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Figure 5: Flowchart of the subroutine for
game analysis (AVAZTQO). LSTPLA is ad-
ded to two totals, a binary-coded-decimal
version for display and a hexadecimal ver-
sion for internal program use. If the game
is over, the binary-coded-decimal score of
the winning player is incremented.

{Boss |
TOTAL EQUAL | _
| HEXADECIMAL
12 |
______ 4]

AVAZTO

ENDGAM=—0

|

PRINT
"TOTAL I1S"

|

TOTBCD=—
TOTBCD +
LSTPLA

l

QUTPUT
TOTBCD

|

TOTAL —
TOTAL+
LSTPLA

{_TOTAL l
— | LESS THAN
| HEXADECIMAL :
2

|
NO

ENDGAM=—1

PRINT PRINT

"I WIN" "YOU WIN"
INCREMENT INCREMENT
MACHINE'S HUMAN'S
SCORE SCORE

S ]

responding to the current total, to
add an apparent winning move to the
row. If any winning human response
was found, the Xth column of the win
table row corresponding to the cur-
rent total is zeroed, by being ANDed
with the one’s complement of
MPTPAT, thus deleting any er-
roneous winning play indication.

In the first case, X represents an

( RETURN ’

apparent  winning play for the
machine, so it is tested to determine if
it is a legal play. If so, it is stored in
machine play, winning (MPLAW). X
is then decremented and MPTPAT is
shifted right by one place, to corres-
pond to a play of five, and the second
phase is repeated. At the conclusion,
MPLAW holds the smallest winning
play discovered, and the win table

Circle 194 on inquiry card.
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Unique and Incomparable Boards
and Systems...DIP-switch Versatility
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32K STATIC RAM BOARD
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* Write Protect
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RVSTBW

MACHINE'S WINNING
PLAY=—0
K=

WHRF (X)—
W(TOTAL+X)-M(X)

L

X=X+1
NO
YES
MPTPAT == 00100000
X—6

W(TOTAL)=—
W (TOTAL)-
W(TOTAL) — MPTPAT
W (TOTAL) +
MPTPAT
LGLTST
CHECK IF X IS
LEGAL MOVE

MACHINE'S
WINNING
PLAY — X

DECREMENT X,
LOGICALLY SHIFT
MPTPAT RIGHT

MPTPAT=0

RETURN

Figure 6: Flowchart of the subroutine that revises the win table (RVSTBW). The win
table row corresponding to the total before and after the computer’s play is revised by
trying all possible computer plays, and by selecting those plays that block the human
from a legal winning response. The smallest apparent winning computer play is saved in
MPLAW. The following logical notation is used: “-" is logical AND, “+" is logical OR.
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row for the current total has been up-
dated, based on examining the next
six rows of the win table.

Making the Machine Fallible

The subroutine select machine
play (SELMPL) shown in figure 7 is
needed because sometimes no
machine winning plays are found, in
which case the machine must choose
a legal play at random. If the “goof”
feature is desired, the program'’s cur-
rent winning move (MPLAW) will be
ignored, and a random play will be
selected.

The generate random play
(GNRNPL) subroutine actually
generates numbers from O thru 7. The
occurrence of a zero causes the com-
puter to make a random move if the
“goof” option is active. Next,
MPLAW is tested to determine if it
has changed from its initial value of
zero. If it is no longer zero, its value is
loaded into MPLAY as the machine’s
play. If MPLAW is zero, another ran-
dom number from 0 thru 7 is
generated and tested for legality.
Numbers are generated again and
again until a legal one is found for use
as MPLAY, the machine’s move.

The GNRNPL subroutine (figure 8,
page 229) uses logic feedback around
a shift register to generate a pseudo-
random sequence. Two bytes plus the
carry bit comprise a 17-stage register.
Since seventeen is a prime number,
coding theory assures us that every
unique feedback arrangement will
generate a sequence that will not
repeat until after 27 —1 (or 131,071)
shifts. The three least significant bits
are masked off to generate numbers
from O thru 7.

Three shifts are used to generate
each play, to assure that all three bits
are randomly changed. I could have
used a shorter shift register, but I
found that with a shorter register, a
given play was followed by only a
few of the theoretically possible
values. A few additional instructions
are required to implement the
17-stage register, in which any given
play will be followed with nearly
equal probability by all of the values
0 thru 7.

The feedback comprises the Exclu-
sive-OR of the zero and third order
bits. This is accomplished by ANDing
the low-order byte with hexadecimal
09. The carry bit is set to one if the
result is one or eight and to zero if the
result is zero or nine. The carry bit is



SELMPL

GNRNPL

GENERATE
RANDOM MOVE

s e v

=
| IS GOOF |
—===l @PTION |
ENABLED !

i J

MACHINE'S

WINNING s
| moveE - r
Wsccll 0 I

GNRNPL

GENERATE
RANDOM MOVE

LGLTST
CHECK LEGALITY
OF MOVE

NO
YES

RETURN

RANDOM

PLAY

RETURN
MACHINE'S
WINNING MOVE

y

‘ RETURN ’

Figure 7: Flowchart of the subroutine that determines the machine’s play (SELMPL). If
the goof option is selected, the odds are one in eight that the computer will make a ran-
dom legal play, instead of playing the apparent winning play discovered while revising
the win table. If no winning play is found, a random play is made.

then shifted into the most significant
bit of the high-order byte. The least
significant bit is shifted into the carry
and then into the most significant bit
of the low-order byte. The latter’s
least significant bit is discarded.

During initialization, at least one of
the shift register bits must be set to
one, otherwise only zeros would
circulate endlessly. The full 17-bit
word cannot take the value zero, but
the three least significant bits can take
this value.

Other Random Methods
The above scheme has the disad-
vantage that the sequence is fixed by

the initialization constant, so that
each new series of games set up by
loading the program start out with
the same sequence of random plays.
If the human should play the identical
sequence of moves for a whole series
of games, the machine’s responses to
those moves would not vary.

I have employed a way around this
in other machines using the player’s
response time, measured in sufficient-
ly small units, to generate random
numbers. For example, three asyn-
chronous free-running flip-flops at
frequencies of 100, 141, and 173 Hz
can be allowed to run during the time
the computer is waiting for the

human to respond. When stopped by
the response, they will represent a
random binary number from 0 thru 7
that depends on the human'’s response
time measured in hundredths of
seconds, modulo 7. Using frequencies
related by ratios close to /2 and /3
assures that the flip-flops will
generate a relatively long sequence
(of order 100) before repeating.

This approach was not feasible,
however, when using a MIKBUG
subroutine to get the human'’s
response.

Listing 1 is the program listing in
assembler format for the SwTPC
6800. MIKBUG subroutines were
freely used for input and output. All
constants and variables are stored on
page one of memory, starting at hexa-
decimal address 0020. The initializa-
tion subroutine is also stored here.
The main program begins at hexa-
decimal 0100. Messages start at hexa-
decimal 02D0 and extend to hexa-
decimal 057F. About 1380 (decimal)
bytes are needed. Addresses from
0000 to 001F were not used, in com-
pliance with SWTPC's suggestion that
these be reserved for a disk operating
system.

You may wish to revise message
formats. Revisions of starting ad-
dresses will require revisions of the
load index register (LDX #) instruc-
tions in the main programs and
subroutines wherever the messages
are printed.

How to Play Against the Machine
The human player has several op-
tions for competing with the
machine. With the goof feature dis-
abled, try to see how many games
you can win, starting with the win
table empty, before the machine is
winning every game. Your strategy
should be to induce the machine to
load as many errors as possible into
the win table, then play to inhibit the
machine from correcting those errors.
When you have memorized all of
the winning plays for each total, you
will do better. This knowledge can be
acquired through experience, or by
examining the win table after the
machine has thoroughly learned the
game. Unless the goof feature is used,
some winning moves may not be
found by the machine, but it will find
enough that one or more will be legal
Text continued on page 229
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How to Use the Program Listing
The program in listing 1 was
assembled using Jack Emmerichs’s
Tiny Assembler for the 6800 pro-
cessor. Since this assembler oper-
ates using only one pass through
the source code, it must handle for-
ward references in a special way.
A forward reference occurs dur-
ing assembly when some instruc-
tion in the program references a
symbol that appears after it in the
source code. (A symbol is a label
for an instruction or for data.)
Since the assembler has not yet
come to the referenced symbol and
does not know what its address is,
the assembler cannot initially
generate the proper object code.
If you have your own assembler,
you will face no difficulty in using
Eighteen with a Die (since you will
probably wish to reassemble it on
your own system). If you do not
have an assembler in your 6800
system and want to enter the ob-
ject code directly from listing 1,
you must be aware of the behavior

of the Tiny Assembler in its treat-
ment of forward references.

As the Tiny Assembler scans the
source code, it maintains a
forward-reference table in
memory. When it comes to a for-
ward reference, such as:

JSR TXTOUT

(which appears at hexadecimal
location 0109 in listing 1) that has
not been encountered and is there-
fore not yet defined in the symbol
table, the Tiny Assembler gen-
erates "dummy’’ code (consisting
of zeros) in the locations where the
address of TXTOUT should be.
Data identifying TXTOUT and
keeping track of where the dummy
code was generated is placed in the
forward-reference table.

When the Tiny Assembler gets
to the definition of TXTOUT in the
source listing, it resolves all
previous forward references to
TXTOUT at once. At the place
in listing 1 where the symbol

. S8-100 INTELLIGENT
COLOR GRAPHICS BOARD
CGS-808

20 mapped for
Software:
¢ Firmware Pac
enc/semlgraph

3D hidden dot.

line, bar graph, expansion port dri
CGS:808B(Bare Kit') /.o..iv. ..

Eirmware-Packill ' oo 0 i daio v ia v
Sublogic 2D Graphics Driver .. ........ Lo
Sublogic 3D Graphics Driver . ... vovviveuan s

Phone Orders Welcome — Vlsa/Mastercharge — Add $3. 00 for Shipping & Handling
California Residents Add 6% Sales Tax — Call or write for your free brochure.

(408) 338 2686 ,~ h
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¢ Firmware Pack lll—-shaped ellipses, shaded polygons, chain lines, move point move
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TXTOUT appears, we see the
source code:

TXTOUT JMP PDATAI

At this point the following ob-
ject code is generated:

018E 7B EO ST E
010A 01 8E

0117 76
0126 67
0137 56
018B 02
015D 30
017F OE

The resolution of hexadecimal
location 0I10A uses the extended
addressing mode; other resolutions
shown use the relative addressing
mode. After the address of the
symbol TXTOUT is found, the
reference to TXTOUT is deleted
from the forward-reference table.

When the output of the assem-
bler is loaded into memory by the
loader program, the forward-
reference resolution data is written
over the dummy wvalues (zeros)
that were originally generated. If
loading the object code by hand,
they should be written over the
dummy values in the same way.

You can, if you wish, look at the
symbol table shown at the end of
the listing at any time to find out
what values were obtained for all
symbols during the assembly. The
Tiny Assembler uses only four
characters (the first three and the
last one) of a symbol, and the sym-
bol table uses these condensed
symbols, not the full spellings
found in the program.

Complete documentation about
the Tiny Assembler appeared in
the following BYTE articles by
Jack Emmerichs: “Designing the
Tiny Assembler: Defining the Pro-
blem,” April 1977, page 60;
“Implementing the Tiny
Assembler,” May 1977, page 84;
“Expanding the Tiny Assembler,”
September 1977, page 44.

Reprints of these magazine ar-
ticles plus PAPERBYTE® bar
codes for optical scanning are
available in book form under the
title Tiny Assembler 6800, Version
3.1, by Jack Emmerichs. You may
obtain this book for $9.60 (in-
cluding postage) from BYTE
Books, 70 Main St, Peterborough
NH 03458.
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You know.about computers. In fact,
you probably own one now. One that
you might be thinking of expanding. We
have a better idea. Take a giant step
into the personal computing future with
an amazing, new C4P from Ohio
Scientific.

SPEED SEPARATES THE
COMPUTERS FROM THE TOYS

The C4P MF has execution speed that
is twice as fast as Apple Il or
Commodore PET and over THREE
times as fast as TRS-80. They are
many times faster than the recently
introduced flock of video game type
computers. And, as if that weren't fast
enough, the C4P nearly doubles its
speed when equipped with the GT
option.

Apple [l, Commodore PET, TRS-80, and Atar) 800 are registered Irade names of Apple

Computer Inc., Commodore Business Machines Ltd., Radio Shack Alari, respectively

SIERTING |

8 bit companding digital to analog
converter for music and voice
output,

HUMAN INPUT EXPANSION

2—=8 axis joystick interfaces
2—10 key pad interfaces

HOME INTERFACE

1—AC-12 AC remote control interface

DISPLAY

32 x 64 with upper and lower case
2048 Characters.

256 x 512 effective Graphic Points
16 Colors

SOFTWARE

Ohio Scientific offers a comprehensive
library of both systems and
applications software for the C4P,

The C4P is an outstanding premium
computer — years ahead of the
market. We know because there's
nothing quite like it for the price,
anywhere. And probably won't be for a
very long time.

C4P5698

8K BASIC-in-ROM, 8K of static RAM
and audio cassette interface. Can be
directly expanded to 32K static RAM
and two mini-floppy. disks.

C4P MF#1695

All the features of the C4P plus real
time clock, home security system
interface, modem interface, printer
interface, 16 parallel lines and an
accessory BUS. The C4P MF starts
with 24K RAM and a single mini-floppy
and can be directly expanded to 48K
and two mini-floppies. Over 45 diskettes
now available including games,
personal, business, educational and
home control applications programs as
well as a real time operating system,
word processor and a data base
management system.

Computers come with keyboards and floppies where specitied.
Other equipment shown is optional.

For literature and the name of your local
dealer, CALL 1-800-321-6850 TOLL FREE.

"
b (| |

E RGNSy &2 l\;ii;k,, 1 B8 | B L
1333 S8OUTH CHILLICOTHE ROAD
AURORA, OH 442082 « [216) 562-3101
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