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Is Pseudoscience Done by
Computer Pseudo-Computer-
Science?

by Carl Helmers

One of my main tasks each month is reading all the manuscripts which are
sent to BYTE by authors, who are often our readers. The number of well-
prepared manuscripts which come our way is fantastic, and for obvious
reasons of space we can only accept so many in a given interval of time. Thus,
when an unsolicited article is received, we look for a certain uniqueness of idea
and appropriateness for our readers. The article content of BYTE magazine is
approximately 90% the result of unsolicited articles. Of course, exceptions
occur, for example, the 6809 series by Joel Boney and Terry Ritter (which
required a bit of encouragement in advance of its writing), or several of the
articles on LISP in our August 1979 issue, which were solicited explicitly by
guest editor John Allen.

Thus, a magazine like BYTE has proven to be a self-generating forum, as the
readers interact with authors and, as they write about their own particular
experiences or pet concepts, even become authors.

This month our featured theme for the issue is loosely entitled “Fun and
Games,” ie, how computers can be used in various forms to implement mental
recreations. We describe how to use computers to simulate mythical worlds
and situations and to examine logically defined games and their states. All
these topics and more fit under this general category of fun and games.

Readers who examine our table of contents, however, will find that not one
of our recent articles has been devoted to the subject of “biorhythms," this in
spite of the immense popularity of biorhythm programs at every convention
or computer demonstration and a virtual flood of prospective article submis-
sions on this topic. Far be it from me to belittle the concept of having harmless
fun with computers by creating fantasy trips and games. Just because one can
program a computation does not make that computation a valid representa-
tion or model of the real world — witness the fun and humor we get out of
fantasy games. Humor is in large measure due to a gentle (or not so gentle)
bending of reality in a specific and limited context.

But some biorhythm writers start out by pontificating the veritable truth of
a hypothesis and its implications, and fail to make the point that it is all a
fantasy simulation. Most people writing about the biorhythm algorithm
assume that it corresponds to a proven, well-documented and scientifically
valid field of endeavor.

[ am reminded of the epistemology of a former associate of mine, who shall
remain anonymous. His epistemology essentially boiled down to “if it is
printed on paper it must be true . . . .” Much has been printed about the alleg-
ed validity of the biorhythm mythology; there is an entire branch of the
special-purpose computer industry devoted to cranking out biorhythm
calculators. And biorhythm programs do indeed appear in much of the sales
promotional literature of personal computing. But that does not make the
results a science any more than the prevalence of adventure-style games in
tomorrow’s computers makes any statement about the real world, other than
mankind’s characteristic love of fantasy. A corollary of the “if it's printed”
epistemology is the statement "if it is represented in a programmed calculation,
it must be true . . ..”






As commonly stated, the biorhythm hypothesis has
two major assertions. The first is that there exists a fixed
point in time, namely the date of birth, when each indi-
vidual's biological clock starts ticking. The second is that
there are three well-defined periods which start in phase
at that reference point and have an integer relationship to
one another. The particular integers are unimportant.
Then, by doing a Fourier summation with unit amp-
litudes on the three periodic waveforms, we come up
with the time domain evaluation of one’s state for any
given date after birth. Much graphic display program-
ming can be done to make the results of this meaningless
calculation look beautiful on a color terminal.

The holes in this hypothesis are obvious. First, why are
integer ratios used? After all, nature seems to abhor
integers in physical constants, especially so in com-
plicated systematic entities such as biological organisms.
At the level of physical constants and ratios of physical
constants, there is only one experimental near-integer of
any prominence: the reciprocal fine structure constant
(137.0360) — and even its “integerness” has become less
significant of late as the limits of physical precision of
measurement have improved.

Then, in a fallacy shared with astrology, biorhythm
calculations assume that the date of birth somehow deter-
mines the whole of one’s life. In view of even recent
knowledge of biological organisms, why not use the date
of conception? Replies the "biorhythmaticianologist,”
“Oh, but we don't know that precisely! So let's use
something we know instead!” Thus, if there were any
validity to a lifelong cycle, the hypothesis would start off
by picking a random phase point which is the date of

birth relative to the whole lifetime of the organism. But
living systems do not fit ad hoc assumptions. It is true
that we observe periodicities in life, even in our own per-
sonal lives. But, in order to study such rhythms, the spirit
of the natural science investigator must be invoked,
obviously aided by the tools of calculation which are
now so widely available.

A detailed scientific dissection of biorhythms can be
found in William Bainbridge’s article “Biorhythms:
Evaluating a Pseudoscience,” in The Skeptical Enquirer,
published by the Committee for the Scientific Investiga-
tion of Claims of the Paranormal. Editor Kendrick
Frazier and the editorial board (which includes such
luminaries as Martin Gardner and Philip J Klass) are
fighting a valiant fight against the doctrines of pseudo-
science in today’s world. The magazine is published four
times a year. Subscriptions are $10 a year and are
availabie from the Executive Editor, The Skeptical
Enguirer, POB 5 Ambherst Br, Buffalo NY 14226.

Thus, the dearth of biorhythm calculation articles in
BYTE will continue. But, on quite a different plane, there
is ample room for appropriate articles on personal infor-
mation analysis — possibly with some attention to the
idea of biological rhythms, which forms the basis for the
genuine science of chronobiology. Here we make the
hypothesis that there are obvious rhythms of some vari-
ables of daily life which go up and down.

To explore this hypothesis, we begin to take data on
our daily personal lives using an appropriate measure-
ment. This could be a single bit of information such as
“today was a good day” or “today, on the balance, was
not so good.” Or it could be a series of integer evalua-
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Solving Soma Cube and
Polyomino Puzzles Using a
Microcomputer

Douglas A Macdonald
Yekta Giirsel
130-33
Theoretical Astrophysics
California Institute of Technology
Pasadena CA 91125

The genesis of this article was an
inexpensive puzzle consisting of
twelve plastic pieces which are sup-
posed to be fitted into a rectangular
cardboard box. Despite assurances by
experts (see bibliography, Martin
Gardner) that there are 2339 separate
and distinct ways of solving the puz-
zle, a year’s work by a veritable pla-
toon of people (mainly Yekta) pro-
duced only slightly more than 150
solutions,

Introduction

Polyomino puzzles and Soma
Cubes are examples of a class of prob-
lems which are particularly suited to
solution on a small computer. The
amount of data needed in each case is
relatively small, but the amount of
calculation needed to do an exhaus-
tive search for solutions is staggering.

For a set of Pentominoes, for
instance, you need only encode the
shapes of the twelve pieces and pro-
vide an array of sixty spaces into
whichyou try to fit them. For a Soma
Cube there are only seven pieces,
which fit into an array of twenty-
seven spaces. In both cases, all of the
necessary data will easily fit into 2 K
bytes of memory. However, the num-
ber of individual situations that
would have to be considered in an
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unoptimized exhaustive search would
be 3.2 X 10" for the Pentomino puz-
zle and 4.7 X 10" for the Soma Cube.

In this article, we will present a
6502 assembly language program
which will solve a wide variety of
puzzles of the sort where a given
region, either two or three dimen-
sional, must be filled with a given set
of pieces. The program has been writ-
ten in a general manner so that the
shape of the region can be easily
changed and certain pieces can be
specified as fixed, in order to take ad-
vantage of symmetry. The number
and shape of the pieces themselves
can also be easily changed.

Due to a clever search method, the
program given here actually con-
siders many fewer cases than the
unoptimized search mentioned
above., Using a Commodore PET
with a clock frequency of 1 MHg,
most of the problems for which we
have generated a complete set of solu-
tions have taken from a few minutes
to a few hours to run. The longest
running problem we have considered,
that of Pentominoes in a 10 by 6 rec-
tangle, took slightly less than two
days to generate all of the 2339 solu-
tions.

If the program is run in BASIC,
which we actually tried, this problem
takes more than two months. The
large difference in running speeds is
due to the fact that BASIC on the PET
is an interpreted language, each line
of which must be decoded every time
it is executed. This should serve as a
caveat to anyone intending to write a

BASIC interpreter version of this pro-
gram.

The search algorithm used in the
program is extremely general, as is
illustrated by the fact that there are
only three places in the assembly code
where a check is made to see if the
region under consideration is two or
three dimensional. Thus the user
should find it easy to modify the pro-
gram to consider more complicated
or exotic problems, such as those in-
volving oddly shaped pieces or more
than three dimensions.

The program given here is written
in the symbolic assembly language of
the 6502 microprocessor, but users of
other microprocessors should be able
to adapt the fundamental algorithm
to their own machines without much
trouble. The accompanying BASIC
routines are written in Commodore’s
version of BASIC (a Microsoft pro-
duct), but they should also be easily
adaptable to other machines. Since
“safe” memory locations vary from
machine to machine, users should be
aware of the quirks of their own par-
ticular computer when they choose
the addresses for the variables in the
program.

Polyominoes

Polyominoes are planar objects
consisting of a number of squares
connected at their edges (see figure 1).
The simplest such object is a mono-
mino, which is just a single square.
Next is the domino, consisting of two
squares joined at a side, which has the
shape of the familiar game pieces.






Solomon W Golomb
originally introduced
the terminology and
many of the problems
associated with poly-
ominoes.

with —1s around the boundary and
in the four center squares.

Unfortunately, things are not quite
this simple, since we cannot specify a
two-dimensional array in assembly
language, and must therefore store it
as a linear array in memory. The
mechanics of how we encode and
decode the coordinates of a particular
square will be explained later.

The numbering of the pieces is
somewhat arbitrary, but it is conven-
ient to put the most symmetric pieces
first. This makes it easy to have the
computer fix one of the pieces on the
board in order to take advantage of
symmetry. Again using the Pen-
tominoes as an example, the X Pen-
tomino should always be assigned the
number 1, since it has the fewest
orientations of any of the pieces (ie:
only one). If you look at a 10 by 6
board, it is easy to convince yourself
that any solution can be rotated or
reflected to get the X in the lower left-
hand quarter of the board. Thus, a
simple way to keep from generating
rotations and reflections of already
known solutions is to constrain the X
to the lower left-hand quarter of the
board. Furthermore, it is easy to see
that only seven different positions of
the X in this corner can possibly lead
to solutions; so successive consider-
ation of these seven cases is the quick-
est way to generate all of the 2339 so-
lutions. For these reasons, the pro-
gram allows the user to specify any
number of pieces as fixed.

The numbering of the Pentominoes
and the Soma Cube pieces shown in
photos 1 and 2 will be used in the pro-
gram. Also shown in photo 1 are
mnemonic letters assigned to each of
the twelve Pentominoes. These letters
are used in printing out the solutions
to make the output easy to read. For
the Soma Cube we used the numbers
one thru seven for the printout sym-
bols, but you can easily change these
to any symbols you choose.

The option of fixing pieces also
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Figure 2: The scan procedure starts in the lower left-hand corner of the defined area and
proceeds up the first coluimn. When the top of the column isreached, the scan returns to
the bottom of the second column, which is scanned from bottom to top. This procedure
is repeated until an empty square is encountered. This empty square is then the base
square. If no empty squares are found, the problem has been solved.

allows the user to specify part of the
solution. For instance, if you want to
know whether or not a solution exists
when a certain number of the pieces
are fixed, enter the positions of these
pieces from the keyboard, and the
computer will hold them fixed and
fiddle around with the remaining
pieces. The parts of the program
which initialize the positions of the
pieces and print out the solutions
have been written in BASIC because
they are not time-critical. These will
be easy for the user to change.

Algorithm

The program has to order the solu-
tions so that it knows what solutions
have already been found and what
possibilities are yet to be tried. The
program does this by considering the
permutations of the piece numbers in
ascending order. The meaning of
ascending order is best illustrated by
considering a simple example. If we
have three pieces, numbered 1, 2, and
3, then the permutations in ascending
order are:

That is, considering the permutations
as three-digit numbers, these three-
digit numbers are in ascending order.
The generalization of this example to
higher numbers of pieces is self-
evident.

The total number of permutations
of N pieces is given by the product of
all of the numbers between 1 and N,
which is denoted by N! (read
N-factorial):

NI =

Thus for the twelve Pentominoes, we
have 12! =479, 001, 600 permutations
to consider! This is not, however,
cause for despair; an efficient search
procedure will reduce the possibilities
to a small fraction of this number.

In order to make the search pro-
cedure clear, we will describe it for
the special case of the 10 by 6 Pen-
tomino puzzle. It will be obvious how
the method can be generally applied
to other cases.

The board is arranged with the
long dimension placed horizontally
and the short dimension placed ver-
tically. The program applies a scan
procedure which starts in the lower
left-hand corner and scans up the first
column, then goes to the bottom of
the second column and scans up this
column, and so on, for the third
through tenth columns. The first
empty square which it runs across in
this search is called the base square
(see figure 2).

The search procedure is summar-
ized in the flowchart in figure 3. Just
before the BASIC initialization rou-
tine is finished, it performs the search






described above and finds the first
base square. If the user has not speci-
fied any pieces as fixed, this is just the
lower left-hand corner square. If fixed
pieces were specified, it need not be
this square (figure 2). The computer
has in mind a particular permutation
of the twelve pieces which was speci-
fied by the wuser. The program
chooses the appropriate piece and

START
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PIECE CONFIGURATION
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INITIALIZE

PIECE COUNTER,
ORIENTATION COUNTER,
AND BASE SQUARE

looks up its orientations in a table, If
the first orientation that it tries does
not fit, it goes on to the second, and
keeps trying until one of two things
happens:

® [t finds an orientation which fits,
in which case it puts the piece in
the box and then scans as described
above for the next base square. It
then tests this new base square to
see whether or not it is isolated (ie:
whether or not it is completely sur-
rounded by four filled squares). If
the base square is isolated, it can-
not serve as the new base square,
so the program jumps to the iso-
lated square routine which will be
described later. If the new base
square is not isolated, the program
picks the next piece in the permuta-
tion and goes back to the begin-

ning to look up the orientations of
this new piece.

® None of the orientations fit, in
which case the program takes out
the last piece it put in and tests that
piece to determine if it has any
orientations which have not yet
been considered. If there are addi-
tional orientations, the program
jumps back to the beginning to try
these. If all orientations have been
considered, the program removes
the preceding piece and tests that
piece for any more orientations.
Pieces are removed in this manner
until either a piece is found which
has more orientations, in which
case the program branches back to
the beginning to consider them; or
the program reaches the nucleus of
pieces which the user specified as
fixed. When this happens, the next
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1S BASE
SQUARE STILL
ISOLATED

YES

]

SET ORIENTATION
COUNTER TO ZERO;
DECREMENT PIECE

COUNTER

Figure 3: Flowchart for the Soma Cube-
Polyominoes program described in the
text.






permutation in the ascending
sequence described above is
generated and tested. If there are
no permutations left, execution
stops.

Immediately after any piece is plac-
ed, the program checks to see if the
board is full. If the board is filled,
control is transferred back to BASIC
to print out the solution.

Two refinements have been added
to the above bare-bones routine,
which together result in a consi-
derable savings of time:

The isolated square routine men-
tioned above saves time by imme-
diately recognizing and rejecting
isolated base squares. Otherwise, the
machine would have to make many
tests before rejecting an obviously in-
valid base square. The routine works
by successively removing pieces until
the square under consideration is no
longer isolated. This routine results in
a savings of time only in the two-
dimensional case: in three dimen-

sions, it is no more efficient than the
basic search described above. This is
mainly due to the fact that an isolated
square seldom occurs in the three-
dimensional case because of the large
number of cubes (six) which must be
filled to isolate a given cube. For this
reason, the isolated square routine is
bypassed when the program is used to
run the Soma Cube.

The other refinement allows the
machine to avoid considering per-
mutations of the pieces which are cer-
tain to lead to no solutions. For in-
stance, if the machine never succeed-
ed in fitting more than five pieces into
the box in a particular permutation, it
will do no good for the permutation
routine to interchange the eleventh
and twelfth pieces: no progress will
be made until the position of the sixth
piece is changed. The program takes
account of this, and the result is that
while the permutations are still done
in the ascending order previously
described, a large fraction are simply
skipped since they cannot lead to

=
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Circle 362 on inquiry card.

The method of scanning for the
base square in the two-dimensional
case is implemented in two loops: the
Y-scan loop nested inside the X-scan
loop. The scan method for the three-
dimensional case is similarly defined
by three nested loops: the Z-scan loop
is nested inside the Y-scan loop,
which is in turn nested inside the
X-scan loop.

Orientation Table

We should explain the meaning of
the phrase which was used above
when we said that the computer
“looks up” the orientations of the
pieces. This phrase means exactly
what it says: the machine looks up
the orientation from a table in
memory which has been entered by
the user.

But why can't the computer figure
the orientations itself? The answer is,
of course, that it could. However this
would increase the running time of
the program by a factor of ten to one
hundred. The orientation checker is
the most often-used routine in the

.program, and it is important to have

it run as quickly as possible.

The user does not actually have to
enter the entire table. Listing 1 is a
BASIC program which automatically
generates the orientation table in
memory. In using this program, the
user need enter only one orientation
for each piece. The computer auto-
matically generates and encodes the
rest of the orientations. This can
result in a considerable savings in
time and frustration, since a polyo-
mino can have as many as eight
orientations, and a Soma Cube piece
can have as many as twenty-four
orientations.

Although this BASIC program
makes it possible to use the program
without understanding how the
orientation table works, it is worth-
while for anyone who intends to use
this program to learn how the table is
set up, since it is fundamental to the
operation for the entire program.

In a BASIC routine, the table
would be a four-dimensional array
B(K, J, M, I). In the assembly lan-
guage routine, the table is one-
dimensional, but we will explain the
mechanics of this shortly. At the
moment, an explanation of the four-
dimensional array will be more

helpful.






Listing 1: BASIC program to generate the orientation tables for polyominoes and Soma
Cube. The computer generates all possible orientations after the first orientation has
been entered.

1T R
10

1979 ORIENTATLION TABLE GENERATOR
OF DIMENSIONS";D:¢=8:1F D=3 THEN =24

EM TOPYRLIGUT
INPUTUNGM3ER

20 INPUT"NYUMBER OF PIECES";P:INPUTUNUMBER OF 5QiTARES PER
PLECE";S
JO PRINTM"ENTER RJIIFIPST ADDRESS OF ARRAY OUF LENGTH";P:INPUOT RO
4O PRLIJTUENTZR BO:PILiAST ADDRESS OF AKRAY OF LENGTH"; (S-1)*)*Px[
SINPUT 39
50 DIM X (20) ,Y(20) ,4(20):T=0:M=P*C*(S-1}:FOR L=20 TO EJ+P
PNKE T,0:NEXT [
60 FOR I=80 TO BO+ (5-1) *P*0*D: POKE I,0:NLAT I
70 REM ENTEF X,Y,2Z CNORDINATES OF FACH SOYARE OF EACH PLECE
350 POR X=1 10 P
30 FNR I=1 TO S5:X(L)=0:Y(I)=0:7([)=C:NEXT [
100 PRINT"PILIECF #";K:FOR I=1 TO S:PRINT" SQUARE #%;I
cINDUT™ ENTER X" ;¥ (I)
110 INPUT" ENTER Y";Y(I):IF D=3 THEN IapUye SNTER 2";2 (1)
120 NEXT TL:PRINT" STANDBY wveaaa'
130 REM TRANSLATE PILCE SO TUHAT BASE SQUAPE IS AT ORIGIN
140 A=0:8B=0:C=0:E=0:F=0
150 H=1)0:FOR I=1 TO S:IF X (I)<U THEN U=X (I)
160 NEXT I:FO% I=1 TO S:X(L)=K(I)-U:NEXT I
170 U=100:FNR I=1 TO S:IF Y (I)<U AND X (I)=0 THEN U=Y(I)
180 NEXT L[:POR I=1 TU S:Y(L)=Y(IL)-U::NEXT I:IF D=2 GOTO 220
190 U=170:FOR I=1 TO S:IF Z(I)<U AND X {I)=0 AND Y (I)=0 THEN
U=z (I)
200 NEXT I:FOR I=1 TO S:Z2(I)=2 (I)-U:NEXT I
210 REY 2JRDRFRR SQIJARES ACCORDING TC THEIR DISTANCE FREOM THE BASE
SQUARE
220 FOR I=1 TO S=1:FOR J=I+1 TO S
sGEX (L) *X (L) +Y (L) *Y (T)+2Z(I)*2(I)
230 H=X(J) %X (J) +Y (J)*Y (J)} +2 (J) *2 (J):IF G<H GOTO 270
240 IF G=H AND (X(I)<X(J) OR (X (I)=X(J) AND Y(I)<Y(J)})) ©OTO 270
250 IF G=H AND X(I)=X(J) AND Y (L)=Y{J) AND Z(I)<Z(J) GOTO 270
260 W=X(L):¥ (L) =K (J):¥ (J)=WaW=Y (L) :Y(I)=Y(J):Y(J)=W:H=Z (L)
$2(0)=2(0) 2 (J) =4
270 NEXT J:NHXT L:IF A=0 GNTO 380
280 REM COMPARE ORIENTATION TO THOSE ALRZADY OSTAINED
290 FPNR I=1 TO A:FOR J=1 TO S-1:U=BO+J=-1+ (S-1)* ()% (K-1) +I-1)
300 V=Y (J+1) :IF V<O THEN V=V+256
310 IF X (J+1)<>PEEK (U) OR VLO>PEEK (U+M) GOTO 360
320 I® D<>3 GOTO 359
330 W=Z2(J+1):IF W<0 THEN W=W+256
340 LF A<KOPEREK (U+2*M) GOTO 360
350 NEXT J:GOTO 440
360 NEXT I
370 REM PUT ENTRLES IN TABLE
360 J=0:24=A+1:FOR I=2 TO S:J=J¢1:U=BO+J-1+(S=1) % (Q* (K=-1) +A=1)
390 V=Y(I):IF V<O THEN V=V+256
400 W=2Z(I):LP WCO THLN W=W+256
410 POX? U,¥ (L) :POKE U+M,V:IF D=3 THEN POKE Ut2%3,4
420 NEXT I
430 REM ROTATE TO NEW ORILIENTATION
440 B=B+1:IF B=4 THEN B=0:GO0TO 460
450 FOR I=1 TO S:W=X(I):X(I)=Y(I):Y(I)=-4:NEXT I:G0TO 150
460 C=C+1:IF C<>2 GOTO 520
470 C=0:IF D=2 33TO 530
480 E=E+1:IF E>1 GOTN 500
490 FOR I=1 TQ S:W=Z(I):Z2(L)=X(TI):X{L})=-W:NEXT I:G0TO 150
500 F=F+1:IF F>1 GOTO 540
510 POR I=1 TO S:W=Y(L):Y(L)=2(I):2(I)=-W:NEXT L:GOTO 150
520 FPOR I=1 TO S:X(I)=-X(I):Z(I)=-2(I):NEXT L:G0TQ 150
530 REM PRINT NUMBEPR OF ORIENTATIONS AND PUT IT IN ARRAY R
540 PRINT A,"ORIENTATIONS":POKE RO+XK,A:IF T=1 50TO 570
550 NEXT K
560 REM GO BACK AND CORRECT MISTAKES
570 T=1:INPUT"ENTER I[.D. NUMBER OF A PIECE YOU NgED TO
CORRECT (0 IF NONE)";K
580 IF £<>0 6aTO 90
590 PRINTM ¢x«*x% DONL *%*%%%n
600 PRINT"RECORD ARRAYS R AND B ON TAPE TO SAVE":END
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The first index, K, is the assigned
number of the piece whose orienta-
tions are being considered. Thus, for
the case of Pentominoes, K ranges
from one to twelve, and for the Soma
Cube pieces it ranges from one to
seven.

The second index, ], labels the indi-
vidual squares or cubes that make up
the piece under consideration. The
positions of these squares will be
defined in the table by their Cartesian
coordinates relative to the base
square, which is taken at the origin,
ie: at (0,0) in the two-dimensional
case, and at (0,0,0) in the three-di-
mensional case. Since the coordinates
of the base square are fixed in this
way, we need only tabulate the posi-
tions of the other squares relative to
it. Thus, for Pentominoes, ] ranges
from one to four (not five), and for
the Soma Cube it ranges from one to
three (not four),

The ordering of the ] values as-
signed to the various squares is deter-
mined by their distance from the base
square. It is important that the
squares nearest the base square have
the lowest values of | because of the
method we use to define the bound-
ary of the box (ie: putting —1s
around it). Unless the ] values are in
ascending order with increasing dis-
tance from the base square, thereis a
chance that the program might try to
access a memory location which is
not a part of the box. The BASIC
table-generating program auto-
matically takes care of this ordering.

The third index, M, labels which
Cartesian coordinate is referred to by
a given table entry. M =1 refers to an
X-coordinate, M=2 refers to a
Y-coordinate, and M =3 refers to a
Z-coordinate. For any polyominoes
M can be either one or two, and for
the Soma Cube M can be one, two, or
three.

The fourth index, I, labels which
orientation is being described. The
number assigned to a given orien-
tation has no significance except for
labelling purposes. The range of [ is
given by the maximum number of
orientations of the pieces under
consideration, which is eight for all
polyominoes, and twenty-four for the
Soma Cube pieces.

To sum up this information with an
example, the table element B (1, 2, 3,
4) gives the Z-coordinate of square
number 2 in the fourth orientation of
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Table 1: Orientation table entries for example of Pentomino 9. In the diagrams, the base
square is labeled B and the other squares are labeled by their | values. The base square is
always the lowest square in the leftmost column of the figure, and the table gives the
coordinates of the other squares with respect to it.

piece number 1. Table 1 clarifies this
by showing all of the orientations of
Pentomino number 9 and the table
entries which go with each figure.

The main program looks up values
in the orientation table by calling a
subroutine called LOOKUP. This
subroutine is called many times dur-
ing each loop of the main program
and is therefore the most time-critical
portion of the program.

In the program given here, a cer-
tain amount of speed has been sacri-
ficed for the sake of generality. If the
user is interested only in a particular
problem, the subroutine can be speci-
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fically rewritten for this problem, and
the running time may be cut consid-
erably. For instance, the first pro-
gram that we wrote considered only
the Pentomino problem for a 10 by 6
box, and ran almost twice as fast as
the general routine given in this arti-
cle. Clearly, however, it is most
desirable to start with a completely
general program like the one given
here.

Definition of Variables

As mentioned before, any arrays of
more than one dimension must be
stored as linear arrays in memory.

The array A, representing the play-
ing region, is two-dimensional when
we are considering polyominoes and
three-dimensional when we are con-
sidering Soma Cubes. In both cases
the linearized array is arranged in
memory so that the scan procedure
described above goes through the
linear array in ascending order. For
instance, the Soma Cube array is
stored with the Z index varying fast-
est and the X index varying slowest:

ALL1), A(1,1,2), ..., A(LLS),
A(1,21), A(1,2,2), .. .,
A(1,25). ...... . A(5,5,1),

A(5,5,2), ... A(5,5,5)

(Remember that we put a boundary
of —1s around the box, so the dimen-
sions of the array are 5 by 5 by 5
rather than 3 by 3 by 3.) The dimen-
sions of array A vary depending on
the problem being considered, but a
reserved memory space of about 300
bytes is sufficient for most reasonably
sized problems. Array A begins at an
address denoted by A0 in the BASIC
and assembly listings, and is indexed
by the value stored in variable L.

In the linearization of the orien-
tation table, the elements B(K, J, M,I)
are stored with the index ] varying
fastest, I varying next fastest, K next,
and finally M, varying slowest. More
specifically, if we define the following
quantities:

P: number of pieces,
S: number of squares or cubes per

piece,
Q: maximum number of orientations
for any one piece (eight for

polyominces and twenty-four for
Soma Cube pieces),

D: number of dimensions (two for
polyominoes, three for Soma Cube),
BO: beginning address of orientation

table,

then the location in memory of the
element B(K,J,M,I) is given by
BO+]—-1+(S—1)X{QX|[P
X(M~-1)+K—1]+1—1}, and the
number of elements in the table is
given by (S—1)XQXPXD. In
assigning array space, the user should
provide enough space for this table.
Note that in the symbolic assembly
program, the letters P,5,Q,D,I,]J K
are used to denote the addresses of
these quantities rather than the quan-
tities themselves. Henceforth we will






Listing 2: BASIC driver and printout routine for Soma Cube — Polyominoes program.

The "blackout” in line 1070 indicates use of the PET Shift-& graphics character.

1 R2M 2JK® 135,20 T PEITECT MACUINE CODE FR0M BASIC LINTEKPRETER

2 REM A5 HOLDS PEINTNUT 5Y4POLS FOF PILECES
} BE="XLVTN34PRZYLY

10 REY ZOPRIGHT 1979 SUBA-POLYIMING DRIVER PROGRAM
11 INPUT™ ENTER NUMRTR OF DINENSIONS":LD

12 POKE 31,0

13 INPUIM™ ENTHZR THE NJABER OF PLECES" ;P

14 POKE 27,9

15 INPUT"NUYAZE OF SOHARS PER PLECE ;5

16 POKE 25,3

17 PRINT"ENTER DIMENSLONG 37 TUS BOXTINPUTUWXY (WX INDUTYWY" ;WY

18 WZ=-1:IF D=3 THEN INPUT"WZ" ;W%

19 WX=AX+2:WY=WY+2:HL=d2+2:DOFZ 28, WX:POKE 29,4Y:POKE 30,4z

20 REM ASSI:N VALUES TO AK0,E0,B0,C1,02,E0 AGGREEING WlTH
ASSEMULY PROGRAM

21 A0=6309:80=6580:B)=6600:C156200:C2=6220:E0=6240

30 REY A$ HOLDS EACH SOLUTION FOH PRINTOUT

40 REM ARRAYS % AND 5 ARE PRODUCEL BY TAB. GEN. PROGRAM AND
LOADED FROM TAPZ

50 POKZ 26,3-1:POKE 32,9-1

60U Q=8:IF D=3 THEN )=24

70 POKE 33,):SPACE=Q#D#* (5-1) :1=INT (SPACE/ 250) :J=53PACE-250%1
:POKI 36,J:POKE 3/,1

90 INDE¥=BU-1- (5-1)*(0+1) :I=INT (INDEX/256} :J=INDEX-256%1
:POKE 34, J:POKE 39,1

a0 FOR [=AD IO AJ¢WX*WT1*WZ-1:POKE L,0:NEXT I

100 FOR [=C2 T) C2+P:?UKL I,0:NEXT I

110 REN PLACE BOINDARY OF (-1) *S AROUND BOX

120 J=(AX-1) ¥UY*WZ 1K= (WY =1) *UZ:M=HY*W T

130 FOR I=A0 T AO+M-1:POKZ I,255:POKE I[+J,255:NEXT I
:POR L=1 TO W2

140 POR I=A0#+M+L-1 TO AJ+J¢L-4-1 STEP M:POKE I1,255:PCKE I+K,255

cNEXT I:NEXT L

150 IF 3=3 THEN FOR I=AJD+MNeWZ TO AQ+J-2%WZ S5TEP WZ:POKE I,255

160 POXE [+WZ-1,255:8EXT L

170 PRINTYENTER COORDINATES OF OFF=LIMITS SQUARES.™
:PRINT"WIHEN DONE ENTER 999 FAR X"

180 INPUT" X";X:IF X=999 50T0 210

190 INPOT™ Y";Y:Z=0:IF D=3 TIEN INPUT" 2";7

200 POKE AQ+WZ* (WY*X+Y)+2,255:PRINT:GOTO 1830

210 PRINT:DPRINT"ENTER INITIAL PERMUTATION UP PIECES":PRINT

220 FOR [=1 TO P:INPUT X:DOKE C1+I,X:NEXT I

230 INPUTUENTEZR NUMBERE OF PLECES FIXED";7

240 POKE 15,%:POKE 0,2+1:PNKE 14,72+ 1:IF 2=0 $0T0 300

250 RE® PUT IN FIXED PIECES, LF ANY

260 FOR L[=1 T0O Z:PRIIT:PRINTYENTER COORDS. OF FACH SQUARE OF
PIZCE"; PEEK (C1+1)

279 FOR J=1 TO S:PRINTUSJUARE";J:INPUT" X" ;X:INPUTY" Y*;Y:2=0

:IF D=3 THEN INPUT"™ 2";7
280 PE=PEEK (C1+1):POKE AO+WZ* (WY*X+Y) +Z,PE:NEXT J:NEXT I
290 REM INITIALIZE BASE SQUARE
300 FOR I=1 TO WX*WY*dZ~-1:IF PREK (AC+I)=0 THEN POKE 11,1
:GOLO 320
310 NEXT I
320 POKE 13,1
330 5Y5(5120)
999 Cc=0
1000 REM PRIINT A SOLUTION
1010 TP PEEK (18)=0 TUEN PRINT:PRINT"™ DONE '!¢l¥®:END
1020 C=C+1:PRINT:PRINT"SOLIUTION #';C:PRINT
1030 Z=):A$="":FOR Y=WY-2 TO 1 STEP -1
:IF D=3 THEN FOR Z=1 TO WZ-2
1040 FOR X=1 TO AX-2:A=PREK(AQO+WZ* (HY*X+Y) +2Z
1050 IF X=1 AND Z<>0 AND 2<>W2-2 THEN AZ=Af+m *
1060 [P A=0 THULN AR=A%+"0":GOTO 1C09C
1070 IF A=2°5 THEN Af=Afb+"blackout":50T0 1030
1080 AS=AS+MIDS (BS,A, 1)
1090 NEXT X:I¥ D=3 THZN NEXT 2
1100 NEXT Y
1110 H=WX-2:1F D=3 THEN U= {W¥X-1)*% (WZ-2)+1
1120 POR I=1 TO WY-2:PRINT MIDB(AS,U* (I-1)+1,0) :NEXT [

1130 REY TYDPING "S" WILL CANSE EXECUTION TO STOP ON NEXT RETURN

TO BASIC
1140 GET YG5:IF YGS="S" THEYN PRINT:PRINT® STOP":END
1150 SYS(5759)
1160 GOTO 1010
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use (P) with parentheses to denote the
contents of memory location P, etc.

Other symbolic addresses appear-
ing in the program include:

N: address containing 1 plus the
number of pieces currently in the box,
Z: address containing the number of
pieces specified as fixed by the user,
T: address containing the maximum
number of pieces fitted into the box
during the current permutation,

WX, WY, WZ: addresses containing
the width of the box in the X, Y, and
Z directions respectively (including
the boundaries of —1s). For two-di-
mensional problems, WZ is set equal
to 1,

C1: ftirst address of an array contain-
ing the piece numbers in the order
given by the current permutation, (P)
is the length of this array,

C2: first address of an array contain-
ing the orientation numbers of the
pieces in the order corresponding to
that in the table beginning at C1, (P)
is length,

RO: first address of an array, the N-th
element of which is the number of
possible orientations of piece number
N. This table is automatically
generated by the BASIC program
which generates the orientation table
B, (P) is length,

EQ: first address of an array, the N-th
element of which gives the position of
the base square of piece number N,
(P} is length.

The user should choose absolute
addresses for the arrays so that they
do not overlap; note that the array at
BO is particularly long. Since the
arrays at RO and BO are both
generated by the BASIC orientation-
table routine, it simplifies matters if
RO is about 30 bytes in front of BO so
that the two arrays can be recorded
on tape as a single file.

Although the assembly language
part of the program (listing 3) is com-
pletely symbolic and therefore relo-
catable, the BASIC driver routine in
listing 2, which contains the ini-
tialization and printout routines,
must refer to the absolute addresses
of some of the variables. Table 2 is a
list of the absolute hexadecimal ad-
dresses used in running the program
on a Commodore Pet with 8 K bytes
of memory. In relocating the pro-
gram, the user should be careful to
make the addresses referred to by the
two routines consistent. Listing 4 (see






Table 2: Absolute hexadecimal addresses used in running the Soma Cube — Polyo-
rninoes program on an 8 K byte Comimodore Pet. This table includes the addresses of all

symbolic variables used in listing 3.

Variable or
Location Name

SAFE

FLAG
BXLO
BXHI
BYLO
BYHI
BZLO
BZHI
S
SM1
P

N
|
K
J
L
U
T
z
AF
v

WX
wy
w7z
D
PM1
Q
OLDK
OLDI
SPACELO
SPACEH
INDEXLO
INDEXHI
TEMP
START
LOOP1
TEST
INSERT
LOOP2
NXTBASE
INCX
ISOTEST
REPLACE
JSTART

Location Variable or Location
(Hexadecimal) Location Name (Hexadecimal)
0 REMOVE 14CD
1 SAVE 14ED
2 LOOP3 1508
A JUMP1 1524
B 1SOSQ 1527
D LOOP4 1547
E LEAVE 159C
F JUMP2 15A8
10 REPEAT 15AB
11 PERMUTE 15C2
12 ILOOP 15CC
13 JLOOP 1507
24 MAX 15F4
25 SWITCH 1612
26 ZEROC?2 1628
27 ORDER 1643
28 NEXTJ 164A
29 NEXTU 1651
2A NOSWTCH 166C
2B LSTPCE 167F
2C TAKEOUT 168F
2D LOOKUP 16BC
3E TOP 16CD
3F MULT1 16D7
20 STEP1 16DE
21 STORE1 16E5
22 MULT2 16EB
23 STORE2 16F8
24 MIDDLE 1721
25 MULT3 1729
26 STEP3 1730
27 ADD 1737
28 DIM3 174F
1400 MULT4 1753
1413 STEP4 175A
1428 END 1761
1437 C1 1838
143B c2 184C
146D EQ 1860
146F AQ 189C
148C RO 19B4
14B4 BO 19C8
14C8

Listing 3: Symbolic 6502 assembly code listing for Soma Cube — Polyominoes pro-
gram. The nonrelative variables addressed are given in table 2. Listing 4 is a hex-
adecimal dump of the program for people who do not have an assembler available.

START:

LOOP1:

INSERT:

40

LDX N

INC C2,X
LDA C2,X
STA I

LDA C1,X
STA K

LDY #1

STY J

JSB LOOKIP
LDA A0, X
BNE TEST
INC J

LDA SM1I
cHp J

BCS LOOP1
JNP INSERT
LDX K

LDA I

CMP RO, X
BCC START
JMP RENMOVE
LDY #1

STY J

TEST:

;increment orientation counter
; (I) =orientation number

;: (R) =piece number

;check if orientation (I) of

piece (K) will fit into box
:if no, check for other orientations

;if yes, insert it
;check if piece (K) has any
more orientations

;1f yes,
;if no,

go check them out
remove previous piece

Listing 3 continued on page 42
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page 52) is a hexadecimal object code
dump of the main assembler routine
of listing 3.

Using the Program

The assembly language program
(listing 3), the BASIC driver routine
(listing 2), and the table-generating
routine (listing 1) should each be
recorded on tape in separate files.

Once a specific problem has been
chosen, the table-generating program
should be loaded and run. As input,
this program requires the number of
dimensions (D), the number of pieces
(P), the number of squares or cubes
per piece (S), and the array addresses
RO and BO, defined above. The com-
puter then asks for the X and Y (and Z
if (D)=23) coordinates of each square
of each piece. When entering these,
the chosen location of the origin of
coordinates is not important. For in-
stance, the second tromino in figure 1
could be entered in either of these two
ways:

(X,Y)=(1,0) (X,Y)=(4,2)
(0,0)° or: (3,2)
(0,1) (3,3)

After the data for each piece has
been entered, the computer pauses,
prints out the total number of dif-
ferent orientations of that piece, and
then asks for the data on the next
piece. After all of the pieces have
been entered, the program asks if any
were entered incorrectly, and gives
the user an opportunity to go back
and correct any mistakes. Once the
program stops, the arrays beginning
at RO and BO should be recorded on
tape. They can be recorded as one file
if RO and BO were chosen close to-
gether as suggested.

There is one slight difficulty. In
running the Soma Cube, the program
will ask for the positions of four
cubes for each of the seven pieces,
even though one piece, the second, is
made up of only three cubes. This
problem can be sidestepped by simply
entering one of the cubes of this piece
twice. A slight redundancy during
running will result, but the increased
generality in the problems that can be
run will more than compensate.

Once the orientation table has been
generated and saved, the assembly
language module and the BASIC
driver routine should be loaded into
memory along with the table. In the

Text continued on page 48
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LOOP2: JSR
LDA

STA

INC

LDA

(04,14

BCS

LDX

LDA

STA

TAX

LDA

STA

LDA

ChpP

BNE

RTS
NXTBASE: LDX
INCX: INX
LDA

BEQ

JMP
ISOTEST: STX
LDA

BEQ
TXA
cLC
ADC
TAX
LDA
BEQ
TXA
cLC
ADC
TAX
DEX
LDA
BEQ
Jup

REPLACE: LDA
STA
INC
LDA
cap
BCS
LDA
STA

JSTART: JNP
REMOVE: LDX
LDA

STA

DEX

STX

LDA

STA

LDA

STA

LDA

cup

BCC

Jup

SAVE: LDY
LDX

STX

LDA

STA

LDY

STY

LOOP3: JSR
LDA

STA

INC

LDA

cnp

BCS

LDX

LDA

Listing 3 continued:

LOOROP
K

AD, X

J

SM1

J
LooP2
L

K

AO,X

L

EO, X

P

N
NXTBASE

L

AOD, X
ISOTEST
INCX

J

D

#3
REPLACE

1

AD,X
REPLACE

WY

AQ, X
REPLACE
IS0SQ

SAVE
PERMUTE
K

EO,Y

L

#0
AOQ,X
#1

J
LOOKUP
#0
AOD, X

J

SH1

J
LOOP3
K

I

;insert piece (K) by putting the
number (K) into the appropriate
squares of the box

;save base square of piece (K)

;if all of the pieces are in the borx,
return to BASIC to print solution
;otherwise, find next base square

;scan for next base sguare

;put new base square in location J

;1f (D)=3, skip isolated square test
;test if new Lase square is isolated

;if it is not, go to REPLACE
;if it is, go to isolated square routine

;set new base square

;increment piece counter

; (T) =greatest number of pieces
successfully fitted into box in
current permutation

;return to START
;remove last piece inserted

;set orientation number to zero
;decrement piece counter

;check if new piece is fixed

;if no, take it out

;if yes, go to next permutation of pieces
;recover base square of the

piece to be taken out

;take out piece by putting zeroes
in each square it occupies

;check if piece has any more orientations
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Listing 3 continued:

LOOKUPZ:

MULT 1:

STEP1:

STORE1:

MOLT2:

STOREZ2:

MIDDL¥®:

MULTI:

STEP3:

48

LDa
cHP
BCS
LDX
LDA
STA
JMP
LDY
LDA
cup
BNE
LDA
cHp
BNE
JMp
LDa
STA
LDA
STA
LDX
ASL
BCC
CLC
ADC
DEX
BEQ
ASL
JHP
ADC
STA
LDX
DEX
BEQ
ADC
BCC
INC
CLC
JHUP
ADC
STA
LDA
ADC
STA
LDA
ADC
STA
1.DA
ADC
STA
LDA
cup
BNE
CLC
LDA
ADC
STA
LDA
ADC
STA
LDA
STA
LDA
LDX
ASL
3CC
CLC
ADC
DEX
BEV
ASL
Jup
CLC
ADC
STA
LDX
CPX
BEQ
CLC

TOP:

ADD:

st

J
TAKEOUT
L

£0
AQ, X
REMOVE
Jd

L

NLDI
TOP

K

OLDK
TOP
MIDDLE
Q

BXLO
%0
BXHL
LX]

B XLO
STEP1

K

STORE1
A
MULT?1
I

BXLO
sM1

STORE2
BXLO
MULT2
BXHI

MULT2
INDEXLO
BXLO
BXHI
INDEXHI
BXHIL
SPACELO
BXLO
BYLO
SPACEHI
BXHIL
BYHIL

D

#3
MIDDLFE

SPACELO
BYLO
BZLO
SPACEHI
BY{IL
BZHIL
(BXLO) , Y
TEMP

%0

%8

TEMP
STEP3

WY

ADD

A

MULT3
(BYLO) , Y
TEMP

D

3
DIN3

;put sguare numbter in Y register
y1f (I) and (K)

are the same as in the

previous call to LOOKUP, go to MIDDLE,

othervwise to TGP

;one byte multiplication
routine figures (Q)* (K)

;add (I) to it
;store result in BXLO

;multiply this by
two-byte result in BXLO and BXHI

;add the two-Lyte gquantity (INDEX)

;add the two-tyte quantity
to get (BY)

sif (0)#3, go tc MIDDLE

;add the two-tyte quantity
to yet (B2)

;1load X coordinate of square

;multiply it by (WY)

;add Y coordinate ot square
;store result in TEMP
;if (D)=3, go to DIM3

Listing 3 continued on page 50
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(SPACE)

{SPACE)

(S) -1 and store the

to (BX)

to (BX)

to (BY)

Text continued:

case of the Commodore PET, the
BASIC driver should be loaded last.
Before it is loaded, the page number
on which the assembly routine starts
should be placed into location 135
decimal, using the POKE statement.
This insures that the arrays defined
by BASIC will not interfere with the
assembly routine or the table.

Before running, the user should
check lines 3 and 21 of the BASIC
driver routine, to determine whether
or not they are correct for the pro-
blem under consideration. When run,
the driver routine asks the user for in-
put with prompts that are fairly self-
explanatory. However, a few specific
hints may be helpful.

Although the program will work
no matter how the box is oriented, it
will run fastest if the dimensions WX,
WY, and WZ are chosen to be in de-
scending order (ie: WX>WY>
WZ), due to the mechanics of the
search procedure. Failure to do this
may lengthen the running time by a
factor of ten or more.

When entering the off-limits
squares, and also the coordinates of
any fixed squares, the coordinates are
defined for polyominoes so that the
lower left-hand corner of the box (ex-
cluding boundary) has the coordi-
nates (1,1); and for Soma Cubes the
corner with the lowest coordinate
values has coordinates (1,1,1).

In entering the initial permutation
of pieces, the order in which the
machine goes through the permuta-
tions should be kept in mind. Thus,
entering the piece numbers in ascend-
ing order: 1,2,3,. . . .,P will result in
an exhaustive search, whereas any
other initial permutation will cause
only a subset of the complete set of
permutations to be considered.

Any pieces which are to be speci-
fied as fixed should be put at the
beginning of the initial permutation.
For example, to find all of the solu-
tions with pieces 2 and 4 fixed in par-
ticular locations, the initial permuta-
tion array should have 2 and 4 at the
beginning, and the rest of the num-
bers in ascending order, (ie: 2, 4, 1, 3,
5,6,7,... P). The number of fixed
pieces should then be entered as two,
after which the computer will ask for
the coordinates of each square of
pieces 2 and 4.

The program does not check to see
if the coordinates entered by the user
for a fixed piece correspond to a legal






Listing 3 continued:

ADC L ;otherwise, add base square index
TAX ;transfer result to X register
LDA K ,store old (K) and (I} values
STA OLDK
LDA I
STA OLDI
RTS ;return to main routine
DIM3: LDA #0
LDX #8
MULT4: ASL TEMP ;multiply (TEMP) by (4Z)
BCC STEPY
cLC
ADC WZ
STEPU: DEX
BEQ END
ASL A
JKP MULTUY
END: ADC L ;ald base square index
ADC (B2LO),Y ;add Z coordinate of square
TAX ;transfer result to X register
LDA K ;store old (K) and (I) values
STA OLOK
LDA I
STA OLDI
RTS ;return to main routine
orientation of that piece, so care
. 5 should be taken to insure that all of
these numbers are entered correctly.
vieieg= c To stop the program in mid-run,
LU the S key may be pressed at any time.
O O This will cause execution to stop on
the next return to the BASIC printout
Sl S routine.
: Photo 3 is a typical output of the
0 0 Soma Cube — Polyominoes problem
solver. The solutions are for Pento-
RRRPP SRR minoes in a 20 by 3 box.
\EPR ‘A
0 5 Conclusion
. - As general as this program is, it by
IR MNP P RER TWH no means exhausts the possibilities
NEBEER A

Photo 3: All of the solutions for Pento-
minoes in a 20 by 3 box. Solutions three
and four are mirror images of solutions
one and two, so there are only two funda-
mentally different solutions.

inherent in problems such as these.
In addition to squares, it is possible
to tile the plane with other figures
such as triangles and hexagons. It
should notbe hard to modify the pro-
gram to consider figures made out of
these shapes. At a more abstract
level, since the assembly language

routine depends so little on the di-
mensionality of the pieces under con-
sideration, the user could extend it to
consider analogous problems in four
or more spatial dimensions. Hard as
these might be to visualize, the com-
putations involved are not funda-
mentally different from those en-
countered in two and three-dimen-
sional problems.

Another possibility is to assign
colors to the various pieces and look
for interesting properties of the
resulting solutions. For example, the
plastic Pentomino puzzle which pro-
vided the inspiration for this article
had the following piece colors:

X,PY : Red
T : Yellow
V.,U,S, : Blue
W.,R,Z,L : Green

There is one and only one 10 by 6
solution using this set which is a true
four-coloring (ie: a solution in which
no two pieces of the same color touch
each other). Can you find it?

These are only suggestions. The
capabilities of the program and the
uses to which it can be put depend
ultimately on the interests and inge-
nuity of the user,
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PET

Give the FET the abilitw to senser
measures and control the world around
it, with M SYSTEMS modules. Just rlus
the FETSET1 into the FET to dgel 16
channels of analod inrut.. Screw
terminals are rrovided for each channel
so wou can hooK ur JousticKks: rotss or
whalever arrrorriste sensors wou have.

Each of the 16 analog inFutsy in
the range of 0 to S5.12 volisy is
converted to a decimal number belween O
and 255 (20 millivolts rer counl.).
Conversion time is 100 microsconds.

In 2dditions the FETHOL rrovides
two IEEE rorts and one user rort as
well as a8 DAM SYSTEMS rortl.

Software is rrovided. A one line
Frogram is a1l that is necessarws lo
read 3 channel.
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Programming Duickies

BASIC Game:
GOBANG

John Allwork, 21 Brook Rd, Heaton Chapel,
Stockport, ENGLAND

GOBANG is, as far as [ can tell, a traditional game of
the Orient. It is a large game of tic-tac-toe (noughts and
crosses), played on a 19 by 19 inch board. The object of
the game is to get 5 adjacent markers in a row horizon-
tally, vertically or diagonally.

The program in listing 1 is written in BASIC; the only
deviation from standard BASIC being that of the
[F...THEN IF... rather than the less flexible IF...GOTO.
The BASIC I used is a version of the MicroBASIC sup-
plied by SWTPC, and the program was run on an EXOR-
ciser system. The program and BASIC interpreter fit into
8 K bytes of memory, if the remark statements are omit-
ted. Alternatively, the size of arrays T and M can be
reduced, but reducing them too much inhibits the game.
A 9 by 9 board appears to be the smallest size possible for
a reasonable game. (Listing 2 shows a sample output of
the 19 by 19 board.)

MICROTER

OUTPERFORMS
CENTRONICS

CHECK
THE CHART

SEE PAGE 71
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Listing 1: BASIC listing of the GOBANG game.

0001 REM GOBANG

0002 REM M IS ARRAY HOLDING BEST MOVE
0003 REM T IS BOARD, S IS PRIORITY OF THAT POSITION
0004 DIM M[19,19],T[27,27],5[81]
0005 REM SET UP PRIORITIES—SEE TABLE 1
0006 FOR I=1TO 81

0010 LET g[I]=0

0015 NEXT |

0019 LET 5(20] =1

0020 LET S[10}=40

0021 LET §[12]=30

0022 LET S[13] =47

0023  LET S[27]=15

0024  LET §[28]=20

0025  LET S[29]=10

0026 LET S[30]=40

0027 LET S[31]=50

0028 LET §[32]=30

0029  LET S[24]=1

0030 LET S[36] =39

0031  LET S[37]=65

0032 LET S[38]=40

0033  LET S(39]=70

0034 LET S[40] =100

0035 LET S[41]=60

0036 LET S[42]=30

0037 LET S[43]=30

0038 LET S{44]=30

0040 LET S[62] =41

0041  LET S[72]=31

0042 LET S[73]=11

0043  LET S[74] =41

0044  LET S[78] =51

0045 LET S[80]=90

0046  LET S[26]= 21

0047 LET S[79]=40

0048 LET §[60] =21

0049  LET S[61]=11

0050 REM CLEAR BOARD AND BEST MOVE ARRAYS
0051 FOR I=1TO 27

0055 FORJ=1TO 27

0060 IF <19 THEN IF J<19 THEN LET M[I, J]=0
0065 REM MAKE FIRST MOVE
0070 NEXT J

0075 NEXT I

0076  LET C= -1

0085  LET W=14

0086 LET N=14

0087  LET O0=14

0090 LET X=14

0091  GOTO 0300

0095 GOSUB 0800

0096 REM REQUEST MOVE AND CHECK FOR VALIDITY
0097 INPUT Z)Y

0099 LET Y=Y+4

0100 LET Z=2+4

0101 IF Y>23 THEN GOTO 0097

0102 IF 2>23 THEN GOTO 0097

0103 IF Y<5 THEN GOTO 0097

0104 IF Z<5 THEN GOTO 0097

0106 IF T[Y,Z]>0 THEN GOTO 0097

0110  LET TY,2]1=2

0115  LET =Y

0120  LET J=Z .

0125 REM STUDY LAST TWO MOVES
0127 GOSUB 1000

0128 IF C< > —1 THEN GOTO 0310

0129 REM IF C=0 COMPUTER HAS LOST
0130 LET =W

0131 LET J=X

0141 GOSUB 1000

0145 REM SCAN BOARD FOR BEST MOVE

0150 REM NOTE LIMITS TO SPEED UP PROGRAM
0160 LET Q= —1

0161 FOR I=N=-1TOO+1

0162 FORJ = 5 TO 23

0200 IF T[1,J]>0 THEN GOTO 0220
0201 LET A=M[l -4, J—4]

0205 IF A<Q THEN GOTO 0220
0210 LET W=

0215 LETX =J

0216 LETQ=A

0220 NEXT J

0225 NEXT |

Listing 1 continued on page 58
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Listing 2: Sample output of the 19 by 19 board.
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I hope I have eradicated most of the bugs, but some
may still exist (as with all programs); for example, I do
not check to see if the board is full, because I have never

encountered this situation with a 19 by 19 board.
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MicroPro International Corporation
”S.P’zo/;:ssiona/ Qua/ity So/iwa'ze (gou Can Count On, Jow! "’

MicroOPRO Proudly Presents

WORD=JTRAR

Now, you can instantly turn your microcomputer into an incomparable word processor.

Hundreds of delighted users have thrown away their pencils and are using the first truly
professional and complete word processor ever available on a microcomputer, WORD-STAR.

Everything you've heard, read, wished, thought about - it’s here! it's now! and it's Dynamite! ! !

Just look at the product overview copies from our 200 page manual (prepared and printed
using WORD-STAR).
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Programming Strategies in the
Game of Reversi

Figure 1: Typical position in the game of Reversi. The game is played with
counters having two different colors, one on each side. A player’s turn con-
sists of placing a counter (with the player’s color face up) on the board so
that it traps one or more enemy pieces between it and another friendly piece
ina straight line. The trapped enemy pieces are then reversed in color. Thus, a
play by Black to square (6,5), with the horizontal coordinate given first,
would allow Black to turn over White'’s pieces at (6,4), (5,4) and (5,5). A play
by Black to square (74) would allow Black to turn over White's pieces at
(6,4) and (54). Play ends when neither player can make a legal move. The
player with the greater number of counters showing wins the game.

Peter B Maggs
2011 Silver Ct E
Urbana IL 61801

Board games such as checkers or chess
can be fun and challenging to play, and pro-
grams that play these games can be fun and
challenging to write. This article covers
some of the decisions | made and methods |
used in the programming of a board game
called Reversi. It examines in turn the choice
of a game, the programming language, the
data structure and the details of the program
structure,
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Choosing a Game

There are both legal and practical con-
siderations in choosing a game to program,
Since | earn a living teaching law, and pro-
gram as a hobby, | will start with the legal
aspects. Many games present no legal prob-
lems. For instance, chess and checkers are
in the public domain and anyone is free to
write programs for them, but copyrighted
games could pose serious legal problems.
While writing a program to play a copy-
righted game solely for your own amuse-
ment at home would probably fall within
the fair use exception to the copyright
law, any attempt to distribute, publish
or sell the program could be made only with
the permission or tolerance of the copyright
and trademark owner. There is a third
category of game wherein the game itself
is in the public domain, but playing equip-
ment is sold under a trademark. Thus, while
no one has any rights to three-dimensional
tic-tac-toe, the manufacturer who sells sets
for playing three-dimensional tic-tac-toe
under a trademark has the right to prevent
you from distributing a computer game with
the same name. So, you are free to program
and even sell three-dimensional tic-tac-toe,
but you will have to make up your own
name for it.

There are also practical problems in



choosing a game. The game you select
should not only be free of serious legal
complications, it should also be complex
enough to be challenging, yet simple enough
to be implemented with the hardware and
software at your disposal (taking account of
your own. programming ability and free
time). If you are clever enough, you can
choose an extremely complex game like
chess or Go. If you are a novice programmer
with only a small programmable calculator,
you might want to begin with something
simple like tic-tac-toe.

Since my own equipment (A SOL-20
computer with 16 K of programmable
memory, video monitor, Teletype, two
cassette drives, BASIC and assembler lan-
guages) and my own programming ability
both fall somewhere between the two
extremes, | sought a moderately difficult
game to program.

The game | selected is called ‘“‘Reversi.”
According to the Oxford English Dictionary,
Reversi was first mentioned in print in the
1880s and its rules were first published in
the 1890s; thus the game has long been in
the public domain. It is now enjoying a
revival because of the marketing of a board
and set of playing pieces for the game by
Gabriel Industries under that firm’s trade-
mark, “Othello,” and the publication of
a well written book on the game. (See
“Othello, a New Ancient Game,” Octo-
ber 1977 BYTE, page 60, and the bibli-
ography at the end of this article.)

The rules of the game are simple, but
play can be quite complicated. The game is
played on an 8 by 8 square board like a
standard chess or checkerboard. The players
start with a supply of 64 playing pieces,
each shaped like a checker piece, but black
on one side and white or red on the other.
Players take alternate turns. If a player has
no legal play, he or she loses his turn. When
neither player has a legal play, the game
ends.

A play consists of placing a piece on an
unoccupied square on the board with the
player’s color up. Each of the first two
plays by each player must be made to one
of the four center squares. Thereafter, each
player may place a piece on any unoccupied
square that will result in the formation of
an unbroken line (horizontal, vertical, or
diagonal) of pieces, with one of his own
pieces on each end and one or more of
his opponent’s pieces in the middle. The
opponent’s pieces in the middle are then
turned over (see figure 1). At the end of the
game, the player with the most pieces show-
ing his color wins.

Strategy for the game can be complex —
only the most basic ideas are covered in the

200 page book by Hasegawa mentioned in
the bibliography. However, the various
writers on the game do agree on some basic
points: Corner squares are very valuable be-
cause they can never be taken; squares next
to corners are dangerous because they can
make it possible for one’s opponent to
take corners. Edge squares are usually
valuable because they can be used to force
turnovers of large numbers of opponent’s
pieces in middle squares. Control of strategic
squares in the middle of the game is more
important than having a substantial mate-
rial advantage at that time.

Programming Language

After | chose the game, the next step was
to choose a programming language for the
game. | really had only two choices because
of the limitations of my own software
library — BASIC or assembler. | chose
BASIC because | can program much more
easily in BASIC and because BASIC pro-
grams are more generally transferable to
other computers than are assembler language
programs, which will work with only one
type of processor. With transferability in
mind | made considerable efforts to avoid
the use of the fancy special features available
in the BASIC interpreters | have, since their
use would make transfer a nightmare. Now
that | have finished the programming, | am
still happy with my choice, though | am now
tempted to convert a few of the critical
subroutines (which 1 will discuss later)
into assembler language. This conversion
would make the program run faster or to
allow it to make a deeper analysis of its
plays while running at the same speed.

Data Structure

Before starting programming | had to
choose a suitable data structure. Following
methods used in one of the leading com-
puter chess programs (see the article by
Gillogly in the bibliography), | decided
to represent the standard 8 by 8 chess-
board as being surrounded by a border of
out-of-bounds squares, thus making a
10 by 10 board. For computer purposes,
this augmented board could most naturally
be represented as a 10 by 10 array dimen-
sioned by the BASIC statement DIM
B(10,10). However, because many BASIC
interpreters for microcomputers allow only
onedimensional arrays, and because use of
a one-dimensional array simplified my
program in various ways, | decided instead
to represent the board by a single array of
100 elements: DIM B(100). (See figures 2
and 3.) Another array, DIM E(100), was

Text continued on page 70
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the rich body of published descriptions of
chess playing programs on the theory that
a program structure capable of supporting
a chess game should be adequate for most
simpler board games. (See the computer
chess material listed in the bibliography.)

The program structure consists of the
following parts which will be analyzed in
turn: the main game control routine and
subroutines for initialization; board display;
move input; legal move checking; legal
move generating; computer move selection;
and board evaluation. The following discus-
sion will consider each of these, since each
typifies a routine needed for almost any
board program.

First I’Il discuss the main game control
procedure. This procedure must first call
the subroutine that gives initial values to
the board squares and to the board evalu-
ation array. Then it rnust display the board
on the video screen or piint it on the Tele-
type and ask Black to make the first move.
It must call the appropriate subroutine to
check each move made for legality, and
must terminate the game and declare the
score if there are no legal moves. If the
user wants the computer to make a play,
it must call the subroutine that selects a
move for the computer.

The board initialization routine is the
simplest: Since the board is empty at the
start of the game, it is filled with zeroes, ex-
cept for the four center squares that must be
covered in the first four moves. The out-of-
bounds squares are filled with threes (see
figure 3). If this were a game such as
checkers, which starts with pieces on the
board, they would have to be indicated by
assigning appropriate initial values for the
occupied squares. The strategic value of
each square (high for corner squares, low
for center squares, negative for next to
corner squares, etc) is also entered by the
initialization subroutine into the evaluation
array (see figure 4).

Next comes the board display routine.
Here a simple Teletype oriented printout of
the 8 by 8 board was chosen. It would
have been more elegant and little more
trouble to use POKE commands to directly
alter squares on a board displayed on the
video monitor, and to represent the pieces
with good-looking symbols from my char-
acter generator, but | decided to forego
these luxury features in the interests of
program portability. | also made an effort
to limit each display frame to 15 lines so
it would not disappear off the top of a
16 line video display monitor.

Before a player is asked to move, the
computer must see if that player has any
legal moves. This is done by a subroutine

that checks for the existence of a legal
move. |t first searches for an empty square;
if it finds one, it checks to see if there is
an adjacent square occupied by an oppo-
nent. The flattening of the two-dimensional
board into one dimension causes adjacent
squares to be in positions that are +1, +11,
+10, +9, -1, =11, —10, or —9 squares
away from the square in question (see
figure 2). These adjacent squares are checked
in turn. |f a square is found that is occupied
by an opponent, the search continues in
the same direction as long as more oppo-
nent's pieces are found. When the first
square that does not have an opponent’s
piece is found, it is examined. [f it con-
tains one of the player's pieces, the move
is legal; if it is empty or out-of-bounds, the
move is illegal. This search process is con-
tinued until a legal move is found, or it is
established that there is no legal move.
Modifications of this search routine will
work for games anywhere in the range
between tic-tac-toe and chess, inclusively.

The next routine used is the input rou-
tine. | decided to ask the user to input two
numbers, giving the x and y coordinates of
the square to which the player wishes to
move. | avoided alphabetic input since |
wanted the program to work for BASIC
without string variables. | also provided
that the input of the coordinates (0, 0)
would be a signal that the user wants the
computer to make the next move. Both
approaches can be used for almost any
board game.

Once a play is entered, the next step is
to see if it is legal. If so, the computer
must make the play and change the color
of any pieces turned over by the play.
If it is not legal, the computer must ask
the player to try another play. The routine
used to check and execute the move is very
similar to that mentioned earlier for check-
ing the legality of moves. However, unlike
the legal move routine, the routine cannot
stop after finding that a play allows turn-
overs in one direction, but must continue
to make "all turnovers in all directions the
player is entitled to.

Some moves may affect the strategic
value of board squares. For instance if a
piece is placed in a corner, the squares next
to that corner no longer are dangerous, so
their values in the evaluation array must
be changed from highly negative values to
slightly positive. This is the only change in
evaluation values made during the running
of the present program. Undoubtedly it
could be improved by introducing a number
of other changes reflecting particular board
configurations and the possibility that a
square might have different values for






Black and White in some circumstances.
Chess playing programs often have entirely
separate evaluation routines for beginning,
middle and end game positions.

Finally come the most complicated and
interesting subroutines, those for choosing
a move for the computer. These use an
approach suggested by Shannon in his classic
article, an approach later refined by numer-
ous other researchers (see the bibliography).
This is the minimax algorithm. Assume that
the computer is to make a play for White. It
generates all legal moves for White (using
the legal move checking procedure dis-
cussed above). As each legal move is gen-
erated, the computer considers all possible
replies by Black. An evaluation routine is
called to calculate the strategic value to
Black of the board position after Black
has played. The minimax strategy calls
for the computer to select that legal play
for White that minimizes the maximum
value of the response Black can make.

For instance, suppose White has two
legal plays, and that for the first play Black
may make reply A with value to Black of 80,
or reply B with value 90. For White's other
possible move, Black may make reply C
with value to Black of 100, or reply D
with value 50 (see figure 5). Using the
minimax strategy, White will choose the
first move. This ensures that even if Black
makes his best reply, he cannot achieve
a board position worth more than 90 eval-

uation points.
This procedure can be extended to any

depth. However, the number of moves to

be evaluated, and consequently the com-

puter time needed, rises at an astronomical
WHITE — BLACK rate. In the middle game in chess, each
side may have 50 legal moves. This means
that the complexity of search is of the
order of 50N, where n represents the depth
of the search. This is a very large number
even for a relatively shallow search, which
may explain why world championship
computer chess matches are usually won
by very large and fast computers. In Reversi
there is an average of approximately 8 pos-
sible legal plays per turn. This means that

Figure 5: Minimax strategy tree, showing alpha-beta pruning. Minimax is a
game theory strategy in which the object is to minimize the value of the
opponent’s maximum response. In this illustration, White has two moves to
choose from: move one enables Black to counter with moves having strategic
values of 80 or 90 (the higher the number, the better). Move two, on the
other hand, enables Black to respond with moves having values of 50 or 7100.
Move one is the preferable move for White, since it minimizes Black's maxi-
mum response to 90, rather than 100. It is not necessary for the computer,
playing the role of White, to analyze the move two branch any further, since
it has already been eliminated by the minimax strategy. That branch can
therefore be pruned to save computing time.
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for a search of depth 2 (ie: to consider
all possible moves by White and all possible
replies by Black) 64 final board positions
would have to be evaluated. A search of
depth 4 would require 2796 evaluations.

Computer chess programmers have
adopted a number of tricks to speed up the
search process. Many of these tricks are
adaptable to other types of board games;
one of them is used here. This is what arti-
ficial intelligence specialists call alpha-beta
pruning. A simple example may be given.
Consider again the situation mentioned
above, in which White has two legal plays.
For play one, Black may make play A
with value 90 or play B with value 80.
For play two, Black may make play C with
value 100 or play D with value 50 (see
figure 5). Suppose the computer evaluates
play one first. It discovers that the best
that Black can do if White makes play one
is to achieve a 90 point position. Now the
computer starts to evaluate White's play
two. It finds that Black has reply C which
gives it a 100 point position. It need con-
sider no further replies to play two, since it
already knows enough to realize that play
two is inferior to play one under the mini-
max approach, ie: Black has at least one
reply to play two which is better for Black
and hence worse for White than any of
Black’s replies to play one.

Another important method used for
speeding the operation of chess programs,
but not yet incorporated in my Reversi
program, is that of saving particularly
good moves (or particularly harmful replies
by an opponent) and trying them in other
situations. Thus Black may have a reply
that is extremely damaging for almost any
move White makes, plus a number of weaker
replies. It pays to check Black’s most power-
ful replies to previously checked White
moves first, since a good reply to one move
is often a good reply to other moves.

A sure way to speed up evaluations sub-
stantially and allow a deeper search is to use
a compiled rather than interpreted language
or to rewrite the program (or at least the
move selection strategy) in assembler lan-
guage. Again it is instructive to note that
most championship chess programs are
written in assembler language to obtain
an extra edge in the depth of search possible
under the time limits enforced in chess
tournaments.

Once a game program is up and working,
the most interesting point for further
effort is to try to improve the program’s
strategy. It certainly helps to be a good
player of the game, or at least to have read
some background material on the theory
of play. One ingenious method sometimes






Listing 1: BASIC program for playing the game of Reversi,

50
55
60
62
63
64
65
66
67
68
69
70
71
74
75
76
77
78
79
80
81
82
84
105
110
112
113
114
115
118
119
123
125
130
135
137
140
145
150
171
172
173
174
175
176
177
178
182
185
190
200
205
210
215
220
225
226
228
229
230
231
232
234
235
237
239
244
245
248
250
251
252
253
2564
255
256
258
260
270
295
380
390
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REM **** REVERS| ****

REMALL REMARKS MAY BE OMITTED TO SAVE MEMORY
REM VARIABLES

REM A(100) — FOR SAVING BOARD

REM B(100) — BOARD

REM C(100) — FOR SAVING BOARD

REM D(8) — DISTANCE TO NEXT SQUARE IN 8 DIRECTIONS
REM E(100) — VALUE OF BOARD SQUARES

REMF — VALUE OF OPPONENT'S BEST REPLY TO
REM COMPUTER’'S BEST PLAY

REM G — VALUE OF OPPONENT'S BEST REPLY TO
REM COMPUTER'S CURRENT PLAY

REM H — VALUE OF OPPONENT'S CURRENT REPLY
REM | — NOT USED

REM J, K, L —COUNTERS

REM M — PLAY

REM N — COUNTER

REM O —NOT USED

REM P — PLAYER, BLACK=—1, WHITE=1

REMQ —TOTAL MOVES

REMR,S — NOT USED

REMT — LOGICAL VALUE, TRUE=1, FALSE=0
REM U — COUNTER

REM V,W —TOSAVE PLAY

REM Z — COUNTER

DIM A(100)

DIM B(100)

DiM C(100)

DIM D(8)

DIM E(100)

REM RANDOMIZE

REM IF YOUR COMPUTER HAS A RANDOMIZE COMMAND, SUBSTITUTE

REMIT FOR LINE 115 AND OMIT LINES 118 THROUGH 150
PRINT “TYPE A NUMBER BETWEEN 100 AND 1000
INPUT N
IF N<100 THEN 123
IF N>1000 THEN 123
PRINT "RANDOMIZING"
FORJ=1TON
LET Z=RND(0)
NEXT J
LET D(1)=1
LET D(2)=11
LET D(3)=10
LET D(4)=9
LET D(5)=—1
LET D(6)=—11
LET D{7)=-10
LET D(8)=—9
REM INITIALIZE
GOSuUB 9000
REM DISPLAY BOARD
GOsuUB 8000
IF Q<5 THEN 295
REM CHECK FOR LEGAL PLAY
GOSUB 1300
IF T=1 THEN 295
LET T3=T3+1
IF T3<2 THEN 254
PRINT “THE GAME IS OVER"”
LET N=0
LET J=0
FOR Z=12 TO 89
IF B(Z)=—1 THEN 239
IF B(Z) <> 1 THEN 244
LET J=J+1
GOTO 244
LET N=N+1
NEXT 2
PRINT “BLACK HAS ;N ;”, WHITE HAS *";J ;" PIECES"
PRINT “DO YOUWANT TO PLAY AGAIN (0=NO, 1=YES}";
INPUT T
RESTORE
IF T=1 THEN 185
GOTO 9998
PRINT
IF P=1 THEN 260
PRINT "BLACK HAS NO PLAY, LOSES TURN"
GOTO 950
PRINT “WHITE HAS NO PLAY, LOSES TURN""
GOTO 950
GOsuB 1100
IF M<>1THEN 500
IF Q>4 THEN 430
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395
400
402
403
404
405
430
450
500
510
520
530
540
560
600
640
800
820
830
950

REM COMPUTER PLAYS
REM FIRST 4 PLAYS
LET M=45

IF B{(M)=2 THEN 540
LET M=M+1

GOTO 403

GOSuUB 3000

REM CHECK PLAY

IF M<1 THEN 800

IF M>100 THEN 800

IF Q>4 THEN 600

IF B(M) <>2 THEN 800
LET B(M)=P

GOTO 830

GOSUB 1400

IF T<>0 THEN 950
PRINT “ILLEGAL PLAY"
GOTO 200

LET Q=Q+1

LET P=—P

Listing 1 continued on page 7

used in order to find better parameters
for evaluation routines is to select a variety
of values for use in these routines and to
have the program run a tournament against
itself using the different values. The winning
values are then incorporated in the revised
and improved program.

| hope this description and the listing of
the Reversi program will inspire readers to
make their own game playing programs.
The books about board games mentioned in
the bibliography list over 700 games, so
there are plenty of games waiting to be
programmed.
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Listing 1, continued:

955 IF E(M) <>64 THEN 200
960 GOsuUB 5000

970 GOTO 200

1099 REM* GET A PLAY *
1100 PRINT

1101  PRINT “IF YOU WANT THE COMPUTER TO PLAY, ENTER 0,0

1115 IF P=1 THEN 1140
1120 PRINT "BLACK";

1130 GOTO 1145

1140 PRINT "WHITE",;

1145 PRINT “’STURN, ENTER X,Y*;
1150 INPUT X,Y

1160 LET M=X+1+10*Y
1170 RETURN

1299 REM * CHECK FOR LEGAL PLAY *
1300 LETT=1

1301 PRINT "CHECKING'’;
1302 LET M=1

1310 IF U<4 THEN 1318
1316 LET U=0

1317  PRINT ”.";

1318 LET U=U+1

1320 IF B{M) <>0 THEN 1390
1330 LET N=1

1340 LET J=D(N)

1350 IF B(M+J) <>—P THEN 1385
1370 LET K=M+J+J

1380 |F B{K)=3 THEN 1385
1381 IFB(K}=0THEN 1385
1382 IF B(K)=P THEN 1394
1383 LETK=K+J

1384 GOTO 1380

1385 LET N=N+1

1386 IF N<9 THEN 1340
1390 LET M=M+1

1391 |F M<S0 THEN 1310
1392 LETT=0

1394 RETURN

1399 REM™* MAKE A PLAY *
1400 LETT=0

1410 IF B(M)=0 THEN 1430
1420 RETURN

1430 LET N=1

1440 LET J=DI(N)

1444  IF B{M+J) <>—P THEN 1700
1470 LET K=M+J+J

1480 IF B(K}=3 THEN 1700
1490 IF B(K)=0 THEN 1700
1500 IF B(K)=P THEN 1530
1510 LET K=K+J

1515 GOTO 1480

1530 LET T=1

1531 LET L=M

1532 IF L=K THEN 1700
1533 LET B(L}=P

1534 LET L=L+J

1535 GOTO 1532

1700 LET N=N+1

1705 |F N<9 THEN 1440
1710  RETURN

2999 REMCHECK COMPUTER'S PLAYS *
3000 PRINT "THINKING";
3680 LET F=8999

3690 FOR 2=12TO 89

3700 LET C(2)=B(2)
3710 NEXT Z

3750 LET M=12

3752 IF U<4 THEN 3759
3753 LET U=0

3755 PRINT ".”;

3759 LET U=U+1

3770 GOSUB 1400

3780 IF T=0 THEN 3860
3790 GOSUB 3900

3800 |IF H>F THEN 3840
3802 IFH<FTHEN3810

3803 REMCHOOSE RANDOM OF EQUALPLAYS

3804 LET Z=RNDI(0)

3806 IF 2>0.7 THEN 3840

3810 LETF=H

38156 REM FOUND BETTER MOVE
3820 LET W=V

3840 FORZ=12TO89

3850 LET B(2)=C(2Z)

3865 NEXT Z
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3860
3865
3870
3875
3880
3899
3900
3920
3925
3930
3935
3940
3950
3970
3980
3990
4000
4014
4016
4020
4030
4035
4040
4050
4060
4070
4080
4090
4100
4105
4110
4129
4130
4140
4150
4160
4170
4180
4190
4195
4200
4300
4400
4500
4999
5000
5010
5020
5030
5100
5110
5120
5130
5200
5210
5220
5230
5300
5310
5320
5330
5400
7999
8000
8200
8300
8400
8500
8550
8600
8650
8700
8800
8900
8990
8995
8996
8997
8998
8999
9000
9050
9060
9066
9068
9070
9074

LET M=M+1
IF M<90 THEN 3752
LET M=W
PRINT
RETURN
REM * CHECK OPPONENT'S REPLIES *
LET H=-99999
FOR 2=12TO 89
LET A(2)=B(2)
NEXT 2
LET P=—P
LET V=M
LET M=12
GOSUB 1400
IF T=0 THEN 4080
GOsSUB4130
IF G<FTHEN 4030
REM FORGET THIS PLAY
LET H=G
GOTO 4100
IF G<HTHEN 4050
REM FOUND MORE HARMFUL REPLY
LET H=G
FOR Z2=12 TO 89
LET B{Z)=A(2)
NEXT 2
LET M=M+1
IF M<90 THEN 3970
LET M=V
LET P=—P
RETURN
REM * EVALUATE *
LET G=0
LET 2=12
IF B(Z)=P THEN 4190
IF B(Z)=0 THEN 4300
LET G=G-E(2)
GOTO 4300
LET G=G+E(Z)
REM FORGET THIS PLAY
IF G>F THEN 4500
LET 2=2+1
IF Z<90 THEN 4150
RETURN
REM ADJUST CORNER VALUES
IF M<>12 THEN 5100
LET E(13)=5
LET E(22)=5
LET E(23)=5
IF M<>19 THEN 5200
LET E(18)=5
LET E(28)=5
LET E(29)=5
IF M<>82 THEN 5300
LET E(72)=5
LET E(73)=5
LET E(83)=5
IF M<>89 THEN 5400
LET E(77)=5
LET E(78)=5
LET E(88)=5
RETURN
REM DISPLAY THE BOARD
PRINT * 1 2 3 4 5 6 7
FOR Y=8 TO 1 STEP —1
PRINT Y; " .
FOR X=1TO8
IF B{X+1+Y*10)=1 THEN 8700
IF B{(X+1+Y*10)=—1 THEN 8900
PRINT " —";
GOTO 8990
PRINT “W"'';
GOTO 8990
PRINT " B *;
NEXT X
PRINT Y
NEXT Y

PRINT “ 1 2 3 4 5 6 7

RETURN

REM * INITIALIZE *

FOR N=11TO 90
READ E(N)

NEXT N

FOR N=1TO 100
LET B(N}=0

NEXT N

FOR N=1TO 10

8"
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Alpha-Beta Pruning

Get your shears out, and
get ready to cut back your
game trees, thereby saving
both space and time

Sooner or later, almost everyone
with a small system gets the idea of
programming it to play chess,
checkers, or some other two-person
board game. Most of us give up
before we start because we have no
idea how to determine the best move
in any given situation. The other
aspects of playing a game are gen-
erally no problem.

We can see how to represent 64

squares on a board by 64 bytes in:

memory, each of which contains a
code number which might be 3 for
Bishop, 6 for King, or O for a blank
square, and so on. We can see how to
write a program for each piece, deter-
mining where it can move in a given
situation depending upon the rules of
the game. For example, a Bishop can
move as far as possible in any of four
directions, so we have to write a pro-
gram to search in one direction until
it finds a square that is not blank (ie:
the corresponding byte does not con-
tain 0, the code for a blank square). If
this square is n squares away from
where the Bishop is currently posi-
tioned, then there are n — 1 possible
moves that the Bishop can make in
that direction. This loop is then
repeated, once for each of the four
directions.

Finally, we can see how to write a
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program that would find all of the
pieces on the board, would determine
the type of each piece, and would find
all possible moves for each piece, ac-
cording to its type. In this way we
could get a list of all of the moves that
could be made by one player in any
given situation. But to find the best of
these defies the low-level intuition
that most of us rely upon.

In this article, I will describe a
general procedure for programming
board games, relying heavily on chess
in my examples, but utilizing pro-
cedures that can be applied in any
board game where you have to “look
ahead.” The logic is roughly as
follows: if I make move X, then my

I. N-R6 dbl ch  K-RI
2.Q-N7 ch RxQ
3. N- B7 mate

Figure 1: Chessboard layout just prior to
the conclusion of a famous dramatic
ending to a chess game.

opponent will make move Y; if |
make move Z, then my opponent can
make move U, which is better for him
than move Y, so I shouldn't make
move Z; but if [ make move W...and
SO On.

The first illustration will be from a
famous dramatic finish to a chess
game. This is illustrated in figure 1.
White is already far ahead, having a
Queen and a Knight, whereas Black
has only a Rook and two pawns. To
finish the game quickly, White lets
Black capture his Queen, then gives
checkmate with his Knight. For those
who have forgotten their chess (and
also to illustrate what the computer
does when it sees this position), the
entire finish of the game is illustrated
in figure 2 (see page 88).

It is clear that the computer has to
perform a complete analysis of the
given position in a game; much more
complete than that given in either
figure 1 or figure 2. For example, look
at White's first move: N-Ré6 double
check. In chess terminology, as soon
as White makes this move, Black’s

next move is “forced.” There is
nothing that Black can do except
move K-R1. But what does this

mean? Black actually has several
moves, but all of the others are illegal
because White would be able to cap-
ture his King. Specifically:

® [f Black plays R-B2 (interposing
the Rook), then White plays NxK
(capturing the King with his
Knight).

® [f Black plays PxN (capturing the
Knight), then White plays QxK

Text continued on page 90
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IT IS WHITE'S TURN TO MOVE, AND............. WHITE CHECKS WITH BOTH QUEEN AND
KNIGHT. BLACK IS FORCED........

....TO MOVE INTO THE CORNER, AND............NOW WHITE SACRIFICES THE QUEEN.

THERE 1S NOTHING THAT BLACK CAN DO BUT ... .WHEREUPON WHITE GIVES CHECKMATE.
TO TAKE THE QUEEN.........

Figure 2: The sequence of moves that White makes to capture Black's King . . . CHECKMATE!
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Text continued:
(capturing
Queen).

® [f Black plays anything else, then
White can play either NxK or
QxK.

the King with his

You might argue that the computer
does not need to perform all of this
analysis, because there is an old rule
that states when you are in double
check, you have to move your
King—there is no other way out. This
is perfectly true, but how do you
know that you are in double check in
the first place, without a similar
analysis? It is easier to run through all
of the moves, as described above, and
verify that, in every case but one,
Black's King would be captured.
Additionally, look at the next posi-
tion. Black does play K-R1, and now
White plays Q-N8 check. This time
Black is not in double check, but his
next move is still forced, and Black's
King can be captured in two different
ways if he does not make the move he
is forced to make. Specifically:

® If Black plays KxQ (capturing with

the King instead of with the Rook),
then White plays NxK.

® [f Black plays P-N3 (or any other
move than RxQ or KxQ), then
White plays QxK.

When Black plays RxQ, White
plays N-B?7, which is checkmate. But
the computer’s job is still not finished.
How can you tell that this is check-
mate? The only way to tell is to look
at all of Black’s possible moves and
make sure that White can capture
Black’'s King in each case. From the
computer’s point of view, the game is
never over until the King is actually
captured.

A diagram of the analyses that
have been carried out so far would
look like figure 3. Each point {(dot) in
this figure denotes a position of the
board. The lines between board posi-
tions denote moves. The actual
moves that have been made are at the
left, but there are other moves which
were not taken. In Black’s case, each
of these led to Black's King being cap-
tured. In White's case, they were
simply other possible moves that

r
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Circle 336 on inguiry card.

were not made because White has a
way, as shown, of winning the game.
This diagram is called a game tree.

Figure 3: An illustration of the gawme tree
diagramn. A complete game tree diagram
would enumerate all possible moves so
that the optinum move could be chosen.

N-R6E db! ch

Q-NB ch

N-B7 mate °

The game tree of figure 3 is a bit
hard to visualize because there are so
many possible moves. Therefore, in
order to illustrate the processing of
game trees by computer, 1 have
drawn a simplified game tree in
figure 4. In this game tree there are
only two possible moves for White at
each point, and only two possible
moves for Black. This will almost
never be the case in a real game situa-
tion; here it allows the tree to fit easi-
ly on one piece of paper, so that it can
be readily visualized. Like any tree,
this tree has leaves, branches, and a
root; in this case A, B, C...through P
are the leaves, 5 is the root, and all of
the other nodes are branches.






\,

VAVVAN
X/\E E/\B E/\F E/\ﬁ

ZaN

VAVERVAN
AAWANA

Figure 4: Simplified version of the game tree that assumes each player has only two

possible moves.

win, no matter what White does, and
for exactly the same reason as before.

In most cases, however, the game
tree will be far from complete. In
chess, for example, you might be in
the middle of the game, and neither
White nor Black can win the game in
the next twenty-five moves. You can

still use game trees, but in a slightly
different way. The first thing to do is
code your knowledge as to when one
position is better than another

terms of material gained and lost. For
example, if White captures a pawn
and loses a Bishop, or captures a
Knight and loses a Rook, then Black
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is obviously ahead. But what if White
captures the Queen and loses both
Rooks? Is that good or bad? What if
White captures two pawns, but loses

a Knight?
The usual pawn and piece values
are: Queen = nine pawns, Rook =

five pawns, Bishop and Knight are
three pawns apiece. Greatly im-
proved tables of values have been
constructed; table 1 is a reprint of
values (in abridged form) from R M
Hyatt, the author of a chess program
called BLITZ. Through the use of
such a table, you can derive, for any
position, a total numerical score that
represents the value of that position.
The function which computes this
score is called the evaluation function
corresponding to the given table.
You might think that with such an
evaluation function there would be
no further need for game trees. You
could simply try all of the possible
moves, and then choose the one with
the largest value of the evaluation
function. This, however, would lead
to a very bad chess-playing program,
rather like someone who had been
playing for only a few months. The
reason, of course, is that the evalu-
ation function is only an approxima-
tion. It is very easy to lose a piece
after you have made what seems to be
the best move according to your
evaluation function, because you
have not looked far enough ahead.
The best game programs use a com-
bination of game trees and an evalua-
tion function, together with the
special technique of alpha-beta pru-
ning, the subject of this article.
Once more [ will set up an artifi-
cially small and simple game tree, in
order to illustrate how this works.
Consider the game tree of figure 5,
which is exactly the same as the game
tree of figure 4 except that a value of
the evaluation function at each of the
leaves of the tree has been specified.
The evaluation function at the
branches has not been specified,
because this will be computed in a dif-
ferent way. Specifically, look at the
leaves A and B. Since the value of the
function is 26 at A, and 37 at B, you
can conclude that, since it is Black’'s
turn to play, at the branch Q Black
will play to branch A. (This move
assumes that the higher the value of
the evaluation function, the better the
position is for White, and the worse


















" Interfacing the PET
to a Line Printer

Introduction

From both software and hardware
points of view, this article presents a
design example for interfacing the
8-bit user port on the Commodore
PET 2001 personal computer to an ex-
ternal device. The design example
will show how the user port may be
used to develop a handshake interface
to a line printer. We shall begin with
a brief discussion of the program-
mable features of the user port.

Peripheral Interface Port

The 8-bit port, described in the
PET user manual, is actually a part of
the MCS6522 peripheral interface
adapter (PIA), manufactured by
MOS Technology. The 6522 is a
general purpose [/O (input/output)
device, configured as two 8-bit 170
ports A and B. It provides hand-
shaking logic associated with parallel
data transfers occurring through 1/O
port A. Counter and timer, and
elementary serial [/O logic are
associated with the M(CS6522 port B.
In the PET 2001, most features of port
B are reserved for internal use, leav-
ing port A as the only peripheral
interface port available to the user.

To the user, the MCS6522 peri-
pheral interface adapter appears as
sixteen contiguous memory locations.
Table 1 identifies the sixteen ad-
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PET Memory
Location

59456
59457
59458
59459
59460

59461

59462
59463
59464

59465

59466
59467
59468
59469
59470
59471

Function Provided by the 6522

Output register for IYO port B.

Data register for port A with handshake.

ItO port B data direction register.

I/O port A data direction register.

Read timer 1 counter (low-order byte).

Write to timer 1 latch (low-order byte).

Read timer 1 counter (high-order byte).

Write to timer 1 latch (high-order byte).

Access timer 1 latch (low-order byte).

Access timer 1 latch (high-order byte).

Read low-order byte of timer 2 and reset counter interrupt.
Write to low-order byte of timer 2 but do not reset interrupt.
Access high-order byte of timer 2;

reset counter interrupt on write.

Serial I/O shift register.

Auxiliary control register.

Peripheral control register.

Interrupt flag register.

Interrupt enable register.

Data register for /O port A without handshake.

Table 1: [nternal registers of the 6522 peripheral interface adapter given in terms of
addresses in the PET memory address space. Addresses that are of direct concern to the
PET user (for interfacing to port A) are shown in italics.

dressable locations of the 6522. Loca-
tions of direct concern to the PET
user (for interfacing to port A) are in
italic characters.

The characteristics and functions of
the interface lines on the peripheral
interface port A are determined by
the operating mode selected under
program control. Two modes of
operation may be selected under pro-
gram control: basic input/output

without handshake, strobed input/-
output with handshake. By selecting
the correct operating mode for the
data direction register (this may be
done using the BASIC statement
POKE 59459,X where X=0 for input
and 1 for output), interface lines may
be configured to fulfill specific inter-
face requirements. Device strobes
may be easily generated by software
without utilizing external logic by
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Listing 1: PRINTSCREEN, a program in BASIC which provides a hard copy of any
characters displayed on the PET's video display. An image of the text appearing on the
screen is sent to the printer. Note that here the program was used to create its own
listing. The data transfer rate is about 6 characters per second.

S5 REN FILENAYE "PRINTSCREEN"
10 REM OUTPUT DATA TO EXTERNAL DEVICE

15 REM HANDSHAKE WITH LINE PRINTER

16 REM CB2 FOR DATA STROBE: TO DEVICE
18 REN CA1 FOR ACKNOMLEDGE;FROM DEVICE
20 POKE 59459,255:REM DIRECTION OUT

25 GOSUB 100:REM HANDSHAKE NOT READY
34 FOR I=1 TO 25 :REM SCAN ROWS

35 FOR J=1 TO 40 :REM SCAN COLUMNS

36 V=PEEX(32767+J-1+40%(1-1))

37 IF V264 THEN V¥=V+32 :REM LOMER CASE
3B IF V(=26 THEN V=V+b4:REM UPPER CASE
39 IF V=128 THEN V=V-94:REM SPACE

40 IF J=1 THEN 180 :REM PRINT SPACE
50 POKE 59457,V AND 127:REM SEND VALLE
51 GOSUB 150: REM READY TO OUTPUT

52 GOSUB 100:REM NOT READY

56 ACK=PEEK(59469)AND2:REN INT FLG REG
38 IF ACK > 2 THEN S56:REM ACKNOWLEDGE
70 NEXT J

READY.

RUN

READY.
LIST 71-97

72 POKE 59457, 13:REM CR

73 GOSUB 150:REN READY

74 GOSUB 100:REM NOT READY

75 POKE 59457, 10:REN LF

78 GOSUB 150:REM READY

80 NEXT 1

82 GOSUB 100

84 POKE 59457,128 :REM STOP PRINT
85 PRINTCHRS(147) :REM CLEAR SCREEN
85 END

READY,
RUN

changing the contents of decimal
location 59468 (the peripheral control
register),

Interfacing to a Line Printer

This example demonstrates how
the PET parallel port can be inter-
faced to a line printer. The first step
in the design is to examine the speci-
fication for the printer, and to iden-
tify the control and data signals
which must be supported by the inter-

READY.
LIST 98-199
98 REM SUBROUTINES
100 REM SET CB2 TO LOGIC 1:NOT READY
110 POKE(59468),PEEK(59468) OR 224
120 RETURN
150 REM SET CB2 70 LOGIC 0 :REM READY
160 POKE (59468),PEEK(59468) AND310R192
170 RETURN
180 V=32 AND 127 :REM SPACE
182 GOSUB 150:REM READY
184 GOSUB 100:REM NOT READY
186 GOTO 50

READY,
RUN

READY.
POKE 59448, 14

READY.
LIST 200-

200 PRINT" Ueper and Lower Case "
240 PRINT"ABCDEFGHIXLMNOPERSTUVNXYZ"
250 PRINT"abcdefahiikimnorarstuvexyz”
300 PRINT" These listinas were made on
310 PRINT" TI Model 810 printer"
READY.

RUN 200

Upper and Lower Case

ABCOEF GHI KL/ANDPORS TUVMXYZ
abcdefshiik Imnorarstyvexrz

These listinas were made on

Tl Mode! 810 printer

READY.
RUN 5

face. Figure 1 is a block diagram of
the interface design. A data strobe/
acknowledge interface is supported.
The ACKNLG signal notifies the PET
that a character transferred to the
printer by a data strobe has been
accepted. After ACKNLG is issued,
the printer is considered idle.

Software Driver
The software driver implemented
for the example was specifically
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PET USER
PORT
OUTPUT DATA

PA7-PAO )|DATA PORT

LINE PRINTER

1Js: c-L)
OUTPUT CB2 - »|DATA STROBE
HANDSHAKE (J5:-M)
INPUT  CAl - ACKNLG
HANDSHAKE (45: -8}
PA7 -PAOQ: Output dota used to support

printer data port.

DATA STROBE: Signals to printer that dota is
available at the printer data
part.

ACKNLG: Signals to the PET that the

prinfer has accepted the data.

J5:-A PET user, port connector J5-

Pin A.

PRINTSCREEN

Initialize 1/0 port
Data direction register
far output.

Output handshake CB2
not ready.

Set DATA STROBE
Scon indices, [ =J=1

SCAN

Get Data
PEEK at location
for

Row L Calumn J
ASCll Value:=V

Figure 1: Block diagram of printer inter-
face using the PET user port (MCS6522
port A). ]5 is the PET user port connector;
pins are labeled alphabetically. Pin
assignments at the line printer are not
given since they vary between different
manufacturers,

designed to generate a hard copy
listing of the image displayed on the
PET screen.

The PET video display presents
1000 characters arranged in twenty-
five lines of forty characters each.
The display is continuously refreshed
from a section of memory called
display memory. By direct access to
these 1000 locations, and using the
programmable [/O port connected to
a line printer, you can generate a hard
copy of the screen image. The flow-
chart of the procedure is shown in

figure 2, and a program listing is in-
cluded in listing 1. The program is
called PRINTSCREEN. It scans the
twenty-five lines on the PET screen
and transmits the data displayed
there to the user port, one character
at a time. You will observe that
transferring data to the parallel port
using BASIC is relatively slow. In this
example, the data transfer rate is
about six characters per second.®
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Output carriage return
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to position
line printer

1141

Load Data
POKE 59457, Vv

Reset DATA STROBE

Set DATA STROBE

= @

YES

Set DATA STROBE

i)

Figure 2: Flowchart of the BASIC program PRINTSCREEN. This program transmits images of text on the PET video display screen

to the line printer.
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A Spacecraft Simulator

This article describes a BASIC pro-
gram that enables the user to design
and put into orbit a multistage space-
craft launched from Earth-based con-
ditions. By asking for engine throttle
settings, thrust angles, and firing
times, your computer puts you at the
controls of a multistage spacecraft of
your own design as you pilot it from
the Earth’s surface into orbit. Con-
tinuous data displays of the user's
status after each maneuver are pre-
sented, as well as arrays of altitude
and range information for possible
plotting at the end of the mission. The
following is a description of the pro-
gram operation.

The program first asks for and veri-
ties all ship design parameters, the
first being the number of stages. Then
the iteration time (dt) in seconds and
the height in miles of the desired orbit
are required. During each iteration,
the computer calculates formulas of
the form:

Vit = Viniiew + acceleration X dt (1)

The final values are then taken as the
initial ones for the next iteration. An
iteration time evenly divisible into
one second is recommended; 0.1 se-
conds is suggested for faster than real-
time computation. A figure of 0.01
seconds, for example, will give a
slightly better mathematical accuracy
but at the expense of ten times more
processing time.

The craft is assembled from top
down, the weight of the payload in
Text continued on page 108
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Listing 1: BASIC listing of the rocket launcher program.

ROCKET LAUNCHER PROGRAM

10 DIM A(l00),A0(L00),AL(7),A2(7),A3(6),A4(6)

20 PRINT "DESIGN AND ORSIT A SPACE SHIP. TYPE NO. STAGES UP TD 6. "
30 INPUT AS

40 PRINT “VERIFICATION, ";A5;" STAGES3."

50 A6 = A5 + 1

60 PRINT "ENTER ITERATION TIME IN SEC., AND ORSIT HEIGHT IN MI. "
70 PRINT ".1 SEC. IS OK AND .01 3ETTER, BUT NITH MORE CPU TIME. "
80 INPUT A7,A8

90 PRINT "VERIFICATION, ITERATION TIME ";A7;", ORBIT HEIGHT ";A8
100 PRINT "ENTER PAYLOAD WEIGHT I[N POUND3. "

110 INPUT A2(A6)

120 Al(Aa6) = 0.0

130 PRINT "VERIFICATION, PAYLOAD WEIGHT, ";A2(A6)

140 FOR A9 = 1 TD A5

150 38 = a6 - A9

160 B0 = 3 + 1

170 PRINT "ENTER STAGE ";3:" FUEL AND HULL WEIGHTS IN L3S. "

180 INPUT a1(B), A2(R)

190 PRINT "STAGE ";8;" FUBL ";Al(3);" LBS., HULL ";A2(R);:" LBS. "
200 A2(3) = A2(B) + A2(B0) + Al(B0)

210 81 = A2(8) + Al(3)

220 PRINT "ENTER STAGE ";3;" THRUST AT LEAST ";31;" .LBS. "
230 INPUT Aa3(R3)
24U PRINT "STAGE ";3;" TdHRUST, ";A3(3);" LBS. "

250 PRINT "ENTER SPECIFIC IMPULSE OF STAGE ";3;" FUEL/OXIDIZER. "
260 PRINT "THIS IS THE THRUST-TO-BURN RATE RATIO. ™

270 PRINT "FOR GASOLINE =250, PEROXIDE =300, LIQUID HYDROGEN =500. "
280 INPUT A4(3)

290 PRINT "VERIFICATION, STAGE ";B8;" SPECIFIC IMPULSE ";A4(8)

300 NEXT AY

310 32 = 10

320 33 = B2 * A7

330 B4 = 360

340 35 = 33 / 100.0

350 86 = 5280. * .3048

360 B7 = 6.67E-11 * 5.983E24

370 88 = ATN(l.) / 45.

380 89 = 90.

390 € = 1.0

400 CO = SQR(B7/9.80665)

410 C1 = co

420 C2 = 3QR(B7/(C0+36*A8)) / .3048
430 C3 = 0.

440 C4 = 0.0

450 C5 = 0.0

460 C6 = 0.0

470 C7 = 0.0

480 €8 = 0.0 Listing 1 coutinued on page 108
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Listing 1 continued:

Text continued:
pounds being required first. For each

490 Cy = 0.0 stage, the computer then asks for the
55’(1)8 81')::0600 weights of the fuel and hull (or
520 D1 = 0.0 tanks), the maximum thrust desired,
538 D;- = g-g and the specific impulse of the fuel.
540 D3 = 0. . s L

550 PRINT "THE SHI® CAN SWIVEL ";32;" DEG/SEC. " To insure the p0551b111ty of achmvmg
560 PRINT "EARTH'S GRAVITY IS 32.174 FT/SEC/SEC. " orbit, a fuel to hull weight ratio of 4
570 PRINT "FORWARD VELOCITY WEZDED FOR ORBIT ";C2;" FT/SEC., " or 5 to 1 is suggested. A thrust of
580 D = D + 1 : .
530 D4 = A2(D) / 2.2046 about 20 percent more thar.m the mini-
600 D5 = A3(D) / A4(D) / 2.2046 mum amount required to lift the ship
gég g"; = Sé (D) / 2.2046 is suggested, so that the ship has suffi-
630 DB = A3(D)/2.2046%9.80665 cient acceleration, even when heavily

640 PRINT "IGNITION OF STAGE ";D;", ENTER THE STAGE NUMBER. "

645 INPUT X1
650 G0 TO 1090

660 PRINT "ENTER THROTTLE SEITING IN %, FROM 0 TO 100, "
670 PRINT "THRUST ANGLE IN DEG. FROM -";34;" TO ";B4

680 PRINT "AND 3URN TIME IN SECONDS. "
690 INPUT D9, E, EO

700 DY = A8S5(DY / 100.0)
710 E1 = D9 * D8

720 E2 = D9 * DS * A7

730 E3 = B2 / 100.

740 E4 = EO0 - (A7 / 100.0 )
750 ES = C5 * Cl

760 E6 = 0.0

770 IF EO = 0.0 THEN 1080
780 IF C1 < CO THEWN 1080
790 E6 = E6 + A7

8ud E7 = D7 - =2

810 €8 = €1 / (D4 + (D7 + 27 ) / 2.0
820 If E7 >= E3 THEN 850

830 E7 = 0.0
840 E8 = 0.0
850 IF A3S( E - B9 ) < B5 THEN 930
860 IF E < 39 THEN 890

laden with fuel.

Specific impulse is a figure of merit
for fuel performance, the thrust to
burn-rate ratio. Suggested values for
different fuels are given in the pro-
gram. Knowing the thrust and speci-
fic impulse defines the burn rate, and
knowing the amount of fuel on board
designates how long it will last at full
throttle expenditure. Next, a printout
chart, to be described shortly, dis-
plays initial fuel, altitude, and the
velocity status of the ship.

At this point, the flight begins; the
user is in control, and must specify
the throttle setting, firing angle, and
burn time for each maneuver. The
force on the ship (in newtons) is first

Listing 1 continued on page 110 computed from the throttle setting

oo MATRIX PACKAGE o©
Over 30 BASIC commands including:

oo Matrix Read, Inverse, Transpose, and ldentity.
Simultaneous Equations!!!

00 Add, Subtract, or Multiply Scalars, Vectors, or Multi-
dimension arrays!!!

oo Dynamically Reshape, Expand, Delete Arrays, Change
arrays in mid-program.

oo Copy array elements, set arrays to scalar, zero arrays,
move arrays.

OO0 Tape array read and write including string arrays.

FOR $29.95 more getthe o BUSINESS PACKAGE %

o0 Eliminate round-off error!! Muitiple precision packed
decimal arithmetic. 127-digit max. accuracy

oo Binary search or sorted arrays. Insert new elements in
sorted arrays!!!

oo Automatic page headings, footings, and pagination.
Includes forced end-of-page.

00 Automatic hash forrecord retrieval!! And more for your
professional packages.

COMMAND PROCESSOR ‘COMPROC’ for $19.95(DOS only)

REMODEL + PROLOAD for $34.95 (Specity 16, 32, or 48K version)

COPY SYSTEM TAPES with ‘COPSYS’ for $14.95 (Non-DOS)
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©o INFINITE BASIC co.

RELOCATABLE MODULES FOR THE TRS LEVEL Il AND DOS SYSTEMS
LOADANY OR ALL MODULES. FOR $49.95 THE CORE PACKAGE INCLUDES:

oo Leftand right justify, truncate, rotate. Text justification.
oo Delete or Iinsert substring, Pack strings, Convert to upper
oo Translate characters, Reverse strings, Verify function,

00 Masked string searches for simple or array variables.

o0 Compress/uncompress character string arrays to 6 bits or

00 AND the famous RACET machine language SORTS. Multi-

o0 STATISTICS oo INPUT/QUTPUT 0c GRAPHICS o0
Attn: TRS Add-On OEM's; We can support your special

Extend DOS-AUTO command to perform multiple steps either at power-up or as a user command
Execute a script consisting of a sequence of commands or data from a BASIC command file.

REnumber any section of a program, MOve program segments, DElete program lines.
Combine programs with renumber and merge. Load or save any portion of program from tape.

DISK SORT PROGRAM ‘DOSORT' for $34.95 (Specify 32 or 48K, minimum 2 disk system)
SORT/MERGE multi-diskette sequential files. Multiple variables and keys.
Includes machine language in-memory sorts, comparators and string handling.

a0 STRING PACKAGE oo
Over 40 BASIC commands including:

String centering.

or lower case.

Number of occurrences.
Encrypt or decrypt strings.
less per character.

key multivariable and string. Sort 1000 elements in 9 sec!!

FUTURE ¢ ADD-ON PACKAGES <¢ will include

hardware add-ons with direct BASIC commands.
System Houses: We license System House usage of
00 INFINITE BASIC comodules.

Check, VISA,M/C C.0.D.
Calif.residents add 6%

Telephone Orders Accepted
(714) 637-5016

WHEN ORDERING PLEASE
ADVISE PUBLICATION SOURCE

RACET compurtes

702 Paimdale, Orange CA 92665

Circle 310 on inquiry card.






Listin

870

880

890

900

910

920

930

940

950

960

970

980

390

1000
1010
102y
103y
1040
1050
1060
1070
1080
1030
1100
1110
1120
1130
1140
1150
1160
1170
1180
1190
1200
1210
1220
1230
1240
12590
1260
1270
1280
1290
1300
1310
1329
1330
1340
1350
1360
1370
1380
1390
1400
1410
1420
1430
1440
1450
1460
1470
1480
1490
1500
1510
1520
1530
1540
1550
1560

1570REM-THROT (C.A.},

1580
1590
1600
1610
1620
1630
1640
1650
1660
1670
1680

110

GO

c4

g 1 continued:
39 = 39 + B3
TO 900

39 ~ 33

39 * B8

COS (E9)
SIN(E9)
28 * C4

E8 * C

C5 + F * A7
(C5 +F1)
C7 +C6 * A7
FO + C6**2 / Cl
F3 8 + F2 * A7

F4 =C1 + ( C8 + 3 )
If D9 <> 0.0 THEN 1030
Fl ES / F4

07
C5
c8
Ccl
IF E6
C3 =

B9
E9

C
F
FO
Pl
Ccé
c7

F2

/ 2.0

- 87 / Cl**2

/ 2.0 * A7

{3 T T 1 1
o}
—

< %4 THEN
C3 + a6
D2 = D2 + 1
A(D2) = ( Cl - CO ) / .3048
IF CY >= A(D2) THEN 1130
C9 = A(D2)

IF A(D2) >= 0.0
A(D2) = 0.0

IF A(D2) < 400000.0
D3 =03 + 1
£5 A(D2) / 5280.
Fé6 C8 / .3048
F7 F6 * 15./22.
F8 C5 / .3048
F9 F8 * 15./22.
A0 (D2) = C7 / B6
G = 100. * D7 / D6
GO D7 D5
Gl 87 Cl**2 - C6**2 / Cl
G2 D8 (D4 + D7) / .3048
33 32 15. / 22.

G4 52 ( Gl / .3048 )
G5 G4 * 15. / 22.
Gé Gl / .3048 / G2
G 100. * Gé
58 90.0
G6 >= 1.0 THEN 1350
38 = ATN( G6 / SQR{ 1.0 - 36%*2 ) )

SAR( 87 / Cl ) / .3048
100. * F8 / C2

100. * A(D2) / ( AB * 523U.

100. * F8 / G9

(C2 -F8 ) / 52

( G9 - F8 ) / G2

IF F6 = 0.0 THEN 1440

H4 = (AB*5280. - A(D2) )

IF H4 <= 9999.99 THEN 1460

44 = 9999.99

REM~-TIMES OVER 9999.99 SET TO 9993.99 TO NOT EXCEED DISPLAY.

IF D3 <> 1.0 THEN 1480

PRINT "400K FT. ACHIEVED, YOU ARE IN VACUUM. "

PRINT "FLIGHT TIME","FUEL LEFT","AT FULL THROT.","SHIP ANGLE"

PRINT C3;"SEC,",G;"%",G0;"SEC,",39; "DEG."

PRINT " "

PRINT "ALTITUDE","ASCENT RATE","FORWARD V.","RANGE"

PRINT A(D2);"FT.",F6;"FT/SEC",F3;"FT/SEC",A0(D2);"MI."

PRINT F5;"MI1.",F7;"MT/HR." ,F9;"MI/HR."

PRINT " "

PRINT "MAX ACCEL","MAYX VERT ACCEL","ANGLE(C.A.)","THROT(C.A.)"
REM-ANGLE (C.A.), CRITICAL ANGLE FOR CONST. ASCENT AT FULL THROT.
CRITICAL THROT. OF CONST. ASCENT a&T 90DEG.
G2;"FT/S/5",34;"FT/S/5" ,"FULL THROT.","VERT. POS."
33;"MI/H/S",G5; "MI/H/S",G8; "DEG.",G7;"s"

770

THEN 1150

THEN 1170

oo

® NN\

LI T 1 T T | Y 1 [
|

/ 38

/ Fé

PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT " "," " ,"TIME TO ACHILVE:"

PRINT "ORB. ALT.","OR3. VEL.","CUR. ALT. OR3. VEL."
PRINT "AT CUR. RATE=","AT FULL THROT.","AT FULL THROT."
PRINT d4;"SEC.",H2;"SEC.",H3;"SEC."

PRINT " "

4;"% ORBITAL VELOCITY",HO;"% OR3ITAL HEIGHT."
H1;"% VELOCITY NEEDED FOR ORSIT AT CURRENT ALTITUDE."

Listing 1 continued on page 111
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and maximum specified thrust. Also,
note that a firing angle of ninety
degrees is vertically upward, and
angles less than ninety degrees are to
the right, or east, etc. A one hundred
percent throttle setting at ninety
degrees for fifteen or twenty seconds
is suggested to gain altitude before
beginning to swivel the ship to
achieve horizontal orbital velocity,

The amount of fuel used during an
iteration is simply the throttle setting,
times the maximum burn rate, times
dt. This amount, subtracted from the
weight of the fuel at the beginning of
an iteration, gives the amount
remaining at the end. The amount of
fuel available during an iteration is
taken as the average of the amounts
before and after. This is added to the
weight of the tanks and the upper
stages that the engines must lift, and
is the instantaneous weight (in
kilograms) of the craft. Dividing into
the thrust force yields the current
engine thrust acceleration A, during
the iteration, in meters per second per
second (m/s?).

For a given firing angle, the hori-
zontal and vertical components of
this acceleration, a,, and a,., are
taken. Horizontal velocities and the
range are computed by:

V/;.=V,-,,+a,;. th (2)
Vi =V, + V) /2 (3)
range =range +V,,, X dt (4)

where, for a particular iteration, V,,
is the initial horizontal velocity, V,, is
the final horizontal velocity, and V..,
is the average of the two.

The total outward vertical accel-
eration a,. is computed by adding
centrifugal acceleration to the engine
acceleration and subtracting gravity's
downward contribution as follows:

a,=a,+(V2,,/r,) -GM/r3, (5)
where, r;. is the initial value of the
vertical distance of the ship from the
Earth's center, G is the gravitational
constant, and M is the mass of the
Earth. From the vertical acceleration,
the velocities and altitude are com-
puted just as the horizontal compo-
nents were computed in equations 2
thru 4.

From physics, it will be noted that
if no external force is applied by the
engines, the rocket’'s angular momen-
tum is a constant. For each maneu-
ver, therefore, the computer retains



The following constants were
used in listing 1:

G: Gravitational constant,
6.67X 10" Nm?/kg?

M: Mass of the earth,
5.983 X 10**kg

g: Gravitational acceleration,
9.80665 N/kg,
m/sec?=32.174 ft/sec?

0.3048 meters/foot
2.2046 pounds/kg

the product of horizontal velocity
and distance from the Earth’s center.
If the engines are off during an itera-
tion, the new horizontal velocity is
set equal to this product divided by
the new vertical distance value at the
end of the iteration. Thus, angular
momentum is conserved. As the ship
coasts towards Earth, its horizontal
velocity increases slightly, and would
decrease slightly if the ship were
receding. Quantities are then reini-
tialized and the next iteration begins.

When a firing sequence is com-
pleted, an important quantity Q is
computed. It is the ratio of the net
downward acceleration (gravitational
minus centrifugal) to the total acce-
leration. The engines can currently
deliver:

Q= (7

2
Iy

Tiy (6)
Multiplied by 100, this is the critical
throttle setting which will cause the
ship to hover if stationary, or move
vertically at a constant speed without
accelerating. It is also the sine of the
critical angle of ascent at which the
vertical component of thrust equals
the current weight of the ship. The
angle, equal to the inverse sine of Q is
alternatively computed from:

Listing 1 continued:

1690 IF H < 100.0 THEN 1760

1700 If® HO < 100.0 THEN 176U

1710 DO = DO + 1

1720 IF DO > 1 THEN 176U

1730 PRINT "IN DESIRED ORBIT. TO CONTINUE ENTER 1, TO PLOT ENTER 2.
1740 INPUT HS

1750 IF HS5 = 2 THEN 1920

1760 IF C3 = 0.0 THEN 660

1770 IF D7 <= E3 THEN 1800

1780 IF A(D2) <= 0.0 THEN 1800

1790 GO TO 660

1800 IF A(D2) = 0.0 THEN 1890

1810 IF D < AS THEN 580

1820 D1 = D1 + 1

1830 IF Dl <> 1 THEN 1850

1840 PRINT "LAST STAGE SHUTDOWN."

1850 IF DU <> 0.0 THEN 1880

1860 IF A(D2) <= 0.0 THEN 1880

1870 GO TO 660

1880 IF A(D2) > 0.0 THEN 1920

1890 H6 = INT( SQR( F6**2 + pg8**2 + .5)

1900 H7 = INT( SQR( F7*%*2 + F9**2 + .5)

1910 PRINT "YOU CRASHED AT ";H6;" FT/SEC, "“;H7;" MI/HR. "
1920 PRINT "AFTER ";D2;" PLOT POINTS: "

1930 FOR HB = 1 TO D2

1940REM-PLOT A(H8) Y-AXIS, VS. AQ(H8) X-AXIS, ALTITUD:Z VS. RANGE.
1950 NEXT H8

1960 H9 = 25.0

1970 REM-LOWER 25% CUTOFF OF ALTITUDE FOR A BLOWUP PLOT.
1980 T = C9 * H9 / 100.0 * 1.0001

1990 10 =02 + 1

2000 10 = 10 -1

2010 TIF A(IO0) > T THEN 2000

2020 11 = 100.0 * AQ(IU) / AQ(D2)

2030 PRINT "LOWER ";H9;"% OR ":T;" MI. OF MAX ALT. ATTATINED."
2040 PRINT "FIRST ";T1;"% OR ";AQ0(T0);" MI. OF TOTAL RANGE."
2050 PRINT "WITH ";Iu;" STEPS:"

2060 FOR [2 =1 TO IO

2070 REM-PLOT A(I2) Y-AXT3, V5. AO0(T2) X-AXIS, LOWER ALT, VS. RANGE."
2080 NEXT I2

209U END

angle = tan™ (Q/V1.0 - Q3

At this time, distance and velocity
values are converted from metric to
English units for display purposes.
The first information printed con-
sists of the elapsed flight time, the
current ship angle, and the fuel left,
both as a percentage of the original
amount, and the number of seconds
left at full throttle. Next, the program
prints the altitude in miles and feet,
the ascent rate and forward velocity
in miles per hour and feet per second,
and the number of miles down range.
The next printed information con-
sists of the critical angle and throttle
values of constant ascent, the maxi-
mum acceleration the engines can
deliver, and the maximum wvertical
acceleration against gravity in both
miles per hour per second and feet
per second?. For example, if the
engine can deliver about 40ft/s? the

ship can accelerate at 8ft/s? against
gravity.,

Next the percentages of the orbital
velocity and altitude are presented.
The final items displayed are the time
to achieve orbital altitude at the cur-
rent ascent rate, and the time to
achieve orbital velocity at the current
full throttle rate of horizontal
acceleration.

At this point the user is ready for
the next move, and must again
specify a new throttle setting, firing
angle, and burn time, Finally, at the
end of the mission (either when you
achieve orbit, or run out of fuel), you
can plot a picture of your trajectory,
altitude versus range, and an expand-
ed plot of the start of your mission,
the lower 25 percent of your total
attained altitude.

Have fun. As you will soon learn,
getting your spacecraft to achieve
orbit is no easy task.m
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The National Micropastime

Joseph ] Roehrig
JIR Data Research
POB 74
Middle Village NY 11379

During the past few years I have Listing 1: Program Input which accepts data from the terminal and stores it in disk files
spent too many Saturdays soldering for use by the baseball simulation. This program and others in the system are written in

integrated-circuit sockets into North Star BASIC and use the North Star disk system.

printed-circuit boards and have not
had enough time to enjoy a good
baseball game. [ fulfill my need to
participate in our national pastime by
having my personal computer simu-
late the play of a baseball game. [ can
be the manager of any team [ choose.
All I have to do is input a few base-
ball statistics. Presto! Out comes a
baseball simulation (assuming that
the system [ shall describe is set up).

System Demonstration

The search for baseball statistics is
easy. The Sports Encyclopedia: Base-
ball, published by Grosset and Dun-
lap, has all that you could want. A
program called Input (shown in list-
ing 1) is used to enter the statistics in-
to the computer. Figure 1 shows the
program Input working,.

First you enter a file name to corre-
spond to the team (the 1975 Boston
Red Sox in the sample run) whose sta-
tistics are being entered. Next, the
program requires the name and data
for seventeen players who are not
pitchers. Yastrzemski is input along
with his batting code of 1 (0 = bats
right, 1 = bats left, 2 = bats from
either side), number of times at bat
(543), hits (146), doubles (30), triples
(1), home runs (14) bases on balls
(87), and strikeouts (67). The com-
puter asks us if the data input is cor-
rect. A carriage return indicates

1 DIMRO7) oNBC10)

I 2

20 OFENKOSF$
93 1 "HITTERS®

INFUT *NAME 7 “sN%

120 1 "BATS»ABsH T ToyHRyBRESKQO®

150 INPUTL1*? "»B(7)yCHrEB(1)yB(2)sB(3),R(4),H(T)»E(6)
132 IFC=0THENC:=1

135 INFUT® OK 7y Z$\IFZ$=*"THEN110O

L37 B9=R(1I\H=C-R(1)

C=C+B(3I\NB(1)=Ek(1)/C

142 FORF=2TOA\B(F)=R(F)/EY NIFF=2THEN146

144 B(F)=B(F)+R(F-1)

146 NEXT\R(I)=(B?+B(5))/C\B(6)=R(6)/H

L35 Ne=N%+U$

160 WRITEF#OQOsNS»B(7INFORE=1TOMNWRITE#0 s B(EI\NNEXT\NEXT
190 '*FITCHERS"

200 FORA=0TO?

a2 INFUT*NAME 7 " sN$

PP THROWS s TF s Hy BE 9 IKO " y

’ ? TyBCO)sCyB(1) s B(2) s BCT)

(K 7 "y Z$\IFZ$=" *THEN210

X2.75

2.759)FBCL)HER(2)

! E(1)/C

260 B(2)=(R(2)/C)+E (1)

270 B(3)=R(3)/C

27% N$=N$+J$

280 WRITEROsN$sE(O)»B(1)sEB(2)sRB(3)

2P0 NEXTNZ=0ONFORA=1TO13B\WRITE#0 s ZANEXT\CLOSE#O\NENLD

TEAM FILE 7 75-ROSTON

HITTERS

NAME ? YASTREMSKI

BATSsABsH Dy TyHRyBE, KD

? 15,543,146y30+1514,87,67 OK 7

FITCHERS

NAME 7 WISE

THROWSy IFsHyBE)KO 7 0,235,262+72,141 OK 7

November 1979 © BYTE Publications Inc

Figure 1: Portion of sample execution of the program Input of listing 1. Normally data is
entered for sixteen nonpitching players and ten pitchers.
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Circle 145 on inquiry card.

»
» | | Al Figure 4: Predicted play of a hypothetical baseball game between the 1961 New York
| Yankees and the 1963 Los Angeles Dodgers, using the Game program described in this
article. The entry for NUM? is a seed for generating random numbers; the entries for the
D o il | TEAM? inquiries are file names to reference data stored on disk by the Input program.
T he user enters the batting order and pitching staffs, and play of the game proceeds ac-
TH E 0 N LY cording to statistical probabilities.
SYSTEMOFITS || i
TEAM 7 &3-LA
TEAM ? 61-YANKS
KIND YOUR GIVE THE LINE-UF
BATTING 1INy FOS % 7216 WILLS---~~ &S OK 7
MICROCOMPUTER BATTING 2 I, FOS & 71,4 GIILIAM- 2K OK 7
BATTING 3 IOy FOS b 75,8 DAVIS W- CF OK 7
HATTING 4 ID, ¥ Pér7 [DAVIS T- LF OK 7
WILL EVER BATTLNG 5 IO, i B 74,3 HOWARD~ 1B OK ?
EATTING & ¥ P35 HCMUL Lt;N-'- 3 OK 7
NEED' HATTING 7 15 % P72 C oK 7
. BATTING 8 II 05 # 7049 “ALR RF OK 7
™ KATTING 9 IDs FOS # ?10s10 ' (- OH OK 7
GLO BAL ID% OF FITCHER 7 FODRES=~—- oK
GIVE THE LINE-UF
BATTING 1[Iy FOS # ?15+1 GONDER----  F OK 7 NO
DATABASE Iy FOS & 7 F\I(HAF\[I‘%{)N 2B OK 7
RATTING 2 08 # 7296 XUBE 55 OK ?
MANAG EM ENT BATTING 3 INs FOS £ 74,9 - RF OK ?
BATTING 4 IDs FOS & 75+8 MANTLE=-~~-- CF OK 7
SYSTEM BATTING 5 IDs FOS & 77,2 HOWARD-~~ C oK 7
BATTING 6 Il FOS # P03 SKOWRON-~-- 1E OK ?
for BATTING 7 1INy FOS # ?10+7 CERV - LF OK 7
PROGRAMMERS. ACCOUNTANTS, BOOK- BATTING 8 INs FOS & 78,10 LOFEZ - DH OK 7
KEEPERS, DOCTORS, LAWYERS, PUB- SN A A poYERTm SR e T
LISHERS, SCIENTISTS, MANUFAC- ) ‘ B '
TURERS, WHOLESALERS, RETAILERS, INNING # 1
MANAGERS, LANDLORDS, REAL ESTATE ‘E’J}H‘I”;M"“ EI);'N?E'_[
J e 3 8
AGENTS, TEACHERS, STUDENTS, ETC. FUNNER ON FIRST
Extremely comprehensive, versatile DAVISG We--  DOURLE LAY
user-oriented management system for e
database creation and list main- RICHARDSUN  SINGLE
tenance. Runs under CP/M* and RUNNER UN FIRST
CBASIC2** on a microcomputer RUBL L oINBLE :
RUNMER ON FIRST RUNNER ON THIRD
system in only 40K RAM. MAR IS IS QUT
Completely user-defined file structure 1 RUNSG SCORE  63-LA 0  61-YANKS 1
with sequential, random and linked file RUNNER ON _C‘“UN['
maintenance; user-defined number of FoHy CR I .
: . . MANTL - H. R,
fields; datg tran_sfer between records; 2 RUNS SCORE  63-LA 0 41-YANKS 3
automatic high speed search FyHy OR B ? F
algorithms with global search func- F$ 79
tion; built-in ISAM; fast sort/merge HOWARI=—-- IS 0UT
utility; record selectable output can be SROWRON-~~  SINGLE
formatted (with/without headings, col- RUNNER ON FIRST
umn titles, totals, etc.) and printed on CERY=--—=e gTRIKES 0UT
various forms (labels, envelopes,
preprinted forms, etc.); links to CP/M INNING -
N J e
commapds or programs with STRIKES 0UT
automatic return to Giobal; provides ; H., R.
statusreports on diskette, data file and 1 RUNS SCORE &63-LA 1 61-YANKS 3
hardware environment; disk used as FoHs Ot B 7
extended memory. MCMULLEN-- STRIKES OUT
Supplied on standard 8” IBM disk, com- ROSEKORO IS out
plete with BASIC subroutine library in LOFEZ~m-= SINGLE
source code, with S FUNNER ON FIRGT
comprehensive manual. 295 RO YR 1S OuT
. . RUNNER ON SECON
Trademark of Digital Research plusdelivery p
**Trademark of Software Systems Add Sales Tax IS ouT
where applicable WALK
AVAILABLE FROM KUN ON FIRST RUNNER ON SECOND
COMPUTEVR EN(!POSRIUM, Ltd. = IS ouT
11 West 46th Street , . .
New York, N.Y. 10036 212/226-2038 '“;’I‘FI\INCY 3 s our
OR ORDER DIRECT FROM e it
OLIVER 1s ouT
LOBAL WILLG====~ IS OUT
MANTLE =~~~ SINGILE
ARAMETERS RUNNER ON FIRST
1505 Ocean Ave. Brooklyn, N.Y. HUWARD == SINGLE
2121252-5002 Figure 4 continued on page 120
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Design of

i f igital Systes -si

Ll Designing
Digital Systems

Two programmed learning courses:
hardware and software; theory
and application.

Digital Systems

PG Avaan B3¢

ADVANCED COURSE
DESIGN OF DIGITAL SYSTEMS

Six large-format volumes — each 11% x 8% .

CONTENTS

The contents of Design of Digital Sys-
tems include:

Book 1: Octal, hexadecimal and binary
number systems; representation of nega-
tive numbers; complementary systems;
binary muitiplication and division.

Book 2: OR and AND functions; logic
gates; NOT, exclusive-OR, NAND, NOR and
exclusive - NOR functions; multiple input
gates; truth tables; DeMorgan's Laws;
canonical forms; logic conventions; Kar-
naugh mapping; three-state and wired
logic.

Book 3 Half adders and full adders; sub-
tractors; serial and parallel adders,; pro-
cessors and arithmetic logic units (ALUs);
multiplication and division systems.

Book 4: Flip-flops; shift registers;
asynchronous counters; ring, Johnson and
exclusive-OR feedback counter; random
access memories (RAMs); read-only
memories (ROMs).

Book 5: Structure of calculators; key-
board encoding; decoding display data;
register systems; control unit; program
ROM; address decoding; instruction sets;
instruction decoding: control program
structure.

Book 6: Central processing unit (CPU);
memory organization; character represen-
tation; program storage; address modes:
input/output systems; program interrupts;
interrupt priorities programming; assem-
blers; executive programs, operating
systems, and time-sharing.

OUR CUSTOMERS

Design of Digital Systems has been
bought by more than half the 50 largest
corporations in America, and by Motorola,
Intel, DEC. National Semiconductor, Fair-
child, General Instrument, Hewlett-
Packard. Heath Co., M.L.T., NASA, Smith-
sonian Institute, Bell Telephone Labs. And
many, many more, as well as corporations
and individuals in over 50 countries.

Digital Computer Logic & Electronics

CONTENTS

Digital Computer Logic and Electronics
is designed for the beginner. No mathe-
matical knowledge other than simple arith-
metic is assumed, though you shouid have
an aptitude for logical thought. It consists
of 4 volumes — each 11%2"” x 8" — and
serves as an introduction to the subject of
digital electronics.

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

NO RISK GUARANTEE

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

TAX DEDUCTIBLE

In most cases, the full cost of GFN's
courses can be a tax deductible expense.

PHONE ORDERS - FREE

To order by phone, call (603) 224-5580
with your credit card information. It won't
cost you a dime, because we'll deduct the
cost of your call from the price of the
courses you order.

TO ORDER BY MAIL

You may use the order form below if you
wish, but you don't need to. Just send your
check or money order (payable to GFN In-
dustries, Inc.) to the address below. |f you
don't use the order form, make sure your
address is on your check or the envelope,
and write 'DDS" (Design of Digital Sys-
tems). “DCLE" (Digital Computer Logic &
Electronics), or “both” (both courses) on
your check.

There are no extras — no sales tax. And
we pay all shipping costs.

We also accept company purchase
orders.

AIR MAIL

The prices shown include surface mail
postage anywhere in the world. Air mail
postage costs an extra $10 for both
courses (10 volumes).

DISCOUNTS

Call or write for details of educational
and quality discounts, and for dealer costs.

SAVE $5

If you order both courses, you save $5.
Order at no obligation today.

Call (603) 224-5580 to
order by phone - free.

* Money-back guarantee

7 days, 24 hours

Circle 140 on inquiry card.

* No shipping charges

* Tax deductible
* Save $5

GFN Industries, Inc. Please send me
Bldg. 7-20 .
F 203gLoudon Road  Order free by phone sets of Design of Digital Systems ..................... $1995 §
Concord . sets of Digital Computer Logic & Electronics .......... $14.95
NH 03301 No sales tax _

To: GFN Industries, Inc., Bldg. 7-20, 203 Loudon Road, Concord, NH 03301

sets of both courses .......
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'SOFTWARE TOOLS
NEW ED-80 TEXT EDITOR

ED-80 offers a refreshing new approach for the creation and editing
of program and data files conversationally —and it saves you money.
lts powerful editing capabilities will satisty the most demanding profes-
sional —yet it can still be easily used by the inexperienced beginner.

Look at These Outstanding Features:

B FULL SCREEN window displays with forward and backward
scrolling for editing your data a page-at-a-time, rather than
line-by-line.

B Provides you with all the features found on the large main-
frame and minicomputer editors, such as IBM, UNIVAC,
CDC, and DEC.

@ Commands include forward or backward LOCATE, CHANGE,
and FIND; and INSERT, DELETE, REPLACE, APPEND,
SAVE, PRINT, WINDOW, MACRO, TABSET, SCALE, DUMP,
and others.

B Compatible with existing CP/M edit and text formatted
files, with CBASIC, and with Microsoft's MBASIC, FORTRAN,
COBOL, and ASSEMBLER.

B CHANGE commands allow you to make conditional changes
and to use variable length strings.

m Designed for CP/M and derivative operating systems, in-
cluding LIFEBOAT, CDOS, IMDOS, DOS-A, ADOS, etc.

B GET and PUT commands for concatenating, moving, dup-
licating, and merging your edit files on the same or differ-
ent diskettes.

B Provides you with fast memory-to-memory COPY com-
mands, and an intermediate buffer for copying lines over-
and-over.

B Repays your initial investment many times over with unique
time-saving editing capabilities.

B Saves your last LOCATE, CHANGE, FIND, and APPEND
command for easy re-execution.

B Simple line-oriented commands for character string editing.

B Automatically displays the results of every edit command
for your verification.

B Single keystrokes for your most commonly used commands.

8 Safeguards to prevent catastrophic user errors that result
in the loss of your edit file.

8 |NLINE command for your character-oriented editing.

B Designed for today's high speed CRT'’s, video monitors,
and teletypewriter terminals.

B Thoroughly field tested and documented with a compre-
hensive User's Manual and self-instructional tutorial.
And remember — in today's interactive programming environment
— your most important software tool is your text editor. ED-80 is
already working in industry, government, universities, and in personal
computing to significantly cut program development time and to
reduce high labor costs. Why not let ED-80 begin solving your text
editing problems today? ORDER NOW and we'll pay the postage!
F o — @
’ Mailto: SOFTWARE DEVELOPMENT & TRAINING, INC.
P.0. Box 4511, Huntsville, AL 35802

ED-80Q is protected by copyright and furnished under a paid-up license
for use on a single computer system.

cP/M:

1 Piease send additional information.

[ Sand Diskette, User's Manual and paid-up license ..................... $99.00
Specity SINGLE DENSITY Disk Make/Mode!, Size, Hard/Soft Sectored
Make/Model Os or[d5s" [OHsoer[dss

[0 send User's Manual {credited on purchase of paid-up license) ... ........ $10.00

[0 Check or Money Order enclosed for .. ..................... H
Please charge my creditcard: [] VISA [ Master Charge

Card No. Bank No. Exp. Date

NAME

ADDRESS.

cITy STATE ZIP,

SIGNATURE PHONE

SOFTWARE DEVELOPMENT & TRAINING, INC.
Post Office Box 4511 — Huntsville, Alabama 35802

Dealer Inquiries Welcomed

® CP/M is a trademark of Digital Research
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Figure 4 continued on page 122

61-YANKS

A61-YARNKS

61-YANKS

&1-YANKS

4

[}

o)

7








http:233.61.14




ROX SCORLE

&3 LA
NAME FOs [2):] H HR RET
WILLSG- --- &8 3 1 0 0
GILlL.lAM--~- 2R 4 0 ]
nrAavIlsS We---  CF 4 [¢] 0 0
DAVIS Te--  LF 4 1 0 0
HOWARD--=~~- 1R 4 2 2 2
MOMULLEN--  3h 3 0 0 0
ZIMMER----- 3R 1 0 0 0
ROSEBORQ - C 4 0 0 0
FAIRL Y~ RE 4 V] 0 0
OLIVEK- -~ [H 3 1 O 0
FITCHERS I H R ER K BRH
FERRANDSKRT 4.7 4 2 1 0 1

FOORES - - W3 03 3 3 0 0 LOSSIER
SHERIRY~-~-- 3,0 8 3 3 2 2

LAlLEY - 7.7 08 3 2 5 2 WINNER
LUREN - =~~~ 1,3 0 0 0O 0 O

r2 3 4 5 &6 7 8 9 -

VISTORS O 1 ¢ O 1 O O 1 O O
HOME 3 0 1 2 0 1 0 1 0 0O
8324

RE ALY

& 1-TANKS
NAME FOG AR H HR REI
RICHARDSON  2H 4 1 0 0
KUREK ~-=--— &4 4 3 0 0
I¢ RF 5 2 1 2
CF 5 4 2 S
HOWART - [ 3 2 0 [¢]
SRKOWRON-~--  1E 4 2 0 1
LF 4 1 0 0
OH 4 2 0 0
Ik 3 o] 0] 0
T
3
8 RETURN TO END 7

Figure 5: Box score from the game played in figure 4.

this reason, a pinch hitter and a new
pitcher are entered in order to illus-
trate all of the possible input situa-

tions occurring in this simulation.

In answer to the question "P, H or

B” in the Dodgers’ half of the eighth
inning, a B is input. A pitcher’s iden-
tification number is solicited and 9 is
entered, corresponding to Yankee
Ryne Duren. Next, the computer asks

for the batting (Dodgers) team’s sub-
stitutes with the question “Bats, P#".
Here it is necessary to input what
place in the nine batting positions (1
thru 9) the substitute will bat in and
the player’s identification number.
The numbers 6 and 13 are typed in.
Six is the sixth batting position; 13
represents Don Zimmer's identifica-
tion number.

The “Bats, P#" question is again
asked, and the user can continue to
make substitutes or you can enter a 0
for the batting position in order to
end the substituting. In the example,
0,0 is input and the game continues.

The Yankees go on to win the sixth
game 8 to 3 and the series 4 games to
2 games, Figure 5 shows the box score
for the final game of the series. Typ-
ing a carriage return ends the game at
this point; typing any other character
plays another game between the same
two teams.

If the option to play another con-
test is selected, the computer asks
“Line-ups OK"; and typing a carriage
return lets the programmer play
another game just by entering the
identification numbers of two new

New to the U.S.! Produced and widely used in England—
COMPLETE CP/M BUSINESS PACKAGE.

INCLUDES EVERYTHING FROM INVENTORY TO SALES SUMMARY
PROMPTS USER, VALIDATES EACH ENTRY, MENU DRIVEN
Approximately 60-100 entries/inputs require only 2-4 hours weekly and your entire business is under control.

*PROGRAMS ARE INTEGRATED—
01=ENTER NAMES/ADDRESS, ETC

02=“ENTER/PRINT INVOICES

03 = "ENTER PURCHASES

04 = "ENTER A/C RECEIVABLES

05= “ENTER A/C PAYABLES

06= ENTER/UPDATE INVENTORY

07 = ENTER/UPDATE ORDERS
08 = ENTER/UPDATE BANKS

09 = EXAMINE/MONITOR SALES LEDGER

10= EXAMINE/MONITOR PURCHASE LEDGER
11 = EXAMINE/PRINT INCOMPLETE RECORDS
12= EXAMINE PRODUCT SALES

Package includes 31 programs. Version 2: $750

SELECT FUNCTION BY NUMBER—
13= PRINT CUSTOMER STATEMENT

14 = PRINT SUPPLIER STATEMENTS
15= PRINT AGENT STATEMENTS

16 = PRINT TAX STATEMENTS

17 = PRINT WEEK/MONTH SALES

18= PRINT WEEK/MONTH PURCHASES
19= PRINT YEAR AUDIT

20=PRINT PROFIT/LOSS ACCOUNT

21=UPDATE END MONTH FILES
22=PRINT CASH FLOW FORECAST
23 = ENTER/UPDATE PAYROLL (NOT YET AVAILABLE)

24 = RETURN TO BASIC

WHICH ONE? (ENTER 1-24) Each program goes to sub menu, e.g.. (9) allows A. LIST ALL SALES; B. MONITOR SALES BY
STOCK CODES; C. RETRIEVE INVOICE DETAILS; D. AMEND LEDGER FILES; E. LIST TOTAL ALL SALES.

* VERY FLEXIBLE. « ADD YOUR OWN FUNCTIONS. « EASY TO INTEGRATE.

All programs in BASIC for CP/M.

Complete listing in BASIC also available: $300

John D. Owens Associates is the U.S. Distributor for G.W. COMPUTERS, LTD, the producers of this beautiful package.

WE EXPORT TO ALL COUNTRIES — OVERSEAS CALLERS USE (212) 448 6298 ONLY

JOHN D. OWENS ASSOCIATES, INC.
12 SCHUBERT STREET, STATEN ISLAND, NEW YORK 10305

(212) 448 6283

DAY, EVENING, WEEKEND, HOLIDAY CALLS WELCOME!

(212) 448 6298

We have no reader inquiry number. Please write or call.
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pitchers. If anything other than a car- Listing 4: The Stats program, which computes and displays statistics from box scores of
riage return is entered, the computer simulated baseball games. An example of its use is shown in figure 6.

branches to the lineup entry section
of the program and the user will be
required to enter new lineups.

You can keep track of batting
averages, earned run averages, and
other statistics by loading the pro-
gram Stats (listing 4) and entering the
appropriate file name. This will give
you a complete printout of all the
statistics as shown in figure 6. The
statistics shown are for all six games
of the "World Series” that was just
played.

The statistics keep accumulating
each time the program is run. There-
fore, I have provided program Erase
(shown in listing 5). Figure 7 shows
this program being used; the user
merely supplies the file name. This
program erases statistics extracted
only from the games played, not the
ratings information shown on the
roster (figure 2) for each player. That

| DTMNE(270)
SOLINE g0
10 INFUT*FILE

NAME 7 "y FS\OFENEOF$

12 FORA=OTOLSEN=(AX10) HINREADEO yNS(NyN+P ) v Z9Z9ZrZ9Z v Z v Z\NEXT

14 FORA=OTOINN=170+( (AXL10)+ 1) \READNEO s NB(NsN+D) v ZyZ v Zy Z\NEXT

20 1 "NAME AR H HR REI  AVE  NAME IF H R ER"y
30 1 KO EEOW oL ERA'NFORA=L1TO79N s \NEXTN!"*®

40 FORA=OTOLIANE=11194+ (AX20I\REATIROLE»Cy Dy E 2 F\G=0

IFC:
GO N=
70 TFAX9THENPONR=1409+ (A%
72 READBOLHsCyliv v FeGeHy I\

: AT JPAN SRS CME § (ANER
74 EQ=ONTF O-QTHENE 9= (F

OTHENG=I/CNT =T 140N

PR INNEXT
1ITOPON -

'7\NFX]\|"’

'1/411111
yZA4T e F1 P2

is how I run my complete computeriz-
ed baseball simulation.

Necessary System Components
What do you need to run these pro-
grams? An 8080-based micropro-

6a 61 YANKS
d H HR REI  AVE
SKOWRDON- 4 0 200 0
RICHARDSON 24 4 0 Y167 13 ? 2
- 7 0 0 .304 g 3 0
. 0 0 .158 0 0 0
4 g 391 . ] 0 0 &)
2 S .261  SHELDON--- 0 0 0
O 0 000 DALEY---- 11 14 7
2 5,348 TURLE 0 0 ¢}
0 4 313 RENIF 4 4 2
0 1,429  DUREN-- & & 3
& 3,500
0 O .000
O 0 .000
0 O 000
0 0 .000
0 O 000
6b

oL ]"JF ¥
HA[ Lq 0 0
0 0
1 O
0 0
G 0

1 1 KOUFAX- ]
1 4 ,T00 { 17 13 b
0 1 .147 ? g ?
¢] 2 .150 1 ? b
2 4 238 o] 1 2
1 5 .333  RICHERT- -~ [¢] 0 0
0 4 .240 CALMUS 0 0 0
O 0 .048 WILLHITE O 0 0
(¢} 0 .500 FROERUCK - 0 0 0
¢} 0 +000  SHERRYw - 7 12 b
0 3357
0 0 .000
O O .000
¢} O 000
0 0 000
0 0 .000
0 Q0 000

29 .2 48 29

24INT3=T3+ENTA=TA+F
CAXLIODHININS (NyNED ) v ZAL s Ca Uy L3L v Ev LAy F o LTF 3Gy * "y
INN=171+(AX10)

I’I/lOO)\I\ I~(100%.J)

“OAGNF &R SHHNF 7=F7 + NFB=F8+K

SOTHENF Q= (FA4%27 Y /FINFL=INT(F1/3)
2943y T3y %A s TAY ALTF 3210y
rF3sF 4y T

TrF&sUIL s F79FB s LE&F2F9

cessor system that can be linked to a
North Star floppy-disk system, a
North Star disk-operating system in-
cluding BASIC, 24 K bytes of mem-
ory, and a terminal. The memory re-
quirement is large because of the size

W
3 5 7 0 1 3,12
1 8 6 2 0 .68
0 3 3 0 0 .00
0 0 0O 0 0 00
0 0 0 0 0° .00
0 0 0O 0 o0 .00
o a8 3 1 0 3.86
o] 0] 0O 0 0 .00
2 0 2 1 0 4.15
2 3 o o0 1 2.84

4 3 1 0
4 2} G300 2 2412
1 0 5 1 0 1.00
¥} 2 1 0 1 9.00
0 0 1 0 1 .00
0 0 0O 0 0 .00
0 0 o 0 0 00
0 0 o 0 0 +00
0 0 0O 0 0 .00
4 b 6 0 0 4,91
18 302 4 3 12

Figure 6: Statistics for six ganes of the “World Series” between the 1961 Yankees (6a) and the 1963 Dodgers (6b).
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Listing 5: The Erase program, which deletes from the data file statistics developed from
the games which have been simulated by the Game program. The roster ratings infor-
mation is retained. See figure 7 for an example.

10 INFUT*FILE TO BE "yFe

20 OFENEOSF$

30 B=1114\KEADFOZEyC\NFORA=1TO138\WRITE$0» Z\NEXT
40 CLOSE#0

ERASED 7

Listing 6: The Game program, written in North Star BASIC, which uses data based on
historical performance of real baseball players to simulate any desired contest between

various teams, This program occupies 24 K bytes of programmable memory when used
with the North Star BASIC system.

1 INFUT*NUM? *y ANFOREB=0TOANC=RNICO) \NEXT

% LINEBO

10 IIMHCLy16514)sF (LsP 90 7)sMBECTA0) oS (Lo Br2r 1) s FS (20, THC20)
LS DIMHS(24),851¢(1,10)E(8),R(8)

17 HE="SINGLEDOUR
20 Fo=" 1 C1E 3t
30 FORA=0OTOINE
40 OFEN$0»F$\E
Y0 READEOQOsN$ (I~ ¢ H)\IF ORI
60 FUhCnOTU9\B E+1ONREAD#O s N$ (E-~
' . ONNEXTA

INFUT"TEAM 7 "» T$(B-PsEI\F$=TS$(E~PyK)

OTO1&6\E=R+10
OTOANREAD#O »yH(Ay Cy [N \NEXTINNEXTC
Py EDNFORD=0TOINREAIFO s F (A Ly ID\NEXTD

OTOBN! "BATTING® sC+1s® ">
ING (A CrOr 1)

LINE-UF "\FO
PrYIENG(AYCrQy Q)

INFUTL*TI, F
81 TFE<10RE> 1OTHENSO
82 Fa(AK270)+(IKLO)+1\C

X2

83 JFD:

LOATHENSON T TAR (40,
349 'N$(Iv|)9)- yFECG-T G NINFUT® OK 7 * 7%
- L P THENSONNEXTI
To% 0 *ITCHER 7 "y W(A+2)
CPTHEN?ON I TAR (40) »
Fo k22001704 CLOXW AT I HININS(FF+9),° "y

UK TN ZENIFZ$

INFUI' " "THENPO\NEXTA

I AN

EH=0TO1
#6510 10T HENEXIT?70
) C 'I.J(B)\[I:' ] 3
OTOSINTFS (B CoEy 1)

; 270%E)+ (LOXF )+
LaONIFH(EsF Q) =2THEN130
128 TFHRsFyO)=F(LyF»3) THENIZ29\L. =
129 L= -0 Q05

130 He o K (HCEsF o5 4F (Do Fe2) )t AWDHAIN\NH (B F» 7)=HEH F 2 7)) 41
135 'NE(GyG+P) s " “y

G=RNINCOINTFGEHTHENBOO

SKCHCBsF oy L)HF (D Py 1)) +LAWCDHA)

ITHEN7QONF (D FpG)=F (DsFr3) 1

NIHCOOI\F OR PTOANTFHOEF 9 G) 2=HTHENEXIT190

NEXTNG=1

KGN THE CH-G s HINH(HF 5 8) =H(EByFy 8) +INGOSUR7000NGOSURS200
THENH(RF s @) =H(» F P ) +1

| FTHENC=0NW (B = E9=0

LANDST (1510351 (0y10) THENEXIT?640
JTHENT1Z20N\GOTO?50

NHOBeF o 7)=H(RBsF s 7)-INF(DsFyP)=F (NeFeP)+1\G=
GPHONGOTO200

- (H(EsF 9 6)+F (D F s 3))INIFRND(O)
PESTRIK

COTHENF =S (Ry Cr Xy O)\NNEXT

LO1ENGOTO130

INGOSUB&PH0

HTHENS20

5 OUT!
Dy s 83) ‘LD;IyH)}l\GOIUUBO
TFRNIICOQ)- ’ ; 1 E =12+ 1INGOSUBS000N\GOTOZ00

IFRNDCO INEBE L) =0N09=09+2
R(l) <O\ TF

=ONN=1NT
"IE
1FU

Dy Fe 4) +INOP(]
)=0NR G ) =0\NF
l(|v10)THFN9/OV

F(G3,G4y102
GOSUBLOOONFOR

Listing 6 continued on page 130
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FUN

FILE T0 BE ERASED 7 41-YANKS
READY

RUN

FILE TO BE ERASED 7 43-1.A
READY

Figure 7: Sample execution of the program
Erase of listing 5. This program purges
statistics from simulated gawmes; it does
not alter the roster ratings information.

of program Game. With Game load-
ed in memory, only 132 bytes out of
24 K bytes are free, even after releas-
ing the memory allocation for the
functions ATN, SIN, COS, LOG,
and EXP. The actual memory used by
Game is 11,432 bytes.

Table 1 shows the North Star direc-
tory of the disk used to store the six
programs of the package and the data
files. Each team data file is eight
blocks long. Five of the programs in
the package are short. Programming
details will be given only for the one
long program, Game. It is likely that
if the user wishes to enhance or
modify the package, program Game
will have to be changed. If you
understand the workings of Game,
the rest is simple. The North Star
BASIC code for Game appears in
listing 6.

Table 2 describes the operations of
Game by line number groups, while
table 3 defines the key wvariables.
Figure 8 is a flowchart of the major
divisions of program operation.

Use of Statistics

The program determines if a batter
gets a hit by adding his hits rating to
the pitcher’s hits rating (consult figure
2). This result is combined with the
pitcher’s tiring factor and a factor
determined by the relationship be-
tween the batter's hitting side (right
or left) and the pitcher's throwing
arm (right or left). This result is then
multiplied by 0.5 and compared to a
random number. Look at table 4 for
an example,

If the random number is below the
final hit factor, the batter gets a hit.
Note that the hits rating is not the
player’s batting average, because the
player has the possibility of walking.
Next, a walk rate is determined: Yas-
trzemski's .370 plus Wise's .323 multi-
plied by 0.5 = .3465.

This walk rate is compared to the
same random number as before to
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Listing 6 continued:

\NEXT\NEXT
G1y6G2yG3)

Gy

=ONNEXTNWY @0
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4 4 2

g 4 2
INF UT 12 b 2
INFUT2 18 6 2
ROSBTER 24 6 2
ROSTER2 30 & 2
GAME 36 22 2
GAME 2 58 22 2
STATS 80 6 2
STATS2 86 6 2
61-YANKS 92 g 3
&97-METS 100 1) 3
75-BOSTO 108 8 3
63--l.A 116 8 3
K2-METS 124 g 3
FIX 132 é 2
FIX2 138 & 2
X

Table 1: Directory of the disk files con-
sisting of the baseball-simulation pro-
grams and data. Each team data file is
eight blocks long on this North Star Com-
puter floppy disk system.

determine if the batter gets a base on
balls. Assuming that the batter makes
an out, a strikeout possibility is deter-
mined in a similar manner with a new
random number (.169 + .136x 0.5 =
.1525 is the Yastrzemski/Wise strike-
out factor). If the batter is not a
strikeout victim, another random
number is generated to see if he hits
into a double play, reaches base on an
error, or advances the runners that
might be on base.

Hits, Runs, and Errors

On the occasions when a batter
gets a hit, a random number is com-
pared first to his double rate, then his
triple rate, and finally his home run
rate (Yastrzemski has ratings of .205,
.212, and .308 for these hits). [By a
pleasant coincidence, this article was
edited on the same day that Carl Yas-
trzemski hit his home run number
hexadecimal 190....RSS]. If at any
point in the comparisons the rate ex-
ceeds the random number, the com-
parison process ceases and the batter
is awarded the type of hit currently
being considered. If all comparisons
tail, the hit is assumed to be a single-
base hit. A new random number is
generated to see if the possible base
runners advance one base more than
the hit is valued at (single = 1,
double = 2, etc).

The variable array (with seven ele-
ments) is used to keep track of base

Teat continued on page 134
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Circle 278 on inquiry card.

\ \ Line Operation Performed
Numbers

\‘ 1 thru 20 a) Generate seed for random number
b b) dimension variables

c)read descriptive data

a 30 thru 65 Read data from disk files

‘ 67 thru 94 Batting order input section
100 Set start and end inning
110 thru 990 Play game
992 thru 998 Select pitchers for new game
1000 thru 1180 Subroutine for printing box game

5 2000 thru 2080 Subroutine to write updated statistics to disk file

5900 thru 6070 Subroutine to determine run scored and position of base runners

6100 thru 6190 Subroutine for player substitutions
SOftwa I‘e 6200 thru 6230 Subroutine for determining winning and losing pitchers
System 6950 thru 7040 Subroutine for calculating earned runs
FAMOS™ "ll'atllale 26: Operations performed by various lines of BASIC code in the Game program of
isti .
MULTI-TASKING DOS: sing
e 8080/280
¢ Device independent file system Variable Use
e Multi-sessioning/spooling Dimggsdions
e Full user accounting $(1,8,2,1) 1=Teams
* All files dynamic g=bat:i”£t!h0fdefl _ h bati i
i ; : =up to three players in each batting position
* Multi-user file securlt'y X 1 =identification number and position
¢ [ntersystem communications
T$(20) Team names
$100 BUS SUPPORT P$(20) Position names
MVT-BASIC™ H(1,16,14) 1=Teams
16 = seventeen players
MULTI'USER CC?MPILER 14 = 0 to 6 = player ratings
¢ Powerful file, string 1/0 7 t0 10 = at bats, hits, home runs, and runs batted in
e Chaining . . . parameter passing for the game .
e 1ISAM/sort facilities 11 to 14 = total at bats, hits, home runs, and runs batted in

A . as read and written to disk
e Random, sequential files

* Machine language calls P(1.9.9)  1=Teams
¢ E t . 9= ten pitchers
rror trapping 9 = 0to 3 = player ratings
410 10 = innings pitched, hits, runs, earned runs, strikeouts,
HARD DISKS SUPPORTED walks and win or loss for the game
1110 17 = total innings pitched, hits, runs, earned runs, strikeouts,
MVT-WORDFLOW™ walks and wins or losses as read and written to disk
- W(9) 0 who's up (visiting team)
MULTI-USER WORD 1 who's up (home team)
PROCESSING SYSTEM 2 visiting team's pitcher
e Concurrent data processing 3 home team's pilcher
s . . 4 visting team pitcher's tiring factor
e Automatic field insertion 5 home team pitcher's tiring factor
e Global search/replace 6 leading team number (0 or 1)
e Library file insertion 7 identification number for leading pitcher
" . . 8 trailing team number
® “Cutting & pasting”/block moves 9 identification number for trailing pitcher
e Full WP printer support B(7) ; runner on first 4
. . runner on secon
e Multiple pnnte_rs/cor_ncurrent. 43 runner on third
e Wordwrap/variable line spacing 4-7 runs scored
e All options under user control R(7) same as B(7), but tracks earned runs
IMMEDIATE DELIVERY Table 3: Use and size of array variables in the Game program of listing 6.
AVAILABLE TO MANUFACTURERS/
OEM FOR PRIVATE LABEL \Xlastraemski Hits = .232
ise Hits = .253
MARKETING Pitcher tiring factor(assume0) = .000
Left handed batter versus
right handed pitcher = .015
VMVT 500 X 5 = .250
M MICROCOMPUTER
SYSTEMS INC. Table 4: Statistical determination of the probability of batter Yastrzemski producing a
——— safe hit from a pitch thrown by Wise. The hits factors for pitcher and batter are added
together, along with a factor for pitcher tiring and a factor for the relationship of a left-
handed batter facing a right-handed pitcher. The sum of these factors is multiplied by
9241 Reseda Blvd., Suite 203 0.5 and then compared with a random number. If the randoni number is less than the
Northridge, CA 91324 computed probability, Yastrzemski has hit safely.
\ Phone: (213) 349-9076 /
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Figure 8: Flowchart of the major divisions of operation of the Game program of listing

6.

Text continned:
runners; all B values are set to 0 every
half inning. If a batter gets a single
that advances all runners by one
base, variable B(4) is set to equal the
value of B(3), B(3) is set to B(2), B(2)
to B(1), and B(1) isset to a value of 1
plus the opposing pitcher’s identifica-
tion number. If a batter gets a single-
base hit that moves runners two
bases, B(5) is set to the value of B(3)
and B(3) is set to 0, B(4) is set to the
value of B(2) and B{(2) to 0, B(3) to
B(1) and B(1) to 0, and B(1) is set to a
value of 1 plus the opposing pitcher's
identification number. A similar pro-
cess is used on outs that advance run-
ners.

This procedure is done in the sub-
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routine beginning with line 5900 in
listing 6. The second half of this
subroutine determines if any runs are
scored by seeing how many of the B
array elements with subscripts be-
tween 4 and 7 are not 0. Each positive
number indicates one run. When I
first wrote the program, the B array
elements were set to either 0 or 1.
However, by using the pitcher’s iden-
tification number plus 1, all runs
scored can be attributed to the record
of the appropriate pitcher.

A similar tracking of runners and
runs is recorded in the variable array
R (with seven elements). This is need-
ed to register earred runs only. All er-
rors are assumed to be outs. There-
fore, certain runners and advances

are ignored, and innings end earlier
with this variable allowing for the
proper calculation of earned runs.

A subroutine for calculating win-
ning and losing pitchers (beginning
with line 6200 in listing 6) is consulted
after each run is scored. If the par-
ticular run scored breaks a tie (the
game starts with the score 0 to 0), a
new winning pitcher is recorded. If
the run causes a tie, the current win-
ning and losing pitchers are removed
from their particular status.

As demonstrated in the sample, a
substitution can be made only after a
run is scored. This is due to the fact
that the subroutine at line 6100 is cur-
rently consulted only at that point. If
you desire the option of a substitution
after every play, merely add the pro-
gram line:

122 GOSUB 6100
and remove the current:

“GOSUB 6100
from line 6070.

Program Testing

After you enter the Game program
into your computer, a test routine
will be necessary to check for possible
errors made during the program'’s en-
try. Changes in line 990 and in line
6100 of listing 6 will permit the pro-
gram to loop and play numerous
games without requiring any input
from the user after the lineups are
assigned. The revised lines are:

990 C9=C9+1:IF C9=50
THEN 998 : GOTO 100
6100 RETURN

These modifications make the pro-
gram play fifty consecutive games
(C9=50 determines the number of
games) with the same lineups and
without asking the user for any sub-
stitutions.

In order to test the program after [
wrote it, [ played the 1961 New York
Yankees against the 1962 New York
Mets for fifty games. The results were
amazing. The Yankees (who won 109
of 162 real games for a winning
percentage of 67% in 1961) won 35 of
the 50 games in the simulation for a
70% winning average. The Mets
(who won 40 of 160 games, or 25%,
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Figure 9: Individual player statistics derived from the simulated play of fifty baseball games between the 1961 New York Yankees (9a)
and the 1962 New York Mets (9b). In this fifty-game series the pitcher-tiring factor was set to 0. In team results, the Yankees won 39
of 50 (78%) of the gamies, and the Mets won 11 of 50 (or 22%).

in 1962) won the other 15 games for a
30% winning average.

The numbers of hits and runs
scored in this simulation were a little
bit high, since the designated hitter
was used (this did not occur in either
1961 or 1962) and the pitchers were
never removed after tiring. Every
time 2 runs are scored in an inning
and for every scoring occasion in an
inning after the 2 runs have been
scored, the pitcher’s hit rating is
worsened by 0.025. This is done in
line 6042 of the Game program.

A second test of fifty games was
run. However, this test eliminated the
tiring factor by changing the equation
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in line 6042. This line is branched to
by other program statements; thus it
could not be removed. Instead it
became. a nonfunctioning line:
W(D+4)=W(D+4). The program
was again tested.

In the second test, the Yankees won
39 (or 78%) of the games, while the
Mets won only 11 (or 22%). The in-
dividual statistics appeared reason-
able and are shown in figure 9. The
model was clearly performing ac-
curately with the statistically better
team winning the majority of the
games. The program Game was
modified back to its original form,
and the World Series described at the

beginning of this article was run using
the model.

Due to memory limitations, other
enhancements were left out of this
baseball-simulation model. For exam-
ple, the display message for outs
could be replaced by regular baseball
scoring (6-3 meaning ground-out
from shortstop to the first baseman),
home run rates could be determined
by the size of the field the simulation
is assumed to be played in, and pre-
pared lineups for each team could be
stored on disk to facilitate play. If
you modify these programs, please
write to me. | would like to know the
details. m












Stack It Up

Charlton H Allen
20B Blossom St
Nashua NH 03060

Most microprocessors currently available
employ a stack of some sort. This stack is
either a scratch memory in the processor
itself or an addressable programmable
memory characterized by retrieval of infor-
mation in the reverse order of storage using a
pointer. In the common parlance, a stack is a
LIFO (last in first out) mechanism. It is a
very useful feature for preserving the proper

Listing 1: PARSE, a translation procedure written in an informal ALGOL,

140

STRING PROCEDURE PARSE(Exp):

STRING Exp;

BEGIN
EXTERNAL INTEGER PROCEDURE Intoken ;
LOGICAL Endinput, Errflag
INTEGER Position, I, J, T

INTEGER ARRAY § = (

1 -1 -2 2 -9,
-3 3 4 -4 -9

5-5 -6 6 -9,
-7 7 8 -8 -9
9 -9 -9 _§ -9y

= false;

STACK Q;
Errflag = Endinput
PARSE = null; Position = 0

I = Intoken(Exp, Position, Endinput);
J := Intoken(Exp, Position, Endinput);

COMMENT I is last token, J
IF Endinput THEN Errflag
ELSE WHILE NOT Endinpu

iscurrent ;

= true

t DO BEGIN

T := §(IJ);, IF T <V THEN Errflag := true
ELSE CASE T OF BEGIN
COMMENT valid sequence of tokens ;

CASEl: BEGIN
Q =PAR

END;

CASE2: null;
CASE3: PARSE :

CASES: BEGIN

SE; PARSE := null;

= PARSE . @
CASE4: PARSE := PARSE .

Exp(Position) . ‘$";

Q = PARSE . ‘$’; PARSE := null
END;
CASE6: PARSE := PARSE . Exp(Position);
CASE7: PARSE := PARSE . Q;
CASES8: PARSE := PARSE . Exp(Position) . Exp (Position-1);
END;
I =13,

J := Intoken(Exp, Position,

END;

Endinput);

WHILE NOT Q = empty DO PARSE := PARSE .Q;

IF Errflag THEN PARSE
END.
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:= null;

order of subroutine call and return points
with minimal hassle. Experienced program-
mers using 8080 type machines quickly dis-
cover its other uses; for example, a direct
register store instruction is three bytes long
on the 8080, whereas a register stack instruc-
tion is only one byte. As a result, saving
registers used by subroutines and restoring
them later is cheaper if the stack is used in
preference to some directly addressed
memory area. More importantly, perhaps,
the availablity of such a mechanism greatly
simplifics the writing of reentrant routines,
je: ones which do not modify themselves in
the process of execution. Note, however,
that all the mechanisms provided in micro-
processors to date for stack operations are
explicitly fixed mode and singular. There is
only one stack, and it operates on entities of
the same width, in number of bits, as the
accumulator(s). Moreover, these entities
have no attribute other than their fixed
width, in bits.

In contrast, several large scale computers,
such as the Burroughs 5500 processor with
which | am familiar, employ a more genera-
lized stack mechanism in which:

® The storage area for the stack(s) is in-
dependent of the central processor’s
memory, ie: not directly addressable.

® The entities being stored and retrieved
have attributes of type (integer,
fogical, rcal, string, array) and of
length (array size).

® Multiple stacks may be processed si-
multaneously and independently.

To achieve the latter, the stack controller
requires a ‘‘stack control block” in central
processor addressable memory to be
uniquely associated with each active stack.
Otherwise, such stack controllers bear ap-
proximately the same relation to the central
processor and its addressable memory as a



high speed data channel, in that the data
transfers are generally effected through cycle
stealing direct memory addressing, and an
unmaskable interrupt to the central proces-
sor occurs only when an error condition,
stack overflow or underflow, is detected.

| don’t seriously propose such a stack
controller for the representative homebrew
computer system. | do propose, however, to
show by example that incremental program-
ming development in that direction can pro-
vide correspondingly simpler solutions to a
large class of computing problems.

A Problem

One of the curious properties of calcula-
tors using Polish notation techniques is that
any expression using the operators provided
on the keyboard can be evaluated in an abso-
lute minimum of keystrokes. Moreover, the
required number of temporary storage areas,
depth of stack, is at most the number of
operands for the most complex operator. In
an exactly analogous way, a stack of depth
two or a second accumulator is sufficient in
digital computers for evaluating any size ex-
pression using operators corresponding to
native instructions, provided that the terms
are calculated in the correct order. The price
one pays for this admittedly pleasing
property is learning to think things from the
inside out. The user mentally seeks the
interior of the expression, innermost term in
parentheses, and works outward in calcula-
tion left to right. The pity is that it doesn’t
come easily to lots of folks since most
people use the algebraic method of solving
expressions which is the way they were
taught in school. [/f a larger stack is used
the expression can be evaluated from the left
to right with the intermediate answers
pushed onto the stack. . .RC/

A Solution

The main problem with Polish notation is
really one of representation. One wants to
enter an expression in the same way it
appears in, for example, a statistics hand-
book. If that could be done, if a way could
be found to rearrange expressions from
algebraic form to Polish notation, a
mathematical calculator or computer could
be constructed having the computational
efficiency of Polish notation without sacri-
ficing ease of use. In fact, this process of
rearrangement has been intrinsic to most
higher level programming language compilers
and interpreters for many years. The manner
in which the rearrangement is done is most
easily explained in terms of a program

Input string: 1 + ({{(A+B)/C) — (D*(E—F)/G)) / H
Position i i t PARSE Q
1 4 null empt
2 4 3 8 +1 e
3 3 1 5 nult +1$
4 1 1 1 null null,
+1$
5 1 1 1 null null,
null,
+1$
6 1 4 2
7 4 3 8 +A
8 3 4 6 +AB
9 4 2 7 null,
+1$
0 2 3 4 +AB/$
11 3 4 6 +AB/$C
12 4 2 7 +1$
13 2 3 4 +AB/$C-$
14 3 1 5 nuil +AB/$C—$$,
+1$
15 1 4 2
16 4 3 8 *D
17 3 1 5 null *D$,
+AB/$C—$$,
+1$
18 1 4 2
19 4 3 8 —E
20 3 4 6 —EF
21 4 2 7 —EF*D$ +AB/$C—$$,
+1$
22 2 3 4 —EF*D$/$
23 3 4 6 —EF*D$/$G
24 4 2 7 —EF*D$/$G+AB/$C—$$ +1$
25 2 2 3 —EF*D$/$G+AB/$C—$3+1$ empty
26 2 3 4 —EF*D$/$G+AB/$C—$$+1$/$
27 3 4 6 —EF*D$/$G+AB/$C—-$$+135/$H

Figure 1: Sample parsing process resulting from use of program PARSE.

which does just that by use of a stack only
slightly more general than the native stack in
microprocessors.

Explanation

Listing 1 is a procedure for parsing, com-
puter jargon for rearranging, generalized
binary operator expressions. In somewhat
less prosaic language: PARSE is a program
which takes an algebraic form expression
and rearranges it to produce a sub-Polish
notation form expression containing refer-
ences, where needed, to the runtime stack.
Its output presumes that the result of each
calculation is immediately placed on the
stack.

Note that PARSE does not count paren-
theses. In fact, it does not even use them
directly. Instead, it uses an external pro-
cedure called INTOKEN to scan the input
expression, EXP, and produce encoded
tokens depending on the current input:

for a left parenthesis.

for a right parenthesis.
for an operator.

for a constant or symbol.
if none of these.

VWK —

Text continued on page 144
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Listing 2: INTOKEN encodes the current character in the input expression,
Exp. As before, an informal ALGOL type notation is used.

INTEGER PROCEDURE INTOKEN (Exp, Position, Endinput):
LOGICAL Endinput;
INTEGER Position ;
STRING Exp;
BEGIN INTOKEN := 0;
IF Position = SIZE(Exp) THEN Endinput := true
ELSE BEGIN
Position := Position + 1;
WHILE Exp(Position) = ‘ ' DO Position := Position + 1,
IF Exp(Position) = ‘(" THEN INTOKEN :=1
ELSE IF Exp(Position) = ')’ THEN INTOKEN := 2
ELSE IF Exp(Position) = ANY( '+, ‘—','*', /' ) THEN INTOKEN =3
ELSE BEGIN
INTOKEN := 5;
COMMENT Presume error first, determine otherwise later;
IF NOT ( 0 > Exp(Position) OR ‘9' < Exp(Position))

THEN BEGIN
INTOKEN := 4;
WHILE NOT ( 0 > Exp(Position) OR ‘9’ < Exp(Position))
DO Position := Position + 1;Position := Position —1;
END ELSE
IF NOT ('A’ > Exp(Position) OR ‘Z’ < Exp (Position))
THEN BEGIN
INTOKEN := 4;
WHILE NOT (‘A’ > Exp(Position) OR *Z’ < Exp(Position))
DO Position := Position + 1; Position := Position --1;
END;
END;
END;

END.

Listing 3: Single stack control routines written for the 8080 processor.
STACK places a string of characters on a LIFO list, followed by the length
of the string. POPSD removes the length of the last entered string, if any,
from the list. POPUP removes the last entered string, if any, from the list,
(Note: These routines are not debugged, in fact, the symbol STACK is
multiply defined, so that it won't assemble correctly. They are included here
only to suggest an appropriate technigue.)

STACK: PUSH PSW ; COMMENT The following presumes
PUSH B ; external procedures ABUF and
PUSH D ; RBUF whose functions are,
PUSH H . respectively,

XCHG ; acquire a buffer of byte size
LHLD STACK ; specified by A, returning
PUSH H : address in H,L or zero if
POP B H none available

ADI 3 ; release a buffer addressed by
CALL ABUF : H,L to the buffer pool ;
MOV AH ;

ORA L ; STACK: SAVE(H,L);

JZ STKOF ; ABUF (A+3); IFO

SHLD STACK ; THEN SET(Carry)

MOV AC ; ELSEBEGIN

STAX H ; COMMENT Stack entry contents:
INX H : +0  addr of previous entry
MOV AB H +2  size of current item
STAX H : +3  current item

INX H H

POP PSW H caller provides size in A,
MOV B,A ; item data address in H,L ;
STAX H ; RESET (Carry);

ORA A ; MEMORY(H,L) :=Stack;
JZ STKCX H Stack = (H,L);

INX H H (H,L) = (H,L) + 2;

STKCY: LDAX D ; MEMORY(H,L) := A;
STAX H ; (HL) = (H,L) + 1;
INX H ; RESTORE(D,E); SAVE(D,E);
INX D ; WHILE NOT A =0DO
DCR B ; BEGIN
INZ STKCY ; MEMORY (H,L) := MEMORY (D,E);

STKCX: POP H ; (HL):= (HL)+ 1;

POP D ; (D,E):= (D,E)+ 1;
POP B H A =A-1,

Listing 3 continued on page 146
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Text continued:

Another peculiar property of PARSE,
presuming you haven't figured out how it
works vyet, is that only one complete
INTOKEN scan of the input expression is
required because of the use of a stack, Q, for
retaining the symbols for intermediate
expressions. INTOKEN recognition of paren-
theses (output codes 1 and 2) effectively
controls stacking and popping up symbols
for intermediate expressions in the required
order.

The operation of PARSE depends criti-
cally on the array S. In use, its row subscript
is presumed the value of the last INTOKEN
output, its column subscript the value of the
current INTOKEN output. Specifically, if
the last input token was a left parenthesis
and the current input token was ‘E' (a
symbol or constant) then INTOKEN's last
and current outputs would be 1 and 4; the
matching element in S (row 1 column 4) has
value 2, so that the statement CASE?2 would
be performed. Subsequently, ] replaces | and
INTOKEN is again invoked to evaluate )
anew; a new element of S is fetched using
the new values of | and | as subscripts; and
the element of the CASE statement list
matching the new value taken from S is
performed. This process is repeated until
INTOKEN sets Endinput true, indicating the
end of the input string Exp has been detec-
ted. Since the last two tokens might be right
parentheses, and PARSE does not in fact
process the last token since tokens are used
only in pairs, the stack Q is always flushed
before PARSE finishes.

PARSE is presented in informal ALGOL
only in the hope the process per se of suit-
ably rearranging algebraic form expressions
can be made more easily understood than via
an equivalent 8080 assembly language pro-
gram which might prove to be a trans-
literation nightmare for the novice LSI-11 or
PPS-8 programmer. Contrarily, the step by
step listing of PARSE and the associated
control indices in figure 1 should aid in
understanding what PARSE is really doing,
with respect to the hypothetical expression.
The function of INTOKEN, recognizing and
encoding the elements of an expression, is
sufficiently straightforward that an explicit
statement of it is hardly necessary, but list-
ing 2 is included nonetheless in informal
ALGOL. The remaining question, perhaps, is
one of making the stack Q of PARSE
operable on a microcomputer. To that end,
listing 3 shows a hypothetical implementa-
tion of single stack control routines STACK,
POPUP, and POPSD using 8080 assembler
format.






Listing 3, continued:

STC
CMC
RET

STKOF:
POPUF:

POPSD:

POPZD:
POPXD:

LHLI:

STACK:
POPUP:

POPCY:

POPCX:
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POP
POP
POP
POP
STC
RET

PUSH
STC
LHLD
MOV
ORA
Jz
INX
INX
cMC
LDAX
JMP
SUB
POP
RET

aCDUI

H

STACK
AH

L
POPZD

Now what? Well, for a start let's observe
that PARSE will work only with binary
operator expressions. Right? Well, not quite.
Note that PARSE passes the buck for recog-
nition. |f INTOKEN can recognize unary

END;
END;
RESTORE(H,L);

POPSD: IF Stack = 0

THEN SET(Carry)

ELSE BEGIN
COMMENT Give caller size
of next entry to pop, for
buffering as needed ;
RESET(Carry);
SAVE(H,L);
(H,L) := Stack + 2;
A = MEMORY(H,L)
RESTORE(H,L);

END;

The following must bein R/W
memory, since Stack is the
list-origin address, and LHLI
is externally modified to
effect an indirect LHLD.

LHLD
RET
0
PUSH
PUSH
PUSH
PUSH
LHLD
XCHG
POP
MOV
ORA
Jz
PUSH
PUSH
INX
INX
LDAX
ORA
Jz
INX
MOV
LDAX
STAX
INX
INX
DCR
JNZ
POP
XCHG
SHLD
CALL
SHLD
LHLD
CALL
POP
POP
POP
POP
STC
CMC
RET

0 ;

mp T
o

o]
@]
]
[=)
o]

YrooooI

OPCX

»

WOITITOwO

o'
o]
)
9]
-

LHLI+1
LHLI
STACK
LHLI+1
RBUF
H

D

B

PSwW

POPUP: IF Stack = 0

THEN SET(Carry)

ELSE BEGIN
COMMENT Target area is
specified by caller H,L;
RESET(Carry);
SAVE(D,E,H,L);
(D,E) := Stack;
B = MEMORY (D,E + 2);
SAVE(D,E,H,L);

(D.E) = (DE)+3;
WHILE NOT B = 0 DO
BEGIN

COMMENT Zero-length entries
are removed but not copied
MEMORY(H,L) :=MEMORY(D,E);
(D,E) =(D,E)+ 1;
(H,L) = (HL)+1;
B :=B-1;

END;

RESTORE(D,E,H,L);

Stack = MEMORY(D,E);

RBUF(D,E);

RESTORE(D,E H,L);

END;

operators, it can also stuff in a dummy
operand on the fly, since PARSE initializes
Position, and thereafter leaves it alone. That
is, the common unary operators are special
cases of a binary and either zeroes or ones:
NOT FRED is equivalent to ones exclu-
sive-OR FRED; NEGATIVE VIBES
is equivalent to 0 - VIBES; and
INVERSE HYPOTHESIS is equivalent to
1/HYPOTHESIS.

How about the results? PARSE can easily
be modified to directly generate machine
language code if INTOKEN is modified to
create or at least have access to a symbol
table; or its output can be used, as is, by an
interpretive calculator program. Obviously,
8080 machines and, for that matter, most
microprocessors lack multiply and divide
instructions, but nonnative operations can
easily be interpreted as operator subprogram
calls. PARSE makes no presumption about
the computer on which it’s run except the
availability of a stack to use with its output
referenced by ‘$’. The operators, for exam-
ple, for which PARSE was developed in the
form shown were character string operators
of combination and proximity. The PARSE
output was interpreted by a program for
searching large textual files on an IBM
System 360 disk unit. The point is that the
results are what you make of them, PARSE
being no more than a procedure for rear-
rangement of expressions.

A final apology before getting under way.
FORTRAN freaks may by now have noticed
an “error’ in that although the tokens 1 and
H in the example of figure 1 are at the
same parenthesis level, the add-1 parse pre-
cedes the divide-H in the final step. Why? |
prefer to ask why one bothers anyway with
operator priorities so long as the desired
order of computation can be explicitly speci-
fied by using parentheses. The example of
figure 1, in fact, was contrived in part to
illustrate that PARSE as shown here
presumes a strict left to right evaluation at
any parentheses level. Operators are not
“ranked’’ as in FORTRAN and several other
higher level programming languages.

One More Time

If the available stack mechanism is only
once more generalized, to provide multiple
stacks simultaneously, some conceptual
simplification of a large class of problems
occurs. As a near trivial example, we illus-
trate in listing 4 a 2 stack sorting procedure.
In essence, it removes records (strings) from
a file one at a time and manipulates the two
stacks, Highside and Lowside, back and
forth until the new record fits in the in-
clusive interval of values bounded by the top



We supply memonry.

All our Econoram* memory is fully static, zips along at 4 MHz with
the Z-80 or 5 MHz with the 8085, supports a number of popular
busses, is available from us through computer stores world-wide, in-
cludes a 1 year limited warranty, and comes in three configurations
to suit your needs. For lowest cost, choose an “unkit” with sockets
and bypass caps pre-soldered in place for an easy, one-evening
assembly. When you just can't wait to get going, order our
assembled and tested version. For critical systems, specify boards
qualified under our Certified System Component (CSC) high-reliability
program. These boards are extensively tested, burned in for 200
hours, and are immediately replaced in event of failure within 1 year
of invoice date. Refer to chart below for pricing.

Name Buss & Notes Unkit Assm csc

8K Econoram lIA S-100 $149 8179 239
16K Econoram WV S-100 S$269 S329 S429
16K Econoram VIIA-16  S-100 $279 S339 $439
24K Econoram VIIA-24  S-100 §$398  S485 S605
16K Econoram IX Dig Grp 8319 $379 n/a
32K Econoram IX Dig Grp $559 S639 n/a
32K Econoram X S-100 $529 S649 $789
32K Econoram XI SBC/BLC nla nla  $1050
16K Econoram XII S-100 (1) $329 $419 $519
24K Econoram XII S-100 (1) S429 $539 S649
32K Econoram XII S-100(2) §999 $699 S849
16K Econoram XIV S-100 (3) $289 S349 S448
16K Econoram XV-16 H8 (4) $329 8395 n/a
32K Econoram XV-32 H8 (4) $599 S729 n/a
16K Memory Expansion (5) $87.20 n/a n/a
16K x 16 or 32K x 8 Econoram XVl — coming soon!

Notes

{1} Bank select board — 2 independent banks addressable on 8K boundaries.
(2) Bank select board — 2 independent banks addressable on 18K boundaries.
(3) Extended addressing (24 address lines). Single block addressable on 4K boundaries.
(4) Bank select option for implementing memory systems greater than 64K.

{5} Chip set expands memory in Radio Shack-80, Apple, and Exidy Sorcerer machines.

*Econoram is a trademark of Godbout Electronics.

Coming soon: 4 MHz Z-80 CPU board, 5 MHz 8085
CPU board, and the Spectrum Color Graphics Board.

NEW!!
The Godbout Box!

By the time you read this, we will be shipping our industrial-grade enclosure.
It's perfectly suited to creating a powerful system based on our line of S-100
boards (or anyone else’s, if you're so inclined). It's rack mount or desk mount
(with sliders for pulling it out of the rack if desired), neat-looking, heavy duty, and
comes with the back panel pre-punched to accept a variety of connectors. Oh
yes, and let's not forget the power supply for powering all your boards; it comes
with the box, too. See your computerstore for details, or write us direct.

Active Terminatonr
Board $34.50 kit

Plugs into any S-100 motherboard (although ours don't need it) ta reduce ring-
ing, noise, crosstalk, and other buss-related problems. Here is an upgrade that is
simple and effective.

TERMS: Cal res add tax. AHow 5% for
shipping, excess refunded. VISA%/
Mastercharge® call our 24 hour order
desk at (415) 562-0636. COD OK with
street address for UPS. Prices good
through cover month of magazine.

Circle 150 on inquiry card.

ompuPro”

Bldg. 725, Oakland Airport, CA 94614

We supply the
S-100 revival.

Why S§-1007 Because S-100 machines are not consumer-oriented
toys — but flexible, modular, professional-level systems that are easy
to upgrade, modify, and adapt to specific applications. As a result,
over the years the S-100 buss has proven to be the ideal choice for
commercial, industrial, and scientific applications. It doesn't obsoclete
itself, but simply adapts to innovation.

We use the experience we've acquired in the past, along with
the very best technology offered by the present, to build products for
the future... products that meet, and often exceed, the demands of
the new wave of professional S-100 users. Our expanded S-100 line is
the right approach at the right time; we invite you to write for further

information.
NEW !

HIGH-PERFORMANCE
S-100 MOTHERBOARDS

19 slot: $174 unkit*, $214 assm
12 slot: $129 unkit*, $169 assm
6 slot: $ 89 unkit*, $129 assm
“Edge connectors and termination resistors are pre-soldered in place for assembly.
These 3rd generation motherboards, designed to work with the latest 5 and 10
MHz CPUs coming on line, exceed the latest S-100 specs and offer superior per-
formance. Includes true active termination {with half of the termination load at
each end of every buss line), grounded Faraday shield between all buss signal
lines to minimize crosstalk, and edge connectors included for all slots. All sizes
fit Godbout, Vector, TEl, IMSALI, and similar enclosures.

These high guality motherboards are a welcome addition to any system — or
the start of a great one.

NEW!
3P +S ‘“Interfacer Il”’

S$-100 1/0 board
$189 unkit, $249 assm, $324 CSC

Incorporates 1 channel of serial I/O (with all the features of a port from the 2S
" “Intertacer”}, along with 3 full duplex parallel ports. The parallel section uses
L.STTL octal latches for latched input and output data with 24 mA drive current,
attention/ enable/ and strobe bits for each parallel port {with selectable polarity),
interrupts for each input port, and separate 25 pin connectors with power for
each channel along with a status port for interrupt mask and port status. All in
all, this is an incredibly versatile and flexible board.

NEW !
Memory Management

S-100 board
$59 kit, $85 assm, $100 CSC

Now you can add bank select and extended addressing to older $-100
machines like the Altair, IMSAI, Sol, Polymorphic, etc. Either use this board with
our new extended addressing boards, or retrofit our high density Econorams (the
ones with phantom or extra qualifier lines) for use with the Memory Management
Board to get up to 2 a megabyte of memory space for your computer.

2S “Interfacer”

S-100 /O board
$189 unkit, $249 assm, $324 CSC

Dual serial port with 2 full duplex parallel ports for RS-232 handshake;
EIA232C line drivers and receivers (1488, 1489) along with current loop (20 mA)
and TTL signals on both ports. On-board crystal controfled timebase with in-
dependently selectable Baud rate generators for each port (up to 19.2 KBaud).
Hardware UARTs don't tie up the CPU. And, there’s much more...this is a no-
excuses serial board that does things the others only dream about.

2708 S-100 EROM
board $85 unkit

4 independently addressable 4K blocks, with dipswitch selectabie jump start
built right into the board. Includes all support chips and manual, but does not in-
cluded EROMs.

FREE CATALOG: Send us your name and
@@@M address ...we'll take care of the rest. In
retum, you'll get pages and pages of
from y get pag pag

technical information, pricing, specials,
ELECTRONICS kits, and lots more. Include 41¢ in
stamps for 1st class delivery.
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Writing Animated
Computer Games

Tony Estep
Vice President
Kidder, Peabody and Company Inc
10 Hanover Sq
New York NY 10005

Listing 1: 8080 assembly-language program to create an animated computer game.

0100
0100
u100
0100
vlo0
0100
0100
0100
0100
0100
0100
0100
0100
0100
0100
0100
0103
0106
0109
0108
010E
010F
0112
0115
0118
0118
011D
0120
0123
0126
0129
0la2¢c
012E
0131
0134
0137
0l3a
013D
0140
0143
0146
0149
014C
014C
ul4C
014F

152

31

666888888

g8

0C 06
D5 CO
00 CC
20

79 02

A3 03
9E 03
88 04
89 04
0l

47 04
30 05
EA 04
D5 Q0
00 cC
20

1E CE
F6 02
89 01
6A 02
6A 02
6n 02
6A 02
6A 02
6A 02
6A 02

Cl ol
&Y 01

0005
0010
0015
0020
0025
0030
0035
0040
0045
0047
0050
0055
0060
0065
0070
0075
0080
0085
0090
0095
0100
0105
0110
0115
0120
0125
0130
0135
0140
0145
0150
0155
0160
0165
0170
0175
0180
0185
0190
0195
0200
0205
0210
0215
0220
0225

*GALLUOH*

* N\ PROGRAM ILLUSIRATIMNG SOME PRILKIPLES OF

*
*
*
*

VIXDAS BQU
HIDL DU
aAsal B
SCBOT  BQU
RAR  BU
LAR  EQU

BRU

BQU

UAR
DAR

BEGIN
GO

SHLD
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL

PRUGRAMHING AN ANIMATED GAME

COPYRIGII' 1979 '1QNY ESTEP

0CCOO0H

OCE1EH ;ALL THESE RELATE 70 'iHE SOL/20 &
0COD5H ; ITS VUi AND SCREEN CLEMR RSUTIME
OCFCOH ;MIDDLE OF LQWEST LINE

93h ;THESE ARE ARR(MS QN KEYBOARD

81H

971

9nH

100k ;SO IT WILL RUN WITH CPM
5P, STAXK+46

LS ;FOR NO-S0L, WRITE SIMPLE ROUTINE TO (LEAR
H,VItBAS

Pl, LI |

VIAIT

A ;INITIALIZE FLNGS

Gl
FLG1
MSCR
PSCR
A,l
BFIGL
RAFL
STRIF
CLSN
H, VIMBAS
‘.LI ]
H, MIDL
CORNR

SHIP

DELAY
DELAY
DELAY
DELAY
DELAY
DELAY
DELAY

dhdkkkRkd ko k ok kd bk ko kh kb ko

*MAIN LOOP STARTS HERE

RUNIT CALL
CALL

November 1979 © BYTE Publications Inc

TAKCF ;PUT BLAMES IN SHIP IMAGE
SHIP ;PUT T QN SCRLEEN
Listing 1 continued on page 154

It has been quite some time since
the arrival of memory-mapped 1/0O
(input/output) boards upon the
amateur computer scene, but the
voluminous home computer litera-
ture rarely contains any listings of
animated video games. Since it seems
to me that there breathes not a hob-
byist with soul so dead that he would
not play one of these devilish little
time wasters if he had one, | con-
cluded that perhaps the lack of video
games was due to some lack of infor-
mation about how to get one up and
going. This was certainly the case
with me; [ just started with a blank
piece of paper and began scratching.
But as the reader will see, there really
is no mystery to it, and the results are
well worth the effort.

A video game works just the same
as an animated cartoon; there are a
series of frames, each of which shows
one or more of the objects in the pic-
ture in a slightly different position.
Since the viewer's visual system has a
certain persistence, the effect is one of
continuous motion. In the case of a
television picture, each frame is a sin-
gle rewriting of the raster. This is
very fast, and the flicker is seldom
noticeable. A computer can pop in-
formation in and out of screen mem-
ory much faster than the monitor can

Text continued on page 158



MUFS FOR EVERYONE (ESPECIALLY DEALERS)
MULTIPLE FLOPPY SYSTEM

MUFS is a prom resident supervisor for the Vector Graphic System B which allows menu selection of all the following
operating and disk system configurations* without changing a single board on the system, or plugging in and unplugging

peripherals.
Disk Drive Disk Disk Disk Drive Operating
Configuration Size Controller Density Assignment System
Persci 277 8" Micromation Single/Double A, B CP/M
Shurgart SA450 514" Northstar Single/Double C.D CP/M
Persci 277 8" Micromation Single/Double A. B CP/M
Miropolis MODII 54" Micropolis Quad C.D CP/M
Persci 277 8" Micromation Single/Double A B CP/M
Shugart SA450 5147 North Star Singe/Double A B CP/M
Micropolis MODI| 514" Micropolis Quad A B CP/M
Micropolis MODII 514" Micropolis Quad 0.1 MDOS
Micropolis MODHN 514" Micropolis Quad 1.2 MZOS
Micropolis MODII 504" Micropolis Quad A.B OASIS
Shugart SA450 514" North Star Single/Double 1,2 DOS
Persci 277 8" Alpha Micro* Single 1.2 AMOS*

Those configurations using two types of drives permit file copy from one type to another with the facilities of ‘PIP’. MUFS includes Vector Graphics
complete System B, all the above mentioned disks/controllers with operating systems fully configured and operational on the System B. OASIS,
AMOS and the ALPHA MICRO CPU/Disk Controller are extra. MUFS also includes UNIVID (Universal Video, which allows the mindless terminal
which comes with the System B to emulate the Hazeltine 1500 and Adam-3A). Additionally, MUFS also includes the communications software {1C)
described below (IC is available separately). With MUFS, computer/software dealers can develop/copy/demo most all of their software on asingle
system with the snap of a disk drive door! Since MUFS supports multiple 1erminals, the ‘Mime’ terminal is available as an option. If purchased, this
allows MUFS to run software designed specifically for either memory mapped or serial I/O (most software works on either).

IC FOR CP/M**
INTERSYSTEM COMMUNICATIONS

e Communicates with other computers through a user selected R5232-C Port

e Transmits ASCIl Data to/from all computers (Maxi, Mini, Micro, Time Sharing and Single User) Transmits ASCIl and Binary
Data between CP/M Systems.

e Supports multiple terminals and printers which can be local or remote, and can be logged on and off the system.

® Supports 9600 Baud to printers with the X-on/X-off feature

e Permits an IC installed computer to function both as a computer, and as a terminal or systems console to other computers,
with software switching between the two modes.

® Permits dealers to operate customers computers remotely patching software, sending new software, testing the customer’s
computer, etc.

e When sending data, IC is programmed to automatically wait for the receiving computer if it cannot keep up with a steady
Baud rate.

® Throughly tested with 7 different computer systems, full and half duplex.

® Software available on diskette only, or diskette/prom (prom version boots faster)

® Does not require an interrupt capability

DOC FOR NORTH STAR
DOCUMENTATION

Prints formated program listings with
user selected spacing, titling, dating,
and paging

Printsan alphabatized cross reference
listing of all variables with an ordered
list of the line numbers they are used

in.

For all lines which are the destination
of a ‘GOTO’ type statement prints a
list of all line numbers containing a
reference to the selected destination

line.
PRICES:
MUEFS $9,500.00
IC DISKETTE VERSION $150.00
DOC $59.00

Circle 234 on inquiry card.

OASIS OPTION - $500.00

OPTIMIZATION

® Optimizes speed of execution prim-
arily througﬁ reduction in execution
time of ‘COTQO’ type statements. This
results from a reduction in the
number of statements through state-
ment concatenation.

® Optimizes program size through
removal of all unnecessary blanks.
Optionally removes REM statements.
Saves 3 BYTES for every short state-
ment concatenated into a longer
statement.

CONFIDENTIALITY
® Protects the confidentiality of your
programs by inhibiting the North Star
list and edit functions once aprogram
has been optimized by DOC. Offers
virtually as much protection as
compiler basics.

MIMETERMINAL OPTION $825.00

ALPHA MICRO CP/U AND DISK CONTROLLER OPTION - $2,190.00
DISKETTE/PROM VERSION $200.00

MANUALS AVAILABLE SEPARATELY FOR $10.00 EA.

DEALER QUANTITY DISCOUNTS AVAILABLE FOR IC/DOC
SEND ORDERS AND INQUIRES TO:
MINI BUSINESS SYSTEMS e 2461 S. Main e P.O. Box 15587 e Salt Lake City, Utah 84115 @ PH (801) 467-1571

*Amos is not menu selectable, and does require removal and insertion ol some board’s in the 5-100 Bus
**CP/Mis a trademark of Digital Research
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Listing 1 continued:

01D5 CY U525 RET

0106 DB FC 0530 InP IN OFCH

0lpe CY 0535 RET

01D9 (D DO 01 0540 KYCHK CALL  STAIUS

01pC Cy 0545 R

010D CD D6 01 0550 ChLL  INP

01E0 FE 93 055% CrI RIR ;RIGHT ARRGY

U1E2 Cry FA 01 0560 Jz RIGI

01ES FE B8l 0565 CPI LIR ;LEFD ARRGY

01E7 Ca 05 02 0570 J2 LEFT

0lEn FE 97 0575 CPI UAR ;UP 7FRGY

O1EC Ch 10 02 0560 Jz ur

0lEF Fb 9A 6565 CPIL DAR ;OO ARRGY

01F1 CA 1B 02 0590 Je DA

01F4 FE 20 0595 CPI 't ;SPACE BAR DROPG BALLOOE
01F6 Cr 53 02 0600 Jé BLNSET

01F9 C9 0605 RET

ULFA 208 F2 02 0610 RIGI® LILD LKk ;THESE ROUPINES UPDATE TWL CEFSELS ‘TU
0lFD 11 01 00 0615 LXI D,1 R SHIP POSITIONS
0200 19 0620 DAD D

0201 22 F2 Q2 0625 SiLh LR

0204 & 0630 RET

0205 2n F2 02 0635 LEFT LILL LR

0206 11 FF FF 0640 EXI D,-1

0208 19 0645 DrD D

020C 22 F2 02 0650 SILD LR

020F C9 0655 RET

0210 2A F4 02 0660 UP LHLD UD

0213 11 CO FF 0665 LXI D,-64 ;64 CHAVACTER WIDE SCREEN SO YOU GO U/D 1 LIIE
0216 19 0670 oD D

0217 22 F4 02 0675 siLb o W

021n 9 0660 RET

0218 2n F4 02 0665 DG+t LHLLD  UD

021t 11 40 00 0690 LXI 0,64

0221 19 0695 DAD D

0222 22 r4 02 0700 SHLD  UD

0225 9 0705 RET

0226 3k 01 0710 BALN VI n,l

0228 32 FD 02 0715 ST LLNF

022B 2A F6 02 0720 LiLh  Oendik

022F 11 41 00 0725 LXI 0,415

0231 19 0730 DAD D

0232 22 FL 02 0735 SID BLIR

0235 2/ FE 02 0740 BLil  LHLD  BLIIK ;BL/GE OO B LLOGH
0238 36 20 0745 vl t* !

023A 11 40 00 0750 X1 D,G4 MCVE IW DAMT A LINE
023D 19 0755 DAD D

023E 22 FE 02 0760 LD CLAR

0241 36 &C 0765 VI 1, 5CH

0243 7C 0770 v MH

0244 FE IC 0775 CpPI anoi

0246 Ch 42 02 0780 Jz B HIT LOIMTU|

0249 C9 0765 EET

024A 3E 00 0790 Bt VI 7,0

024C 32 FC 02 0795 STh LLMD

024F 32 FD 02 0800 5Th BLLEF

0252 v 0805 RET

0253 3E 01 0810 BLUSET VI Al

0255 32 FC 02 0815 STA BLND

Listing 1 continued on page 158

TUNE'UP YOUR PET®- ' sl 09-9 :‘ni::'l'nsure $134.95

e Exact Pet keyboard layout * Added function key which can be

¢ Double-shot keytops with graphics hard wired as a system reset
legends e Flexible cable and connector

¢ Duplicate Return, Space and Shift supplied

keys on numeric pad for
programming ease

Century Research &
Marketing, Inc.
4815 W. 77th St.
Mpls., MN 55435

Erhardt & Jost Electronics
Rossligasse 2

CH 4450 Sissach
Switzerland

W
&
]
6
a8
3
o

e +8 *Q

* TM of Commodore Business Machines, Inc.
Visa/Master Charge/Bank of America cards accepted.
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Listing 1 continued:

02E4
027
02Eh
02
02EE
02r1
02F2
02F4

02F6

02F8
02F9
02F2
02FB
02FC
02FD
02FE
0300
0303
0305
0308
030B
030D

030E
030F

0310

0311

0313

0316

0317

031a
031C
031D
031r
0320
0322
0325
0326
0328
032E
032C
032D
0330
0332
0335
0336

0339
033C
033D
0340
0343

0346

0348

034p
034D
0350
0353

0356

0338
0358

21 40 00

22
(&)
21
22
c9
00
00
1E
10
90
3C
3E
00
00
00
3A
FE

87

P4

co
F4

00
00
cL

00
3
01
3»
&4

00
Co

45
18

18
EF

926
co

2EEQ3”BRB2EES

02

FF
02

03
03

FF

FF

a3
03

04
03

05
03
03
04

04
03
03

03
03

1115
1120
1125
1130
1135
1140
1145
1150
1155
1160
1165
1170
1175
1180
1185
1190
1195
1200
1205
1210
1215
1220
1225
1230
1235
1240
1245
1250
1255
1260
1265
1270
1275
1240
1285
1290
1295
1300
1305
1310
1315
1320
1325
1330
1335
1340
1345
1350
1355
1360
1365
1370
1375
1380
1385
1390
1395
1400
1405

oor

LR
ubD
CURMR
YHIT
DLAK
LEND
RD
BLID
BuF
LLMI
PLEAl

Suerl

LXI
SULD
RET
LXI
SILD

D4
a3
&
DB
bB

DB

DB
L3
LDA
CPI
Ji
CALL
U1

ADD
oV
NI
LXI
DAD
SHLD
VI

VI
INX
VI
LXI
oiD
tvl
LXI

Jo'\]
SILD
VI
STh
¥R
5Th
CALL
RET
ChLL
CALL
CALL
CPI
J2
CPI
J2
LILD
LD
MVI
STA
CALL

1,64
uD

H,-04
uD

0

0

OCCl1al ; STARTS AT [MIDDLE OF SCRh
101t ;SHIP GRAPHICS
901

3CH

m

0

0

0

Gl

1

815791

D

OF Gl

A

I

E,A

D,0

1, SCB0T ;HIVDLE COF BOYNU, OF SCRH

D
PLOC1
1, 1811
1l

1, 1811
1

1, 181
D,-65
D
1,961
D,-64
D

D

pYl
Al
Gl

&
BFLGL
UFF1

JETON
aa
R4
1
JET1
2
JET1
pYl
BL1
A,l
FLGL
/A4
Listing 1 continued on page 164

the screen, leave it there for a short
length of time, then write blanks over
the parts wanted to be moved and re-
write them in the next space of the
motion sequence. After another de-
lay, the process is repeated. It does
not take much thinking to realize that
the main body of the game will be a
loop with these essential elements,
plus whatever keyboard checking,
score updating, message displaying,
and the like are wanted as the game
progresses.

This lends itself to a fairly modular
program structure (see figure 1). The
program | am going to use to illu-
strate this process is quite simple;
elaborate discussion of program
logic. Let us start with a description
of the program from the point of view
of a player.

Let us write a program in which the
player flies a motorized delta-wing
over his friend’s backyard computer-
controlled peashooter. The peashoot-
er fires a pea and a water jet at you as
you cruise past. When you are hit the
peashooter receives 100 points. You
try to position yourself directly over
your friend’s backyard and drop a
water balloon on the peashooter. If
you hit him with the balloon, you
receive 100 points. To make it inter-
esting, we will have the gunner
appear and disappear at random
times and places.

Before we start burning up coding
sheets, or typing madly into the
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KEYED FILE ACCESS
Create Interactive Systems

In Hours With--

* MULTIPLE KEY INDEXING

¢ OPTIMIZED RANDOM ACCESS

e SUPER FAST SEQUENTIAL ACCESS

e DUPLICATE KEY VALUES ALLOWED

¢ ANY NUMBER OF DATA FILES SUPPORTED
e COMPLETE REAL TIME INSERTION

AND DELETION CAPABILITIES

FAIR

0
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2606 Johnson Drive
Columbia, Mo. 65201
314-445-3304

Making Micro’s Work Like Maxi's

MICRO B+ ™ brings the state-of-the-art in file ac-
cessing—the B TREE INDEX-to application program-
mers writing in CBASIC-Ii under CP/M * or derivative.
The B TREE INDEX gives unparalled performance:
fastinsertion, retrieval, and deletion without the need
to ever reorganize the index! Let Fair Com turn your
micro on to B TREES.

Special introductory offer: Return this ad with your
order and save $50. Offer good through December 15,

Available on 8'' soft sectored disks.

MICRO B+ ™ in CBASIC-Il source code, with manual
and demonstration program...$195**. Manual and de-
monstration
code...$25. Look for MICROSOFT and other versions

disk in CBASIC-ll intermediate

To order, send check or money order. VISA and MAS-
TERCHARGE weicomed, send card number, expira-
tion date and your signature.

*‘Trademark of Digital Research **Singie CPU License
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Listing 1 continued:

035E SF 1410 oV
035F 16 00 1415 VI
0361 21 BE FF 1420 LXI
0364 19 1425 [y}
0365 22 9F 03 1430 SILD
036¢ 2A 9F 03 1435 SiBl  LILD
0360 E5 1440 PUSH
036C D1 1445 FOP
036D 22 C7 03 1450 LILD
0370 36 20 1455 MVI
0372 01 40 00 1460 LXI
0375 09 1465 oD
0376 36 20 1470 MVI
0378 2A C7 03 1475 LILD
0378 19 1480 oD
037C 7C 1485 LoV
037D FE CB 1490 CpPI
037F Cx 98 03 1495 Jz
0382 36 07 1500 VI
0384 22 C7 03 1505 SILD
0387 11 40 20 1510 LXT
03tA 19 1515 VD
038B 36 0A 1520 MVI
036D €9 1525 RET
038E 37 9E 03 1530 all LD
0391 FL 01 1535 CPI
G393 €0 1540 (it
0394 F1 1545 POP
0395 €3 6t 03 1550 P
0398 3¢ 00 155, UFFl  INI
U394 32 9E 03 1560 STA
039D C9 1565 T
039E 00 1570 FIG1 DB
039F 00 00 1575 DXl DWW
03Al1 00 00 1580 PYl D&
03A3 00 1565 Gl DB
03M 21 CO 03 1590 RD LXI
03A7 EB 1545 XCiG
03A8 21 2 03 1600 LXT
03AB 7E 1605 oV
03AC 3¢ 1610 INR
03AD OF 1615 RRC
03AE 47 1620 Hov
03AF 1A 1625 LDAX
0380 07 1630 PLC
03Bl 80 1635 oD
0382 77 1640 oV
03B3 78 1645 o
0384 12 1650 STAX
03B5 C9 1655 RET
03B6 D 4 03 1660 RDA  (NLL
3B9 1F 1665 RIR
0387 1F 1670 RAR
0388 B 07 1675 NI
03BD C5 01 1660 ADI
03BF C9 1685 RET
03C0 00 00 1690 RNIM  Dvi
03C2 00 00 1695 KDl OV
03C4 C3 50 03 1700 SHEL1 JMP

E,A
D,0
i1,-69
D

INal
IHOU
H

D
BL1
M,
B,64
B
M,
BL1
D
Al
et
OFF1
11,0711
BL1
D,64
D

M, 0A1L

;HISSILE IS OFF TOP OF SCREEN

FLG1
1

ocCc oo

1, RO ;A RALDOH MUl ROUTIKE VIICH DOESH'T
s REPEAT FOR 40,000 1RIES

H,RD]

Al

I

our]® tAnmversary Conlputer sale :

'.00
o
[
s The CBM™.5 ...
Cassette Recorder free
®  Eypand to 32K for an additional $149
® Dual floppy disk drive 2040 w/cable $1295
@® Single floppy disk drive $895
@ Pinfeed printer2023 $849
P Tractor feed printer 2022 w/cable $995
Inventory management software - requires
® 16K system w/dual floppy and printer $125
®  Text editor software - requires 16K
® system w/ dual floppy and printer $125
. All sales cash. No COD's. 3%2% service charge on CHECKS,
VISA AND MASTERCHARGE.
. Sale ends December 15, 1979. NO REFUNDS.

164

Add 2% for Shlpplng and handling. California residents add 6%
sales tax.

Allow 2 weeks for cashiers check to clear, 4 weeks for personal
checks. Prices subject to change without notice.

CCls::

applcan

Apple 116K $1195
Buy an Applesoft Card foronly $35
Apple Il Plus 16K $1195
Buy an Integer Card foronly $35
16K Expansion Memory $95*
PASCAL Language System $459

15% OFF on all Apple software and interface

boards. All merchandise is factory warranteed.

*$10.00 installation charge is required.

15818 Hawthorne Blvd.
Lawndale, CA 90260
(213) 370-4842
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Listing 1 continued:

570 24 25 53 45 2510 18Gl  ASC PRRGEY SPEED, 1 URU ¢, 1=I7STLST **°

54 20 53 50

45 45 44 2C

20 31 20 54

48 52 55 20

34 2C 20 31

3D 46 41 53

54 45 53 54

20 24 20
0593 0u 2815 Lk 0
0594 24.2A 20 42 2820 186 ASC vek DALLUCKT ** ¢

41 4C 4C 4F

4F 4E 20 20

2A
05A1 00 2825 bi 0
0542 43 6F 70 7Y 2830 12 AsC 'Copyright 1979 Tony Estep!

72 69 67 64

74 20 31 39y

37 39 20 54

6F GE 79 20

45 73 74 65

70
05BB 00 2435 DB 0
058C 44 52 4F 50 2840 BLNSC  ASC ' DRUPPLR'

50 45 52
05C3 00 2445 DB 0
05C4 53 48 4F 4F 2850 THMSG  ASC ' SNOOTER!

54 45 52
05CB 00 2855 Db 0
05CC 2A 2A 20 46 2860 FINMSG ASC tex PINAL SCORE **Y

49 4E 4] 4C

20 53 43 4F

52 45 20 2n

2
05b0 00 2865 ju;as 0
05DE 2870 STACK DS 50
BALN 0226 BOMN 024A BEGIII  010B BI'LGL 0447
BL1 03C7 BLAK 02F9 LLMsG 05nc LNl 0235
BLNCH 0259 LLIND 02FC BLNF 02FD BLIR 02FC
BLNSE 0253 BLOP 0426 BLOW 0424 BLP1 042E
BOT 02EB Au Covs CQORMR  02FG AR 009/
DELAL 026F DELAY 02064 DO 021e FAST 0289
FINMG  050C PLGL 039E Gl 0343 [¢9] 010E
RIT 0448 INL 0294 INCRL 03uF g 01DG
JET1 04D JETOt 050F Kyaik  01D9 L ooyl
LEFT 0205 LEND 02FA LR 02F2 LR 04BA
MED 02C0 MIDL CElL MS(T: 0488 MG 0594
MSGL 0570 POG2 0542 OFF1 0398 ad 034E
VIR 04DE PEAL 0300 PENGI  03C9 PLAOF 0536
PLOC1 0445 PRINI' 0564 PSCR 0489 PUICY  O1AC
PY1 03A1 RAFL 0530 RAR 0093 REND 02Fu
RIGHT  O1FA RD 0304 RND1 03z RIDA 0386
RNDM 03C0 HINIT  014C RX2 0507 13 0528
RS 0531 SOr CPCO SCRE 048/, soorl 0183
SCOUT  04AB SHEL 0368 SHEL1  03C4 SH1P 0189
SHOT'1 033D SLG{ 02C7 SPreT  02CC SPEED  056C
STACK  0SDE STAlu 01DO STRIF  04En THKOF  01C1
TEMP 0350 THISG  05C4 TOP 02E4 TOPL3 0205
TWEN 04CcC UrR 0097 uD 02F4 up 021U
vOrBA  OCOU WAIT 0279 Wiy 02F8 XPLD1  O03ED

Text continued:

cycles, as you will see when you
play). If there is no water jet there,
then a random number test decides
whether to shoot a pea or water jet. If
it is a pea, control falls through to
TEMP. This locates the starting point
for the pea line and then sets the flag
that tells the program that a pea is be-
ing fired. The program keeps track of
that, since it will be on for several
program cycles, until it makes a hit or
goes off the screen.

Next, we determine the random
direction of fire, and at last the pro-
gram is ready to start the pea in mo-
tion. An increment is computed and
stored at lines 1425 thru 1450.

Note at SHB1 that the user should
reload the HL register pair with the
same values that are already in it.
This is a practice I always follow
when [ will be coming to an entry
point from a number of different
places. The idea is to eliminate para-
meter passing, or rather to pass the
parameters through a named storage
location, which makes it much easier
to debug. Be that as it may, you can
readily see how in the ensuing
instructions, the heart of the matter is
reached. Write hexadecimal 20 into
the area occupied by the pea and its
trail (hexadecimal 07 and OA respec-
tively in the Processor Technology
video display module (VDM) charac-
ter set), then add the increment.
Check to see if it is off the screen, and
if not put the characters into the new

DOCMAIL"

LOW COST DOCUMENT AND MAILING LIST SYSTEM

You can produce, edit and sort
mailing, identification and in-
ventory lists using index files.

You can create, format and
justify documents, reports and
personalized business letters
using document control files.

This system of more than 10
CBASIC programs runs on your
8080 or Z-80 computer using
CP/M and 24K or more bytes of
memory.

Manual includes instructions
with examples and a quick ref-
erence guide.

BONUS: An 8080 assembly file

for a bi-directional
print driver.

$50: DOCMAIL system on
8" diskette, sample
files and manual.

$10: Manual only.

RBB Software Products’
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Word Processors are here. Just thumb
through the pages of this magazine.
There are at least five different com-
panies selling them. So, which one's for
you? How do you judge the differ-
ences? And what about cost. Are you
willing to pay the 300 plus doliars that
some of the companies are asking?

Well go ahead and compare! AU-
TOTYPE comes out ahead in EVERY
category!

Features? AUTOTYPE has mare pow-
erful features than ANY other Word
Processor on the market. But, don't
take our word. Go ahead, compare!
AUTOTYPE has an exclusive MACRO
programming capability. No other Word
Processor can make that claim. AU-
TOTYPE also has a scratch Holding
Buffer. Again, no one else even comes
close.

Price? AUTOTYPE beats 'em alll With
a price tag of $195, AUTQOTYPE is well
below the competition. But, again, don't
just take our word. Go ahead, look for
goursell. Then fill out the order form

elow to start processing words instead
d using a word processor!

CAN | MOVE PARAGRAPHS
ARQUND?

YES! AUTOTYPE has a Hoiding Buffer
that can be used to save any amount of
text and then Unhold it to the location
you want. AUTOTYPE even allows you
to do multipte Unholds!

CAN | MERGE CUSTOMERS
NAMES INTO LETTERS?

YES! AUTOTYPE contains a “merge”
character that may be placed any-
where in text. Then, at the time textis
printed, a separate file may be merged
into the letter and then printed! An-
other feature that NO OTHER WORD
PROCESSOR has!

CANIENTERTEXT IN SOME OTHER
FORMAT THAN 64 CHARACTERS
WIDE?

YES! AUTOTYPE has a screen redi-
mension command. The screen can be
set from 16 characters wide to 120
characters wide. There's even horizon-
tal scrolling to view the text! Once more,
we're far beyond the competition!

CAN IT HANDLE TEXT LARGER
THAN MY COMPUTERS MEMORY?

YES! Most other Word Processors de-
mand that the enlire text be inside the
computer. AUTOTYPE aliows you to
"spool” your text from the disk. This
meansthat you can have edit files that
are over 200 type written pages long!!

CAN IT UNDERLINE?
CAN IT BOLDFACE?
CAN IT INDENT?
CAN IT HYPHENATE?

YES! YES! YES! YES! AUTOTYPE
has ALL the standard Word Processor
features including underlining text,
boldface printing and paragraph in-
dentation. AUTOTYPE also has soft

hard hyphens. Soft hyphens are
used at the end of Yines and disappear
it moved!

WHAT ABOUT INSERTING IN THE
MIDDLE OF A WORD?

Certainly! AUTOTYPE allows inserting
anything anywhere! You can move
single letters or entire chapters right
into the middie of any word. Now
THAT'S POWER!

Circle 174 on inquiry card.

CANIT SEARCH AND REPLACE?

YES! But, there'smore! AUTOTYPE al-
lows simple searches or search and re-
place. AUTOTYPE also allows wild
card characlers in the search string for
probable matching! A very simple fea-
ture that AUTO' E makes very pow
erful!

CAN IT DO AUTOMATIC PAGE
NUMBERING AND TITLING?

Of Course! Any length title up to the
current line length. Page numbers can
start anywhere. And if that's not
enough, the number of blank lines
belowthetitle is adjustable!

DOES IT HAVE “DYNAMIC” PRINT
FORMATTING?

OH YES! And with a flare! The pages
that you see printed here were ali
printed fromthe sametfile. Only the print
MACRO was altered! What's more,
they were all printed on a standard se-
rial printer. Complete “dynamic™ print
tormatting can be accomplished with
NO alteration of text!! Let's see the
competition make that cilaim!

CAN IT DO SUBSCRIPTS AND
SUPERSCRIPTS?

YES! Once again, AUTOTYPE has the
features to be called a true proces-
sor of words and not just another word
processor.

CAN IT VERTICAL TAB?

YES! And do negative vertical tabs to
the top of page also! This is invaluable
for two column printing.

CAN YOU ADJUST THE INDENT,
LINE LENGTH AND
JUSTIFICATION?

COMPLETELY! Either in the text itself,
by manual formatting commands or
with a print MACRO. Only AUTOTYPE
gives you that kind of choice!

WILL IT EXECUTE A SERIES OF
COMMANDS AUTOMATICALLY?

YES! That's one of AUTOTYPE's stan-
dard features. No other Word Proces-
sor has the ease of use or the powerful
commands that AUTOTYPE has.

ARE THE TABS ADJUSTABLE?

All tab stops are displayed graphically
with a simple command. Tab removal
and setting are simple cursor move-
ments and a single key command! No
more "guessing” where your tabs are
set. They're all laid out in front of you!

HOW MUCH DOES AUTOTYPE
COST?

$195. This question is the easiest to
answer. It's simple. We want you to use
your computer to its fullest extent. And
we want you to be able to do it at a
reasonable price. This is the one area
where our competition is way ahead
of us!! They simply charge more than
we do!

HOW DO | ORDER?

We thought you'd never ask! Just fill
out the order form below and mail to
INFINITY MICRO. Or call us directly
and place your order. Itll be shipped
the same day.

WORD PROCESSING
POWER IS HERE!
With AUTOTYPE®

Mail To:

INFINITY MICRO

PO. BOX 4627

SANTA CLARA, CA 95050

(408) 988-1867
VIDEO

O Memory mapped Video at CC00
hex. as 64 characters by 16 lines.
Processor Tech or equivalent.

*Cursor addressable terminal.
(ADM-3A)
*Cursor addressable terminal.
(HAZELTINE 1500)
DISK

0 CP/M on IBM standard 8"

O CP/M on Micropolis MOD |

O CP/M on Micropolis MOD i

O CP/M on North Star

O

CP/M on Double Density 8"
Please specify Manufacturer.

ADDRESS

ity __ STATE _2ZIP

PHONE

Please ship _ _ AUTOTYPE disks
and manuals immediately! Please find
enclosed$ @ $195/each.

*Available Nov-Dec of 1979
Copyright © 1979 Infinity Micro
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MAIN
RUN
LOOP
)

BEGIN
PUT BLANKS INTO
TAKOF LOCATION FROM WHICH
MOTORIZED DELTA-WING IS MOVED ONTO
SCREEN
END
BEGIN
SHIP MOVE MOTORIZED DELTA-WING LOCATION IN
MEMORY TO SCREEN
END
ADD OFFSETS LR, UD
BEGIN
PUT MOTORIZED DELTA-WING CHARACTERS
PUTON { INTO MEMORY WHERE
BLANKS NOW ARE
END
BEGIN
SHIP C MOVE DELTA-WING TO SCREEN
END
BEGIN
KYCHK ( UPDATE UD AND LR FROM KEYBOARD
END
BEGIN
DID WE HIT TOP OR
TOPB { BOTTOM OF SCREEN?
END
BEGIN
BLNCHK | IS WATER BALLOON CALLED FOR OR ALREADY ON
ITS WAY? UPDATE WATER BALLOON CHARACTER LOCATION
END
BEGIN
DELAY { LEAVE SCREEN AS IT IS
FOR A MOMENT
END
BEGIN
PEACHK C UPDATE PEASHOOTER AND PEA
END
BEGIN
SCORIT CALCULATE SCORES
PUT THEM ON SCREEN
N

Figure 3: A summary of the functions per-
formed in the main loop, along with a
definition of the individual tasks executed
by each subroutine,

locations, and return. Checking for a
hit is done when the ship is displayed.
[ hope that playing around with
this program will prove to be as much
fun for you as it was for me. In order
to adapt it to your system, you may
need to change the control keys, the
clear routine, and the display loca-
tion, but if you have a SOL-20 it will
work as is, If you tackle the develop-
ment of an animated game, you will
find the simple principles embodied in
this program will work in much more
elaborate games. One final note:
when you first play this, you will be
positive that it is impossible to win.
The “random” peashooter seems to
have an incredible sixth sense about
where to aim his pea. However, it can
be done . . . in fact, my seven-year-
old can beat it on speed 1, so hang in
there! Good luck, and have fun.m

PET Software Distoibutor for USA is
Grass Valloy Computer Sys

PO Box 678

Rough & Ready, CA 957495

(916) 272-2743

G. W. COMPUTERS LTD.

This is how your business appears on the screen

Approximately 60-100 entries/inputs require only 2-4 hours
weekly and your entire business is under control.

SELECT FUNCTION BY NUMBER

13=PRINT CUSTOMER STATEMENT
14 =PRINT SUPPLIER STATEMENTS
15=PRINT AGENT STATEMENTS
T6=PRINT TAX STATEMENTS

17 =PRINT WEEK/MONTH SALES
18=PRINT WEEK/MONTH PURCHASES
19=PRINT YEAR AUDIT

20=PRINT PROFIT/LOSS ACCOUNT
21=UPDATE END MONTH FILES
22=PRINT CASH FLOW FORECAST

23 =ENTER/UPDATE PAYROLL (NOT YET AVAILABLE)
24=RETURN TO BASIC

*PROGRAMS ARE INTEGRATED —

01=ENTER NAMES/ADDRESS, ETC
02="ENTER/PRINT INVOICES

03=*ENTER PURCHASES

04="*ENTER A/C RECEIVABLES

05=*ENTER A/C PAYABLES

06 =ENTER/UPDATE INVENTORY

07 =ENTER/UPDATE ORDERS

08 =ENTER/UPDATE BANKS

09 = EXAMINE/MONITOR SALES LEDGER
10=EXAMINE/MONITOR PURCHASE LEDGER
11 = EXAMINE/PRINT INCOMPLETE RECORDS
12=EXAMINE PRODUCT SALES

WHICH ONE? (ENTER 1-23)

Lach pregram goes te sub menu, e.g.:

(D allows. AL LISE ALL SALES; B, MONITOR SALES RY STOCK CODLS,
C. RETRIEVE INVOICE DUTAILS: D, AMEND LEDGER FILES;
E. LIST TOTAL ALL SALLS.

Think of the possibilities and add to those here if you wish.

Price for current package Version 1is $550, or Version 2 (including aged debtors analysis, etc) is $750, or full listing, $300
PET 16/32K disk-based version, SWTP 6800, IMS/CPM{Z80/5-100. Compatible systems shortly available for Apple and Tandy.

contact: TONY Winter on 04-636-8210
89 Bedford Court Mansions
Bedford Avenue
London W1, UK

Z80ICPM Software Distnibutar tar USA s
Owens Associates

12 Shubert Street

Staten Island, NY 1305

{212) 448-6283
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Five Useful Programs
for the SC/MP

Associate Professor Charles A Kapps
Temple University
School of Business Administration
Philadelphia PA 19122

Now that you are the proud owner of one of the least
expensive microprocessor kits, what can be done with it?
Before that question is answered, why do you own the
SC/MP to begin with? You may be someone interested in
learning about microprocessors or computers, and since
you are a cautious person of modest means, you have
chosen to begin slowly.

No computer is useful unless it has a means of
communicating with the outside world. The SC/MP is no
exception. The SC/MP kit by itself provides no such
capability. Thus, some sort of 1/O (input/output) hard-
ware must be obtained, such as a teletypewriter. This
article assumes that you have the minimum of I/O hard-
ware, probably a video display, which is likely to cost
three times as much as the computer. (This is an impor-
tant thing to know about computers. They are worse
than automobiles because the accessories really account
for most of the cost. This is even true with the big
number-crunching computers).

The main limitation of such a system is it is not feasible
to attempt to write very large programs. This is not only
because of the SC/MP’s rather meager amount of
memory (256 bytes). It is also due to the fact that,
without any means of assembling, editing, and backing
up programs, it becomes humanly impossible to do any
serious programming endeavors. For this reason, the pro-
grams in this article have been kept short and simple. For
more ambitious readers, these programs can be combined
or added to in order to accomplish more sophisticated
tasks.

Input and Output on the SC/MP

A thorough search of the manuals provided with the
SC/MP kit provides little information about program-
ming input and output functions. Clearly, input and out-
put are possible, because the KITBUG monitor program
provided in read only memory is able to perform those
functions. The assembly listing of KITBUG, which is pro-
vided in the SC/MP Kit User's Manual, shows how input
and output are accomplished. The input and output por-
tions of the monitor are located at the end of the listing,
and occupy hexadecimal locations 186 thru 1FB of the
read only memory (over 100 bytes).
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The main reason those functions require so much
coding is that the SC/MP has neither a parallel [/O port
nor an internal universal asynchronous receiver/-
transmitter (UART), as a more sopbhisticated processor
might. Instead, it is necessary to have a program which
simulates the primary functions of a universal asyn-
chronous receiver/transmitter, namely converting be-
tween parallel-byte data and asynchronous serial data
(ANSI). For example, the output program transmits a 0
(note that the actual bits are inverted). This is the start
bit. The program must then idle for 1/110 second because
the transmission rate is 110 baud. The least significant bit
(LSB) of the data byte is then transmitted, and the pro-
gram again idles for 1/110 second. This is repeated until
all data bits are transmitted. Finally, the program outputs
a1 andidles for 1/55second for the 2 stop bits needed by
a teletypewriter. For input, a similar procedure is
operated in reverse.

After study of these programs, it should be possible to
imitate these processes and incorporate them into our
own programs. Although studying other people’s pro-
grams is often a good way to learn how to program,
copying these programs is not the best thing to do here.

As every good programmer knows, basic processes
should be written in the form of subroutines which can be
called from various places in the main program. This rule
was followed by the writers of KITBUG, and all the
various areas of the program assume the form of sub-
routines. These subroutines can be called from anywhere,
including your own program area. In particular, there are
4 subroutines which are useful for all kinds of programs:

PUTC This subroutine prints a single ASCII
character on the output device.

GECO This program reads 1 character typed in
at the keyboard, and returns the ASCII
code.

PHEX1 Here are 2 different entry points to a

and subroutine which converts a byte into a

PHEX2 2-digit hexadecimal number and prints it.

GHEX This program reads a hexadecimal

number of up to 4 digits, and returns the
16-bit value as 2 bytes.
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Announcement |. The first eight Personal
Programs® from Aladdin Automation are
waiting for you now at your neighborhood
computer retailer or direct from Aladdin.

Now you can get your full share of Aladdin
magic in every one of these Personal
Programs® .

ath-Ter-Mind® A delightful,

educational learning experience

for your pre-schoo! child, Watch
the smile on your child’s face as a correct
answer makes the mathematician smile on the
screen before you. A nursery song also serves
as areward for learning elementary addition
and subtraction. With Aladdin’s Math-Ter-
Mind® your child’'s pathway to learning will be
fun-filled . . . for both of you. Math-Ter-Mind®
The first release from the Aladdin Education®
Series. {nursery song currently available only
on Apple 11® program)

unar Lander In a controlled

descent, you're just seconds away

from your first landing on the cold,
forbidding surface of the moon. As you
navigate your delicate spacecraft downward to
the safety of Moonbase, you must be ever
watchful of the dangers rising to meet you with
each passing moment: a fuel level fast
approaching zero; deadly meteor showers that
come from any direction, at any time; sheer-
faced rock cliffs and rough terrain; choosing
the correct landing pattern and rate of descent.
Aladdin’s Lunar Lander. Your chance to reach
out and touch the stars . . . without leaving the
safety and comfort of your own chair. The first
release from the Aladdin Simulation® Series.

MATH-TER-MIND

b

Math-Ter-Mind®

raps Al eyes in the casino are

on you. The dice are in your

hands. Lady Luck sits at your
shoulder, whispering . . . “"Just cne more time
Try your luck just one more time.”" You throw
... and watch the dice tumbling on the
screen. With Aladdin’s Craps you play against
the computer, so it's awfully tough to win. But
when you do. it's an experience you re likely
never to forget. Craps. An exciting. heart-
pounding Personal Program®. The first release
from the Aladdin Las Vegas® Series.

astermind A challenging game

of intrigue, centuries old. that will

give you full chance to test your
powers of logic, deduction and reason. And
test them you will, as you try and solve the
computer’s puzzle, using clues as they're
provided one-by-one. You control the degree of
difficulty in this classic Personal Program® that
offers one simple, yet all-consuming challenge:
beat the Mastermind in a direct. one-on-one
battle of wits. Aladdin’s Mastermind. The first
release from the Aladdin Old Favorites® Series.

ic-Tac-Tee Five different levels

of difficulty allow a person of any

age or skill to take part in this
relaxing. enjoyable game that can act as a
learning tool. as well. Level |, for example, is
suitable for children and is excellent also for
teaching simple mathematics. The computer
plays just about perfectly at Level V. Just
about, that i<, so go ahead and take your best
shot. See if you can beat the computer in this
traditional favorite of young and old alike.
Tic-Tac-Toe. Another first release from the
Aladdin Qld Favorites® Series.

Mastermind

ungle Island® Shipwrecked in a

raging storm at sea, miraculously

you survive only to find yourself

stranded on a seemingly deserted jungle
island. Without food, water or supplies ot any
kind, you begin to try and find your way to
safety. The computer will be your eyes and
ears as you explore your jungle tsland and all
the mysteries and dangers that lie in wait for
you. Jungle Island® A captivating first
release from the Aladdin Adventure® Series.

tix® Aladdin’s Stix® can be

played with 2 to 5 piles of sticks

and between 1 and 19 sticks in
each pile. The object: to be the one topick up
the last stick. Sounds simple? Yes, but you're
playing against the computer. Take heart,
though. because you can control the degree of
difficulty in this update of the ancient game of
Nim. Stix®. Another first release from the
Aladdin Old Favorites® Series.

uper Pro Foothall® Here's your

chance to be more than just an

armcharr quarterback. With
Aladdin’s Super Pro Football® you can replay
any Super Bowl game, from the first, between
Green Bay and Oakland. to last year’s classic
victory by Pittsburgh over Dallas. For once you
can turn back the clock and go for that one big
play that made the difference between victory
and defeat in pro football's biggest game of all.
Super Pro Football®. The first exciting release
from the Aladdin Super Pro® Series.

Visit your neighborhood computer retailer or
contact Aladdin direct to get your full share of
the magic in Announcement |, the first eight
Personal Programs® from Aladdin Automation

Super Pro Football®

Waelcome to the All-New World of
Aladdin. And Get Ready to
Make Your Own Magic

Circle 3 on inquiry card.

Copyright 1978 by Aladdin Automation

Design and copy by CampbellMarsh Graphic Communications







modified, they will contain 0. Thus, pointer register 2
will initially be 0. When an item is stored on the stack, it
is done with the instruction ST @ — 1(P2). Negative auto-
indexing is performed before the effective address is com-
puted. Therefore, the effective address is OFFF. (Note that
borrows and carries do not propagate into the most signi-
ficant 4 bits during effective address computation.) Since
the address OFFF is the same as 02FF on the SC/MP, the
stack will effectively start at the high end of the program-
mable memory and proceed downward. This is probably
the best place for the stack anyway, so the best thing to
do about initializing the stack is nothing,.

Program 1: Output

The first program, listing 1, is a simple program which
can be used for checking out the machine. It also illus-
trates how to use subroutine PUTC.

The program is written in an infinite loop and re-
peatedly prints a message. The message is stored in the
form of an ASCII character string starting at location
hexadecimal 0220. An ASCII code for 0 is used to ter-
minate the message. Control characters such as carriage
return and line feed must be included in the message. In

Listing 1: The program will print an ASCII message over and over.

the example, the message is simply “HELLO.” However,
any message could be put in its place, If the I/0O (input/-
output) device is a video display, rather than a
teletypewriter, some interesting geometric patterns can
often be formed by typing messages with random char-
acters and control characters mixed together.

The functioning of the program is quite simple: loca-
tions 200 thru 205 set pointer register 1 equal to 0220, the
beginning of the message string. Hexadecimal locations
0206 thru 020B set pointer register 3 to point to PUTC,
the printout subroutine. At 020C a character is loaded
into the accumulator. Auto-indexing is used, so that
repeated executions of this instruction will cause suc-
cessive characters to be fetched. At 020E there is a jump
back to the beginning if the zero end code is reached;
otherwise, PUTC is called at location 0210, which causes
the character in the accumulator to be printed. Then
jump back to 0206 to print the next character. (Note that
as stated above, it is not necessary to reload pointer
register 3 every time the subroutines are called.
Therefore, there could be a jump to location 020C and
the program would work just as well. This can be done
by changing location 0212 to F9.)

Text continued on page 178

The message is a string of ASCII character codes followed by a 0

1 .NLIST TTM
2 .TITLE PROGRAM #1
3 ; THIS PROGRAM PRINTS OUT A MESSAGE
4 1+ OVER AND OVER FOREVER.
5 ; THE MESSAGE TAKES THE FORM OF
6 ; ANY STRING OF ASC1I CHARACTER CODES
7 ; FOLLOWED BY A TERMINATION CODE OF ZERO
8 0200 -=200
9 0200 C4 20 START: LDI ~L<{STRING> ;iP1IS USED AS A
10 0202 31 XPAL P1 ;POINTER TO THE
11 0203 C4 02 LDI ~U<CSTRING> ; MESSAGE STRING
12 0205 35 XPAH P1
13 8206 C4 C4 LOOP: LDI ~L<PUTC> -1 ;P3 MUST BE ONE LESS
14 0208 33 XPAL P3 : THAN THE ADDRESS
15 0209 Cse 01 LDI ~U<PUTC> ;OF PUTC = 1C3
16 020B 37 XPAH P3
17 020C C5 o1 LD |®1(P1} ; GET NEXT CHARACTER
18 020FE 98 ro Jz START ;+ZERO IS END CODE
19 0210 3F XPPC P3 ; OTHERWISE PRINT CHARACTER
20 0211 %20 F3 JMP LOOP ; AND LOOP
21 0220 -.=0220
22 0220 48 45 STRING: .ASCII ~/HELLO/<CR><LF><@>
0222 4C 4C
0224 4F @D
0226 0A 00
23 0001 P1=71
24 00062 P2=72
25 0003 P3=%3
26 01C5 PUTC=01C5
27 000D CR=0D
28 000A LF=0A
29 0200 .END START
SYMBOL TABLE
CR = 000D LF = 000A LOOP 0206
PUTC = 01CS Pl =70001 P2 =70002
P3 =%0003 START 0200 STRING 0220

ERRORS DETECTED: ©
FREE CORE: 17325. WORDS

+PROG1=PROG1
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Listing 2: This program outputs a prompt, accepts some input, and then outputs another message which has your input embedded.

CONRNAD LN~

3E

FF
02

FF
60

02

85
21
90

o1
01
00

C4

FF
01

FF
21
03

Fo9
a1

01

E6
E4

45
4C
2C

4D
41
43
4D
55
45

.=200
START:

LOOP:

PRINT:

PLOOP:

POUT:

.=260
MSG1:

.NLIST TTM

.TITLE PROGRAM #2
; THIS PROGRAM TYPES A MESSAGE

;s PROMPTING YOU TO TYPE SOMETHING.
; IT THEN ANSWERS WITH A MESSAGE

; WHICH HAS YOUR TYPEIN IMBEDDED.

LDI
XPAL
ST
LDI
XPAH
ST
LDI
XPAL
LDI
XPAH
XPPC
LDI
XPAL
LDI
XPAH
LD1I
XPAL
XPPC

JMP
JMP

.ASCII

~“L<PRINT>-1
P3

a-1(P2)
~U<PRINT>
P3

a-1(P2)
~L<{MSG1>
P1
~UCMSG1>
P1

P3
~L<GECO>-1
P3
~U<CGECO>
P3
~L<MSG2>
P1

P3

@l1(P1)

CR

LOOP
@-1(P1)
~L<PRINT> -1
P3
~U<PRINT>
P3
~L<MSG3>
Pl

P3
~L<MSG2>

P1
~L<PUTC> -1
P3
@-1(P2)
~U<CPUTOC>
P3
@-1(P2)
@l(P1)
POUT

P3
PLOOP
@1(P2)
P3
@1(P2)
P3

P3
PRINT
PRINT

~HELLO,

;SET UP TO
; CALL THE

; PRINT SUBROUTINE
; BUT SAVE THE OLD
; VALUE OF P3 ON

;s THE STACK
sSET P1
;TO POINT
; TO

; FIRST MESSAGE
; CALL PRINT

;SET UP
: TO CALL

; INPUT ROUTINE

; IN KITBUG
;P1 POINTS

TO INPUT

; BUFFER (HIGH PART OF P1 OK)

; CALL GECO

; SAVE CHARACTER IN BUFFER
;COMPARE WITH CR
; LOOP UNTIL CR TYPED

; CHANGE CR

TO ZERO

;SET UP CALL
: TO PRINT AGAIN

;PIPOINTS TO MESSAGE 3
; (HIGH PART OF P1 OK)
; CALL PRINT

;P1 POINTS

TO BUFFER

; (CHIGH PART STILL OK)
: CALL PRINT

;P1 POINTS

TO MESSAGE 4

; CHIGH PART STILL OK)
; CALL PRINT
;GET ORIGINAL P3 OFF

; STACK AND

PUT IN P1

;i WE HAVE TO DO FUNNY

; BUSINESS WITH P3 SO THAT
; IT WILL EQUAL 200

; FOR RESTART (HIGH ORDER PART OK)

;s RETURN TO

KITBUG

i PRINT SUBROUTINE

;P3 IS SET

TO PUTC

; BUT IS ALSO SAVED
; ON STACK FOR

: RETURN

; GET CHARACTER
;1 DONE IF ZERO

; OTHERWISE
;s AND LOOP
;s RESTORE

;1 P3

;s FROM

;s STACK

;JI
; JUMP BACK

CALL PUTC

IF RECALLED

I'M A COMPUTER. ~<CR><LF>

Listing 2 continued on page 180
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Listing 2 continued:

0274 52 Z2E
0276 oD oA
69 0278 57 48 .ASCIZ
0274 4F 20
027C 41 52
027E 45 20
0280 59 4F
0282 55 3JF
0284 oD 0A
0286 00
70 0290 MSG2=290
71 02B0O .=02B0
72 02B0 0A OA MSG3: .ASCIZ
02B2 0A 0A
02B4 48 49
02B6 21 20
02B8 00
73 02Co .=02C0
74 02Co 2C OD MSG4: .ASCIZ
02C2 0A 49
02C4 27 4D
02C6 20 50
02C8 4C 45
92CA 41 53
02CC 45 44
02CE 20 54
02Do 4F 20
02D2 4D 45
02D4 45 54
02D6 20 59
02D8 4F 55
092DA 2E 090
75 0001 Pl1=%1
76 0002 P2=%2
77 0003 P3=%3
78 900D CR=0D
79 000A LF=0A
80 0186 GEC0=0186
81 01C5 PUTC=01CS5
82 0200 .END START
SYMBOL TABLE
CR = 000D GECO = 0186 LF = 000A
LOOP 021A MSG1 0260 MSG2 = 0290
MSG3 02B0 MSC4 02Co PLOOP 0249
POUT 0250 PRINT 023F PUTC = 01C5
Pl =%0001 P2 =%0002 P3 =%0003
START 0200

ERRORS DETECTED: ©

hand, it is worth it. However, in the broader sense of pro-
gramming, taking advantage of these kinds of savings is
not a good practice because it destroys the possibility of
incorporating programs into a larger system.

Program 3: Time

The third program, listing 3, has some practical utility.
It is a digital clock. The logic of the program is simple,
consisting of one major loop containing a counter and a
delay loop. The delay loop is adjusted so that the time
around the entire loop is exactly 1 minute. The count is
displayed each time through the loop.

This program was designed to produce output for a
video display, so each line overwrites the previous line.
The program could be modified to produce output on a
teletypewriter, by adding a line feed to the output.

Output for this program uses the routine PHEX, which
prints out the 2-digit hexadecimal numbers contained in
the accumulator. In this case we are dealing with decimal,
not hexadecimal, but since the SC/MP has decimal

180  November 1979 © BYTE Publications Inc

/WHO ARE YOU?/<CR><LF>

CLF><LF>XLF>XLF>/HIY /

/,/<CR><LF>/1'M PLEASED TO MEET YOU.~/

instructions this only means that neither digit will be
greater than 9.

PHEX has two entry points, PHEX1 and PHEX2, the
difference being PHEX1 follows its output with a space,
and PHEX2 does not. PHEX2 is generally used when a
multi-byte number is to be printed. Here two 2-digit
numbers for hours and minutes are being printed, so
PHEX1 is used. This occurs in lines 8 thru 15 of the pro-
gram.

The minutes are then incremented. When 60 is reached,
go back to 0 and increment the hours. Thirteen hours gets
reset to 1.

The program then delays for the remaining part of a
minute, and then loops, printing out the next minute’s
time.

The delay is controlled by the numbers at locations
0228, 022C, and 022E. The numbers shown in the listing
worked for the author’s own setup, and kept time within
a few seconds a day. The timing is controlled by the
actual crystal frequency on the SC/MP board. Other






Listing 3: Looping through several time delays is used to keep track of time. This program displays the time accurate to the minute.

1 .NLIST TIM

2 .TITLE PROGRAM #3

3 ; THIS PROGRAM DISPLAYS THE

4 ; TIME OF DAY ON A CRHT

5 ;THE TIME IS RE-WRITTEN

6 ; EVERY MINUTE

7 0200 .=200

8 0200 C4 3D START: LDI ~L<PHEX1>-1 ; GET ADDRESS

9 0202 33 XPAL P3 ;OF NUMERIC

10 0203 Cq4 01 LDI ~U<PHEX1> ; PRINT ROUTIRE

11 0205 37 XPAH P3 ; IN P3

12 0206 co 39 LD HOUR ; GET HOUR

13 0208 3F XPPC P3 ; CALL PHEX1

14 0209 co 37 LD MINUTE ; GET MINUTE

15 020B 3F XPPC P3 ; CALL PHEX1

16 020C Co 34 LD MINUTE ; GET MINUTE

17 020E 02 CCL ; CLEAR LINK

18 020F EC o1 DAI 1 ; ADD ONE

19 0211 cC8 2F ST MINUTE ;STORE NEW VALUE

20 0213 EC 40 DAI 40 ;1 DOES MINUTE = 66?
21 0215 9C 10 JNZ DELAY ; NO SO DELAY ONE MINUTE
22 0217 ca 29 ST MINUTE ;s MINUTE = 0

23 0219 Co 26 LD HOUR ; GET HOUR

24 021B EC 00 DAI @ ;ADD 1 (LINK = 1)

25 021D ca 22 ST HOUR ;HOUR = HOUR + 1

26 021F EC 87 DAI av ; IS HOUR = 13?

27 0221 9C 04 JNZ DELAY ;1 NO SO DELAY

28 0223 C4 o1 LDI 1 ; OTHERWISE

29 0225 c8 1A ST HOUR ; HOUR = 1

30 0227 C4 1E DELAY: LDI A1E i+ WE WILL DELAY

31 0229 ca 18 ST COUNT ;1225 = (FF-1E) TIMES
32 022B C4 22 DL: LDI 22 ; THEN DELAY

33 022D 8F FF DLY OFF ;131070 MICRO CYCLES
34 022F A8 12 ILD COUNT ; INCREMENT COUNT

35 0231 9C F8 JNZ DL ; LOOP UNTIL OVERFLOW
36 0233 C4 C4 LDI ~L<PUTC> -1 ; GET CHARACTER PRINT
37 9235 33 XPAL P3 ;s IN P3

38 0236 C4 0D LDI CR ; LOAD CARRIAGE RETURKN
39 0238 3F XPPC P3 ; CALL PUTC

40 0239 90 CS5 JMP START ;GO BACK TO THE BEGINNING
41 0240 HOUR=240

42 0241 MINUTE=241

43 0242 COUNT=242

44 000D CR=0D

45 0001 P1=%1

46 0002 P2=%2

47 0003 P3=73

48 013E PHEX1=013E

49 01C5 PUTC=01C5

50 0200 .END START

SYMBOL TABLE

COURNT = 0242 CR = 000D DELAY 0227

DL 022B HOUR = 0240 MINUTE= 0241

PHEX1 = O13E PUTC = 01CS P1 =%0001

P2 =%0002 P3 =7%0003 START 0200

ERRORS DETECTED: ©

crystals might require different settings. Location 022C
has the fine setting; the other values give a coarser
setting.

Programs 4 and 5: Calculation
Programs 4 and 5, listings 4 and 5, are designed to per-
form calculator-like arithmetic functions. Program 4 is an
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adder, and program 5 is a multiplier. The functions were
kept separate in order to make the programs simple;
however, an enterprising reader could easily combine the
functions into a single program, and even include sub-
traction and division.

Both programs use the decimal addition instruction, as
did program 3. Multiplication is performed in a very sim-






Listing 4: Calculator functions can be easily programmed into the SC/MP. This routine inputs 2 numbers and outputs the sum.

1 .NLIST TTM

2 .TITLE PROGRAM #4

3 ; THIS PROGRAM ADDS

4 ; TWO NUMBERS, WHEN TYPED IN AS

5 ; "253+792="

6 ; INPUT HAS FOUR DIGIT MAX

7 ; OUTPUT IS FIVE DIGITS

8 0200 .=200

9 0200 C4 DF START: LDI ~L<GHEX> -1 ;SET P3

10 0202 33 XPAL P3 ; TO ADDRESS

11 0203 C4 00 LDI ~U<CGHEX> ; OF

12 0205 37 XPAH P3 ; GHEX

13 0206 3F XPPC P3 :+CALL GHEX TWICE

14 0207 3F XPPC P3 ;TO GET TWO NUMBERS

15 6208 02 CCL ; CLEAR OLD CARRY

16 0209 C2 01 LD 1(P2) ;GET LOW HALF 2D NO

17 020B EA 03 DAD 3(P2) ;ADD TO LOW HALF 1ST NO
18 020D CA 03 ST 3(P2) ;STORE AT BOTTOM OF STACK
19 020F Cé 02 LD @2(P2) +GET HIGH HALF 2D NO

20 +AND BUMP STACK POINTER
21 0211 EA 09 DAD 0(r2) +ADD HIGH HALF 1ST NO
22 0213 CA 00 ST @(P2) ; STORE ON TOP OF STACK
23 0215 C4 C4 LDI ~L<PUTC>-1 ;:P3 SET FOR CHARACTER PRINT
24 0217 33 XPAL P3 sHIGH P3 IS OK (REALLY)
25 0218 C4 30 LDI1 30 ;GET ASCII o

26 021A F4 00 ADI o ; ABD CARRY FOR FIFTH DIGIT
27 021C 3F XPPC P3 ; PRINT 0 OR 1

28 021D C4 43 LDI ~L<CPHEX2> -1 ;P3 SET FOR BYTE PRINT
29 021F 33 XPAL P3

30 0220 Cé 01 LD @1(P2) ;POP HIGH BYTE OFF STACK
31 0222 3F XPPC P3 ;AND PRINT

32 9223 Co6 01 LD @l (P2) ;POP LOW BYTE

33 0225 3F XPPC P3 + AND PRINT

34 0226 C4 C4 LDI ~L<PUTOC> -1 ;:P3 SET AGAIN FOR CHARACTERS
35 0228 33 XPAL P3 +HIGH P3 STILL OK

36 0229 C4 0D LDI CR :GET CARRIAGE RETURN

37 0228 3F XPPC P3 ;i PRINT

38 022C C4 0A LDI LF +GET LINE FEED

39 022E 3F XPPC P3 : PRINT

40 022F 90 CF JMP GTART :LOOP TO BEGINNING

41 0001 P1=71

42 0002 p2=%2

43 0003 P3=%3

44 000D CR=0D

45 000A LF=0A

46 00OE0 GHEX-00E0

47 01C3 PUTC=01C3

48 9144 PIEX2=0144

49 0200 .END START

SYMBOL TABLE

CR = 000D GHEX = ©0OEeo LF = 000A

PHEX2 = 0144 PUTC = 01C5 P1 =%0001

P2 =%0002 P3 =%0003 START 0200

ERRORS DETECTED: @

ple way by repeated addition. Thus 573 X 426 is com-
puted by adding 426 to itself 573 times. This may seem
like a very slow procedure, but in fact, the SC/MP is fast
enough that computation time does not become notice-
able until the multiplier is in the 1000s. The compu-
tational delay is then about 1.2 seconds per 1000.

Input to the program is performed using GHEX. This
program reads a 4-digit hexadecimal number from the
keyboard. Since these numbers are decimal, not hexa-
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decimal, this means only that digits greater than 9 must
be avoided. Since a 4-digit number cannot fit in 1 byte,
GHEX cannot return its answer in the accumulator, as
did the other subroutines. GHEX returns the 2-byte result
on the stack. (The least significant byte is first, or at the

higher address.)
The first 6 lines of both programs cause the data to be
read in. Notice that lines 5 and 6 simply call GHEX twice.
Text continued on page 188
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'Pnogmming Ouickies

Keyboard Input Soft-
ware for the Z80

Kerry W Newcom, 10 Evergreen Ave, Burlington MA 01803

Every program that uses terminal or keyboard input
must scan the incoming data to determine its validity.
The order of keyboard entries is unpredictable, and in-
teractive programs will often fail because all input se-
quences are not tested. In some cases, testing all input
combinations may be impractical or impossible as the
number of valid input strings increases.

These problems usually force a choice between two un-
pleasant alternatives. One alternative is to rely on com-
plex error checking and error messages. The other is to
guarantee operation for only a small set of rigidly defined
inputs. Error checking sometimes takes more lines of
code than the routine that will eventually process the
data, while rigidly defined input specifications result in
an unfriendly and unforgiving user interface.

The routine KEYIN, shown in listing 1, circumvents
these problems by checking as narrow or wide a range of
data inputs as desired by the calling routine. KEYIN will
not return an invalid input to the calling routine, and bad
data can be rejected by a single error message. KEYIN
will also convert hexadecimal, decimal, or octal digits to
binary while it is doing the error checking. KEYIN may
be called by routines with vastly different requirements
for alphanumeric data checking.

Knowledge of two variables and the table on which
they operate is central to understanding how KEYIN
works. The variables are stored in locations TBLPNT and
TBLCNT. TBLPNT holds the address pointer for the
table, and TBLCNT holds the number of entries in the
table. The table these variables operate on may be placed
in read-only or programmable memory. If the table is in
read-only memory, TBLPNT can move up or down the
table as subroutines require larger or smaller sets of input
characters. If the table is in programmable memory, one
may put its contents under program control in addition
to moving TBLPNT.

For example, a subroutine may want to allow entry of
one or more hexadecimal digits followed by an alphabetic
command such as G for go or R for run. The table for this
example would be constructed as shown in listing 2. The
routine that calls KEYIN should place the address of
TABLE in the location TBLPNT and the number of en-
tries in the table (18 in this example) in location
TBLCNT. The variable BASE should be set to 16 for
hexadecimal decoding.

When KEYIN is called, routine KEYIN2 will load reg-
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Listing 1: Z80 assembler code for the KEYIN routine. The pro-
gram uses a table, as shown in listing 2, to determine acceptable
input,

LINE ADDR R ORJECT

15
16 F200 TELPNT  EQU 0F200H
17 raoe TELCNT  EQU OF2021
18 F204 BASE EQU 0F204H
19 0007 BELL EQU 07H
20
@4 *ABS
22 Fooo CODE OFD0OOH
23 Fooo DS KEYIN: PUSH DE
24 F001L o5 PUSH KC
25 Fon2 FS PUSH AF

LD HL,0 SINITIALIZE HL

26 FO003 210000
5

27 FDoé ES KEYINi: PUSH HL ;SAVE NUMERIC 1NPUT

28 FO007 2A00F2 KEYIN2: LD HL, (TELPNT) ;LOAD THE TAELE POINTER

29 Foen ED4EOZF2 LD BC, (TRLCNT> ;LOAD # OF ENTRIES IN TARLE
30 FOOE CD4AF0 CALL CHARNE ;ACCEPT INPUT WITHOUY ECHO
31 FOti EDBL CPIR ;SEARCH THE TAELE

32 F0i3 2807 JR Z, KEYIN3 ;IF VALID ENTRY NOT FOUND
335 FOiS 3E07 LD A, RELL ; THEN EEEP

34 FO017 CD3&F0 CALL CHAROUT 30R WRITE AN ERROR MESSAGE
35 FOiA LEIER JR KEYINZ ;GO BACK AND GET NEX1 ENTRY
36 FOiC cp3ara KEYIN3: CALL CHAROUT ;ELSE ECHO CHARACTER

37 FOF El POP HL JRESTORE NUMERIC INPUT

38 Foao 47 LD B,A ;BAVE CURRENT INPUT IN REG. R
3% Fo21 79 LD A,C ;LOAD COUNT REMAINDER INTOD A
40 Fo22 EDSHO4F2 LD DE, (RASE? ;L0AD BASE INTO DE

41 F026 BE CPE H

42 F027 300A JR NC, KEYIN4 ;IF ENTRY WAS GREATER THAN
43 FO29 2808 JR Z, KEYIN4 ;OR EQUAL TO E:ASE THEN EXIT
44 FO2R 29 ADD HL, HL ;ELSE FORM THE RINARY

4% FO2C 29 ADD HL, HL

46  FO2D 29 ADD HL, HL

47 FO2E 29 ADD HL, HL

48 FU2F 85 ADD A, |

49 F030 &F Ld L, A

S0 FO031 1803 JR KEYINL 3AND GET THE NEXT ENIRY

S1 F033 Fi KEYIN4: POP Ar ;RESTORE AF

S2 F03sa 78 LD AR ;PLACE THE COMMAND TN REG A
53 FO035S o3 POP EC JRESTORE EC

54 F034 D1 POP DE ;RESTORE DE

S5 FU37 ce RET (EXIT KEYIN

56

]

S%  EEFE DEC(IDE  EQL)  QFEFEH

&0

3%

6l FO3e Ccs CHARDU T : PUSH £

&3 F039 23 PUSH Al”

64

6% FO03A 0i'EEE LD EC, DECODE ;170 ADDIRESS DECODING

b6 FO3D ED78 CHARDL: IN A, (DD {CHECK STATUS OF OUTPUT DEVICE
67 FUO3F CREF BIT 5, A 3 TF NOT READY

&8 F04y 268FA JR Z, CHARDY 3 THEN L.OQP

6% F043 0EFF LD C, OFlH ;ELEE GET DECUIDE FOR DAYA OUIT
GO e o et i 2 i i e

71 FQAaS Fi FOP Ar

72 F04& ED7Y OUT (Cr. A JWRITE TO DUTPUT DEVILE

73 F0as Ci POP EC

74 Fhav ce RET SEXTIL
CHARNE : FPUSH EC

LD BC, DECODE ;170 ADDRESS DECODING

79 FU4E  ED78 CHARL: IN A,(C) ;CHECK STATUS OF INPU( DEVICE
80 FOSD  CH7Y BIT &, A JIF NOT READY
81 F0S2  2BFA JR Z, CHARL ; THEN LODP
82 F0S4  QEFF LD C, UFFH {ELSE SET DECODE FOR DAlA TN
83
Ba FO56  ED78 IN A, ()
85 FOs8 4 POP EC
86 Fos®  C9 RET SEXTT
87 1:ND
ERROR COUNT o

CPU (SECY=7

ASSEMELY COMPLETE - NO ERRORS

Listing 2: Table setup to allow KEYIN to recognize the com-
mands G and R for go and run, along with a hexadecimal
number.

TABLE: 'GR'

'FEDCBA9876543210"

DEFM
DEFM









UTILITIES

8080-Z80 Conversion by M. Kelleher. Permits you to
enter 8080 codings and returns the Z80 equivalent. L
II, 16K $15.00.

KVP Extender by Lance Micklus. Corrects keyboard
bounce, upper case lock, permits use as a terminal,
screen printing. On tape ($24.95) or disk ($29.95)

Level Il Basic by Microsoft. The most powerfu!
BASIC you can buy for the TRS-80 in 5k of space,
opens up fantastic new dimensions! Disk program-
ming power, graphics commands, editing cc.nmands,
long error messages, hex and octal constants and
conversions, user-defined functions, much more! You
get power that might otherwise cost you hundreds of
dollars in additional equipment. It's like getting a
whole new computer! $49.95,

MMSFORTH by Miller Microcomputer Services.
New version of the powerful, fast FORTH language
compiler for TRS-80. Disk version offers virtual
memory, supports one to four disk drives, has both
disk and tape input/output capabilities. A stack-
oriented structured language at an affordable price.
MMSFORTH cassette version, Level I, 16K $39.95
MMSFORTH disk version, Level I1, 16K $49.95
MicroFORTH primer $15.00

TRS-80 Fortran. Includes the finest Z-80 development
software available: Z-80 Macro Assembler, text
editor, linkage loader, plus ANSI Fortran IV on twa
minidiskettes - requires a 32K system with one disk
drive. NEW REDUCED PRICE $150. { separately
$80.ea.)

System Copy by Kalman Bergen. Makes backup
copies of object (‘'system’’) tapes. Features include
copy, verify read, rename, verify write. No
knowledge of machine language required. Level I,
16K §9.95.

NEWDOS by Apparat. DISK ERRORS SOLVED!
Stop blaming your drive, fix your DOS with
NEWDOS: an enhanced disk-operating system
capable of correcting over 70 errors in TRSDOS 2.1 to
improve reliability, and key bounce, enable DOS
commands to be called from BASIC and much moare!
Available NOW for 16K systems with a minimum of 1
disk drive. §49.95.

NEWDOS + by Apparat. Includes all the features of
the original NEWDOS and adds 7 new utilities,
including SUPERZAP, Disk Editor/Assembler, Dis-
assembler, and Level | BASIC for Disk. $99.95

NEW TITLES

Secrets of Tarot $9.95
Magic Paper Calculator 9.95
Directory (Disk) 9.95
Alien Invasions 9.95
Form Letteri Typewriter 24.95
Casino Anthology 7.95

Five Card Stud

Five Card Draw

Slot Machine
War Game 7.85

WRITE FOR OUR FREE 80-PAGE CATALOG

Circle 313 on inquiry card.

ACTION GAMES

Taipan by Art Canfil. Sail the China seas, dodging
pirates and cutthroats, to make

your fortune trading in arms

and opium. Level (I, 16K. $9.95.

Slalom by Denslo Hamlin. Choose between Slalom,
Giant Slalom and Downbhill. Level 11, 16K $7.95.

Air Raid by Small Systems Software. High speed
machine language program with large and small
aircraft flying at different altitudes. Ground-based
missile launcher aimed and fired from keyboard.
Planes explode when hit, cause damage to nearby
aircraft. Score tallied for hits or misses. Level | or |l,
4K $14.95,

All Star Baseball by David Bohlke, Level 1l, 16K
$7.95.

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

X-Wing Fighter Il by Chris Freund. Piloting an
X-Wing fighter, you're out to destroy the Death Star!
A new, improved version of an exciting space
favorite. Level 11, 16K. $9.95.

Ten Pin by Frank Rowlett. A game of coordination,
the scoring is true to the rules of the sport. Level I,
16K $7.95.

Balloon Race by Dean Powell. High above the
Allantic, your balloon must be cleverly maneuvered
with the prevailing winds to reach Paris. Level Il,
16K, $9.95.

Adventures by Scott Adams. Feel as if you're
manipulating HAL from 2001 when you play these
machine language games. Hardly any rules, finding
out is part of the fun. Two adventures on 32K disk,
$24.95. Tape - choose from Land Adventure, Pirate's
Cove, Mission Impossible, The Count, Voodoo
Castle, Strange Odyssey, and Fun House. $14.95
each.

Dog Star Adventure by Lance Micklus. You're
trapped aboard an enemy battlestar . . . can you find
the gold, rescue the princess, discover the plans and
safely escape? Level I, 16K $9.95.

Journey To The Center Of The Earth by Greg
Hassett. Excellent introduction to the excitement of
ADVENTURE. Written in BASIC for ease of
understanding, yet fast and fun!! Level I, 16K tape
$7.95.

Amazin’ Mazes by Robert Wallace. Ever-changing
maze situation. Level |l, 16K $7.95.

Kamikaze by Russell Starkey. Command your ship
against attacking suicide planes. Machine language
graphics make this fast and fun! L 11, 16K $7.95

Space Battles by Level IV. Assume the role of
Galactic mercenary, roaming the universe in search
of enemy aliens and the bounty you reap from
destroying their ships! Danger, thrills, fast action -
and financial headaches as well! Features three levels
of play; fast, machine language graphics; real-time
input; Level Il, 16K Tape or 32K Disk. Tape - $14.95;
Disk - $19.95.

\"S=

SIMULATIONS

3-D Tic Tac Toe by Scott Adams. Three skill levels -
author warns you to practice before tackling
computer's third skill level. I, 16K $7.95

Star Trek [11.3 by Lance Mickius, One of the most
advanced Star Trek games ever written. Level 1}, 16K
$14.95.

End Zone by Roger W. Robitaille, Sr. Authentic
football simulation, right down to the 2-minute
warning. Level | or |l, 16K $7.95

Cribbage by Roger W. Robitaille, Sr. You versus the

computer - cribbage played by standard rules. Level
I1, 16K, $7.95.

‘Round The Horn by Rev. George Blank. You're the
captain of a clipper ship racing from New York to San
Francisco. Level Il, 16K $9.85.

Concentration by Lance Micklus. One of the most
popular television games. Level 1. 16K $7.95.

Safari by David Bohlke. You're in the running for a
film contract at a major Hollywaood studio. Ta qualify,
you must photograph the most wild animals in their
natural habitat. Level Il, 16K $7.95.

Pork Barrel by Rev. George Blank. Place you in the
shoes of an aspiring Congressman. Level |, 16K
$9.95,

Backgammon by Scott Adams. Level I, 16K $7.95

Chess Companion by M. Kelleher. Combines chess
clock features with ability to record your moves while
action is fast and furious. Level 11, 16K $7.95

Sargon Chess by Dan and Kathe Spracklen. Winner
of the 1978 San Jose Microcomputer Chess Tourna-
ment. Level Ii, 16K $19.95.

PERSONAL

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

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

Ham Radio by M. Kelleher. Amateur Frequency Allo-
cations, ID Timer, Q-signal File, Amateur Log
Routine, Propogation Forecasting. L Il, 16K $9.95
Special Disk-enhanced version, 32K $24.85

Educator Assistant by Steve Reisser. Five programs
of wvalue to educators. Compute percentage,
individual student averages, class averages, standard
test scores, final grades. L 1I, 16K $9.95 D, $14.95.

Typing Tutor by 80US. A set of programs designed to
teach you touch typing. Takes you from basics to
high-speed drill, with quizzes and grades. Progress at
your own pace, and have fun mastering an
enormously useful skill. Level II, 16K - $19.95.

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

Advanced Personal Finance by Lance Micklus. Same
as above with advanced analysis routine. Supports
Disk Files D, 32K $24.95.

Basic Statistics by Steve Reisser. Pearson product-
movement correlation coetficient, chi-square, Fisher
T-test, sample analysis of variance, Z-scores and
standard scores, with a random number generator

built in to simulate data. L 1l, 16K $20.00.
DEALER INQUIRIES INVITED

TRS-80 SOFTWARE

EXCHANGE

P.0. BOX &8, Milford, NH 03055

Telephone orders accepted for Master
Charge or VISA accounts. Call Monday
through Friday, 9:00 a.m. to 9:00 p.m.

EST at: 603-673-5144
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 Techaicsl Forvm

A Proposed Graphics
Software Standard, Part 1

Vincent C Jones, 1913 Sheely Dr, Ft Collins CO 80526

A major stumbling block to making good software
available in the personal computer market is the lack of
standardization. Each manufacturer and software
developer establishes internal standards for software and
hardware interfaces, and they are usually incompatible
with one another. Reasons for this vary from the
experimenter’s attempts to save 1 byte of memory in a
14 K byte program, to the mainframe manufacturer
seeking to protect a development investment. The net
result is the same. Extensive modifications are typically
required to run software on any machine that differs
from the original development’s hardware and software
configuration.

In an effort to prevent this fragmenting effect from
overwhelming graphics applications programming, the
following graphics interface software protocol is pro-
posed as a standard.

This two-part article presents a complete
microcomputer-oriented graphics software protocol and
the algorithms required to implement it on typical raster
scan graphics displays. The functions of hardware
initialization, screen erase, point display, line generation,
character generation, and animation are defined, and
their implementation is demonstrated with a sample
8080/Z80 assembly language version for the Cromemco
Dazzler. The power of a standard protocol is illustrated
by a diagnostic demonstration program using the propos-
ed 1 K byte 8080 assembly language protocol standard.

The standard actually proposes two separate but
dependent protocols. The top-level protocol is machine
independent. It defines a standard display coordinate
system, several standard display modes, the available
functions, and what these functions do. For example, a
request for a red line from the center of the screen to the
bottom right corner would always require the following
command sequence:

CHAR (RED) Set the current
color to RED

CURSOR Move to the

(128,128) center of the
screen

LINE (255,0) Draw the line

Obviously, not all displays are capable of color; a
black and white display would draw a white line instead.
To compensate for any deficiencies in the hardware that
is being used, a feedback path is included to inform the
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user program of the available capabilities. General-pur-
pose programs can check to verify that the display being
used is suitable and, if necessary, display an error (or
warning) message, or use a different algorithm to
accomplish the task at hand. For example, a TV tennis
game could check to see if full color was available. If so,
it could use red paddles, a yellow ball, a green court, and
white boundaries. If only three colors were available, the
paddles and ball could be the same color. If only a black
and white display was available, all markings could be in
white with a black court and background.

The lower-level protocol defines the calling sequences
used in a particular programming language. When
necessary, it also defines where the routines are loaded in
memory, and the addresses of their calling vectors.
Returning to the example of drawing a red line, an 8080
(or Z80) assembly language program would use the in-
struction sequence:

MVI A,11H ;:Code for Red

CALL 0113H ;Vector for CHAR
LXI H,8080H X =128, Y = 128
CALL 010AH :Vector for CURSOR
LXI H,FFOOH ;X =255, Y =0
CALL 0110H :Vector for LINE.

Similarly, a BASIC program would read:

REM — Set the current color to RED

CHA 17

REM — Move to the center of the
screen

CUR 128,128

REM — Draw the line down to corner

LIN 255,0.

Suitable standards for other languages remain to be
developed. Reader suggestions are welcome.

0.255 255,255
T = {
. XY
bd }
T
(L) LT
z
w)
<
[89]
o
(o]
E
'j.
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0.0 INCREASING X —s 2550

Figure 1: Standard coordinate system used in the proposed
graphics software standard.



5 reasons why you should not buy

the electric p

Check the appropriate box(es):

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

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

Numerous combinations of

CP/M versions

Digital Research’s CP/M, as well as
its derivatives, including IMDQOS and
CDOS, and Helios PTDOS versions are
also available. There are several NEC
Spinwriter print packages. A utility
program that converts The Electric
Pencil to CP/M to Pencil files, called
CONVERT, is only $35.

Features

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

Dynamic print formatting

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

Page-at-a-time scrolling

Bidirectional multispeed scrolling con-
trols

® Subsystem with print value scoreboard
® Automatic word and record number
tally

Cassette backup for additional storage
Full margin control

End-of-page control

Non-printing text commenting

Line and paragraph indentation
Centering

Underlining

Bold face

Upgrading policy

Any version of The Electric Pencil

encil

© 1978 Michael

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

1198 Los Robles Dr
Palm Springs CA 92262
(714) 323-1400

MICHAEL SHRAYER SOFTWARE, INC.

)

Shrayer

You love typing the same copy 20 thousand times a day.
(] Your secretary can type 250 words per minute.

[J 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.
1 You never commit asingle 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.

Have we got a version
for you?

The Electric Pencil Il 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, Polymorphc 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-IIB.

Vers. Video Printer Price
SS-1 SOL TTY or similar  $225.
SP-1I VTI TTY or similar 225.
SV-il - VDM TTY or similar 225.
SR-H REX TTY or similar 250.
SI-11 VIO TTY or similar 250.
DS-11 - SOL Diablo 1610/20  275.
DP-11  VTI Diablo 1610/20  275.
DV-Il VDM Diablo 1610/20 275.
DR-!l  REX Diablo 1610/20  300.
DIl Vio Diablo 1610/20  300.
NS-It SOL NEC Spinwriter ~ 275.
NP-I1 VTI NEC Spinwriter 275,
NV-11 VDM  NEC Spinwriter  275.
NR-Il  REX NEC Spinwriter  300.
NI-11 VIO NEC Spinwriter  300.
SSH SOL Helios/TTY 250.
DSH sSOL Helios/Diablo 300.

Attention: TRS-80 Users!

The Electric Pencil has been de-
signed to work with both Level |
(16K system) and Level Il 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 inquiry 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 TRSDOS 2.1.

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

Demand a demo from your dealer!
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WE ARE KNOWN FOR OUR PROMPT,

COURTEOUS SERVICE
TELETYPE MODEL 43
B 4320 AAA(TTLinterface) ..................... $985
B 4320 AAK (RS232interface) . ................. $1,085
with transformer to operate on 50Hz, 220v, installed
insidecabinet ......... .. ... .. ... ... ... add $100

We stock paper and ribbon for the Teletype Model 43

PET, NEC SPINWRITER, DIABLO, CENT-RONICS,
TRS-80, PER SCI also available.

HAZELTINE 1500 (assembledonly) . .............. $945
1510 .. s $1,085
with 50Hz, 220v current adaptation ............. $100
also available with Danish, German or French
charactersets . ......... ... . ... ........ add $30

INTERTUBEIl ....... ... ... .............. $800

IMS 5000 SERIES, COMPLETE Z80 SYSTEM
2 110 ports, 1 K EPROM bootstrap loader, double
density, dual 5V " disks, CP/M. §-100, 12 slot main-
frame. A newrising star! No waiting.

MARINCHIP SYSTEMS M9900
ELEGANT 16 BIT CPU, S-100 COMPATIBLE.

Multi-user, multi-processor operating system. PASCAL,
Extended precision commercial BASIC, FORTH, META &
applications package. Complete kit and DISCEX soft-
ware $550; Assembled $700. We configure systems to
meet your budget & your needs. Hard Disk interface (with
software) available.

IMS MEMORY, 16K Fully static,250ns ...... $280
TEI S-100 Mainframes
12810t —MCS 112 ..o $433
22slot —MCS 122 ... oo $609

These mainframes are completely assembled, tested
and contain everything required for plug-in operation.

TARBELL Floppy Disk Controller ............ $255

KONAN HARD DISK CONTROLLER .. ..... $1,550
S-100 compatible, plugs into S-100 mainframe.

INTERTUBESUPERBRAIN ................ $2,885

Dual Z80, dual fioppy double density, 4Mhz., CP/M.
Contained in Intertube Il

INNOTRONICS —the most reliable 8” floppy drive on the
market! MTBF greater than 8,500 hours. Head life greater
than 15,000 hours under normal operating conditions.
Shugart compatible.

Drivealone ......... ... .. .. . .. ... $ 545

2 drives with power supply and cabinet . .. .. .. .. $1,525
SIEMENS DRIVES

8" Double Density, Shugart Compatible ......... $420
MODEM: “THE CAT” from Novation......... $190

Originate/Answer. 300 baud.

TO ORDER: We ship within 24 hours after receipt of certified check. money order or cash-
iers check. Credit cards: add 4 %. Personal checks: allow ten days. $12 shipping for ter-
minals. $3 for memories and modem. New York residents include sales tax. Prices and

availauility subject to change without nolice.

—WE EXPORTTO ALL COUNTRIES—
—OVERSEAS CALLERS USE (212) 4486298 ONLY—

OHN D.
1OMNP- OWENS ASSOCIATES, wc.

12 SCHUBERT STREET (New Address)
STATEN ISLAND, NEW YORK 10305

DAY, EVENING, WEEKEND, HOLIDAY CALLS WELCOME!
(212) 448-6283 (212) 448-6298
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The Standard Display

The protocol defines a standard display device to cir-
cumvent hardware differences. The standard device
displays 256 lines with 256 points on each line. As shown
infigure 1, the origin (X = 0, Y = 0) is defined as the bot-
tom leftmost point on the display. X increases to a max-
imum value of 255 as you move to the right, Y increases
to 255 as you rise to the top. This defines the first
quadrant of the standard Cartesian coordinate system.
Each picture element (pixel) may be black, white, red,
green, blue, yellow, cyan, or magenta (any combination
of the three primary colors).

The display to be used is programmed to imitate the
standard. To facilitate this procedure, four standard
display modes are defined. Mode 0 requests the max-
imum possible resolution while mode 1 requests the max-
imum choice of colors. This allows for displays, such as
the Cromemco Dazzler, which offer a trade-off between
resolution and color. Two additional modes provide the
ability to deliberately select larger pixels. Mode 2 is 128
by 128 resolution and mode 3 is 64 by 64 resolution.
Regardless of the resolution actually used, the coordinate
system remains at 256 by 256, as defined above. General-
purpose applications programs can check to determine
the available resolution and range of colors, whether the
display is black and white or color, whether or not
individual points can be erased, and if dual-buffered
animation is available.

The Standard Functions

A five command repertoire is generally considered to
be the bare minimum for a general-purpose graphics
display. These commands provide all the output
capabilities normally found on commercial nonintelligent
graphics terminals, such as the Tektronics 4010. The
routines are:

PAGE: Next page, ie,
erase the entire
screen.

Position the cur-
sor at the point
X,Y.

Set the pixel
defined by the
cursor position to
the currently
selected color.
Set the pixels
along the line
connecting the
current cursor
position to the
point X,Y to the
currently selected
color.

Display the
character whose
ASCII value is
VAL at the cur-
rent cursor posi-
tion using the
currently selected
color.

CURSOR (X,Y):

DOT:

LINE (X,Y):

CHAR (VAL):
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TRS-80 BUSINESS PROGRAMS

So good, they're guaranteed!!!

These are the best . .. & we're willing to back them wp with our software guarantee !*

Created by Data Access' professional staff, our programs are versatile, comprehensive,
AND easy to use.

Using BASIC and ASSEMBLER, they're fast ready to "RUN". They are powerful tools that
can expedite clerical tasks, and expand management reporting.

All programs:

Have Data Base Management System
Use ISAM or Hash Access Techniques
Give Instant Record Retrieval

Have Interactive Screen Displays

Use Error Trapping Entry Procedures
Inciude Thorough Documentation
Provide Comprehensive Reporting
Utilize Fast Assembler Routines

Run under DOS 2.2

Include Complete Support

Run On 2, 3, or 4 Disk Drives

+ + + + + + + + + + o+

On-Ling Inveneory ... ... .ottt e e $600
Up to 1800 ltems on 4 Drives. DistributorlJobber orientation. Includes invoice printing!

Point of Sale wilnventory Control . ... ..ot $750

Complete retail inventory management system. On the Screen: builds sales ticket, price items, checks
for sale prices and qty’s, interactive low stock alerts, allows price & qty changes (w/audit}, Cash, Check,
6 Credit Cards or Company Charge, & Reporting: Daily Ticket Journal, Inventory Transaction Journal,
Salesman's Report, Stock Status, Profit, & Low Stock Reports. MORE!

Accounts Receivable . ........... ... .. e $500
Up to 1200 accounts on 4 Orives.Full Trial Balance, Aging. Credit Checking, Monthly Statements. Also
prints mafing labels for accounts!

General Ledger wiCheek Writer .............. ... ... .. .. ool $500

Prints Checks in Cash Disbursements JL! 600 Accounts & 2100 Transactions/Menth on 3 Drives;
3007900 on 2! Supports multiple costiprolit centers, user has complete control of formatting. Prints
Balance Sheet, Income Statement (P&L), Ledgers, Journals, Transaction Reports, Posting Reports . .. A
Total General Ledger System!

Payroll .. e e $500
Up to 600 employees on 4 Drives! Handles Federal, State, Tips, Dues & Oeductions. Complete user
control of all payroll functions. Prints on the same check as the General Ledger!

Mailing List . ... ... $200
Up to 1800 Names on 4 Drives! Six character alphanumeric key & 4 character select code for each
record. Sort by key, name, state or ZIP code!

MANUALS ONLY .. ... ... e $20 each

Save Days, Weeks, Months with Data Access' proven utility packages. On diskette . . .

MBMOTY SOt . .. e $38
Speed operation of BASIC progiams! VERY FAST in memory assembier sort. Supplied pre-finked to foad
at any 4K boundary through 48K,

DiskSortRoutines . .. ... ... .. ... .. i i .. §79

Make the most of disk capacity & speed! Reads random data from disk, performs FAST assembler sort,
and returns alphanumerically sorted list ready to pass to other program operations in BASIC. Reads &
sorts 1000 records in less than 5 Minutes! Sorts as many records as can be contained on your disks!

Data Base Manage WiISAM .. ... ... . . e e $175

Complete database handling system! ISAM directory; interactive record create, delete, edit, dispiay and
print; file compress and backup; routines for Ipading assembler programs from BASIC: disk sort; INKEY
data entry subroutines; random and sequential access to any record. Interactive data base specification.
All saurce included!

*Data Access Corporation guarantees that its programs will load & run,
and that they are free from programming defects.
A licensing agreement is required for each instailation of the above programs.

DEALER INQUIRES INVITED

Call for the name of the dealer in your area, or order direct from:

Data Access CORpORATION

11205 SOUTH DIXIE HIGHWAY
MIAMI, FLORIDA 33156
(305) 238-7919
*TRS-B0 is a trademark of Radio Shack.
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ASCI|
Hexadecimal

. Standard Function
Mnemonic
Display Mode Selection

MAXR NUL 00 Maximum resolution

MAXC SOH 01 Maximum colors
R128 STX 02 128 by 128

R64 ETX 03 64 by 64

RXXX EOT 04 Undefined

Carriage Control

BS BS 08 Backspace (optional)
HT HT 09 Horizontal tab (optional)
LF LF 0A Line feed
vT VT 0B Vertical tab (optional)
FF FF 0oC Form feed
CR CR 0D Carriage return
Character Style
SO SO OE Undefined
Sl S OF Undefined
Current Color Selection

BLK DLE 10 Black
RED DC1 11 Red
BLU DC2 12 Blue
MAG DC3 13 Magenta
GRN DC4a 14 Green
YEL NAK 15 Yeliow
CYN SYN 16 Cyan
WHI ETB 17 White
N ETX 18 Eight

On to 1o optional

E GS 1F colors

Table 1: Standard control character functions.

When changing between display modes, cursor position
is not required to be maintained by the interface soft-
ware. To avoid erroneous results, all changes to display
mode should be followed by a cursor positioning com-
mand.

DOT

The DOT function sets the display pixel indicated by
the cursor to the currently selected color. With some
displays in low-resolution mode, several physical pixels
may be affected. For example, the Matrox ALT-256**2
turns on (or off, as selected) sixteen hardware pixels for
every “dot” when in a 64 by 64 resolution mode.

LINE

The LINE function generates the line connecting the
pixel defined by the cursor to the pixel requested. Both
endpoints are included in the line. Therefore, a line of
zero length is logically equivalent to a call to DOT. Care
must be exercised when erasing or otherwise changing the
color of a line, since the pixels in a line from pixel A to
pixel B may differ from those used when the line is drawn
from pixel B to pixel A. When lines are drawn in lower
resolution modes, the pixels used are the size made by the
DOT function at that resolution.

CHAR

The CHAR function provides the capability to display
alphanumeric as well as graphical data. In addition, con-
trol characters provide limited cursor positioning and
control over display mode and current color as shown in
table 1. Control characters that are not recognized are
ignored. Note that form feed positions the cursor
only —it does not erase the screen.

Characters are positioned so that the cursor defines the



lower left corner of a normal character (characters with
descenders will extend below the cursor position). The
cursor is left at the next character position. No check is
made to detect characters off the edge of the screen.
Parity is ignored. Lowercase characters, if not supported,
are converted to uppercase.

ANIMAT

The function ANIMAT provides for flicker-free
changes in the display by permitting the user to load one
refresh buffer while displaying another. Each call to
ANIMAT displays the buffer which is being filled, and
opens another buffer for filling. This buffer exchange is
performed at the start of the next vertical blanking
period. Those displays without the ability to utilize
multiple buffers but which do allow the erasing of
individual pixels (such as the Matrox ALT-256**2) will
just delay until the start of the next vertical blanking
period. In either case, no changes are made to either buf-
fer, and the cursor position is maintained. The ANIMAT
function does nothing on those displays which support
neither double buffering nor selective erase. To return to
normal mode where updates are displayed in real time, it
is necessary to reinitialize with INITG.

Standard Calling Sequences

To encourage maximum software interchange, two
standard programming language protocols are currently
defined. The first protocol is for 8080 and Z80 assembly
language users, the second is for BASIC programs. By
following one of these protocols, a program written for
one display will work with any other display of sufficient
resolution and color flexibility. The standard display and
function definitions described previously are common to
both protocols.

8080 Assembler Protocol

The 8080 assembly language interface is loaded into
hexadecimal memory locations 0104 to 04FF. This pro-
vides a standard location for the package, regardless of
memory size. To avoid conflict with programs requiring
use of the restart (RST) instruction and most popular
8080 monitors, a lower starting address is not used. The
first 21 bytes (hexadecimal 0104 to 0118) are the entry
points to the different routines, as indicated in table 2. All
arguments are passed to the called routine in register pair
HL, except for the CHAR routine, which uses register A.
The contents of all registers and flags are preserved, ex-
cept for the INITG routine.

Routine INITG is called with the address of the first
unused memory location above the program, to indicate

Routine  Vector Address Parameters

(hexadecimal)

HL = first free address

INITG 104 Returns display description in HL
PAGE 107 None
CURSOR 10A H = X coordinate; L = Y coordinate
DOT 10D None
LINE 110 H = X end coordinate; L = Y end coordinate
CHAR 113 = ASCI| value of character
ANIMAT 116 None

Table 2: 8080 assembly language standard vector addresses.

H

i I I | I
ANIM MRCOLS MRSCLF
| 1 | | |
07 D6 D5 D4 D3 D2 DI DO
MAXRD
L
I I I I I
coL MCCOLS MCSCLF
I [ | ! j|
D7 D6 D5 D4 D3 D2 DI DO
MAXCD
ANIM = 0 - Delay to start of vertical blanking.

e

- Double buffered animation supported.

COL = 1 - Display is in color.
0 - Display is black and white.
MRCOLS - Colors (grey shades) in MAXR mode.
MCCOLS - Colors (grey shades) in MAXC mode.
- 256 in MAXR mode.
MRSCLF Display resolution
MCSCLF 256 in MAXC mode.

Display resolution

Figure 2: 8080 assembly language standard display parameter
fields.

available space for refresh buffers. While some displays
do not require this information, it should always be
included for compatibility. The address in HL is replaced
by INITG with a 2-byte description of the display being
used (all other registers and flags are left undisturbed).
The format for these bytes is given in figure 2. The colors
and scale factor fields which are available in register H
describe the display when maximum resolution is
selected; the same fields in register L describe the max-
imum color selection mode.

The available colors field gives the number of colors,
other than white, to which a point can be written. If the
field is zero, it means that the way to erase what has been
written is to page the display. The scale factor field
indicates the physical size of display points in standard
coordinates, If the X and Y scale factors differ, the larger
of the two is used. For example, if the display had 64 lines
with 100 points on each, the scale factor would be four,
based on the Y axis resolution.

The animation and color fields apply to all display
modes. [f the animation field is one, the display supports
double buffered animation. If this field is zero, it is
impossible to build one display scene while another is dis-
playing. In this case the ANIMAT routine is a delay until
the start of vertical blanking. The color/black and white
field is self-explanatory: if it is one, the display is in color;
otherwise it is black, grey, and white. Note that this field
has no real meaning if the number of available colors is
zero or one,

BASIC Protocol

For maximum flexibility and machine independence, a
BASIC language usage protocol is also defined. Table 3
summarizes the commands and their arguments. Display
initialization (IGR command) sets the variables Al
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Up Your
Output.

MULTI-TASKING!

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

MULTI-USER!

Want to shareyourcomputer 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/manipulator) or write your own! In addition, we include an
assembler, a linking loader, over a half-dozen other utility programs and
over 60 system subroutines, callable by the programmer!

PROVEN!

With TEMPQS, you get a package that hasbeen tested in our {acilities 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 applications to text editing to games. TEMPOS is undoubted-
ly the most flexible software 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 interactive System Generation Routine, you
can add your own. Call or write now for our free catalog and the name of a
dealer near you. The TEMPOS Operating System is available for $787.00,
the manualset (price may be credited towardthe purchase of the TEMPOS
package) for $21.50 (prices include shipping within the U.S.).

ADMINISTRATIVE
OOSYSTEMS
OJOJOINC.
00

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

SEQUENTIAL EXECUTION IF A THEN B ELSE C

(F=FALSE, T:= TRUE)

BLOCK NAME

oo

WHILE B

BEGIN.... END DO A WHILE B

Figure 3: Nassi-Schneiderman charts, a system of stylized
flowcharts which are designed for use with structured program-
ming techniques. Each of the charts physically resembles the
program section it emulates. The charts are read from top to
bottom.

PAGE, the color and mode select controls in CHAR, and
the scale factors used by the internal subroutine SCALE.

INITG Logic

Initialization is normally required for both hardware
and software (see figure 4). The first step is to establish
the refresh buffer. This requires taking the address which
defines the top of the user program and moving up to the
first address legal for refresh buffers. This address is
needed by other routines, as well as for starting the
display hardware. The different variables and flags are
then set to the required values, and the page routine is
called to clear the screen. The appropriate display

INITG

Tegal Hefresh Address
F 2

Move up to next legal address [ 0K

Save refresh buffer address

Set Animation Inactive flag

Set Cursor to X =9, Y=20

Set Current Color to White

Set NMode to MAXR

Turn off all nonstandard options

Call PAGE to clear the screen

Start the display hardware

Figure 4: The INITG function. INITG serves three purposes as
an aid to the user: it initializes the system, performs any in-
itialization functions required by the display software, and sets
the display description variables to the appropriate values.





http:1,695.00
http:2,779.00

PAGE

ADR = Refresh buffer address

CNT = Refresh buffer length

D Set [ADR] to zero (black)
0

ADR = ADR + 1

CNT = CNT - 1

UNTIL CNT equais 9

Figure 5: The PAGE function. PAGE is used to clear the display
screen.

CURSOR

Call SCALE to interpret coordinates

Set the software cursor to the scaled values.

Figure 6: The CURSOR function which sets the display cursor to
a particular pixel on the screen.

description is generated, and control is returned to the
calling program,

P AGE Logic

The PAGE command clears all the memory used for
display refresh (see figure 5). The most general algorithm,
and the one that is charted, is clear byte, increment
address, decrement byte count, and test for done. In
machines with indexed addressing, the byte count can

FOR YOU

YOUR WIFE
YOUR CHILD
YOUR HOME
YOUR SCHOOL
YOUR BUSINESS

A Computer System Both
Practical and Affordable!

. Many uses for your computer, ® Word

Processing ® Accounting ® Bookkeeping
B Games B Personal Records ® Menu
Planning m EducationalDeveiopment
B Tax Preparation m Homework, etc|

BYTE SHOP EAST offers a wide selection of hardware to meet
your specific needs; SORCERER, PET, APPLE, NORTH STAR,
IMSAI, DIGITAL, and many, many others. BYTE SHOP EASThas
a complete library of books and magazines to meet your needs.

Come in to our computer stores for a FREE demonstration!

BY 1t SHOP EAST.-

130 East 40th St 2721 Hempstead Turnpike
(Corner of Lexington Ave.) {Just East of Wantagh Pkwy)
New York 10016 Lewl!own N.Y. 11756
Tues.-Fri. 10-6 Sat. 10-5 Tues.-Fri. 12-8 Sat. 10-5
(212) 889-4204 (516) 731-8116
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double as an index register. In machines with a memory-
to-memory block transfer instruction, it is usually possi-
ble to clear one byte and transfer it to all of the display
refresh memory.

CURSOR Logic

The CURSOR routine must convert from standard
coordinates to software coordinates (see figure 6). Soft-
ware coordinates are required by the LINE and CHAR
algorithms to have a one-to-one correspondence with the
actual display pixels being used. CHAR further requires
X coordinates to increase to the right and Y coordinates
to increase to the top. Since LINE must also scale its
arguments, CURSOR and LINE can usually share the
same internal scaling routine for efficiency.

DOT Logic

DOT is the only routine (other than PAGE) which
actually modifies the refresh memory (see figure 7). Both
LINE and CHAR use it to modify the desired pixels in the
display. This routine is extremely hardware-dependent,
Indeed, one of the primary reasons for defining this pro-
tocol was protection from differing display idiosyn-
cracies. The DOT routine must translate the coordinates
in the software cursor to the actual corresponding bits in
memory. Remember that the software cursor is scaled so
that a unit change in a coordinate is equivalent to the
adjacent pixel. The logic presented here assumes a linear
scan through refresh memory to generate the entire dis-
play, a line at a time, with the top line displayed first.
Note that this algorithm is not adequate for the Dazzler,
nor is it suitable for self-refreshed displays like the

DOT
I MR HODE //
g \ ? - 1
Determine the Calculate the address of the affected byte

Mode an use Convert Y coordinate to Line Rumber

and proceed in

Y_OFFSET = Line Number * Bytes/line

the same man-
ncr as MAXR to
calculate the
address of the
affected byte
and obtain a

X_OFFSET = X coordinate / Pixels per byte

Address = Base address + X offset + Yoffset

Determine the affected bits in the byte

mask of the X even

: F 2 I
affected bits.

MASK = 91919191 T MASK = 1p1p1219

X/2 even
F ? T
MASK = MASK AND ] MASK = MASK AilD
< ARE ARl 11281192

X/4 even
F T
MASK = MASK AND MASK = MASK AlD
2epp1 11119909

Modify refresh memory to current color at addressed pixel

Temp = FASK AND [Address)

MASK = MASK AHD Color

[Address] = Temp OR MASK

Figure 7: The DOT function which sets the display pixel in-
dicated by the cursor to the currently selected color.






LINE

Scale destination coordinates

XF > XC
F T

X = XC - XF X = XF - XC

Sector Code = @ Sector Code = 4

N> e
F T

Y=Y - YC
Y =YC - YF
Sector Code = Sector Code + 2
<Y
F I
Exchange X and Y
0K

Sector Code = Sector Code + 1

Using the Sector Code, look up the appropriate cursor adjustments
for a "Move 1" and a "Move §".

x =@

TA=xeY=9

= Layx-_2%
T0=-(y+y) =x=-%

WHILE x < X

Display a "DOT" at cursor location XC,YC

oo

TA+T0<p
?

Make a "Move 1" Make a "Move 9"

70 =T0 - X
"Move P" the cursor

"Move 1" the cursor

i

Figure 8: The LINE function which generates the line connecting
the pixel defined by the cursor to the pixel requested.

Matrox ALT-256**2. The former divides the display into
four quadrants, each in its own block of memory with
every byte describing points on more than one line. The
modifications to the algorithm are explained in the sam-
ple implementation, and need not concern the non-
Dazzler owner. The Matrox's refresh memory is directly
addressed by X,Y coordinates and no conversion is
required.

The first step is to determine the address of the byte
which contains the requested point. The cursor Y coor-
dinate is converted to a display line number which, when
multiplied by the number of bytes per line, gives the off-
set into the refresh buffer of the first byte on the line. The
X coordinate corresponds directly to the desired point
along the line. Dividing the X coordinate by the number
of points in each byte gives the offset from the first byte
in the line. Taking the base address of the refresh buffer
(set up by INITG) and adding the offsets to the desired
line in the buffer and the desired point on the line yields
the address of the byte which requires modification.

The second step is to determine which bits in the byte
correspond to the desired pixel. The hypothetical display
depicted by the Nassi-Schneiderman chart has eight pix-
els in each byte. The selected bits are then changed to
match the current color, and the refresh memory is up-
dated to reflect the revised point. An effective procedure
is to generate a mask which contains ones at bit positions
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corresponding to the addressed point, and zeros
elsewhere in the byte. The byte of refresh memory is
ANDed with the complement of the mask to delete the
old contents. The mask itself is then ANDed with the bit
pattern for a byte with every pixel. The current color and
the result are ORed into the cleaned up byte of refresh
memory.

LINE Logic

Perhaps the most crucial facet of any graphics system is
its line generator (see figure 8). Before introducing the
actual algorithm used, it may prove beneficial to discuss
its theoretical development.

We wish to generate an arbitrary line from a point
(XC, YC) to a point {(XF, YF) (see figure 9). The goal is to
determine those discrete points (x,,y,) which best
approximate the desired line.

To simplify the derivation, we will only consider
generating a line from point (0,0) to point (X,Y), where X
is greater than or equal to Y and both are greater than or
equal to O (figure 10). (This situation is general because
any arbitrary line may be rotated and translated to match
the proposed conditions.) Under these conditions, there is
a point along the line for every value of x (0 = x < X), and
for every value ofxthere is only one value of y. Closer ex-
amination reveals that for any value of x, the y value for
the following point (x + 1) will either remain unchanged
or increase by 1. No other value of y is possible. Further-
more, it can be shown that the decision to increment y for
the next x is based solely on whether the point (x + 1, y
4 ¥4) lies above or below the line. If it lies above the line,
y remains unchanged. If it lies below the line, y is in-
cremented. In the event (x + 1, y + ¥2) is exactly on the
line, either option is correct. For convenience, “on the
line” is arbitrarily treated as equivalent to “above the
line.”

Assuming that we have a method to determine the
position of the point (x + 1, y + ¥2) relative to the
desired line, we can generate an optimal approximation
of the line from (0,0) to (X,Y), where X = Y = 0, using
the following algorithm:

xC,YC

b,

\%F, YF

Figure 9: Generating an arbitrary line.
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Low Power 32K RAM for Heath’
H8 computers

DG-32D 32K RAM FEATURES:

Plugs into Heath® H8 Computer

Ready to use. Fully assembled, tested & burned in
Operates with existing Heath'memory DeG Electronic Developments Co. brings you a totally
Protected Memory Output Buffers in the event of compatible, fully assembled and tested 32K RAM for

Address error. Heath® H8 computers. The DG-32D has less than 6 watts

e . power consumption. This allows you to add a full 32K
Utilizes popUlar 4116 RAM devices bytes of Random Access Memory without taxing or re-

Memory Address DIP switch changeable placing your computer’'s power supply. Engineered to
plug-in and run without any user modifications, the DG-
Arranged as 4 Independent 8K Blocks 32D can be used with or without existing H8 RAM without

Low Power Consumption: Less that 6 watts, typical modification. Protection of the memory output buffers is
provided in the event of assigning two blocks to the same

Transparent Refresh address space. The DG-32D is the ideal answer to expan-
One year guarantee sion of the Heath H8 computer . . . Low power consump-

X i . tion, low price, high capacity, total engineering and exact-
Compatible with all current H8 peripherals. ing production methods.

YXYYYYYLYY Yy

Heath* and H8 are registered trademarks of the Heath Corporation. Benton Harbor, Michigan.
Ordering Information: DG-32D RAM available only from DG Electronic

D E L E c Tn D N l c Developments Co.. P.O. Box 1124, 1827 South Armstrong, Denison, Texas

75020, Check, money-order, VISA or Master Charge, Phone orders accepted
DEV ELOPMENTS co. on charge orders. NO COD's. Foreign orders add 30%. Texas residents add
5%. For VISA or Master Charge orders call 214-465-7805. $479.00 freight
prepaid.

8H.HLVdH 10} WV McE

“ow’d from Computer Headware
. . . the Self-Indexing Query System
for your Apple Il, North Star, or CP/M machine

Distributed by:

o Infonnation Unlimited / 219-924-3522
P.0. Box 8372, Merrillville, Indiana 46410

o Lifeboat Assaciates /212—580-0082 (CP/M model only)
2243 Broadway, Suite 34, New York City 10024

@ Structured Systers Group, Inc. / 415-547-1567

5208 Claremont Avenue, Qakland; California 94618
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DYNACOMP

Quality software for: Altair
North Star
TRS-80 (Level II)

Sophisticated software written by recognized computer pro-
fessionals. Each program is supplied with complete
documentation. All programs can be run with standard ter-
minals (32 character or wider) and within 12K program
memory space.*

FLIGHT SIMULATOR
(as described in SIMULATION, Volume II)
® Realistic and extensive three-dimensional simulation of
take-off, flight and landing.
@ Based on aerodynamic equations and real airfoil.
® Practice instrument approaches and navigation using
radials and compass headings.
Price: $17.95
SIMULATION, Volume II (BYTE Publications): $6.00

VALDEZ‘ (Requires 16K of program memory)
® Exciting simulation of supertanker navigation in Prince
William Sound and Valdez Narrows using radar map.
® Detailed physical model of ship response and tidal pat-
terns.
® Chart course through ship and iceberg traffic.
Price $14.95

BRIDGE 2.0

® Complete contract and duplicate bridge game.
® Computer both bids and plays.
® Computer will play offense or defense according to the
bid.
Challenging entertainment for the advanced player.
Excellent learning tool for the bridge novice.

Price: $17.95

HEARTS 1.5
® An entertaining computer simulation of this popular
card game.
® Play against two computer opponents.
® Beware the Black Marial
Price: $§14.95

NORTH STAR TEXT EDITOR

(Updat.e of program described in BYTE. June 1979)
® Designed as an easy to use (and remember) basic text
editor.

® Works through unmodified North Star DOS.

® Line oriented editing, variable line width,
paragraph indexing.

Price: $14.95 (Available only on North Star diskette)

simple

NORTH STAR COMPRESSION PROGRAM
Removes all unnecessary spaces and remark statements
from program.
Requires only a single disk drive.
Any size program may be processed.
Increases execution speed of programs while using less
memory.
Price: $9.95 (Available only on North Star diskette.
Requires release 4 or higher North Star BASIC.)

Except where noted, all software is available on North
Star diskettes, and Altair and TRS-80 cassettes.

Additionally, Microscoft BASIC ASCII listings are
available on paper tape and cassette (modem compati-
ble, 300 baud).

All orders processed within 48 hours. Write for more
detailed descriptions of these and other programs
available from DYNACOMP.

DYNACOMP
P.O. Box 162
Webster, New York, 14580

New York residents pleaseadd 7% NYS sales tax.

212 November 1979 © BYTE Publications Inc

Circle 105 on inquiry card.
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Figure 10: Simplified line generation.

1)Initialize x — 0, y — 0.

2)Display the point (x,y).

3)Test for done: x = X?

4)Calculate the position of
the point (x + 1, y +%2)
relative to the desired
line.

5)Set dy to 1 if below the
line; 0 if on or above.

6)Calculate the next point:
x—x+1
y— y+dy

7)Go to step 2.

There are only two obstacles to overcome before
implementing this algorithm: step 4 and the resirictive
initial conditions. Let us examine each in turn.

A brief excursion into trigonometry is required to
evaluate step 4. Referring to figure 10, if we call the angle
between the desired line and the X axis 6, and the angle
formed by the current point (x,y) the origin and the X
axis 0, then if (x,y) lies above the desired line, 8 < 6°.
Conversely, if (x,y) lies below the desired line, 6 > 6°.
Of course, if the two coincide, 6§ = 8'. We know from
trigonometry that for angles in the first quadrant, the
greater the angle, the greater its tangent. We also know
that the tangent of 6 is Y, while that of 8 is L.
Therefore, we can easily determine the position of any
point relative to the desired line by comparing the quo-
tients ¥~ and J-.

Unfortunately, performing division on microcom-
puters is a time-consuming process. Using the properties
of inequalities to eliminate the divisions, we can build a
decision table (see table 4) which requires only
multiplication. Returning to our original algorithm, we
set dy to 1 if:

x+ 1) xY>Xx(y+ V)
and to O if it is not. Further advantage can be gained by
realizing that at each iteration the product on the left side
of the inequality increases by Y, while the right either re-
mains the same or increases by X. By remembering the
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Figure 11: Quadrant and sector definition.

products from the previous iteration, and whether or not
y is incremented, the multiplication can be reduced to
addition. For maximum efficiency, the right-hand pro-
duct can be maintained negated so that the comparison
can be made with a single addition.

The restriction that the line runs from (0,0) to a point
(X,Y) with X= Y = 0 requires the use of coordinate
translations, rotations, and reflections. The first step is to
translate the line so that it starts at (0,0). Since the line
originates at the cursor, we would traditionally subtract
the cursor from the other endpoint to obtain its relative
position. However, because a 256 by 256 display does not
give us room for a sign-bit in an 8-bit byte, it is first
necessary to rotate the line to the first quadrant and then
calculate the magnitude of the endpoint displacements
from the cursor.

While all these coordinate transformations may seem
complicated, the actual implementation is quite simple.
Consider the command to generate the line from the cur-
rent cursor position (XC,YC) to a final point (XF,YF).
The first step is to compare XF to XC. [f XF = XC then
we are in the {irst or fourth quadrant (see figure 11);
otherwise, we are in the second or third. Similarly, if YF
= YC, we are in the first or second quadrant; otherwise,
the third or fourth quadrant. By combining the two
results, the quadrant is uniquely determined, and we can
proceed to determine the magnitude of the X and Y
displacements, XM and YM, as shown in table 5. Finally
XM and YM are compared to determine the exact sector.

The easiest technique for remembering this multiple
logical decision is to weight the results of each decision
and check the sum. Each sector is then assigned an
equivalent weight, and the sector parameter table is
reordered accordingly. Column 2 of table 6 applies a
weight of 4 to (XF > XC),2to (YF > YC)and 1 to (YP >
XP).

Once the sector is determined, we have all the informa-
tion required to construct any arbitrary line. Referring to
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Above On Below
Angte <6 0 =10 6 >0
Relationship
Tangent Y ¥ Y _y AN
Relationship X X X X X X
Relationship
after Multiplying xY < Xy xY = Xy xY > Xy
through by x.X
Result of
xY - Xy Negative Zero Positive

Table 4: Point position relative to a line.

Quadrant XM YM
1 XF - XC YF - YC
2 XC - XF YF -YC
3 XC - XF YC - YF
4 XF - XC YC - YF

Table 5: Component magnitudes in the four quadrants.

Sector Sector X Y Move 0 Move 1

Weight X incr yincr x incr y incr
1 6 XM YM +1 0 +1 +1
2 7 YM XM 0 +1 + 1 +1
3 3 YM XM 0 +1 -1 +1
4 2 XM YM -1 0 —1 +1
5 0 XM YM -1 0 -1 -1
6 1 YM XM 0 -1 -1 -1
7 5 YM XM 0 —1 +1 —1
8 4 XM YM +1 0 +1 -1

Table 6: Coordinate equivalents for each sector.

step 5 of the fundamental sector 1 algorithm, we call
setting dy to 0 “move 0,” setting dy to 1 “move 1,” and
generate the equivalence chart in table 6. As the
algorithm steps along in transformed coordinates, it uses
the "move 0" and “move 1" to modify the cursor position
using X and Y increments appropriate for the sector the
line is actually in.

CHAR Logic

One of the most common formats for displaying
characters is the 5 by 7 matrix of points (see figure 12).
However, not many people realize why 5 by 7 is the
smallest common size. The limiting width is, of course,
the minimum number of points capable of displaying the
three separate parallel lines required for the letters M and
W. This sets the minimum possible width to 5, but why
must 7 be the minimum height? The answer is, it need not
be! However, human engineering studies have indicated
that the average person finds it easier to read characters
which are proportioned the same as in standard printing.
Ratios of width to height far removed from the “normal”
0.75 increase fatigue and error rates.

To generate easily read lowercase characters, even
larger matrices are required. This is a result of the greater
complexity and finer detail of the lowercase characters.
The full ASCII character set can be generated with a 7 by
9 matrix if provision is made for characters with
descenders (g, j, p, etc). This requires the use of an extra
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Figure 12: Typical character generation.
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Do the same for the 4th row oK ] Set COLOR as
requested
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Figure 13: The CHAR function which provides the capability to
display alphanumeric as well as graphical data.
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Char Size LC CharlLine Lines/Page Memory For
(256 by 256) (256 by 256) Tables (bytes)
9x 11 Y 25 18 1200
7x9 Y 32 21 864
5x7 N 42 32 320
4 x 5* N 64 32 192
*See text

Table 7: Effects of differently sized character matrices.

bit to determine if the matrix is displayed normally or
shifted down two positions. As far as the display is con-
cerned, the character uses a 7 by 11 matrix of display
points. Larger display matrices can be used for greater
legibility and varying character fonts, but even a 7 by 11
character matrix severely restricts the total number of
characters that will fit on the low-resolution displays for
which this standard is designed. If even one row of blank
points is left between adjacent characters, then only six-
teen 7 by 9 characters will fit across a 128-wide display.
Memory requirements for large matrix character pattern
storage are also severe. The table space required is direct-
ly proportional to the area of the matrix (see table 7).

A character matrix size less than the “absolute
minimum” 5 by 7 was desirable, since even 5 by 7
characters require 320 bytes for their lookup table.
Readable versions of 58 of the 64 uppercase printing
ASCII characters can be generated within a 4 by 5 matrix.
The remaining 6 characters (#, $, &, %, M, and W) fit in
a 5 by 5 matrix. Since these are normally considered wide
characters, their unity width-to-height ratio is not objec-
tionable.

To simplify table lookups and the special handling of 5
wide characters, 3 bytes are used for each character.
Twenty bits are used for the 4 by 5 display matrix; the
four extra bits are used as flags to define the specific
parameters for each character. Two flag-bits are used to
indicate the width of the character. Proportional spacing
also fits the maximum number of characters into any
given space. The third flag-bit is used by 5 wide
characters to indicate whether the first column is all ones
M and W), or must be retrieved from an auxiliary
lookup table (#, $, %, and &). The remaining flag is used
to indicate descending characters (, ; and _). These
characters are displayed two positions lower than their
matrices indicate. Each character is therefore displayed in
an n by 7 display area, where n ranges from 2 to 5.

The basic character generation algorithm (figure 13) is
applicable to any size character matrix, whether the
character is stored by column (more efficient for 5 by 7
and 6 by 8 matrix characters), or by row (more efficient
for variable 4 by 5, 7 by 9, and 8 by 11). If the character
set being used does not include lowercase, it is necessary
to shift lowercase characters to their uppercase equiva-
lents. Comparing the ASCII value of the character to 32
separates control characters for special handling.

The character table is ordered by ASCII value and
lookup is done by indexing on the ASCII value requested.
Since the first 32 ASCII characters are control characters,
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NOW BETTER THAN EVER
@ Control Program for Microcomputers.

@ Includes Editor, Assembler, Debugger, Utilities.
® Supports Floppy Disks and Hard Disks.

e For 8080, 8085, Z-80, MDS, Cromemco.

® $150-Diskette and Documentation

e $25-Documentation only

e

NEW INDUSTRY STANDARD
® Multi-terminal access.

® Multi-programming.

® CP/M-compatible.

@ Real-time features.

® $300-Diskette and Manual

o $25-Manual only

DIGITAL RESEAR

OPTIONAL SOFTWARE PACKAGES

MAC™ MACRO ASSEMBLER:

o Compatible with new Intel macro standard.
@ Complete guide to macro applications.

® $90-Diskette and Manual.

SID™ SYMBOLIC DEBUGGER:

® Symbolic memory reference.

@ Built-in assembler/diassembler.

® $75-Diskette and Manual.

TEX™ TEXT FORMATTER:

o Powerful text formatting capabilities

® Text prepared using CP/M Editor.

® $75-Diskette and Manual.
DESPOOL™

@ Background print utility.
@ Use with CP/M

® $50-Diskette and Manual.

I DIGITAL RESEARCH

P.O. Box 579 e Pacific Grove, California 93950
(408) 649-3896
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RHIMAT

Delay until the start of the next Vertical Blanking period

WHILE Vertical Blanking in progress

5 ’ Kill time

UNTIL Vertical Blanking in progress
D
0

Kill time

Display buffer currently being filled

Filling buffer @
?

£ T

Shift to filling buffer ¢ T Shift to filling buffer 1

Figure 14: The ANIMAT function which provides for flicker-
free changes in the display by permitting the user to load one
refresh buffer while displaying another.

the physical contents of the table start with character 32
(blank). To index into the table, the ASCII value of the
first table entry is subtracted from the value requested.
This index value is then multiplied by the number of
bytes per character, and the product is added to the ad-
dress of the first character in the table in order to obtain
the address of the first byte of the character desired. The
cursor is then sequenced through the character matrix,
turning on the points indicated. Only the points actually
making up the character are affected, so background data
is not erased and an overprint results.

Control characters are handled separately. Mode and
color changes will depend on the DOT routine. Since
these will be overly hardware-dependent, their implemen-
tation is left as an exercise to the reader. Carriage control
characters modify the cursor position without otherwise
affecting the display. Any unrecognized characters
should be ignored,

ANIMAT Logic

The first requirement of the ANIMAT logic is to wait
for vertical blanking to start (see figure 14). Most
displays provide an input port with a status-bit which
indicates when vertical blanking is in progress. By delay-
ing until the status-bit indicates normal scan, then delay-
ing until it indicates vertical blanking in progress, we are
assured of a full vertical blanking period being available.
If the display being programmed does not support chang-
ing the location of the refresh buffer by software con-
trols, the routine is finished.

Displays in which refresh buffer locations can be
changed are pruogrammed to provide double buffering.
After waiting for the vertical blanking period, the refresh
buffer currently being filled is put on display. The alter-
nate buffer is then opened for filling. Note that this
algorithm is valid whether the buffer being filled is
displayed (first call to ANIMAT after an INITG) or is
being filled while another buffer is being displayed (all
subsequent calls to ANIMAT).

In part 2 we will present an implementation of the 8080
assembly language protocol for the proposed graphics
software standard, plus a series of demonstration pro-
grams.®
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Household Finance l & 11 . . . . .. $15.00
Part I: Inputs data on each household expenditure; ists, adds. updaies.
changes or deletes previously mput tems. Writes data 1o cassette tape.
Part I Reads dato tape. Provides monthly and yearly summanes ot

fimancial data. smygle cotegory summanes, and graphs o spending proile.

NEW!  cuper JOVSTICK interface or ihe TRS-80!
Three sockets allow you to use one Farchild™ or two Atan™ joysticks
with no modiications 1o the TRS-80. Joystick mterface with 1wo
programs. separate power supply and mstruchons,

Only $65.00

Joysticks (Fairchild™ or Atar™), each ... .. ... ... $12.50
Household Utility 1 . ... ... .. ... $12.00
tIncludes Calendar, Loans and Buy or Rent Programs)

Household Utility 2 ... .. .. .. $12.00

(Includes Compound Interest. Amortization and Car Costs Programs)

ALSO: New Programs for the PET:
Many other Creative Software products are available for the
PET and TRS-80. If your local dealer doesn't carry Creative
Software products or program information, write directly to the
address below. When placing an order please note:

Specily computer & program(s). Add $1.50 shipping for each
program ordered, $2.50 for joystick interface. Califorma residents
add 6" sales tax. VISA MASTERCHARGE accepted. Include
card number and expiration date.

PETWordProcessor ......................... $75.00
Complete word processing capabiiities including upper/lower case, string
search, string change and many other features found on commercial word

processors. Package includes both text editor and formatter and requires
16K or 32K PET.

PET SpaceWarll ............................ $10.00

Fantastic real-time action! You are in complete control of the Enterprise
as you fend off aliens to search the universe for colonizable planets.
Requires the Creative Software single joystick for the PET.

PETRoadRace .............................. $10.00

Another great machine-language program gives you a choice of three dif-
ferent tracks as you battle with your opponent to finish the race. Includes
oil slicks, automatic lap counters, and an elapsed time clock showing time
to tenths of seconds. Requires the Creative Software dual Joystick.

Monthly Averages

|68 MICRO JOURNAL.

« Months ahead of all others with TOTAL

Creative Soffware

P.0. BOX 4030, MOUNTAIN VIEW, CA 94040

MAGAZINE COMPARISON
(2 yoars)

KB BYTE cc DOBB'S PAGES-

6800/09 articles & new products 78 64 27 22

Average cost for all four each month: $5.88
(Based on advertised 1-year subscription price)

19.1 ea. mo.

Crunchers Corner — Bryant (A monthly programming
tutorial) » Flex'™ to BFD — Puckett « Tiny Music — )
Thompson « Semiconductor, Part 1 —Kinzer » Soup Up 69 cost per monin. §1.21
Your TVT — Pass « Hints & Kinks — fixes (soft & hard) + Thats Right! Much. Much More
50 pages plus  Each Month! for About
15 the Cost!

EFFECTIVE SEPT. 1, 1979

1-Year $14.50 2 Years $26 00. 3 Years $36.50

Crunchers Corner — Bryant » A Look at
the SWTPC CT-82 — Ferguson +« 6800
Relative Branch Calculation (Hand) —
Berenbon » Relative Calculator (Machine)
— Heatherington » Maillist (Disk) — Lilly «
Modems — Schuman « Semiconductor -
Part 2 — Kinzer « Locate — Pigford « A20
MA, Printer-SWTPC — Perdue * AS-50
Monitor Board — Pentecost » TSC Basic
for 6800 — Shirk * Plus Much-Much More!  name

OK, PLEASE ENTER MY SUBSCRIPTION
Bill My: Master Charge [J— VISA 7~
Card = _ Exp. Date

For (J 1-Year [ 2 Years O 3 Years

Enclosed: & . ___ . _

Street’ =~
Crunchers Corner — Bryant » A )
Case forthe SmallDOS —Mauch €% - —— ———State- . ——Zip .
» MF-68 Motor Fix — Sorrels +
Transfer (FLEX 1 to 2 or 5) —
Womack + 6800 Delay — Beren-
bon +« Make Like a 6809 — Fein-
tuch + Games (Basic) — Harmon
+ Boot (Flex-BFD) — Puckett +
Freeze Display (SSB) — Johnson
+ Paper Tape Reader — Adams «
FLEX™ Fixes and Much More!

My Computer Is:

68 MICRO JOURNAL
3018 Hamili Road
HIXSON, TN 37343

FOREIGN ADD:

$9.50 Per Yr. Surface
$29.00 Per Yr, Air Mail

* MORE 6800 ARTICLES THAN ALL OTHERS COMBINED *
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Figure 1: Schematic diagram of the digital oscilloscope.
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Figure 2: Comparison of waveforms as
they might be displayed on an analog
oscilloscope, and as they are displayed on
the digital oscilloscope. The dark circles
indicate lighted light emitting diodes
(LEDs). The open circles show unlighted
LEDs.
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Figure 3: Typical method of connection for displaying serial waveforms.
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Figure 4: Block diagram of digital oscilloscope function.
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Figure 5: Connections to determine truth table for a logic network.
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cryptography in computer
applications. Contact Con-
tinuing Education, George
Washington University,
Washington DC 20052.

November 12-16
Communications Satellite
Antenna Technology,
University of Southern

California, Los Angeles CA.

This course is for engineers
engaged in the design of
military or commercial
satellite communication
systems, spacecraft antenna
and ground stations. Multi-
ple beams, frequency reuse,

polarization control, the
new generation of satellites,
and other topics will be
discussed. For more infor-
mation, call (213) 741-2410.

Nouvember 13-15
DPMA Education Founda-
tion Sponsors Systems Con-
version Symposium,
Washington DC. The theme
of the three-day meeting is
"Converting Today's
Systems to Tommorow'’s
Technology.” Hardware and
software aspects of com-
puter conversion, strategies
and techniques, and transi-

tion to a distributed data
base system will be dis-
cussed. Contact Ken Bur-
roughs, DBD Systems Inc,
1500 N Beauregard St,
Alexandria VA 22311.

Novewmber 14-16
Advanced Programming
Techniques Using Pascal,
Allentown PA. This class
will teach Pascal program-
mers how to build a com-
prehensive and effective
Pascal-based software
development environment.
Emphasis will be on pro-
gramming exercises with

group and individual in-
struction. Contact Software
Consulting Services, 901
Whittier Dr, Allentown PA
18103.

November 14-16
1979 International Micro
and Minicomputer Con-
ference, Astro Village,
Houston TX. This con-
ference concerns micro and
minicomputer systems, a
survey of the range of cur-
rent applications, and
exploration of potential
areas for future develop-
ment. Emphasis will be

r

NORTHSTAR®

DATA BASE MANAGERS
SPECIAL!! $10.00 OFF of Selector-lll C2

Selector-lll C2; SuperSeft is proud to offer the Selector-lll C2 at & special $10.00 discount. Selector 111
allows instant recall of any record using any information item in the record. This makes Selector-lli the
most powerful Data Base Management System in micro-computers today! You can define a data format
and begin entering your data in minutes. Helps bring applications on line in hours instead of months. (Note:
Selector-lil C2 requires CP/M and C BASIC-2, not supplied — also 48K Ram required for some applications)
Selector-lll C2 is: $335.00 ($10.00 off list!). {Manual alone: $20.00)

BUSINESS
CRS - Client Record System. A complete program package for the Insurance agent. CRS will provide you
with very fast enline access to your client records, print reports and mail labels, and give you all the infor-
mation you will need to increase your sales through the use of CRS as a MARKETING TOOL.

CRS smres a complete recnrd for each client that includes the name, address, telephone # | as well as
pr # and up to six policies (expandahle if needed}. The policy information
is cnmplele wnh both lhe type of coverage and the company that is underwriting it, as well as exp. date,
premium, term, and payment schedule. You also have a remark field.

You can search the files by any field, and CRS supports a powerful 'sieve’ search to provide you with all
the information you need to increase insurance sales. CRS comes with two{2) user’s manuals, one for the
owner, and one for office personnel! (minimal system: one drive, 40K RAM starting 2000H) $250.00

{Manual: $40.00)
TEXT PROCESSORS

TFS - Text Formatting System. At last a full featured text processor for NorthStar thatyoucan rely on!
TFShas left & right margin justification, page numbering, chaptering, page headings, centering, paged out-
put & MORE. Supports powerful text manipulations including: global & local ‘search and change,’ file
merges and block moves. This means that you can restructure your text file at any time to lock the way
you want it to, you can even ‘chain’ files together from disk for documents farger than your current
memory.

TFS is completely ‘load and so’ therefore you can start using it at once. You get two{2) user's manuals:
one is a Quick Start manual to get you going in minutes, the other is an in depth study of TFS. (TFS
requires RAM from DDODH to 2000H) $75.00 {Manual only: $20.00}

FOR THE VERY BEST IN
COMPATABLE SOFTWARE

SPECIFY SINGLE OR DOUBLE DENSITY

—~

COMPUTER AIOEO INSTRUCTION

MISS - Microcomputer Instructional Support System. A complete, self-contained CAl package
applicable to home, school or business education. Includes everything needed to create a sophisticated
computer learning environment. MISS allows one to create any type lesson complete with wrong answer
branching, re-test, and complete record keeping. The student is prompted 100% of the way and need have
no special knowledge. A special feature is the optional use of a unigue algorithm which separates spelling
errors from incorrect responses. Absolutely no programming knowledge is required. MISS is completely in-
teractive and maintains complete records on any number of students and lessons (limited only by disk
space}, MISS is a completely flexible system that will allow you to either create lessons or 1o purchase
pre-programmed lessons which run under MISS. Complete with user’s manual .. .. $40.00. (Manual alone:
$10.00)

ASSEMBLERS
ARIAN - a complete B080 assembler thatinterfaces directly to your DOS. ARIAN is completely ‘load
and go'. Features include: dynamic file and RAM allocation, custom disk and RAM command capability,
several library routines directly accessable by the user. Also, a complete text editor, and system executive.
ARIAN is both powerful and easy to learn and use; it is an assembler that you can grow with. Comes com-
plete with a §1 page user’s manual {ARIAN requires RAM from 000DH to 2000H) $50.00 {Manuat alone:
$10.00)

ARIAN Utility Package -
$50.00

i PROGRAMMING LANGUAGES

Tlﬂy Pascal - This is the famous ChungfYuen ‘tiny' Pascal. FAST - ELEGANT - STRUCTURED.
Local and global variables plus procedure and function independence make ‘tiny’ Pascal great for high
speed applications. Compiles to 8080 code that executes up to 25 times faster than BASIC. You also
receive SOURCE to ‘tiny' Pascal written in Pascal. This means that you can compile the compiler! Add
features, relocate, etc. (you will need 36K to do this) $40.00

UTILITIES
DEBE - i0oes Everything But Eat)) This is a must for NorthStar user’s. You can: COMPACT & EXPAND
BASIC programs. Compacting removes unnecessary spaces and remarks. This saves money and makes
for programs run faster. Expanding puts them back again,
Cross-reference BASIC programs by variables and transfer statements.
Global substitutions of variables and transfer statements.
Formatted print outs of BASIC programs as well. $40.00

Several disk based utilities. Inclodes a complete DEBUG Package:

‘Tiny" Pascal FOR TRS-80

Now you too can have Pascal! The famous Chung/Yuen 'tiny’ Pascal has been specially desmned for
the TRS-80! The full power and elegance of ‘tiny’ Pascal is at your command. Prugrams written in "tiny’
Pascal run at least 4 times faster than the same program in BASIC! ‘tiny' Pascal is alsv a great way to
learn Pascal programming, & fun too.

Best of all, you only need a 16K Level | TRS-80! No disk is required. The ‘tiny’ Pascal operating system
is self-contained and very easy to use. -

‘Tiny’ Pascal is a subset of standard Pascal & includes: RECURSIVE PROCEDURE/FUNCTION, IF-THEN-
ELSE REPEATIUNTIL, 'PEEK" & "POKE’, WHILE 00, CASE, MORE! (Plus full graphics for your TRS-80).

You can save and load programs to and from tape in both source or compiled form.

You get all this and more, plus a user’s manual for $40.00

FOR THE VERY BEST IN
TRS-80 COMPATIBLE SOFTWARE

_Energy- -Miser

Energy-Miser is a lete heati lysis program for your home, office or business! With
Energy -Miser you can calculate heat loss because of poor insulation, leaky doors and windows, poor plann
ing and more. With Energy-Miser you can predict the annual savings on your utility bills for various im-
provements or medifications, including: use of solar power, better insulation, opening and closing drapery,
etc.

But there is even more: Energy-Miser can also calculate your Return on fnvestment. That is, you can find
your break point for converting to solar, for insulating better, etc. Energy-Miser even takes into considera-
tion the Energy Tax Credit! EnergyMiser is a program designed to save your money!

Energy-Miser is a proven program written by a professional and includes a complete user’s manual for
$22.50. Minimum System 16K Leve! Il, No Disk Required}

master charge

g INTERBANR CakD

ALL ORDERS PREPAID OR C.0.D.
ILLINOIS RESIDENTS ADD 5% SALES TAX

weon

Champaign, IL 61820
(217) 344-7596 J

November 1979 © BYTE Publications Inc 229



placed on technical papers
and exhibits. Contact Dr S
C Lee, School of Electrical
Engineering and Computer
Sciences, University of
Oklahoma, Norman OK
73019.

Nouvember 15
Invitational Computer Con-
ference, Southfield ML See
November 1 for details.

Noveniber 15-19
White House Conference on
Library and Information
Services, Washington DC.
This conference has been
called to help shape policies
on public access and
dissemination of information
in this country. Two issues
to be covered are the
libraries’ ability to help stop
functional illiteracy and the
use of computers, cable
television, audio and video
systems as alternative routes
of information delivery.
Contact Susanne

Roschwalb, (202) 466-7800
or Vera Hirschberg, (202)
653-6252.

November 27-29
Sixth Datacommn, Pacific
Grove CA. This sym-~
posium is sponsered by the
IEEE Computer Society, the
IEEE Communications Socie-
ty, and the Association for
Computing Machinery.
Some of the subjects of the
eleven sessions are electronic
fund transfer, protocols,
routing and flow control,
new data network services
in Europe, and local net-
works.

For more information,
contact Sixth Datacomm,
POB 639, Silver Spring MD
20901.

Nowvember 28-30
Business and Personal Com-
puter Sales Expo 80,
Philadelphia Civic Center,
Philadelphia PA. Contact

DISK DRIVES
40 tracks, 2 sides
with pewer supply & case SORCERER

DYSAN DISKETTES $4.60

TRS-80 PERIPHERALS
PRINTERS from
for TRS-80, ARPLE, CENTRONICS, INTREGAL

16k MEMORY KITS

VERBATIM DISKETTES  $3.00 wliumpers and instructions
LIFETIME GUARANTEE!!1!!

TAS-80 computers in stock!!

We also carry APPLE, SORCERER, PET, SO SALES products. WE WILL NOT BE UNDERSOLD,

DATA, NEC SPINWRITER,
TEXAS INSTRUMENTS,
ALL AT GREAT SAVINGSH

TRS-80 SOFTWARE
GAMES UTILITIES

BUSINESS

ANDROID NIM ... .. $14.00 NEWODS+

New updated version.
Real time shooting gallery.

SARGON:CHESS
Best chess for TRS-80

programs in one package.

...... $99.00 GL, AR, AP, PAYRDLL INTERAC-
nim robots that wink and respond.  Enhanced DOS. Comtains many TIVE $350. reports include
Excellent graphics and sound. improvements over TRS00S. 7 unbilled invoices, openlclosed
STAR TREK I ... ... $14.00 wuseful wilities built in. For 40 accounts, ageing. Trial balance,
Travel through the galaxy on the track use also.
Enterprise and destroy kitingons. NEWDOS .......... $49.00 Handles 200 accounts, 1750
Same as above without utilities. transactions. Based on Osborne
AIRRAID .. ... ... .. $14.00 SYSTEM INTEGRATION TEST method. Stand alone of each $95
...... $29.00 INVENTORY Nl ... . ... $99.00
..... $19.00 tests memory, disk drives, and activity listing, complete listing,

printer.
LIBRARY 100 . .. ... $43.00 MICROSOFT FORTRANS$325.00 search, 1000 items per disk

100 games, utilities, and business CPM ............. $150.00 ALL ABOVE PROGRAMS

Great value! disk ... ..
G2 LEVEL Il .
FOUTH by MSS

.. $17.00 ELECTRIC PENCIL .. .. $99.00
.. $49.00 by Michael Shrayer
...... $35.00 disk ........... $150.00
BEST word processor for the

income statement, balance sheet.

selected fisting, minimum quantity

. $14.00 BY SBSG

TRS-80

software for many uses and lor many

Theabove list is just abrief summary of some of our mast popular software. We have a large selection of other
0 ;

is available on re-

quest. If you have any questions, please call. We would like to hear trom you.

for any of our progi

7O ORDER, CALL OR WRITE:

mm——

I VISA

C.0.D.
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MIDWEST COMPUTER PERIPHERALS
1367 S. MICHIGAN AV.
CHICAGO, IL. 60605
(312) 251-5028

*TRS-80is a Registered Tradernark of Tandy Cor,
NN HEnnnImannnnnninnnnm

______________

1

FALL SPECIAL {
10% Discount on
all Software orders :
over $100 I

'

Circle 235 on inquiry card.

Produx 2000 Inc, Roosevelt
Blvd and Mascher St,
Philadelphia PA 19120.

Noveniber 29-30
Metric Management
Workshop, Dallas North
Park Inn, Dallas TX. The
workshop is designed to
help personnel at all levels
plan and implement a cost-
effective transition to metric
in their company. The ses-
sions will cover establishing
a metric plan and strategy,
assigning responsibility for
the transition within the
existing organizational struc-
ture, and developing a sen-
sible apporach to controlling
conversion costs, Contact
Len Boselovic, ANMC, 1625
Massachusetts Ave NW,
Washington DC 20036.

DECEMBER 1979

December 2-6
MUSE North American
Annual Meeting, Bahia Mar
Hotel and Yachting Center,
Ft Lauderdale FL. This con-
ference of Modcomp Users
Exchange (MUSE) will
feature technical sessions,
workshops and user/
manufacturer interface ses-
sions on the use of Mod-

'=__c0mp computers and their

Telated software. Contact
Kathy Black, MUSE, 4620
W Commercial Blvd, Suite
6C, Tamarac FL 33319.

December 3-5
The Application of Com-
puter Technology to
Accounting Systems,
Washington DC. The theme
of the conference is “Infor-
mation Systems as a
Management Tool for the
Financial Executive.” It is
sponsored by the Associa-
tion of Government Ac-
countants (AGA). Contact
Ken Burroughs, DBD
Systems Inc, 1500 N
Beauregard St, Alexandria
VA 22311.

December 3-5
COMDEX '79, MGM Grand
Hotel, Las Vegas NV. This
conference and exposition

for third party sellers of
computer systems, word
processing systems,
peripherals and software
packages and media will
focus on solutions to
business problems normally
encountered in structuring a
successful dealership and the
operational aspects of the
dealership from both the
supplier and the customer
side. Contact The Interface
Group, 160 Speen St, Fram-
ingham MA 01701.

December 3-5
Implementing Cryptography
in Data Processing and
Communications Systems,
New York NY. Going
beyond an introduction to
cryptographic systems, the
seminar will stress imple-
mentation of the DES and
address public key imple-
mentation considerations.
Contact Ms Jansen, Cryp- |
totech, 12 State Rd, Bellport
NY 11713.

December 3-5
Winter Simulation Con-
ference, Holiday Inn,
Embarcadero, San Diego
CA. This conference will
feature papers and panel
discussions on discrete and
combined (discrete and con-
tinuous) simulations. Con-
tact Professor Robert E
Shannon, University of
Alabama in Huntsville,
School of Science and
Engineering, POB 1247,
Huntsville AL 35807.

December 8-9
Data Processing for
Businesspeople, Cherry Hill
Inn, Cherry Hill NJ.
Management Information
Corporation presents this
seminar to meet the needs of
company management in
understanding computers.
The seminar includes basic
concepts of data processing
alternatives (service bureaus,
timesharing), small business
computer systems, program
packages availability and
selection, managing the
computer system, and the
future of data processing.
Contact Management
Information Corporation,


http:FDRTRAN$325.00

140 Barclay Ctr, Cherry Hill
NJ 08034.

December 10-11
Mini and Microcomputers in
Control, Galt Ocean Mile
Hotel, Ft Lauderdale FL.
This symposium will cover
computer architecture and
hardware for control,
languages for control,
algorithms for control,
hierarchical control,
methodology, and other
topics. Contact The
Secretary, Computers in
Control Symposium, POB
2481, Anaheim CA 92804.

Decewber 10-12
Project Managment for
Computer Systems, Chicago
IL. This seminar will illu-
strate techniques for plan-
ning, implementing, in-
stalling, and controlling pro-
jects. Contact The Univer-
sity of Chicago, 1307 E 60th
St, Chicago IL 60637.

December 10-13
1979 Fall DECUS US
Mini/Midi Symposium, San
Diego CA. This symposium
is an opportunity for Digital
Equipment Computer users
to participate in a technical
exchange. Contact DECUS,
One Iron Way, MR2-3,
Marlboro MA 01752,

December 10-14
IEEE Computer Society's
Tutorial Week 79, Hotel Del
Coronado, San Diego CA.
Fifteen different one-day
seminars will be offered
throughout the week. Con-
tact IEEE Computer Society,
POB 639, Silver Spring MD
20901.

JANUARY 1980

Janmuary 3-4
Hawaii International Con-
ference on System Sciences,
Honolulu HI. The con-
ference will cover develop-
ments in theory or practice
in software and hardware,
and advanced computer
systems applications in
selected areas with emphasis
on medical infor-

mation processing and
computer-based decision
support systems for upper-
level managers in organiza-
tions. For more information,
contact Perry G Patteson,
Office of Management Pro-
grams, University of
Hawaii, 2404 Maile Way,
Honolulu HI 96822.

January 23-26
International Microcom-
puters Minicomputers
Microprocessors (IMMM),
Harumi Exhibition Centre,
Tokyo Japan. This is a show
for manufacturers, commer-
cial and financial
establishments, service
industries and institutions,
and design engineers in-
terested in buying computer
systems, components and
services. For more informa-
tion, contact Industrial and
Scientific Conference
Management Inc, 222 W
Adams St, Chicago IL
60606.

January 28-30
Principles of Programming
Languages, Las Vegas NV,
This symposium concerns
practical and theoretical
aspects of principles and
innovations in the design,
definition, and implemen-
tation of programming lan-
guages. Some topics are
algorithms and complexity
bounds for language pro-
cessing tasks, specification
languages, error detection
and recovery, and unusual or
special-purpose languages
that raise issues of principle.
Contact Professor John
Werth, Department of
Mathematical Sciences,
University of Nevada, Las
Vegas NV 89154,

January 30-Felbruary 1
MIMI ‘80 Asilomar,
Asilomar Conference
Grounds, Pacific Grove,
CA. This symposium covers
all aspects of mini and
microcomputers including
technology, hardware, soft-
ware engineering, languages,
education and more. Con-
tact The Secretary, MIMI
‘80 Asilomar, POB 2481,
Anaheim CA 92804.m

BVTES Gt

Personal Computer Society,
POB 147, Village Sta, New
York NY 10014.

The Formation of a
New Personal
Computer Society

Do peisonal computer
owners need a national
organization? A personal
computer user named Abby
Gelles would answer in the
affirmative. She was inter-
acting with a number of the
attendees of the National
Computer Conference Per-
sonal Computer Festival last
June when the usual pro and
con arguments were raised
in her conversations. She is
convinced there is a need.

So, with some kindred
spirits in New York City,
Abby has formed the Per-
sonal Computer Society.
You can find out about
what she is proposing by
writing her at: Ms Abby
Gelles, Executive Director,

ICS Announces
New Courses

Integrated Computer
Systems Inc (ICS), 3304 Pico
Blvd, POB 5339, Santa
Monica CA 90405, has
announced the fall and
winter schedule for their
Short Course series. Courses
on computer graphics,
digital signal processing,
troubleshooting micro-
processor systems, and
other topics, will be
covered. The courses will be
held in cities around the
United States from Novem-
ber through February. These
courses are structured for
technical and managerial
personnel. @

Circle 92 on inquiry card.

PRINTED CIRCUIT KIT

Makes circuits THREE WAYS

1 FULL SCALE ARTWORK MASTER

DEVELOPED

MAGAZINE ART . FILM . ’ PHOTO RESIST . ETCHED
NEGATIVE IMAGE ON CIRCUIT
ILLUSTRATION POSITIVE IMAGE ON & cmcur
CIRCUIT BOARD

3 DIRECT ETCH DRY TRANSFERS APPLIED TO COPPER CLAD BOARD

Copy circuits right from a magazine using special photo film.
No camera or darkroom used. Page is not destroyed in process.

Do your own master art, make negatives, sensitize boards and
etch one or a hundred circuits; all identical, all perfect.

For one-ot-a-kind PC's, use special dry transfer patterns as
a direct etch resist right on the blank copper board.

Do it all with the ER-4. In stock at parts distributors or order
direct. Add 7% shipping. Minimum factory order: $30.00.

ER-4 Complete Photo Etch Set............ ... ... .. $29.95
ER-2 Assorted Etch Resist Patterns & Tapes . .. 4.25
ER-3 1/4 Ib. Dry Ferric Chloride (makes one plnt) 1.85
ER-5 Six sheets Pos-Neg Copy Film, 5"x6" . ... 475
ER-6 Film Process Chemicals . ... ......... .. ... 250
ER-71 Photo Resist Liquid (negat[ve] does 1700in? . 6.50
ER-8 Photo Resist Developer, 160z. .. ........... .. 2.95
ER-12 Power Etch bubble pump unit* . ... ... ... .. 7.25

“not included in ER-4 set

the IATAK corp.

65 71st St. e Guttenberg, N. J. 07093
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Blubs sad Newsletiers

ACM Special Interest
Group Publishes
Newsletters

The Special Interest
Group on Language
Analysis and Studies in the
Humanities' SIGLASH
Newsletter is published in
March, June, September and
December by the Associa-
tion for Computing
Machinery (ACM). The
newsletter contains unrefer-
eed papers, reviews of books
and articles, abstracts of
members’ work, a “rap” sec-
tion for short communica-
tions, announcements of
general interest, and letters
to the editor. Membership in
this special interest group,
which includes the newslet-
ter, is $4 a year for ACM
members and $10 for non-
ACM members. Contact

ACM Inc, POB 12105,
Church St Station, New
York NY 10249.

Tri-State
Computer Club

The Tri-State Computer
Club is a newly established
hobbyist group serving the
river cities in the Ohio,
West Virginia and Kentucky
areas. They have over 40
members representing 6800s,
TRS-80s, Digital Equipment
Corporation (DEC) and
Heath equipment. The
meetings are held on the
second Saturday of the
month at 3:30 PM in the
Lawrence County OH public
library. Meetings are open
and the public is invited to
attend. Contact Douglas

| Troughton, 508 Colony Dr,
Wheelersburg OH 45694.

Apple Computer
Users Group in
Honolulu HI

Honolulu HI now has its
own Apple Computer Users

Users Society (HAUS) sup-

the latest up-to-date infor-
mation concerning the
Apple, including program
tips and techniques, listings,
reviews, etc. Meetings are
held the first Monday of
each month at the Com-

The president is Bob
McDowell, and Randy
Brumback is vice-president.

The club holds weekly ses-
sions on programming,

What you'C’

is what
you get!

BD SOFTWARE

feasible.

Price: $110

C Compiler for CPIM

New, and available now! An easily affordable compiler
incorporating most of the features of the full C language.

System requirements: CP/M and at least 24K of RAM

Variable Types: char, int, unsigned

Composite Types: arrays, structures, unions

Pointers: to variables, structures, unions and functions

Features: is a structured language, all functions (Programs)
recursive; more powerful expression operators than any
other von Neuman type language; allows free-formatted
source; close enough to UNIX** C to make conversions

Speed: On 2 MHz 8080, the statement for (i = 1; i < 30000,
i++) x =5; takes about 4 seconds to execute.

Package contains: compiler, linker, library manager; standard
function library; sample source files include games, a
terminal emulator with disk [/Om plus the source for
many standard library functions; BDS C User’s Guide;
Book—The C Programming Language by Dennis Ritchie
and Brian Kernighan of Bell Labs.

Recipient of the Computer Lib Seal of Approval
“CP/M 15 a trademark of Digital Reseaich Corg
**UNIX1s a trademark of Bell Laboratonies

Lifeboat Associates

2248 Broadway, New York, N.Y. 10024

(212)580-0082 Telex 668585
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BASIC, hi-res graphics,
etc. Annual dues are $10
which include a newsletter.
Additionally, the group is
interested in exchanging
information and software
with other clubs. Contact
Bill Mark, 98-1451-A
Kaahumanu St, Aiea HI
96701 or phone (808)
488-2026.

Group. The Honolulu Apple

ports a newsletter containing

puterland store in Honolulu.

PPC Journal for
Hewlett-Packard
Programmable

Calculator Users

The PPC Journal is the
monthly publication of the
Personal Programmers Club
(PPC) which is a volunteer,

world-wide group of
Hewlett-Packard program-
mable calculator users.

The purpose of the publi-
cation is to disseminate user
information related to the
selection, evaluation, care
and application of all
Hewlett-Packard program-
mable calculators. The jour-
nal is available through

membership in PPC. Inter-

nonprofit, loosely organized,

ested individuals should
write to PPC, 2541 W
Camden P], Santa Ana CA
92704. A sample issue of the
PPC Journal and other
information materials may
be obtained by sending a
self-addressed 9 by 12 inch
envelope with 2 ounces of
first class US postage
attached.

Non-Mikbug 6800
Series System
User Group

According to a letter
received from Mark Siebart,
he is attempting to set up a
users group and newsletter
for non-MIKBUG 6800 series
systems with emphasis on
the Capitol Radio Engineer-
ing Institute (CREI) and
National Radio Institute
(NRI) machines. These are
based on a J-Bug compatible
monitor using the MEK for-
mat. Anyone interested in
such a group should write to
Mark at 2599 Caulfield, San
Diego CA 92154.

Bulletin for TRS-80
tiny-c and
Assembler

The TRS-80 tiny-c and
Assembler Programming
Bulletin specializes in pro-
grams and techniques for
Radio Shack’s editor and
assembler and tiny-c
associates’ tiny-c interpreter
for the TRS-80. An annual
subscription (4 issues) costs
$8.50 and a single issue is
priced at $2.50. Contact Rob
Varty, 2193 Haygate Cr,
Mississauga, Ontario
CANADA 5K 1L7.

Wake is the Word
for Washington
Area KIM
Enthusiasts

WAKE, Washington Area
KIM Enthusiasts, meets each
month at the McGraw-Hill
Continuing Education
Center in Wasington DC to
study operation, expansion
and applications of KIM-1
microcomputers. The





http:assemblyJ-539.95

meetings are at 7:30 PM on
the third Wednesday of
every month. For a copy of
the current WAKE news-
letter, send a stamped, self-
addressed envelope to
WAKE, c/o Ted Beach,
5112 Williamsburg Blvd,
Arlington VA 22207 or
phone (703) 538-2303.

Microcomputer
Investors
Association

The most recent issue of
the MicroComputer Inves-
tors Association journal con-
tains 200 pages with 20
articles that deal with uti-
lizing microcomputers to
make and manage invest-
ments. Practical computer
programs accompany half of
the articles. The Association
is a nonprofit group which
was formed 3 years ago to
enable members to share
data and information. An
information packet is

available for $1. Contact
Jack Williams, MCIA, 902
Anderson Dr,
Fredericksburg VA 22401.

Free Newsletter
for Science and
Technology
Educators

Hands On! is a free
newsletter published 3 times
a year by the Technical
Education Research Centers
(TERC), 575 Technology Sq,
Cambridge MA 02139,
TERC is a nonprofit curri-
culum research and develop-
ment corporation. Billed as
a forum for science and
technology educators, the
latest issue of the newsletter
contains articles such as A
Biased Introduction to the
World of the 6502
Microprocessor; Toward
Affordable Computers: Net-
working and Graphics;
Microcomputers in Instru-

ment and Control and much
more. To be added to
TERC's mailing list, contact
the company at the above
address.

Computer Club
in Venezuela

The Cuatro Computer
Club, Los Pinos Ave, EDF
Airosa 5, La Florida,
Caracas VENEZUELA, has a
monthly newsletter entitled
Micronews. The newsletter
includes short programs on
computer graphic art and
game programs, as well as
future conferences and
events, and anecdotes.

The Delmarva
Computer Club

The Delmarva Computer
Club has been formed to
create a community
awareness of microcomputer
uses for business and
pleasure. The club meets at

TRS-80°

BUSINESS SOFTWARE
Why not buy THE GENUINE ARTICLE???

The Osborne & Associates applications (Payroll with Cost Accounting, Accounts Pay-
able € Accounts Receivable, and General Ledger) are on their way to becoming the
standard applications software in the microcomputer field.

The genuine O&A software is written in CBASIC® forthe CP/M® Qperating System.
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Any other combination of language and operating system represents a reprogramming
effort. . .for the TRS.80, Model |, several organizations have done such a reprogram-
ming in Disk BASIC under TRSDOS. These packages have certain drawbacks such as
having some features of the application removed. In addition, the fact that they are writ-
ten in a source interpreter BASIC causes the comments in the source programs (if these
are distributed at all) to be removed in the interest of saving space and execution time.
Since CBASIC is a compiled language, comments cost nothing (in either space or execu-
tion time) in the executable version of the file—but such comments are invaluable in the
later program maintenance and modification that is always required on applications soft-
ware. Without having such comments, it is easy to spend many times the cost of the soft-
ware on just one modification/maintenance effort. A buyer should take this into con-
sideration when locking at the apparent cost of the package. The CBASIC source pro-
grams we sell are heavily commented to aid the programmer.

Our programs are THE GENUINE ARTICLE . . . the CBASIC source code as de-
veloped by Osborne & Associates. We furnish the buyer BOTH the TRS-80. Model | ver-
sion (requires a 48K Model | with two or more disks) AND the unmodified 8" version (for
later use on the TRS-80. Model Il or other 8" CP/M system). . .at no extra charge. By
using our DOWNLOAD program, it is possible to start using the applications on the
Model |, and then when the Model Il is up and running at a later date, download the data
files from the Model | to the Model Il and keep running the same applications without
disrupting your operation.

The Osborne £: Associates books have been rewritten to reflect the CP/M, CBASIC
versions of the applications. These books can be purchased either from your local
computer store or from us directly. We can see no percentage in your buying other than
THE GENUINE ARTICLE . . . which is what we sell. . .the Osborne & Associates
source programs in CP/M and CBASIC.

CPIM Operating System. .. ...
CBASICCompiler. ...

OGA Payroll w/Cast Accounting. ......

OFL.A Accts. Rec./Accts, Payable. ..,
Q& A General Ledger wiCash Journal
O&A CBASIC books for above {each)
DOWNLOAD program

TRS-BOisa registered trademark of Radio Shack, n Tandy company

CP/M is a registered trademark of Digital Research

CBASIC is a registered trademark of Software Systems C v B E IRINIE|TI)ICS
N

c
804! NEWMAN AVENUE  SUITE 208 * HUNTINGTON BEACH, CALIFORMNIA 92647 « (714)848-1922
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Arcadia High School in Oak
Hill VA at 7:30 PM on the
first and third Wednesday of
each month. Beginners are
able to get hands-on pro-
gramming instruction in
BASIC, and advanced
members work on commu-
nity projects and software
development and exchange.
Contact Jean Trafford,

POB 36, Wallops Island VA
23337.

Albany-
Schenectady NY
Microcomputer
Society

Capital Area Microcom-
puter Soceity (CAMS) is a
newly organized group inter-
ested in information
exchange among members,
solving software and hard-
ware problems, and presen-
tation of programs of
general interest. Presently
there are about 30 members
and meetings are held at
various locations around the
Capital District on the
second Wednesday of each
month. Contact Stanley L
Mathes, Box 348 Ridge Rd,
RD#1, Scotia NY 12302,
(518) 372-3767.

Electronotes for
Musicians

Electronotes 991is a news-
letter for knowledgeable
designers, technicians and
hobbyists in the music syn-
thesizer field. There are pro-
jects, diagrams, items for
sale and articles of general
interest to sound engineers
and designers. For more
information, contact Elec-
tronotes 99, 1 Pheasant Ln,
Ithaca NY 14850.

Utah Computer
Association

The Utah Computer
Association (UCA) meets
every second Thursday of
the month at 7 PM at Mur-
ray High School, 5440 S
State St, Salt Lake City UT.
The club also has special in-
terest groups that meet at
different times to review
new products and exchange










Circle 217 on inquiry card.

Pascal / MT

from

Meta TedN

8080 / Z80

COMPILER & SYMBOLIC DEBUG!
RUNS UNDER CP/M (& Derivatives)
Generates Romable Machine Code
Needs only 32K bytes

Output is 10X faster than P-code
Efficently compiles a subset of
Standard Pascal

Available for ALL CP/M Systems

$99.95

Options include: real/business arithmetic
multi tasking, interrupt procedures, etc.

Call/Write Meta Tech

3308 Midway Drive
Suite 283

San Diego, CA 92110
[714] 223-5566 X289

Dealer Inquiries
Invited

Circle 353 on inquiry card.

“’S@@LOGIC

for graphics!.

3D GRAPHIC SOFTWARE

for Apple Il, TRS-80, 8080 and 280,
M6800, and BASIC.

Plus Graphic Driversfor Dazzler, Matrox
ALT-256 and 512, and Vector Graphics.

HARDWARE

Matrox ALT-256 and
ALT-512 S100 displays,
and the new SubLOGIC
50/T80 Hi-Res for
TRS-80.

We're open 9to6. Monday
thru Friday, central time.
Give usacall

The engineering & graphics people

(21 7%9@8[2@ mG IC

Box V, Savoy, IL 61874

WORD PROCESSING
TEXTWRITER IS THE ULTIMATE TEXT FORMATTER
For CP/M, TRS-80, Northstar & Micropolis

e PERSONALIZED FORMLETTERS
Names, addresses, etc. replaced by entries
from a mail list file or from the keyboard

e REPORTS & MANUALS

Table of contents & alphabetized index
printed automatically

e CONTRACTS & SPECIFICATIONS

Standard paragraphs or sections stored in
files and inserted by name when printed

e BOOKS & ARTICLES
Footnotes collected & printed at page

bottom, chapters kept in separate files
chained together when printed

Ask Your Dealer For A
Demonstration

L84, For Further Informanon Call
Nt
SN g
ke Sy,
~a . “Juo‘
\9—{[ ~ naturally L

bug free

Textwriter Il $125
Marual alone - $15

Add $2 per order fer shinping
n al $

> [ [
2ol

1482 Windsor Way, Livermore, CA 84550

Circle 295 on inquiry card.

FUN & PROFIT

HEAVYWEIGHT BOXING — You match 40 con-
temporary or all time great boxers in computer
fights. What-if bouts like Jack Johnson vs Al
or Marciano vs Larry Holmes are possible with
this super enjoyable game program.

$24.,95 Postpaid

STOCK MARKET — Now you can invest in the
stock market with this stock market simulation
for 1 to 4 players. Buy on margin, sell short,
then figures your Federal Taxes! Includes cal-
culations for long and short term capital gains.

$19.95 Postpaid

1979 INCOME TAX — Does 1040 schedules
A, B, D, G and TC. Specify if you have a printer
when ordering this program.

$39.95 Postpaid

Send check or money order to:
Dealer inquiries invited.
SOFT SALES
1524 UNIVERSITY AVE.
ST. PAUL, MINN. 55104

Circle 358 on inquiry card. BYTE November 1979 241
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Heounstics
SpeechlLink™

Talk To Your Computer. ..
® Voice data entry to the Apple®
computer

e \oice control of your Apple®
system

e User variable vocabulary
(64 words and up)

e Applesoft & Integer Basic

compatible with or without
disk operating system

Useful For. ..
e Collecting inventory data

® Running the Apple® as a terminal
e Controlling production test
equipment (say “test 2")
e Menu selection of programs
(say “stocks”)

e Entering stock market data
e Educational programs for the kids
(say “square”)

See your computer dealer.
Model 2000 suggested retail price
$259, model 20A $189.

Heunristics

1285 HAMMERWOOD AVENUE
SUNNYVALE, CALIFORNIA 94086
408/734-8532

Apple® is aregistered trademark of Apple Computer Corporation
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JeskTop Wonders

Extended Multiplication
with the TI-58

Michael E Manwaring, 3608 73rd Ave N,
Minneapolis MN 55429

Most calculators have 8 to 10 digits of display. A few
have as many as 14 digits. For most applications, we have
very little interest in any more than 8 significant digits;
there are, however, a few fields, such as cryptology, in
which someone might want many more digits of answer.
The Number Cruncher is a mathematical program that
will enable the user to multiply two numbers with a total
of up to 90 digits, using a TI-58. The TI-59 can handle a
total of 300 digits using this program.

After entering the program (see listing 1), press E.
Subroutine E clears the memories, sets the program
pointers, and repartitions the memory space to give the

Listing 1: TI-58 program for multiplying two numbers with an
answer totaling up to 90 digits long.

Erd 73 00 T 0T

| AR B + R BUR) ]
L e T =
L b

ot L0 8 L

iyl

L LE'L (R R _- E.
Listing continued on opposite page
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greatest possible capacity, The partition will be
displayed. Now you can enter the multiplications, 6
digits at a time, pressing A after each 6 digits of the first
multiplicand, reading from left to right.

Each multiplicand is divided into groups of 6 digits
from right to left, then the numbers are entered from left
to right. If the number of digits in a multiplicand is not
exactly divisible by 6, the first group of digits of that
multiplicand will have less than 6 digits. When the first
multiplicand has been entered, the second multiplicand
may be entered in the same manner by pressing B after
each group of 6 digits.

For example, 6,853,233,214,307,635,533,673. X
5,822,756,618,783,644,505,626,130. must be entered in
the following manner:

6853
233214
307635
533673

> > > >

5
822756
618783
644505
626130

W™

When the multiplicands have been entered, press C to
calculate the result and enter it into computer memory. It
may take 5 seconds for each 6 digits of the multiplicands
entered to perform this step. When the calculation is
completed, a meaningless number is displayed. The result
can be extracted from memory by pressing D several
times. Pressing D causes the result to be read from left to

right. In this case, the result is on the order of 4 X 104, so
it will be necessary to press D 8 times to recall the entire
result. If D is pressed one too many times, the last entered
group of digits from the second multiplicand will be
displayed. Each time D is pressed 6 more digits of the
result are displayed.

0
39904
709058
677695
645793
103475
894028
753563
675490

vlviviviviviwiwiw)

It appears at first that the TI-58 uses the 10-digit
display value in its calculations. In reality, all calcula-
tions are done using a 13-digit internal register or accu-
mulator which allows it to multiply two 6-digit numbers
and retain all eleven or twelve digits.

The algorithm used in this program is very similar to
the old method of pencil and paper multiplication, where
you multiplied one digit of one multiplicand by one digit
of the other multiplicand at a time, carrying the tens digit
to be added to the next multiplication. The main dif-
ference is that instead of multiplying and carrying one
digit at a time, the computer does 6 digits at a time, great-
ly speeding up the calculation.m

Calculator Airborne
Navigation

The HP-25 Finds Ground Speed
and True Heading

L J Kuhns
801 Hastings Dr
Kissimmee FL 32741

The program in listing 1 calculates the ground speed
and true heading for all quadrants when the true course,
wind direction, air speed, and wind speed are known.

The addition of 0.1 degrees to the wind direction eli-
minates any problems with head and tail winds (which
otherwise result in division by zero) without any major
effect on the answer.

Storage of 180 degrees and 360 degrees facilitates tak-
ing care of the different quadrants for making drift corr-
ections.
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TEXxAS

INSTRUMENTS
TI-99/4

Home Computer

+ 26 K ROM extended Ti BASIC.

+ 16 color graphics, and music and sound effects.

+ High quality 13" coler monitar.

» 16 K RAM user memory.

CTC'S DISCOUNT PRICE FOR THE COM-
PLETE SYSTEM; CONSOLE & 13" COLOR

MONITOR

$1099

Order now. Subiject ta availability
by manufdiiturer.

Price subject to change withoul notice.
Refunds guaranteed prior to delivery.

,%

- -y
: The Computer People  \
San Diego’s largest Discount Computer & Calculater 1
D Store. 5560 Ruffin Road. San Diego. CA 92123 |
9
I Please ship me the following merchandise. I
1 TI HOME COMPUTER PRODUCTS |
l PHCOD4M  T1-99/4 Home Computer $1099.00 s I
I PHA2000  Dual Cassette Cable 695 ¢
PHP1100  Remote Controls {Pair} 995 s____ 1
l PHPI500  Speech Synthesizer 149895 s I
1 COMMAND MODULES I
PHM3000 Diagnostic 2995 S
¥ bum3oor Demonstration [ P |
l PHM3002  Early Learning Fun 2995 s __ I
PHM3003 Beginning Grammar 2995 §
B PHM3004  Number Magic e s
l PHM3005 Video-Graphs 19.95 $
PHM3006 Home Financial Decisions 2985 s __._ I
l PHM3007 Household Budget Management 4495 § l
l PHM3008  Video Chess 6995 $___
PHM3009 Football 2985 s ____ I
B PHM3010  Physical Fitness 2995 S 1
I Special Prices on Calculators, l
l Micro Computers, Accessories
TI-Programmer Calcufator 4995 [ ]
| HP-41C Programmable Calculator 24995 $ I
HP-41C Card Reader 15995 §
b hpacc priner 319.85 1
I HP-41C Memory Module 3995 s I
SOROC 10-120 849. $
B sazeltine 1400 A |
I IMSAI VOP-42/32K 4,695. $
IMSAI PCS-44/32K 3695 $ I
B msm 18080 @ s
l IMSAI 1-8080 Kit 699. [ —
IMSAJ IKB-1 Intelligent Keyboard I T |
I Cromemco Z-2H Computer System 899, S I
I with B4 K. Dual Floppy, 10MB Hard Disk
ToTAL s 1
1 Shipping, add 3% $ 1
Cal. residents add 6% tax $
1 Amount enclosed s—— 1
. {check or money order) .
N Chage tomy [] VISA [ MASTER CHARGE 1
I Acct # Bank = Exp. Date i
Si :
I anature [Required if using credit card) .
1 Name 1
] Street or P.O. 1
¢ City State Zip
‘--------------J
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NAVIGATION - CALCULATES GROUND SPEED AND TRUE HEADING
FOR ALL QUADRANTS

DISPLAY KEY
— s ENTRY COMMENTS REGISTERS
00 0.1° ADDED TO R, TRUE
01 2401 RCL 1 WIND DIRECTION (%DE%%SEEES)
02 2400 RCLO | TAKES CARE OF
03 41 — TAIL AND HEAD R, WIND
04 2407 RCL 7 WINDS DIRECTION
5 i — +0.1°(DEGREES)
06 2304 STO 4 R, AR
07 2407 RCL 7 E’AF"EEESD/HR
08 51 + - i
09 1551 8=0 R, WIND
10 1313 GTO 13 SPEED
MILES/HR.
11 1312 GTO 12
12 2304 STO 4 R, AIR
13 2404 RCL 4 SPEED ¢
14 1541 8x<0
15 1320 GTO 20 R, WIND
5 0 5 SPEED ¢
17 00 0
18 51 + Re 180°
19 2304 STO 4
20 1404 f SIN
21 2403 RCL 3 R, 360°
22 61 X
23 2402 RCL 2
24 71 =
25 1504 8 SIN
26 2305 STO 5
27 2404 RCL 4
28 2406 RCL 6
29 51 ¥
30 1551 820
37 32 CHS
32 2405 RCLS
33 551 §=0
34 32 CHS
35 51 ¥
36 2406 RCL6
37 51 +
38 1404 1 SIN
39 2403 RCL 3
40 61 X
41 2405 RCL 5
42 1404 f SIN
43 7i =
44 1541 8 x<0
45 3% CHS
46 74 RS GROUND SPEED
47 2400 RCLO
48 2405 RCL 5
49 51 * HEADING  m
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SNOBOL Commentary

Jonathan Sachs, 6713 Richmond Ave,
Richmond View CA 94805

As a long-time SNOBOL addict, I enjoyed Bruce
Burns’ "SNOBOL Conquers All?” (June 1979 BYTE, page
220), but [ want to protest two things he said.

First, that “opponents to the language say they feel that
the language's power invites unstructured program-
ming...”” | think we are basically in agreement on this
one, but uncareful readers may get the idea that if you
understand what you are doing, unstructured program-
ming in SNOBOL is OK. Make no mistake: when the full
power of SNOBQOLA4 is applied to a problem, it is beyond
the power of a human to understand the resulting pro-
gram without extensive documentation and thorough
study. It is wise to use the language below its capabilities
99% of the time, and end up with readable code.

While | am on the subject of structure, I will add that
SNOBOL's lack of strong structure (WHILE/DO,
[F/THEN/ELSE) is its single intolerable vice. I object, not
because it allows fools to write bad code, but because it

prevents ime from writing good code unless I sweat blood.
Because of this, | am planning to modify my SNOBOL
compiler (FASBOL II on the DECsystem-10) to support
the above constructs. I would like to hear from anyone
else who has tried this.

Now, for my second objection. It concerns the one-line
code segment to put the characters of a string in lexical
order. The one-liner works, but it is horribly inefficient
for long strings. When it finds characters N and N+1 are
out of order it transposes them, then returns to the begin-
ning of the string, even though we know characters 0
through N—1 are ordered.

Gross inefficiency is not a sin, but there is no justifi-
cation for it unless it buys some overbalancing benefit
such as storage economy or generality. Here, the only
benefit we get is a one-liner. I think that is a poor
demonstration of elegance. [ wish Mr Burns had come up
with a one-liner (if he had to use one at all) that someone
might want to use in a real program.

Incidentally, the following “3-liner benchmarks
almost 4 times faster on my system, for the string 'THE
QUICK BROWN FOX JUMPS OVER THE LAZY DOG':

P=0
LEXORD S TAB(*P)$ A @Q LEN(1) $B @P LEN(1)$ C
+ *LGTB.C) = ACB :F(ORDERED)
P =7CGTIQIQ -1 :(LEXORD})
ORDERED ...

But these are minor complaints. Mr Burns' crusade to
implement SNOBOL on microcomputers is a worthy
one, and if there is anything [ can do to support it, I will.

Q

OLOF GQ S ETRS-80 |/|MCOMPUCOLO

N/SOUNDWARE

Everything you

need to add the joy

of sound to your entire
BASIC library!

You get hardware — a neat speaker-amplifier unir
with volume conrrol. earphone jaclk and con-
necrors. No wiring. no soldering. just add batteries
and plug irin

You get soffware — rwo.programs demonstrare and
help you creare your own sound effects. Add laser
sounds bird calls. bounces. cliclss, sirens, music notes.

Complete with step-by-step instructions,
1 year limited warranty. \

fomenr- $29.95 $39.9

All PETS & TRS-80 Level il's COMPUCOLOR I

GREAT CHRISTMAS GIFT!

See your dealer or order direct by phone,
(408) 371-4120 or by mail.
MSA/Bankarnencard or Master Charge accepted. For COD
add 15% Californions add 6% sates rax. No charge for shipping
when payment is enclosed

OO

'"aCOMP

4o

Il 08-SH. W.13d m Il HO10ONdWOO m13d mil 08-SH. m13d @3

PETETRS-80 IImCOMPUCOLOR |Im PE!

-8

o

Fascinating new
games fo renew
your home library

PETBTRS-80 I|mCOMPUCOLOR [Im APt

STARFIRE GAMEWARE

® APPLE [l with Disc. 32K and up

Lightning Command & Dark
Castle*

Dungeon
QuestIt* . ... ...

Space 2020* ... .. $24.95

STARFIRE GAMEWARE
® COMPUCOLOR I, 16K
Space 2020* ... .. $24.95
Dungeon Quest Il . . $19.95
Lightning

Command ......
Bomb Squad & Wall

Street*

SOUNDWARE SOFTWARE

¢ COMPUCOLOR II, sk

Action Pack™* (Breakthru,
Caterpillar, Snakes. Target.
Sketch, Popshot) . $19.95

SOUNDWARE SOFTWARE

® All PETS

Action Pack* (Breakthru. Tar-
get. Caterpitior) ... § 995

The Classics* (Backgammon.
Checkers, Piano
Player) ........

Word Fun* (Spelier. 5cramble,
Flashcard) $ 995

*Games with wund and super graphics

GREAT CHRISTMAS GIFT!

See your dealer or order direct by phone,
(408) 371-4120 or by mail.
VSA/Bankamencard or Master Charge accepred For COD
add 15% Calfornions add 6% sales tax. No charge for shipping
when payment 1s enclosed

CAP Elecrronics, Depr. B
1884 Shulman Ave B 5an Jose CA 95124 M (408) 371-4120
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CAP Elecrronics, Dept. B

1884 Shumon Ave. Bl San Jose. CA 95124 I (408) 371-4120
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ProComp/New England

_ﬂtpe‘z Clreistmas Sale

TRS-80"=c45VEs

The MEGABOX includes provision to add 32K of RAM and a UART
with the RS-232 interface, so the MEGABOX can be used with the
TRS-80 alone to provide a complete 48K system, capable of sup-
porting a printer. (By MICROMATION, of course! )

One MByte Storage... $2295 CP/M + TRS-80

Two MByte Storage... $3095 Software Patch... $249 *
Microsoft FORTRAN.. $199 *

[ TRS-80 TM Tandy Corp. ]

....Add a PRINTER

° COMPRINT ° Epson TX-80
(Parallel)..... $589 (Parallel).......... $739
(Serial) $549 (Serial)

o Sanders Technology ° T|-825 (RQO)

MEDIA 12/7.ccriserssines $3589 *

Prices marked with * good thru
Dec 31. Mail and phone orders
welcome, Prices FOB Boston, MA,
Shipping costs billed COD,

Mass residents add 5% sales tax.

Add Capacity and Power

to your S-100 System.
--- DISK STORAGE ---

Micromation ' Doubler '
( 2D / Disk Controller ) ... $449.00

One MByte Disk Sub-System

(Two REMEX 8'" RFD-2000)

(Controller / Housing & CP/M). $2,295

Two MByte Disk Sub-System

(Two REMEX 8" RFD-4000 dual head)

(Controlier / Housing & CP/M) $2,695 *
--- MEMORY BOARDS ---

Measurement Systems & Controls

48K Dynamic (DM-4800) §549.00 *

Seattle Computer Products
"16K Plus' Static (250ns).......

A Special Value ProComp Custom System ......

We put it all together in a rugged TEI tabletop cabinet,
then test it and burn it in.

You get all the advantages of a Cromemco System Two (plus
an extra drive) for 15% less.

*
*
*
*

3 MPI 525" Drives

Cromemco ZPU ( CPU Card )

Cromemco 4FDC Disk Controller

64K Measurement Systems & Controls
Memory (Model DM-6400)

Take your pick of Operating Systems [ CDOS /or/ CP/M ] All for ONLY 33390 ¥*

MICROCOMPUTER SYSTEMS o SOFTWARE o

BOARDS - SUPPLIES

ProComp/New England

120 Boylston St. Fourth Floor Boston, MA. 02116 (617) 482-4450 ’ ; master charge

HOURS M-F 9-5 S 10-6 write or call for our current price list.

Circle 66 on inquiry card.
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SOFTWARE

Add-on Graphics for
Apple II Software

Superchip is a 16 K bit read-only
memory designed to be plugged into the
Apple Il computer. The device provides
an alternate set of 1/0 (input/output)
service routines. The output routine can
display, within the window concept, the
full American Standard Code for Infor-
mation Interchange (ASCII) character set
(lowercase included), along with 32 new
characters. User defined characters and
character sets are also supported. Text is
available in reverse video and may be
freely mixed with high-resolution
graphics. Characters can be rotated in
90 degree steps to achieve vertical and
upside down printing. The new input
routine permits the generation of all the
new characters from the standard
keyboard. An enhanced full screen
editor is also provided with full cursor
motion, character insertion and deletion,
and several other features to increase the
speed of editing. The Character Edit
Program, which is available on cassette,
permits one to construct or modify a
character pattern by working with a
magnified grid. Superchip was designed
to be transparent to existing Apple soft-
ware, and most programs run under it
with no modification.

Superchip supports printing through
either the communications or printer

Mow _can ycur APPLE do
(Turn over for ansue

-
J;,‘

,.f&ﬂﬁ‘

vaa?:cﬁ;

( dIHJ¥3dNS ur

interface board and requires a 16 K byte
system to operate. The Applesoft board
is also supported. Superchip is priced at
$99.95, and the Character Edit Program
is $19.95. A disk interface is available

Euvan add

*abodefghi
parstuvdxy

Plus the neu:

wREl waBSdEfoens
P Ppolawioeei=30

YOUP OHN:

L svvRe
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for $19.95, and a word processing

package costs $19.95. For further infor-

mation, contact Eclectic Rentals Inc,

2830 Walnut Hill Ln, Dallas TX 75229.
Circle 638 on inquiry card.

Full Standard PILOT
on PET

Commodore PET owners can get full
standard PILOT on a minimum size PET
with the PETPILOT language processor
and editor which is suitable for prepar-
ing long programs of up to 80,000
characters. The product features full
BASIC in compute statements as well as
two new keywords designed to make
PILOT programming easier and faster.
All language features of the most recent
PILOT standard are implemented. Only
the tape drive supplied with the PET is
required to run any PILOT program.
While simple PILOT programs can be
created on a single drive PET, authors
writing long programs will need the
second cassette drive offered by
Commodore.

The package offered by the PET-
PILOT project contains both programs,
a sample PILOT program, a teacher’s
manual, a quick reference card, and
licenses to run the programs on a single
PET. The basic package costs $25.
Specify the PET serial number to be
licensed when ordering. Contact Dave
Gomberg, 7 Gateview Ct, San Francisco
CA 94116.

Circle 640 on inquiry card.

User-Oriented Database
Management System

Global is a comprehensive and ver-
satile user-oriented database manage-
ment system for database creation and
list maintenance. Global runs under
CP/M and CBASIC2 on a microcom-
puter system in 40 K bytes of program-
mable memory. This general-purpose
tool can be used for diverse applications
such as inventory systems, mail lists,
indexing collections, history reports,
payroll files, accounting files, price lists,
client lists, etc.

Some features include completely
user-defined file structure with sequen-
tial, random, and linked file
maintenance; user-defined number of
fields; data transfer between records;

automatic high-speed search algorithms
with global search function, built-in
indexed sequential-access method, etc;
fast sort and merge utility; record-
selectable output that can be formatted
and printed on various forms; links to
CP/M commands or programs with
automatic return to Global; status
reports on disk, data file and hardware
environment; and disk used as extended
memory.

Global is supplied on standard 8-inch
IBM-compatible disks and comes com-
plete with a BASIC subroutine library
supplied in source code, and a com-
prehensive manual for $295. The manual
alone is $35. For further information,
contact Global Parameters, 1505 Ocean
Ave, Brooklyn NY 11230.

Circle 639 on inquiry card.

Educational Software for
Apple and TRS-80

Mind-Memory Improvement (Course
Steps 1 and 2) has been designed for the
Apple and the TRS-80 (Level | and I1). It
combines the advantages of the home
computer with a teaching manual and
audio cassettes. The Mind course teaches
a system for memorizing lists of items
easily. In addition, the course

develops memorizing skills for more dif-
ficult material as well as teaching a
system for listening and remembering.
Emphasis is placed on remembering peo-
ple’'s names and faces. The price for
Mind-Step 1 is $24.95 and Mind-Step 2
is priced at $29.95. Both courses are
available for $49.90. For further infor-
mation, contact TYC Software, 40
Stuyvesant Manor, Geneseo NY 14454.
Circle 641 on inquiry card.
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California Computer Systems
Available at HOBBY WORLD

Model 2500A
100

W||'e Wrap
Board

® 5.100 BUS compatible
Double sided PC hoard
Plated thru holes
Perimeter ground
All $-100 BUS signals labeled
and numbere
Accommodates standard size
1C sockets
4 220 regulator positions
available
Allows either positive or neg-
ative regulators
Dense hole configuration

Cat No. 1600 $ 27.00

Model 2501A
5100
Solder Board

S-100 BUS compatible
Double sided PC board
Plated thru holes
Perimeter ground
All 5-100 BUS signals labeted
and numbered
Accommodates standard sice
1C sockets
4 t0-220 regulator positions
available
Allows either paositive or neg-
ative regulators

* Dense hole configuration

Cat No. 1604 $ 27.00

Model 2501A §-100

Mother Board

* 12 slot capability

¢ All 12 5-100 bus connectors in-
cluded
Low inductance inner-connect
to reduce signal noise and
crosstalle
Active termination of all bus
lines to further reduce signal
noise and line reflections
Distributed bypassing of all
power lines
Solder mask hoth sides of
board
Silkscreen of reference desig-
nations
Simple strong board mounting
Criss-cross  BUS lines both
sides of board

* All holes plated thru
Solder plated circuit area

Cat No. 1616 Kit $ 90.00

Cal No. 1615 AT $105.00

Model 2520A
S-100

Extender/
Terminator

Active andjor dynamic term-
ination
All power lines fused for pro-
tection
All $.100 lines labeled and
numbered
Can be used as an extender
andlor terminatar
Solder mask both sides of
Iyoar
Silkscreened reference desig:
nations
Gold plated fingers

Cat No. 2520 Kit $ 13795

Model 7811A
Apple Il
Arithmetic
Processor

Based an AMD AMI511 de
vice
Fixed paint 16 and 32 hit ap-
eration
Floating point 32 bit operation
Binary data formats
Add, subtract, multiply, and
divide
Trigonometric and inverse fri-
gonometric functions
Square roots, logarithms, ex-
ponentiation
Float to fixed and fixed to float
conversions
Stack oriented operand stor-
age
Programmed #O data transfer
End signal selectable interrupt
Supports interrupt daisy chain
Allows DMA daisy chain
Power down ROM
256 byles firmware {ROM) or
software (RAM) space avail-
able

Cat No. 1635 $375.00

Model 7114A
Apple 11
Prom Module

The 7114A PROM MODULE per-
mits the addition or replacement
of the Apple Ul firmware without
the physical removal of the Apple
li ROMS. This allows soft-
warelfirmware replacement,
change, andior patch to be made
on a ROM or BYTE BASIS. An
onboard enable/disable toggle
switch is also available.
* BYTE oriented program over-
Ly
Selectable prom overlay
Power down of PROMS
14K PROM spuace available
Uses +5 volt 2716 type proms
Allows use of DMAfinterrupt
daisy chains
Cat No. 1631 A&T  § 72.08
Cal No. 1630 Kit $ 62.00

Model 20168

16K Statlc
Memory

Fully static operation
Uses 2114 type stalic rams
+8 VDC input at less than 2
amps
Bank select available by hank
port and bank byte
Phantom line capability
Addressable in 4K blocks in 4K
increments
4K blocks can be located any-
where within 63K bank
May be used as a 4K, 8K, 12K
or 16K memory board
Led indicators for boardibank
active indication
Solder mask on both sides of
board
Silk sceeen with part and refer-
ence designation
Available fully assembled and
tested, as a kit, or as a bare
hoard
Cat No.1601A Kit  450ns $285.00
Cat N0.1601B Kit  200ns $340.00
Cat No.1602A AXT 450ns $330.00
Cat No.16028 AXT 200ns $385.00

Model 7470A
pple ||

3% Dlglt BCD

COnverter

The 7470 allows conversion of a
DC voltage to a BCD number for
computer monitoring and analy-
sis. Typical inputs would be DC
inputs from temperature or pres-
sure transducers.

= Selectable interrupt on end of
conversion

200055 per conversion

—4 to +4 VDC full scale
Plus or minus .05% nonfinear-
ity

Plus or minus 1 count ¢uanti-
zation

Correctible offset error
Temperature  coefficient ad-
justment

Calihration adjustment

Input offset adjustment
Floating inputs

Overange and sign indicators
Input filter

Power down ROM

Supporls intesrupt daisy chain
Allows DMA daisy chain

256 byte firmware (ROM) or
software (RAM) space avail-
ahle

Cat No. 1621 Kit $115.00
Cat No. 1622 A&T  $135.00

Model 2200A
frame

S-100 compatible
Industrialicommercial quality
construction
Flip-top cover
Excellent cooling capability
12 slot capability (uses model
251A)
Input 105, 115, or 125 VAC
Output +8 VDC, 20A + - 16
vDC 4A

» Active termination of all bus
lines

* Fan and circuit breaker includ-
ed

* Rugged construction

* All paris available separately

Cat No. 1612 Kit $330.00

Cal No. 1614 A&T  $375.00

Model 7440A
Appie I

Programmable

Timer Module

¢ Flexible external interface
patch area for custom inter-

[.l(c applications
Selectable prescaler on timer
3 capable of 4mhz input
Programmable interrupls
Readable down counter indic-
ates counts to go to time-out
Selectable gating for frequen-
cy ur pulse width comparison
Three asynchionous external
clock and gateltrigger inputs
internally synchronized
Three maskahle outputs to
patch area
Power down ROM
Supports interrupt daisy chain
Allows DMA daisy chain
256 byte firmware (ROM) or
software (RAM) space avail-
ahle

Cat No. 1617 Kit $135.00

Cat No. 1618 A&T  $145.00

Apple Il
Model 7712A
Synchronous
Serial
Interface

Conforms to RS-232C (config-
wration A thru E)

Supports hali or full duplex
operation

DTE type configuration
Faitsafe RS.232C  operation
14 STD CLK rates 50-19.2K
BAUD plus EXT CLK

BAUD rales dip switch select-
able

All BAUD rates crystal con-
trolled

Programmable intesrupts from
transmitter, receiver, and error
detection logic

Character SYNC by one or two
SYNC codes

Programmable SYNC code r~
gister

Standard synchronous signal-
ing rate per RS-269/ANSI X3.1-
1976

Peripherallmodem control
functions

Three bytes of fifo buffering
on both transmit and receive
date

7.8, or 9 bit transmission
Optional odd, even, or no par-
i t

y, overrun, and overflow
status checks
Power down prom
256 bytes firmware (ROM) or
software (RAM) space awail-
able
Supports interrupt daisy chain
Allows DMA daisy chain

Cat No. 1627 Kit $ 90.00

Apple Il
Mode| 7710A
Asynchronous
Serial
Interface

Parity, overrun, and traming
error check
Optional divide by 16 clock
mode
False start bit detection
Software programmable inter-
rupts

Data double buffered
One or two stop bit operation
Power down PROM
256 byles firmware (ROM) or
software (RAM) space avail-
ahle
Supports interrupt daisy chain
Allows DMA daisy chain
131.5 BAUD awailable for sel-
ectric interface
Conforms to RS-232C {config-
uration A thru E)
Supports hali or full duplex
operation

DCR type interface
Failsafe RS-232€  operation
14 STD CLK rales 50-19.2K
BAUD plus EXT CLK
BAUD rales dip switch selec-
tahle
All BAUD rates crystal con-
trolled except EXT
8 and 9 bit transmission
Optional even, odd. and no
parity bit
Programmahle control regis-
ter
Cat No. 1624 A&T  $145.00
Cat No. 1623 Kit $ 90.00

Model 7720A
Apple Il
Parallel
Interface

Two bi-directional 8 bit buses
for interface to peripherals
Tow programmable control
registees
Two programmable data dir-
ection registers
Four individually controlied
interrupt input lines; two use
able as peripheral control out-
puts
Handshalce control logic for
input and output peripheral
operation
High impedance 3 state and
direct transistor drive pheri-
pheral lines
Programmable interrupts
CMOS drive capahility on side
A peripheral lines
2 TTL drive capability on ail A
and B side buffers
Power down ROM
Supports interrupt daisy chain
Allows DMA daisy chain
256 bytes firmware (ROM) or
software (RAM) space awil-
able
Cat No. 1633 A&T  $105.00
Cat No. 1632 Kit $ 62.00

Model 7500A
Apple Il

Wire Wrap
Board

The 75004 is used for the
prototyping or building of unique
circuits for the Apple i
computer.
¢ All bus signals labeled on
board
Perimeter ground
Size: 7 inch long x 2.75 inch

high

All holes plated thru

Gold plated conector lln;,(:rs
Cat No. 1606 19.00

Model 7510A
Apple Il
Solder Board

The 7510A is the same as the
7500A except il is designed for
soldering of circuits.

Cat No. 1607 $ 19.00

Model 7590A
Apple i
Eich Board

The 7590A is a two sided copper
board which allows the actual
etching of circuits for use in the
Apple 1 computer.

Cat No. 1608 $ 19.00

Model 7520A
Apple I

Extender
Board

The 7520A is a handy tool
when debugging or festing
madules in the Apple II.

Cat No. 1611 Kit $ 21.00

19511 Business Center Dr. Dept Bll Northridge, Ca. 91324
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(R) cALLTOLL FREE:
(800)-423-5387

CA, HIl, AK:
(213) 886-9200

computer store!

BUY ANY 3 PROGRAMS, TAKE 10% OFF!
BUY 10, TAKE 15% OFF

DISK/DISKETTE
BINDERS

Orpanizes and protects your data —

BUY ANY 3 PROGRAMS, TAKE 10% OFF!
BUY 10, TAKE 15% OFF

SMALL BUSINESS
BOOKKEEPING

Based an the Dome Bookkeeping
Journal, includes all phases ex-
cep! payroll.
Caf No. 1043
TRS-80 L2, 16K $14.95

ARCADE |

Kite flight, mancuver kites across
terrain. Pinball, the excitement of
arcade pinball.

CatNo.1986  PET, 8K  $7.95

APPLE TALKER

Gives Apple the power of
speech! Requires recorder and 2
mikes. Can be used as sub-
routines.

CatNo. 1691  Applell  $15.95

APPLE LIS’NER

Communicate with your Apple
via spoken words! Use your
casselte recorder and mike-

CatNo. 1692  Applell  $19.95

ADVENTURE

Explore an almast endless maze
of treasures and pitfalls. Chal.
lenging and fun!

TRS-80 L2, 16K.

Cat No. 1723 $14.95

Based oa the gante “Instant In-
sanity”. Extremely challenging!
CatNa. 1689TRS-80, 12, 16K$9.95

CRIBBAGE
Plays according 10 Hoyle’s Rules.
You vs the computer.

Cat Nn. 1179TRS-80, L2, 16K$9.95

TAROT

Excellent graphics, frigh-
teningly accurate!
TRS-80 L1/L2 4K

Cat No. 1042 $5.95

BACKGAMMON

You play against the com-
puter! With hints on
strategy, elc. Extremely
good! TRSHO L2.16K

Cat No. 1481 $10.95

SANTA PAVARIA
EN FIUMACCIO

Complex simulation of 15th con-
tury ltalian cityslate. Fout levels
of difficulty.

Cat No. 17740TRS-80, 1.2, 16K$7.95

INVENTORY
MODULAR

Features castivalue summary,
ceporls, recorder search, index,
detailed repart, read and write
file, data base change.

Cat No. 1038
TRS-B0 12, 16K $19.95

PET GRAPHICS

DOODLER lets yau draw and
savefor later use, PLOTTER plots
carves given a function and a
variable, LETTER formats large
letters.

CatNo.1684  PET,.BK  $14.95

SPACE GAMES |

Full color graphics, with ROCKET
PILOT (advanced lunar lander),
SAUCER INVASION {shooting
down alien saucers), DYNAMIC
BOUNCER (color dema).

Cat No. 1731 APPLE II, 16K $7.95

SOUNDWARE

Add music and sound cifects to
your programs. Complete with
software and hardware. installsin
sevonds.

CatNa, 1899  PET,HK $29.95
Cat No. 1898 TRS-60, L2 $29.95

NEWDOS +

Better than TRSDOS! Allaws DIR
while in basic, and then returning
to basic, DIRCIHECK, DISASSEM,
EDTASM, and SUPERZAP! A
must for disk owners!

Cat Na, 1549TRS-80, L2+ disk$99

RENUMBER

Renumbers program lines to your
specifications.  Machine lan-
guage.

TRS-80 12, 4.48K.

Cat No. 1039 $14.95

TRS-80 L2, 16-48K widisk
Cat No. 1680 $24.95

BARRICADE

Similar to hreakout. A real time
game, with options of speed,
halls, angle, etc.

TRS-80 LYL2 16K.

Cat No. 1362 $14.95

syscorp

Duplicates SYSTEM tapes (for
backup).

TRS-80 L2, 4K.

Cat No. 1681 $9.95

ANDROID NIM 1I
Super improved version of NIM.
Constant excitement!

TRS-80, L2, 16K.

Cat No. 1686 $14.95

TREK-X

A pet version of Star Trek, with
optional sound effects. Superh
graphics! Exciting!

PET, 8K.

Cal No. 1564 $7.95

TRS-232
SERIAL INTERFACE

Software driven R5232 output
port for printers. Installs in
secands,

TRS-80 L2, 4-38K.

Cat No. 1199 $49.95

MACHINE
LANGUAGE

RSM-2. Monitar and disassenr
bler, interract direcily with the
Zu0.

TRS-H0 L2, 16K

Cat Nu. 1189 $26.95

TRS-80, L2, 16-48K, widisk

Cat No. 1190 $209.495

AIR RAID

An arcade-type real time

Eamc of larget practice.
xcellent Graphics

TRS-80 L1/L2 4K

Cat No. 1186 $14.95

files! 5"« disks fit two per insert,
#” iit one per insert. Bindees in-
cludes 10 inserts,
Cat Nou. Description
50 5" binder
1651 8“ hinder
1653 extra 8” inserls
extra 5% inserls

8K PET $750

With huilt-in cassette,
Cat No. 1623

16K PET $965

Large keyboard, plus numeric
keypad. Cat No. 1824

32K PET §1165

yboard, no
keys. Cat No. 1825

XIDY SORCERER
SORCERER $995

With 8K RAM. Cat No. 1999

SORCERER $1095

With 16K RAM.  Cat No. 1904

SORCERER $§1349
With 32K RAM.  Cal No. 1772
Cat N0 1773 5100

Expansion  $329
Cat No.1903  Development

Pac 9
Cat N0.1775  Word processing

pac %0
Cat No.1776  Dual Disk 1825

COMPUCOLOR

8K RAM 72KEY
$1485 Cal No. 1865

16K RAM, 72 KEY
$|680 Cat No. 1866

32K RAM, 72 KEY
$2280 Cat No.1867

Cat Na.1868 101 hey
add $140

add $210

Cat No.1991  add-on disk 5500
Cat No.1992 RS232

adaplor $147

Cat No.1869

VERBATIM
CERTIFIED
CASSETTES
$2.95 each

Certified specifically for personal
computers such as the TRS-80,
Apple, Pel, ectc. Splicefree,
feaderless, with folding recording
labs. Cat No. 1945

TIL3OS
DOT MATRIX
READOUTS
$5.50 4fors20

Pinfor-pin equal to MAN2A. Red
LED, 5 x 7 matrix, plus decimal.
3" char. Cal No, 1931

LEEDEX
12” MONITORS

Black and white, high resolution.
Accepls composite inpat. No air

shipments. $139

Catl No. 1204

LEVEL 1i DISK
CONVERSION

Allaws level 2 tapes to he con-
verted to disk, and executed
ditectly from TRSDQS.

TRS-80, L2, 16-48K widisk.

Cal No. 1369 $9.95

8080/TRS-80
EDITOR ASSEMBLER

Lels you create, assemble, exes
cute, and debug using  #080
mnemonics. TRS-80, L2, 106K

Cat No. 1188 $29.95

ELECTRIC PENCIL

The famous word proces-
sor for the TRS-B0 L1/L2

16K
Cat No. 1338 $95

L2 diskette version
Cat No. 1338D $145

BRIDGE
CHALLENGER

You and dummy play
against the computer in
regular contract bridge.
Either you or comp sels
up.

TRS-80 L2, 16K

Cat No. 1195 $14.95

Apple 16K
Cat No. 1196 $14.95

LEVEL Iil BASIC

Gives your TRS-80 the
power of a full size sys-
tem. Disk commands, ad-
vanced editing, eic.
TRS-80 L2, TgK

Cat No. 1332 $49

FORTRAN PLUS

By Microsoft! For TRS-80
(&?kwilh 32K and single
isk.

Cat No. 1341 $340

STAR TREK Il

The most advanced ver-
sion we've seen!

TRS-80 12, 16K
Cat No. 1041 $14.95

MICROCHESS

Graphic Chesshoard with
3 levels of play.

TRS-80 L1712, 4K

Cat No. 1182 $19.95

Apple 1l
CgtpNo. 1183 §19.95

Send for
FREE
CATALOG

The best selection of com-

uter accessories add-ons,
actory fresh IC’s, led’s,
semi’s, software, PC aids,
protolyping aids, hooks
test equipment, and more!
Always updated! Dozens
of new products every
issue!

TRS-80 UTILITY |

Duplik, duplicates basic, assen+
bly, and machine language pro-
grams, copies level 1 onto level 2.
Renum, far renumbering hasic
prograns.

Cat No. 1983 TRS-80 L2, 16K $7.95

TRS-80 UTILITY 2

CFETCH scarches tapes for file
manes, merges pragrams  with
conseculive line numbers.
CWRITE combines subrautines,
hasic or machine language.

Cat Na. 1984 TRS-80 L2, 16K $7.95

MICRO TEXT EDITOR

Full text editing, economical,
features non-destruclable cursor.
Machine language, uses 3K ram.
TRS-80, L2, 4K wiprinter.

Cat No. 1049 $9.95

TRS-80 CP/M

Allows software interchange with
all other CPIM programs. 6 conr
mands plus utilities.

TRS-H0, L2, 16K w/disk.

Cat No. 1679 $149.95

NAME &
ADDRESS SYSTEM

A modular mailing list system,
handles 5001000 names per disk.
You can enter, correct, scarch,
sort, and more!

Cat No. 1738

TRS.HO L2, 32K+ 2 disks ~ $99.95

HOUSEHOLD
ACCOUNTANT

Budgel and expense analysis, life
insurance cost comparison,
datebook.

CatNo. 1985TRS-80 L2,16K $7.95

INVENTORY
SYSTEM |l

Handles up to 1000 items per
disk, and features activity, com-
plete inventory listings, selected
i y listings, ini
quantity search. Uses the follow-
ing data ficlds: class &, item #,
vendor #, location, quantity, cost,
selling price, and date.

Cal. Na. 1737

TRS-H0, L2, 32K wi2 disks  $99.95

MACHINE
LANGUAGE
MONITOR

Allows you to interact dir-
ectly with the TRS-80 at
machine language level.
11pp manual.

TRS-80 L1/L2

Cat No. 1048 $23.95

HOW TO ORDER
Pay by check, COD, VISA, or
Mastercharge. Charge orders in-
clude cxpiration date. Order by
phone or mail. Minimum order
$10. Please include phone
aumber and magazinefissue you
are ordering from. USA: add $2
for shippingfhandling ground,
add §3 {or air. FOREIGN: Add $3
for shipping/handling surface, 36
for air, COD’'s $1 addrl.
Guaranteed satisfaction for 120
days or your money back! Not
respansible  for  typographical
errors, We reserve the right ta
limit quantitics.

19511 Business Center Dr. Dept BII' Northridge, Ca. 91324
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adio Hut

201 LOCHWOOD MALL @ DALLAS, TEXAS 75218
ORDER BY PHONE—214-324-5509

Rockwell AIM-65: The Head-Startin
Microcomputers
AKIM-1 compatible machine with on-board

printer and a real keyboard!
$369.95 w/1K RAM

$445.95 w/4K RAM
4K assembler/editor in ROM: $80
8K BASIC in ROM: 95.00
Power Supply: $54.95
Case of AIM-65 $45.95

The EXPANDORAM is available in versions

from 16K up to 64K, so for a minimum in-

vestment you can have a memory system

that will grow with your needs. This is a dy-

namic memory with the invisible on-board re-

fresh, and IT WORKS!

® Bank Selectable

e Phantom

e Power 8VDC, + 16VDC, 5 Watts

e L owest Cost Per Bit

e Uses Major Brand 16K RAMS

e PC Board is doubled solder masked and
has silk-screen parts layout

® Extensive documentation clearly written

SD EXPANDORAM

e Complete kit includes all Sockets for 64K

® Memory access time: 375ns, Cycle time:
500ns.

e No wait states required

® 16K boundaries and Protection, via Dip

. Switches

e Designed to work with Z-80, 8080, 8085
CPU's

EXPANDORAMG64KKit(16K Ram)

16K .o $226.00
32K .. $286.00
48K ... $359.00
64K . ... $426.00
WITHOUT MEMORY ............ $159.00

Please write for catalog or call for prices

SD’S PROM-100
PROM Programmer Board

The PROM-100 Programmer is a development toot
for S-100 Bus computer systems. The Zero Insertion
Force Programming Socket extends above the card
cage height for easy access to PROM devices. Soft-
ware verifies PROM erasure, verifies program load-
ing and provides for reading of object file from Disk or
PROM and programming into PROM/EPROM. Fea-
tures include: On-board generated 25vdc Program-
ming pulse, TTL compatible, maximum programming
time for 16,389 bits is 100 seconds. Programs: 2708,
Intel 2758, 2716, 2732 and TI 2516. DIP Selectable
EPROM type.

SD SYSTEM’S POWERFUL
MPB-100 Z80 CPU Board Kit

The MPB-100 provides a Z80 microprocessor based
CPU for S-100 Bus systems. Front panel usage is
optional making the MPB-100 suitable for upgrading
existing systems to Z80 level. A PROM socket is
provided on-board which makes the MPB-100 adapt-
able to process control applications. Features include:
Power-on Jump to 4K boundaries, 2 Megahertz or 4
Megahertz operation, optional wait states, on-board
PROM socket.

SD’S VERSAFLOPPY Il
Enhanced Fiexible Disk Drive Controller
* |BM 3740 Compatible Soft Sectored Format for Single
Density Drives @ Operates with Singte and Dual Sided
Drives, Single or Double Density Drives and 5° and 8~
Drives. , . in any combination of four simultaneously ® Drive
Select and Side Select Circuitry ® S-100 Bus Compatible ®
Vectored Interrupt Operation Optional ® Phase Locked Loop
Data Recovery Circuit @ Operates with Z80 CPU's ® Uses
FD1791-1 Controller Chip @ The Versafloppy Il incorporates
all the possible features of a fiexible disk drive controlier into
one board. Capable ot handling four drives simultaneously,
combinations of any variety are possible, such as 5 inch
single sided — 8 inch dual density dual sided — 8 inch single
sided — 5 inch dual density single sided. Most popular drives
are controlled directly with the Versafloppy |l. The operating
system for the Versafloppy |l is the extremely powerful
SDOS available for SD Systems. The Versatloppy Il alsohas

PROM-100Board Kit  $149.95 | MPB-100 Kit $199.00 | oy ™ a0 ko 3900 Assembled  Temed
LEDS AND READOUT ) ’ MINIATURE SPEAKER
Jumbo Red LED's 8/1.00 SD S VDB-8024 SD S SPECIAL,
Jumbo GreenLED's 4/.95 H H L] LR -
b0 Yolow LEDS s | Video Display Board | “VERSAFLOPPY | 5 INCH — 8 OHM.
Jumbo Amber LED's 4/.95 | The VDB-8024 features its own on-board Z80 KIT PERFECT FOR CLOCKS! $.79
MV Red 10/1.00 | microprocessor. This gives the capability of | FEATURES: IBM 3740 Soft § b v
FND 70CC 80 | using software (included in ROM) to control - 1B oft Sec-
DL 707 95 | functions and enhancements without interfer- | tored  Compatible, S-100 BNS IC SOCKETS
DL 747CA 165 | ence with the computer's CPU. Included in the | Compatible for Z-80 or 8080. Con- Solder Tin Low Profile
DL 728CC 1-19 | special features: 80 characters by 24 lines dis- | tr|g up to 4 Drives (single or| pIN PIN PIN PIN
FND 800CC 1.50 | play. Keyboardpower and interface, Compos- ) ; 8 12 16 17 24 32 40 54
Red Fiter 4" Bezel 250 |ite and separate video output. 2K on-board | dOuble sided). Directly controls the . e A B n e
Green Filter 4" Bezel 2.50 | RAM, a total of 256 available characters, full | following drives: Shugart : : i :
:g‘;:f Fiter 4" Bezel 122 cursor control, Forward and Reverse Scroll- | §4400/450 Mini Floppy ® Shugart DIP SWITCHES
: ing, Underlining, Field Reverse. Field Protect
4N26 125 | enhancements. programmable characters. SAB800/850 Standard Floppy e 2 P:ss ::12 4 P‘?s 12
aN27 1.10 VDB-8024 KIT $ 316.00 PERSCI 70 and 277 « MFE 700/ M 51-:6 : ::-:
4N28 95 - . ' - " -
4N31 1.20 7500CDCY404/9406  §139.00) 5 « s120 10 » st
Z80 STARTERKIT SD’S SBC-100 COMPUTER CORNER
SD System's Z80 Starter Kit enables the novice CPU's
to build a complete microcomputer on a single SINGLE BOARD COMPUTER 280 ... 10.99
board. Featuring the powerful Z80 microproces- 'tl,'he SIBC-100 provnges acomplete_ micro-computerona single ZBOA o 13.99
N X oard! The Z80 microprocessor is used as the heart of the
sor the Z80 St,arter Kit features:  Keyboard and | sgc.100. The SBC-100 meets all the requirements of a Z80 RELATED CHIPS
Display ® Audio Interface « PROM Programmer { CPU board with the added features of 1/Oports, counter/timer | 2114 (B00NS) .« 599
° Expansion and Wire Wrap Area ® On Board | channels, on board RAM, provisions for PROM/ROM and a Z80 PIO
RAM e 4 Channel Counter/Timer e Z-BUG | software programmable baud rate ge.nerator. $-100 Bus com- Z80CTC
Monitorin PROM e /O Ports. patible, the SBC-100 features are: BK byte; of availabie
PROM, 1024 byteson-board RAM, Serial VO withbothsynch- | 2708 ... ..... ... . 0. 8.99
ronous and asynchronous operation, Parallel I/O ports, Op- 4115 8 for34.95
tional Vectored Interrupts, and Four Counter/Timer Channels, | = = = *"7 1 rrrrrrrrrrresrsrsrrsosy .
THE BEST SELLING SD Monitor avadable for R3-232 and Video Terminals. Disk | 4116 ... 810rg0.00
COMPUTER KIT ANYWHERE based system software also available. DISC CONTROLLER
$226.95 Kit 3369.95 A&T SBC-100KIT $226_00 1771 s 29.95

TERMS: Orders under $15.00 add 75¢ handiing. No C.O0.D. We
accept Visa, MasterCharge, and American Express cards. Tex. Res.
add 5% Tax. Foreign orders (except Canada) add 20% P&H. 90 Day
Money Back Guarantee on all items. Add 5% Postage and Handling,

maximum $5.00.

Color Burst Crystal (3.57MHz)

While in Dallas visit our retail store at Lochwood Shop-
ping Center, Garland Road and Jupiter.

Circle 317 on inquiry card.
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UnclassifiedAds

FOR SALE: Sharp and Associates Selectric conversion
with instructions. Also Axiom EX-801P printer, 20/40/80
columns, software selectable, with cable and software
driver for TRS-80. Like new. Make offer. J R Reich Jr, 585
E Market St. Marietta PA 17547.

FOR SALE: Morrow processor/front panel card. 8080,
$-100, octal display, built-in keyboard, operating system
in read-only memory. Works perfectiy, with all documen-
tation. $82 postpaid in 48 states. Money arder or certi--
fied check. Ron Tipton, POB 227, Greenwood MO 64034,
(816) 537-7927.

FOR SALE: Super ELF operating and in good condition.
Also have expansion board completed, but not con
nected. Includes RS-232, teletypewriter, cassette input/
output (I/0), and 8-bit parallel VO ports. Power supply for
ELF board only. "l include encoded ASCIl keyboard.
$300. Jess Hillman, POB 642, Columbus MS 39701, (601)
327-1244 after 5 PM.

WANTED: 1802 computer systems and parts. Any condi-
tion, any quantity, immediate cash. Prefer RCA systems,
but will accept ELF |l by Netronics, memory, and sup-
port boards. Tom Inskip, 6504 Democracy Blvd,
Bethesda MD 20034.

FOR SALE: Teletype ASR33 teletypewriter with paper-
tape reader punch and stand. $595 and shipping. 32 K
slatic programmable memory, four 8 K, S-100 boards
factory assembled and tested. $150 each. | pay postage.
Mark Lyon, 6320 Red Prairie Rd, Sheridan OR 97378.

FOR SALE: Vandenberg 16 K slatic-memory board. 4
MHz, each 4 K block addressable to any 4 K boundary;
S-100 bus compatible; $275. Also Practical Automation
DMPT-6-3 96-column printer with cabinet, power supply,
and two CY-480 universal printer controllers; serial or
parallel hookup with all documentation and driving soft-
ware; $650. Both items presently in use with a SOL-20
system. Send SASE for sample printout. Larry Rosen,
POB 2137, Williamson WV 25661.

FOR SALE: TRS-80, 16 K, Level || processor. Perfect
working condition. In original carton with cassettes,
cables, power pack, manuals, and software. Will inciude
Pixie-Verter to connect to regular TV for $10 more. Retail
price $690, will sell for $595 or best otfer. | pay freight
anywhere in US. Charles Fields, 924 W Washington PI,
Broken Arrow OK 74012,

FOR SALE: IMSAI 8080 processor kit. Still in factory box
with warranty. $600 or best offer. (Interface boards also
available) | am moving. Jim Siegman, 17602 Oakwood
Dr, Hazel Crest IL 60429, (312} 798-2536.

FOR SALE: Complete set of BYTE magazine thru
December 1978. Excellent condition. Best offer. | pay
shipping. Netronics/RCA Cosmac 1802 ELF 1l computer
kit unassembled in original carton, RCA User's Manual,
applications articles; all for $75 or best offer, postpaid.
Mike Au, 2006 Alaeloa St, Honolulu HI 96821, (808)
548-5318.

WANTED: TI-59 or HP-67 calculator with all standard
accessories in perfect condition. The more accessories
the better. Willing to trade Shugart SA400 minitioppy
disk drive (never been used) for calculator. Best offer will
be notified by mail or phone. Gary R Eschborn, 513
Follett Run Rd, Warren PA 16365.

APPLE USERS: Add line input capabilities to your Apple-
soft il programs which will enable you to input commas.
colons. quotes, etc. This fix is available for $1 to cover
the cost of postage and duplication. Jules H Gilder, 2022
79th St, Brooklyn NY 11214,

FOR SALE: PDP-8/L minicomputer; $600, PDP-8/L with
BAO8 memory extension 8 K and peripheral adapter;
$1200. Checked out with DEC diagnostics. Certified
checks only. O Glaser, 508 3rd St. West Roundup MT
58072, (406) 323-2339.

WANTED: TRS-80 complete and ready to use. Level Il
with 16 K programmable memory; Level || with 4 K pro-
grammable memory; Level | with 16 K programmable
memory, or Level | with 4 K programmable memory. | am
also interested in TI-59. Price must be right. S
Castiglioni, 2245 Glenwood Rd, Brooklyn NY 11210.

PET OWNERS: Group of three PET owners have 26 game
programs. We will trade one for one for other PET pro-
grams. Those wishing to trade should send their
cassette with programs. Keith Selby. 7205 S Utica Av
Apt 1016 Cinnamon Stick Apartments, Tulsa OK 74136.

FOR SALE: Texas Instruments new T59 card program-
mable calculator with PC-100A printer. Includes aviation
jibrary, extra cards, programs, and PPX materials.
Almost new. Meticulously maintained. Packed in
original cartons. Sent UPS.$287total cost, Dave Baimer,
POB 325, Union Lake MI 48085, (313} 739-4280 (bus) or
669-9319 (res),

FOR SALE: TRS-80 4 K, Level Il 12 inch video display,
CTR-41 cassette recorder, twenty program tapes. List
price $900, will sell for $750. J Kennedy. 5179 Eliot St,
Denver CO 80221, (303) 477-4114.

FOR SALE: Centronix printer Model 306. Prints 64 ASCII
characters, 5 by 7 dot-matrix impact, 120 cps. up to 80
columns, tractor feed to 9%z inches wide, parallel input.
Includes RS-232 interface to 9600 bps, HW vertical form
control, auto motor control, stand, and paper tray.
Technical manual. Excellent condition. $800. Tom
Jacobs, 100 W University Pky Apt 3G, Baitimore MD
21210, (301) 467-0703.

FOR SALE: Texas Instruments SR-52 handheld program-
mable calculator. Factory reconditioned on April 13,
1978. In perfect working order. Unit comes with two AC
adapters, three sets of cards, and copies of Statistics,
Financial, and EE program libraries. Best offer. Donald L
Mitchell, 24466 Mulholland Hwy, Calabasas CA 91302,
(213) 347-3617.

FOR SALE: New factory-wired, Meca Alpha-1 dual-
cassette. Includes Meca OS Version 3.0. Couldn't figure
out how to use it with my system! Take advantage of my
mistake. $600 {or make reasonable offer). Send certified
check or money order, ['ll pay shipping. W D Wilkens, 24
N 3rd St, Womelsdorf PA 19567.

FOR SALE: Altair 8800A, VDM-11 video, MITS 1K, S and
DSales 4 K, SwWTPC/CT-1024 and seven or eight assorted
boards with documentation. Mostly Mini Micro Mart
stuff, not working. $450 or best offer. Dave Johnson.
3054 Roundtree. Ypsilanti Ml 48197, (313) 434-3832 after
6 PM EST.

WANTED: Seeking documentation for the Merlin display
board. Also seeking super-dense graphics option and
documentation. Dick Walter, 2891 Baylis Dr, Ann Arbor
MI 48104, (313) 991-7944.

FOR SALE: Three 32 K static programmable-memory
boards. S-100, assembled and working perfectly {with
2114’s low-power 250 ns), used for300 hours.$495 each.
Also have 2114s for §5 each, 4116s at 150 ns for $15
each, Dynamic N MOS ceramic 8 K by 1 22-pin with
specification sheets, $4 each, eight for$30and 4 K by 1
Dynamic 16 pin, $3 each, eight for $22. Richard Smith,
3648 Madrid Dr, San Jose CA 95132, {408) 946-0735.

Unclassified Policy

Readers who are soliciting or giving ad-
vice, or who have equipment to buy, sell or
swap should send in a clearly typed notice
to that effect. To be considered for publi-
cation, an advertisemnent must be clearly
noncommercial, typed double spaced on
plain white paper, contain 75 words or less,
and include complete name and address
information.

These notices are free of charge and will
be printed one time only on a space
available basis. Notices can be accepted
from individuals or bona fide computer
users clubs only. We cart engage in no
correspondence on these and your confir-
mation of placement is appearance in an
issue of BYTE.

Please note that it may take three or four
months for an ad to appear in the
magazine.

FOR SALE: Apple 1 with 8 K programmable memory and
44-pin mother board, power supply. keyboard and 4 K
BASIC on cassette plus documentation. $250. National
Multiplex SwTPC 2SIO controller board and CC-8
recorder set up for 4800 bps. Unit is for SWATBUG read-
only memory with serial interface in control port.
Documentation included. Best offer over $330. Digitai
Group Phi-Deck controller card plus Triple | single-deck
controller card and remote control box. Inciuded is one
Phi-Deck, documentation, and 8080/280 program on cas-
sette. Unit used only a few times; guaranteed toc work,
Best offer over $290. Items shipped collect. Clinton
Cook, 2737 Beachwood Dr, Merced CA 895340, (209)
723-0516.

FOR SALE: SYM-1 in original carton and under warranty.
First check for $230 gets it. COD is ok. Darian Carr,
13709 Peyton, Dallas TX 75240.

WANTED: Jolt computer and Martin Research
8008-based computer. Can also use an Intel SIM-8
board. J Titus, POB 242, Blacksburg VA 24060, (703)
951-9030 or (703) 951-2684.

WANTED: | wish to purchase two random-beam video
displays for use as vectored graphic displays. Displays
must measure 12 inches or larger. Prefer working units,
but can repair or modify if necessary. Will pay top dollar
for quality equipment. Send description and price.
Edward Rees, 8835 S Oak Park Dr, Apt #20, Oak Creek WI
53154, (414) 764-3093.

FOR SALE: IBM Selectric-based input/output (0} writer
(Series 731), heavy-duty, all solenoids, 8% inch platen.
Was working, now needs repair. Ideal for talented
tinkerer. $200, including cable and connector. Joe Bren-
nan, 13 W 13th St. New York NY 10011, (212) 691-7939.

FOR SALE: TRS-80 which uses any RS-232 keyboard
printer or video display as remote terminal. Performs all
keyboard functions, places video-display data on ter-
minal. Run BASIC or disk operating system from ter-
minal. For information send SASE. H S Gentry. Rt 1 POB
39B. Earlysville VA 22936.

FOR SALE: H11 LS| processor with maximum memory.
Also contains parallel and serial interface and cables.
$1000. Also, H10 paper-tape reader punch. $150. H9
video terminal. $300. Can be bought individually or save
$100 by buying all three. Complete with documentation,
tapes. and several programs. Will deliver within a 200
mile radius. Jean P Bonin, 44 Pearl St, Sidney NY 13838.

FOR SALE: Up and running IMSAl 8080 with 22-slot
mainframe, MIQ board, B K Seals memory, 16 K Godbout
memory, active terminator, logic-extender board, Poly
VDM board, SDS 16 K erasable read-only memory board
with 9.1 K IMSA| BASIC, microswitch keyboard. Cost
over $3000, will sell for tirst certified check for $300.
David Rosenblatt, POB 2600, Tampa FL 33601, (813}
988-3007.
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To get further information on the products advertised in BYTE. fill out the reader service card with yvour name and address. Thew circle the ap-
propriote nonbers for the advertisers you select from the list. Add a 13-cent stamp to the card. then drop it in the mail. Not only do you gain infor-
wmation, but our advertisers are encowraged to wse the marketplace provided by BYTE. This helps us bring vou a bigger BYTE.

Inquiry No.

1
8
5
2
4
10
3
6
13
12
16
17
1

126
128

Page No.

AB Computers 272

Administrative Systems 206

Adroit Eilectronics Inc 264

Advanced Access Group 228
Advanced Computer Products 286, 267
Atffordable Microcomputer Systems 62
Aladdin Automation 173

Altos Computer Products 21

American Square Computer 58
Anderson Jacobson 209

Apparat Inc 269

Apple Computer 33

ARIES Computer Products 92

ASAP Computer Products 281

Atari Personal Computers 15

ATV Research 154

Automated Comp Software Service 77
Automated Comp Software Service 103
Automated Simulations 209

Avionic Enterprises Inc 268

Axiom 162

base 2 inc 51

Beckian Enterprises 272

Beta Computer Devices 223

Bits Inc 183, 240

BYTE Books 176, 177

Byte Shop East 208

Cailifornia Digital 283

CAP Electronics 248

CAP Electronics 248

CCM Inc 268

Central Data 133

Centronics 93

Century Research & Marketing 156
Chrislin Industries 165

COMPCO 127

COMPRINT {Comp Printers Inti) 138, 139
Compucolor 35

CompuMart 275

Computer Components of South Bay 164
Computer Factory of NY 259
Computer Furniture & Accessories 242
Computer Headware 211

Computer ideas Inc 171

Computer Lab of NJ 8

Computerland 149

Computer Mart of NJ & PA 79
Computer Service Center 266
Computer Specialties (CS) 274
Computer Store of San Leandro 264
Computex 240

CT Micro Computer 50

Continental Specialties 155

Corvus Systems 39

Cover Craft 235

C.P.U. Shop 247

Creative Software 219

Cromemco 1, 2
CTC 246
Cybernetics Inc 238
Cygol 114

Data Access Corp 202
DATABANK 268

Data Discount Center 235
The DATAK Corp 231
DataSearch 205
Data Speed 123
Data-Trans 253
Delta Products 73

Article No.

1 Ciarcia: Thelntel 8086

Macdonald and Gursel: Solving Soma Cube and Polyominc Puzzles

Inquiry No.

Page No.

DG Electronic Development 211
Diablo (Div of Xerox Corp) 42
Digital Pathways 137

Digital Research Corp (CA) 218
Disco-Tech 100

Dontho Scientific 233

DRC (TX) 261

Dynacomp 212

Electrolabs 284, 285

Electronic Control Technology 200
Electronic Systerns 250, 251, 253
Electronics Warehouse 273
Essex Publishing 215

Excel Company 205

Factory Direct Sales 226
FAIRCOM 160

Falcon Publishing 217

FMG Corp 201

Fordham Radio Supply 255

H Geiler Computer Systems 225
GFN Industries 119

Gimix 46

GLA Enterprises 266

Global Parameters 118

Godbout Electronics 147

GR Electronics Ltd 225

GW Computers 170

H & E Computronics 185
Hayden Book Company 242
Heath Company 23

Heath Company 68, 69, 97
Heuristics 244

High-Tech Jewelry 268

Hobby World 262, 263
IBS/Integrated Bus Systems 188
Industrial Micro Systems 115
infinity Micro 169

Infocient Holland 264
Information Unlimited 201
Integral Data Systems 29
Integrand 239

Intertec Data Systems 199
Ithaca Intersystems Inc 83, 220
Jade Co 290, 291

Jameco 276, 277

Jim-Pak 279

Key Supply 264

Kanan 91

Lifeboat Assoc 107, 121, 178, 236
Lobo Drives International 95
Loweco 266

Macrotronics 266

Marketline 237

Matrox Electronic Systems Ltd 116
Measurement Sys & Controls 135
MetaTech 241

Micro Age Wholesale 215

Micro Ap 101

Micro Applications Group 235
Micro Applications &

Hardware (MICAH) 243

Micro Architect 235

Microbiotic Computing Inc 264
Microcomputer Applications 266
Microcomputer Tech Inc (MTI) 269
Micro DaSys 11

Micro DaSys 12, 239

Micro Data Base Systems 75
Micro Diversions 5

ARTICLE

Maggs: Programming Strategies in the Game of Reversi

Maurer: Alpha-Beta Pruning

Sivak: A Spacecraft Simulator

Roehrig: The National Micropastime

2
3
4
5 Govind: Interfacing the Pet to a Line Printer
6
7
8

Allen: Stack It Up

9 Estep: Writing Animated Computer Games

Kapps: Five Useful Programs for the SC/MP

1 DeCaro: Build a Simple Digital Oscilloscope
2 Parker: The Cherry Pro Keyboard
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204
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232
233
209
231
235
230
234
236
245
255
257

Page No.

Micromail 207
Micro Management Systems 268
Micro Mike's 207

Micro Music 163

Micropolis 186, 187

Micro Pro International 64, 65
Microsette 266

Microsette 268

Micro Soft 99

Micro Soft (Consumer Prod Div) 159
Microtek 56, 59, 71

The Micro Works 158

Midwest Computer Peripherals 230
Mikos 278

Mini Business Systems 153

Mini Computer Suppliers 223
Mohawk Typewriter Repair 268
Morrow/Thinker Toys 44, 45
Mountain Hardware 157
Mountain Hardware 52

mpi 271

MVT Microcomputer Systems 132
National Technical Schools 193
NEECO 150

NEECO 151

Netronics 221

New England Recruiters 154
North Star Computer 19

NRI Schools 145

Ohio Scientific Instrument Civ
Onhio Scientific Instrument 53-55
OK Machine and Tool 79, 142, 143
Oliver Advanced Engineering 239
Omni Computer Corp 239
onComputing 80

Organic Software 241
Osborne/McGraw-Hill 181

Owens Associates Inc 124, 198
Pace Inc 217

Pacific Exchanges 266

Pacific Otfice Systems 274

Page Digital 265

PAIA Electronics 237

Pan American Electronic Inc 58
{A Radio Shack Auth Sales Ctr)
Patch Publishing Co 189

PerCom Data ClII

PerCom Data 85

PerCom Data 86, 87

PerCom Data 89

Personail Software 47

Personal Software 49

Pickles & Trout 213

Potomac Micro Magic 213
Practical Applications 188
Priority | 292, 293, 294
PROCOMP/New England 257
Prodata 129

Prodigy 125

Programmer's Software Exch 154
Protect Inc 90

PS Inc 227

Q-Kit (Div J P Conwell Corp) 234
Quality Computer Products 266
Quality Software 223

Quest Electronics 289

RACET Computes 108

RADGO 148
Radio Hut 267

Inquiry No.

318

325
316

320
341
326
329
330
319

342
337
332
328

358

306
333

335
340
345
346
347
362

401

Page No.

Radio Shack 131

Rainbow Computing 270

RBB Software Products 168
Rochester Data 174

S-100 237

St Jude 106

Sara-Tech 193

SC Digital 237

SCDP 207

Scelbi 190, 191

Seattle Computer Producis 167
Michael Shrayer Software 197
Shugart Associates 6, 7

Sirius Systems 209

68 Micro Journal 219

Ed Smith's Software Works 243
Smoke Signal Broadcasting 63
Softagon Inc 24

Soft Sales 241

Sotiware Dev and Training 120
Software Dynamics 217

The Software Farm 264

Soft Warehouse 43

Solid State Music (SSM) 9, 10
Solid State Sales 282

Sord Computer Systems 122
Soroc 37

Sorrento Valley Associates 264
Source 32

Southwest Tech Products Gorp CH
Sterling Software 243
SublLogic 241

Sunny International 280
Superbrain 60, 61

Supersofi 229

Sybex 105

Synchro Sound 112

System Design Lab 225
Systems Engineering Enterprises 161
Talos 31

Tarbell Electronics 41
Technical Systems Consultants 109
Tecmar Inc 96

3.G Company 215

3/M Company 13

Robert Tinney Graphics 57

TIS 213

Torry Pines Business Systems 266
Trimm Enclosure Products 117
TRS-80 Software t:xchange 194, 185
Ucatan Computer Store 264
United Software of America 204
US Robotics 106

Vector Electronics 166
Verbatim 25

Vista Computer 288

V R Data 243

V R Data 280

Wameco 278

Whales 281

Wintek 268

Worldwide Electronics 264
Xitex 205

ZS Systems 201

"Carrespond directly with company.

August BOMB Results

The first and second place winners

of the August BOMB were “Anyone

Page

14
26
66
84
98
104
113
140
152
172
222

232 g82).m

Know the Real Time?” by Steve Ciar-
cia (page 50) and “An Overview of
LISP” by John Allen (page 10). These
articles placed 1.30 and 1.09 standard
deviations above the mean. First and
second prizes of $100 and $50 will be
awarded to the authors. Third place
went to “A Preview of the Motorola
68000" by A I Halsema (page 170)
followed by
Graphics” by George H Yeager (page

“Exploring TRS-80






Microcomputing comesof age.

Ohio Scientific’s 0S-65U
Level 3 operating system
software brings new
networking and distributed
processing capabilities

to microprocessor based
computer systems.

Until now, the only alternative for low
cost multiple-user computer
applications was time-shared
systems. However, a serious
drawback of microcomputer or mini-
computer multi-user time-share
systems is the fact that under heavy
work loads they slow down to a crawl
since the central processor time in
such a system is shared by all of the
users.

In a microprocessor based distributed
processing system, using floppy
based microcomputers as intelligent
terminals (local systems) most of the
work load is handled locally. Overall
system performance does not ‘
degrade under heavy job loads. Each
local system performs entry, editing
and execution while utilizing the
central database for disk storage,
printer output, and other shared
resources.

For more demanding applications it is
desirable to have several data bases,
each with its own collection of local
systems. Such an inter-connected set
of data bases is called a network.
Each data base and its local intelligent
and dumb terminals is called a cluster.

Level lll

0S-65U Level 3 now supports this
advanced networking and distributed
processing capability as well as
conventional single user operation
~_andtime-sharing. Level 3 now

- supports local clusters of intelligent
__ microcomputer systems as well as

dumb terminals for the purpose of
utilizing a central Winchester disk data
base and other shared resources. The
system also has full communications
capability with other Level 3 data
bases providing full network capability.

The system utilizes Ohio Scientific's
low cost, ultra high performance
computer systems throughout for intel-
ligent terminals as well as data bases.
This general systems configuration
provides a cost/ performance ratio
never before attained in this class of
computer power.

Level 3 resides in each network data
base. A subset system resides in each
intelligent terminal. Each data base
supports up to 16 intelligent systems
and up to 16 dumb terminals.
However, since dumb terminals can
heavily load the system, they should
be kept to a minimum. Level 3 also
supports a real time clock, printer
management, and other shared
peripherals.

Data Base Requirements

Minimal requirements for a Level 3
network data base are a C3-C or C3-B
computer system with 23 or 74
megabytes respectively, console
terminal, 100K bytes RAM and a CA-
10X 16 port /O board for network and
cluster communications.

Intelligent Terminal Requirements
Any Ohio Scientific 8” floppy based
computer with 56K RAM and one data
base communications port.
Connections

Intelligent terminals and networked
data bases are connected by low-cost
cabling. Each link can be up to 10,000
feet long at a transfer rate of 500K bits

per second, and will cost typically 30¢

a foot (plus installation).

Syntax

Existing OS-65U based software can
be directly installed on the network
with only one statement change!
Level 3 has the most elegantly simple
programming syntax ever offered on a
computer network.

File syntax is as follows:

DEVA.B.C.D.  Local Floppies unchanged from

single user and
DEVE Local hard disks J timeshare systems
DEV K-2 Specific network

Data Bases
Each of up to 8 open files per user can
be from 8 separate origins. Specific
file and shared peripheral contentions
are handled by 256 network
semaphores
with the syntax Waite N

Waite N, close.

The network automatically prioritizes
multiple resource requests and each
user can specify a time out on
resource requests. Semaphores are
automatically reset on errors and
program completion providing the
system with a high degree of
automatic recovery.

A Typical System
A typical system with two network
data bases will have 148 megabytes of
disk, four intelligent subsystems ,
equipped with dual floppies, two dumb
terminals, aword processing printer, a
fast line printer, network data base
manager software and 1000 ft. of inter-
connecting cable. Utlizing .7 MIPS
processors throughout it will cost less
than $50,000 plus installation. GT
option computers (1.2 MIPS) can be
utilized at a slightly higher cost.

One Step at a Time

Best of all, Ohio Scientific users can
develop distributed processing
systems economically one step at a
time. A user can start with a single
user floppy system, add a hard disk,
then time-sharing, then a second
Winchester data base for backup and |
finally cluster intelligent terminals to
achieve a full network configuration.

OHN0 SCIENTIFIG

1333 S. Chillicothe Road
Aurora, Ohio 44202
(216) 562-3101
Circle 299 on inquiry
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