VA 23666
1404} ?755-8984 Mud otuan WA 23113 {804} 340-9350

I Taranto

TARANTO & ASSOCIATES
PO Bnx BD?3

San Rafael CA 44303

MICROSOFT disk BASIC:
Qan Kindred
GNAT COMPUTERS. INC

BASIC for ZILOG MCZ, ZDS
Timothy Fossum
CUSTOM COMPUTER SYSTEMS

Joe Postan
A CE COMPUTER SYSTEMS
2449 North Westshore

Tampa, FL 33607 7895 Convoy Court 14151 447 1415 4328 Penmington Lane
1813) B72-8301 Sian Diegn CA 92111 Racine, W1 53403
(7141 S60.0433 1414) 554-0320
r\ OSBORNE & ASSOCIATES, INC. BOOK PRICE [QUANTITY|AMOUNT
P.O. Box 2036, Berkeley, CA 94702 09-8 Payroll with Cost Accounting $15.00
630 Bancroft Way, Berkeley, CA 94710 Attention: 13.6 Accounts Payable/Receivable $15.00
(415) 548-2805  TWX 910-366-7277 Dept. 119
20-9  General Ledger $15.00
HAME SHIPPING [Shipng for large arders to be arranged! Cabforma residents tax
3 All Toresgn ordues $4.00 par hook lor airmait
ADDRESS O $045 por Look dib ciss (allow 3-4 weeks i the US) shipping
17 S0 % par ionk UPS i the U S lallow 10 days) TOTAL AMOUNT
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[NERY STATE
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2Ip PHONE T Subool discounts
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ing CBASIC progeams for resale Please mng CBASIC proqrains Please natly 9 Owmer QfrA publcations
send descnption and order information me af the closest dealer for
1ot Puagrinnt w arbvance st be enclased for purchases
{1 CBASIC Payroll with Cnst Acnounting ol b to 200 invortany U S purehases over $70.00
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O CBASIC Ganeral Ledyes s sl e jrepand m WS dollars drawnona U s
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Table 15 gives detailed user instructions for program Keygen. An
error halt at program location 120 {very unlikely) indicates that a
looping condition has been detected in the Keygen random number
generator, The largest permissible key number value for this key base
is one less than the difference between the contents of register 8 and
register |. Either stay within this limitation or change the key base. As
a precaution, one could generate the highest numbered key to be used
when a new key base is invoked to insure that there are no looping
problems within Keygen. As mentioned before, it is very unlikely that
this condition will ever be encountered. The 3 sequence generatar
cycles required by the Floyd algorithm serve double duty in Keygen.
For each key triplet generated, the R, register of Keygen supplies the
seed; one less than Ry, is used to compute Ay; and Ry, is employed in
the Ay calculation.

1. Prepare table as example table 14b shows. Enter ciphertext Cm and, (14a)
using alphabet table, enter Cm values.
2. Switch calculator to RUN and ON.
3. Load program.
4. Input data Rg, A4, Ap, Ne. Follow each entry except the fast with ENTT. Press A.
5. Input data Na; follow Na with CHS (that is enter —Na).
6. Press R/S to start program. -
7. Caleulator will stopwith J.M in display. Atindex M, select Cm and enter. Press R/S,
8. Calculator will stop with a number in the form J.M Pj. Atindex Jin table enter Pj
from display.
9. Press R/S and return to step 7.
10. Repeatthesteps 7, 8 and 9 loop. Pressing R/S after character Nc flashes the ERROR
sign. When flashing stops press R/S ane time.
11. Using alphabet table convert Pj to Pj to obtain plaintext.
12. |f program is to be restarted, return to step 4.

Decipherment Example {74b)
JWM 01 02 03 04 05 06 07 08 09 10 index
Cm H F Y M P | Z X M G ciphertext
Cm 13 01 10 22 19 11 05 06 22 09 from alphabet table. Enter at step 7.
Pi 2207 10 21 19 02 11 23 19 25 from program at step 8.
PP MA Y U P B I DP R from alphabet table.

Table 14: Crypto instructions for deciphering in the dual trensposition and
substitution mode. The sample table used in deciphering is shown in table
14a. The key is A:0.5, 1,625, 3,125, 10 R/S: - 26; table 9 used,

Set calculator switches to RUN and ON.

Load program.

Enter the 10 digit integer key base number and press D.

Enter key number N desired and press E.

Display will show a number in the form N.Rg with four digits assigned to Ry. Key
number N is shown for identification only.

Press R/S to abtain Aq.

Press R/S to obtain A,. This completes key number N data (Rq, Aq, Agl.

If R/S is pressed at this point, the program cycles back to step & with N+1 replacing
N. Thus, the 5,6,7,8 toop may be used to obtain a sequence of keys.

After step 7, the user may start a new sequence by returning to step 4. To save time,
plan use so that N values are called for in ascending order.

Step 3 may be entered after step 7 to change the key base.

O O OO o=

Py

Table 15: Detailed instructions for using program Keygen to generate keys
which are used with program Crypto.

the analyst chooses the plaintext source
material and the corresponding ciphertiext
is also made available for analysis.,

With the above in mind, the trapdoor
systems described earlier display yet another
fascinating difference from the classical
cryptographic  techniques. Normally the
material for plaintext attacks must be ob-
tained Lhrough devious means. In the trap-
door case the public encryplion key inviles
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chasen plaintext attack at the leisure of the
analyst. If the system is strong enough to
survive this test, it is strong indeed by
classical standards. The revival of the /arge
number of possibilities argument which has
been discredited so many times in the past
is also most curious. Can it be that the
trapdoor approach results in a situation in
which large numbers are both necessary
and sufficient? Consider this remarkable
statement by Martin Gardner:

Computers and complexity theory
are pushing cryptography into an
exciting phase, and one that may
be tinged with sadness. All over
the world there are clever men and
women, some of them geniuses, who
have devoted their lives to the mastery
of modern cryptanalysis. Since World
War Il even those government and
military ciphers that are not one-
time pads have become so difficuit to
break that the talents of these experts
have gradually become less useful, Now
these people are standing on trapdoors
that are about to spring open and drop
them completely from sight.

This statement, cited in the bibliography,
is made all the more remarkable when one
considers the stature of the man who made
it. Aside from the trapdoor hypothesis,
there is the indication here that emerging
technology has been favoring the cryp-
tographer and that the cryptanalyst is
being outdistanced in this phase of the
race, Advances in computer technology may
have given governments the privacy they
seek for their communications. Will further
advances extend this same privilege to the
common citizen?

Progress in communication techniques,
data processing and data storage has made it
increasingly convenient for governments
to invade the privacy of their citizens.
Further developments in cryptographic
theory and rclated digital processing devices
are bound 1o lower costs considerably. The
step from insuring the privacy of computer
based business transactions to insuring the
privacy of personal communications and
records is not too hard to imagine. Science
knows no politics or philosophy. Tech-
nology, which in the past has permitted
established groups to invade the privacy
of the individual, may be about to make
restitution,

Evaluation of Crypto

In the qualitative discussion which fol-
lows, a known plaintext attack will be









capability results if Crypto is used according
to the instructions given.

The author wishes to express his thanks
to Dr ) C Buchta and Dr S B Akers, Jr,
both of the General Electric Company,
for many interesting comments and
criticisms.
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MULTI-TASKING!

The TEMPOS Operating System is quickly becoming the standard in Multi-
User, Multi-Tasking operating systems for 8080 and 280 microcomputers.
Multi- Tasking means that, even with only one user at one terminal, more
than one job can be running on the system simultaneously! lf you have ever
had to go gel a cup of coffee while you wait for your computer to print list-
ings, you know the advantages of a system that will handie one job while
you are working on another. TEMPOS is a true time sharing system, and
the maximum number of jobs is limited only by your memory.

MULTI-USER!

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

PROVEN!

With TEMPOS, you get a package that has been tested in our facilities for
over two years, and in the field at over 50 different installations. We have
used this system ourselves for everything from writing high-level languages
to developing applicalions to text editing to games. TEMPQOS is undoubted-
ly the most flexible soltware tool on the market . . . and you can have it for
much less than you think!

COMPATIBLE!

TEMPOS is available for many different systems; pre-written drivers may
include yours. Or, using our inleractive System Generation Routine, you
can add your own. Call or wrile now for our free catalog and the name of a
dealer near you. The TEMPQOS Operating System is available for $787.00,
the manual set { price may be credited toward the purchase of the TEMPOS
package) for $21.50 (prices nclude shipping within the U.S.).

ADMINISTRATIVE
OOSYSTEMS
OOOINC.
OO

1642 S. Parker Road, Suite 300, Denver, Colorado 80231
{303) 755-9694
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Randy Soderstrom
4601 Goldfinch Dr
Madisan WI 53714

Life Can Be Easy

I've written a fairly short and simple pro-
gram (about 220 bytes) to play Life on an
8080 based system. You need only two
pages of memory for the program and the
playing board. When this was originally
written, | had only 1 K bytes of memory in
my Altair, so this version is a simple one.
A few extensions are suggested, but they are
not necessary to enjoy Life.

The playing board is a 16 by 16 grid
taking one page (256 bytes) of memory.
Only the two least significant bits of each
byte are used, and the leftmost column and
top row are used as a border. If you don’t
use the border, the top of the board is
next to the bottom, and the right edge is
next to the left edge.

The board is arranged as shown in fig-
ure 1. The number in each box is its ad-
dress in memory. It is initialized by first
setting all locations to 00. Next, hexa-
decimal locations 00 through OF (the
top row) and 10, 20, 30 . . . EQ, FO (left

o0|o01)02[03]|04[06|06|07|08]|09[0a]oB [oc]|oD]|0E]OF
10|11 12[13{14|15]|16]17|18|19|1a|1B |1Cc|[1D[1E]1F
20 2F
30 3F
40 aF
50 55 |56 [57 [ 58 | 59 | 5A |58 5F
60| 61|62]63|64|65 |66 |67 |68|69|6A|6B|6C|6D]|6E|6F
7071 (72|73 |74 |75 |76 |77 |78 |79 |7A 7B |7C | 7D | 7E | 7F
80 85 |86 |87 |88 |89 |8A |88 8F
90 oF
AO AF
80O BF
co CF
DO| D1]| D2 DF
EO| E1| E2 | E3| E4 EF
(Fo| F1| F2 | F3|Fa|F5 |F6|F7|F8| Fa |FA|FB|FC|FD|FE|FF

Figure 1: Lavout of the Life board in memory. The number of each box is
its address. The shaded boxes are border cells.
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column) are set to hexadecimal FF. Each
cell with FF is a border cell and is ignored
by the rest of the program. The function
of the border will become clear later.

The initial pattern must be [oaded by
some other loader program or through your
front panel. You simply draw the first
generation on a sheet of graph paper num-
bered as in figure 1, then set the address
of each line cell to hexadecimal 01.

Each byte looks like figure 2. Note
that only the two least significant bits
of each byte are used. Bit zero is a 1 if
that cell is alive this generation. 1T it will
be alive next generation, bit one is also
a 1. To make the next generation into
this generation, we need only shift each
memory location to the right.

The program is written to be simple —
not efficient or fast — and consists of six
main routines that are called repeatedly
for each cell {sec listing 1). Subroutine
NCOUNT, for example, is called about
1,900 times each generation.

The first routine, BDINIT, initializes
the board (clears it and sets up border}
and then jumps to your loader to get the
initial pattern. After you have loaded an
initial pattern, you will want to write
it out on your terminal before the next
generation is computed. This is done by
routine  WRITE. The border characters
are written as a slash and the live cells as
a star.

Before a line is written, it is scanned for
live characters. If none are alive, a slash
and a carriage return are output, and the
next line is checked. This saves the com-
puter the task of writing a line of blanks
and can save considerable time in writing
out small patterns.

Now we have the board set up and
the initial pattern loaded and checked.
The computer is ready to calculate the
next generation. Since the status of a cell
(alive or dead next generation) depends
only on the number of live neighbors, the
program simply goes from one cell to the
next counting the number of live neigh-



7 6 5 4 3 2 1 0

L State this generation

Figure 2: Bit zero is the
present generation bit. Bit
one is the next generation
bit. The rest of the word

bors. For example, if we are looking at the
cell at location hexadecimal 68, we would
check cells 57 thru 59, 67, 69 and 77 thru
79. This is done by subroutine VALCK.
When the routine is exited, register E holds
the number of live neighboring cells.

Next subroutine ESET is called. This
routine sets the next generation bit if
register E equals 3, clears it if register E
equals 0, 1, 4, 5, 6, 7, or 8 and sets it equal

State next generation

is not used.

to the present generation if register E
equals 2. The only variation from this
procedure concerns the border celis. They
are treated as dead cells when counting
neighbors. If we are pointing to a border
cell when VALCK is called, the routine
is exited before any tests are performed.
To initialize the board, begin at BDINIT,
After you have loaded the first generation,
enter at WRITE, and your work is done.

Listing 1: The board initialization routine (BDINIT) sets the entire board (figure 1) to 00.
Next the border cells are set to FF. A jump is then made to the loader program to get the
initial pattern. Subroutine WRITE displays the board on the video display. Border characters
are written as a slash, live cells as a star. If your display doesn't scroll on a carriage return,
vou will have to change this routine. The next generation is calculated by subroutine MOVE
by calting VALCK and ESET for each cell. After MOVE is done, routine UPDATE is entered
and the board is output. Update rotates each nonborder cell to the right. The next generation
bit moves into the present generation bit. VALCK is called by the main MOVE routine. MOVE
sets register pair BC to the address of the current cell. The HL registers look at its neighbors.
NCOUNT checks the cell addressed by register pair HL. If that cell is alive, register E is incre-
mented. This routine is called repeatedly by VALCK which sets up the HL register pair before
calling. ESET sets the next generation bit based on the contents of register E. ESET js called
after VALCK and determines the number of live neighbors.

Hexadecimal Hexadecimal Label Op Cods Operand Commaeant
Address Code
0ADD 06 00 BDINIT MVI B,00 This part sets
0AQ2 68 MOV L,B every byte of page
0AQ3 26 09 MV H,09 08 to 00.
0ADS 70 CLEAR MOV  M,B
0ACH 2C INR L
DAQ7? c2 05 O0A JNZ CLEAR
DADA 3E 11 MVI A1 This section
0AQC 06 FF MVI B,FF sets the top
QADE 2E 00 MV L.00 row {address 00
0A10 70 TOPROW MOV  M,B thru hexadecimal 10}
AT 2C INR L to hexadecimal FF.
0A12 BD CPR L
0A13 C2 10 0A INZ TOPROW
0416 2D DCR L L=10.
0A17 AF XRA A
0A18 57 MOV DA
0A19 1E 10 MV E, 10 Number of cells per row,
0A1B 70 EDGE MOV MB Add 10, move pointer down one row.
0A1C 19 DAD D
DA1D BD CPR L
OA1E C2 1B DA JNZ EDGE Done when L = 00,
0A21 Cc7 RST 0 Jump to loader,
0A22 21 00 09 WRITE LXi H,00 09 Start of board.
0A25 0OE oF BWRITE MV C,0F Number of characters per line,
0A27 5D MOV  E,L Save starting address of this line.
QA28 AF XRA A Write a carriage return,

Listing 1 continued on next page.
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Listing 1, continued:

0AZ9 FF RST 7 Qutput routine.

0AZA 00 NOP

QA2ZB 00 NOP

0A2C 00 NOP

QAZD 3E 2F MV A2F Write a slash {/).

DAZF FF RST 7

0A30 AF XRA A Clear accumulator.

0A31 2C TEST INR L Point to next cell,

0A32 B6 ORA M If alive value is nonzero.

0A33 oD DCR C Decrement character counter.

0A34 Cc2 31 OA JNZ TEST If not done with live go to test.
0A37 B7 ORA A Set flags.

0A38 c4 42 0A CNZ WRTLIN If register A nonzera, there are live cells.
0A3B 2C INR L

QA3C CA 65 OA Jz MOVE Compute next move if done writing board.
0A3F Cc3 25 O0A JMP BWRITE

0A42 6B WRTLIN MOV L,E Address of start of line,

0A43 OE OF MV C,0F Restore character counter.

0445 2C NEXT INR L Point to first nonborder cell.

0A46 7€ MOV AM

0A47 FE 01 CPI ()]

0A49 CA 57 O0A Jz ALIVE Jump if cell is alive.

DAAC FE FF CPI FF

0A4E CA 50 QA Jz SLASH Jump if border cell.

0AS1 3E 20 MVI A Must be dead cell.

0A53 FF RST 7 Write dead cell.

DAB4 c3 60 OA JMP OVER

0AS57 3E 2A ALIVE MVI A Living cell.

0A58 FF RST 7

0ABA Cc3 60 0A JMP OVER

DABD 3E 2F SLASH MVt Al Dead cell or border.

QAS5F FF RST 7

0AB0D [4]8] OVER DCR c Decrement character counter.

0AB1 c2 45 0A JNZ NEXT Jump if not done wilth line.

0A64 c9 RET

0ABS 0E 11 MOVE MVI c. 1 Address of first nonborder cell,
QAB7 26 09 MV H,09 Page of board.

0ABS 44 MOV B,H Page of board.

0ABA Cco 8A OA NXCELL CAL VALCK E returns number of living neighbors.
DABD CcD BD 0A CAL ESET Set next generation bit of current cell,
0A70 ocC INR C Point to next cell.

AT CA 77 0A Jz UPDATE Go to update routine if done with board.
DA74 C3 6A DA JMP NXCELL If not done go to next cell.

DA77 2E DA UPDATE MVI L,0A First nonborder cell.

0A79 7€ LOQP MOV  AM Get cell from memory.

DATA FE FF CPIl FF Border celi?

DA7C CA 83 0A Jz BRDR Then don't rotate,

0ATF 1F RAR Rotate next generation into this generation.
0A80 E6 01 ANI 01 Clear unused bits.

0A82 77 MOV M,A Put it back.

0A83 2C BRDR INR L Point to next cell.

0A84 c2 79 0A INZ LOOP Do next cell,

0A87 c3 22 O0A JMpP WRITE

0ABA 1E 00 VALCK MVI E.00 E counts number of living around cell.
0ABC 0A LDAX B Get current cell,

0DA8D FE FF cel FF Is this a border?

0ABF c8 RZ Skip all tests.

0AS0 79 MOV A C Put address of cell in accumulator,
DAS1 D& 1 Sul 11 Address of cell above and left of current cell.
DA93 6F MOV LA Put new address in register L.

0A94 cD BS O0A CAL NCOUNT Test it.

0A97 2C INR L Point to neighbor above current cell.
0AO8 cD B5 QA CAL NCOUNT Test it.

DAOB 2C INR L Neighbor above and right of current cell.
0A9C CD B5 O0OA CAL NCOUNT Test it.

QAQF 69 MOV L,C Cell to the left of current cell.

OAAD 2D DCR L

0AA1 cb B5 0A CAL NCOUNT Test it.

0AA4 2C INR L Cell to right of current cell.

OAAS 2C INR L

0AAB CD B5 DA CAL NCOUNT Test it,

0AAS 79 MOV  ALC Cell below and left of current cell.
OAAA C6 OF ADI OF

QAAC 6F MOV LA

QAAD CD B5 O0A CAL NCOUNT Test it.

0ABD 2C INR L Cell below current cell.

DAB1 CcD BE 0A CAL NCOUNT Test it.

0AB4 2C INR L Cell below and right of current cell.
0ABS 7E NCOUNT MOV AM Get cell from memaory.

DABG FE FF CPi FF Border cell?

0ABS8 c8 RZ Return if so.

0ABY 1F RAR Rotate low bit into carry.

QABA Do RNC Return if dead cell.

QABB 1C INR E Count if alive.

0ABC c9 RET
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Location

0000
Q001

0002
0003
0005
0008
0008
000E
0011

Q012
0013
0014
0015
0018
001B
001C
001D
001E
001F
0022
0023
0026
0027
0029

Op
Cade

Operand

7E

0002
0001
0000
0002

0001
0001

0002
0002
E8

An Easy Way

to Calculate Sines and Cosines

Robert Grappel
148 Wood St
Lexington MA 02173

The instruction set of a typical 8 bit pro-
cessor can be quite confining at Limes. Any
task requiring more than simple integer addi-
tion and subtraction can become a nuisance.
There are reference books from which multi-
plication and division roulines can be ob-
tained, and square root and other functions
can be built by using expansion, iteration, or
other well-known methods. Implementing
these algorithms on a microprocessor uses
much space and programming time. Trigono-
metric functions are among this class of

Label Assambly Code

* SUBROUTINE TO COMPUTE SINE AND COSINE
* AS SINGLE-BYTE INTEGERS (SIGNED)
* STEP SIZE OF 1/16 RADIAN, OR 358 DEGREES
* ACCURACY OF ABOUT 1% FOR RANGE 0
THROUGH 90 DEGREES

THETA RMB 1 *ARGUMENT 7O FUNCTION
SINE RMB 1 *SINE OF THETA
COSINE RMB 1 *COSINE OF THETA
START LDA A #126 *BEGIN INITIALIZATION

STA A COSINE

CLR SINE

LDA A THETA

LDA B COSINE *COMPUTE NEW SINE
CYCLE ASRB

ASR B

ASR B

ASR B

ADD B SINE

STA B SINE

ASR B *COMPUTE NEW COSINE

ASR B

ASR B

ASR B

SUB B COSINE

NEG B

STA B COSINE

DEC A

BGE CYCLE *LOOP UNTIL DONE

RTS

Listing 1: 6800 routine for computing sines and cosines over the range 0 to

w/2 radians (0 to 90 degrees).
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difficult functions. However, if one can
tolerate accuracy of one part in 100, and
allow about 1 ms per computation, the
routine described in this article will provide
sine and cosine values in a very simple 40
byte routine. | have coded it for a Motorola
M6800 processor but it could easily be con-
verted to any other processor.

Theory

The algorithm is based on two trigono-
metric identities:

sine(f+s) = sin(8)cos(s) + cos(f)sin{s}
cos(f+s) = cos(f)cos(s) — sin{f)sin(s)

where 8 is the angle we are interested in and
s is a small step in angle added to 2. If we
make the step small enough, we can approxi-
mate sin(s) and cos(s) as follows:

sin(s) = s
cos(s) =1

Combining these four equations we get:

sin{f+s) = sin(f) + s cos(8)
cos{f+s) = cos(B) — ssin(f)

Solving for sine and substituting into the
cosine formula:

cos(0+s) = (1+52)cos(0) — s sin(@+s)

. . 2
Since s is very small, we can neglect s and
write:

cos(f+s) = cos(f) — s sin(@+s)

Given that we have values for sin(#) and
cos(f) at some point, we can gel lo any
other angle by stepping through the two
approximations, first computing sin(€+s)
and then using that to compute cos{0+s). We
choose to start at 8 equal to zero, and set
cos{f) to the largest positive value that can
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S Leon Felkins
Engineering Technology

. . . . . . Memphis State University
Digital Circuit Simulation Memphis TN 38152
Listing 1: TI-59 calculator program for the digital circuit simutator. The program in listing 1 was developed

for a TI-59 calculator to allow simulation or
testing of combinational logic circuits. The

041 00 00 VI OFLs T e .
a4z 20 1 1a circuit clements allowed and their identifi-
: Q4T SEF N T cation numbers are:
X EY [alx} S IHT
3 AL 35 3 (3] a5
T3 O4E 92 RTH o
an 0 ER : HOF Number Type
Te LEL e HOF
5010 4% E8 MOF 20 AND
71 SEF 150 71 OSER
40 [HD 051 Qo oo 30 OR
0e 0% 0%: 00 30 40 NAND
E 093 71 SEFR 50 NOR
X 054 Qo 00 ~
0SS & ; 60 NOT
:jEi 70 XOR
s 80 SR latch
a5
HEn

Registers 11 through 25 are used to store
the input values to the circuit. The circuit
clements themselves arc stored in registers
31 through 99. A code word is stored in
each register that defines its inputs and its
function. The format used is:

XXYYZZ.V,
where:

XX = Input Device 1

YY = Input Device 2
772 = Device ldentification Number
Listing T continued on opposite page. V = Output of this device (0 or 1.
TELETYPES

MODEL 43 TERMINALS

» Mechanism or complete assembly INTERFACES + 4310 RO (Receive Only)
+ 80-column friction feed + 4320 KSR (Keyboard Send-Receive)
+ 80-column tractor feed . g:gpﬁtfgg% Aike interface - 4340 BSR (Buffered Send-Receive)
* 132-column tractor feed - Standard serial interface INTERFACES

c i + Parallel device intertace « TTL Serial

ommunications .

F E D E R A Corporation . F(;é-g;s)isbgu ﬁ{ E‘Cnfgc:gnfoma
11126 Shady Trail, Dallas, Texas 75229, (214) 620-0644,

\TELEX 732211 TWX 910-860-5529 /
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Nole that the complete code must be
entered for ecach device. Therefore, for
the NOT device the same input number
is entercd for both XX and YY.

The minus sign is used as a code to indi-
cate that a device has been asserted. At the
start of each run the machine automatically
sets all registers to a positive value. After
the run is completed, each register should
have a minus sign. The output value is given
by the first digit to the right of the decimal
point.

The circuit itsclf is set up on the machine
by storing the appropriate values in registers
31 and greater. Devices are assigned registers
consccutively starting with 31, in any order
desired. However, the program runs faster
wilh consecutive assignments. A 0 stored in
a register tells the calculator that all devices
have been processed. Therefore, you must be
certain that no register numbers are skipped
and that the last valid register is followed
with a register containing 0.

The inpul values are stored into registers
11 through 25 by the following coding:

logical 0 store - 1.0
logical 1 store - 1.1

An alternate, and more convenient, method
is available for registers 11 through 18. Just
enter the logical value, 0 or 1, and press one
of the keys Ato D or A’ to D' in accordance
with the following assignment table:

A — 11 Al 15
B—=12 B'—16
C—13 C—=17
D—14 D'-»=18

Listing 1, continued:

10
44
105

=]
1
5
3
2
-
f

>

LT T T T T ) G

141 4

142 10
143 25
144 01
145 95
148 &6
147 42
142 10
145 73
150 10
15 =
152 2=
S

155 =

156 95
137 01
153 0
155 0o
166 NI
1l 00
a2 3%
e 4z
1sd 27
185 59
lée 232
1 44
e En
e 4z
S T
Iv1r 73
v 2

LX)
ARG
10

Ew#

173 £
174z o1
| W] & 0%
iFe 5 4z
177 B 10
178 0 31
173 42
{30 99 +7 7
131 9% = 7
42 £70 3
30030 1

a1 o1 Il
oo 42
o0 11

S PR 239

hed 42

N Ve

i 1%

1 2z

z 01

K] av

4 43

5 10

& =31

v 42

o T
19

2 1

b [

w5 w 42
01t 10

[ Ix] 1 [

g +o- 3z

a5 = 21

4 TR

= 42

o] 731

1 g

o r2

3 117

4 32

3 &5

= a3

7 1]
a5

74

10

e3 EL% 5

10 10 a1

53 IHT aa

T4 e i

LU o1

"IN IG[RO

The DS-80 features full compatibility with the proposed IEEE $-100 standard and all current S-100 CPUs. New improved circuit
design enhances performance. The DS-80 offers random access video digitization of up to 256 X 256 spatiai resolution and 64
levels of grey scale, plus controls for brightness, contrast and width. It is versatile enough to handle any video processing
task—from U.P.C. codes (above)} and biood cell counting to computer portraiture and character recognition. The DS-80 comes
fully assembled, tested and burned in. Included is portrait software compatible with the Vector Graphic High Resolution Graphics
Display Board.

DS-65 FOR THE APPLE--
COMING SOON!

THE INDUSTRY LEADER IN AFFORDABLE
HI-RES VIDEO ANALYSIS FOR ALL S-100

Please allow two weeks for delivery.
Master Charge and BankAmericard DS-68 tor the S-50 bus 169.95

AND S-50 COMPUTERS

DS-80 for the S-100 bus  $349.95

P.O. BOX 1110 DEL MAR, CA. 32014 714-756-2687

Circle 231 on inquiry card.
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Set Up

>

Figure 1. Example of u digitul circuit simula-
tion. All of the lugic gates are numbered
sequentially. In this circuit there are three
inputs (11, 12, 13) and one output. The
set up of the registers is shown, along with a
truth table which is a result of running the
program and giving different inputs to 117,

n
A egister Contents
2 [>—
31 111270
32 311370 13
33 323450 D
34 121260
35 323330
36 0
Truth Takie
11 12 13 ouTPUT
0 0 0 Q
bl g 1 '
0 1 0 1
4] 1 1 1
1 0 0 1
1 0 1 0
1 i 0 1
! ! ! ! 12and 13.

The circuit in figure 1 demonstrates the
principles involved.

Note that the code number for each de-
vice type is the actual line number for the
subroutine that simulates that device. Since
memory is at a premium, cach device was
programmed in as short as possible sequence
that obtained the desired result. No attempt
was made to follow any structured program-
ming techniques!

Also, the calculator is programmed to
assert only those devices whose inputs are

Therefore, circuits with feedback (like the
crossed-NOR flip flop} cannot be directly
simulated. Note that program runs faster
in natural order of circuit evaluation.

This program uses some of the more
advanced programming features of the
T1-59 calculator, such as indirect address-
ing and flag operations. However, the
program is straightforward and should
be fairly easy to understand for most
novice programmers.

The advantage of the simulator, of
course, is the ease of setting up and
quickly changing any reasonable circuit.
No power supply is required and no pur-
chasing of components is required until
the circuit is thoroughly acceptable on
the simulator.

The program is stored on both edges of
one card. The data on a particular circuit
can be stored on a card by pressing "3

connected

to devices

that are asserted.

2nd Write.''s

Megabytes for the

Moy aseesnf the most poputar micrscoms
pters s an add truly massive disk storape to then
“y-lorre, with Micromation's Megabox. 1t reatures
cdunal B diives with double density recording to
provide nver one fMegabyte of disk storage Oryou
can chouse optional double-headed drives 1o
provide over bawo megabytes. Micromation 1s a
Aurding -uppher of floppy disk systems {or micros.

A TRS-80" compatible Megabox plugs
directly ot the TRS-80. This version of Megabox
includes provision lo add up to 32K of RAM o
win TRSH0 system. so you can have up to 4
Ieradytes of cisk storage and 48K of RAM without
anexpanson interface This Megabox brines big
systent perlormince to your system al ane-third
thes cost per byte of nuni-Hoppy systerms.

O SOL version of the Megabox installs with-
vt modihication, and the sottware is all ready o go.
Miciomilion’s double density recording gives you
redtly twice the storage of the Helios” at a sub-
stantially kower price  and most imporantly, you
carun CPT sevou have acress 1o the broadest
ranpe of sottware available in microcomputing

Comlune an Exidy Sorcerer™ with . e
o the contraller o the Sorcers™ S
erEnana bus Boot from our Sorceren ™ sysfem
thaskette aad you e up and ronming wathnut any
mwidihie stions Lo your hardware or software.,
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Our DOUBLER diwtie den-aty Happy disk
controller teatares true double density recording
with & capacity of 512K bytes on cach side of the
diskette. Doubler systems are vacy toinstall and

use A hariware UART s inc luded on the controlter

(0 provide instani system communications The
controller ran do a power-on-jump to the on-board
PROM boctsteap Andits tast and rehable because
the board™ hardware includes a phase-lock
oscillator and CRC eror detection circuntry

Micromation disk systems are designed tomn
CP/M: the industry ~tandard opernting systerm
You can choase hugher level lanpuaves such
as MBASIC, CBASIC, TORTRAN, COBO!
PASCAL And there™ 4 wde selection of business
apphcatinn packages to hoase from

Megabox systerms upen new oportunities
for owners ot todays most popular microcomputers,
They feature the highest ava lable capacity,
pertormant < and reliabhty And they are com-
patible wilh yvour systern But Best of all ap $2205
5 Megabox i paced for value Ask fur detals o
your local computer store o contact Miciomation,
1620 Monteumery St an Fravescn CA T

o phone - 3ss078y

MICROMATION

The Megabox with 1,000,000
existing software to easily keep a






The Power of the

HP-67 Programmable Calculator, Part 2

Listing 1: A simultaneous equations program which can solve
systems of up to nine equations in nine unknowns. Listing 2
explains how to run this program.

PRCORAN TITLE: Simultaneous Equution-
APPLICATICN: Selves cyatens of up to O climulfaneonr squationy.
PROGRANMER: 2ol Arp DATE:s  12-14H-7
REGTIITERG
Oum |V am |Zar [3ar [Fac [Tar [Tan [Tar [Taz [%m
S0y [S1 go 152 ge [53 40 [5% a¢ |59 ae |55 g [57 a3 |57 ar P9 a
A fEgs in [F Priorer [© Sew ree | P Pivotnl [E Eguntian [T Kice
Sxster Pointer Polnter £7 Caunter Counter Shorape
LAEELS/ {LG SET STATHE
A Fart 7 Wl E ! FLAGE
1 Start Subtract|z 8 LA Teic | pIsp
a BRSO ¢ Reeall{d Wt/ e Lt | CFF - FTX
indiiel tern Sut Loop DEG ;
U Div_.de Z wult |3 Gall  |& Bul B - anT
Loopn Loow Sub 2 Loop GRA ENiG
T 7 Digp " Cal 9 Disp 1 .
ters loop X # next piv tn Al n_9
T B =
;gs uumzéggRAMsggggzrc DEFINITICHS AHD REMARES
pongatjen gt ) £ | LaL vith the number of eyuation: keyed
ho 3! |53 | f [CLR] REGlinto tne =alculator inm A initinlizes
iaN] 37 |be T [ Pis
T 3: %3] v [ CLR] REG
005 35 |23 k| ENG
Q00 33 |11 ST0] A
BUY3 33 1
aor kel IR $TO} O
0% 23 s DSF <
D10 34|20 n RTH
orif3rges 121 £ | LBL 3
012132122 |11 | 7 | GSE]f a
013 3L RCL| (i)} ’
oih] (3317 STO| E 2 tured
ra = T . 214 wryomne
2;( . 3:{. “? L ,Egt 2 ‘ rd labeled 1ALRY,
- £ gwhere 2 ic the number of ‘i rurpeni syrter
Mylaeloz 131 x [GSBIF ¢ lor equations.
07" 3LTs RCL| E
010 V1 <
[ 30113 RCL C
iFR 35133 h ST 1
022 35153 h Rv
023 33 =% ST (51
o2h S L RCL 8
0I5 31 |51 y X-¢
[SFTA 2z o1 [ U
ory 01 ! lBecrement regictor pointers and return Lo
Q2K (3! - _|bverinning of laop.
PR 33 112 5T0| B
N3 413 RCL C
LX) 1 1
037 Al -
013 3 13 ST01 ¢
510 2200 JeroO| © | o]
035 31] 25{ 01| fIIBL| 1 JWhen all piveotal equations have been di-
036 34 11 RCL.| A |vided by their pivotal term, Jump to dia-
037 I 14 RCL| D _|play n loop.
03 32] 51 | X=Y
Q39 221 09 GTO 9 —_
040 A1) RCL| D |initialize equation counter and clear pri-
Gl 01 1 |mary registers RO-R9.
oh2 61 +

Listing 1 continued on opposite page.
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Example Program

Last month | described the features and
performance of the Hewlett-Packard HP-67
and HP-97 programmable calculators. This
month | conclude with a practical applica-
tion program. | have chosen for an example
a program which uses the more powerful
HP-67 operations. Likewise, | have chosen
to write a program which will provide the
solution to a general set of simultaneous
equations, traditionally one of the most
laborious mathematical solutions to ob-
tain, yet one of the most useful solutions
in electrical engineering.

The HP Math Pac contains a program
to solve four simultaneous equations in
four unknowns by Gaussian elimination,
and the Standard Pac contains a program
to solve three simulftaneous equations in
three unknowns by matrix operations.
The program shown in listing 1 solves any
system of up to nine simultaneous egua-
tions in nine unknowns by the method of
“Gaussian elimination using the largest
pivots,” [Because of its efficiency, the
Guassian elimination pivot method is a
popular method for solving simultaneous
equations. The term ‘pivot” refers to the
(r, r), a diagonal element of the coefficient
matrix during the rth step of the process.
This method is discussed in a number of
numerical methods books. See also the
reference at the end of this article. . .CMJ
The primary utility of this program would
be in calculator aided design.

When the analysis of an electronic system
is based upon a linear model, the unknown
quantities will usually appear only to the
first power, and the coefficients in the
equations will usually be constants. Such
a set of n equations relating n unknowns
can be expressed in the form:

Equation 1: A]X]+A2>(2+...+Anxn = Y]
Equation 2: B]X]+82X2+...+ann =Y,
Equation 3: ...

Equationn: my X]+m2>(2+...+mn)(n = Yﬂ



Robert C Arp Jr
3961 Acapulco Dr
Camphbell CA 95008

in which each X is an unknown quantity, the
m terms are the coefficients of the un-
knowns and the Y terms are the right-hand
sides of the equations.

The Gaussian Elimination Pivot Method

To solve a general system of simultaneous
cquations by Gaussian elimination using the
largest pivots, perform the following steps:

1. inspect the coefficient (A1, B1,..m1)
of the first term (X;) in each of the system
equations. The equation having the largest
coefficient (in absolute value) of the first
term is taken as the first pivotal equation.

2. Divide the first pivotal equation,
equation 1(1), by the coefficient A| of its
first term X1. The result will be a new
equation, equation 1A (1), in which the
cocfficient of the first term is 1. (The digit
enclosed by parentheses in cach equation
label indicates the number of the system to
which the equation belongs.)

3. Multiply equation TA(1) by the
coefficient By of the first term X, of
the second equation, equation 2(1) to
obtain the new equation, equation 1B(1}.

4, Subtract equation 1B(1) from the
second equation, cquation 2(1), to eliminate
the first term of equation 2(1). The resuiting
equation will be one of the equations in a
new system with n—1 equations in n—1
unknowns,

5. Repeat steps 3 and 4 with each of the
remaining equations in the original system.
The set of equations, for which the first
term has been eliminated, forms a new
system having n—1 equations with X2,
)(3,...Xn as unknowns.

6. Inspect the coefficient of the first
term in each of the new system’s equations.
The equation having the largest coefficient
{in absolute value) of the first term is taken
as the next pivotal equation.

7. Divide the new pivotal equation by the
cocfficient of its first term. The resuit will
be a new A equation in which the coefficient
of the first termis 1.

8. Multiply the new A equation by the

Listing 1, continued:

NuM|__PROGRAM CODES DEFINITIONS AND REMARKS
ADD| NUMERIC | SYMBOQLIC
L) 33415 sTo| E
abb[ 3 2312 p{GSBif b
oLs 31 Wi f] W/IDATA
0LE 39 22 h | RTN e — —
ol7| 31 egi13] r[LEL| € [With the coefficients of equation TA{Z)
OLA| 34 22 11] p|GSBlf a [stored in the secondary rgg}sters and the
ohg 6] 24 RCL | (a7 jccefficients of each remaining equation in
550] 31| 25 02] F|LBL| 2 the current system stored, in turn, in the
NEE RCL T premary registers, pressin C causes aac!}
051 FH 1 coefficient of equation 1A(2) to be multi-
0s2] 32l 24 13] gIGSBIf ¢ Jnyied by the first coefficient of each re-
053 35 52 h | XiY¥ lnaining equation, in turn, to yield a new
o5k 71 x_|equation, 1B{2), where Z is the number of
G55 3 2y STG| (1) |the current system of equations. Equation
56| oL T |1B(Z) is then subtracted from the current
057 60 ) remaining equation, eliminating tr':e first
TS—E:’ 3413 RCL g cpefficient of the current rgmainmg equa-
tion. The result of processing a system In
059 34 51 g | X=Yl4nis manner is a new set of equations which
080 23 03 GTO 3 |has a number of unknowns that is one less
191 35 82| hW[LST| X lthan the number of unknowns in the system
0652 3 17 RCL C |that is presently being processed.
063, o1 1
bl 51 -
055 3% 13 STO [
065 33 53 h Rv
957 FEEH cTo| 2
Q681 31 24/ 03] fLBL 3
089] 32] 22| 11| F|GSB|F a
070] 3t| esfob| r[LBL] %
071 1z RCL| B
077] 72l 22 13] | GSE|f ¢
073 30 11 RCL| C
o7hl 32 22 13] g|GSEIf ¢
075 51 -
076 33 2% BTO )} (i}
077 [} 1
07 0 0
079 13 RCL| © e
a8 0] 32 51 £ X=Y|If all terms of the current equation have
o8t 22| 05 GTO| 5 |been processed, jump to fLBL 5. ]
082 01 1 _|Decrement register pointers and return o
083 51 - Jbeginning of loop.
08y 333 sTo| €
[iF3 34 12 RCL] B
{14 01 1
087 51 -
028 33 12 ST0| B
089 22 04 [ I
090 3% 25 ¢35 FlLBL 5 |Stores the address of the first coefficient
041 L RCL D |of each equation of the new system in re-
062 o1 1 jeister I.
063 51 +
oali 33 1% sTe [ D
095 R RCL| A
055 0 L RCL| D
097 51 -
058 01 1
[l 01 1
100 61 +
101 35032 h 5T 1
102] 4 1l ST0| D
103 ot 1
104 51 _
105 33 15 ST0| D [ —
108 IR RCL | {1) |Recalls the first coefficient of each equa-
107 35 Bk h | ABS Jtion of the new system, stores the absolute
104 15 313 h ST I [value of the coefficient in I and displays
109 G T “x- |the absolute value for 5 seconds with a
110 ] 11 ROL n flashing decimal point.
1 A 15 RCL E _|Tf all equations of the current system have
2 12| 51 g X=Y |Jbeen processed, jump to “call for next piv-
Kl FEIRE TTO 8 |otal equation.”
Z or T - LT
5 61 + |Update E register and clear primary regist-
16 1Y 19 5T0[ E |ers RO-R9.
[117] 34 22] 12] p[GSB[f b
116 | 3t] 61| r| W/ |DATA
19 35 22 h RTHN
20! 3l 291 O8] r{LBL 8 1
2t 33 22112] g{GSE[f b |Calls for the next pivotal equation.
272 Ay 14 REL] D
123 01 1
124 61 +
125 37 14 RCL] D
12§ 31} i f] w/{DATA |
i27 39 23 h | RPR) ]
T28] 31 29 09 LBL] ¢ IDisplays n with flashing decimal point in a
12<JI 1L RCL A | continuous loop when Xn has been computed.
130 Tar[an T | %~

Listing 1 continued on next page.
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Listing 1, continued:

NUM PROGRAM CODES . PN
so0{WUMERTC | STMBOLIC DEFINITIONS AND REMARKS
131 22109 GTO|__ 9
132 gL RS\
133]37[25 1L [f | LBL] D | Stores Xn in R1 and initiates second part |
134 31 ez f | Pig| of program.
135 34 oo RCL 0
136 3301 STO 1
37 00 [1]
B 3300 3Te] 0
39 01 1
160 33(15 STC E
5] 35)22 N ]
2131]25(15] f] LBL E | As each tA equation is stored in Lthe sec-
L3 01 1 | andary registers, a new unknown is computed
Tl 00 0 | and mtored in a primary register until alt
155 35033 h | 3T 1| unknowns are ntored. lee the calculator
TS 34154 rel (1) RUN worksheet for the method of storage,
147 33[00 STq ©
148 ot 1
159 3312 ST B
150 01 1
151 01 1
152 33013 ST €
153 (32| 2514 g LB f d
15k 3000 RCL 0
155 3h]12 RCU 8
1561 32[27|13] g] GSH ¢ ¢
57 3 RCY C
R 132[220113| g GSH [ ¢
3% 71 x
] 51 -
Z1 33|00 STd 0
62 315 RCU E
163 L B E
16k 32151 7 | X=Y
1E5 22 (08 6Tl 6
168 38112 RCY B
167 01 1
1€R 61 +
169 33[t2 ST B
170 3613 RCY C
171 01 1
172 61 +
173 3313 STl €
75 122]31 1% e fa | o __ _ _ o _ ]
n7s|31]25[cé] £ Lai) € | Updates registers D and E.
78 315 RCl4 E
177 01 1
178 61 *
79 s STo|l E
RQ| 3s5]33 h [ST T
B1 4 (00 RCL| 0
162 33 2k stol (3]
183 LA RCL| ©
Bl 01 1
B3] 51 -
[ 33Nk srtop, o) o _ o .
§7|31125]07 | £ | LBL] 7 |Displays the number of the unknown X which
ITRA| Y ) RCL D |has been computed in a continuous loop.
q 31 |84 T | -x-
[ 22|07 GTQ 7
1 KL ®/8)
92[32125]11 | g] LBL{f a [SURROUTINE a: Initializes B and C repist-
193 3011 RCL{ A |ers every time a new pivotal eguation is
194} TG {15 RCL| D |stored in the primary registers and B is
194 B — | pressed. Initializes n and € registers
15 ) 1] every t@me a new efquation of the cur.*rent
system is stored in the primary registers
197 5 ! land C is pressed, or profram control jumps
198 35133 h IST Il o subtract laop.
199 3312 stol B
200 01 1
201 0g [¢]
02| &1 3
03 33113 5TO C
[ 35122 n RN ]
2053225112 g | LBL|f b | SUBRQUTINE b: Resetn primary regicters
206] 00 ¢ | RO-R9.
207 33 {00 3TO 4]
2 A 33 |01 5T0 )
200 33 (02 STO 2
2108 33|03 ZT0 3
711 31 [0h Sto] &
212 2305 ST} 5
213 33 [0& 3Te] €
214 33|07 5T0 7
21 5] 33 [08 S
21 33 (09 5TO 9
217 135077 h O RON
21813212513 | g | LBL|f e jCalln each term of equation being processed
215 35|13 % |37 I]in proper erder.
220 Iz CLX
721 |35 |26 RCL[ (1)
22 35|22 h RTN
El [BY /5
2l T
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coefficient of the first term of the second
sysltem equation to obtain a new B equation.

9. Subtract the new B equation fram the
second system equation to eliminate the first
term of the second system eguation. The
resulling equation will be one of the cqua-
tions in a new system which has onc less
unknown than the system being processed.

10. Repeat steps 8 and 9 with each of
the remaining equations in the system being
processed. The resulting set of equations,
from which the first term has, again, becn
eliminated, forms a new system of equations
having one less unknown and one less equa-
tion than the preceding system.

11. Repeat steps 6 thru 10 until a final
sel is obtained which consists of the single
equation:

Being the only equation in the system, it
must, of course, be the pivotal equation.
When this pivotal equation is divided by the
cocfficient of its first term, the value of
X will be known,

12. The value for X must then be sub-
stituted into the {n 1)A equation and the
equation must be solved for X(n 1)

13. The values which have been obtained
for Xppand X(ny -1) must then be substituted
into the (n—2)A equation and the equation
solved for X(n -2).

14. Continue in this manner until the 1A
equation is solved for Xy of the original
system of equations after substituting the
values obtained for all other unknowns.

15. The solution should be checked by
substituting the values obtained for the
unknowns into each equation of the original
system, performing the indicated multi-
plications, additions and subtractions, and
comparing the lcft side of the equation to
the right side. They should be reasonably
close to equality.

In electronics engineering, the system of
simultaneous equations could be the result
of writing the mesh equations for a circuit
such as that shown in figure 1. The nine
mesh equations for this circuit are listed
intable 1.

The system of nine simultaneous equa-
tions for the circuit are shown in standard
form in table 2. The first pivotal cquation
is equation 1. The unknowns in a system of
mesh cquations are the currents. The right
side of cach equation is a summation of the
voltage sources in the mesh represented by
the equation.

The instructions for running the simul-
taneous equations program in listing 1 are
shown in listing 2. Using the system of nine






equations (table 2) in a sample run of the
program, listing 3 shows the contents of the
registers at various points in the program,
and listing 4 summarizes the original co-
efficients of the equations plus the cal-
culated currents.

A “check” program and its instructions
are shown in listings 5 and 6. Note that the
quantity obtained for the left side of the
equation may not be exactly equal to the
right side due to round off approximations.

The "simultaneous equations’” program
of listing 1 calculates the values of the un-
knowns for any system containing no more
than nine equations. The program is listed
on calculator program worksheets upon
which the addresses of program memory are
preprinted. In addition, the program work-

sheets have labeled columns for listing the
symbolic key codes, the numeric codes
which appear in the display for each step of
the program, and a column for comments.
The first page of the set of program work-
sheets contains prelabeled blocks which
allow other useful information about the
program to be stored. For example, the first
section of listing 1 contains the following
information  about  the simultaneous
equations program in abbreviated form:

A. Registers
1. Registers RO thru R9 and RSO thru
RS9 are used to store constants in
a scquence that is reversed from the
order in which they appear in the
equations of each system. Note:
Processing the first system {n
cquations) yields a system of n-1
equations; processing the second

Mesh 1: 40+ 111 +2{l1 —I3) +3(l1 —13) =0 ! . :

Mesh 2: 2{lp — 11} + 413 +6llg — 14} +6llp —13) =0 i:l:crgf(n _12 equatltt?ns).ylelds a 5ys-
Mesh 3: 3{13 — 11) +6(13 —12) +7(l3 —i5} =0 . f-e equations; . . . proc.
Mesh 4: 5(lg — I2) + 814 +9ll4 — Ig) + 10(l4 — Ig) =0 essing the nth system (1 equation)
Mesh §: 7{ig — 13) + 10{lg — 14} + 11{lg ~ I9) =0 yields Xp,

Mesh 6: 9(lg — I4) + 121g + 13(lg — Ig) + 14llg —17) =0 2. Register A is used to store the
Mesh 7: 11{l7 — Ig) + 1417 — 1g) +15(17 —1g) =0 number of equations in the orig-
Mesh 8: 13(ig — lg) + 161g + 171g + 18(lg — Ig} = 0 inal  system of simultancous
Mesh 9: 15{lg — 17} + 18(lg — I1g) + 191g =0 equations.

Table 1: The nine equations for the circuit shown in figure 1.

3. Register B is used as a pointer for
the registers RO thru R9; register
C is used as a pointer for the reg-
isters RSO thru RS9Y. Registers B

o Ra Re R2 e and C are decremented in a man-

' 4 8 12 16 ner which allows constants to be

indirectly recalled from the primary

R232 RS ¢S5 R9g9 RIZ 213 RIZ2I17 and secondary storage registers 5o

Iz 14 ] Ig ] Ig that, using these constants, math-

Ll R6 RIO RI4 RIS ematical operations may be per-

I & o il 1 formed upon each eguation of each
system.

8 R3$3 R737 RIS RIS $15 RI9$15 4. Register D starts at 1 and counts

3 I 1 1 ] the number of pivotal equations

I3 s 7 I that have been divided by their

first term. When D=A, all pivotal

equations have been processed, and

Figure 1: An example of the type of circuit for which nine mesh equations
may be written. The resulting system of equations contains nine unknown 5.
currents.,

Xp has been computed,

Register E starts at D+1 and counts
the number of equations in each
system that have been processed.
When all equations of a system have

Equation 1: 611 —2i —-3l3 +0lg +0lg +0I +0ly +0lg +0lg =40 ) . .
Equation 2:—2|?| +17|§ —Glg ~5lg +ong +0|65 +0|; +ou§ +0lg = 0 been processed, E=A and the dis-
Equation 3:—317 —Bly +16l3 +0ig —7l5 +0lg +0l7 +0lg +0lg = O play calls for the next pivotal
Equation 4: 07 —5lp  +0i3 +3213 —10l5 —9lg +0l; +0lg +0lg = 0 equation. _
Equation 5: Ol +0lp —7i§—10l3 +28l5 +0lg ~—11i7 +0lg +0lg = O 6. Register | takes care of miscel-
Equation6: 017 +0lp  +0i3 -9l +01g +48ig —14173-13lg +0lg = O laneous temporary storage.
Equation 7: 017 +0lp  +0I3 +0lg —11lg-14lg +40i7 +0ilg—15lg = 0O B. Labels

Equation 8: Ol7 +0lp  +0l3 +0l4 +0lg—13ig +0i7 +64ig—18lg = 0 The main  program has two parts
Equation 9: Ol +0lz  +0I3 +0lg  +0lg +0lg —15l7-18Ig +52iy = 0 which are actually subdivided into

several smaller programs. Furthermaore,
most of the subprograms contain one
or more subroutines which are used to
conserve program steps.

Table 2: The nine simultaneous equations for the circuit in figure 1, shown
here in standard form (ie: with the variables arranged in order for each
equation).
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Listing 2: Detailed instructions for running the simultaneous eguations

program in listing 1.

182

PROGRANM TITLE:

Simultaneous Equations

APPLICATION:

Solves Systems of up to 9 equations

PROGRAMMER

Bob Arp

DATEa

12-14-76

STEFP
RO.

INSTRUCTIONS AND
REMARKS

INPUTS

QUTPUTS

LABEL

KEY

DISFLAY

CARD

1.

2,

13.

14,

15.

16,
17.

Turn calculator on.

Place W/PRGM-RUN switch in RUN
pasition.

Insert side 1 of program card
labeled “Simultaneous Equa-
tions™.

“Yhen crd appears in the dis-
play, insert side 2.

Key in number of equations in
the system.

Press A.

The “1.00000 0C" which ap-
pears in the display calls for
the coefficients of the first
givotal equation to be stored
n the primary registers.
Store A1(1)} in Rn, A2(1) in
Rn-1,...,An(1) in Rl, and
Yl(ls in RO. Coefficients
which are zero need not be
stored. The "(1)” refers to
the first system.

Press B,

When crd appears in the dis-
play insert side 1 of card
1A(1), where “(1)" is the
number of the current pivotal
equation (and system) being
processed.

wpen crd appears again, insert
side 2 of card 1A{1).

Store the coefficients of the
second equation of the first
system in the primary regis-
ters. Store B1(1) in Rn,
BZ&I) in Rn-1,...,Bn(1) in R1
and Y2(1) in RO.

Press C.

When flashing decimal point
appears, raecord the absolute
value of the coefficient for
the first term of each equa-
tion, w, of the new syatem, 2,
as it appears in the display.
If the coefficient is missed
while the decimal polint is
flashing, it may be recalled
by pressing h RCI after step
15, before proceeding with
step 16,

When crd appears in the dis-
play, insert gide 1 of card
w(2§.

When crd appears in the dis-
play arein, insert side 2 of
card w(2).

Insert side 2 of card lA(l)}.

When crd appears in the dis-
play press CLX.

Store the next equation of the]
current system, 1, in the
primary registers, Store
mli{x) in Rn, m2(x) in Rn-i,
oo ,mnix) in K1 and Yx in RO,
where, x is the number of the
equation in system 1 cur-
rently beinz processed,

Listing 2 contintied on next page.
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START
PART 1

DIVIDE

MULT/SUB,

1A(1)

In
General,

CLX.

ml (x )
STO
Bn

m2 ()
5T0

Rn-1

mrd )
570
R1

Tix

0. 00000 20

n.

1.00000 00

cord

crd

3. 00000

ml (w)(2)
Digplayed
for S sec-
onds with
Tlashing
decimal
point,

crd

0.00000 QO

crd

0,00000 00

3TO

1Al

wi{2)

. Subprogram A: initiates the first

. Subprogram B:

part of the main program.

divides pivotal
equations by their first term and
outputs an A equation.

Subprogram  C: multiplies A
equations by the coefficient of
the first term of each succeeding
system equation, subtracts Lhe
results of the multiplication from
that cquation and outputs the
equations of a new system.

. Subprogram D initiates the second

. Subroutine a:

part of the main program.
Subprogram E: operating upon the
A equations, computes X| thru
X(n-1) by multiplying the previously
computed X values by their con-
stants and subtracting the results
from the right side of the A
equation.

initializes B and C
registers every time B is pressed
after a new pivotal equation is
stored in the primary registers and
every time C is pressed after a new
equation is stored in the primary
registers.

. Subroutine b: clears registers RO

thru R9 to 0.

. Subroutine ¢: recalls each term of

10.

1.

12.

13.

14

15.

the cquation being processed in
the proper order.

Loops d, 0, 2, 4: these loops allow
the same mathematical operation
to be performed many times
within the same subprogram.
Routine 1: compares the contents
of D to the contents of A and
transfers execution to routine 9
when D=A.

Routine 3: a short routine which
calls subroutine a.

Routine 5: stores the address of
the first coefficient of cach equa-
tion of the new system being
generated in register |, then recalls
the cocfficient, stores its absolute
value in I, and finally displays the
absolute value of the coefficient
for 5 seconds.

Routine 6: increments E register
and decrements D register in the
second part of the main program.
Routine 7: displays the number of
the unknown X which has been

computed in a continuous loop
until R/S is pressed.
Routine 8: calls for the next

pivotal equation by displaying its
number,
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Listing 2, contintied:

[STER

i

INSTRUCTIONS ARD
REMARKS

INEUTS

QUTPUTS

LABEL

KEY

DISPLAY LARD

19,

20,

21,

22,

23,
24,
25,

26,

27,
28,

29.

30,
a1,

32,

33.

34,

35.
36,

37.

38,

G0 TO mtep 12 until the diFit
"2.00000 00" appears in the
display, caliing for the sec-
ond plvetal eguation. A new
plvotal eguation must be
stored in the primary regis-
tere each time the program
halts automatically and dise-
plays a dizit, g, indicating
the denired pivotal equation.
Wnen the pivotal equation
digit is dlsplayed, the deci-
mal point will net be
flashing, mor will the dizgit
be displayed in a continucus
loop. The dlrit, 3, is aleo
the number of the aystem being|
precessed, The first pivetal
equatlon must be mtored by
using the keyboard., Sub-
sequent pivotal equatlons are
stored by lngerting & data
card,

The new pivotal equation is
that squation of the new sys-
tem, 2, for which the largest
(in absolute value} first term
has been obeserved, This equa-
tien, as are the other equa-
tione of the new syatem, 2, is
stored on a magnetic card,

Insert alde 2 of the card
which contains the new pivotal
equation,

¥When erd appears ln the dis-
play, press CLX.

Press f PZS,
Press B,

When crd appears in the dig-
Ek?ia insert side 1 of card

When crd appears again, inserd
side 2 of card LA[Z}.

fresa f PI3,

Ingert side 2 of card wiZ)
|Card w(Z) no longer needed],
where w 15 the eguation of the
system, Z, currently being
processed,

When crd appears in the dis-
play, press CLX.

Press f P25,

Press C.

When flashing decimal point
appears, record the abdsolute
value of the coefficient for
the Firat term of each equa-
tion, w, of the aystem being
created, If the coefficient
is missed while the decimal
point is flashing, it may be
recalled by Rreasing h RGCI
after atap 3%, before pro-
ceeding wlth step 35.

When crd appears in the dis-
play, insert side 1 of wiZ+l).

When crd appears in the dis-
play again, insert side 2 of
card wiz+1],

Insert gide 2 of card LA(Z}.

When crd appears in the dis-
play preas CLX,

G0 TO Btep 27 until a new
digit "&,00000 00" appeara in
the dlsplay, calline for the
next pivotal equatien,

When the new diglt

"%.,00000 OO" appears in the
diaplay, GO TO step 21,
Eventually, the diait
"n,00000 00" will appear in
the digplay. The nth pivetal
equation is the only equation

Listing 2 continued on opposite page.
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1(2)

DIVICE

wiZ}

1z}

CLX

r
F2S

P
P2s

T
AV
i

CLX

2.00000 00

crd

2,00000 00

2. 00000 00
crd

erd

o, 00000 00 1A(2)

0.0000¢ 00

crd

0, 00000 00

0.,00000 00
ml{w){2+1)
Displayed
for 5 sec-
onds with
flashing
deaimal
point.

0.00000 00] wi{Z+1}

crd

0.00000 00

16. Routine 9: displays the value of
Xn with flashing decimal in a con-
tinous loop until RfS is pressed.

C. Display

The information under DISP indicates

that engineering notation has been

selected and that numbers appearing in
the display will be rounded off to five
significant digits after the first one.

When engineering notation is selected,

numbers are shown in the display with

exponents of 10 that are muliples of

3. As with all HP-67 display formats

{unless f RND is pressed), calculations

are performed using full 10 digit

numbers (10 digit mantissa and 2

digit exponent of 10).

The instructions to be used whilc running
the simultaneous cquations program, shown
in listing 2, are listed on calculator run work-
sheets. These worksheets list the manual
steps which must be followed to obtain the
solution to the system of equations, inputs
you must supply to the calculator by
pressing keys or inserting cards, and outputs
from the calculator in the display or on
cards.

Although it might appear that many
magnetic cards are needed to run the pro-
gram, note that cards containing the
equations of a system are no Tonger needed
after the equations have been processed with
the pivotal equation of the system. There-
fore, these cards may then be used Lo record
the equations of another system.

These instructions are self-explanatory (I
hope), therefore, | will allow them to speak
for themselves, Please note, however, that
the instructions contain loops that refer you
to steps previously accomplished. Remember
that n pivotal equations must be processed
and each equation centained in a pivotal’s
system must be processed with the pivotal
equation.

As a further aid in understanding both
the program and the HP-67, listing 3 shows
what is stored in each register after selected
program sieps. The calculator regisier work-
sheets illustrated in these figures arc a val-
uabie debugging tool and serve as cxplicit
program documentation.

All of the forms shown in this article,
except the one shown in listing 4, may be
used with any HP-67 (and with other cal-
culators as well) program. The form shown
in listing 4 has been prepared specifically
for simultaneous equations. This worksheet
can be used to list the constants of the
original system of equations, to record the
first Lerms of each of the other systems as
they appear in the display so that the pivotal
equations may be easily spotted, and finally,
Lo record the value of each unknown.



Conclusion

With the help of special forms designed
for the occasion, the powerful repertoire of
the HP-67 {and the HP-97) has been
examined, yet | have taken from you none
of the pleasures in store as you begin your
adventures with this versatile calculator.

The example program presented will be
an added attraction to those anticipating
the purchase of an HP-67, as well as to those
fortunates who already possess cne, When
you lock at the price tag on the HP-67,
compare its cast to the cost of computer
time and memory which would be necessary
to run similar programs. In addition, think
of the programs you could run on the HP-67
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Listing 3: Selected register worksheets for the sample
program discussed in the text. These sheets illustrate the
contents of the registers at various key points in the
program.

which mlght never be run otherwise, PROGRAM TITLE: ¢ Equatlion Example
APFPLICATION: Calculator-Aided Pesimn
PROGRAMMER:  Bob Arp DATA CARD LABEL: None

Listing 2, continued: LAST PROGRAM STEP: 010 NEXT FROGRAM STEP: 011
EQUATION: EQUATION COUNTERS AND CONSTANTS

STEP INSTRUCTIONS AND INFUTS OUTPUTS REG | COWTENTS | LBL | REG [CONTENTS | EBL | REG | GONTENTS LABEL

NG REMARKS LABEL KEZY | DISPLAY TARD R lo.noogo oo RSO |0.00000 00 A |o.00000 00
ién syatem n, ther?fore. nod b Bl |0.00000 OO R51 |0.00000 on B [0.00000 00

iret term comparisons nee ]
made. Furthermore, the nth R2 |o.ongoo oo RS2 |n.00000 00 ¢ |0.00000 00
pivotal equatiug negg not ‘:e R1 |o.00000 o0 R3] |o.00nog 00 D 1.00000 0O
atored on a card, nce the
nth pivotal squatlon is now RE i, 00000 0D RSh |0, 00000 00 E |0.00000 00
astored j.n Ihe aecunga;x regia- c Rs [0.00800 Q0 HSS |D.000R0 0O 1 |n.00000 0o
ters, @im resa 3.

PLY P < P25 |n. 00000 00 k6 [0.n0000 00 RS& [0.00000 00 %_J1.00000 00

39, | bress B, DIVIDE B Biuo?oo go R? |o.nooon oo RS7 [0.00000 00 Y |9.00000 00

T ave R |o.00000 00 RSA |p.00000 00 Z_ |0.00000 00
flashing R9  |0.000DO 0O RS9 |0r. 00000 00 T |0.00000 00
declmal in

B continu- LSX

ous loop. CRAMMER DATA CARD LABEL: EQ. 141

80, | The *n.00000 00" dlaplayed PROGRAVNER: ARD LAR LERLILY
with flashing decimal in a LAST PROGRAM STEP: 0Ol NEXT PROGRAN STEP: 047
;onginugua laop i:décat:s_that EQUATICN : EQUATION:  1A{1) COUNTERS AND CONSTANTS

n has been computed and is z T
atorsd in RSO REG | COMTENTS | LBL [ REG | CONTENTS | L3i | ®EG | conNTENTS LABEL
Ro  |0.o0000 RS0 | 6.66667 ¥ 4 | 9.o0000
41, [ Press R/S, R/s |n.00000 00 Rl |0.coo000 RSL | 0.00000 | 49 | B | 0.00000
42, | Prese D. START PART D [1,00000 00 Kz |o. 00000 Rs2 | o.o0000 | A3 ¢ |10.00000
11
43. | Insert side 2 of card 1A{n-1].| 1A(n-1) erd R) ]0.00000 RS3) 0.00000 | A7 | D | 1.00000
4, | wh d d R4 _[0.00000 Rs4 | o.o0000 | a8 | E | 2.00000
. en crd appears in the die-
play, press CLX, c1x [1.00000 00 R5_[0.00000 RS5| a.00000 f 45 | 1 |10.00000
us. | o . . RS |o.nooog R36 | o.00000 | A4 X | 0.00000
. rege E, E p-1.000000 N
Displayad R7 [n.noo0o 757 |-. 500000 | A3 ¥ | 2,00000
ﬁth RE P .00000 858 |-.1333337 | A2 2 | 1.00000
[flasning Rg _[.00000 R59 | 1.00000 | AL | T | 9.00000
A continu- L5Y
us loap, 4 Py .

48, |the "n-1.000000" displayea EROGRANRER 1 DATA CARD LABEL: 1{2)
withjrlashiilg dacimill in a LAST PROGRAM STEP: 119 HEXT PROGRAM STEP: 120
continuous loop indicates that
Xn-1 hae been Gomputed and is EQUATION EQUATION: t{2) COUNTERS AND CONSTANTS
atored Iin B2 (fn Is new stored REG [CONTENTS [ LBL |REG | CONTENTS | L8L |REG |CONTENTS LABEL
in R1}. R |o. 00000 RSO [13.33393 ¥ & | 9.00000

47. | Press R/S, /S m-1. 000000 Rt |p.oon00 31 | o.oo000 | AR B | o.cooo0

48, | Insert side 2 of card 1A(1}. LALL) crd Rz |0.0G000 RS2 ) 0.00000 | A7 g [le.00000

vs. | . in the di R3 [0.00000 rS3 | 0.00000 | A% 0 | t.00000

. an ar appears 1ln a 18~

play, press CLX, CL¥ |2,00000 00 R4 [0.00000 RS | 0.00000 AS E 3.00000

R 0.,00000 RS5 | o.00000 | ay 1 [16.
50, | Preas E. E [1.00000 0Q Z 5 " 33333
Displayed R 0.00000 RSE |-5.00000 | a3 % | 0.00000
with R7 |0.00000 RS7 (-7.00000 | A2 ¥ 3.00000

flashing

decimal 1n RE  |p.0000O RSA [16.33333 | a1 7z | 9.00000

@ continu- R 0. pacon RS 0. 00000 .
bue loop. £l 9 T [16.33333

s, | The "1.00000 00* displayed LK
with flashing decimal in a
continuoue ldop indicated that PROGRANMER : DATA CARD LAREL: 2{2)

X1 has been computed and is LAST PROGRAM STEPF: 119 HEXT PROGRAM STEF: 120
stored 1n Rn, EQUATT O EQUATTION: 2(27 COUNTERS AND CONSTANTS
$2. | bress R/S. END R/S |L,00000 00 REG | CONTENTS LBL | REG |CONTENTS LEL | HEG | CONTENTS LABEL
o, 000 RS0 | 20.00000 .

53, | kecall each X value from the RCL il 06000 Y A 2.90800
primary reglsteca by proesing 1 xn R1  [0.00000 RSt | o.poooo | B9 B | 0.00000
#1 through R9, agi, . R2  [0.00000 rsz | o.o0000 | BB c [1o0.00000

o O R3 [0.00000 Rs3 | o.ocooo | 27 0| 1.00000
RCL - RY |0.00000 rs4 | o.00000 | 86 E | &.00000
n
CAICULATOR RUN WORKSHEET TREBOR ENGINEERING Listing 3 continued on next page.
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Lfsﬁng 3, continited: R8 |0.00000 RS8 | 0.00000 A2 2 | 9.00000
R9 [0.00000 RS9 | 0.00000 Al T 9,00000
LSX
RS [0.00000 RS5 | -7.00000 | BS I_|-7.00000
PROGRAMMER DATA CARD LABEL: 1A(9)
:j 2:2:222 ::: 12::2222 g: : 2:23232 LAST PROGRAN STEF1 130 NEXT PROGRAM STEPy 131
o000 nse 1705000 T 50 505000 EQUATION: EQUATION: 1A(9) COUNTERS AND CONSTANTS
: REG | CONTENTS | LBL | REG | CONTENTS [ LBL | REG | ConTENTS LABEL
Rg 10.00000 R59 0. 04000 Bl T -7.00000 RO -8,1653‘0 RS0 |. 220939 Y A 9,00000
LSX R1 [36,957% RS1|L.00000 | 49 | B [ 0,00000
PROGRAMMER 1 DATA CARD LABEL: 1A(2) R2 | 0.00000 Rsz [0.00000 A8 | c |io.00000
LAST PROGRAM STEP: OLS NEXT PROGRAM STEP: OL7 %3 | 0.00000 %53 J0.00000 a7 | 0 | 5.00000
EQUATION EQUATION: 14(2) COUNTERS AND CONSTANTS
[REG | CONTENTS | LBL | REG | CONTENTS | LBL | REG | CONTENTS LABEL ':; g‘ggggg 22‘; g'ggggz :2 f 32'::;30
RO |0.00000 RSO | .B16327 Y A& | 9.00000 6 o:ooooo 356 0'00000 i " 9'00000
Rl |0.00000 RS1 | 0.00000 | 49 | B | o0.o0000 27 [ 0.00000 RS? o.ooooo A | ¥ 9'00000
Rz |0.00000 RS2 | 0.00000 | 48 | ¢ [10.00000 28 | 0.00000 Rs8 o'ooooo e | 2 9‘00000
R3 |o.00000 RS3 | 0.o00000 | 47 | D | 2.00000 Ry | 0.00000 RS9 0-00000 AL T 9'00000
R4 |0, 00000 Rt | o.0c000 [ a6 | E | 3.00000 * * Lsx *
k3 10.00000 RS5 1 0.00000 | A5 I 110.00000 APPLICATION: D has just been presssd to initlate Part II,
A6 [0.00000 RS6 |-.306122 | A% | X | 0.00000
R7 |0.0booo Rs? |-.%28571 | A3 [ ¥ [ 3.00000 FROGRAMMER » DATA CARD LABEL.
1505000 rso | L.00000 T oo T2 T 5 00000 LAST PROGRAM STEFt 141 NEXT PROGRAM STEPI 142
EQUATION1 EQUATION: COUNTERS AND GONSTANTS
Rg |0.00000 RS9 | 0.00000 | 41 T ] $.00000 REG | CONTENTS | LBL | REG | CONTENTS | LBL | REG | GONTBNTS TABEL
LSX RO _f0.00000 RSO | 8.16534 A | 9.00000
PROGRAMMER 1 DATA CARD LABEL: 1(3) R1 |.220939 19 | RS1|36.9574 B | 0.00000
LAST PROGRAM STEP: 119 NEXT PROGRAM STEP: 120 ®2 0.00000 RS2 | 0.00000 ¢ |ie.o0000
EQUATION . EQUATION: 1(3) COUNTERS AND CONSTANTS ®3 1000000 RS3| 0.00000 5 | 9.00000
REG |COWTENTS | LBL |REG |CONTENTS | LBL |REG | CONTENTS LABEL Rs 1o 50000 s8] 000000 £ 11 00000
R0 |0.00000 RS0 125.7143 Y 14 |9.00000 RS |o.00000 RS5] 0.00000 1 |-.220939
R1  [0.00000 Rs1 | o.o00000 | a9 B | 0.00000 76 To.00000 56| 000000 3 100000
R2  |0.00000 RS2 | oc.oo000 [A8 | c [10.00000 %7 1o.00000 Rs7| 0,00000 ¥ 1 ¢, 00000
R3 |0.00000 RS3 | 0.ooc00 |A7 [ D | 2.00000 %6 1000000 2581 000000 2 |-.z2053%
Rb  [0.00000 RS4 | o.ooco0 [A6 | E | 4.00000 79 o.00000 RS9 | ©.00000 T |=.220939
R5 |0.00000 RS5 |-7.00000 | A5 1 |11.50000 Tox
Ré |o.0o0000 RS6 |-2.14286 | Al X 0.00000 PROGRANMER s DATA GARD LABEL:
2; E:EZEZE ::; 1;: ggggz :g : ::ggggg LAST PROGRAM STEP: 189 NEXT PROGRAM STEP: 130
k9 |0.00000 RS9 | 0.00000 1A1 | T |11.50000 REG | CONTENTS | 15T gggnég:'rzr«;;(einl. mmg::igi;sm -
Lsx RO |.140633 rs0|. 0845869 A | 9.00000
PROSRAMMER | DATA CARD LABEL: 1($) RL |.220939 | I9 | RS1]-.344197 B | 1.00000
LAST PROGRAM STEF:1 127 NEXT PROGRAM 3TEP: 128 R? |.140633 18 rs2| 1.00000 c [11,00000
EQUATION: EQUATION: 1(9 COUNTERS AND CONSTANTS Ry |0.00000 Rs3| 0.00000 D | 5.00000
REG | CONTENTS | LBL | REG | CONTENTS | LBL | REG | CONTENTS LABEL xi To.00000 56| ©.00000 £ | 2.00000
RO [0,00000 Rso | B.1653% | v1 | A | 9.o00000 R5 10.00000 RS5[ 0.00000 T | 2.00000
Al le.00000 RS1 [36.9574 A9 | 8 ] 0.00000 RG [0.00000 RS6| 0,00000 X | 8.00000
E2 [0.00000 Rsz | o.00000 | 48 | c [10.00000 %7 10.00000 57] 0.00000 ¥ | 8.00000
k3 |o.00000 Rs3] o.00000 [ A7 | p | 9.00000 78 10.09000 258] 0.00000 2 | 8.00000
R4 |o0.00000 Rsk | 0.00000 | A6 | E | 9.00000 79 |o.00000 ®S3] ©.00000 T | 8.00000
k5 |0.00000 R85 | 0,00000 A5 I [36.9574 LSX
Ré [0.00000 R36 | 0,00000 | A4 | x | 9.00000
7 [0.00000 rRs?7| 0.00000 | A3 | Y | 0.00000 CALCULATOR REGISTER WORKSHEET TREBOR ENGINEERING
S S

Listing 4: A special simul-
taneous equations work-
sheet showing the con-
stants of the original nine
equiations of the sample
problem discussed in the
text. The first terms of
each of the intermediate
systems are shown along
with the sofution.
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TITLE: MNine Eguatlions Example PAGE 1 OF 1
APPLICATION: Solves systems of up to 9 simultaneous equations DATE: 12/27/76
SYSTEM 1 CONSTANTS
EQ # ml n2 m3 mi m5 mé m? mh mo Y

1 6 -2 -3 0 [+] o] Q 0 4] 4o
2 -2 17 -6 -5 0 ) ) 0 o 0
3 -3 -6 16 0 -7 0 0 [ °
4 ) -5 0 32 10 -9 0 0 ° °
5 0 o) -7 -10 28 0 -11 ) 0 °
3 [ 0 0 -9 0 48 -4 -13 o )
? [ 0 0 0 -1 -14 40 0 -15 0
B 0 4] 0 0 0 -13 0 64 -18 [¢]

o 0 0 ) 0 [ 0 -15 -18 52 )
REG R9 RO R? R6 R5 RL R3 R2 R1 RO
FIRST TERMS (ABSOLUTE VALUE)

EQ SYSTEM VARIABLES

# 2 3 L 5 3 7 3 9 X 9.12165
1 16.3333|11.5000] 30.0701{19.4895[44.7189 |28.1314 {59.4605 [.220939 X2 [2.b9275
2 7.0000] 2.1428]11.3083] 3.3834{15.9096 | 4.6250[20.5661 [X X X3 |3.2481%
3 5.0000] 7.0000] 9.0000]11.0000[13.0000 [15.0000 XX I EEEED
L 0.0000| 0.0000] 0.0000| 0.0000| ©.0000 XS [1.37839
5 0.0000] 0.0000[ 0.0000[ 0.0000 S SEN X6 |.3B6u34
6 a.0000] o.o000 0.0000 WS XA x? |.597162
) 0.0000] 0.0000) LR KA AA NN X8 |.14063
7 o000 AXKARKRIKA v _|.22093
SIMULTANEOUS EQUATIONS WORKSHEET TREBOR ENGINEERING







Listing 5: Instructions for
rimiing the program in

listing

6 which checks the

solutions obtained by the

Blank coding forms like the
ones used in this article may
be purchased from Robert C
Arp Jr, 3981 Acapuico Dr,
Campbell CA 95008.

Listing 6: A program
which accepts the coeffi-
cients calculated by listing
1 and checks them for

program n /lstmg 1. daccuracy.
VROGRAM TITI.E: 5imul taneous Equations Check Program  PAGE 1 OF 2 FPROGRAS TITLE: SIMULTANEQOUS EQUATICNS CHECK PROGRAM PACE 1 OF 2
” s 3 N . 5 of un amuntiong AFPLICATION:  Checkc politions 1o systems of up te @ equations.
APPLICATION: Checks solutions to syctems of up to © equatlonz FROGRALHER:  Tol, Arp TATE:
FROGRANMER:  Bob Arp DATE: 12-27-76 HEGISTERS
GTER THSTRUCTIONS AND INPUTS QUTPUTS ] U o |2 @8 |3 a7 ¥ m6 | ns 16 mb
Ho. REWMARKS LAREL REY | DISPLAY CARD o ST yn (B2 x& |53 x7 |5% x& |55 x5 |5€ xk
L. |Before the check program can e B ref C Sec rop L Torn E ..
te x';tia‘.ed, 1:&}1 valuez ef nointer 'poir‘.for‘ couniter r :
wivt ke stored In the primary T = = o
registers as follows: X! in An, - —— ﬁ’\FELJ _ FLG[  SET STATUS
X2 in Rin-1d,...,Xn i b R L & ¢l ¥Lass | egrs|prse
walies nf X Add @ Jorr : =
r oAt the end of i L o 4 e 1 AN ~ =2
I TANEOYS EQUATIO DES
IRV 7 Diap |3 i 2 oRa o1
v IGp M .
2. t]‘u nunbter of syotem 21 Toop Loop ENG |
n n. RAD 14
1. |rrase 4. . ] ) n TN FROSEAY. ZODES — " " P
START | A [n.00u00 00 P T o i T DEFTHITIONS AND REMARKS
4, |Store ike cocfficients of equa- EQ t Al actfat]2sfit ] [ LAL A JUith a1l values of crored in primary re-
tion 1 into ire primary regis- oTO A B D5 5 % h the number of
ters ar follows: Al in Rn, A2 #h [AK] EE h TG ed into the ciledwdater, prese &
in F.[n«l)t.,.,An in N1, Con- IV T EHl LS T B lizes the check program Ly cloring
stani: whish are zero need not ame 5a% T RN I oLl FEG e values of X in the second:um re
bo entered. fir. -1 (mr_‘ ST ";O *A" qnd clearing the primary registerc,
K t 3T
A GO7 EHE B [ R
589G R B EA R E_|When the prog
RY nnn K RCLI 4 [number of
2 |Preas B, MULT/ADD 9 -1 10 13|12 St 7 |of the nr"t cyst
Dirplayed [ ERNEN STol ©§ | it the primary re
with i =1 1 |2#re “ero need not te riored,
1 N = 5 cients must be stored in the regi
decimal in = P ’ indicated atove urder the "REGISTERS"
a continu- L ing (nee SALCULATOR RUN WORKSHEET).
. s Loop, arn 3L 370 c
. |Preas R/S. HALT r/S St RN ne B | During subtsequent halts, the coelTinfent.
. o1y 0t 4 |of the other cystem equationy are storerd,
"+ |The number which appears in the e 33115 STC £ |0 turn, in the primary registers.
display should bhe approximately c19|731 [25{00 | F | LBRL )
equal Lo Y1, i T2 ®CL] n|After the coefficientr of an equation have
: - IV i lJP;l 7% 1;, voI5T T been riored, pres &£ 8 causes cach walwe uof
. |Store the coerficients of EQ 2 A1 s 2 ley e —3X to be multiplied b» the appropriate con-
equation Z in the primary soe i i CEX]stant, and the o T the nultiplieationr
regicters as r'oliows: 31 in Rn, Rn 029 b fab BCLY (i) ]to be ctored in y ter E. The Multiply/
B2 in ®(n-1),...,Bn in K1, B2 2l ELBES FCL] © |Add loop continm ntil *he term counter,
Constants which are zero need STO [ 35 (37 h_[ST TP indicates thut terms have been pra-
ot be entered. Rn-1 T T Gl Joenaed '
. ac7 3L RCL| {i)
B e a 5
oo ool Difio | [mel]
0 i .
9. |Press B. MULT/ADD | B ~Y2 s 33 STl E
Displayed A Pt :
with L33 KA RE] RCL| [
flashing K 3 o N
decimal in aro[ 1
a continu- T
ous loop. ~
10, |rress R/S. HALT | B/S|  sX2 510D
11, [The number which appears in the| RCL) [
diaplay should be approximately] 1
egual to Y2, -
STO) 3
e RCT [
12. |3tere the coefficlents of equa- EQn nl -
tion n in the primary regis- 570 — =
ters as follows: ml in Rn, m2 sz'. i':'n r
3 37
in R(n-1),...,,mn in Ri, gTO TT 5T v Tprimary reginters: aliow _-m—n.-"T “
Rn-~1 3 ed wit!
Tg o tetent.
mn ST .
gfﬂ 5T @
13, [Press 8. MULT/ADD| B *¥n L N
Diaplayed Ch I
with ST &
flashing ST 4
decimal in| ST 7
a continu- STd ¢
cus loop. 370
14, |Presa R/S, END R/S =¥n e
15. |The number which appears in thd P.’:"_I.
display should be approximately L
equal to Yn. £
S
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64KB MICROPROCESSOR

MEMORIES

e S-100 - $695.00 ¢ SBC 80/10 - $750.00

e LSI 11 - $750.00 ¢ 6800 - $750.00

CI1-S100 64K x 8
{F U -

B L

C1-8080 64K x 8

C1-S100 — 64K x 8 on a single board.
Plugs directly into the IMSAI, MITS,
TDL, SOL and most other S-100 Bus
computers. No wait states even with
Z80 at 4Mhz. Addressable in 4K in-
crements. Power requirement 6 watts.
Price $695.00.

Cl-1103 — 8K words to 32K words in a
single option slot. Plugs directly into
LSl 11, LSI 11/2, H11 & PDP 1103.
Addressable in 2K increments up to
12BK. 8K x 16 $390.00. 32K x 16 $750.00
gty. one.

C1-6800 — 16KB to 64KB on a single
board. Plugs directly into Motorola's
EXORcisor and compatible with the
evaluation modules. Addressable in
4K increments up to 64K. 16KB $390.00.
64KB $750.00.

Cl1-8080 — 16KB to 64KB on single
board. Plugs directly into Intel's MDS
800 and SBC 80/10. Addressable in
4K increments up to 64K. 16KB $390.00.
64KB $750.00

Tested and burned-in. Full year warranty.

: Chrislin Industries, Inc.

Computer Products Division

31352 Via Colinas * Wesliake Village, CA 91361 e 213-991-2254
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Circle 47 on inquiry card.

vyhbles

BASIC Cross-Reference
Table Generator

William and Alice Englander
1966 Titus St
San Diego CA 92110

A standard compiler feature for high
level languages like COBOL and PL/! is a
cross-refercnce of the source program. In
the simplest case, cach named element in the
program is listed in a report with the linc
numbers of all statements containing that
element. Words which have special meanings
in the language being cross-referenced, such
as READ or IF, are ignored.

Features of more saphisticated cross-
reference  facilities include placing the
elements in alphabetical order, showing the
statement number in which an element is
defined separate from its references, defining
the use of the element as a sending or re-
ceiving field and cross-referencing both data
elements and procedural elements (state-
ment labels).

As we began program development in
BASIC on our microprocessor, we dis-
covered the pleasures of using BASIC, but
were surprised to find that cross-references
of our BASIC programs could not be pro-
duced with any of our regular system soft-
ware. In addition, our survey of the litera-
ture did not turn up any BASIC cross-
reference programs.

A cross-reference can be an extremely
uscful programming aid. When vyou arc
debugging a program, it allows you (o quick-
ly find each statement which deals with a
particular variable. For example, il the pro-
gram is looping you can ook at each reler-
ence of the loop control variable 10 ensurc
that it has been initialized, that it is being
incremented, and that a check for the upper
limit is being made. A cross-reference is

Text continued on page 192.



EAah o HELRANE
Chan 10 LOMPILER Ukl 1,01
FRIMT "HINARY SFARCH GAMIZ®

21 FHINT
At INEUT "HIT RETURN WHES READY LU FLAY* 3L INE ANSS
a: KRANDOMLZE
B0 LOW-1
61 HIGH=1 000 .y .
i1 NO-=INT CRNIKHIGH) 4 1 Listing 1. An  example
13 FOR [=1 TO 24 program with a cross-
@1 FRINT reference table generated
103 . _NEXT I by the BASIC cross-refer-
P 20 FRINT , o . ence generator program.
o FRINT "ENTER NUMEFD TN THI RANGE®iLOW; " THROUGH® s HIGH
141 [NFUT GUESS
143 FFCGUESSSLOW) DR (GUESSHIGH)Y OR (GUESS-:>INT(GUESS)) THENN
1% FRINT *TRY AGAIN®IN\
163 GO TO 20
173 1F GUESS<ND THENN
Le: LOW=INT{GUEHS+1) N
198 FRINT "YOU'RE LOW® N
208 GO TO 20
20 IF GUESS>NO THENN
MH HIGH=INT(BUFSS-1) 8\
232 FRINT "YOU’RE HIGH® N\
24 GO0 TO 20
2 FRINT *YDU WIN'SU"
241 FRINT
2t FRINT "FLAY AGAIN?®
281 INFUT ANS%
AL TF LEFT$(ANS®y1):="Y" THEN\
301 GO TO Lo
14 IF'RINT "END OF RINAKY SEAKCH GAME®
Shl STOF About the Authors
ERF FND
MO LKKUIKS DETECTED . i
Wittiam and Alice
Englander have a pro-
gramming and consult-
. . ing firm in the San
U:Uﬁ St:\f o Diego area. While most
of their program devel-
opment is done on cus-
ENTER NANME OF FROGRAM T0U . CROSS-KEFERENCED BSGAME tomers’ large scale com-
ROSE KEFERENGE LISTING OF 1FROUKAM KHSGAME . BAS puters, they aiso do
SarRTAELE T R ERENCLS work for customers on
1 ) =) ' 10 o their /MSAI 8080 disk
I 7 17 21 based system. They are
bk L2 14 18 both computer systens
Ala ) = 7’ B f‘" 4 om instructors at National
LU & ' 2 22 o
Vi .
LUL S ] L4 14 14 14 1718 21 jee) University
Please send.  __copes of BYTE Nybble = ar$_ pastpaid
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Namea _
Straat
City — Stats Zip Code

BYTE Nybbles Library, 70 Man St, Peterborough NH 03458
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Text continuaed from page 190:

handy when you need to make a program
change, too. You can quickly see what
names have already been used if you nced
to define a new variable. And you can
double check your planned changes against
uses of the existing variables, which may
enable you to use existing ones instead of
having to define new ones.

In BASIC, a cross-reference listing can be
especially useful in helping you to verify
that you have used correct names in your
code. Since BASIC sets up variables for you
without requiring explicit definitions, you
can accidentally miscode a variable name
and cause some clusive program problems.
A quick look at the cross-reference would
alert you right away since you would sce
both the correct name and the improperly
coded name.

The Nybbles Library is an inexpensive means for BYTE readers to
share some interesting but specialized forms of software. These pro-
grams are written by readers with small computers and printer facilities,
and are therefore designed for particular systems. The algorithms and
programming technigues can be used by readers with similar equipment,
or can serve a@s an inspiration for improvisation on computers of differ-
ent characteristics.

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

Nybbles Library programs are sent in listing form, printed on 8.5 by
11 inch paper on both sides. The Nybbles Library programs are
punched with three holes for collection in loose leaf binders, and come
i an artractive folder which serves as a cover. This month the BASIC
Cross-Reference Table Generator fas been added to the Nybbles
Library. You can order a personal copy of this program (BYTE Nybbles
Library Document #105) for $.75 postpaid ($1.05 overseas postpaid)
by filling out the coupon on the preceding page.

Our BASIC cross-reference program was
written using C-BASIC on an IMSALl 8080
disk based system running under CP/M.
Depending on your configuration, enhance-
ments could probably be made which would
speed up the processing time. A typical
program and cross-relerence table is shown
in listing 1 on the preceding page.®

BYTE’s Bugs

AN

At Echo Design your circuit drawings can be con-
verted into finished artwork masters in only 2 to 6
weeks, depending on complexity.

We do board layouts for many of the biggest names
in the business.

And we have broad capability. Such as computer
boards having 450 ICs.
Choose any or all these services:

® Layout (to digitizing ® Assembly drawing
standards if desired) ® Schematic drawing

® Tape-up (artwork) @ Bill of material

® Fab drawing ® Printed board

Place a call now to John Offenbacker or Al Chew
and get your new board moving at competitive prices.

FREE Gﬁc?:}icnes , e C h O

for DESIGN AND
Ask for Printed DEVELOPMENT
a copy Circuit CORPCRATION

Partitioning 196 EAST GISH ROAD » SAN JOSE, €A 95112

408-292-0918

Get your PCmasters
>in as little as 2 weeks

We also provide contract technical personne!l world wide
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Circie 105 on inquiry card.

Motor Source Error

A list of stepping motor sources in
“A Stepping Motor Primer, Part 1: The-
ory of Operation,” by Paul Giacomo
(February 1979 BYTE, page 90) was in-
complete. We omitted Superjor Electric
Co, 383G Middle St, Bristo! CT 06010, a
major manufacturer of stepping motors.n

Polyphony Made Accurate

Perusal of my copy of the Januvary
1979 BYTE, containing my article
“Polyphony Made Easy,” reveals two
errors in the schematic on page 106.

First the trivial one: the counters
are incorrectly labeled as 7473 (in fact,
both are called 1C10a). They are, in
reality, 7493s,

Second, the multiplexers - all
nine of them — have a pinout error.
Instead of “B A C'" along the bottom
of each one (input address}, they should
read A B C,"" with the pin numbers
changed accordingly to “11 to 9."

These are not crippling crrors -
anyone who's reasonably familiar with
TTL (transistor-transistor logic) would
spot the first one immediately, and the
second would cause scrambled key codes
but would sooner or later be figured
out.

Steven K Roberts
129 N Galt Av
Louisville KY 40206a

Finishing the Job

The Programming Quickie ''Single
Stepping the BO80 Processor” {)anuary
1979 BYTE, page 179) has one small
bug in it. A line of code was left out
of the program listing on page 180.
The last line of the program should
read: 118A JMP FINI C37D10.m
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BYTE News . . ..

32 Bit Microprocessors Are Rumored. While Zilog and Motorola are struggling to get their 16 bit microprocessor-
ICs into production, Texas Instruments and Intel have been delivering theirs for some time. Now rumors abound
that both TI and Intel will show prototype 32 bit processors by the end of the year and may be in production by
the end of 1980 or the beginning of 1981,

Tremendous Growth of Personal Computer Systems Predicted for 1979, Mike Shea, marketing director for Atari,
who recently brought two personal computer systems to the market, predicts a four to sixfold increase in personal
computer sales for this year. He feels that between 200,000 and 300,000 personal computer systems will be sold
this year, compared to 50,000 last year, and said that in the future Atari will pay less attention to developing new
game consoles and instead concentrate on bringing out new software for existing units.

Fairchild Camera & Instruments predicts that 4.6 million programmable video games will be sold this year,
worldwide, compared to 2.1 million in 1978. Further, they predict that 18 million cartridges, worth $110 million,
will be sold, compared to 5.7 million, worth $18 million, last year.

Nonvideo games growth should prove even more dynamic, according to industry pundits. Sales should reach
$290 million in 1979, and possibly $500 million in 1980.

Lear Seigler Shipped 40,000 Video Terminals in 1978. The Data Products division of Lear Seigler announced that
in 1978 they shipped 40,000 video display terminals. This was more than they shipped in their six previous years
of doing business, LS is predicting an increase in video display sales in 1979 of 25 to 30 percent.

Centronix Reports 20 Percent of Its Printers Go to Personal Computer Makers. Centronix, the leading maker of
dot matrix printers, predicts that about 20 percent of its 1979 business will be from Tandy (Radio Shack TRS-80)
and from Apple Inc. At the beginning of the year they were shipping 1700 printers per month to Tandy (in other
words, 20,400 per year). Centronix is getting set to introduce a high density dot matrix printer and a word process-
ing impact printet to compete with Diablo and Queme.

Computer Stores Becoming Big Business. Computer stores are becoming mass merchandisers, judging by an order
recently placed with Perkin-Elmer Corp. Their terminal division announced that Micro-Age, a chain of five com-
puter stores in Arizona and Texas, placed an order with them for 2000 of their new Bantam video display terminals.
That’s a far cry from the garage-type computer store operations of just a year or two ago,

Rattle Shaping Up in 32K EROM. In February 1978 Texas Instruments introduced its TMS 2532 4K by 8 EROM
{erasable read only memory), with full production promised for April or May. This meant that they were well
ahead of all the other integrated circuit manufacturers. They accepted orders for the device at $54 in 100 price
lots. Intel introduced their 2732 erasable read only memory in November. Needless to say, the pinouts were
different and a heated debate developed in the JEDEC committee over which would be the standard. TI hoped
their 10 month lead would favor them. However, they encountered production problems and only started to
deliver samples by year-end. Intel, in the meantime, is in production and has already lined up at least cne second
source. T1 is promising production quantities by April. The unit price on the Intel part is currently $140. The
2732 also uses the same pinout as the 2716 and 2708 EROMs.

HP May Be Developing Personal Computer System. Hewlett-Packard is rumored to be developing a new personal
computer system at its Corvallis Oregon Consumer Products division. HP has been selling a desktop computer

with BASIC in read only memory and an I[EEE-488 interface for a few years now. It is expected that the system
will be a scaled down version of this system, that it will have a base price of $1000, and that it will be on the market
this fall.

Tandy Developing New Computer. Tandy is rumored to be in development of a second generation Radio Shack
TRS-80, possibly with color capability. Tandy, which has a 200,000 square foot plant and staff of 700 making
the TRS-80, is supposedly looking for an outside manufacturer of the new system. Tandy also plans to develop
many new software packages for introduction this year.

Magnavox Files Suit on Microprocessor Video Game Patents. Magnavox, the originator of video games played
on home TV receivers, has filed suit against several manufacturers of programmable TV video games; among them
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are Fairchild, Bally, Sears Roebuck and Montgomery Ward. Magnavox has won previous suits on dedicated, non-
programmable video games. Some industry experts feel that if Magnavox is successful in this suit, the next step
might be to try to license makers of personal computers that connect to home TV receivers.

DEC Forms Retail Products Group. Digital Equipment Corporation, the largest manufacturer of minicomputers,
has formed a retail products group. Its initial objective is planning for expansion based on its successful experience
with a retail store, which opened last August in Manchester NH. Located in a shopping mall, the store sells small
computer systems starting at less than $10,000.

Flat Panel Displays Getting Closer to Production. Last month I reported on a flat panel terminal display being
readied for production by General Telephone and Electronics. Several other companies have also announced that
they have display panels in development. However, none appear near to replacing the present video displays, such
as that of GT&E. Nonetheless, they are worth reviewing.

Datascreen Corp, of Mountain View CA, will soon start sampling a 40 character LCD (liquid crystal display)
panel (5 by 10 dots) which works off 5 V and consumes 250 mW.

Westinghouse has already demonstrated a 180 by 180 line LCD panel for TV use. Hitachi has shown a 120 line
panel. Neither, however, is near production.

Electroluminescent type panel samples are already available from Sharp. A 480 character display usinga 7 by 9
dot matrix, with complete drive electronics, is currently available for $2500. A 240 by 320 dot graphics panel
will be available next year.

ISSCC Gives Preview of New Technology Coming. The annual International Solid State Circuits Conference, held in
Philadelphia, February 14 to 16, saw the presentation of new hardware technology still in the research and develop-
ment stage. These devices will not be on the market for at least a year yet, and most are still 2 to 3 years off.

But all are real and coming. Here's a partial list of some of those presented at the ISSCC:

From Intel: a self-refreshing dynamic 4 K programmable memory with 200 ns access, an NMOS 4 K static
programmable memory with 25 ns access, 2 16 K HMOS static programmable memory with 45 ns access,
a 5 V only 16 K dynamic programmable memory with 100 ns access and an analog I/O (input/cutput)
microprocessor with on board erasable read only memory.

From Texas Instruments: a simple 1 transistor cell.

From Nippon Telephone and Telegraph: a 128 K bit read only memory and a megabit full wafer MOS
programmable memory with 350 ns access.

From Hitachi: a 1 K programmable memory with 5 ns access.

The Robots Are Taking Over. There are already about 20,000 robots at work in US factories. But this is just the
beginning. Japan and several European countries are already ahead of the US in introducing manufacturing robots
and automation under computer control.

Automation experts claim that in most manufacturing situations a product spends 95 percent of its time moving
and waiting. Time is money. Hence, automation can cut this wasted time tremendously, effecting considerable
savings.

Zilog Reports $18 million in Sales. Zilog, the creator and maker of the Z-80 processor, has reported sales for 1978
of $18 million. The company, which started in late 1975, and brought the Z-80 to the market in 1976, operated
in the red in 1976 and 1977. A company spokesman said that in 1978 they were ‘“‘at breakeven.”

The Altair May Live Again. When Pertec bought MITS and its Altair line of PC system in 1977, they deserted the
hobbyists who made the Altair a success. Pertec tried to change the Altair into a small business computer system.
Things did not go too well. Pertec moved MITS from Albuquerque to California and then Pertec stopped making
Altairs in June 1978. Pertec now is going to resurrect the Altair and start producing it again, in a new plant it is
building in Albuquerque (of all places). Pertec plans to market it to small business users and not to personal com-
puter users.

Computers Produce $350 Million Trade Surplus. It seems that all we read about in the newspapers are trade deficits.
Well, Tast year the US exported $350 million in computer gear. Canada was the biggest purchaser ($12 million),

and Japan was secorid ($10 million). Actually the US exported $406 million but imported $56 million in computer
gear.

IBM Keeps Growing and Growing. When microcomputers came out and skyrocketed in popularity, many pundits
predicted that IBM's domination of the computer business was coming to an end. However, that is not what has
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happened. Today IBM has a larger backlog of orders than ever before. Their current backlog is more than four
times the computing power it has ever shipped. Delivery time on its new 303X large computers is now over two
years, and IBM has orders for about 13,000 of these machines, which replace large 370s.

Paper Newspapers and Mail May Soon Be a Thing of the Past. The ground work for a digital electronic mail system
is now in the works. Imagine having your newspapers, magazines, bills, etc, delivered to you directly via your
personal computer system, and likewise being able to write letters (with on line text editing, naturally) and then
transmit them at the press of a button. It is already here in some large corporations and government agencies.

But during the 1980s, this technology will explode into business offices and homes. It is rumored that TI, HP and
IBM are developing personal computer systems specifically for these emerging applications.

Further, last December Xerox filed a petition with the FCC to develop a digital mail/communication system
using microwave. It would provide for document distribution, data communication, etc, at rates up to 256 K
bytes, which is far greater than current telephone systems and even than Bell's new T-carrier system now being
installed. Xerox claims they will be able to deliver documents at less cost than the US mail. Each office desk would
be equipped with a keyboard, video display, disk and processor; and would be able to do word processing, sorting,
etc, in addition to mail handling. The mail handling naturally would be controlled by computer and hence include
automatic addressing, priority routing, multipoint delivery, automatic transmission of previously stored messages,
scan messages, etc.

GT&E is setting up a group to test market (in early 1980) a system to transmit data via telephone lines onto
modified TV receivers in homes and offices. The system will be similar to the Viewdata systems currently under
test by the British Postal System. GT&E is also negotiating for Viewdata licenses. ITT, TI and RCA reportedly
are doing the same. TI, however, is currently testing a home information system in Salt Lake City that sends data
over regular broadcast channels.

Also getting into the business is the US Postal Service, which last fall asked the US Postal Rate Commission for
authority to offer an on line service called Electronic Computer Originated Mail (ECOM). ECOM is expected to
start this year. The sender writes a ‘‘letter”’ on a terminal and sends it via telephone to the post office, who routes
it to the destination post office where it is printed and delivered in the conventional way. This will be used mostly
for mailing bills, overdue notices, etc.

This communications revolution will be boosted by the new Advanced Communications Service (ACS) for which
AT&T recently received approval. ACS will lower data transmission costs and increase service. It will lower costs via
shared communications facilities and make possible interfacing of incompatible terminals and computers and provide
user selectable communications capabilities.

A few personal computer groups have already started a simple system called PCNET. The leading PCNET activity
is run by the CACHE group (Chicago Area Computer Hobbyist Exchange). Other PCNET groups are functioning in
the San Francisco, LA and Atlanta areas. The PCNET uses modems and telephone lines for communication. A
writeup on PCNET appeared in the November 1978 BYTE.

Another personal computer approach has been taken by AMRAD (Amateur Radio Research and Development
Corp) in McLean VA. They have established a bulletin board type system using telephone and 2 meter
radio telephone.®

Sol Libes

UCTI

1776 Raritan Rd
Scotch Plains NJ 07076

PET PRINTER ADAPTER

GET HARD COPY FROM YOUR The CmC ADA 1200 drives an 59850 ADA 12008

COMMODORE PET USING A RS-232 printer from the PET Assembled and tested

STANDARD RS-232 PRINTER |IEEE-488 bus. Now, the PET
owner can obtain hard copy $|6900 ADA 1200C "
listings and can type letters, Wictlthasgépower supply A G VISA'
manuscripts, mailing  labels, and R5-232 connector S
tat?les of data, pictures, in- Order direct or contact your local computer store.
voices, graphs, checks, needle- Add $3.00 for postage and handling per order.
point patterns, etc., using a CONNECTICUT COMPUTER

. ~ mcr ey

standard  RS-232 printer or Bmﬁ) 150 POCONQ RD, BROOKFIELD, CT 06804
terminal. E (203) 775.9659
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LEADER IN
MICROCOMPUTER EDUCATION

AN INTRODUCTION TO PERSON-
AL AND BUSINESS COMPUTING
by Rodnay Zaks

250 pp, ref C200 $6.95
The basic introductory text
on microcomputers, with a
detailed evaluation of the fea-
tures and peripherals required
for specific applications. No
prior computer knowledge
required.

MICROPROCESSORS: from Chips
to Systems

by Rodnay Zaks

420 pp, ref C201 $9.95
An educational text, used
worldwide at universities and
in industry designed to teach
all the fundamentals of mi-
croprocessors, the assembly
of a system, and its use.

PROGRAMMING THE 6502
by Rodnay Zaks

20 pp,refC202  $10.95
An introductory program-
ming texi for the 6502. Does
not require any prior pro-
gramming knowledge. From
arithmetic to interrupt-driven
input-output techniques.

6502 APPLICATIONS BOOK
by Rodnay Zaks

ref D302 $12.95
Actual application programs
lo interface the 6502 to

the real world, from LED to
motor, and analog-digital
conversion. Available Shortly

TO ORDER

By phone: 415 848-8233, Visa, MC,
Amer Express

By mail: circle books on ad. Include
paymeal

Shipping: add 65¢ per book (41h class)
or $1.50 laster shipping (UPS).
Double for casseltes and overseas.

Tax: in Califormia add lax.

LFFIEE DETAILED CATALOGUE  Tel 415 848%%%?‘ 1B’elex 336311 J

PROGRANMING THE

MICROPROCESSOR
INTERFACING TECHNIQUES
Austin Lesea and Rodnay Zaks
416 pp, ret C207 $11.95
All the basic interfacing
techniques, from keyboard to
floppy disk, including the
standard buses (S100 to
1EEE488).

MICROPROCESSOR LEXICON
120 pp, ref X1 $2.95
Dictionary and tables. All the
definitions of the micropro-
cessor world in a pocket
book format.

MICROPROGRAMMED APL
IMPLEMENTATION

330 pp,ref 210 $25.00
How 1o design an APL
interpreter.

6502
APPUCATIONS BO0OK

. %
SELF STUDY COURSES ON
CASSETTES
Ten courses to study at home
orin the car. The most time-
efficient way to learn. Includes
workbook and cassettes.
INTRODUCTORY $29.95ea
S1-INTRODUCTION TO MiI-
CROPROCESSORS (2.5 hrs)
52-PROGRAMMING MICRO-
PROCESSORS (2.5 hrs)
COMPREHENSIVE $59.95¢a
SB1-MICROPROCESSORS
(12 hrs)
SB2-MICROPROCESSOR
PROGRAMMING  (10hrs)
SPECIALIZED $49.95
SB7-MICROPROCESSOR
INTERFACING (6 hrs)

2020 Milvia Street
Berkeley, CA 94704
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GRAM" in them, ! proceeded to modify and
extend Recover until | had a second Pascal
program called Grabber which would phys-
ically grab the good data from the damaged
disk and write it on the new system disk as
a file called A.-TEXT., Grabber starts al a
block address obtained by Recover's listing
and transfers all data to the new file. This
continues until a block is found containing
the magical key word END. which marks the
last line of every Pascal program in the
system.

The text of Grabber is found in listing 2
accompanying this editorial. It has a couple
of minor technical points worth noting.
First, the UCSD Pascal system editor pro-
gram tries to kecp integral lines of text
{marked by carriage return codes) within
one block of 512 bytes of data. Since lines
vary in size there is usually a segment of null
data at the end of each block. Second, the
UCSD Pascal system uses a form of data
compression to climinate redundant spaces
at the beginning of each line of text in a file,
so the first two bytes physically following a
carriage return character are often (but not
always) not text at all but codes indicating
line compression. Thus in converting the
file, the conversion program Grabber had to
ignore all nonprinting characters except
carriage returns and various combinations of
characters following a carriage return.

The end result of running Grabber is
always a file called A.TEXT, which | can
then change to a name appropriate for the
program being recovered. In this way, the
new system disk could be restored with the
contents of any program | wanted to use
from the old disk. Now, of course, the old
disk will never be modified in any way until
| have recovered all the data | want from
it.

The final version of the Grabber program
as | wrote it is shown in listing 2a. It is still
not perfect, for there are various strange
combinations of carriage return and indenta-
tion codes which crop up when a file is
recovered in this manner. It only handles the
most common states of indentation codes,
The exceptions are relatively benign, in that
they get turned into arbitrary charac-
ters at the beginning of lines. These charac-
ters can in turn be edited out of the file after
the grabber has completed its operation.
Verification of the success of this strategy
has been provided by several programs which
compile and run as expected after transfer to
new files using Grabber,

As for new operating procedures, | have
now started to make a more regular practice
of backing up files on my system disk. 1t
turns out that there is no particular diffi-
culty in transferring the ¢ntire contents of a



disk from one drive to another using the
UCSD Pascal system’s filer program. So,
readers who wish to learn from my little
fiasco should consider taking the time at
least once per day to copy all the files on
their main disk to a backup disk as a little
bit of logical insurance against a serious
filing system problem which may or may not
ever happen. This is an important practice
even if all you are using your computer for is
fun and games, for every program that is
ever written takes time and energy to create
and type into a computer.

Listing 1: The first stage in the process of
recovery from the directory zeroing disaster
was to write an exploratory Pascal program
called Recovery. The zapping of course only
applied to the current system disk, copied
from the master supplied with the system.
Thus it was possible to make a new system
disk for the purposes of compiling programs
such as this one.

{Program to scan blocks on disk for text string "PROGRAM"]

PROGRAM recovery;
CONST
disk = 5;
VAR
blocknr,i,j : INTEGER;
anychar : CHAR;
buffer : PACKED ARRAY[0..511) OF CHAR;

PROCEDURE initialize;

BEGIN
WRITELN ('Enter starting block number for scan'};
READLN (blocknr) ;
FOR j := 0 TO 511 DO buffer(j] := ' ';

BD {initialize};

PROCEDURE findprogram;

BEGIN
WRITELN (' Checking Block #',blocknr);
UNITCLEAR (disk);
UNITREAD (disk ,buffer,512,blocknr,0);
UNITWAIT (disk);

) =05
WHILE j < 480 DO
BEGIN
IF (
(buffer[j+0]="P"') AND
(buffer(j+1]='R"') AND
(buffer[j+2)='0"') AND
(buffer[j+3)='G') AND
(buffer(j+4)='R') AND
(buffer(j+5)="'A") AND
(buffer{j+6]="M"))
THEN
BEGIN
FOR i := j TO j+20 DO WRITE(buffer{i]};
WRITEIN('');
j = 505
END;
j =3+ 1
ED;

blocknr := blocknr + 1
2D { findprogram};

BEGIN (recovery}
initialize;
REPEAT
findprogram
UNTIL blocknr > 1100;
END. (recovery}

Write faster in BASIC,
FORTRAN, or COBOL

Document & modify more easily, too

Human-engineered to do the job better. Yes you really can gel flawless code
faster, using the Stirling/Bekdorf™ system of software development taols with
structured programming concepts. The 78F2, 78P4, and 78C1 are human-engineered
to reduce initial errors, improve de-bugging speed, and ard concept communication

First, use the 78F2 Flowchartrix™to lay out your oniginal concept blocks Then
use it to write a finely detailed flowchart.

54% more logic cells than other flowchart forms, put far more of your pragram
on each page. Each Flowchartrix has a full 77 logic cells, not just 50. This saves
paper, and makes your finished flowcharts easier to understand. By seeing up to
27 extra steps of a program on each page, you comprehend program llow more
clearly. You save money and storage space, t00.

Every matrix cell in the 7 x 11 matrix has a specific label to help you track
branch points. When you wiite program documentation, having a separate reference
pornt for each cell makes your program much easier to describe clearly.

With Flowchartrix, you don't need a shape template to draw remarkably regular
logic symbols. Guides for the most-used logic symbols are rnight in each matrix
cell, to hepp you draw most standard flowchart symbols entirely free-hand.

78P4 Print-Out Designers are next. ‘When you limish flowcharting, lay out the
prnted reports your program will generate  Then when you wnte code you blaze
through the report generation segments right along with the rest of your program.

Unigue 70 x 160 matrix accommodates even proportional-spacing word pracessor
formats. The 160-column width can handle practically any printer format. The
78P4 is big, 14'z x 22 inches, because we've scaled the cell size to human writing
comforl, nol machine print. giving nearly twice the character-writing area of olber
printout design sheets.

Special 5-column area records the program line number of the code which
creates each printed line. It shows, at a glance, exactly which line of code creales
each line of your report, sawing hours of needless search ime when you must
change the report format (and don't you always have to, sooner or later?:

Every sheet of 78Cl gives you 2 form uses for the price of one. Use /8CI's
full 28 hne x 80 column gnd area to code regular program steps. Then for inler
active or instructional sections, simply keep your characters within the appropriale
CRT indicator lines. and you'll automatically know where every character will show
on your CRT screen.

28 line x 80 column coding capacity saves you 14 sheets out of every 100,
compared to 24-lne forms. 86 sheets hold more program steps than 100 sheels
ol any 241me form, yel we offer full-size 6mm x 3mm grid blocks to give you
comfortable writing room and visual space between lines

Works with your CRT display, no matter what brand you own. Equipped fos
both 16 line x 64 column and 24 line x 80 column display formats.

Avarlable in theee versions (one for BASIC languages. one for FORTRAN, another
tor COBdOLJ, the 78C1 1s so powerful we include a /-page instruction manual with
every arder.

very tool in the Stirling/Bekdorf system is surface-engineered to take both
pen & pencil without blotching. Our tough, extra-heavy, 22 paper s pure enough
to use with critical magnetic ink character readers. and gwves you crisp, shaip char
acters with pencil or plastic-tip pen.

Every part of our system uses eye-comfortable soft blue grids. All gnd rulings,
tints, and diwsion rules are reproduced in a special shade of blue, easy on yous
eyes even after hours of continuous programming. If you're a professional pro-
grammer, you'll particularly appreciate our improvement over the green lines you've
been writing on.

A 3ring binder is one more of our secrets for your success. All your notes,
logic concepts, flowcharts, code, CRT layouts, print-out designs, and documentation
can be kept together, i order, in one place. When everything you create stays
together, debugging and modification is much simpler.

Order your suppli of the world's most advanced software developmen? tools,
right now, before you hatch even one more bug.

1862 Flawchartm 78¢1 Combinatson Coding/CRT Laysuly
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Tiy State
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Listing 2a, continued:

[ legal possibilities are as follows
..« Kany><any>,..<any>
see SCRO>CCR> ...
. <CRO<DLE><m><any> ...
. <CRO<DLEX<><DLE><n>...<DLE><{n><any>...

k := CRD{(onecharacter);
CASE ifoundareturn OF

no:
IF k <» acarriagereturn THEN
makenormal
ELSE
BEGIN
WRITE (theoutput ,onecharacter);
ifoundareturn := yes {--> next state]
END {IF...ELSE...};
yes:
BEGIN
IF k=indentcode THEN
BEGIN
WRITE (theoutput ,onecharacter) ;
ifoundareturn := spacecownt {-->next state}
END
ELSE
BEGIN
IF k = acarriagereturn THEN {-->same state]
WRITE {theoutput ,onecharacter)
ELSE {-->first state}
makenommal
END
END;
spacecount :
BEGIN
WRITE ( theoutput ,onecharacter} ;
ifoundareturn := yes {--> previous state}
END
END {CASE};
END {FOR};

blocknr := blocknr + 1
BEND [transferblock);

BEGIN {grabber}
initialize;
IF blocknr < 1103 THEN

REPEAT
[put an upper limit on number of blocks to transfer)
blockecount := blockcount - 1;
IF blockcount < 1 THEN
BEGIN
WRITELN ('Enter number of blocks to do');
READIN {blockcount);

IF blockcount = 0 THEN blocknr := 9999;
IF blockocount > 20 THEN blockcount := 20
END;
IF blocknr < 1103 THEN transferblock
UNTIL blocknr > 1102;
CLOSE (theoutput, LOCK)

END.

Enter starting block number to qrab from right drive (2b)

259
Output will be to the file “A.TEXT"
Po you approve?

Y

Enter number of blocks to do
5

Transferrirg Block §259
Transferring Block 3260
Transferring Block #261
Transferring Block #262

I found END. in block #262 m

BYTEs Bugs

Historical Correction

Regarding Keith S Reid-Green's arti-
cle “The History eof Computers: The
IBM 704" (January 1979 BYTE, page
190), the magnetic core storage unit,
shown in photo 1, is the IBM 737. 1t had
a capacity of 4096 36 bit words, The 32
K core storage, referred Lo in the article,
is the IBM 738 and did contain a minor
amount of solid state logic.

The IBM 711 {photo 3} could read
any of 80 card columns, selectable by a
plugboard whose access is shown under
the identification tag, Only 72 of thosc
80 columns could be read at any one
time, however. Also the Q bit of the
multiplier-quotient register was used in
multiply to contain bits of partial pro-
duct during shifts,

I am sure that all of us "old-timers'"
who worked on the 704 appreciate your
nostaglic look backward to the early
days of this industry.

Warren G Tisdale
Rt 6 Box 348N
Raleigh NC 276128

Commander in Chief Generalized

Regarding the program Commander
in Chief, presented in December 1978
BYTE, page 192, there arc several
minor errors: location 093 should read
@ instead of O vand should
be inserted at location 041. To get dif-
ferent games each time, one need only
enter any number before pressing ® .
The program can be madified in the fol-
lowing manner to remove the necessity
of entering a new seed number for each
game:

136

137

BEOOBEHOOOE

Dennis Grundler
818 E 22nd St
Marysville CA 959018
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April 3-5, Specifications of Reliable
Software, Hyatt Regency Hotel, Cam-
bridge MA, This conference is sponsored
by the IEEE Computer Society. Contact
Douglas T Ross, Softech Inc, 460 Totten
Pond Rd, Waltham MA 02154, (617)
890-6900.

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

April 9-11, Computer Contract Negotia-
tion, Atanta GA. This 3 day course is
designed to give participants sound an-
swers 1o the complex ramifications of
preparing and negotiating computer con-
tracts.  Contract  Brandon Consulting
Group Inc, 505 Park Av, NY NY 10022.

April 9-11, Data Processing Operations
Management, Miami FL. This seminar
will emphasize the management skill and
techniques applicable to the data pro-
cessing operations function. The curri-
culum is designed toward practical,
applied management techniques to pro-
vide a sounder understanding of the
ways of managing data processing
operations more cffectively. Contact
The University of Chicago, Center for
Continuing Education, 1307 E 60th St,
Chicago 1L 60637.

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

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

April 18-20, Understanding and Using
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Computer Graphics, Dallas TX. This
course is for people who are now using
or making decisions about using com-
puter graphics and its role in their organ-
ization. It will describe computer graph-
ics; show how installing computer
graphics can be justified; explain what
hardware and software systems are
available and give costs and performance
comparisons. Contact Frost and Sullivan,
106 Fultoen S, NY NY 10038,

April 23-26, Middle Eastern Electronic
Communications Show and Conference,
Bahrain Exhibition Ctr, Bahrain. The
exhibition will consist of companies
marketing communication systems, pro-
ducts, and services. Contact Gerry
Dobson, MECOM '79, Arabian Exhi-
bition Management, 11 Manchester Sg,
London WI1M SAB.

April 23-27, PASCAL Programming for
Mini and Micrecomputers, Ramada Inn,
Woburn M A, This course covers a general
approach to the use of high level lan-
guages in small computers, including an
intensive course in PASCAL program-
ming, and dn introduction Lo structured
programming Lechnigues, Contact Insti-
tute for Advanced Professional Studies,
One Gateway Center, Newlon MA
02158.

April  23-27, High Speed Computer
Organization: Super Machines and Low
Cost Systems, lloliday Inn, Westwood
CA. For compuler designers, system
architects, project leaders and managers
involved in the implementation, applica-
tion and evaluation of high speed com-
puting systems., The course provides a
thorough understanding of the principles
of high speed compuler arganization and
their use in cost effective systems, Several
commercial and paper high speed com-
puters arc presented and  compared.
Contact UCLA Extensivon, 10995 Le
Conte Av, Los Angeles CA 90024,

April 24-26, Electrof79 Show and Con-
vention, New York Coliseum and Ameri-
cana Hotel. Contact William C Weber Jr,
general manager, Electronic Conventions
Inc, 999 N Sepulveda Blvd, El Segundo
CA 90245,

April 30-May 2, First Annual Interna-
tional Conference on Computer Capacity
Management (ICCCM)}, Washington DC.
Individuals involved in computer capaciy
management will present papers on re-
search, experiments and ather activities
concerned with the imporiance, require-
ments and bencfits of capacily manage-
ment in teday's dala processing environ-
ment. Contact Marken Communications,
2275 E Bayshore Rd, Palo Alio CA
94303.

May 11-13, The West Coast Computer
Faire, San Fruncisco Civic Auditorium,
This 15 a conlerence and exposition on
personal computers for home, business,
and industry, Contact Computer Fajre,
POB 1579, Palo Alte CA 943072, {415)
8§51-7075.

May 21-25, Systems Analysis Workshop,
Chicago IL. This workshop will teach
systems analysts and others needing sys-
tems analysis skills to use a practical set
of tools and techniques to evaluate user
requests and document requirements for
new data processing systems. Contact
Brandon Systems Institute, 4720 Mont-
gomery Ln, Bethesda MD 20014,

June 6-8, Eighth Annual Conference of
the MUMPS Users Group, Marriott Hotel,
Atlanta GA. Papers will be presented on
all  aspects of MUMPS development,
implementation, and use, Contact Judith
Faulkner, Program Committee, Depart-
ment of Psychiatry, Clinical Sciences
Center, 600 Highland Av, Madison WI
53792,

June 6-8, Twelfth Annual Association of
Small College Computer Users in Educa-
tion Conference, Denison University,
Granville OH. Sessions will include the
presentation of papers and demonstra-
tions of the educational use of micro-
computers, computer textbook surveys,
discussions with authors of computer
texts, administrative uses of computers
in small colleges, and a tutorial on micro-
processors. Contact Douglas Hughes,
Computer Center, Denison University,
Granville OH 43055, (614) 587-0810.

June 6-8, Computer Contract Negotia-
tion, NY NY. This 3 day course is de-
signed lo give participants sound answers
to the complex ramifications of pre-
paring and negotiating computer con-
tracts. Contact Brandon Consulting
Group Inc, 505 Park Av, NY NY 10022,

June 19-21, International Microcom-
puters [ Minicomputers / Microprocessors
'79, Palais des Expositions, Geneva
Switzerland. The 1979 conference pro-
gram will probe advances in systems and
equipment with emphasis on practical
applications and uses of minicomputers
and microcomputers as well as the tech-
niques important to their development.
Contact Industrial & Scientific Confer-
ence Management Inc, 222 W Adams St,
Chicago IL 60606.

June 20-22, The 1979 Symposium of the
Wilmington Section of the Instrument
Society of America, University of Dela-
ware, Newark DE. The symposium
theme: Measurement Technology for the
'80s is being programmed by three of
ISA’s divisions: Process Measurement
and Control, Anaiysis Instrumentation,
and Water and Waste Water Industries,
Contact A H Straightiff, E | Du Pont de
Nemours and Co Inc, (302) 366-3810.

June 27-29, Machine Processing of Re-
motely Sensed Data, Purdue University,
W Lafayette IN, The symposium will
focus upon the theory, implementation
and novel applications of machine pro-
cessing of remotely sensed data. Con-
tact Purdue University, Laboratory for
Applications of Remote Sensing, 1220
Potter Dr, W Lafayette IN 47906.a
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P.E.T. Food
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SEAWOLF - - - $10.00

BREAKOUT - - $10.00

g;g.és.fi“fﬁ?'zﬁi’}gh‘éﬂg STIANGAAY PR

CATEGORY CATEGORY AMOUNT

*TOHTMMNID

Total amount spent was 4358.99
Total income was 2.75

Do o t i i for this
p.rnfog??ancraﬂgplndma el

HOUWUSEHOLD FINANCE
PARTS 1&2 -- $15.00

Dual Joystick Interface
(with two progr-m-)-$45-oo

LIFE - - - - - - - $5$20.00

ORDERS: Send check, money order,
or VISA /Mastercharge (include expi-
ration date) and add $1.50 shipping.
Calif. residents add 6% sales tax.

INFORMATION: More information
on these and many other currently
available programs is available on a
free flyer. Write directly to Creative
Software.

Creative Soffware

P.O. BOX 4030, MOUNTAIN YIEW, CA 94040
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Clubs sad

Noweletiens

Exchange Information with Brazilian
TRS-80 Group

A Brazilian TRS-80 users group is
interested instarting a software and hard-
ware cxperience exchange with other
user groups. Contact Douglas Gilson,
RUA Sambaiba #516, Leblon, Rio De
Janeiro 20,000 BRAZIL.

The Cleveland Digital Group

The Cleveland Digital Group meets
at 2 PM on the third Sunday of each
month in the old railroad station at
Safier's Inc, 8700 Harvard, Cleveland OH
44105, Write the club at the above
address for more infarmation.

The Valley Computer Club Changes
Meeting Location

The Valley Computer Club of Bur-
bank CA is no longer meeting at the
Harvard School in Studio City. The club,
which has 228 members, now meets at
the Burbank Board of Realtors Hall,
2006 W Magnolia Blvd in Burbank.
The time remains the same as the first
Wednesday of each month at 7 PM,
Inquiries should be sent to The Valley
Computer Club, POB 6545, Burbank
CA 91510,

Apple Il Users Group in Denver Area

A new Apple Il users group, called
Apple Pi, has been formed in the Denver
area, They meet at 7:30 PM the first
Thursday of each month in room 271,
Green Center, Colorado School of Mines
campus in Golden CO. They have begun
a software exchange and are planning a
training, hardware and softwarc ideas
exchange as well as a newsletter, Contact
Austin R Brown |r, secretary, 407 Peery
Pky, Golden CO 80401, (303) 279-5388.

Educational, Recreational Computer
Club

The ERCC (Educational, Recrea-
tional Computer Club) was formed in
Owosso M! in September of 1978,
Meetings are scheduled monthly and
usually include a speaker. A large por-
tion of cach meeting is devoted to dis-
cussion and trade of programming ideas.
Plans for the future include forming a
club library and possible group pur-
chases. A newsletter is published month-
ly and is available for $2.50 a year to
nonmembers. Contact Paul Heimnick,
1415 Olmstead St, Owosse M| 48867,
(517) 723-7602.

St Louis Area Computer Club

The St Louis Area Computer Club
meets at 7 PM on the first Thursday of
the month at the Thornhill 8ranch of
the St Louis County Library on Fee Fee
Rd north of Olive Rd. The meetings are
open to the public. Club dues are $5
which includes a newsletter. Contact
SLACC, POB 28924, St Louls MO
63132.

Glitch Kickers Computer Club

The Glitch Kickers Computer Club
has recently formed in Des Moines 1A
and is looking for new members. The
club is open to anyone, whether you
have a computer or are just interested
in learning about computers. The club
plans to work in several areas, among
them education, writing software and
starting a personal computer netwerk.
The club meets the first and third Satur-
day of each month at 2 PM. The meeting
place is the Computer Emporcium, 3711
Douglas, Des Moines |A. For further
information, call (513} 279-8861.

Commeodore PET 2001 User Group

PET User Group is an organization
for people interested in the Commodore
PET 2001 computer. Their purpose is to
share and exchange applications, pro-
grams, and hardware expansion tech-
niques; and to provide general user feed-
back. The first year membership is $5
and will include six issues of the PET
User Notes. Write Gene Beals, POB 371,
Montgomeryville PA 18936,

Delaware Club Develops Home Heater
Control

Jodie Hobson, president of the
Delaware Users of Microprocessor Sys-
tems, writes to tell us that his club is
interested in both hardware and soflt-
ware and they are combining both in
the development of a hame heater con-
trol as a club project. The club mects
the fiest Monday of each month at the
University of Delaware. Contact Jodiv
at 318 B Chapel Av, Claymont DE
19703 or call (302) 792-2319,

New Mexico Computer Society

Dick Franzen, president of the NMCS
{New Mexico Computer Society), has
written to inform us of 1he existence of
his c¢lub. NMCS promotes the under-
standing and use of computer iechnolopy
in all arcas of our saciety, They have 4
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Cantinued from page 8:
1802 QUEST FOR INFORMATION

Hey, how about some support for
the poor little 1802? It is no longer an
obscure processor used by few of us.
Many personal computers utilize this
chip—the RCA VIP, Quest Super EIf,
Netronics EIf 1, many homebrew sys-
tems, and others. An 1802 recently went
up in an OSCAR satellite! Much soft-
ware is available to 1802 users, including
debug and monitor routines, video
games, Tiny BASIC, and gencral purpase
programs available from the many 1802
based clubs.

Writing one’s own software is simple,
duc 1o the unique COSMAC architec-
ture, The processor contains sixteen 16
bit general purpose registers that can be
used to hold data and memory addresses
1o point to stacks, subroutines, etc. The
program counter can be changed to any
one of these under program control,
facilitating the wuse of subroutines.

What about hardware? The 1802 is
completely static and CMOS, resulting
in very low power dissipation, an impor-
tant consideration when designing bat-
tery operated systems. It is available in
two voltage versions: 4 1o 6 V and 4 to
12 V. There is also an on chip direct
memory access controller that simplifics
loading of programmable memory, since

this can be done in hardware without
the need for a bootstrap read only mem-
ory. Memory interface is simple and
straight{orward, because no bizarre data
mulitiplexing is performed; sequential
high and low order byles of the memory
address are strobed onto an B bit bus by
two liming pulses. Once decoded, the
address is uscd just as any other 16 bit
address bus, Hardware single step is also
easily implemenited . 1O (inputfoutput)
is especially simple, due to three binary
encoded output lines that can be con-
trolled by the processor to select one of
eight input and output devices directly.
Also available are four flag lines that can
be tested by the processor to determine
a course of action. These features,
coupled with the simple 93 instruction
set and RCA support chips make soft-
ware and hardware development pain-
less {and sometimes even fun).

We avid 1802 fans arc no longer a
tiny minority, and would like some sup-
port from BYTE, a magasine that many
of us subscribe to (or the purpose of
discovering the latest in the computer
world. The 6800 and 8080A arc good
processors, but there ure others on the
market.

In addition, please go a little heavier
on hardware. Alsg, | would like (o see an
article on the very busics {no pun in-
tended!) of Pascal. V've read and reread
the previous pieces, but |still can't make

6800 PERFORMANCE PRODUCTS
FROM MICROWARE

A/BASIC COMPILER Unmatched for speed, versatility and efliciency,
generates pure 6800 machine language from BASIC source. Fast integer math,
sirings, logical and array operations. Output is ROMable and requires no run-
time package. Cassette version requires RT/68 and 8K RAM. Disk versions re-
quire 12K and have complete disk 1/0 statements plus other exiensions.

Cassette Version — A/Basic V1.0C
SWTPC Miniflex — A/BASIC V2.1F
558 DOS-68 — A/BASIC V2.15

RT/68 OPERATING SYSTEM Compatible MIKBUG replacement ROM with ex-
panded, improved monitor plus real-time multiprogramming executive. 1000
in use since 1976.
RT/68 MX on 6830 ROM (Mikbug pin compatible)
RT/68 MXP on 2708 ROM (EPRO

6800 CHESS challenging chess program, two difficulty levels. Runs in BK RAM.,
Mikbug-compatible object plus A/BASIC source. Specify casselte, SSB or
SWTPC minidisk.
CHESS V1.0

DR. ELIZA 6800 version of famous MIT artificial intelligence program. Com-
uter as psychoanalyst communicates in plain English dialog. Mikbug compat-
ible object plus A/BASIC source. Specify cassette, SSB or SWTP minidisk.
[LIZA 1.0
AS-1 A/D INTERFACE. Eight channel, B-bit high speed A/D system for §5-50
170 buss. Assembled.

AS-4 D/A INTERFACE Four channel 8-bit ultra fast D/A system for 58-50 1/0
buss. Independent isolated Z-axis strobe output for oscilliscope or plotier
graphics. Assembled.

U.S. orders add $2 for shipping. VISA and MASTERCHARGE welcome. Call or
wrile for free 6800/6809 catalog.

MICROWARE

SYSTEMS CORPORATION

pin compatible)

2035 East Ovid Ave.
Des Moines, 1A 50117
{515) 265-6121

$ 65.00
$150.00
$150.00

$ 55.00
$ 55.00

$ 50.00

$ 30.00

$115.00

195.00
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heads nor tails out of a Pascal listing.

Other than these few gripes, | enjoy
your magazine, and look forward to its
arrival every month,

Ivan Dzombak
621 Spring 5t
Latrobe PA 15650

[Authors take note! Our articles come
from our readers. Let'’s see some more
information on the 1802—RGAC.|

CANCELLED AND HAPPY?

Recently | took advantage of your
offer to receive one free issue of BYTE
by filing for a subscription and canceling
after receiving the first issue.

Although | did cancel the subscrip-
tion upon receiving the first free issue,
I do wish to compliment you on the
quality of BYTE, | canceled not because
I did not think BYTE to be a good buy
for the computer hobbyist, but becausc
it made it clear to me just how big the
hobby is! As an active amateur radio
operator in the process of designing and
building some new major pieces of hard-
ware, | decided that | had better get
more of that work out of the way heforg
I delve into computers too deeply.

| expect to return to BYTE in about
a year or so—a short time before | begin
any extensive home computer experi-
mentation. That first issue of BYTE has
convinced me that it will provide the
means for coming up to speed on the
subject.

Richard A Griffiths
6510 Foster St
District Heights MD 20028

A BASE COMMENT

| enjoyed Harold Pritchard’s tip on
using an ordinary calculator for addition
and subtraction of hexadecimal numbers
(January 1979 BYTE, page 165). Your
readers might be interested 1o know that
this technique works for all number
bases from 2 through 99. To use for
other bases, all you need do is find the
number to add or subtract for carrys
and borrows, The “magic number' is
simply 100 minus the base being used.
For hexadecimal it's 100 - 16 = 84 as
we’ve secn. For octal it's 100 - 8 = 92,
and for binary, 100 - 2 = 98. As with
hexadecimal, four digits is the most you
can work with using an 8 digit calculator.

David L Johnson
4106 Montreal Ay
Prince George, VA 23875

COPYRIGHT INFORMATION
GATHERING

I'm becoming more and more inter-
ested in the question of software copy-
rights, I'm sure the editors at BYTE
agree that this is a subject which s
confusing to anybody who starts talk-
ing about it; there are no legal prec-
edents, nobody really knows how ta
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THE SHAPE OF LIFE

I liked the articles on Life in the
December 1978 BYTE.

An area of Life that ) find particu-
larly fascinating is the behavior of Life
forms in universes other than the ilat
two-dimensional universe. For example,
in cylindrical or torus shaped universes it
is possible for various kinds of stable
“'shock waves' to exist. These consist
of complete loops around the universe
and travel at the velocity of light, or
twice as fast as a space ship. The simplest
forms look like combs and can leave
various kinds of debris behind or simply
empty space. Another class of objects
not found in the flat universes are
“universal oscillators” that can exist in
finite universes of the torus type and
which enpulf the entire universe,

To investigate these kinds of Life
forms | wrote a program in COSMAC
1802 machine language that runs on the
RCA VIP Computer. The geometry of
the universe can be selected by the user.
Speed is very desirable if you are trying
to determine the fate of a particular
pattern and | spent considerable effort
to maximizc the program speed, The
program calculates about five genera-
tions per second for an almost full
universe up 1o 25 gencrations per second
for an almost empty one. The actual

speed can be set to a lower value by the
user and this is useful {or examining a
pattern in detail or for designing new
patterns.

Te make the program generally use-
ful | added pattern storage and pattern
editing features. Those readers who are
‘nterested in obiaining copies ol the
program can write to ARESCO, POB 43,
Audubon PA 19407,

Brian Astle
22 Fieldston Rd
Princeton N) 08540

KUDOS

After reading so many complaints
{and suflering Irom the samec problem
myself) about wendors of computer
pesipherals, I'd like to salute one of
the “good guys' of the industry. We're
always quick to condemn, but how many
of us take the time to give praise when
someene's worked hard 1o easn i1?72?

| nominate for “The Good Guy of
the Month Award' Warren Resenkrantz,
superstar of ¥V R Data Corporation in
Folcroft PA, After dealing with several
other rather guestionable {irms, | re-
ceived a Tlyer from ¥V R Data congrat-
ulating me on the purchase of my Radio
Shack TRS5-80 and listing several periph-
erals at wery attractive prices. | inves-

Add-In Associative Memory

for the S-100 bus

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

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

Features:

4K bytes per board

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

RAM access time: 200 ns

CAM access time: 4 us
Multiwrite —writing into multiple
locations with one instruction
Masking— for individual bit
access
Muliiple REM boards accessed
in parallel
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Adds 17 associative memory func-
tions to instruction set of Z-80 or 80B0.
Applications:

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

Price: $325

4K firmware package of REM
routines: $80

1 SEMIONICS

4] Tunnel Road ¢ Berkeley #CA 94705
{415} 548-2400
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tigated and, to make a long story short,
began what | hope to be a long and re-
warding business relationship.

Warren and his staff exhibited a
willingness to help a fledgling computer-
ist. They brought back that old, for-
gotten trait that makes good business-
men great—the customer comes first,
Sure, like everyone else in this mad
industry, we had problems such as
printer modifications that didn't work
and the disk drive that gave weird re-
sults. However, Mr Rosenkrantz spent
considerable time and effort to correct
these problems and, together, | think
we both learned a lot. He's alsg very
knowledgeable in the field of electronics
and is quickly becoming a pro on the
TR5-80. What do you expect from a guy
who starts work at 5:30 AM and some-
times doesn't quit until after 10 PM?

| reiterate that praise is something
carned—and Warren Rosenkrantz of V R
Data Corporation has certainly earned
praise from this very satisfied customer.

Clifford W Coughlin
30 S Kirklyn Av
Upper Darby PA 19082

“THUS & SO" IMPLEMENTATION

In the December 1978 BYTE Carl
Helmers, comparing BASIC 1o Pascal,
made the point that:

In BASIC | would have to ref-
erence [a procedure/ in the pro-
gram with a number ortificially
created for thet purpose, | might
say GOSUB 10000, for example,
when | oreally meunr to calt and
execute u thus-und-so procedure,

Good point! Because of this tack of
expressivencss in ordinary BASIC the
Canon model BX-1 allows statements
such as GOSUB "Thus&so', Elsewhere
in the program the same alphanumeric
literal appears as a label, identified as
such by the keyword FLAG. Note that,
due to using gquotes, it is possible o use
upper and lower case, special characters,
spaces and even graphic characters. {1 is
not necessary to begin with aletter or to
avoid keywords of the language. The
BX-1 does, hawever, limit the length of
the label to eight characters.

GOTO may be used in the same way.
Furthermore, the BX-1 executes state-
ments such as ON A$ GOTO "YES',
“NQ™, “MAYBE"”, "HELP!, If A%
matches any of the literal strings shown,
then a branch to the location so labeled
will occur. If there is no match, execu-
tion cantinues with the next statement.
The statement form except with GOSUB
is also in the BX-1 language.

As far as | am aware, the observation
of Mr Helmers is correct for all cther
BASIC implementations,

Craig Busse

Canon USA, INC
140 Industrial Dr
Etmhurst, IL 607126 »






An Introduction to Microprogramming

Ben E Cline
702 Southgate Dr
Blacksburg VA 24060

Figure 1: Functional block
diagram of a conventional
bus structured computer.
Solid lines indicate data
paths and broken lines
indicate control lines.
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Many computer users have not been ex-
posed to the subject ol microprogramming
although it was introduced maore than 25
years ago. Wilh the advent of micropro-
grammed microprocessors, though, more
and more people are gaining access to Lhe
world of microprogramming. The purpose
of this article is to provide an introduction
to the subject,

The word microprogramming was intro-
duced in 1951 by M V Wilkes Lo describe a
method of implementing the control circuits
of a digital computer that differed from the
conventional hardwired logic approach. The
actions of a microprogrammed processor
during the exccution of an instruction are
determined by a program in high specd
memory called the control store, The data
paths, memory units, and arithmetic and
logic circuils of the processor are directly
controlled by bits in a microinstruction held
in the control store. Each machine instruc-
tion results in the execution of one or more
microinstructions.

—_————
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MEMORY ADDRESS
REGISTER
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L BUS
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CONTROL AND
UNIT = — — =P LOGIC <

UNIT

A 4
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CONTROL i
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Conventional versus Microprogrammable
Architectures

Figure 1 is a functional block diagram of
a conventional bus structured computer. The
memory unit is used to hold both data and
machine instructions. The arithmetic and
logic unit (ALU) performs arithmetic and
logic functlions such as addition, logical
AND, eic. The input and output (IOQ) con-
trol unit communicates with the external
world. Dala is passed between memory and
the arithmetic and logic unit by a bus sys
tem, The 10, arithmetic and logic unit, mem-
ory, and bus circuits are controlled by hard-
wired logic to generate the necessary signals
to fetch, decode and execute machine in-
structions,

A microprogrammed architecture is pre-
sented in figure 2. This functional diagram is
similar to figure 1 except for the control
unit. The conventional control unit has been
replaced with a programmable control unit.
Each step of the machine level instruction
fetch and cach step of a machinc instruction
execution is controlled by a microinstruc-
tion. The microinstructions are held in the
control store. The control store is a high-
specd memory which is usually independent
of main memory. The address control unit
determines which microinstruction will be
fetched and executed next. Several addressing
methods are discussed later in this article.
The microinstruction register (MIR) haolds
the current micrginstruction being executed.
The microinstruction in the register is de-
coded by the decode logic which gencrates
signals Lo control 10, arithmetic and logic
unit, memory and bus according to the ac-
tions specified in the microinstruction,

The decode and address control circuits
of the microprogrammable architecture are
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HOUR ORDER LINE

™ MONTHLY (914) 425-1535
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CORMPUTRONICS:

New City, New York 10956

* PRACTICAL APPLICATIONS
¢ BUSINESS

¢ GAMBLING » GAMES

e EDUCATION

¢ PERSONAL FINANCE

* BEGINNER’'S CORNER

Box 148

ONE YEAR SUBSCRIPTION $24

TWO YEAR SUBSCRIPTION $48

SAMPLE OF LATEST ISSUE $4

START MY SUBSCRIPTION WITH ISSUE
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NEW SUBSCRIPTION RENEWAL

CREDIT CARD
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* NEW PRODUCTS

e SOFTWARE EXCHANGE

* MARKET PLACE

* QUESTIONS AND ANSWERS

* PROGRAM PRINTOUTS
....AND MORE

SIGNATURE

NAME

R WORD PROCESSING PROGRAM
(Cassette or Disk)

E For Writing Letters, Text, Mailing Lists, Files, Etc.

With Each New Subscriptions or Renewal

ADDRESS

Send for FREE Soliware Catalague {Including listings of hundreds
of TRS-80 programs avatlable on casselte and diskette}

Z80 INSTRUCTION i
HANDBOOK

PERSONAL INFORMATION
MANAGEMENT SYSTEM

CALCULATING
WITH BASIC

data base manage-
ment program. It’s
carefully customized
for the small system
owner. You can de-
fine and construct
your own data bas-
es. Each record can
contain _up to ten
fields. You define
what goes in each.
Then modify it
whenever you want

L chine codes are pre-
T sented in both octal
and hexadecimal
e format. A conveni-
ent index lists
instructions alpha-
betically along with
machine codes and
timing information,
Industry standard
mnemonics are used
throughout. A prac-
tical guide for the novice, intermediate

Personal Informa- 280 Your complete guide Here’s a variety of
tion Management L RUCTION to the powerful 280 programs in BASIC
System is indeed a ‘“a neDOK instruction set. Ma- language to help the

student, scientist,
engineer, technician
or hobbyist apply
the language io
practical problems.
Covers mathematics,
finance and statis-
tics, mechanical en-
gineering_ and elee-
tronics. For fun be-
tween such serious
applications, Hang-
man and Space Cap-

ture games are also provided. A real steal
at such a low price. Order now, Avaﬂable
for shipment in March. Check No 300

or advanced programmer. Pocket size.

through use of just three commands. You
Check No. 20 on coupon. JUST $4.956%

can search, list, sort and also sum col-
umns of numbers. Complete source list-

ing is included. Check No. 10 on the coupon. Y 87 95*
coupon. ONLY $9.95*
F SCELBI Publications
LEARN MICROCOMP UTERS 3 P. 0. Box 133 PP STN, Miiford, CT 06460
A new multimedia information package. Includes

text {Understanding Microcomputers) plus high-
guality cassette. For the beginner. Covers all the
Lasics guickly, easily and enjoyably. All the funda-
montals behind the operation of virtually every
microcomputer, Clear. Concise. Tells what to look
for in buying a microcomputer. Companion tape
includes chapter-by-chapter synopsis of the book.
Check No. 40 on coupon. JUST $14.95%*

6800 & 8080 SOFTWARE
COOKBOOKS

Now you can cook up mouthwatering programs.
Delectable “how to' facts include 8080 or 6800
instruction sets. How to manipulate stacks. Flow
charts. Source listings. General purpose routines
for multiple precision operation. Programming
time delays for real time. And much more, In-
cludes floating point arithmetic routines. Check
No. b0 (6800) and No. 60 (8080} on coupon.
ONLY $10. 95* EACH

*IMPORTANT ORDERING INFO! Include 75 cents postage/hand-
ling for each item. Prices shown are for North American customers.
Master Charge, VISA, Postal and Bank Money Orders preferred. Per-
sonal checks delay shipping up to 4 weeks.

0O No.10 2 No.20 O No.30 0O No.40 0O No.50 O No. 80
Name (please print)

Card No.
Address,

Bank No. Exp.

City/State Zip

Amt. Enclosed

Signature
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much simpler than the control circuits used
to implement the full instruction sct of the
conventional machine. However, the sim-
plicity of the elementary hardwired micro-
controller is partially offset by the addition
of a new element: the control slore. A sig-
nificant part of the cost of a microprogram-
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Figure 2: Functional block diagram of a microprogrammed bus structured
computer. Solid lines indicate data paths and broken lines are used to indi-

cate controf lines.

Figure 3: Input side of a
typical bus in a hypotheti-
cal computer. The register
names (MD, MA, etc) are
not important and serve
only as labels for this
example.
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Figure 4: Portion of a hori-
zontal microinstruction to
control the connection of
registers to the bus in figure
3. Each box s a microin-
struction bit that enables
the indicated register-to-
bus connection.
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Figure 5: Portion of a ver-
tical microinstruction to
control the connection of
registers to the bus in
figure 3. Here, three bits
are used to encode g
choice  between  seven
registers or a 0 "no oper-
ation.”

med computer also lies in the set of micro-
programs which must be developed and dc-
bugged to simulate a full virtual machine
instruction set. As a result, the costs of the
two lypes of computer architecture are
probably comparable.

The microprogrammable central proc-
essor is often referred to as the host ma-
chine because many different virtual ma-
chines can be superimposed on it by changing
the control store. By implementing different
microprograms in the control store the hard-
ware seems to change from the viewpoint
of the virtual machine software. For this
reason, a microprogrammable computer is
said lo emulate the architecture of a par-
ticular virtual machine.

This emulation technigue is a powerful
tool. It enables the same basic hardware Lo
implement the instruction sets of many dif-
ferent computers. For the homebrew com-
puter builder who goes this route, a basic 8
bit microprogrammed machine acting as the
host might be programmed to emulate any
one of the cxisting 8 bit microprocessors.
The same host machine might even be used
to emulate an IBM 370 so that some widely
available public domain software could be
utilized. Potential microprogrammers should
be warned, however, that creating the micro-
program for such anemulation is nota trivial
undertaking,

Microinstruction Formats

There are two microinstruction formats:
horizontal and vertical. Most machines use a
combination of these two. In a harizontal
system, each bit in the microinstruction con-
trols one data path or function in the ma-
chine. Figure 3 shows the input side of one
bus in a hypothetical machine containing
several registers. The A, B, MA, MD, PC, IR
and | registers may be logically switched onto
this bus, which might then route the data to
one input of the arithmetic and logic unit.

Figurc 4 shows a portion of a possible
horizontal microinstruction format to con-
tral the data paths of figure 3. Seven bits
are reserved in each microinstruction to
indicate which, if any, registers are to be
switched onto the bus. If all these bits are
0, no data is pul on the bus and the bus
carries a value of 0. If any of the seven bits
of the current microinstruction is 1, the
corresponding register is put on the bus. To
avoid conflicts, only one bit position in the
7 bil bus field may be logical 1 at any given
time. Depending on the electronics of the
bus structure, switching more than one regis-
ter onto the bus at the same time may
damage the hardware or simply give unpre-
dictable results,



A vertical micrainstruction format groups
similar functions into operation codes called
micro-orders. A micro-order for the bus
input of figure 3 is given in figure 5. Since
only one binary code can exist in the 3 bit
field, it is not possible to put more than one
register on the bus at a time. The vertical
microinstruction format is more compact
than a corresponding horizontal format.

Each microinstruction typically contains
bits to control all computer functions. In a
microinstruction, the two inputs of the
arithmetic and logic unit and the destination
of the output would be specified. The main
memory read and write functions are speci-
ficd by microinstruction bits. Bits for testing
register quantities are also provided along
with bits to cause jumps and subroutine calls
in the microprogram. “No operation” may
be specified if a particular bus or function is
not used for a microprogram step.

Contro! Store Addressing

The control store is much like a con-
venlional memory. In cases of machines
where user microprogramming is not
allowed, a read only memory is used to
contain the standard virtual machine in-
struction set. If the manufacturer supplies
microinstructions 1o emulate more than
one machine, or if user microprogramming
is allowed, a programmable memory called a
writable controf store is used. If users are
allowed to add instructions but not alter the
basic instruction set, part of control store
will be read only memory for the basic in-
struction set and part will be writable con-
(rol store Tor additional instructions.

Homebrew computer people who choose
to do microprogramming will most likely
implement a wrilable control store and
hardware to load it. Another alternative
is to use inexpensive high-speed program-
mable read only memory to store micro-
instructions.

One control store addressing technique
often used is Lo execute microinstructions in
sequence. This technigue is typically used
with the vertical microprogramming format.
A microinstruction counter, which is similar
10 a program counter or instruction counter
in a virtual machine environment, is used to
step through the microprogram. A micro-
instruction may contain a jump command
which is indicated by a certain bil pattern
in one of the micro-orders. With this tech-
nique the jump address is contained in the
microinstruction in place of certain other
micro-orders; thus, not all operations can be
specified in a microinstruction that specifies
a jump function.

Another addressing technique uses a field

in each microinstruction to specify the ad-
dress of the next microinstruction to be
executed. Horizontal microcoding formats
typically use this technigue. This method
requires additional bits in each microinstruc-
tion that the sequencing method does not
need.

Executing Virtual Machine Instructions

Executing a virtual machine instruction
typically begins with the microprogrammed
instruction fetch., The instruction fetch is
performed by a microprogram routine which
sends the virtual machine program counter
contents to a memory address register,
cycles memory and puts the instruction
which comes back from memory into the
instruction register (IR). This instruction
has a virtual machine op code which indi-
cates which operation should be performed.
To emulate the instruction, the proper
microprogram in control store must be
sclected and executed. For example, if the
op codc 4 means ADD and the ADD micro-
program begins in control store location
100, the next microinstruction fetched after
loading the ADD instruction into the in-
struction register should be fetched from
Jocation 100,

One method of providing the proper map-
ping between op code and control store ad-
dress is by an indirect jump through the
instruction register op code field. When the
op code indirect jump is specified (by a
specific bit pattern in the current micro-
instruction), normal control store addressing
is suspended and the op code gives the ad-
dress of the next microinstruction to be
fetched and executed. If a 4 bit op code is
used, an op code indirect jump would cause
the next microinstruction to be fetched
from a control store location from O thru
15, depending on the op code value. The
first 16 locations of the control store would
contain jump instructions to the micropro-
grams for cach of the 16 op codes. If the
ADD instruction is op code 4 and the
ADD microprogram is at location 100, con-
trol store location 4 would contain a micro-
instruction specifying a jump to location
100 (sec figure 6).

A second method for relating op codes to
microprograms is the use of a recad only
memory mapper. A special read only mem-
ory conlains the beginning address of micro-
programs which emulate each virtual machine
instruction. When the mapper is invoked, the
op code in the instruction register is used to
address the read only memory which looks
up the proper address of the microprogram
to emulate the virtual machine instruction
indicated by the op code (see figure 7).

v
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This method is used in such machines as the
HP 2100 minicomputer. A memory mapper
is not flexible enough to be used in a com-
puter where the virtual machine instruction
set is altered dynamically, To change the
virtual machinc instruction set easily, a
new mapper must be invoked. The read only

OP CODE INSTRUCTION REGISTER
L= |

CONTROL STORE

Q
|

2
3

q

.

JUMP 100

100 — <
“ADD
MICROPROGRAM

Figure 6: Mapping an op code into a microprogram routine by means of a
table of indirect jumps. Here the op code 4 picks the fifth jump in the table,
causing the microprogram to execute the ADD routine.

OP CODE INSTRUCTION REGISTER

L+ ]

ROM MAPPER

BN - O

100 = CONTROL STORE

100 |“apD"
MICROPROGRAM

Figure 7: Anotfier way to map microroutines: the instruction register op code
field is used to address a special read only memory that points to the proper
microprogram rotitine. Here the example of figure 6 is illustrated using a read
only memory mapper.
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memory mapper is most useful for manu-
facturers who supply a fixed set of micro-
programs that emulate only one virtual
machine.

In both mapping techniques, a table of
beginning  addresses  of microprograms s
kept — one in control store and one in an in-
dependent read only memory. These tables
are referred to as jump tables.

Hybrid Systems

Some of the flexibility of a micropro-
grammed processor is lost when certain func-
tions are not controlled entirely by micro-
instructions. For example, inputfoutput on
the HP 2100 minicomputer is handled
in hardware and merely initiated and syn-
chronized by microcode. As more control
functions are performed in hardware and the
ability to use different instruction formats is
hampered, the number of different virtual
machine instruction sets that can be easily
emulated decreases. On the other hand, if
certain contro! functions are handled by
hardware and the machine level instruction
format is relatively fixed, a virtual machine
instruction set may be emulated efficiently.

The hybrid combination of micropro-
gramming with some cuslom hardware is
used in most general purposc computers.
Functions which cannot be handled easily
in microcode, such as isolating specific in-
struction register bits, are delegated to hard-
ware. The flexibility of microcode is still
available for instruction sets thal take advan-
tage of the hardware functions.

Advantages and Disadvantages

There are scveral advantages to a micro-
programmable architecture. For computer
designers, the choice of the virtual machine
instruction set may be posiponed longer
than with a conventional architecture, allow-
ing hardware and software design to overlap
and influence each other. Instructions may
be added after the compuler has been de-
signed, built and marketed. As examples of
this, the HP 2100 minicomputer's floating
point option is implemented entirely in
microcode, and the DEC LSI-11 fioating
point feature is achieved by plugging in an
extra control store read only memory.

It is also possible with a microprogrammed
machine to market a line of computers with
similar instruction sets even though the
actual hardware of less expensive machines
may be very different from the more com-
plex models. The IBM 360 compuler uses 32
bit words and 16 general purpose registers.
Some of the smaller IBM 360s have less than
16 registers and 32 bit data paths but are
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s Have you gotten one of
Don Lancaster’s

Il your INCREDIBLE SECRET MONEY
MACHINE {ails to wark for you for any
reason, send it back for a fuil refund

Synergetics, Dept. B-84, Box 1112, Parker, AZ 85344
Please send me INCREDIBLE SECRET MONEY MACHTNES at $6.85 &#ach pastpaid.
Prica includes §] postage & handling.

{ ) I enclose o total of 8 . check or moneyorder, or
£ ) You can charge my Bank Arericard. Visa card no.-
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T34 sorTmene
announceos
our new product line

DAISY On screen WORD PROCESSING with
& sorial terminal.

WPDAISY DAISY with a built in text formatter.

DATABASE

A compiets data management rystem
with on screen updating.

TSA/OS Our operating systam. Inciudes »
full library of disk, terminal and

devics drivaers.

A rslocatable linking macro sssembler
with linking losder snd symbolic
debugger.

Wae provide well tested products
with ths support you need on both coasts.

—~ DEALER INQUIRIES INVITED —
39 Williems Drive

Monros, CT 06488
{203) 261-7963

CATCH THE
S-100 INC. ®
BUS!

ou
SPECIAL
LIST CASH
S.0. Versafloppy Disk PRICE PRICE
Controlier Kit 159.00 135.00
[.M.C. “'Pro’’ Dual
Extender Card 39.00 33.00
Ithaca Audio TRS-80 16K
Memory Upgrade Kit 140.00 119.00
T.E.1. 22 Slot Mainframe
Fully Assembled with
All Edge Connectors 845.00 633.00
Centronics 779
Printer
w/tractor feed 1350.00 995.00
IMSAI S-10 2-1 Kit -
Serial Interface 125.00 106.00

IMSAI I-KB-1 Microprocessor
Controlled Keyboard 395.00 170.00

Call for Our Prices on:
Cromemco, IMSAI, Vector Graphic, Narth Star, Sanyo,
Hazettine, IMC plus Most Other Major Lines.

Subjec! to Availlable Quantities e Prices Quated Include Cash Discourts
Shipping & Insurance Extra

Bus.. . 3—100,inc.

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

Interface. . .201-382-1318
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service to our customers we
have installed a toll-free
\WATS line in our

Hampshire office.
If you would
like to order a

BYTE's New
Toll-free

BYTE, orif
you have a
question relat-
edtoa BYTE
subscription,

Subscriber
W.A.TS. Line

to call ¥
(800)258-5485
between 8:00 AM and
4:30 PM Eastern Time.
(Friday 8 AM - Noon).
* Calls from conti-
nental U.S.

(800)258-5485

We thank you and look
forward to serving you.
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A Digital Alphanumeric Display

Daniel Chester

Dept of Computar Sciences
University of Texas at Austin
Austin TX 78712

Editor's Note:

Although prices hgve
been  significantly re-
duced since this article
was written in 1976, the
ideas presented are still
quite valid. The learning
experience involved with
designing and building
any type of interface is
invgluable. . . RGAC
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The demand for microprocessors for
personal use is growing phenomenally. If
these personal computers are to be more
than fancy desk calculators, however, they
necd to be able to receive and display letters
of the alphabet as well as numbers. While
there are numerous terminals on the market
that make such communications possible,
they are so expensive that a complete
computer system is still prohibitively priced.
How can the costs of inputting and out-
putting alphabetical characters be reduced?

Getting letters into a computer is relative-
ly easy. There are lots of surplus keyboards
around which can do this for a reasonable
cost. The hard part is getting the computer
to answer back in a readable form that
isn't just a string of digits. Television dis-
plays will do the job, if you have a spare
television; but there is another way that will
permit you to build a terminal without a
television, a way which may even provide
you with an alphanumeric terminal little
larger than a pocket calculator. The secret
is to use the same digital displays that desk
calculators use.

I

7

/
[ ] []

Figure 1: Labelfed 7 segment digital display.

A A T & # =
B & U ' ’
C ¢ v Y { C
D o WU I
E F X 4 * o
F F Y 4 + o
G g7 L 2 Yo
H A 0 o -
I 1 / .
| Y 2 Z !~
K ~ 3 3 oy
L ¢ 4 g N
M 77 5 & < &
N n» 6 & = =
O & 7 7 > 7
P P 8 7 ! P
Q g7 9 7 1A
R ~ ! ! 5 £
S g Y =z =
Table 1. Alphanumeric charocters and

corresponding outptt from the 7 segment
digital display.

A digital display consists of a decimal
point and seven line segments. If the decimal
point and line segments are numbered as
shown in figure 1, each display pattern
represents eight bits of information. Only
21 of the 256 possible patterns are used by
calculatars. After a few hours of experi-
menting, [ found, surprisingly, that most
letters of the alphabet are included among
the remaining 235 patterns. Although far
from ideal, it is possible to display a large,
recognizable character set on 7 segment
digital readouts. The character set that |
came up with is shown in table 1. One of
the shortcomings of this set is that some
letters are upper case and others are lower
case. This inconvenience is unavoidable,
except for a few letters like C, G, and U.
Some letters, like K and X, are impossible
to display others, like M, V and W, are just
difficult. For these letters, and the other
symbols in the character set, | chose patterns
that are in some sense “‘close” to the desired
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[~/ /
/ —// / . . ones. Even with these imperfections, how-
ever, this display code is quite readable, as
is shown by the sentences in figure 2.

A simple 8 character alphanumeric dis-
play panel can be made from eight single
digit readouts and eight shift registers. Each
shift register corresponds to a different line
segment in the digital displays. All the bits
in register 1 are connected in paralle! to
segment one in each of the readouts, and the
other registers are connected in similar
fashion to the other segments as shown in
figure 3. When an 8 bit pattern is fed into
the registers via their left shift inputs and the
registers are shifted, the appropriate display
character appears on the rightmost readout.
As more characters are entered in this way,
they progress, ticker tape fashion, across
the display panel until they disappear at
the left end of the display. To make this dis-
play panel compatible with other computers
besides your own, you can use a 256 word
by 8 bit read only memory to convert from
ASCII code to the display code required by
this panel. To extend the panel, just add
more readouts and more shift registers so as
to extend the original eight registers.

The most practical form of alphanumeric
input is the ASCII encoded keyboard, but
the digital display code makes possible a
computer terminal the size of a pocket
calculator. Alphabetical characters could be

P O

T e

P

| /N

Figure 3: Block diagram of an alphanumeric display panel.
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entered by drawing them with a stylus on a
pattern of eight metal sensing areas arranged
as shown in figure 1. A small number of
digital readouts would display the cutput.m
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Programmer’s Guides
for the PET"™

TiS

WORKBOOKS FOR THE COMMODORE PET 2001
Getting Started with Your PET WH-1 §4.00

Covers the tundamentals ol PET BASIC- calculalor
and program mode, data wnpul and ocutput, dala
representation, program slorage on the cassette

PET String and Array Handling WB-2 $3.95

Covers string and substring search, cancalenation,
Wt and manipulation

PET Graphics

WB-J $4 95

Covers use of cursor conlrol and specral graphics
symbols 1o draw piots, histograms, and skatches

PET Cassette 170 wa-4 $4.85
Covers OPEN, CLOSE, string and numer.c dala hies.
Miscelisneous PET Fealuras WB-5 $3.85

Covers the clock. random number generator, uppar
and lowercase alphabetic characlers. saving mamory
space. etc.

PET Control and Logic wB-6 $3.95
Covers IF. GOSUB. logical opgrations, and ON X.

Add $1.50 for stupping angd handling

TIS
IIJealer_ £.0. Box 921
nguiries Los Alamae, NM 87544
Invited

Money back guataniea

We atso sell PET Software. Wnite for details.

PET is a trademark of Commodore Business Machines

« PET 2001 » PET 2001 + PET 2001 » PET 2001 » PET 2001 » PET 2001 « PET 2001 ¢ PET 2001 « PET 2001 * PET 2001 «

PET 2001 » PET 2001 « PET 2001 « PET 2001 « PET 2001 « PET 2001 « PET 2001

PET 2001 » PET 2001 * PET 2001 » PET 2001 « PET 2001 ¢ PET 2001 « PET 2001

s L00Z L3d = LODZ L3d » LODT L3d » LOOZ 13d © L0OZ L3d » QDZ L3d # LOOZ 13d » 1007 L3d » LD0T 13d » LDOT 13d
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ANNOUNCING

DU&@?

THE EDUCATIONAL LANGUAGE
NOW READY FOR YOUR TRS-80

THIS VERSION FEATURES A BUILT IN EDITOR (THE
CNLY ONE WITH ONE ON THE MARKET THAT WE
KNOW OF) AND COMES WITH THREE SAMPLE
PROGRAMS.

THIS IS A PROGRAMMING LANGUAGE SO SIMPLE
A YOUNG CHILD CAN USE IT.

ALONG WITH YOUR ORDER YOU WILL RECEIVE
THE LATEST LIST OF PILOT PROGRAM PACKAGES.
WHICH SELL FOR $7.95 EA.

AND—YOU WILL BECOME A MEMBER OF THE
PILOT USERS GROUP, WITH A NEWSLETTER SENT
TO YOU FREE FOR THE NEXT YEAR!

ORDER NOw!!

TAPE $14.95 DISK $24.95

{OTHER VERSIONS WILL BE AVAILABLE SOON)

HADIVATTE RSO IVARE

~

900E SALEM ROAD » DRACUT, MA 01826
+ PHONE: (617) 682-8131 -‘Aﬂ

IMMEDIATE
DELIVERY

Domestic & Export

DEC LSI -11
COMPONENTS

A full and complete
line with software
support available.

Mini Computer
Suppliers, Inc.

25 CHATHAM ROAD
. SUMMIT, NEW JERSEY 07901
SINCE 1973

L’%E"

Telex 13-6476

(201) 277-6150
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22 START-AT-HOME
COMPUTER BUSINESSES

in “The Datasearch Gulde to Low Capital,
Startup Computer Businesses”

CONSULTING « PROGRAMMING » SOFTWARE PACKAGES
e COM » FREELANCE WRITING » SEMINARS ® TAPE/DISC
CLEANING e FIELD SERVICE e SYSTEMS HOUSES e
LEASING o SUPPLIES ¢ PUBLISHING » TIME BROKERS e
HARDWARE DISTRIBUTORS e SALES AGENCIES »
HEADHUNTING ¢ TEMPORARY SERVICES e USED
COMPUTERS » FINDER'S FEES ® SCRAP COMPONENTS ¢
COMPUTER PRODUCTS AND SERVICES FOR THE HOME.
Plus -- Loads of ideas on moonlighting,
going full-time, image building, revenue

¢ s -
| oW CAPTAL ITMATW

building, bidding, contracts, marketing, ! commoEn mawsers
professionalism, and more. No career '
planning tool like it. Order now. If not ! i
completely satisfied, return within 30 .
days for full immediate retund. - -
* 8% x 11 ringbound e 156 pp. ¢ $20.00
Phone Orders 901-382-0172 LA
DATASEARCH

incorporated

5694 Sheiby Qaks Dr., Suite 105, Dept. B. Memphis, TN 38134

Rush copies of "Low Capital Startup Computer Businesses” at $20
par copy 10 me right away.

NAME/COMPANY
ACDRESS
CITY/STATERZIP

0 Check Enclosed

0O Bankamericard D Mastar Charga
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state
active
wait
user waft
10 wait
file wait

darmant

dead

condition

in a working state.

ready to run whenever brought intc main memory.

waiting far the user to issue a command,

temporarily held up waiting to be serviced by (O device.
temporarily delayed until another user program has finished using
requested pragram of data file.

stopped running and has returned control to supervisory program,
but its machine conditions have been preserved.

terminated,

Table 1: All possible states that a program may exist in at a particular point
in its execution cycle.

stopped and to restore it when it is resumed.
That is to say, at the point in time when one
user's program is stopped and another user's
program is resumed, the instantaneous
description of the former program must be
saved and the description of the latter re-
stored. These instantancous descriptions are
typically referred to as the current 'state”
of the user program. The state of a program
typically contains such information as the
contents of the accumulators, program
counter, and condition code register. The
stateword might alsc contain pointers to the
address mapping tables which determinc the
correspondence between virtual and physical
addresses.

To explain this process in more delail, it
js necessary Lo examine the factors which
make multiprogramming possible and Lo
study a typical system in operation.

Multiprogramming Requirements

Technically, there are a number of con-
siderations which decide whether it s
possible to run programs together. In the
book Computer Timesharing (see refer-
ences), Popell specifies a minimum of five:

® A supervisory program referred lo as
executive, monitor, or supervisor.

® An interrupt processing system.

® Memory protection Tacilities to prevent
one program from destroying others,

® Dynamic program and data relocal-
ability so that the same routine can be
reentrant, That is, the routine can be
used, unmeodified, in different memory
locations at different times.

® Direct access facilities, or at least the
facility for the convenient addressing
of peripheral equipment. (For personal
computers the floppy disk is Lhe
typical example of a direct access
device.)

Typically, user programs Lo be run are
stored in auxiliary memory, usually disk,
readily accessible so that the supervisory
program can switch them into main mem-
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ory when their times to operate arrive,
Each program is allocaled the required area
in main memory and that area is protecied
by either hardware or software, from inter-
ference by other programs. Any instruction
attempting to address an area outside the
allocated memory block is trapped and
prompts an error message.

A system of priorities is usually imple-
mented. The supervisory program permits
the execution of the program with the
highest pricrity until such time as it is
suspended for some reason. Priorities are
usually determined by a scheduling algo-
rithm which is used by the supervisory
program 1o keep a record of the status of
each wuser program, Table 1 lists all the
possible states of a program at a particular
point in time.

If, by bringing a program into its area in
main memory, there is a storage conflict, the
program with the lower priority status must
be restored to its place in auxiliary memory.
This process is variously called swapping,
switching, push-pull or roll out-roll in,

The most common cause of program sus-
pension is a peripheral operation such as 10,
But there are others such as a machine or
program error or the lowering of priorities.
Until suspended, however, user programs run
for periods of time determined by the
scheduling algorithm. At the end of cach
program’s appropriate time slice {or when it
changes status) the supervisory program
determines which user program is (o be run
next. The state of the program which is to
be suspended {contents of accumulators,
index registers, condition code register, etc)
will then be saved cither in a supervisor’s
stack or dumped Lo auxiliary memory.

The supervisory program then reirieves
the next user program {rom auxiliary storage,
together with that program’s old state. It
loads this program inte main memory,
processes il, restores it, proceeds to the next
user program and so on, until it returns to
the first user program to give il a second
burst of processing (if required). Then it
continues the cycle. It can be seen that the
quintessential function of the supervisory
program in a timesharing system is schedul-
ing.

Scheduling

On early machines, programs were
assembled into the part or parts of main
memory they were to occupy during run
time in much the same way as they are on
microcomputers loday. If a Jarge program
required too much memory, il was necessary
to assemble the program in sections, trans-
ferring each section as it was completed to
auxiliary storage and restoring it (if nec-
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“BIG-EDIT” FOR BIG APPLE Il PROGRAMMERS PEISEOIPOPIOONRE0OCOOEIIOOOIOIOIRRRERERTS
¢ Convert your INTEGER or APPLESOFT BASIC ATTENTION SSB DISC SYSTEM USERS .

programs to “text” files on disk for easy editing and
Run mini FLEX formatted software on your SSB BFD-68

subroutine library development!

System without any hardware changes. Here's how! Obtain
the Mini FLEX Dos from SWTPCo and get Ed Smith's MEBFB
{Flex Boot) program on a SSB formatted disc. Use MBSFB to
load FLEX Dos to memory and manuaily add the patches in-
cluded with Flex Boot, and you are up and running in Mini
FLEX. Price includes diskette, instructions and a commented
assembly listing. ME8BFB.............cenveens $25.00
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S-M-I-T-H-B-U-G :

From the same programmer that developed SMARTBUG (a 1K :
single 2708 MIKBUG replacement) for Smoke Signa!l Broad-
casting comes an enhanced 2K version that provides a built in 4
mnemonic Disassembler/Trace, plus many new features g
designed to aid rapid program development and debugging. e
SMITHBUG contains an equivalent function for all the SMART-
BUG commands except tape /oad and save. It uses the upper ®
2K memory space from Hex F800 to the FFFF and can be used :
stand alone or as an adjunct to your present monitor. For o
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* Quickly change lines in “‘text” programs; search and
replace occurrences of strings; merge lines from other
program files; restructure programs!

® Renumber your programs — you specify the starting
number and increment!

s Strip REM’s from “execution” versions of your
programs {improves speed and frees up memory}!

e Create and edit non-program text files {letters,
announcements . . . )!

e Prints upper and lower case on line printer, inverse
video on screen!

e Comes complete with System Disk, User's Manual
and handy Reference Card!

REQUIRED: APPLE Il with Floppy-Disk drive, APPLE-
SOFT BASIC in ROM, and 32K minimum RAM (48K
is recommended). “BIG-EDIT"” supports optional
printer.

GARVEY, MARTIN & SAMPSON, INC.
210 Bavarian Drive (C)

Middletown, Ohio 45042

Phone: (513) 423-6608

Enclosed is $39.95. Send me "BIG-EDIT” {ASAPI}.

SWTPCo MP-A2 board users with an ACIA, a SWTBUG com-
patible version is available (with instructions on how to use it in
an adjunct to SWTBUG if desired). Delivery of either version on
a 2716 will depend upon price and availability. Both versions
are presently available on 2708's. A software only package
(i.e. manual with assembly listing) may be ordered if you wish
to burn your own. Specify present monitor.

SMITHBUG on 2708's ..... $60.00
SMITHBUG manual only ... $30.00

COrder direct by check or MC/VISA bank card. California
residents add 6% sales tax. Customers outside of U.S. or
Canada, add $5 for air postage and handling.

Dealer inquiries welcome.

*Ed Smith’s SDFTLUHHE LUDHHS

Name
Address e P.O.Box 339, Redondo Beach, CA 90277, (213) 373.3350
City/State/Zip OGO PR EEP NS N O RN ENRROBPERRRERORERES

CIPM SOFTWARE TOOI-S NORTH STAR * DISK OWNERS

THE mosT COST-EFFECTIVE MACHINE

Eb'ao TEXT EDlTOR LANGUAGE DEVELOPMENT SYSTEMS AVAILABLE
THE XL-8080 & XL-Z80 SYSTEMS
THE PROGRAMMER'S MOST IMPORTANT SOFTWARE TOOL EOITOR * C & moci o 5 »
WHY NOT MAKE IT YOUR BEST? ** Creats & modily source istings using 15 pawertu
h/repl . -l

ED-80 encnmpasses the features found on large maimntrame and minicomputer editors, zzmg‘:::; Z:?“{:ﬁ:?’kw;ng s:g:: g erep ::‘oor:\n:r:llc ar:':mg::
such as the 1BM 370, CDC 170, UNIVAC 1100, ln;! !he:dEC PDP{“ seri: coml::'“-'"' 1 managame}ml buit-in 1ab, printer |IS||I’|gS’ andmuchmore. Alsg, a
plus additional features designed for tioppy disk ba: operating systems. is a § ' .
context editor which is compatible with C/PM and its derwatives, including (MDOS, North Star-compatable line editor provides rapid line edu
DOS-A, CDOS, otc. capabihty
Cver 50 commands are provided, including forward or backward LOCATE, CHANGE,
and FIND commands; INSERT, DELETE, REPLACE, APPEND, PRINT, LIST, MACRO, ASSEMBLER ** Processes source histings directly from disk
upper ":’d l?wor'(:ssE“mS‘C:LE TABSET, and WINDOW "3':("“‘"“‘ and (:!E.I ;ruds ':g: and optionally stores binary code in memory or an disk Fealures
commanas lor r rwonin 2 mult-disk/file processing., multi-length labels. symbol table
libraries. Sophisticated search and change tochmques are provlded for managing isting. console or printer oulput, eic .Allows any size program

BASIC, FORTRAN, COBOL, PL/I, ALGOL, APL, PASCAL, ASSEMSBLER. TEXT

FORMATTED, and other file types. {source or code) to be procassed!

The WINDOW d allows i full screen displays ol both the current

and surrounding lines for further editing, and provides for forward and backward DISASSEMBLER ** Processes an object fle on disk and
scrolling in the full screen mode. Designed for today's high speed CRT's and videa produces source fite listings both ona second disk hile and on the
monitors, the WINDOW command separates ED-80 from all other availsble editars, console or prnter

and is not hardware dependent. 4

Up to thrae MACRO ds may be defined for nteratwa sxecution of concatenated

editor Once detined. they may be sub d, or recalled for “*MAXIMIZES DISK CAPABILITY

observation. A MACRO may llsobedovmed and executed in a single oparation. ““USES EXISTING DOS USER 170 ROUTINES

Conligurable paramaters for tailoring the editor to the user's keyboard and anviranmant "REQUIRES LESS THAN 16K MEMORY TO OPERATE

are provided through the use of the C/PM Dynamic Debus Tool (ODT). The WINDOW,
WINDOW NEXT, WINDOW PREVIOUS, NEXT LINE, lnd PREVIOUS LINE commands

fall in this gory. These ( ds are idered so important to text editing that XL-80B0 SYSTEM w/complete documentation ... ... . ... .... . $3995

only one key has to be depressed to cause any one of them to axecute.

A CURRENT LINE NUMBER is internally mamhmed by the editor for dlsplaylng whgn XL-Z80 SYSTEM (same as above but processes

prompting for input and with certain other Line bers are d Z80 Ziog-tormat fies ., ... ....... ..... ... . $5988

adjusted as the result of line inserts and deletes, and may be used for posmonmg within

the fila. They are not stored or associated with the text in any manner XL-ZP/M SYSTEM (280 Assembler tor CP/M) .. .. ... .. . .. ... $59.95

ED-80 is thoroughly documented with a User's Manual of over 35 pages describing each

command and feature, and includes numerous examples. [t s 9.5K byfes in size, and Avaiable at your local computer sigre of by sending check or money order 1o

minimum C/PM operating system of 20K is recommended. A User'; ;Agnua: an: zillnda:

size single density diskette are $69.00. A User's Manual ¢ §7. , refundable wit

purchase. COD and money orders shipped next day. COD orders require 10% deposit. COMFUTER P.0. Box 805

Personal checks must clear before shipment. Inciude $2.00 shipping/handling per order. PHD DucT s Mesa, AZ 85202

2 ]

SOFTWARE DEVELOPMENT AND TRAINING, INC.

P.O.Box4511 —  Huntsville, Alabama 35802

C/PM® is a trademark of Digital Research Deater inquines welcome
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FREE Catalog

Your source of 4-way relief
from problems with minicomputer
supplies and accessories:

1. One-stop shopping
Minicomputer Accessories
free catalog has over BUO
progucis Magnetic mecha
Racks Line-printer paper
Computer-room  furaiture
Cables ara connectors
bath standard and cusiom-
bult  Buy anv quanity
you need when you need |

2. Hassle-free ordering

Minicomputer Accessuries !Q LU

ety you order by s or | N d

phune  Keep the catalug L= @
ctose It makes once-tough § )
lasks ke ordenng media )
oasy fast and toolpraot

3. Lightning-tast shipment
Mirncomputer Accessanes ships your owder within 24 hours
from  adistribution centers i Cattornia and  Now  Jersey
Cur shelves are always ioadec wih emergenny (lems so
youss aent have to be Neea your order faslor than 3 o A
days” We ll arrange tor services to get il there test ay

4. Field-proven quality
WMinicomputer Accessornes demands stungent testing and star
petanmance hefore any praduct s inctuded noour catalog
Thal' s why we have the confidence (o guarantes every progucl
'or at least 45 days  anc some for up 1o 10 full vears

Minicompu!err Send for your FREE CATALOG.

===\__ It's your problem-solver from
Accessories L., Minicomputer Accessosies Corporation,

130 S Wolle Rd P O. Box 9004 Sunnyvale. CA 84086 (4084 737-8700

e —
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Announcing . . .

SMALL BUSINESS COMPUTERS Magazine

The magazine for users and potential users of
small business computer products and services

¢ The menthly magasne for businessmen in the process of purchasmg or instalhng therr first com
pulers

® The practal how 7o publcation wrtten in non techmical language and stressing business apphica
nions for simall computer systems  Fach maonthly ssue includes

FEATURE SURVEY REPORTS: Such as. Software Puckages for Smalf Bustess Applications,

Smalt Manufad turing Sustems. Inventory Control Susterms, Micracamputer Business Apphac tions,
and so on

APPLICATION STORIES. Real le examples of computer applications n the small business en

wironment  capabilines. henefits, what 1o watch for, and much mare of direct interest (o the small
businessman

COMPUTER PROFILES » IDEAS AND INNOVATIONS « INFORMATIVE ADS

SPECIAL CHARTER SUBSCRIPTION

Recewe the next 12 issues of Small Business
12 issues @ 50% off

Computer Magazine for just 39 50 i the
cover pnee

Mail the coupon rtoday 1o SMALL BUSINESS COMPUTERS Magazine
33 Watchung Plaza « Montclar, NJ 07042

-+ 7 32 21 143 1 JIirJ 17 1 frf75J7 7 97]]|
SMALL BUSINESS COMPUTERS Magazine 33 Waichung Plaza « Moniclair, NJ 07042

0 YES Enter my charler subscniption at the ' price cost ol 39 lar 12 monthly ssues
O Check enclused O Bili me

MName

Orgaruzation
Address
Cuy'State 2ip

N D I O S N D S AR B N B N B B B B B 4N W A B B B
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blocks through high speed IO devices that
permit programs to be swapped directly
from disk into any one of the main memory
blocks without interfering with processor
operation. This process is known as direct
memory access and allows execution of one
user program in one block of memory while
programs are being swapped to and from
another block.

Main memory is similarly divided into
physical pages, each capable of handling one
page of a program or block of data. Pro-
gram pages, although the same size as main
memory pages, will not necessarily be
contiguous in main memory and may well
occupy different main memory pages at
different times. One of the functions of the
supervisory program in a paging environ-
ment is to form and keep up to date a page
table which establishes a mapping of the
program and data pages into physical pages.
By this means, the address of a page within
a program is transformed via the page table
into an absolute memory location.

In practice, to achieve dynamic reloca-
tion, it is necessary to extend the instruction
address to include a segment number as well
as a page and location number and to leave
the binding of address parameters until run
time, The segment number is then used to
access a segment table belonging to the user
whose program is running at that instant.
The reference in the segment table is to the
page table which in turn maps onto the
physical page and through this to the phys-
ical address.

This scheme can be very clumsy and take
too long, unless the machine is fitted with
additional registers which permit the develop-
ment of an associative memory. The associa-
tive memory combines the segment and page
numbers, so that only one interrogation is
required to find the number of the physical
page containing the appropriate address.
Systems in which page registers are designed
to be accessed associatively operate various
page turning algorithms which determine:

® Whether certain pages are in memory,

® Whether pages are to be preserved or
overlaid.

® How recently pages have been used so
that, if need be, they can be disposed
of when new pages are brought into
memory.

These systems are the basis of the virtual
memory concept which in turn provides the
means for dynamic relocation.

Dynamic Relocation

Let us spell out the need for dynamic re-
location in a timesharing system. In general,
a program consists of instructions and data,
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Thinker Toys B”

Additional Drives

L ]
JUUUl,Q

YOUR

** Intertec Intertubes now available

NortH Star * CovPuTeERS
PROGRAMMING SPECIALISTS!

You can logk to us for innovative and imaginative programs

(3}

Disk Drives Many different and diversified
for North Star Computers *995% computers systems available. All

#795° include full access to Program
Library. Systems start at '4,995%

DOSCHG
Patches toc connect
Thinker Toys 8"
Disk Drives to North
Star DOS & Basic.
Fully supports all
North Star Functions
on 8" disk.

49,95

csus

A set of Functions
defined in North
Star Basic that
handle all disc ac-
cessing {Sequential,
Random, & Keyed
Access) and all CRT
display, format-
ting & Input. A
SUPERB APPLI-
CATION PROGRAM
DEVELOPMENT
PACKAGE.

*49.95

TIMESHARE

Patches to North
Star DOS & BASIC
that take advantage
of the versatility of
the Horizon com-
puter to implement
an interrupt driven
bank-switching time
sharing system.
Requires additional
memory & terminals.

*49.95

Micro Mike's

806-372-3633

905 Buchanan, Amarillo, Texas 79101
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Iif you need Business Reports with fancy
frills you have the wrong company. We
don't put these in our Software or our Ads.
Both cost *** You *** Money.

But if you need solid, Down-To-Earth
Software for your North Star, Imsai, or
other low cost Data Processing System
written in Microsoft Basic or Cbasic in-
cluding GL, AR, AP, Inventory, Payroll,
Mailing List and Fixed Asset Accounting

then you *** Do *** have the right
company.

GIVE US A TRY — WE KNOW YOU'LL BE GLAD YOU DID

We honor Visa and Mastercharge

102 Avenida Dela Estrella

Suite 208

San Clemente, CA 92672

(714) 492-7633
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is delayed until the last possible moment
(until access to memory is required inrunning
the program). Because the program contains
no absolute addresses, it is independent of
the actual memory allocation it receives.
This means that it ¢an be interrupted at any
time and subsequently reloaded into a dif-
ferent part of memory without modification.
This desirable facility can only be achieved
at the expense of additional hardware and
more complex instruction formats, This is
desirable since instructions in general must
now hold untransiated addresses in a form
appropriate to the relocation technique
adopted.

There is also the related problem of
storage protection (the nced to prevent user
programs from interfering with each other
while being processed). The usual soiution
to this problem is to allow them to operate
in well defined areas of memory only (un-
restricted access to all parts of memory
being reserved for the supervisory program
only). Frequently the technique used to
achieve dynamic relocation can also be used
to effect storage protection.

Conclusion

Many programs running concurrently in a
multiprogramming environment typically
require far larger total memory space than
is available in a particular system. The virtual
memory concept and dynamic relocation
techniques outlined here have solved many
of the problems of managing and optimizing
the use of large, hierarchical memories.
These techniques are often seen in large
computer systems and can be adapted (in
principle) for use in microcompulter time-
sharing systems.®
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A Binary Guessing Game

Mark Zimmermann
MJ House, Caltech 187
Pasadena CA 91126

James Blodgett
45 Southern Blvd
Albany NY 12209
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Calculator Pattern Recognition

Humans and animals do not as a rule be-
have at random: instinct and past experience
play too important a role, In the computer,
a good pseudarandom string of digits isn"t
hard to produce, but to get genuinely un-
predictable output is lremendously difficult,

This article introduces pattern recog-
nition and gives a sample program that
recognizes patterns with better than random
accuracy. The program is in game format to
add to the fun, but it can be easily adapted
to other purposes.

We will look only at binary patterns {ie:
sequences of Os and 1s). This is not a limita-
tion, since any string of symbols can be
encoded into a corresponding binary se-
quence using a suitable conversion code such
as ASCl, and, of course, neurons and flip
flops are binary devices. {One could encode
the text of this article up to this point in
binary, and attempt to predict the rest of
what we are going to say; if you want to
try, good luck!)

Consider the string:

10101101

What is the next digit?

There is no correct answer, and in fact,
there is no '‘best’ answer. A lot depends on
what kind of system generated the string.
[Recent mathematical work has shown that,
in general, there can be no "best” element
following a given string of elements; that
indeed any element can be shown to be the
correct successor to gny given string . . .CM|
If the string were generated by an algorithm
with almost no “memory” of the immediate
past, but with a possible bias toward 0
or 1 (such as a roulette whee!), a good
strategy would be to note the majority
of 1s appearing and to bet on 1 in the
future, regardless of what the last digit was.
On the other hand, a human producing a
pattern may tend to repeat sequences
made in the past, even if an attempt is
made 10 avoid them.

It is useful to define the term “‘depth”

at this point to mean the longest recent
sequence of digits that a program will con-
sider. The basic pattern recognition al-
gorithm we have developed simply looks
at the last few digits in a string, checks to see
what choice followed that sequence pre-
viousfy, and guesses that the same choice
will follow this time.

As a specific example, consider the above
binary string. A depth 0 algorithm does not
look back at all; it has no memory. It simply
guesses that the next digit will be the same
as the present one (a 1 in the previous
example). A depth 1 program checks back to
the previous time that a 1 occurred (the
sixth digit in our example), and, since it is
followed by a 0, makes the prediction 0.
A depth 2 routine searches for the previous
occurrence of 01, and a depth 3 for 101.

The program listed in this article per-
forms the procedure described above
precisely, to depth 3. (Special circumstances
which require further processing are dis-
cussed below,) All this is not difficult when
you have plenty of program and memaory
space. Implementing it on the HP-25 calcu-
lator requires considerable economization,
though. If readers with calculators have need
of "bit packing and manipulation' it would
be worth their while to spend a few hours
puzzling out the logic involved, but for
applications and gaming, this isn’t necessary.

Now that you know the algorithm, it
is possible to defeat it in a competition by
taking advantage of its weakness (an over-
reliance on past patterns). For a simple
depth N program, it is possible to generate
a pattern of length 2N*1 that varies in such
a fashion that the program is constantly
one sitep behind and never gets a right
answer, A depth O routine, which just
guesses that the most recent digit will be
repeated again, is fooled by the simple
string 1010101010, ... A depth 1 program
will fail when it meets 110017001100. . .,
that is, the pattern 1100 repeated continu-
ously. A pattern that will defeat depth 2 is
11101000. This combination is not unigue,



but once such a pattern is found and used,
the program will always guess incorrectly.
We won’t mention a pattern to defeat our
depth 3 program, but one can be found
fairly easily now that you know how it
works.

The program is about evenly matched
with human opponents, It is very difficult
for a human to win decisively (ic: to get
more Lhan 15 points ahead) without
analyzing the logic of the program. Don’t
spoil your friends’ fun: let them play with-
out first explaining how it works.

Unfortunately we seem to have spoiled
the fun by explaining most of the game’s
logic in this article. If the reader will change
step 9 to “4," and step 44 to “+,” the pro-
gram will acquire new evasive tactics: it is
now designed to outthink the readers of
this article! It will also recognize much
longer patterns, although it takes a bit
longer to learn them. Readers can still foil
the program in this mode, but the task is
considerably more difficult.

Several questions of interest remain un-
answered. First, what is the optimum depth
for a machine 10 look when attempting to
putguess a human? How much does it
depend on who is playing? (Do 6 year olds
tend to generate simpler patterns than
adults?}. Are there other algorithms better
equipped 10 tackle human opponents? Are
deeper or more complex programs also more
interesting? What about a base 3 number
guessing game such as “‘rock paper scissors,”
or a more intriguing video display? What is
it that makes artificial intelligence (Al)
programs so interesting in general? Psychol-
ogists and software experimenters might
consider  working on some of these
problems.

Implementation on Other Systems

Our program should be convertible for
use on most programmable calculators with
conditional branching and scveral memory
registers. 1t will not work without extensive
revision on some microcomputers because it
requires at least 8 digit accuracy.

Watch the 10* function; it must be ab-
solutely, not approximately, accurate for
integers in the range between x = +4 and
x = —4_If it is not, write a routine to correct
it,

Some calculators like the SR-52 do not
have the required INT and FRAC func-
tions, but these functions can be casily
programmed.

Note that there is an implicit “GO TO
00, R/S" at the end of the program, since
this is what the calculator does when it runs
past step 49.m

Listing 1: A pattern recog-
nition program written for
the HP-25 programmuabfe
calculator. The operator
enters a series of binary
digits and the calculator
attempls to gquess each
one, giving itself points
when successful and penal-
izing itself when wrong.
Unless the operator enters
digits that are truly ran-
dom, the algorithm stands
a good chance of detecting
patterns in the operator’s

Address Operation
1 STO +3
02 STO+2
03 RCLO
04 f PAUSE
05 fx7y
o6 Go To 09
07 2
08 STO -7
02 2
10 RCL 2
11 fxz=y
12 -

13 g ABS

14 RCL 5

15 X

16 STO +4

17 8

18 RCL 3

19 fx>y

20 -

21 g ABS

22 STO3

23 4

24 —

25 g 10%

26 STO S5

27 RCLS5

28 RCL 1

29 X

30 RCL 4

n X2y

32 +

33 g FRAC

34 RCL 1

35 ]

36 fINT

37 STO 2

38 x

39 STO -4

40 f LAST x

4 2

432 STOx 3

43 STO x 2

44 R

a5 fINT

46 STOO

43 1

L] STO+7

49 RCL 7
string of figures,

Instructions for Ruaning the Binary Guessing Game

Step Comments Data Keys
1 Key in program.
2 Set thsplay digits. tFIX O
3 talize f PRGM
f REG
4 Key in values, 10 STO 1
11.100 STO 4
1 STO 7
5 Clear stack. FSTK
G Stait program, R/S
7 Program stops with score dispiayed, for TorQ R/S
opponent's guess. Enter 1 or 0.
{lportact don’t enter any other number
o1 it wnth score displayed.)
8 HP 29 displays its guess, then the cumula-
tive score” + for opponent, — for HP-25.
9 Go tostep 7.
Motes The acdvanced program descoibied in the article also uses the above in-

strtuctions [ ypu convert back 1o the regulas version after running the advanced
version, the contents of several memory registers will cause problems. To avoid
thes, stail over at step 3 above. After changing the two steps necessary for the
advanced proguam, 1emember 10 return to 00 to run the program. The advanced
program woll guess O lor several times untd it learns your styte, To avaid this, try

123.0123 5TO4
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Langusges

Form

Languages Forum s g
feature which is intended a5 an
interactive dialog gbout the
design and implementation of
languages for personal com-
piiting. Staternents and
opinfons submitted to this
forum can be on any subject
refevant to its purpose of
fostering discussion and com-
munication  among BYTE
readers on the subject of lan-
guages. We ask that all corres-
pondents  supply  their [full
names and addresses 1o be
printed with their commen-
faries.
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Note: We recejved the following letter detail-
ing several possible changes to the BASIC
language. Readers might try implementing
them on their own systems If they do not
already have these instructions available . .
RGAC.

Amended BASIC

Robert Paul Bass 1
4827 N 63 Ln
Phoenix AZ 85033

Having been an avid programmer for
many years, l've seen many ways for
“Mr Murphy" to add some of his handiwork
to programs, In order to accommodate some
of the beginning programmers, | felt that a
new version of BASIC that incorporated
some of Mr Murphy's ideas would be appro-
priate to help explain away some of those
mistakes that we all make at some time or
another, Here | present some of the new
statements and functions that [ would like
to see in this new version of BASIC.

Assignment

TOLET A #4*G  Set A to any value
not equal to the
expression.

20 LET B=19/T Set B approximate-
ly equal to the
expression,

These are also handy for generating data
to test routines that need data close to a
particular value, or if any value but one can
be used in a program.

IF-MAYBE
100 IF G =174 MAYBE 210

Advanced implementations of this state-
ment could have nested conditions, ie:

1101F G # A*2 MAYBE 210
THEN AGAIN 300
OR PERHAPS 405

Modified FOR — NEXT

200 FOR N =0TO ABOUT 100

300 NEXT N

This statement is used when one isn't
absolutely sure how many times to execute
a loop.

MISPRINT and MISREAD

320 MISREAD A%
330 MISPRINT B,S

These are the standard inputfoutput
{(10) statements, except that they have a
built in glitch generator to produce those
inexplicable characters that appear in
everybody’s output. Caution must be
exercised when both of these statements
are used in one program because it is pos-
sible that the errors could cancel out.

COMEFROM
350 COMEFROM 100

This is great for debugging programs as
it allows the programmer to trace back
where he should have been going,

FUZZ Function
400 FUZZ = 39

This function tells the actual monitor
program that executes the BASIC program
how picky it will be regarding errors. If
FUZZ=0, the program will execute correctly
regardless of how many errors there are in
the program. If FUZZ=99, the entire system
will crash on the smallest logical or even
syntactical error.

FORGET
440 FORGET 450-560

This would be used to indicate which
statements should be ignored.

DIMENSIONLESS

10 DIMENSIONLESS A,B.C.D,EF,G,
HLLKL . ...

This was designed for the theoretical
mathematicians warking on problems in-
volving points, those zero dimensioned
beasties, Systems using this statement
should have plenty of memory, since an
infinite number of DIMENSIONLESS state-
ments are allowed {and usually needed) so
that the programmer can define lines, planes
and spaces.

BLINK

500 BLINK 10 Blink for 10 sec-

onds.

This is used primarily in demonstration



programs where a visitor can sec¢ the front
panel lights of the computer, When execut-
ing this statement the lights will blink in a
fashion guaranteed to impress anyone who
doesn’t know too much about computers.
With appropriate interfaces, this could be
used with your Christmas tree lights next
winter.

GLITCH
530 GLITCH

This is the most invaluable statement that
the up and coming programmer can use. |t
will randomiy choose a location in memory
or in the internal registers and will change
one bit of that word.
SLOWDOWN

650 SLOWDOWN

Pascal versus BASIC: Round

Lawrence C Andrews
2634 Wycliffe Rd
Baltimore MD 21234

The article “Pascal versus BASIC: An
Exercise,” by Allan M Schwartz (August
1978 BYTE, page 168) is a typical example
of a language chauvinist using a language
ineptly and then pointing to the faults
in the code he has written as inherent
properties of the language.

The function GCD (page 172) that he
has written {leaving aside the BASIC version)
has several faults, to wit:

1) X and Y are not declared in the Pascal
version.

2) The FORTRAN version will develop
an infinite loop if X or Y cquals zero
{no comment there excludes X, Y
greater than zero).

3) The FORTRAN version never defines
the functional value of GCD and so
will not even compile in a good
compiler.

4) There sure are a lot of GOTOs and
stalement numbers in his program;
in particular, statement 180 s
totally uscless. GOTO 180 should be
GOTO 120.

5) There is no reason to have any GOTOs.
It could be written as in listing 1,

6) If you don't mind downward branching
GOTOs (generally considered to be
harmless) function GCD can be
written as shown in listing 2,

When entering a particularly difficult por-
tion of a program, this statement would be
used to slow down the computer so it won't
stumble over the program’s harder portion.

WHOA
720 WHOA

Same basic (no pun intended) use as the
SLOWDOWN statement but it is primarily
used after a series of particularly easy state-
ments Lo remind the computer that the easy
stuff is over and it will have to dig in again
and get to work.

I hope that these suggestions for addi-
tions to BASIC will inspire some enterprising
young programmer to invest a couple of
man-years to develop this new version of the
old language that we all know and love.
Good luck — you'll need it.m

2 Includes FORTRAN

As in Pascal the flow is clear and flow-
charting is simple (Warnier-Orr diagrams are
still better), | don't run down Pascal but |
fail to see why Schwartz runs down
FORTRAN just because he writes a pidgin
dialect inexpertly. In FORTRAN, as in
Pascal, “Go to statements can fog the other-
wise clear logic of a routine,” as Schwartz
states in his article. FORTRAN 77 with
IF. .. THEN ... ELSE statements, and zero
trip counts on DO loops, removes most of
Schwartz’'s FORTRAN objection. Anyone
can write a bad program in any language.
Pascal is no exception to that statement.®m

INTEGER FUNCTION GCD (X,Y)
INTEGER X,Y,A,B, LIM

C... XY GT.0
A=X
B=Y
LIM = MAXO (A,P)
DO 10001 =1, LIMm
IF {A .GT.B}A=A-B
IF {(B.GT.A)B=B-A

GCD=A 1000

IF (A. EQ. B) RETURN 2000
1000 CONTINUE

END

Listing 1: The GCD func-
tion written in FORTRAN
with no GOTO statements.
branc
ment.

DO 10001 =1, LIM

IF{A .GT.B) A=A-B
IF{B.GT.AJB=B-A
IF {A. EQ. B) GO TO 2000

CONTINUE

GCD=A
RETURN
END

Listing 2: A much shorter
version of the GCD func-
tion using one downward

hing GOTQ state-
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Some Contrary Opinion

Pater D. Robertson
17047 Via Pasatiempo
San Lorenzo CA 94580

After scanning your August 1978 BYTE,
some amusing images came to mind. One
was a landscape wherein 10,000 programmers
sat in front of their terminals, each one say-
ing, ""Gee, if | only had Pascal, | could do
this a lot easier than in lousy old BASIC. |
really need Pascal.” Another image was of
Niklaus himself, saying, “lsn’t it amazing
how many fools there are who ignored
Euler, but are wholeheartedly supporting
Pascal?"’ Yet neither language has any real
inputfoutput (10} or was meant for any
real machine. Euler was, after all, the more
serious effort. Pascal is only a teaching toy.

This is how | see the programming lan-
guage controversy in the world of personal
computing. First of all, Pascal belongs to a
class of highly structured, strongly typed
languages. This means that it is hard to use.
All variables must be explicitly typed, and
control structures must follow a rigid syn-
tax, or else the program is garbage. For well-
documented, widely distributed programs,
this is “‘good programming practice.” For
personal computing, this is useless. Sec-
ondly, Pascal is difficult to learn.

| spent six months studying Pascal in-
tensively, but even so, there are a number
of subtleties and nuances of the language
which escape me today. Yet it took only
two weeks to master BASIC. Thirdly, Pascal
was not meant to be debugged. Pascal is
so good that every program you write is
supposed to be correct. You just type it
in, compile it, run it and move on to the
next program. If it doesn't work, then
hopefully your computer has PDB, the Pas-
cal debugger program, to help you sort
things out. Whereas in BASIC, every state-
ment is (or should be) checked for errors
when it is entered, not when it is inter-
preted. For run time errors, most BASICS
allow you to print the values of variables
and execute statements selectively, changing
them as needed, rather than having to re-
compile every time.

In short, | don't see how Pascal can ever
extinguish BASIC as the language of choice
for personal computing. For industrial sys-
tems programming, sure, but not for per-
sonal applications. Pascal is, after all, only a

Circle 72 on inquiry card.

NOBODY SELLS THE
BEST FOR LESS

LIST SPECIAL
PRICE PRICE

Exidy S-100 Expansion Unit for

Sorcerer 299.00 255.64
Expandor Black Box Printer 491.95 420.61
Ithaca Audio 16K Memory Upgrade

for Exidy Sorcerer & TRS-80 140.00 119.70
Teletek System Central Interface  385.00 329.17
ATV Research Micro-Verter 35.00 29.92
Cromemco 32K Bytesaver Kit 1956.00 166.72
Scotch 5" Diskettes (Box of 10) 65.00 45.00

Call for our prices on:
North Star, Sanyo, Integral Data Systems, IMC, Problem Solver, SSM,
Vector Graphic, Dynabyte, ECT, Oliver, Sorcerer

Subject to Available Quantities ® Shipping and Insurance Extra
WE ARE NOW AUTHORIZED DISTRIBUTORS
FOR SCOTCH DATA PRODUCTS
HOURS: Monday: 12 1o 6, Tuesday-Friday: 12 to 9, Saturday: 10to 6

Computer Lab of New Jersey
141 Route 46
Budd Lake, New Jersey 07828
Phone (201) 691-1984
Prices valid thru May 15, 1979

ONLY PROGRAMMERS
SHOULD BE ALLOWED
TO MANAGE FILES!

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

with
FMS-80

the only fully integrated microcomputer File Manage-
ment System. From initial file definition through
selective report generation, FMS-80 takes you every
step of the way interactively.

Written entirely in assembly language, FMS-80 is
both efficient, fast and will run under any CP/M-
based program (IMDOS, CDOS, etc).

Also ask about REMOTE-80 Intelligent Terminal
Software; SCREEN DESIGNER—interactively create
and utilize video forms; and MLU—the complete
Mailing List Utility.

DEALERS: Liberal discounts and painless evaluation
packages available. Contact us on your letterhead
for additional information.

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

The p/us mekes the diffarance.
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Techaicsl

Foruim

A Fix for the Dazzler

Michael A Baltrush

New Jarsay [nstitute of Tachnology
323 High St

Newark NJ 07102

The New Jersey Institute of Technology
purchascd a Cromemco Dazzler as a kit
which was constructed by a student during
the summer of 1977. Plugging the unit into
our 5-100 bus computer system, we found
that it produced pretty pictures on a video
monitor. But an unfortunate side effect
was that our terminal printed garbage while
the Dazzler was operating. An investigation
revealed a pulse on the SOUT line during the
time the direct memory access {DMA) trans-
fer was taking place. Cromemco was in-
formed of this by letter and their response
was. . . “your serial 1/O {input/output) board
cannot tolerate DMA."” But the problem is
deeper than tolerance of an 1/O board. Our
S-100 system uses a Z-80 processor rather
than an Intel 808C. During direct memory
access on the 8080, the PHOLD ($-100 pin
74) is asseried by the peripheral and is
answered with PHLDA (S-100 pin 26).
The PHLDA signal appears at the leading
edge of ¢ and the address bus and data bus
are floated (put in three-state output con-
dition) at ¢. Thus there is a period of time
between PHLDA and the floating of the
buses.

During direct memory access of the Z-80,
the PHOLD signal is asserted by the peri-
pheral and is answered with PHLDA. The
appearance of PHLDA signals that the
address bus and data bus are floated with no
delay. In use, the Dazzler controls the buses
and the signals derived from the control bus.
In our system the assumed declay between
PHLDA and the floating of the buses docs
not exist. Therefore, the SOUT signal was
uncontrolled during that interval and was
treated as a high signal, which is the SOUT
assertion level.

A fix for this problem is to take control
of all the lines at the assertion of the

HAZELTINE DIGITAL SYSTEMS
1400 ... --.-$ 650.00 Computer $4345.00
150 . . .. . 995.00 Oouble Densily
Mod 1 . .. . ... 148500 Dual Drive .. . 2433.00
CENTRONICS IMSAI
7791 854.00 | yppgo/1000 ... .$5895.00
7792 1051.00 vDP40 . .. 3795.00
700-2 135000 £ yppgy . 3895.00
761 KSR tractor .. .. 1595.00 VDP 44 .. 4195.00
703 tractor - 2195.00 16K Memory assem..  399.00
NORTHSTAR PCS80/15 . ... ... 679.00
Horizon | ‘;’“Slse.ml»)led‘ .' :ggggg 15% olf on ali olher Imsai products
Horizon (1 assembled . 1999.00 | CROMEMCO
it " 1599.00 System [l $1000 off .. 4990.00
Disk System . .. 589.00 10% off on all othar Cromemco products
TELETYPE TEXAS INSTRUMENTS
Mod 43 .. 995.00 810 Printer 1595.00
IMS
16K Static Memory .. 459.95 CEM",';(? ﬁ?,:fs 495.00

DATA DISCOUNT CENTER ro.80x 100

BankAmericard, Master Charge add 3% . COD orders require 25% deposil.
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NO FRILLS! NO GIMMICKS! JUST GREAT

DISCOUNTS
MAIL ORDER ONLY

Most items in stock for immediate dalivery. Factory-fresh, sealed cartons.

135-53 Northem Blvd., Flushing, New York 11354, 212/465-6609
N.Y.S. residents add appropriate Sales Tax. Shipping FOB N.Y.

é. PROGRAM LIBRARY

from

CASCADE ENTERPRISES
ON CASSETTE TAPE

If you use Solost» or have an 8080 Solw System,
G2« Extended Basic is faster and better than others

requires (15.5K) $49.95
* For our 6800 users G2'« Standard Basic specifically
for the S.W.T.P.C.7« 6800 requires (7K) $34.95

Both G2 basics are by Microsoftrs
We have the following games and entertainment which
will run in these machines:

w

THE GAME TAPES
ARE ONLY
$14.95 each

G2 BEAT THE HOUSE
G2 CLINIC .
G2 OUTWIT .
G2 THE MARKET

G2 ADVENTURE

G2 BLOCKADE M
G2 OIL TYCOON

G2 PILOT .

G2 Beat the House includes Blackjack, Craps, Roule!!e
and Slot Machine. Craps is a very big program. Ours
left 3K usable in Level II 16K TRS-80, Rllows a family
to play as a group against the computer.

Call us anytime except Sunday (916) 926-5154 or write

As introduct
offerthe first 200 CASCADE ENTERPRISES

orders get a free Box 213
10 minute blank cassette. Mount Shasta, CA 96067

Cal. Res. add 6% tax
Bank Cards add shipping & handling $2.00

OM/C OB/A-Visa __ _ Expires
Signature

. i {¢}
e« s o o H3H3IDHOS
“ s e @ W1l t3d
+ 5 & o o 8 o« WLOB-SHL
« & s » o o o WLIVAddY
s o WL DdIMS
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Figure 1. Portion of
Cromemco Dazzler cir-
cuitry which is used to
control direct memory
access to system memory.
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PHLDA signal. This is done by removing
1cs7 K e ICS7 (a 7495), bending pin 12 straight
PIN i 2 PIN 12 out and rcinserting [C57. This removes the
SOLDER SIDE 7407 SCLDER SIDE effect of pin 12's output from the circuit.
OF BOARD OF BOARD

A signal must be supplied from pin 11 of
IC57. Unfortunately, for simplicity, buffer-

Figure 2: Addition to the Cromemco
Dazzler circuit to eliminate problem-causing
ptifses on the author’s Z-80 S-100 bus
system. The fix eliminates spurious SOUT
puifses that can cause garbage to be printed
out on the system printer when the Dazzler
fs operating.

ing must be used to be consistent with TTL
loading rules. Fortunately, an uncommitted
socket exists on board # 2. A 7407, a hex
noninverting buffer with open collector
output, can be mounted in this socket along
with the pull up resistor. The additional inte-
grated circuit is connected as in figure 1.m

DAM

DaTA
ACQUISITION
MODULES

YOUR COMPUTER

AIM161 STARTER SET

16 ANALOG INFUTS
BEITS 100 MICAOSEC

NOW YOURL COMPUTLER CAN LISTCN TO THE
REAL WURLLY YOU GET 16 8 BIT ANALOLG
INPUTS WITH OUR AlMGL,

hy BI:HG AlM16T -

- POWY - POWER MODULE

INPUT CONNECTOR 20 PINS
CICON - cnipem eveLers

. DUTFUTY CONNECTOR . 18 PINS
SOLDER EYELETS

'189.00

MEASURE - RECORD - CONTROL - OCON

TEMPERATURE
DIRECTION
PRESSURE
LIGHT LEVELS

ENERGY CONSERVATION EQUIPMENT
GREEMNHOLWSES

SPEED

WEATHER STATIONS

NOISE FOLLUTION

CONNECTICUT microCOMPUTER

180 POCONG ROAD - BRCOKFIELD, CONNECTICUT 06804

db

POLLUTION CONTAOLS pH

OARKROQOMSE EARTHOUAKE TREMORS
VELOCITY
ACCELERATION

GAMES

HUMIDITY
LIGHT
JOYSTICKS

LR I RN ]
SIS SR PR N

(2034 F25. 3559
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MORE BRAIN FOR YOUR BUCK

COMPUCOLOR 1495.00 CROMEMCO D.EC.

HORIZON-I 139500  DYNABYTE AXIOM

SOROC 1IQ120 795.00 EXTENSYS HAZELTINE
INDUST. MICRO BALLY

SD SALES KITS NORTHSTAR CENTRONICS

16K MEM 250.00 Lo A

32K MEM 365.00  \ECTOR GRAPHIC  RADIO SHACK

64K MEM 61500 Y&

new-VIDEO BD 250.00  \\cROPOLIS MAIL ORDER ONLY

Z80 STARTER SET  225.00 TARBELL
VERSAFLOPPY 159.00 LI SEND 50¢ FOR OUR

SBC-100 225.00 IMSAI CATALOG & PRICES

SHUGART DRIVES EXIDY TO ORDER SEND
SA-400 305.00 NEC CHECK OR M.O. add
SA-800 490.00 QUME 1% for shipping

AD P ICE GOOD TILL MAY 31,1979 Calif. res add 6% tax

HOLLYWOOD SYSTEMS ™™

L.A. CALIF. 90069

BECKIAN ENTERPR‘ISE S ¥ e Satisl'alc{ion Guafav:teeda i d

EDGE CARD CONNECTORS: GOLD PLATED. (Not Gold Flash} A5232 & ‘D’ TYPE SUBMINIATURE CONNECTORS:

BODY: Non bnttle, Solvent res., G.E. Valox. QUANTYITY 1-4 59 10-24 | ).C. SOCKETS. GOLD.
CONTACTS: Bilurcated; PhosiBronze: Gold over Nickal. DEGP Male 1.45 1.35 1.25 WIRE WHAP 3 TURN.
ABBREVIATIONS: S/T Solder Tail; S/E Sold. Eyelet: DESS Femala 1.93 1.80 1.70 14 pin_ $0.36 ea.
WiW Wire Wrap 3: SW/W Short WiWrap; DE110963.1  2uc. Grey Hood 1.20 1,10 1.00 |[16pin  0.3B ea.
DA15P Male ;.95 1.80 1.78
PART # Doscription Row Sp. 1-4 5-9 10-24 DA15S Female .80 260 2.4
5010 50/100 S/T ALTAIR 140 375 350 330 pAs1211 1 Jpc Greylood - 1.25 115 1.10
5020  50/100 ST IMSAI ‘256 395 1375 380 DA110963.2 2pc. Grey Hood 1.22  1.10  1.05 1.C. SOCKETS.
5030 50/100 W/W IMSAS 250 410 390 3.70 De28t Male 220 210 399 Dip Solder. Tin. fg""s’oﬂ'g ea.
5040  50/100 S/E ALT/IMSAI 140 500 450 425 smote : : : °
5050 500100 S/T CROMEMCO 250 626 600 5.75 DB8512121 1pc. Grey Hood 1.30 1.20 1.10 16 pin - 017 ea.
1450  IMSA| CARD GUIDES : 018 014 012 DB51226-14 2pc. Black Hood 1.40 1.30 1.20
. . ’ DB110963-3  2pc. Grey Hood 1.35 1.25 1.15
100" Contact Center Connaectors. DC37P Mate 3.70 360 3.35%
1020 13/26 S/E Imsai MIO: 140 210 1.85 1.75 DC37S Female 4.90 4.70 4.40 8080 PRIME
1040  25/50 S/E 140 295 275 250 DC110963-4 2pc. Grey Hood 1.95 1.85 1.75 “38.00 ca.
1050 2550 SIT 140 3.00 2.80 2.60 DO50P Male 4.40 4.30 4.10
1080 36172 W/W Vacior. .200 480 460 4.30 DD50S Female 4.90 470 450
1065  36/72 S/T Vecior. 200 400 375 3.50 DD51216-1 lpc. Grey Hood  2.30 2,10 1.90
1070 A0/80 SIE PET 140 4.80 4.50 4.30 DD110963-5 2pc. Grey Hood.  2.40 2.20 2.00 2708 EPﬂOMS PRIME
1075 40/B0 WrW PET .200 5§00 465 4.35 D20418-2 Hardwore Sets 0.75 0.70 0.5 $14.00®
Y Ao SITEET 140 400 489 a2 CONNECTORS FOR CENTRONICS 700 SERIES:
1080 4386 S/T Cos.ELF 140 510 4.85 4.60 Amhpenol 57-30360 For Back of Centronics ‘700" Series:
1093 42/86 S/T Cos ELF .200 4.95 4.70 4.45 Price: $9.000a. 5 pes. $7.5Cea.
1095 43/86 WW Cos.ELF .200 5.50 5.20 4 90 WHISPER FANS: Exceilent for Computer cabinet cuolmg Exlramely quiet.
POLARIZING KEYS: For Above 010 0.10 0.10 Bim 4-3787 x 1-1/2" thick. U.L. Listed. 23"0 s'l%‘goo dggg
158" Contaci Center Connectors. WRITE FOR LARGER QUANTITY DISCOUNTS. DEALER INQUIRIES ARE
1550 6/  S/E PET Etc 140 130 1.10  0.90 WEL COME.
1560  6/12 S/T PET:NSC. 140 1.35 115 0.95
1575 12/24 SIE PET 140 216 185 1.75 WE ARE CONNECTOR (EDGE CARD) SPECIALISTS. IF YOU DO NOT SEE
1580  12/24 ST PET 1140 210 180 .70 WHAT YOU NEED IN THIS ADVERTISEMENT, PLEASE WRITE US, WE WiLL
I 1290 15/30 S/E GRI Keybd. 140 225 205 1.85 REPLY.
1620  18/36 SIE 140 240 220 2.00
1660  22/44 S/E KIM,VECTOR 140 220 200 180 TERMS: Minimum Order $10.00: Add $1.25 for handling and shipping. All orders
1860  22/44 S/T KIM VECTOR 140 200 1.80 1.70 over $25.00 in USA and Canada: WE PAY THE SHIPPING.
1670 22:44 WiW KIM,VECTOR .200 240 220 2.00 NOTE: CA residents plesse add 6% sales tax.
1&7390 ggt?g WIwW .200 390 3.75 g.sg NO C.0.0. SHIPMENTS OR ORDERS ACCEPTED.
1710 172 SIE 140 3.50 3.30 Rl
1720 36/72 &7 200 330 3.10 2.90 MAIL ORDERS TO: 5 ;
I 1730 43186 /T Mo 6900 340 440 415 380 Beckian Enterprlses
1740  43/86 ST Mot. 680! 200 435 4.10 3.85
1750  43/86 W/W Mot. §800 200 4.45 425 4.10
l POLARIZING KEYS: For Above 0.10  0.10 0.10 P 0 Box 3089 I
Simi Valley, CA 93063

11 T T T T T T ---------J
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.| Thousands of personal and business systems around

'] a top quality soldermasked and silk-screened PC board
‘| and first run parts and sockets. All parts (except 2708's)
-| are included. Any number of EPROM locations may be

(16K STATIC RAM KIT-S 100 BUSS

* | way 10 go on the S-100 Buss! We've all heard the
* | Boards having trouble with DMA and FLOPPY
°[ Stalic RAM'S 1he 2114 slands out' Not all 4K static

"1 Rams are crealed equel* Some of Ihe olher 4K's
A have clockest chip enable hines and vanous timing

*| devicas Bul not us' The 2114415 the ONLY logical
.| choice tor a trouble-fres. straighlicrward design

PROM CARD-S 100 BUSS

59.95

KIT

OUR
BEST
SELLING
KIT!

USES 2708's!

the world use this board with complete satisfaction.
Puts 16K of software on line at ALL TIMES! Kit features

disabled to avoid any memory conflicts. Fully buffered
and has WAIT STATE capabilities.
OUR 450NS 2708'S

ARE $8.95 EA. WITH
PURCHASE OF KIT

ASSEMBLED
AND FULLY TESTED
ADD $25

e

N

FOR
250NS!

(450 NS RAMS!)

systems use.

KIT FEATURES:

| Doubled sided PC Board with soider
mask and stk screen layout Gold
plated contact lingers.

2. All sockets included.

3. Fully buffered on all address and data
lines.

4 Phantom 1s jumper selectable to pin
67.

Btank PC Board w/Documentauon
$29.95
Low Profile Socket Set 13.50
Support IC’s (TTL & Regulalors)
$9.75
Bypass CAP's {Disc & Tantalums)
$4.50

5 FOUR 7805 regulators are provided ASSEMBLED AND FULLY

on card.

$295 «ir

FULLY
STATIC, AT
DYNAMIC PRICES ¢

WHY THE 2114 RAM CHIP?
We feelthe 2114 will be lhe next industry standard
RAM chip {like the 2102 was) This means price.
avaiiability. and quality will all be good' Nexl, the
211815 FULLY STATIC! We feel this 1s the ONLY

KIT FEATURES

1 Addressable as {our separale 4K Blochs

2 ON BOARD BANK SELECT crcutry
(Cromemco Standara') Allows up 1o 512K on
hine!

3 Uses 2114 (450NS) SK Stalic Rams

4 ON BOARD SELECTABLE WAIT STATES

5 Double sided PC 8oard. with solder mask and

HORRORA stories about some Dynamic Ram

(COMPLEMENTARY POWER TRANSISTORS
SILICON NPN AND PNP. TO-220 CASE.

VCEO - 40V PD - 30 WATTS
FOR AUDIO POWER AMPS, ETC

YOUR CHOICE

3 FOR $1

TIP29 - NPN
TiP30 - PNP

16K DYNAMIC RAM CHIP NOT ASSOCIATED
16K X 1 Bils 18 Pin Package Same as Mostek 4116-4 250 NS access a0 WIiTH
NS cycle ime Our best price yet for thus state of the art RAM 32K and 64k | DIGITAL RESEARCH
RAM boards using this chip are readily availlabie These are new. Tutly OF CALIFORNIA,
quaranteed devices by a major mig VERY LIMITED STOCK! THE SUPPLIERS OF

8 FOR $89.95

DISC DRIVES Who needs these kinds of

silk screened layout Gold plated contact hingers
problems? And finally. even among olher 4K

6 All address and data hines fully butfered

7 Kitincludes ALL parts and sockets

8 PHANTOM is jumpered to PIN 67

9 LOW POWER under 2amps TYPICAL from the
+8 Voll Buss

10 Blank PC Board can be populateg as any
mulbiple of 4K

windows Juat as critical as Dynamic BAM's Some
ol gur compeltor's 16K boards use these "tricky”

BLANK PC BOARD W/DATA—$33

. | pages. Just off the press.

..‘ 0 0000008 000009000

450 NS! 2708 EPR M

Now full speed! Prime new units from a major U.S.
Mfg. 450 N.S. Access time. 1K x 8. Equiv. to 4-1702

4-FOR-$50%

LOW PROFILE SOCKET SET—$12 ASSEMBLED & TESTED—ADD $30
QUPPORT IC'S & CAPS—$19.95 2114 RAM'S—8 FOR $69.95 j

( 8K LOW POWER RAM KIT-S 100 BUSS
250 NS SALE! ;

Thousands of computer systems rely on this rugged, work :
horse, RAM board. Designed for error-tree, NO HASSLE,|.

BURNED IN ADD $30 /.

A's in one package.
¢16.76ca 1995

. PRICE CUT

NATIONAL SEMICONDUCTOR NEW!
CAR CLOCK MODULE - #MA6008

Originally used by HYGAIN to indicate time and

channel on an expensive CB Mini size, self
contained module Not a8 Kit Four digits nlus
flashing indicator for seconds Includes MM, 69
and 3.58 MHZ crystal for super accurate time base

With hookup data
INCLUDES CRYSTAL TIMEBASE! MFGR's CLOSEOQUT
LIMITED QTY.

WORKS ON 12 VDC!

cu
each

he

51020 VDC at 1. AMP. Short circuit protected by

Power Darlington. Very good regulation and low
ripple. Kit includes PC Board. all parts. large

Regulation.

MALLORY COMPUTER
GRADE CAPACITOR
30.000 MFO 15 WVDC
Small" 3 x 2 Inches
$1.99 ea. 3 For $4.99

New! REAL TIME
Computer Clock Chlp

N.S. MM5313. Featurss

atsink and shielded transformer. 50 MV. TYP.| goTH 7 segment and
BCD outputs. 28 Pin

$15.99 KIT | o, *"54.95 with Cate

LAB-BENCH VARIABLE
POWER SUPPLY KIT

rrent limit. Uses IC regulator and 10 AMP

Z-80 PROGRAMMING MANUAL
By MOSTEK, or ZILOG. The most detailed explanation
ever on the working of the Z-80 CPU CHIPS. At least
one tull page on each of the 158 Z-80 instructions. A
MUST reference manual for any user of the Z-80. 300

$12.95

FULL WAVE
4 AMP

3 41N SQUAR

GENERAL INSTRUMENT

600 PIV

75€¢ .. 3FOR §2

“THE COLOSSUS"
. "0*\\ FAIRCHILD SUPER JUMBO LED READOUT
WOV~ | A tull .80 inch character. The biggest readout we have
-7 ever sold! Super efficient Compare at up to $2 85 each
from others! YOUR CHQICE
FND 843 Common Anode $449
{ FND 850 Common Cathode 1 ea

BRIDGE

F - WITH LUGS

Digital Research Corporation

(OF TEXAS)

TEAMS: Add 30¢ postage we pay balance Orde’s unde $15 add 75¢ handling No
C O D We accept Visa, MastetCharge and Amencan Express cards Tea Res add
5% Tax Foreign orders (excep! Canada add 10% P & H 90 Day Money Bachk
Guarantee on all ilems

-+ A P A M A R

Circle 100 on inquiry card.
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SOFTWARE

Software Paich for SwTPC 8 K BASIC
Adds Disk Data File Capability

A software patch that adds disk data
file commands and functions to SwWTPC's
8 K byte BASIC has been announced by
PerCom Data Company Inc, 4021
Windsor, Garfand TX 75042, SwTPC
8 K byte BASIC is for microcomputers
that use the 6800 processor.

The software patch is overiaid after
8 K byte BASIC has been loaded in
memory. This may be done either
manually or from a PerCom disk which
includes the patch and a loader program.
The modified BASIC takes up 10 K
bytes of memory. The patch permits up
to four data files to be active con-
currently and files may be formatted and
updated in place. Formatted files may be
accessed randomly.

[n addition to OPEN, CLOSE, LOAD
and SAVE commands, the program fea-
tures special instructions that simplify
data manipulation. The software patch
Includes nine commands and functions.

A listing of the patch program and
user instruction manual sells for $10.
A listing, manual and disk recording of
the patch and patch loader sells for
$15.m

Circle 593 on inquiry card,

6800 Compiler

Written in 6800 assembly language,
this 3 pass compiler (on floppy disk)
provides a disk based high level language
for microcomputers with at least 16 K
bytes of programmable memory. The
new language, called STRUBAL (Struc-
tured Basic Language), features fully
relocatable and linkable code. Versions
of the compiler are available for iCOM
FDOS-Il, Smoke Signal Broadcasting
DOS68 and SWTPC Flex.

The software supports a full set of
scientific  functions, one-dimensional
and two-dimensional arrays, three data
types (16 bit integer, 10 digit floating
point and variable length strings),
structured programming forms, string
functions, embedded assembly language
in the source program and common and
dummy sections. Line numbers are not
required in source programs. Subroutines
may be separately compiled or as-
sembled and called by named para-
meters.

The price of STRUBAL is $99.95,
which includes a user’s manual. For
further information contact Hemenway
Associates Inc, 151 Tremont St, Suite
8P, Boston MA 02111.®

Circle 594 on inquiry card.

6502 Assembler in BASIC

258

The 6502 Assembler in BASIC lets
you write programs in assembly [anguage
for the 6502 microprocessor and have
them translated to machine language
for direct execution on the PET. The
assembler  accepts all standard 6502
instruction mnemonics, pseudo-ops and
addressing modes, and evaluates binary,
octal, hexadecimal and character con-
stanls, symbols and expressions. Source
programs can be read from cassette and
object programs can be assembled any-
where in memory. The package includes
both 1 and 2 pass versions of the assem-
bler, a text editor and a disassembler,

- and a 30 page manual with PET machine

language programming hints, for $24.95.
It is available from Personal Software,
POB 136, Cambridge MA 02133.8

Circle 595 on inquiry card,
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Heurikon Introduces BASIC and
Disk Operating System

The Heurikon Corp, 700 W Badger
Rd, Madison W| 53713, has announced
the addition of Heurikon BASIC and
disk operating system (DOS) to its line
of MLZ-80 microcomputer products,
Heurikon BASIC and DOS is a multilevel
system offering two levels of concurrent
operation and a disk operating system
with file management. The system
provides both edit and real time program
areas which run concurrently. Real time
programs run independently from the
keyboard and program editing functions.
A real time program is given highest
operating priority and may be started
automatically in response to external
stimuli. Edit area programs will be
interrupted to service real time oper-
ations, When the real time program
completes a task, control is returned
to the interrupted point in the edit
program, New programs may be deve-
loped and tested in edit while the real
time program continues to monitor
external events. Heurikon BASIC and
DOS file management architecture
allows any number of variable length
files to be cataloged on the disk.

This system is available configured
to run on the Heurikon MLZ-80 micro-
computer system, which is fully com-
patible with Intel’'s SBC Multibus, It can
be provided on disk or in erasable pro-
grammable read only memory.B

Cirele 596 on inquiry card.

Software Package for 8080 and
Z-80 Microcomputers

The SOS ({single user operating
system) package provides the user with
a step between the Opus stand-alone
high level languages and the Tempos
multiuser/muititasking operating system.
The SOS package includes: Opus/Three,
the high level compiler/interpreter from
AS|; Texted, an easy to use, line arient-
ed text editor; Assembl, an 8080 as-
sembler; Files, a diskette flle manipu-
lator; and Utilities 1, 2 package of 12
utilities programs,

Full upward compatibility has been
retained to allow the user of 505 to
access data and programs developed at
lower levels; all may be used under the
TEMPOS operating system as well. All
floppy disks and serlal device input/
output (10) is handled by SOS; a system
generation routine lets the user define
10 drivers as required.

The recommended hardware con-
figuration includes an 8080 or Z-80
processor, 32 K bytes of programmable
memory, one or two floppy disk drlves,
and terminals as required. The system
typically resides in less than 10 K bytes
of programmable memory.

The package is priced at $385 and
the user's manual set may be purchased
separately for $20, which is credited
toward purchase of the SOS package.
For mare information contact Adminis-
trative Systems Inc, 222 Milwaukee,
Suite 102, Denver CO 80206.8

Circle 587 on inquiry card.

Language Family Designed for Z-80
Computers

Designated PLZ, this family of sys-
tem programming languages is Imple-
mented as a set of disk based programs
that run in the R1O operating system of
Zilog's Z-80 computers. Linkage to other
fanguages such as BASIC, COBOL and
FORTRAN is straightforward. PLZ
permits a systematic combination of
high level machine-independent modules
with low level machine-dependent
modules within the same program.

The high level modules utilize the
procedure oriented PLZ/SYS language.
PLZ/SYS blends elements of such lan-
guages as Pascal, ALGOL, PL/I, and C to
provide a medium for expressing algo-
rithms in a high level, structured fashion.
PLZ/SYS requires minimal run time
support.

A structured assembly language,
PLZ/ASM, provides all of the low level
programming capabilities necessary for
the user to manage such processor
resources as registers, memaory, accesses
and inputfoutput (10) operations.

Initial PLZ program implementation
consists of the PLZ/SYS compiler,
PLZCG code generator, Zinterp inter-
preter, Plink linker, PLZ/ASM ftrans-
lation filter, and PLZ JO package.

For more information contact Zilog,
10340 Bubb Rd, Cupertino CA 95014.8

Circle 598 on inquiry cacd,



0-DAY FREE TRIAL

$750

14K ROM, 8K RAM
Fast Microsoft BASIC
Integral Tape & CRT
Graphics & Lower case
Real-time clock

IEEE and Parallel I/0

0\9&'
9‘9"' >
PGT

5703

The most computer value you can buy in a single box,
the PET is a complete system. It's our most popular
computer.

=
[cmmly

——

THE PET
CONNECTION

secono casserte Fon rer $95
Ta perphusaliram Commado: e pines
15 1he GBITY [5 Lse oPe AP derh for
rput and one oy oLIpUL 10 Copy ey
wixtale records el

apple
il

The mosl gowerlu} compuler you can aftach 1o your TV
NCEfCompuMarl now carnes the popular Apple
Il microcompulter aystem. It gasily attaches 10
any TV and can be used for eilher business or
games To see why the Apple li conlinues to be
lhe leader wn TV-display computers. write for
moare inlormahion.
16K Apple I Computer
48K Apgle || Computer
Disk Drive & Controller
Second Disk Drlve only

RS5-232 Modem tniertaces tor PET
Ongwnate Angwarbach

o o
Duat Port AS-232
Biditechongi tnteriace
Singie Port RS-232
Bidrechions! inlgclace $240
Catinnt for above interlaces 3%
Senial Prnter interface aith
care (putpul ontel

Becpo’ — PET connied
bee

QL\D"
SORCERER
for $895

3

Potunia — Play musc rom

your PFY
vigeo Butler — Dutput for
second momior

Combo — Pelums Wieo
Bulter combinag

3120
$7280

OF THE
MONTH

cw

WS $675.00

32K PET

With the trade-in of your work-
Ing PET.

$1,195.00 otherwise

LRI R
e

$1195
$1795
$ 595
$ 495

Hazeltine
1400

« NOW Only
$699 00

Now a 5th Generation
in Terminals:
Immediate Delivery

Hazeitine 1500 full of features $1049 H
Hazelting 1510 with buffer logic  $1148| T€@rminals
Hazeltine 1520 with printer interface $1499 295 )

call or write for more information w518 WORKNG

o
a0
LR

From Synertek $268.00
NOW IN STOCK — SYM BASIC $159

Datel/Selectric . AN ‘
Table-top @

m v wren Ve iey
ey

o Trvanced sommrs

s TO%K

Send for our

A Home Computer § A Widec Game in a Smngle uart!

INTERACT Model One
14 FREE CASSETTES worth 5254,

8K-$499 16K-$599

« Cotor graphecs on your TV

¢ Music and 10und syalhsurer
« Buslk- o catsette Laps duer

* Laige 53 ey heytoerd

* Two (gysrichs mcluded

* Edu-BASIC casselty incluged
+ 2080 Microproceiso:

¢ A% RAM 7% ROM

I you cant decide teiween 3
SopPIIc Ated iden game and 3
Rome camputer ihen the Inter
4zt Modet One 1t fof you Hook
1o your coles TV and pou ve gat
0IN' You can pisy an» of The
games which oo (nciuded liee
of you can toad Edu BASIC und
wiilh yQut Qwn gamey

Besr ot wi you get over S234
wadth ot free casigiien

MICROSOFT &5
BASIC €

For 8 hmited Lime et &te oflerng (4.
leracty Aew Naahng pol BASIC by
MiceosQ®® free with Ihe puichinse &) 4
16K Imeract Model | T saves you
$49 95 and greet you the masl BASIC
PrCgrAMMING gower Zvadable (v a
camputer 18 8 wre Oler gaad tor gs
gary rerawod nelore Aprl 11 1978
SIRA30 MeAnon IR A when srden dy

& L
CUHDL wyeoar

SUTRITIR N

« Bemuiltus 128 3 120 color graphica
+ 4K Graphics RAM

W ROM with Otez BASIC

v Bulll In 31K mint (Foppy

« R5.712 Intertace

+ Full alie kaybosed

» Preprogismmed diakatise aveld

KIM-1

The rrgms Lawy pezandati b s
R RERL R

Madel 2 8K RAM $1.495
Model 4 16K AAM $1.795
Mode! 5 12K AAM $1,395

Rockwelt

AIMBS

« Fully aviambied tested and waaniree
* ANGWALAg 10 GYN Dyles 1R BAM 01
et

» inciugey 0ade sl

1th pOmEr 4 I
+ Prwertul 4K ROM Drdug Marilar - mer supply

$214.95

EXPAND YOUR KIM
SYSTEM:
KIM SI
KIM to S-100 Board
Assembled
Conneclor Set
Kim 4
Expansion board  89.95

Dstiony — ¢X RQM Artembte: Ters

Egnar MICAD TECH POWER SUPPLY

BE davic ROM Adsemrirg s

KIM ENCLOSURE
KTM-2

Grve yuur KIM & prokessioha 20pes
ance WQ aTgratane ipquered stuicy
A new concept
in terminals

Kyaes 100 Black $23.50
Only $349.00

Synecien 1 utigue new terminad (Goks
ke & heyboard Dut d Contany all thy
10Q(€ 1a Qeapiay 24 lney ol 40 cnaray-
1613 UBper Lower case and 128400001
graphic characlers may be gulput 1o &
monitos 106 T¥ with AF modutator

Locat edihng (0483 g &7 3ceeenl 26-
drentante surror scrating weap s1aRdsIY latephons handeal tor
S100NT AUIG-rADERT OPTONALINKErIACY full or Ralt uples pperansn Com
and Baud rates 10 9600 mane s yout (018 w(ih 50 wed 1UPBlY AN L RItI#1
DOt Ly =1 IBsmina DO@AY 1N the il i 0y sed s an

+ Sockals e adfisns: #0 AR TEK AOM

<30 Cos ASCH Thermal praler (50
oL mn (

< bull Bae (54 ke Aighanumpnr

L Adphany=eie disgiay
@s Cann vor PIY 7 catsat
big (D parts,
« f1ganggn Cana ity eur LIMSI
$ 100 wosig(
. cannclars (otlly KIM Y cam

$375

$16¢
15

«
© Fesy Poms connaciom

New Acoustic Coupler

$159

HCE Camgumlrl Ine breaxy thy

PER T List $279.95
NCE/CompuMart.

e\
. gh\E $189.95
1250 North Main Street, Department BY49 3'1 oo MPA

P.O. Box 8610 Ann Arbor. Michigan 48107

S-100 MPA gives your PET
10 DAY RETURN PRIVILEGE

(313) 994-3200

bus (even DMA). Get an

assembled unit at kit price.
@

* Michigan residents add 4% sales tax ¢ Fareign
order (except Canada) add 10% additlonal han-
dling (U.S. currency only) « PO.'s accepted from
DA&Brated companies —shipment contingentupon
receipt of signed purchese order ® Phones apen
from 9:00 a.m.-7:00 p.m. EST Monday-Friday, 10:00
a.m.-5:00 p.m. Saturdays ® Open accounts

Circle 283 on inquiry card.

Ps\—E VIDEO TERMINAL
by XITEX
1ELA k64 ehe Qusplay 128 pental.g

characlers ggitasra UAAT JASCH
or Baudall 3 zenal interfaces &

SANYQJ BTt o oo con
MONITOR [ ™"

sz guaty mine o $460 tasemeiea s tenes NOW $187

invited—call for credit application ¢ Most Hlems in
stock for Immediate shipmeni—call tor delivery
quotation ¢ Sorry—no C.0.D.'s e All prices subject
to change without notice. ® In the Ann Arbor area?
Retall store open 11:00 a.m.-7:00 p.m. Tuesday-
Friday, 10:00 a.m.-5:00 p.m. Saturdays (closed
Sunday & Monday)
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PLACE ORDERS TOLL FREE: 5002621710 instde Caitfornis

LEEDEX MONITOR Jade Memory

® 12" Black and White n'n.B’TE JADE Z80 BOARD Expansion Kits for
¢ 12MHZ Bandwidth Naked Terminal IMPROVED DESIGN AND TR3-80 an‘u Appie!
LG LLTELT TR BRI PN F e ATURES & BENEFITS FEATURES 4116's

8 for $69.96

00 ® [ndustry standard 80 character ON BOARD 2708 or 2716 EPROM
$ l 39. ASRUACSACULLONN © VERY RELIABLE AT 4 MHZ OR (16K x 1, 200ns)
s Completely self contained termi-
nal electronics, just add CCTV KT S includes dip l""-"-“ and
| e 0G0, monitor and keyboard, POWER ON JUMP AND RESET instructions
KW 2 Module meioe aNo suppart software required. N BOARD USART (8251 J
M1 e KON b Lo e Switch selectable modes: Hall [ el *TRS-80 Kit &
.I i sdite Duplex, Full Duplex, Block >
A4iadl a3l wie e mod 2MHz (]6K x 1, 300ns)
Tan Hallnae Mand ode. Kit $135.00 Py '
g gmimiig M an 4 ® Block mode allows editing be- Assembled & Tested $185.00 ncludes connectors and
rpgammen, Hetewng fare transmit, 4 MHz e instructions
[ ant Kiyoann Uispiz, = Keyboard interface provided, it - $149.95 $75 00
inciuding regulated +5 volts and Assembled & Tested $199.9S e M
-12 volts Bare Board $ 35.00 Call for discounts on larger guantities
e Video Is switch selectable as
'‘Black-on-White' or '"White-on- j
" . g'aﬁk " bled Keted. t with full documentation “IMSAI"-TYPE CARD
302 - Toased sngle boura | Fully asemniea, sackeles, tes | ey sags | | CUIDE SPECIAL:
computer with keyboard/dis- for' a full year from date of| ASsembtes & Tested $149:95 Regular Price 30d each
play, KIM-1 hardware compa- purchase. Bare Board $ 30.00
{Ible, complete documentation. SPECIAL: 10 for $1.00!
SYM-1 CASE $29.95 $3.50'90 EPROM BOARD KITS
with cobles JIGB 16 tuses 2708 o 27116 $69.95
MICROPROCESSORS .
78 26,00 weed
780 (20Hs) £20.00
el e
550z 1152 1 Rockwell AIM-85: The Head-Start , DYNAMIC RAM BOARDS
¢ =20 i in M ter
30061 1222 In microcomputers ' EXPANDABLE TO 64K
aD35 X
50368 21.00 A KIM-1 compatit;le machine with 32K VERSION » KITS
BOBE 23 00 on-board printer and a real keyboard! u a 8Kx1. 250ns) Dynamic
TMS900TL $49.95 $375.00 w/1K RAM RSAERA'SI,I?:;n be ‘expand’edyln 8K
moﬁf'{J;mRT DEVICES 2.90 $450.00 w/4K RAM $ 80.00 increments up ta 32K:
B354 : 465 4K assembler/editor in ROM; R =
e 1% g ssasicimnRom: | $10000 ¢ 2113008 3t 1S
2332 "Fﬁmn 9.95 Power supply: $ 5995 .
8226 279 Case for AIM-65: $ 49.95 4115 SALE
2228 3640 8 for $39.95
8743 5 800 Special Package Price: $599.00 .
azsl % 750 AIM-65 (4K), Power Supply, Case, and 8K BASIC ROM «KIT
8253 320.00 .
B255 % 645 Uses 4116 {16Kx 1, 200ns) Dynamic
gour E e RANM's, can be expanded in 16K
3275 $75.00 KlMSl increments up to 64K:
8219 $18.50 16K $249.00 43K $469.00
RT 235 10,95 INTERFACE/MOTHERBOARD INTERFACE/MOTHERBOARD 32K $369.00 64K $569.00
vagte " ° 1o Makes S-100 cards plug-in Makes S-100 cards plug-n
AY51013A $ 525 compatible with KIM! compatible with PET! A ) A
?;;’10%1;“ g 255 Kot $125.00 Kit $119.00
[ .25 D
5 Assembled & Assembled & )
Iseoli 3% A $165.00 Fosved $159.00
BAUD RATE GENEHATORS 51000 2114'5, low pgweirs(glgozduxgj
R TM | 1-1 hd 1 hd
LIS o USRI TF XTOOL ZIP*| ssons ioires: 155
$Ba0 52%20 T 4.00 . ® 300ns 9.00| 8.00 | 6.50
82DP 6.60 e
Eaz:i:p R E@ zrwm ), PDIP® 1] TMS4044/MM5257, low power
u828e & 450ns  |8.00 { 7.50 |6.50
68348 516,95 rm'nnuu’j S k
8h50p 1863 ockets | 300ms a5 | 9.75 |s.00
2 T B
c800P > 925 *ZERO INSERTION FORCE | 4200A (akx1, 200ns)
SB71p (25 75 T — sockels 9.95 | 8.50 Ju.oo
¢ .
earat %3 SEE OUR COLOR AD S o1l $580 +
H CYER GENERATORS ’ ' 410D (4K x 1, 200 ns}
AR Upper (~12+5) 675 l" APH'L s BYTE 24 pin Zip Dip 1! :;:g 8.25 | 7.00 |6.75
gg;; bow:r (‘éiv%hs), b g ;2 40 pin Zip Dip 11 $10.
s .
251355\5@ 1 volty 31098 STATIC RAM
BCMEHT 1 n 95
MCMES 71 A down sco $1095 N W » R O BOARDS
ROMS
g § 380 Computer Products JADE 8K ssons 512395
2716 (5.12) T} i Teiephone 25 $149.7
2348 ] 1TEL $39% 4901 W ROSECRANS AVENUE (213) 676-3313 Assembled & Testad:
o ' Department *B° 3 450ns  $139.75
DYNAMIC RAMS HAWTHORNE CALIFORNIA 90250 {800} 421-5809 Conminental U S 250ns $169.75
g:gg;~*g;g (200751 3250 US A (800) 262-1710 inside California Bare Boarc, 12500
210764 $ 395 i I ) — 135 () Wer
TMSAD27/4096 (300ns) $ 3.00 . N | — }\Gs:(embllJ::s&erestgd(:ow po )
STATIC RAMS 1ol 16100 & : g e | s RAM 16 (250ns) $375.00
s tiEemd 2i% I E R : ‘ RAM 16B{250ns) $325.00
2101-1 $ 295 $ 2.60 Cash, checks, money orders, and credit cards accepted. Add 16K with memory managemsnt
ry g
21111 $ ggg $ ggg freight charge of $2.50 for orders under 10 I1bs. and $1.00 service Assembled & Tested:
2112:1 3 $ 2 charge for orders under $10.00. Add 6% sales tax on all parts RAM 65 (250ns) $390.00
FLOPPY D!Bsu’f CONTROLLERS $39.95 dehvered in California. Discounts available at OEM guantities, RAM 658B(450ns) $350.00
llﬂl $49.95 iZK Stbaltig & Tested:
ssemble aested:
KEYBOARD CHIPS 13,75 WRITE FOR OUR FREE CATALOG 250ns $733.00
AY5-3600 $13.75 ice: ject to change without notice. 450ns
\ e $1800 All prices subjec 9e 250ns Kit $575.00
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ITHACA AUDIO

THE OEM MARKETPLAGE

IA Expands
S-100 Line

Video Field-proven
Display reliable engineering

Over 10,000 boards worldwide prove Ithaca
Board

Audio provides the quality and reliability you
Featuring a full 128 upper/lower case ASCII

demand.
character set stored in a 1K buffer memory. | Ithaca Audio Boards are fully S-100
Easy to read 16 line_x 64 character format can

compatible, 1eaturing ?old ed%e connectors
be Ispla*ed on an inexpensive video monitor h ho

and J)Iated-throug es. All boards (except
or a modified TV set. Includes a TTY software | the Protoboard) have fully buffered data and
driver. Add our powerful K 2 FDOS to create a

address lines, DIP switch addressing, solder
versatile operator console.

mask and parts legend.
$25.00

2-80 CPU Board Most powerful 8 bit central
processor availabte. eaturm% fower-on-
jumgp, provision for on-board 2708. Accepts

most software. $35,00

8K Static RAM Board High speed static memory
at the lowest cost per bit. Includes memory
protect/unprotect and selectable wait states.

$25.00

2708/2716 EPROM Board Indispensable for stor-

ing dedicated programs and often used soft-

517a1r§. Accepts up to 16K of 2708's or 32K of
5.

$25.00

Protoboard Universal wire-wrap board for de-
veloping custom circuitry. Accepts any size

$25.00

Contrals up to 4 single or double sided drives.
Data ‘)mtact features include automatic
disable of write-gate during power-down for
data integrity. Supported by a reliable
software package, K 2 FDOS and complete
diagnostic documentation.

$35.00

DIP socget

RAM!
32K for $359.

Power full disk software in the DEC tradition.
Includes Text Editor (TED), File Package (PIP),

HDT), A bler (ASMBL| o .
HE?(U er1 EO%’ .S ssst%wl G%rngrator gSYSGEN). Ithaca Audio is now stocking the Mostek 4115
Command syntax follows Digitals 05-8, RT/11

format. First in a family of hi hlevel soltware. | basic board, 32K of RAM from us and SAVE

Soon to be released, FORTRAN & Pascal
Compiters.

$75.00

S.D. SALES Expandoram board
Ithaca Audio 32 4115's @ $5.00 ea.

© 1878 ITHACA AUDIO

Mass Storage at
Incomparable

Prices.

Ithaca Audio
Floppy Disk

o Up to 250K bytes, single sided

* UJp to 500K bytes, double sided

o Data protect

o Powerful software oPerating
system includes 8 utility
programs, text editor.

Add the capacity of tull size disk to your S-100
microcomputer. Controller, Disk Drive, and
Software available separately.

Memorex single sided

550 Flexible Disk Drive  $456.
Memorex double sided

552 Flexible Disk Drive  $830.
Disk Controller Board $35.

K2 FDOS Available on 8"
floppy disk w. manual $§75,

Quality Components
ZILOG Z-80 $19.00
ZILOG Z-80A 23.00
INTEL 2708 11.00
FAIRCHILD 2102 LHPC 1.60
FAIRCHILD 2102 LIPC 1.35

IMSAI 8080 KIt with 22 Slot M.B.
$560.00

plus $10.00 shipping.

HOW TO ORDER

Send check or money order. include $2.00 shipping per order
N ¥.S. Residenls include tax.

add-on RAM for S.D.'s Expandoram. 8u§ their For technical assistance call or wrie to:

s ITHACA

160
32K only $359

AUDIO

P.O. Box 91
Ithaca, New York 14850
Phone: 607 /257-0180

Circle 190 on inguiry card.
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Circle 20 on inguiry card.

ASCII COMPUTER KEYBDARD ZERD CROSSING DETECTOR D" SUBMINIATURE CONNECTORS
Tha 56 key ASCIl encoded koy. ‘fﬂ'ﬁm By TA dersers when e IRS-232 TYPE)
Dosrd mV}ﬁ(i debaunced ASCH W CUPFENE 35 Al elX AP
oumut (7 bit parallell and strobe. ar seniching devices ol e RS-232 CABLE
it has mn nonencoded  closwes cuerent, M pr dip. 193485 ? Comtuctor 24GA. tefion with braid
W e 10 wound and requies 250 B Q K SHIFT REGISTER sheid and white PVC ackat, (/16 dint
W OUANTITY 150MA, 12V @ 45MA A ~..mn.,r MMSOIZ i an B pin 5 for £1495 100° for $25.00
standard 10 pin  dual 10 fee $455
readout conmector 11 umd for date and pawer inputs. These \’ KYNAR WIRE WRAP WIRE
krrmI:d: T:;r;[;u:%;cu‘% ;:'N ;5.5 Dln Mr,t. ’sm:d n:'o xcze: 3 DWS’IGZNE Tr::sa ;’hﬂ”ﬂ'ﬂ Sofid stver platod JOAWG available =
ey nng) . Manufactue Y re - ingit high voltage 1o 3
Periiar TTL interface pate. 1 pin dip Diue, red, black, yefiow. preen. or white. Screw Iock assembly (.‘m:h D204, 3.50/par
10 for $250 Male screw retaines Amp 205980-1 $5Cpa
B 2COUSTIC COUPLER Femate scrow lock amembly Amp 206817-1..5.50/pe
m TNS oregunate only coupler was ! \ (MOTOROLA MUT406L m
munwtactured for we in T, 735 GET Gytal 1o aafog v, HOOK-UP WIRE e somer O v 74 -
daty  ferngf. It 8 mﬂ'ﬂlﬁb'f with pin ceeamic. st o . e ones 2t
Bett 103 and 113 dsts wix or the AvailytNe 1n blue, red, white, Wack, gray, Used a5 input wvoitage connecior for
equivalent, The coupler opersres MOTORDLA MCT558 grewn, yollow, ovanpe, or viokl. [strended TV s 10 FOR $1.50
wychronousty 19, u tpeed of 300 tsud $47.50) 04:.‘ ‘:Zﬁ‘""‘" ” ‘:':’ ?‘wm;“g: PYE) 2RP-3. Zpin vorson of sbove. 10 FOR 5”5
- M the Jull dupler mode. [HaN duplex mode is essity soqumed SHIET REGISTER SCREW TYPE TERMINAL ?
e NI A el outouts ey companle with Fawchud 3341 IXB4 dipitat ideal for stereo or TV conmector -
[ ] . Transmit freq. i he. for ek an e for : 1378 mounting ctrs 20/81.00  100/5295
wowce. Rocowe freq. «« 2226he for mark and 2025hz. for stocage duffor (FIFO) 5.9 i -
waace. Umit requres 12 voits and 5 wvolts far operation, © NS TMSH030 DYNAMIC RAM
Compiate with schematic and sl pertinent information. Fully 9581 bow power (400nw) wiity SO M
g . and g . S pae o 22 oo wacher, Thew POWER CORDS P.C. BOARD EDGE COMNECTORS
RS232 to TTL 1o RS232 converson kit $6.50. inchudes PC. 3 " |11 Whire 2 conductar wistrn reliot.... 380 10720 oin 1257ctrs
board, components, and schematic. ut sre tested anrl guarantecd 4 o
m— : : 5295 each 10 tor S2500 |@ Bleck 3 conduucior wistrain relef. 12/24 pin ,156ctrs
4-DIGIT COUNTER & Black 3 motded vty 18/36 pin 1567ctrs.

The MK5005 is a P.Chonnel MOS four decak| 1 / D 4 Black TV cheeter cord..... .. 22/44 pun . 1567ctrs
aychronous counter with latches, multiplexisg ml , ’ 'e) ' 22/44 pin 156" ctrs

.
orcuits, and & rdonty memory programmed | DISC CAPACITORS: includes 1 mfm 28/56 pin  1567ctrn
o for seven-segment outpums. It provides a means of | wives fram FPF o IMED. I6/72 pin 1257cirn

e

wuntng up to 9999 24 pin goid and ceramic package, 5995 | . o 100 for $25S MINIATURE TOGGLE 36/72 pin 125"ctrs
Hdes! for ume with T.0 ddgit daplyy, betow.] y CEK to. 7109 SPDT reset switch. | 43/86 pw 156 ctrs
DIFPED POLYESTER FiLM ttpring return) S.95ea, 1075750 | 43086 pin 1567ctrs

LA ) RN o
- ‘- DIGIT‘ LED DisPLAY ":&,___, 33 ) 100 for $4.95 MINIATURE TOGGLE 44/88 pn 1257¢trs
:ir:vd’% :m c:“z':“m’:: :;:3' N “B [ I8 PRECISION RESISTORS Csjrfgp/’nm;r’% S;’D;s r;;rd
e . $1. X
T4 pin TILI3, common cathode $295 T r-_za_ gnortment contany s balseced v for $16.00 Zestron pin 540 ceed retay, 12VOC SPST MO
ventory., ... 200 tor 54,95 - Codl resistance is 8OO ohm. $1.00 each
SLOTTED OPTICAL SWITCH 0 for $7.60
HPSO82.7730 12VDC MOTORS 5:’5‘7 TAOL V”JCS’- "’"‘"‘,""w’* The OPBOD conusts of & getium 10 for 7.
Fod 3" LED Both the HMoliand and Maxon Aleanfrum  axial feads o * arsenice infrared LED coupied £ ; .
avmman snod v very sificient 12VDC motors| Wiues ”"f" IMFO/S0Y 1o with st npn siticon photo: ';e:,tnmc ;;}Tﬁ:g%orzcdn;;:y&! e
$1.25. 434, They run on s low ez v | TSOOMFDIGY.. 100 for $9.95 banuiztor in 4 plactic houting. & 440 ctm  $1.60 esch -
ond draw 250ma with 28 FANTALUMS: vaheee from The gap i the hounng peovider & mwams 10 for $£9.95
Send $1.00 for meh torque st SOOORPM. T3"x | |l T o, s |of svning moton of opaque ebjccts :
ow catelog and 1578 long. 50 far ::‘_95 4 by OPTROM INC. $1.58 e, P&B pin JRMIDAID reed rebsy. SVOC
got oadis oa Hotiand doubke shafr $3195 se | : DPST N.O. Coif tesistance is 1000 ahm.
yowr 153t order Maxon single shati $2.55 ea. SLIDE SWITCHES, stndard P SWITCH $1.95 esch 10 for $17.50
- 40 for 5495 I8 Positian Amp pfv 4351667 Specisl .
i offer a1 anly $1.95 sech, 10 for 315, PLE p/n IRMIBI40 rsed reley, SVDC
PO ROS: inch i resis
1336 6, Sndosson L. ER CORDS: uncludes 2 REFLECTIVE SOURCE & SENSOR 8pST N.O. Coif mosmance 400 ohm.
. af ¥ conductay, 6 m B fi . iy 3295 each 10 for 33495
Ut lited.......... 6 for $395 TL TILLIF it desqned for e e
Y .,CMI M 78752 wsng applicatens such as SPEEDY BEND
'y MEAT SHRINK TUBING; tine finder, balch counter, Bigputh allgy melts i Woit| paciian iasd pender far

TERMS. Chock ot mensy order, NO'COD. Toxas ntwidents add | og” g Jengthe in variout

ing water. ldesl for casting
5% ssier pax. Owvergaas rountriey add 3500 for urface rams, Grer and colarr  $2.95/t K and % watt registors

sl parts, 4or. ingot $3.95

dovel ecicator, amdd beginAmg.
of-tape/end-of-tspe indieators.

Al orders add 5% for postage. MINIMUM ORDER 315.00. $7. %00,
Wuin o i S O O O N O I I O I o i i e n y il

HOBBY WORLD

CALLTOLL FREE(800)423-5387
CA, HI, AK, (213)886-9200

TOP QUAL'TY TRS-QO SOFTWARE
LO-COST SPECIALS - .. CASSETTES

Order by Cat No and descapuon
€CalNo. Description

£
142 DATA CASSETTES, 10 min . . :tﬁ“éé%;lﬁ:‘xc‘a%ml v
DISKETTE, 55" solt sector, TRS-80 . AR RAID L0
SOUND ACTIVATED SWITCH, vos . .. e PUOT VN
UNECORDS, 18, 2 cond w 'phig. . .. . .. . A8 OTHALO L ¥
27uf TANTALUM, 30V axial . - SMALL BUSINESS BOO!
22 uF TANTALUM, 10V a3id) . e DAILY BIORMYTHM noaw %D
33uF TANTALUM, 35V avial. . . [ MICRO TEXT EDITOR LN
12V TRANSFORMIR, 300ma, PCmounl. .. .. .. .. INVINTORY MODULAR L. . .
INGIAS SWITCHING DIODES. fuit bead ... .. EOAT-80, tent editar B (32K) . ..
TIXASINST. TTL DATABCOK .. .. . .. . i
250nec ZHO2 RAM

aposROCKERDIPSWITCH ... L T
T T R COMPUCRUISE ¥ IC MASTER
100GuF 25V uprite cap Ce . 2
TRS-80 16K MEMORY ADD-ONKIT. . . .. 117 onl 165
TRS-212 PRINTER INTERFACE - Y CatNo. 1292 45
3" RAEDOUTS, MAN 74 equal (NSTaR). . ... Nas ot ompte
pater buor mobile
T4 PIN SOLDER TAIL SOCKLTS. . AR - use! eatures e wontral, fuel

16 PIN SOLDERTAILSOCKETS . ... ... .. .. e
ROMent. knp ¢ nmputer
24 PIN SOLDERTAIL SOCKETS . - T tes Countet Wai v el

INJOOL 50V 1A RECTIFHER. P PR (X [ TR 1.3 Connpenaatos TOr e uze, i ey
swiwaTIziNg T e i b B S SEND FOR FREE
. R cavly o0 hash Easy (o read linght
A L Sl i, G0 SPRING CATALOG
SOUDERING IRON, pendil Iype, J0W . . ot .
A7uF 63V uprite lylic ... - N . FATRN FEATURING:
21uf, 250V anialbylic .. ... PRI
40 COND RIBEON CAM[ pet fook

Lo
104 KIT, 2 pavaBel +  serial ports TR 11 FACTORY FRESH, PRIME ICS, LED'S.
PROM PROGRAMMER 2708 16, from OAE . . . .. “L’F T" T" P c READOUTS, RECTIFIERS, ZENERS,
SHUGART MINIFLOPPY DRIVE, §A400 . TRS-BO AOD-ONS, $-100 J0ARDS.

5" READOUT, CC, PND-501 R DUPL’CAT‘NG ;&a;asd:su%tﬂwgr B00KS.
KIT $25
19355 BUSINESS CTR DR A et MASTEROHARCE Vi, CODS

Ml avqured  No L
el ST Y 5 12 sttt O L ADD $150FORPOSTAGE
NORTHRIDGE, CA91324 WA T e -
4 M L LTS
Cal Mo. 120)
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Cirele 230 on inquiry card.

/774

FONMERLY CYRERCOM/SOLID STATE MUSIC.

05-1 Q080 Processor Board, 2K of PROM 256 BYTE
RAM power on/rest Veclor Jump Parallel port with
slatus, KIL._ ... . $12588 PCBD..... ... $28.95
MB-8A Basic BKX8 ram uses 2102 type rams, 5100
buss. Kit 450 NSEC ..., $123.95. PCBD. ...$24.95
MB-7 16KXB, Stalic RAM uses »P410 Prolection,
tully buttered KIT.... $299.85
MB-8A 2708 EROM Board, S-100, 8K8X or 16KX8
kit without PROMS $75.00 ... .. PCBD $28.95
MB-§ 4K%8 RAM/PROM Board uses 2112 RAMS or
B2E129 PAOM kil withoul RAMS or PROMS $72.00

/WMC,.. WAMECO INC.

FDC-1 FLOPPY CONTROLLER BOARD will drive
shugart, periek, remic 5” & B” drives up to 8 drives,
on board PROM with power boot up, will operate
with CPM (not inclulded).

PCBD it oo e e $42.95

FPB-1 Front Panel. (Finnally) AMSAI size hex dis-
plays By(e or instruction singla qlep
PCBD e

MEM-1 BKX8 fully buffered, S-100, uses 2102 type
rams PCBD ..$24.95
QM-12 MOTHER BOARD. 13 slot, ‘ermmaled 3‘100
board only $34.95
CPU.1 BOBOA Frocessor board S- 100 wnh 8 Ievel
vector interrupt PCBD ..$25.95

APRIL SPECIAL SALE
ON PREPAID ORDERS

(charge cards not Included on this affer}

WAMECO REAL TIME CLOCK BOARD. Kit with
all factory marked parnts ............... — LR L]
PCBD $23.95
lel EPROM. Fully buflered with iIntel 170‘2&

4.86

MIKOS PARTS ASSORTMENT
WITH WAMECO AND CYBERCOM PCBDS

MEM-2 with MIKOS #7 16K ram
with L2114 450 NSEC
MEM-2 with MIKOS #13 16K ram
with L2114 250 NSEC .

MEM-1 with MIKOS #1 450 NSEC 8K

10-2 S$-100 8 bit paraliel /10O port, 24 of boards is for RTC-1 Realtme clock board Two mde RAM Lo
. pendent in-
:‘c',"‘:g'fr‘g Kit Imilf)‘e uoi an P'C“BDH o :2:9 terrupts. Software programmable. PCBD $2595 | CPU-1 with MIKOS #2 8080A SPU . 89.95
-4 Two seria porls wi ull handshaking . 1 MEM-1 with MIKOS #3 250 NSEC 8K
20/60 ma current loop: Two parallel 1/O ports, E::; 170:7 ‘KGE%':/"S;:M PCBD §25.95 144,95
Kit $130.00 PCBD .$26.95 -2 2708/2716 1
EPROM CARD PCBD $24.95 QM 12 with MIKOS #4 13 slul mother
VB-1B 64 2 16 video board, upper lower case Greek, board B9.95
composite and parallel video with software, S-100. QM-9 MOTHER BOARD. Short Version of QM-12.
Kt $125.00 %° bcBo - $26.95 | 9 Slots PCBD 53095 | RTC-1 with MIKOS #5 real ime clock 60.95
. ot | * board les
Altaic Compatible Mother Board, 11 x 1% x %" MEM-2 16K x 8 Fully Bultered $25.95 818 with MIKOS #6 video bo s 99.95
Board only  $39.95. With 15 connectors. $94,95 | 2114 Board P -
; 16K RAM BOARD by HWE fully bulfered. bank se- | EMP-1 with MIKOS #10 4K 1702 Tess
Exlended Board full size. Board only $ 9.49 =TE. EPROMS 49.95
Wilh conneclor §13.45 lect standard 10 IEE buss gold fingers, solder mask, | EFRUMw . .. .
) plated \hru holes. silk screened PCBD $25.95 EPM-2 wilh MIKOS #11 16 J2K EPHDMS
SP-1 Synthesizer Board $-100 KLUDGE BOARAD by HWE for S-100 giass epoxy | less EPROMS 59.85
PCBD $42.05 KIT . $13595 | over 2600 plated Ihrough holes. 4 regulators with | QM-9 with MIKOS #12 § siot mother o
CAPS all S-100 functions labeled, gold lmgers board 75
3521223’3 s:gg E&I&E SUPPORTS 9.95 PCBD MIKOS PARTS ASSORTMENTS ARE ALL FACTORY SRIME
" : PARTS KITS INCLUDE ALL PARTS LISTED AS REQUIRED
825126 195 8212 3.25 FOR THE COMPLETE KIT LESS PARTS LISTED ALL SOCKETS
B25129 1.95 8214 gSg INCLUDED.
825130 395 8224 4
825131 3.95 I|:2|14 “50 :jggg) 7733 ViISA or MASTEACHARGE Send accounl number, inletback
MMI6330 1.50 2114 (250 ‘ . numbér expiration date and sn your order. Appron  posiage
IM5600 1.50 2102A-2L . 1.60 wil be added Check or money order will be sent post paid in
IMS503 195 2102A-4L ... .. 1.25 US" " yauh u: nmp; ‘v.elgn:‘:u CuSlDdﬂ'lDf.op.lhllll ul:'1 :Mvgm
cashiet 5 chec af 13 onay ordes 8 rwien are W
mgg% ?gg f;ggA§° NSE ' g'gg 419 Portofino Drive be A two-week delay v;; checks 1o clear, Calil residanin acd
""""""""" 6% lax Money beck dey gusrantes. We cannct sccepl re-
IM5823 195 4118 (Appie RAM) 12,95 San Carlos. California 94070 furned IC's (hat have been scidered 1o Prices subject lo
mM5624 398 /89.95 Please send for IC, Xistor ::-:3:.:-";::: r;:l.i:a’ 1'»"(':0 minimum order. $1.50 aervice charge
and Computer parts hist -
X Ballantine Model 1010A a PEASONAL
19 "w 1. AL
A M D IMMEDIATE aamic g s O:I: saterc T w1 ?: Dual Channel/X-Y Scope PET 20 ’BUMPUTEH
DELIVERY e moe  1em | aamee o owl oA pmlmloml ‘mmmcop' Quits portable, very affordsble and un-
s toum 18 0w | awrsoare  ek0 3e | maare O to fit B believably versatile, the PET comguter
AMSILDIARC 1 475 B 243 | 10TA S EIS 8860 | AMrpeaDe e 78 | Bdaerc Y00 I " muy very wall be a lifatime investmant.
AMBILEIAPC 1m0 90 | 1a2APC a2 38| AMIMOIPC 434 [E1] ISPC 120 106 you
nuu.lu:: ::: :;: ::::n: :.:(; :u An z::g »:“ ::;:g :;: ;g: X J . besic Mode! Descripnion Peice
Amretiare 438 >en|tesan 80 BB | AMISIIPC se8 415 | #da0eC a0 se || 9@ 1 needs. ‘ 2001 Computer w/8K $795.00
MM L8 e G namiee R dmimi de Rl g g e 2020 PETPrnger - $695.00
FIWPC 108 o4 | race 1030 o | amarc w 2 83600 1w . - ® $695 C2N External Cassette  $ 99.895
i3y oanc sho am | keness 33 tee | aee HE o s ave KiM-1 MICRDCOMPUTER
- ST O S S - S ol TV mekox EX 303 witrwerer
S 3 ffmuess ofwomeiaemse oR o qmpmer x| gy T Ay oo s oo v e oo
e v o3| Sllaese  3oe 20| dimieiasc  em den | dwc Jm i | Amembled in-sny hied 67 (IghL Weighs onty B Gunge
TN 318 2.1 | Avzsaiw 1040 1200 | Amsrtzare 343 280 | eerrrc 108 voe | & Tested Operstes up to 200 hre on » wngis B voll baltery.
BN pm lu[ammmr o iDiagwEr R gmiger  imoin Nigstonsanges st 206 o 1060V L
=] [{
B R GRIMER mEonnimen. o oniimme (R 13| 78% 6uA"sna 162 Targm Excmtent mieniot oo
almes 230 285 | AMIDd a0 8% | ANgUIZARE 310 200 | Amiziosom e 242 $7406 "'E""" d::"' coordinalsd case and
Dok M gpimmems gn o gnidmie gn o gk|mmbes om o e e "
sk cm inMEAT SE UMM RE NSNS S ST 02 SERIES ,3‘,}'2:'2,,.‘.:‘:.‘1‘.‘23
SILAIRC aga  3Ima | awzeode 48 184 | 9300mC e o) | amzssosnc  vzes  1vom LD Corgmic 65 to 1126 C
Aok v v | asasgec 443 175 |eirc 1. 130 | smassiorc 100 287 a0 Powsr Matching
BEMGE L N |AEME 1% SIVENE LB LR |MEUTSe 38 00 | meno swes ) e snm S11010GEIOW S 695 THIS 5 788
M dn e habEe dm o ogm M i Gn|memie o b WS M| dmi i $110200170M $1305 TR0 $10.90
\moc  la%e ites | Aumiae e 13es |33 o0 wlAdInioloc e ses | BNO ED ) oA w A-S1-81Sockst for abovel a5
AT 1360 1070 | AMIRMIAFC 1080 A a :;:;:cc 7:: 1o AmliLarec oan =30 [ 1ON0 N | sesLe 50 S-10300120w) $19.00 YR30 31250
18580 830 | @SBLE 10 S1-1050Q(S0W) $27.80 TRSD $17.60
4 10w 19 10w EN0 850 tasiLE Il'ﬂ ASI.10( ket fi
AMD LINEAR e sqm smfuumes s vim |wme 281 ERL  1¥| - ow on rensemw m“i“:" ”
v e R Y Voo a4 |iwzou 1 1% |GRI—ASCIl KEYBOARD KIT
o te Sme rCRGE B Alie B B[prsieeonsisy CARBON FILM
Lo e i fowcian A s res  1pe | (uraron 136 o 756K xeyvorra $64.95
et Yoo  1am | cusoaso i v | tuiman 300 2ag | cheramme Te 13 1701 Enclowret7s3 oniv1$14.95 W
e am 390 | omdcean 310 460 | mEssan I | Larerec vav  v3e {702 Enclomre thatnl  $29.95 $1.79
ity S; 7ee | casean ‘U |tOe some  sao0 | Cerdeer o 'n .
Leaitn 3a3 27 | Ludco PR SN bovitt iy Tas  poo } mramnm e 139 SYM I Al watuer from 1051 t0 10 M52 — Only 1 muttiples of 100 pes per value
SUPERKIM .. $395.00 MICROPOWER Timing Circuit The Instructor 50
‘opnomical ax- XR-L P Darksbap Compnrter
pemion inta Intersir's Universal | Ditectly intes
changestie from SIGNETICS
'c":.'a'o:'.‘."::,'f.‘.'; Madel |Counter System *‘:,:7"5:,",9“"' Mmcl:'nﬂl-t-.rﬁcadv-To-:’J;‘
* asipate oproceno! Learning age
nu:‘t:m':’:::nm BO20A |EVALUATION KIT y;|5m Dower. includas svaryihing you aeed 10 wrlte,
. pact lufly smambied |icmM7226E Y 35995 | $1.50 sach run and debp machine g 1o
and intuarated boacs. FUNCTION GENERATOR KIT 'ctudes al il : s -
Taral comeatintine XR‘ZZOGKB components, AC bord ano inswucwons $18.95 Send Check or
r aotoars. Maney Order (o:
On bosrd BV, JA ¢
tatar md TTY, AS3Z aagt Anud?:'fm mmu::u 15 Megahertz PORTABLE MINI-SCOPES P.O. Box 2208Y, Cuivar City, CA BO2. Cabloiaw rexi
denis asi 6% wates tan. WMinimom Ocdee; $10.00 Add
+ | nterst LED or LCD 2 ms2s |, M.m:.;f’:.'.:::’::u:."",:r.ﬂ::..";"t:rsfm'::;fr:;es,:::
3% DIGIT PANEL sadsen | WPt G omeas ras Ga
METER KITS et weis | SR | memr | hwew |
BUILD & WORKING DPM IN 1,2 HOUR WITH $31800 Tocaem, REBSIY | Corver Cove 4 3073 | oma Aner e 92708 | Pers e 230
THEBE COMPLETE EVALUATION XiT§ e T mavzan | im0 39w Wia sarassn 1507 ;e iaat
1 1 o -l 'y W
:wm::"ul'll:‘ ?("-E'-'- -:}Fr%:'-s&mhﬁs ) POATABLE (2771 s 6 4" Ww 7.6°D1  BATTERIES & CHARGER RS | et INeRoha AnchBNA
malaratt <y S BT 124 8 Punlce-ng P et AVAH ABLE OPTIONS—usabis on bath the MS215 and the M515 Vansgemi® '“:.' “‘*;"""'-‘ 230 Ptmont (Wi &) 8a8 Rz
VSV Swnnee sy, CA 508 1 % A IO Tpn TH TTOML
LcLnstyico) 42996 7 D) $24.95 41-140 Leather Carrying Case $45.00 — 41-141 1010 t Probe $24.50 | W04l 3240707 108 3434171 4B 2617100 13 520-3a8w
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The Microcomputers
- you should take seriously.

The C3 Series is the microcomputer
family with the hardware features, high
level software and application programs
that serious users in business and in-
dustry demand from a computer system,
no matter what its size.

Since its introduction in August, 1977,
the C3 has become one of the most suc-
cessful mircocomputer systems in small
business, educational and industrial
development applications. Thousands of
C3's have been delivered and today hun-
dreds of demonstrator units are set up at
systems dealers around the country.

Now the C3 systems offer features
which make their performance com-
parable with today's most powerful mini-
based systems. Some of these features
are:

Three processors today, more
tomorrow.

The C3 Series is the only computer
system with the three most popular pro-
cessors— the 6502A, 68B00 and Z-80.
This allows you to take maximum advan-
tage of the Ohio Scientific software
library and the tremendous number of
programs offered by independent sup-
pliers and publishers. And all C3's have
provisions for the next generation of 16
bit micros via their 16 bit data BUS, 20
address bits, and unused processor
select codes. This means you'll be able
to plug a CPU expander card with two or
more 16 bit micros right in to your ex-
isting C3 computer
Systems Software for three
processors.

Five DOS options including develop-
ment, end user, and virtual data file
single user syslems, real time, lime
share, and networkable multi-user
systems.

The three most popular computer
languages including three types of BASIC

Circle 290 on inquiry card. C3-B

plus FORTRAN and COBOL with more
languages on the way. And. of course
complete assembler, editor. debugger
and run lime packages for each of the
system’s microprocessors
Applications Software for Small
Business Users.

Ready made factory supported small
business software including Accounts
Receivable, Payables. Cash Receipts.
Disbursements, General Ledger, Balance
Sheet, P & L Statements, Payroll, Per-
sonnel files, Inventory and Order Entry as
stand alone packages or integrated
systems. A complete word processor
system with full editing and output for-
maltting including justification, propor-
tional spacing and hyphenation that can
compete directly with dedicated word
processor systems

There are specialized applications
packages for specific businesses, plus
the vast general library of standard
BASIC, FORTRAN and COBOL software.
0S-DMS, the new software star.

Ohio Scientific has developed a
remarkable new Information Manage-
ment system which provides end user

The C3 Series
from Ohio Scientific.

1333 S. Chillicothe Road » Aurora, Ohio 44202

LY

intelligence far beyond what you would
expect from even the most powerful mini-
systems. Basically, it allows end users to
store any collection of information under
a Data Base Manager and then instantly
obtain information, lists, reports,
statistical analysis and even answers to
conventional “"English’" questions perti-
nent to information in the Data Base
0S-DMS allows many applications to be
computerized without any programming!
The new “GT" option heralds the new
era of sub-microsecond
microcomputers.

Ohio Scientific now offers the 6502C
microprocessor with 150 nanosecond
main memory as the GT option on all C3
Series products. This system performs a
memory to register ADD in 600
nanoseconds and a JUMP (65K byte
range) in 900 nanoseconds. The system
performs an average of 1.5 million in-
structions per second executing typical
end user applications software (and
that's a mix of 8, 16 and 24 bit instruc-
tions!)

Mini-system Expansion Ability.

C3 systems offer the greatest expan-
sion capability in the microcompuler
industry, including a full line of over 40
expansion accessories. The maximum
configuralion is 768K bytes RAM. four 80
million byte Winchester hard disks, 16
communications ports. real time clock
line printer, word processing printer and
numerous control interfaces

Prices you have to take seriously.

The C3 systems have phenomenal
performance-to-cos! ratios. The C3-S1
with 32K static RAM. dual 8" floppies.
RS-232 port, BASIC and DOS has a sug-
gested retail price of under $3600
80 megabyte disk based systems slart at
under $12,000. Our OS-CP/M software
package with BASIC, FORTRAN and
COBOL is only $600. The OS-DMS
nucleus package has a suggested retall
price of only $300. and other options are
comparably priced

To get the full story on the C3 systems
and whal they can do for you. contact
your local Ohio Scientific dealer or call
the factory at (216) 562-3101
C3-B wins Award ot Men at
WESCON 78 as the oulstanding
microcomputer application lor
Small Business

C3.0EM
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