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LAUNCHING PAD

“G” is for Graphics

This program lets you create an alphabet picture book for children. Each time

they type in a letter, they get back an appropriate picture — apple for A, bear
for B, for example. by Mark Zimmerman

Tired of Typing GOTO? Try T-Bug

The author reviews Radio Shack’s T-BUG cassette, which allows assembly
language programming on the TRS-80. by William L. Colsher

DIGGING IN

Planned Programming: The Thoughts Behind the Structure

Careful planning before you start writing code makes your overall pro-
gramming effort much simpler. Just follow the steps outlined in this article
to produce logical, structured programs. by Robert T. Nicholson

A General Game Playing Program

Incorporating this look-ahead algorithm into your games lets you play
against the computer. The author shows you how with programs for Tic-
Tac-Toe and Kalah. by Herbert L. Dershem

Doubling Space on Single-Sided Disks
This simple procedure can double your memory storage, for an investment of
pennies. by Rodney L. Wright.

IN THE MONEY
Rate-Setting and Billing for Small Utilities

Many businesses, including small utilities, must vary rates according to use.

This program package assists in establishing rates, maintains records and

prepares bills. by Stephen P. Smith
How to Fail with a Business System

Here are some of the things that can go wrong with your business computer
— and how to avoid or correct them. by Rodnay Zaks

ON THE LIGHTER SIDE

Trapped in a room with killer robots, you must summon all your courage and
skill to survive. by William Lappen

FUTURE COMPUTING

Sponsored “Programs” are Coming . . . ............cooveeennennn.n.

Large companies can’t ignore the growing popularity of personal computers
and the potential advertising medium they represent. Soon you may type
RUN and see a familiar line on your CRT: *“This program is brought to you
by . ..” by William R. Parks

...........................................

..............................

.........

...............................

........................

..................................

......................................................

© Copyright 1979, Benwill Publishing Corp., a Morgan-Grampian Co.



COMPLETE
BUSINESS

ACCOUNTING
PACKAGES

DOFTWARE

ACCOUNTS PAYABLE
ACCOUNTS RECEIVABLE
GENERAL LEDGER
lﬁVENTORY CONTROL
ORDER ENTRY

RS inc

619 C/V @ 0405.
Box zor7

%W! C;/v-r/), 58’02

(701) 235-8145
DEALER INQUIRIES INVITED
SEE US AT THE NCC

See our other ad in this
Magazine

CIRCLE 85

70 Personal Computing June 1e79

A General
(Game Playing
Program

Programmers have used the look-ahead
strategy to develop competitive game
playing programs for games like check-
ers and chess. A general form of this
look-ahead algorithm can be described
in terms of a recursive procedure im-
plemented in BASIC for specific
games. If your BASIC processor ac-
cepts recursive subroutine calls, then
you can use this algorithm to play any
suitable game by programming three
additional subroutines that describe the
game. (For more information on recur-
sive programming, see ‘“‘Recursive
Programming in BASIC”’, April PC.)

Consider a game with two players
called “‘computer’” and ‘‘opponent”.
At any given point in the game, two
descriptors describe the situation: the
game status (GS), often the status of the
game board; and the player to move
next (PM), either ‘“‘computer’” or
“‘opponent’’. Each GS, PM pair results
either in a completed game with a win-
ner, or in a draw, or in a set of legal
moves for PM. Each legal move maps
the GS,PM pair. Let’s consider the case
where the players alternate moves,
making the new PM generated by a
move always different from the pre-
vious PM. ;

Now we’re ready to recursively state
the look-ahead algorithm which, given
a GS,PM pair, evaluates all the legal
moves available to player PM and de-
termines the optimal one.

Algorithm Evaluate to find the best
move BM for player PM from game
status GS with evaluation of E.
Evaluate (GS,PM,E,BM)

1. If(GS,PM) is directly evaluatable,
evaluate it and place result in E; return.

BY HERBERT L. DERSHEM

2. Generate MV, MV, MV,, the set
of all legal moves from (GS,PM), and
GS,,GS,,...,GS,, the corresponding
set of game statuses after the legal
moves are applied to GS.

3. If PM = computer, call Evaluate
(GS;, opponent, E, BM,) for i =
1,2,5..; |n; for E., ithe largest of
E.E,,....E,, setE = E, BM = MV,
return.

4. If PM = opponent, call Evaluate
(GS;, computer, E, BM,) fori = 1,
Db n; for E,, the smallest of E,, E,. ..,
E,, setE = E,, BM = MV, ; return.

Evaluation of a game status is always
from the computer’s point of view. The
larger the evaluation, the better the sta-
tus is for the computer. Therefore, the
principle behind this algorithm is that
the computer always chooses from the
legal moves”that move resulting in a
game status with largest evaluation. On
the other hand, the opponent always
chooses the move with the smallest
evaluation, since that move is the least
desirable for the computer.

How does the computer determine
whether a move is directly evaluatable?
If a game status is terminal, there are no
further moves. Or sometimes the com-
puter stops when a certain number of
levels of moves have been examined.
For example, a 3-level look-ahead will
examine all of the computer’s legal re-
sponses. As you can see, the number of
moves that must be examined grows
rapidly as the level of the search in-
final level (level 3 in the example
above), you must implement some
heuristic procedure to evaluate the GS,
PM pair. The ability of this procedure,
the static evaluation function, to ac-



curately evaluate the game’s status
greatly affects how well the computer
will compete. There’s a trade-off be-
tween the depth of look-ahead and the
validity of the static evaluation func-
tion. If the static evaluation function is
perfect, the computer can use it to eval-
uate all its alternatives directly and not
look ahead at all. On the other hand, if
the computer can look ahead clear to
the end of the game, examining all of
the alternatives, it has no need for a
static evaluation function since the per-
fect evaluation function is the game re-
sult: win, lose or draw. In practice we
find ourselves somewhere between
those two extremes.

For the general BASIC version for
this algorithm, see Listing 1. Two ad-
ditions to the algorithm have been made
to speed up the search. Both halt the
process when it’s obvious no more
searching is needed.

Suppose the search is at a level gen-
erating the computer’s resporises. If, at
the preceding level, the opponent’s best
move evaluates to 4 and so far the com-
puter’s best move at this level evaluates
to 5, why continue the search at this
level? The opponent will never choose
the current move under consideration
because it will evaluate to no smaller
than 5 which is already 1 worse than the
best move the opponent has examined
so far. This condition is tested in line
2100 of the program in Listing 1. In tree
searching this process, called alpha-
beta pruning, usually saves search
time.

Additional savings can result from
statement 2130 where, as soon as a
player has found a sure winner for him-
self, he stops searching.

Now let’s look at two implementa-
tions of the algorithm in Listing 1. The
first, found in Listing 2, is the familiar
game of tic-tac-toe. The implementa-
tion requires the addition of three sub-
routines to the general game status
evaluator at 2000. These are 1000, a
move generator; 3000, a static move
evaluation function; and 4000, a game-
over tester. But the choices shown here
are examples: try designing your own
improved versions of these subrou-
tines. -

The particular implementation here
uses a maximum search depth of 10
levels. For tic-tac-toe, this level im-
plies all searches will be terminated by
the end of the game since the longest

possible game is 9 moves. The static
evaluation function returns 100 if the
position is a win for the computer,-100
if it’s a win for the opponent, and 0 if
it’s a draw.

Subroutine 2000 has been modified
slightly from that shown in Listing 1 to
accommodate the presence of only one
subscripted variable in Radio Shack
Level 1 BASIC, the system on which
this program was implemented.

The ancient game of Kalah, our se-
cond game, is played on a board with
six small pits on either side'and large
pits at each end. The game begins with
3 markers in each of the small pits as
shown in Figure 1.

Computer’s

Kalah Computer’s Pits

80,0000
0006000

Player’s Pits
Player’s
Kalah

Figure 1 Initial position of
Kalah board

The players alternate moves accord-
ing to the following rules:

1. A player moves by choosing a pit
on his side of the board and distributing
the markers contained in that pit into
other pits counterclockwise around the
board beginning with the counter-
clockwise neighbor of the emptied pit.
He places one marker in each pit and
Kalah in turn until all markers removed
are distributed. Example: If the oppo-
nent began play from the initial board
shown above by emptying the fifth pit
from the left on his side, after his move
the board would look like Figure 2.

000060
1000000nd

Figure 2 Example of a move
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2_ If the last marker distributed by a
player lands in that player’s Kalah, the
player must empty another pit on his
side. This move is called a continua-
tion. The continuation might have an-
other continuation, and so on. Exam-
ple: If the computer’s response to the
above move was to empty the third pot
from the left, it would receive a contin-
uation. This move and its continuation
are illustrated in Figure 3.

3. If the last marker distributed on a
player’s move lands in an empty pit on
the player’s side of the board, and if
some markers are in his opponents pit
directly opposite this pit, then the last
marker distributed and all the markers
in the opposite pit are placed in the
Kalah of the player making the move.
This move is called a capture. Exam-
ple:If the opponent now empties the
lands in the empty pit and captures the
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computer’s four markers on the oppo-
site side (Figure 4).

The winner has the most markers in
his Kalah at the end of the game. When
a player has no more markers in his pits
and it’s his turn to move, the game
ends. At that point the opponent places
all the markers in his pits into his
Kalah, and the winner is determined.

Listing 3 shows the application of the
game playing algorithm to this game.
The continuation complicates matters
by requiring two locations to store a
move as well as a special coding
scheme for continuation moves.

000000
900000

Continuation

Q00000
900000

Figure 3 Example of a move
and continuation

000000
900000

Figure 4 Example ofa capture

Now that you’ve seen these exam-
ples, you can implement this algorithm
for other games. You.might want to
improve the computer’s performance
on these games by providing better stat-
ic evaluation functions or increasing
the maximum depth of search. You
must proceed with caution, however.
Look-ahead algorithms can consume
lots of computer time. So be prepared
to wait for the computer’s moves. 0O



Listing1-G Playing Algorithm

1500 REM GEWERAL GAME PLAYING PROGRAM. THIS SOUBROUTINE, 18B0 REM  OTHERWISE, 0 IS RETHRNED AS ZERD.

1510 REM WHICH IS CALLED BY 1990, WILL ACCEPT A GAME STATUS STORED 1890 REM

1520 REM IN A(1) THRO A(S) AND RETORN IN 5(1) THE BEST MOVE FOUND 1900 REM THIS SUBROUTINE IS WRITTEN IN RADIO SHACK LEVEL I BASTC
1530 REM AND IN E THE EVALOATION OF THAT MOVE, 1910 REM EXCEPT POR THE USE OF EXTRA

1540 REM PARANETERS: DIMENSIONED VARIMBLES M,S5, AND L.

1550 REM S IS THE NOMBER OF LOCATIONS NEEDED T0O STORE GANE STATUS. 1920 REM THESE HAVE BEEN USED FOR CLARITY.

1560 REN M IS THE MAXIMOM DEPTH OF SEARCH 1930 REN

1570 REM W IS R VALUE WHICH IS IMPOSSIBLE CODE FOR A MOVE AND 1989 REN INITIALIZE L ANWD Z ON THE FIRST CALL.

1575 REM REPRESENTS A NULL MOVE. 1990 L=0: Z=-1

1580 REM W IS A VALDE SUCH THAT ANY GAME STATUS WHICH EVALOATES 1999 REM UPDATE L,Q, AND Z FOR THE SEXT LEVEL OF SERRCH.

1590 REM >=W IS A FIN FOR THE COMBUTER AND ANY WHICH EVALUATES 2000 L=L+1: Q=5%(L-1}+1: z=-7

1600 REN <==% IS5 A WIN POR THE OPPONENT. 2009 REM TEST IF GAME IS OVER.

1610 REM 2010 GOSUB 4000

1620 REM VARTABLES: 2018 REM IF LEVEL IS TO THE MAXIMUN OF GAME IS OVER, EVALOATE
1630 REM L IS5 THE LEVEL INDICATOR POR THE CURRENT LEVEL OF SEAECH. 2019 REM USING STATIC EVALUATTION FONCTION AND RETOURN.

1640 REM 2 INDICATES PLAYER WHO IS MOVING: 1=COMPUTER, -1=0PPONENT. 2020 IF (L<=M)%(0=0) GOTO 2050

1650 REM Q IS THE STACK POINTER, IT THDICATES THE POSITION TN THE 2030 GOSOB 3000

1660 REM STACK DINENSIONED VARIABLE WHERE THE CURRENT GANE STATHS 2040  GOTO 2150

1670 REM DESCRIPTION BEGINS. 2009 REM INITIALIZE FOR BEST POSSIBLE MOVE SEARCH.

1680 REN M(L) IS THE CURRENT MOVE BEING EXAMINED AT LEVEL L 2050 M{L)=K: S(L)=N: B(L)=-2%W

1690 REN S(L) IS THE BEST MOVE EVALUATED 50 FAR AT LEVEL L. 2059 REM GENERATE NEXT MOVE

1700 REN B{L) IS THE EVALUATION OF THE BEST MOVE 50 FAR AT LEVEL L. 2060 GOSUE 1000

1710 REM E IS THE VARIABLE IN WHICH THE EVALUATION OF THE BEST MOVE 2069 REM IF NO MORE MOVES, SET E AND RETURN.

1720 REN 15 RETURNED. 207C IF M(L)=N THEN E=B(L)}: GOTO 2150

1730 REN 2079 REM EVALUATE THIS HOVE, M(L), BY A RECUASIVE CALL.

1740 REM SUBROUTINES: 2080 GOSOB 2000

1750 REM 1000 GENERATES FROM MOVE M(1), THE NEXT MOVE IN A SEQUENCE 2086 REM IF THE BEST MOVE AT THIS LEVEL IS ALREADY RETTER FOR 2
1760 REM  OF ALLOWABLE MOVES FROM THE GANE STATUS STORED NI POSITION  20R7 REM THAN THE BEST MOVE FROM PRECEDING LEVEL WA5 FOR -7, THEN
1770 REN  Q IN THE STACK. THE MOVE IS STORED IN M(L), AND THE NEW 2088 REM THIS MOVE WILL NOT BE CHOSEN BY -7 ANYWAY, 50 RETORN
1780 REM GAME S5TATUS IS PLACED IN THE STACK BEGINNING AT POSITION 2089 REM WITHOOT EVALUATING THE OTHER MOVES AT THIS LEVEL.
1790 REN  Q45., THE FIRST NOYE IN THE SEQUENCE IS GENERATED WHEN 2090 IF L=1 GoTo 2110

1800 REHM M(L)=N, THE NULL MOVE, WHEN THE SOBROUTINE IS CALLED. 2100 IF Z%E>=Z*B (1-1) THEN B(L)=E: GOTO 2150

1810 REM IF M(L) IS THE LAST MOYE IN THE SEQUENCE, THEN M{L)=N 2108 REM IF THIS IS5 THE FIRST RESPONSE TEIED OR IT IS BETTER
1815 REM IS RETURNED. 2109 REM THAN THE BEST SO PAR, RECORD I™ AS BEST 50 PAR.

1820 REN 3000 EVALUATES THE GAME STATUS STORED BEGINNING AT POSITION 2110 IF (S (L)<>N)® (Z%E<=2%0 (L)) cOTO 2060

1830 REM Q OF THE STACK USING A STATIC EVALUATION FONCTION. THE 2120 BAL)=E: S(L)=H(L)

1840 REM  VALUE IS STORED IN E. 2129 REM IF THIS RESPONSE WINS, THERE IS NO NEED T0 SEARCH MORE.
1850 REM 4000 TESTS THE GAME STATUS STORED BEGINNING AT POSITION Q 2130 IF Z¥B(L)<H GOTO 2060

1860 REN OF THE STACK. IF IT IS A GANE ENDING POSITION, THAT IS5, 2149 REM ADJUST LG, AND 2 AND HRETORN.

1870 REM IF NO MORE MOVES ARE POSSIBLE, O IS RETORNED AS 1 2150 L=L=1: Q=Q-5: %=-Z: RETHRN

CALLTOLL FREE: (800) 423-5387
CA, HI, AK: (213) 886-9200
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Listing 2 - Tic-Tac-T

954 REN TIC-TAC-TOE WOVE EVALUATOR TN RADIO SHACK LEVEL T BASIC. 2030  cosoB 3000

956 REM THE BOARD POSITION IS SORED IN A(Q) THRO A(Q+B) AS 2040 GOTO 2150

958 REN X X 2050 A(Q+9)=H: R(Q+10)=H: A ([Q+11)=-1%F

959 REM A(Q) X A[Q+1) X A(2+2) 2060 GOSDE 1000

960 REM 8633000006488 04088645060.6000989.95.51 2070 IF A[Q+9)=N THEN E=A(Q+11) GOTO 2150

961 REN A(Q0+3) X A(Q+Y) £ A(Q+5) 2080 GOSUE 2000

962 REN XXXXXXXXXEEXXRXEXXXXXXXXXRXEXXXXXLX 2090 IF L=1 GOTO 2110

963 HEM A(Q#B) X A(Q+T) X A (0+8) 2100 IP THE>=Z#®A(Q-S5+11) THEMN A(Q+17) =E: GOTO 2150

964 REM X X 2110 TP (A (0+10) <>N) % (ZHE<=T*A (Q+11)) GOTO 2060

965 REN 2120 A(Q+11)=E: A(Q+10)=A(0+9)

968 REM A POSITION ONOCCUPIED CONTAINS A 0. 2130 TP Z*A(Q+11)<W GOTO 2060

972 REM A EOSITION OCCOPIED BY THE COMPOTER'S WARK CONTAINS A 1. 2150 L=L-1: Q=Q-5: %=-%: RETURN

974 REM A POSITION OCCUPIED BY THE OPPONENT'S NARK CONTAINS A &. 29€6 REM

975 REM M(L), S(L), AND B(L) PROW THE GENERAL ALGORITHN (SEE FIg. 1) 29688 REM STATIC HOVE EVALUATOR FOR TIC-TAC-TOE.

976 REM  ARE STORED IN A(Q+9),A(Q+10), AND A(Q+11), RESPECTIVELY. 2990 REM SUBRODTINE EXAMINES A(Q)-A(Q+8) AND RETORNS:
978 REM VALUES OF PARAMETERS: 2992 REM  E=100 IF WINNING POSITION FOR THE COMPUTER.
980 REM 5=12 2994 RENM E==100 IF WINNING POSITION FOF THE OPPONENT.
982 REM H=10 (SEARCHES UNTIL COMPLETION OF GANE) 2996 RER E=0 TF DRAR POSITION.

984 REM H=0 2998 REM E=-0.5 IF NOT A GAME~-OVER POSITION.

986 REN #=100 3000 GOSUB 4000

988 REM 30710 IP ABS(V)=100 THEN E=V: RETORN

990 REM 3020 IF V=8 THEN E=0: RETORN

992 REM SUBROUTINE 1000 STORES IN A(Q+9) THE NEXT MOVE POR BOARD 3030 B=-0.5: RETURN

994 REM POSITION A(Q)-A(Q+B) FROM PREVIOUS MOVE A(Q+9). IF A(Q+9)=0, 3968 REM

996 REM FIRST MOVE IS RETURNED. IF THERE ARE HO MORE MOVES, A (Q+9) 3990 REM GAME-OVER TESTER FOR TIC-TAC=-TOE.

998 REN IS RETOURNE AS ZERO. NEW BOARD IS STORED IN A(Q+S)~A(Q+S+B) 3992 REM SUBROUTINE EXAMINES A (Q)-A(Q#B) AND RETURNS:
1000 A(Q+9) =A(Q+9) +1 3994 REM 0=1, V=100 IF WINNING POSITION FOF COMBPUTER.
1010 IF A(Q+9)>9 THEN A(Q+9)=0: RETORN 3996 REM 0=1, V=-100 IF WINNING POSITION FOR OPPONENT
1019 REW IF POSITION IS OCCUPIED, TRY THE NEXT ONE, 3998 REM  0=1, V=8 IF DRAW POSITION.

1020 IF A(O+A (Q+9)=1)<>0 GOTO 1000 3999 REM 0=0, V<8 IF HOT A GANE ENDING POSITION.
1030 FOR I=0 TO B 4000 RESTORE: V=0

1040 A(Q#S+T) =R (Q+T) 4010 FOR I=1 TO B

1050 NEXT I 4020 READ A,B,C

1059 REM RECORD THE MOVE. 4030 T=A(Q+R) +A (Q+B) A (Q+C)

1060 A(Q+S+A(Q49) =1) = (Z=1) % (Z==-1) 4000 IP T=3 THEN V=100: 0=1: RETURN

107C RETORN 4050 IF T=12 THEN ¥=-100: O=1: RETURN

1986 REN 4060  IF (T=5)¢(T=6)+(T=9) THEN ¥=v41

1988 REM TIC-TAC-TOE VERSION OF GENERAL EVALUATION ALGORITHM 4070 NEXT I

1990 L=0: 2 §=12: M=10: N=0: W=100 4080 O=(V=8)

2000 L=La1:0=5%(L=1)+1: 2==2 4090 RETORN

2010 GOSUR 4000 4099 REM THIS STORES ALL 8 COMBINATIONS OF PISITIONS POR WINNING.
2020 IF (L<=M)*(0=0) GOTO 2050 4100 pATA 0,1,2,3,4,5,6,7,8,0,3,6,1,4,7,2,5,8,0,0,8,2,4,6

'Gommit an Original Sin 4
N\ Byte our apple...
| W~ (Software that is!)

A FAST NEW IDEA...
For Apple Il Users

How About POSTING 1,000 RECORDS to the
GENERAL LEDGER in 7 MINUTES?

It's possible with New Ware's INTER- The packages have been designed
ACTIVE system that has been for Apple Il single or dual disk
SERVICE BUREAU TESTED and systems with 32K of user memory
CPA APPROVED! with or without Applesoft 2 Firmware.

Individual Packages Are: Standard No Charge Features:

1. General Ledger 4, Inventory * Terminal or printer report selection

2. Accounts Recelvable 5. Payroll/Personnel * High Speed Journal to Ledger Pasting

3. Accounts Payable A. Automatic General Ledger

Journal Transaction generation
o * B. Automatic Inventory transaction generation

Ord_er T_Oday' Each Pad(age $120'0° C. Automatic Accounts Receivable transaction generation

*Disk with Source Code, add $10.00 D. Real time accounts receivable application system

(shipped only with packages) 4
*Disk with Demo Data, add $10.00 | ) Plaase Note:

] - =]
(shipped only with packages) = e All of our packages
= 3525 Park Drive : dre quaranteed lg npergate

402/339-7350 DI‘I‘Iahﬂ, Nehbraska 68127 ¢ within design specifications.
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Listing 3 — Kalah

938
940
942
aut
946
948
950
952
954
956
a58
960
962
964
965
966
968
970
972
a7y
976
978
980
982
984
986
988
990
992
994
996
997
998
1000
1009
1010
1019
1020
1024
1025
1030
1039
1040
1049
1050
1058
1060
1069
1070
1080
1090
1100
1110
1119
1120
1129
1130
1138
1160
1150
1160
1165
1170
1986
1988
1990
2000
2010
2020
2030
2040
2050
2060
2070
2080
2090
2100
2110
2120
2130
2150
2982
2984
2986
2988
2987
2988
2990
2996
2998
ip00
3010
ap20
3030
3on0
3050
3992
399y
3996
3998
4000
4009
a010
4019
4020
4030
G040
Loso
4059
4060
B070
4080
4pan

REM KALAH GAME EVALUATOR IN RADIO SHACK LEVEL I BASIC.

REM THE BOARD IS STORED IN A(Q) THRU A{Q+13) AS

REM

REM COMPOTER'S PITS

REN A(Q+12) A(0#11) A(QH10) A(Q+9) A(D+B) A(Q+T)
REM A(Q+13) A(D+6)
REM A[Q) A {Q+1) R(Q+2)  R(Q+3) A (Q+4) A (0+5)
REM OPPONENT'S PITS

REM

REM A SIMPLE MOVE IS5 REPRESENTED BY AN INTEGER D-5 HITH O
REM  REPRESENTING THE PIT FARTHEST FROM THE PLAYER'S KALAH
REM  AND 5 THE PIT WEAREST THE PLAYER'S KALAH.

REM ACONTINUATION MOVE IS THE SEQUENCE OFI SIMPLE AOVES copED
REM AS FOLLOWS:

REM (MOVET) #6€T-1) + (MOVE2)*6¢I-2) +...+ (MOVEI)*g0

EEM THE LCCATION FOLLOWING THIS CORTAINS 6(I-1) T0 INDICATE
REM THE NUNBER OF CONTINUATTIONS.

REN M(L) IS STORED IN A (Q#14) ,A(0+15)

REM S(L) IS5 STORED IN A (Q+18),A(Q+17)

HEM B(L) IS STORED IN A(Q+18)

REM VALDE OF PARAMETERS:

REM 5=19

REM M IS UNDER EXTERNAL PROGRAN CONTROL

REM N==1

REM R=100

REN

HEN SUBROUTINE 1000 STORES IN A(Q#14),A(Q+15)THE NEKT MOVE FOR

REM BOARD POSITION A(Q)=-A(Q+13) PROM PREVIOUS mOVE A(O+14),
REM R [Q415). IF A(Q+15)=-1, THE FIRST MOVE IS RETURNED.
REN IF THERE ARE NO MORE MOVES, A(Q+14) IS RETURNED AS -1,
REM THE RESULTING BOARD POSITION IS STORED TN A(Q4S) =h(Q4S+13) .,
REM
REM INCREMENT MOVE AND STORE IN T AND R.
AQ4+78) =R (Q+104) 41z T=A (Q+14) 2 R=A(0+15)
REM INITIALIZE NEW BOARD.
FOR I=0 TO 13: A({Q+S+I)=A(Q+I): NEXT T
REN IF MOVE AT ONE COMTINUATION EXHAUSTED,COME BACK A LEVEL.
IF (INT(T/6)%6=T)% (R<>1) THEN T=T/6: R=R/6: GOTO 1020
REM TEST FOR LAST MOVE.
IF (T=6)*{R=1) THEN A(Q+14)==1: RETORN
U=T: V=R }
REM PULL OUT SIMPLE MOVE.
X*INT (U/V) : U=0=X*V: V=TNT (V/6)
REM P IS5 THE PIT POSITION ON BOARD OF MOVE.
PuTH (Z=1) +X
REM IF PIT IS ENPTY, GO GET ANOTHER MOVE.
IF A(Q+P+5)=0 THEN T=T4+1: GOTO 1010
REM MAKE THE MOVE.
D=Q+5: FOR I=P+1 TO P+A(D+E)
J=I=INT(I/14)%14
A(D4J) =A (D+J) +1
NEXT I
I=0(D4P): A (D4P) =0
REM IF N NEW CONTINOATION TP SOUND, GO PORWARD A LEVEL
IF (J=647%(Z=1)) #(V=0)} THEN T=T%6: RaR#f: U=0: =1
REM MORE CONTINUATIONS?
IF ¥>0 GoTo 1040
REM TEST FOR CAPTURE.
IF (A(DeJ)<>7) + (PeI>=64T7%(Z=1)) GOTO 1170
A(DEE 4T (Z=1)) =A (D4T) ¢ A (D+12=T) 44 (D+6+T* (2=1))
A (D+J)=03 A (D+12~J)=0
REM MOVE COMPLETED, S0 RETURN.
AfQ+1U) =T A (Q+15) =Rz RETORN
REM

REM GENERAL EVALUATION ALGORITHN (FIG.1) FOR KALAH.
L=0: Z=-1: S=19: N=-1: W=100
Lel41: QuS%(L=1)+1: Z=-7
GOSUB 4000
IP (L<=M)%(0=0) GOTO 2050
GDSUB 3000
GOTO 2150

llo*1ﬂj=u:l{0015]=1:lt0016!=utll0*171~1:110418]=-Z'B
GOSOR 1000

TP A(Q+14)=N THEN E=A(Q+18) : GOTO 2150

GOSDB 2000

IF L=1 GoTo 2110

IF Z¥E>=Z%} (0-5+418) THEM A(Q+18)=E: GOTO 2150

IP A(Q+16) <ON) *(T¥E<=Z*A (Q+18)) GOTO 2060

A(Q+18) =Ez A(Q+16)=A(Q+18) : A(Q+17)=A(0+15)

IF Z%A(0+18) <H GOTO 2060

L=L-1t Q=Q-5: %Z=-2: RETURN

REM
REM STATIC MOVE EVALUATOR FOR KALAH.
BREM E=100 IF WINNING POSITION POR THE CONPDTER.
REM E=-100 IF WINNING POSITION FOR THE OPPONENT.
REW ELSE:
REM E= ((CONTENT OF COME'S KALAH)-(CONTENTS OF OPP'S KALAH))*
REN (1 4+ 1/(19 = MAX CONTENTS OF A KALAH))
REM
REM WINNING POSITION?
GOSOE 4000
E=2{04+13) =A (0 +6)
IP O=1 THEN E=100%((E>D)-{E<0)): RETURN
P=A (Q+13) % (E>0) +A (Q+6) * (E<D)
E=F* (1417 (19-F))
RETORN
REM
REM GAME-OVER TESTER FOR KALAH.
REM D=1 IF GAME IS DVER.
REM 0=0 IF GAME NOT OVER. ;
0=0
REM TEST FOR A WINNER,
IF (A(Q+13)>18) + (A [Q#6)>18) THEN O=1: RETORN
REM TEST POR MOVER'S PITS ALL EMPTY.
J=7%(2=1)
FOR I=J TO J+5
IF A([Q+#I)<>0 THEN EETORN
NEXT I
REM THEY ARE, SO EMPTY OTHER'S PITS INTD EALAH.

FOR I=7-3 ™0 12-J
A(Q+13=0)=A (Q+13=0) +A (0+T) : A (Q+I)=0

NEXT T

0=1: RETURN

HAVING TROUBLE LEARNING BASIC?

STEP BY STEP is an interactive computer course in BASIC
that's easy even for beginners. Program Design has de-
veloped a logical, structured approach that really works. At the
end of STEP BY STEP, you'll be writing programs using all
important BASIC commands.

AVAILABLE FOR TRS-80 LEVELS | & |I, PET, AND APPLE ||

STEP BY STEP:

® presents material in small steps

provides guided programming practice in each lesson
tests your progress after each lesson

teaches actual program writing, not just terms

is suitable for anyone from junior high up, regardless of
math background

e e 00

10 lessons with quizzes, plus finaltest 3 cassettes
80 page Workbook  $39.95 plus $1.00 shipping

VISA & Master Charge accepted (include number, exp. date,
MC include digits above name)

Department 500
Program Design, Inc., 11 Idar Court, Greenwich, Conn. 06830

CIRCLE 8

MARKET INFORMATION SOFTWARE

Now the first complate Market Information System for TRS-80 users,
A must system for anyona investing or considering investing in the stock

rmarket,

' DATA BASE MANAGEMENT SYSTEM [DBEMS)
Create, update, edit, display and copy the data base, Separate
systems for daily, weekly, or individual stock statistics

* MARKET INFORMATION SYSTEM M)
Analyze ralles, declines, and market curnarounds, Includes moving

average and price/volume analysis, Also hes short-term overbought/

oversold indicator, essential for short-term timing.

* COMPLETE DATA FILES [DATA]
Complete sets of daca files. Prices shown for one year's data for
dally, weekly, and individual stocks, The larger your data base the
more analyses you cen parform.

PRICE LIST

SYSTEM ALY WEEKLY S_INGLE
DBEMS 14.85 14.85 995
MIS 12.85 585 595
oAaTA 1= =if=]=] 1585 2595

COMPLETE SYSTEM INCLUDING ONE YEAR'S DATA FOR DALY,
WEEKLY, AND FIVE STOCKS . . . 13895

Send Check to: Market information Software
7215 Tod Street

Faills Church, VA 22045

Specify DBMS, MIS, or DATA &
SYSTEM TYFE or SINGLE STOCK NAME

Whrite for mare information

THS-80 168K DISK SYSTEM REQUIRED. NO EXTRA RARM
NEEDED FOR LARGER DATA BASE.
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