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This program lets you create an alphabet picture book for childr€n. Each time
llley-t}?e in a lener, they get bact an appropriare picture appleforA.bear
rot tt , tor exunpte . by Maft ZnnQnan

Ti red  o f  Typ ing  cOT0? T .y  T-Bug.  . . .  .  . . .  .  .  . . . . . . .  .  .  . . . .  .  .  .  .  . . . .  .  .  . s4
The author reviews Radio Shack's T-BUG cass€tte, which allows assembly
language prograinming on rheTt.S,SO. by Wiuian L. Cotshe.

DIGGING IN
Planned PmgrarDming: Th€ Thoughts Behind the Structure - . . . . , . . . . . . ,2g

Careful planning befor€ you start writing code makes your overall pro-
grarnrning effort much simpler. Just follow rhe steps outlined in rhis anicle
ro produce logical. snuctured prcErans. bt Rob?i T. Nichohon

A Genera l  Game PLy ing  Progran. .  .  . . .  .  . . .  .  .  . . . . . . ,  .  .  . . . . . ,  .  .  .  . . . .  .  Z0
Incorpomting this look-ahead a.lgorithm inio your games lers you play
agarnst the compurer. The aurhor shows you how wirh Fograrns for Tic_
Tac-Toe and Kalah. ,y }l erbert L. Derchcm

Doublhg Spacc on Shgle.Sided Drsks ......,,,...t6
This simple procedu€ can rlouble your memory storage, for an investrnenr of
pennies. b! Rodn y L. Wri9ht.

IN THE MONEY
Rate.S€tt in8 and Bi[ ing for Srtal Uti l ides . . . .  .  .  .  . . . . . .  .  .  .  . . . . . .  .  .  . . .  .43

Many business€s, includinS smallutilitjes. musr vary rares according ro use.
I nrs prograrh package asisrs in esrabtishing mt€s, marnrains records and
preparEs bills. ,) Sr?p/4n P. Sntrrr

Hory  to  Fa i l  M th  a  Bus i t r€ss  Sys tem . .  .  . . .  .  . . .  .  .  . , .  . . . .  .  .  . , . . . . .  .  .  . . .  . 6?
Here ar€ some of rhe rhings rhar can go wrong with your business compuFr
._ and how fo avoid or cofiecr them. by Rodtuy ZaA

ON THE LIGHTER SIDE

Trapped in a roon wid killer robors, you mun surnmon altyourcoumge and
skrll tosuryiye. by William lappen

FUTURE COMPUTING
Sponsored 'Programs" arc Comint . . . . . . . . . . . . . . . . , . . . - - - . . . . . . . . . . -22

Large companies cant ignore rhe growing popul&ity of p€rsonat compuers
and the potential advertising medium they represent. Soon you rnay typ€
RUN and s€e a familiar line on your CRT: ..This program is brought io you
by . . ." blwillianR. Parks

@ copyright t9?9, Benwill publishins Corp., a Mo€an_cddpian Co.
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A General
Game Plaving

Program
BY HERBERT L. DERSHEM

Progranmers have used the look-ahead
strategy to develop competitive game
playhg programs for games like check_
ers ard chess. A general form of this
look-ahead a.lgodthm can be d€scrib€d
in terms of a recursive procedurc im-
plemented in BASIC for sDecific
games. If your BASIC proc€ssor ac-
copts recusive submutine calls, then
you can use this a.lgorirhm ro play any
suitable game by prograrruning thrEe
additional sutrourines rhar describe rhe
game. (For mor€ information on recur-
srve progmnrmrng, see ..Recursive
Prograruning in BASIC " , ADril pC. )

Consider a game wirh rwo ptayers
called compuEr" and "opponenC ,
At any given point in the game, two
descripton describe the situation: the
game suos (cs), often the stitus of the
game boald; and the player to move
next (PM), either,,computer" or''opponent". Each cS, PM pair results
eilher in a complel€d game with a win-
ner, or in a dmw, or in a set of legal
moves for PM. Each legal move maps
the GS,PM pair. Lel's consider the case
where the players alt€mate moves,
making the new PM geneded by a
move always different from rhe pre-
vious PM.

Now we're r€ady to recursively state
lhe look-alrcad algorithm which, giv€n
a CS,PM pair, €valuat€s all the legd
moves available to player PM and de-
telmines the optimal one.

Algorithm Eyaluate b rtnd the besl
nove BM fot playet PM from ea,,u
status GS v'ith evaluaabn of E.
Evaluate (GS,PM,E,BM)

l. If(GS,PM) is dirccdy evalualable,
evaluate it and place r€sull in E; rerurD_

2 Grnerare tvIvr MV: MV". rhe s€r
ol all legal moves Fom (CS,PM), and
GSr,CSz.. . . ,CS", rhe corresponding
sel ot game status€s after the legal
moves ar€ appliedtocS.
L If PM = compurer, calt Evaluare
(CS, opponent, E, BM,) for i =
1,2,. . . ,  n;  for q,  the laree$ of
E,,8.. . . .Ei ,  set E = q. g^,t  = f , t \ ;
retum.
4. If PM : opponent, calt Evajuare
(CS,, computer, E,, BM) for i = t,
2, . . . ,  n; forq, the smal lest ofE,.  B.. . .
Ei, set E = E(, BM : MVr; retum.

_ Evaluation ofa game sratus is always
irom the computer's poinr of view. The
larger the evaluation, the better lhe sla-
tus is for the computer. The.efore, the
pnnciple behind rhis algorirlm is that
the computer always chodes ftom the
legal moyes-that move rcsulring in a
game sratus wilh laqest evaluarion. On
the other hand, the opponent always
cbooses the move with the smattest
evaluation, since rhat move is rh€ leasr
desirable for the computer.

How does the computer determin€
whether a move is dfectly evaluarable?
If a garne status is lerminal, there are no
further moves. Or som€times the com-
puter stops wh€n a certain number of
levels of moves have been examined.
For example, a 3-tevel look-ahead wilt
examine all of the computer's legal re-
sponses. As you can s€e, the numb€r of
moves tiat must be exarnined glows
rapidly as the level of th€ searcb in-
final level (level 3 in the exarnple
aoove), you must implement some
heuristic procedure to evaluate the cS.
PM pair. The abiliry of this procedure,
the static evaluarion funcrion. to ac



cumtely evaluate the game's status
Sreatly affects how well the computer
will compete- There's a trade-off t€,
tween the depth of look-ahead and the
validiry of rhe staiic evaluation turc
tior. If the static evaluatioo function is
perfect, the computer can us€ it to eval,
uate all its altematives directly and nol
look alEad at all. On the oth€r hand, if
the computer can look ahe3d clear to
the end of the garne, examining all of
the altematiYes, it has no need for a
static evaluation function since the per-
fbct evaluation tunction is the garne re-
sult: win, lose or dmw. In practice we
find ourselves somewhere between

For the geneml BASIC version for
this algorithm, see Listing L Two ad-
ditions to the algorithm have b€en nade
to speed up the search. Both halt the
PKrcess when it's obvious no more
searching is needed.

Suppose the s€arch is at a level gen-
erating the computer's resporis€s. If, at
the preceding level, the opponenfs best
move evaluates to 4 and so far the com,
puter's b€st move at this level evaluates
to 5, why continue the search at this
level? The opponent will never choose
the current move under considemtion
b€cause it will evaluate to no smaller
than 5 which is already I wome than the
b€st move the opponent has examined
so far. This condition is tested in line
2100 of the program in Listing l. [n tr€e
searching this process, called alpha-
beta pruning, usually saves search
time,

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

Now lefs look at two implementa-
tions of the algorithm in Listing I . The
first, found in Listing 2, is the familiar
game of tic-tac-toe. The implementa
tion requires lhe addition of thrce sub-
mutines to the general garne status
evaluator at 2900. These a.re 1000, a
move genemtor; 3000, a static move
evaluation function; and z{no, a game-
over tester, But the choices shown here
are exampl€s: try designing your own
improved venions of these subrou-
tines.

The padicular impleme ation here
uses a maximum search depth of l0
levels. For tic-iac-toe, this l€vel im-
plies all searches will be lerminated by
the end of the game since the long€st

possible game is 9 moves. The static
evaluation function i€tums 100 if the
position is awin for the computer,-Io0
if it's a win for the opponent, and 0 if

Subrouline 2000 has been modified
slightly from that shown in Listing I to
acconrnodale the pres€nce of only one
subscripted variable in Radio Shack
Level I BASIC, the syscm on which
this program was implemented.

The ancient game of Kalah, our se-
cond game, is played on a board wirh
six small pits on either side and larye
pits at each end. The game begins wilh
3 marken in each of the snail pitr as
shown in Figure l.

FiPue 1 Initiat position of
Kalah board

The playen aiternate moves accord-
ing to the following rulesl

I. A player rnoves by choosing a pit
on his $ide of the board and distributing
the mark€n contained in that pit itrro
other pits counterclockwise amund th€
board b€ginning with the counier-
clockwise neighbor of the emptied pit.
He places one ma.rker in each pit and
Kalah in tum until all marken removed
are disrributed. Eraryle: If l\\e owo-
nent began play fiom 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.

oooooo@ovoooo@@v

Kalah Computer's Pits

oooooo0 0oooooo_.
Playeis Pits T

Player's
I(aIah

FiAure 2 Example ofa move

P€rsonal Cooputing 7l

9 . A . i n e .

{Poooo[

! ! ,  ^ r ' o  I  u L ! €  l o { r i d  r h d  ! !

S, inc
6ry,=N.9). .4o..

Box 2ot'l

J"yp. -N9).5s,oz
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2. If the last marke. distributed bv a
player lands in thar ptayer'a Kalah, ;he
Pmy€r must empry another pit on his
side. This move is called a continua_
tion. The €ontinuadon mighl have an-
olher conrinuation, and so on. Erzn_
ple. If the computer's response to the
aDove_move was to empiy fie third por
rrom the left. rl would receive aconrin_
ualion. This move and ir5 continuation
are illustnted in Figure 3_

3. If rhe last marker distdbuted on a
player's move lands in an empry pir on
rhe ptayers side of rhe board, and if
some.markers are in his oppooenrs pit
orrecuy opposjle this pit, rhen lhe tast
marker distributed and all the marken
rn lhe opposite pir are placed in rhe
Kalah of the player matina fte move.
This move is calted a caDite. Enn
plerlf the opponenr no\rr emDties rhe
lands in the empty pir and cap-tures the

computer's four marken on the oDno_
site side (Figure4).

The winner has the most markers in
his.Kalah at the end of the $me. Wten
a prayernas no more mekels in his Dits
and it s his tum to move, the same
ends. At that point rhe opponenr Diaces
all the mdkes in hrJ pirs inio hr
Kalah. and rhe wrnn€ris d;rerrnrned

Listing 3 shows the application ofrhe
game playing algorithm to rhis same.
The conlinuation complicales m;tters
by requiring two locations to store a
move a5 well a5 a special coding
scneme tor contlnuation moves

o@@@oo@o
"oooo@@v

Continuation

o@ooo@@o'-oooo@@v

FiEure J Exarnple ofa move
and continuation

.\@@o@@@,1
Urr".."9
Figure 4 Example ofa capturc

Now that you've se€n 6ese exarn-
ples, you can implemenr this algorithm
tor other games. You. might wanr lo
rmprove the computer's p€rformance
on tbese games by pmviding better srar
ic evaluation tunctions or increasina
the maximum depth of search. you
must proceed with caurion, however.
Look,ahead algorithms c:m consume
lots of computet time. So be EeparEd
to wait fm the computer,s moves._ tr

Guess who buiHs
this qreat s19
Logic Probe.

! l t
It/A, r r Yv ro u 5Ei'sv-to-oul o Log C

rlJlt. ffii""l;: ;i ::,H;,".:";::,j1
lha'ks ro oLr very oesc npr ve steO-bv-steo.narua'-you have a,u I pe forn ancb ooicprobe. Wil\ [. rhe tog c ,evel i |^ a digtralcircJI
rransratestnto rght trom the H orLoLED:
putses as naf fow as 300 nanoseconds are
slretcled 1to brtrks of rhe pr..rtse _ED, tr ggereq
lror e lr'ter ead,ng edge. you' I oe abte to arobe
oeeper nto log ic w th the LPK-1. one ofthe
sma(er tools from CSC.

Complete,
easy-to-follow
instructions
help make this a
one-night proj€ct.

CONTNENIAI SPECIAITIES CORPORATbN
I ' I I
I:r.qf.E
I-aI
70 F! hi ri( N€" r&fn cr06509pm)6
or|tF 0Frcs sin fimDYo (rt4t 3!

Call tolljree for details
1-800-243-6077
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Listing 1- Game-Playin€ Algorithm

jiji iii ii;ifii:ifii"i$*ft ;llliii';:iiir'iii:iii$,;,: ::,r'
i : ; : i : :  : ; : I t : ; t ; t : ; " " ; . : { , ; : " : : ; : ; ' * - " -* , -*" , , , * .
,;,: ;;; ":i"i,:iii!
.: i3 i l : " 1:"', i ' ; ' . ' , i ' :""" ';:: : l :p;4i i; ir l:" ' t;::trs:l;e;l i :s
i ; i ; ; ; l

ll:l ::l ; ;i,i;i';i,ii;:;',;;":" i;" x;.-ir'#;r;;::'el";;ii;i:
::l; n:' ;i l;;,ti l:;.l l l i l.; ir-rq;'i1;;iTp;"I"il:Jr3l.l '";id"
iffi ilr :iii i: fii;"{i;iil;:;i':;trc"';r'i.":'^;'.;;;;' ,
t;;l ;;l r i; l i:";t:lt;i; ',,";,;;, 1i,,.;;;i$i";""i,t";i l:r"Lt;

;i;3 ;:; ":l t:r591;:; lt9!.'3;i,,lti."ti: $$,:"u.-d , s:a!sct
:jii ii! !,ii !ii,iit!!,,ir:,i;1 :i":lii:i'iilliiiJh'iriliii,"'
:,;;i;l eli;.1:",;;';;.1":
:;;e l;a :i'iI+i"i;;l;;';:Y il"; ;i il; ;ij;:il;:"'1:''llli3;
llii iii'ihi]i!'iii;il;:iri".";i:ljc"]?ir3,i13i,rr;Ll;":";irrd
riil iil "ii ri3"1 1!r ".;:jiiil;:iiFtiiirl:;iiiii"i;jT?,,s.

rns-80 soFTwARE
cassErTES ..

[]i :irtglfl*, .. . : :i:;t
t::

ife ii#",.' : i::i

TRS-80 rEvEL l
BASTC $42

VESBATIIlI
5%'' DISKETTES
$27 box of 10

8" 0tsKs

$40 bor ol 10

GET 1 FREEI
MEMORY ADD"OI,I

16K $65
TRS-80

FORTRAN

$340 PLUSANADEX PRINTER
Model DP.8000 gggg

iTfl +ii{Siif rr I, .illii".l:ii.}tii,1i
!';fi' ;3^:;i,t:Ti',i': :;: ;:;[ t,ill:f,,i flj,ffi

FREE CATAI.OG!

SHUGART SA.IIIO
MINIFI.OPPY DRIVE

$2eb

TRS-80 ELECTRIC PENCIL
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Listing 2 - Tic-Tac-Toe

,050  r (e re) - r r  r (an0) . r :  r  (0 r r r )= -z r r

212 0  r (a r r1 t=E:  r (0+r0 t=r  (01e1

Foi rR! o?rurtri.

r  r l0 rs l  - r (0 .3 r31

r  010 r r  r (0 rn>e

,ooo r . ! r1  :0 - r . ( r - r )  1 r :  r . - ,

,0 r0  r !  ( !< ' r l . (0 '0 )  001o ?0 t0

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

I t 's  possib le wi ih  N6wWare's  INTER-
ACTIVE system that has been
SERVICE BUnEAU TESTED and
CPA APPROVED!
Indlvldual Packag$ Are:

The packag€s have been designed
lor  Apple l l  s ingle or  dual  d isk
systems wilh 32K of user memory
wi th or  wi thoutApplesof t2 F i rmware.
Slandrrd No Charge Fealure!:

. H E h s @ d J o u l i a b L ' d g a r f u | E
A A u h a l . G s e d b d g e r

Order Today: Each Package $120,00'
'oGkwih sourc.co& add t10oo
lshipped onry wlh packaget

chipped ody wih packaqst
4525 Psrk Driuc
Omah6, N.bre.ka 68127
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Listin€ 3 - Kalah

3i3 rir ii:'i"iit",:"ti3i:3",i",1ti't,;t,:i liti",t -"-.

: : : ; ; , , " . ,11. ' ' .
: : 9 : : :  i . ,  , , 0 , , ,  : 1 0 , . ,  . o , , ,  . o , . ,  , . ; i . i ' , ,
i;i i;;

;ii ;;i l,-i"'.,:"'"1{t"" -"'

; i3 i i i  f i : , i . i*"i '3""i,s_ff ;t j : --,", d,.; i a 'r -,-E

r  i o . r 6 i : r i ; , ' i

r r a r - r r o . r n  r r o '  ! i r r n o i , i ,

liu jij,illjrHrri;iiljHll'ri;i"i.Ii;i";::e;:":3.3.ei,i,""'
133; i : "1 ' ; : l ' *"  rnlr  rro{rr ' r :  R!!o!r

p r  $F ro !  i i r  l i rRD  o r  rD r , -

:i;3 l:',t:.i,t?t.:liti*;t,it"t":?et:.,:;.i:'ll3: t.;...
, 1 r  0  r r  t r r D . r ) o 1 , . ( P . r i 6 , r

l;83 l:i,':fl:',:til,lr?i

? 9 ! 9  ' r 0 .  !  - ! : r ' 0 . 1 i .  , L o .

, r r 0  r r  r ( 0 .  r 6 r<  4 l  ' ( z r ! ( - z t r

;;3i t:i.i;;:'
:;3: r:i ,' '

r030 r - r  (0 r1r t iG)0) {  {0 .6 r ! r r<o

!0?o r (0 r r3 -J r - r to r ! r -J r4 (or r r :  ^ rodr -o

HAVING TBOUBLE LEARNING BAS[C?
STEP BY STEP Ean inloEctive computsr course n BASTC
natseasy €ven io'begrnnsrs p,og.am Desiqn h€s d6.
vgropeoa k{rcar, strLciur€d approach rhar reartv worrs. Al lhe
endof STEP BY Sr Ep, yoJ 'l o€ witing DrcEa;s Ls,ns al
rmpo.tant BASTC comhands

AVATLABIE FoFTFs_Bo LEvers ra rr,FEiIioiFprE il

SfEP BY STEP:
. presonls matsrialin smattsleps
. provoesglrded programming praclice neach esso
. resrs yourprogress afior each tesson
. rsaches acluarp@gram wnting, notiost tems
. rs s!,labl€ lor aryono lrom junio, hqh up. regardt€ss ol

10lessons with qlizzos, ptus finattest 3 cassolss
80pagoWo4(book $39.95ptusg1.ooshipptng

VISA A Masler Chargs accopted thclJds nuFb€r,6rp. dste,
MC lnclud€ dlgits abov€ nam€)

Pmg€m D6sign,Inc, 11 tdaf Cour| crc€nwich,Conn. 06800

CIFCLE 8

MAFIKET INFCIFTMATIE|N EICIFTWAFIE

r 6YsrEM |DBMsl

, M^FKET INFORMAT'ON SYSTEM IMS]

. COMPLETE DATA FLES IDATAI
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