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1 INTRODUCTION_

Expert sys tens aee computer pregrame that solve prnblems__
1n a Qay that wneld be considered intelligent if dene_by a4 bhuman
be1ng. These [ragrams are different from  ordinary canventional
programs. -Ceeventienel Programs work on da}ahase‘ actcarding to
given precedure_ and produce accurate resuits whereee. Expert
systeﬁs works cn knewledge base preducing results and even make
mistakes aﬁran.expert do. Exeert- systems are mainly ﬁeeded

- because of lack of human experts and their consistency over human

 ewperL ; Expert systems can be developed for such pruhleme "where
some knewledge regarding the problem is available and the
solution can be feund by sOme Lhinkiﬁg over the available

knewledge. The 5c1ence of develuplng expert Ssyslems is called

_Kﬁowledge Ehglheerlng and the person involved in such task is

-Called Knowledge Engineer.  Expert systems are helpful in each and

every field. Game playing is?une such epplicatfun.

The geme selected is called OTHELLD. Thie contains a
heard which can be displayed on computer screen easilﬁ with .miner_
modificetiens. The -knewledge base includes mainly the board
configuration l.e., the colour of each cell of the board. This
can be easily represented b} using predicate legic. The toel (or |
the programming language) whlch supports predlcate logic and tﬁe
required screen fatillties is Prolog. Hence the language is

selected for building, the.Expert system.



2. DEFINITIONS

EXPERT SYSTEMS :- Systems that solve prnhlems based on  some

available knowledge base as a human expert do.

Expert system is called a . a

prugram because it contains both a problem 50191ng cnmponent and 3

suppurting Component.

KNOWLEDGE ENGINEERING :— The process of

sygtem is called knowledge englneering.

KNDNLEDGE ENGINEEE *~ Person

systemﬁ.

building : an expert

'involved in buildingifexpert
The knowledge engineer extracts from the human - experts

Ltheir procedures, slrategies,

and rules 'u# thumb for prablem

solving, and builds this knowledge into the expert system, The-
result is a computer program that solves the problems in much  the
same manner as the human experts:

DOMAIN EXPERT :- The person who, bécause"of training and

experience, is able to do the'things thg

rest of human beings

cannol. Experts are not only proficient put also smooth and

efficient in the aclions they take. But they generally have 1ittle;

knowledge of computers.

EXPERT SYSTEM BUILDING T100L :— The Expert system building.tool
1s the programmi

Ing lanugage used by the

knowledge Engineer or
Program to huild the expert_system.

The term tool usually

refers .
both to the Pregraming language and t

0 the ‘support environment

{

used to build the expert system.



‘ysiem building tool that keep the

The callectiaon of domain knowledge is caled knowledge

base , while th.s yeneral prohblem solving knowledge is

called the

inference'enginw, A program wilh knowledge organised in this way -

15 called a knowledge based system.,

FACT :— It is a paril of the knowledge hase such as "cell

¢5,6> has white colour”, It will be represented in predicate

logic as colordH,6, whited or whilel(5,6> etc.

CRULE :—- A list of predicates assigned to a clause.

UNIFICATION :

— Il is a equivalent to assignment operation in

canvenlional programming.

PREDICAT

-
e
.E .
L, T rh o P hiliie—

A sel of clauses with ‘S5ame name represenlting

similar facts.

PREDICATE LDGIC :— ;Dne way of representing knowledge.

Knowledge will he represented in the form of clauces.



3. EXPERT SYSTEMS & THEIR DEVELOPMENT

. —— e — L s e o ey

The heart of an expert system is the powerful corpus of

knowledge that accumulales during Expert System building.' The

*

knowledge is explicit and organied to simplify decision méking.

The accumulation and codification of knowledge is one of the most

impartant aspects of an expertl system.

The mostl uﬁéful fealure of an expért systlem ia the
high—level expertise it provides to aid in problem solving. This
expertise can represent lhe best thinking of the top expert# in
Lﬁe tield, leading to problem seolutions 1that are imaginative,
accufate and efficient. It is the high levei experltise togelher

with skill at applying it that makes the system cost—effectlive,

able Lo earn ils own way in the commercial marketl place.

The corpus of knowlédge that defines tLhe proficiency of

an expert system can also provide an additional feature, an

inatitutiﬂna1 memnry. If the knowledge base was develuped LThrough
interacltions with key personnel, il represents the current policy
of Lthal group. This compilation of knawledge is a permanent

%ecurd of besl stratlegies and methods used by Lhe staff.

A final feature of an Expert System is its ability to
prdvide a Lraining facilily for key pér5unnel and important staff
nembers. The expert systems can be designed .to provide such

Lraining, since they contain the necessary knowledge.
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3.2.HDVQNTQGES OF EXPERT SYSTEMS OVER HUMAN EXPERTS

1. UOne advanlage of artificialh expertise is ils
performance. Human expﬁrtise can quickly fade, regardiesa of
wh&thér-it.invnlves mental ?r physical activity. An expert must
constantly practice and rehearse to maintain proficiency in some
problem area. However, artificial exﬁertiﬁe once acquired will
slay Fﬂfever.

-2. Another advantage of  artificial expertise is the
gase with which it can bhe Lransfered or reproduced. Transfering
‘knowledge from one humaﬁ to another 1is laborious, iengthy and
exp;paive process called education, T;ansfering értificial
.expertise is the trivial process of cupyiﬁg a program or data
file. |

3. Documenting a human expertise is exireemly difficult
and " Lime consuning. Documenting. artificial experlise 1is
rglatively éaﬁy* There is a siraighl forward mapping between the
way in which the expertise is represented in the ‘'system and the
natural language descriplion of that representation. |

4. .Qrtificial expertlise produces more consistent,
reproducible resulls Lhan does human expertise. A human Expeft
may make differenl decisions in identical situatiuus because of

emolional factors. An expert system is notl 5ﬁsceptible to 1lhese

distractions.

5. A final advantage of artificial expertise is its low

cosl. Human experls are very scarse and hence are very expensive.



3.3 DISADVANTAGES OF EXPERT SYSTEMS

1. Peuple_are_much'MDre creative and innuvativg than

Evén the. émartegt pragrams. A  human experl can reorganise

information and use it t§' synthasize i..ﬁ:em.w knowledge, ﬁ;ile' an.

Expert system lends to behave in a éuméwhgt uningptred,f routine

manner. Human experis handle unexpectéd evenls by using

imaginative and nu#ellappruachEE to problem ﬁulving.1 Prugrams
have had littlé succe;s doing this.

. 2. Human expertls adapi to thanging cnnditiuﬁg;ﬁ They

adjust their sirategies to conform to new gituétinna;_ Expert

systems are not particularly adept at learning new cnnceﬁts or

rules.

3. HumanJéxperts can make direct use of cumple; SENSOry
input whether.it be visual, auditaory, tactile or olfacttory. ':But
Experp syslems manipulate symbbis that represent ideas  and

'cunLepta. B0 se2nsory dala musl be tramsformed intu symbols that

%

‘can be understiod by the system.

4. ‘Human éxpertg can look at the big picture, examiﬁe_
all aspecls of problem and see how Lhey relate Lo the_-cent?ﬁiz
_igﬁue. Experl syslems, on Lthe other hand, tend to focus on the
problem itself ignoring issues relevantrtu;_but separatle Pfﬁm - Lhe
basic problem. . |

S. iuman experts and nonexperis alike have commonsense
knawledge. B:cause of 1Lthe enormous quantity of commonsense
'knnwledge, these is no easy way to build it ?npn an  intelligent

program, parlicularly a specialist like an expert system.
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3.4 IMPORTANT ROLES.IN BUILDING EXPERT SYSTEM

| EXTENDS & TESTS
TG OL DOMAIN

BUILDER - EXPERT
I‘ vIiLps INTERVIEWE
] :

EXPFERT SVA&.
RUILDING

KNOWLEDGR
e ENGINEER S

TOOL
T T
UL ER  BRUILDg,
VERIFIES & DATA
TEETS

 CLERICAL
STAFF

The main personnel and systems involved in building an
expert systam are , the domain or area eexgert,  the knowledge

engineer and the expert system duilding toot.

The domain or  area expert, is an articulate,
knuwledga&blelpergqn wilh a prutatinn and for praducing good
gﬁplutiunﬁ Lo problems in a particular field. The eﬁpert uses
tricks and 5hqutut5 to make the search for a solution more

efficienl, and the expert system models Lhese problem solving

stratégiEE.

Thelknuwledge engineer 1s a perén; with a hackgruunﬁ in
cnmputer_gcience who knows how to build exﬁert 5y5téms. The
knﬁwlédge engineer interviews the experls, organize the knowledge
dgcides how 1l shwould be rEpFegented in the expert system, and may

help programers to write the code.



The expert 5ystem building tﬁnl .iﬁ Lhe programmiﬁg
language used Ly the knuwledge_engineer Or programer to build tﬁe
experl system. These tools differ from conventional programming
languages in that1 they provide cunveniﬂﬁt ways Lo represent
complex, high leﬁel concepls. Tﬁe lerm tpul usua11y1 refers both
Lo the programming language and to the supporling environment

useed to huild the expert system. - | .

3.5 DIFFERENCES BETWEEN CONVENTIONAL PROGRAIMS AND EXPERT SYSTEMS

Conventional program Expert system

1. Representalions and use

Representalion and use of
of data | -

knowledge.

2. Algorithmic Heuristic

d. Repetitive process 3. Inferential pProcess

4. Effective manipulation of

. 4. Efféctive'manipulatiun of
large databases

large knowledgebases

3. Accurate 3. Might make mistakes

TARLE 9. 1

4.6 PHASES 1IN BUILDING AN EXPERT SYSTEM

Expert system develqpment“can be viewed as five highly
interdependent and overlapping phases : identificatiun, conceptu-

alization, formalization, implementation and. testing ¢ fig 3.2)



IDENTIFICATION . REFORMULATION
How can the important aspectls e —————
of Lthe problem be characterised
I REQUIREMENTS
CONCEPTUALISATION REFORMULAT ION
What concepls are needed to e —

produce a solution

CONCEPTS

]

REDES I GN
h_—l-__

FORMALISATION
How can Lae knowiedge be
formally represented

e N

SETRUCTURE
IMPLEMENTAT 10N REFINEMENTS
Wihal rules will embody e v
the knowledge
RULES

| TESTING
How can the rules pe

validated

ria 3,2

During fdentifieqtian » the knowledg engineer and éxpert
determine Lhe important features of tﬁé problem. This includes
identifying the problem itself (e.g. Ecupe and type) » Lhe
participants in the development process ¢ I additional
experts), the réquifad resources (e.qg., time and compu}ing
facilities ) , and the goals or objectives ;f building the expert -
systems (e.g., impruvel perfnrmante or diﬁtribute scarse
experlicel). OFf these activilies, ldenlifying the problem and itsg

- 5Cope gives developers the most Lrouble. Often the problem firsgt

considered is too large or complex and must be scaled down to



manageable slze. The knowledyge engineer may ooltain a quick

méasure of Lthis complexity by focussing on a small but interesting

sub problem and implementing routines Lo solve it.

During conceptunlization the knowledge engineer and
experl decide what concepts, relations, and control mechanisms are
~needed 1o describe problem solving in Lhe1 domain. th taéks,
strategies and cunétrqints related iu Lhe problem 5nlviﬁg activity
are also explored. At this time the issue of granularity 1is

usually addressed .

Formalization involvEEIEMpressing the Eey cﬁncepts aﬂd
relatiﬂns in some formal way usually within framework Euggested by
an experti systam building language. Then The knawledge. engineer
should have some ideas about appropriate Llools by ihe Lime

formalization begins. - | .

During tmplementation , the knowlgdge engineer turns the
formalized hiowledge into a wurking” computler program.,.
Constructing a program requires cnnteht, form and integration.
The content cones from the domain knﬁwledge made explicil during
formalization, i.e., the data structures, inference rules, and
conlrol strateygies necessary for problem soulving. The Pu?m is
specifiéd by the -Ianguage chn;en for syslem development.
Integration involves combining and renrganizing various pieces of
knowledge to eliminate global mismalch belween data structure and
rule or cunirul specifications. Implémentatiun should proceed
rapidly Eecauﬁe.une of Lhe reasons for imelementing Lhe initial

Prototype is to check the effectiveness of lhe design decisions

10



Finally, testing involves evluating the performance and
utility of the pfutntype pragram and re#iaing 1l as necessary.
The domain erpert typically evaluates the protolype and helps the

- knowledge enyineer to revigse jit.

3.7 EACTORS FEQUIRED FOR DEVELOPING EXPERT SYSTEM

el e _m“

Exprerlt system development is possible when
1. Task doe: nol require common sense
2. Task requires nﬁly cognitlive skills
d. Experts can articulate their melhaods
4. Genuine sxperts exists
" Expertg @gree-un solutions
6. Task is rot too difficult

7. Task is rot pooarly understood

3.8 CHOOSING THE TOOL FOR BUILDING EXPERT SYSTEMS

Knowledge Engineer selects a particular tooel for one or
more of lhe following reaspﬁs.
1. He was already familiar with that tool.

2. The tool was the most efficient one available thal ran on the

"develuper hardware.

to test it.

4. The tool decreases the effort Lo be done by knowledge engineer. 

11



4 THE GAME
OTHELLDO, also called REVERSEE{ is a board game to be

played by two players. It consists of a sqrare board with &4 °
small sgrare cellé arranged in &8 rows and 8 columns as in a CHESS
board, but uniquely coloured. The coins, called CGUNTERS or
CHIFS, are also 44 in number and arehtircular. For the ease of
programming, they are assumed lo be ﬂf square shape. These
counters are coloured with two colours on either side (white and
black in general), the colours being the same for all the
counters. Each counter is of size less Lhan that of a celllun Lhe
~ board so that 4 counler can be placed in the cell wiphuut
intersect{ng.the olher ﬁells.Fur pfugramming purpose, the cn;ﬁter.
is assumed to cccupy lhe entire cell. The following diagrams
shows how the (ells appéar-when Lhey are empty, cccupied by white
counter and blsck counter E95pectively. These are useful for

understanding the illustrative diagrams.

EMPTY | WHITE BLACK

A while counter is a counter which shows white colour
4up. A black counter shows black Colour up. An emply cell is Lhe
cell that is not yet filled. A white cell is the cell containing

a white counter and similar is the black cell.

The Loard hefore starting the game contains two counters

of each colour at its cenler in a c¢riss-~cross manner such that .

each pair of counters of same colour are diagonally adjacent }tu.

12



- each other.(fiw. 1> FEach player will-have Lo selecl a distinct
colour (one of thQ twu-cu1nur5 of lhe cugntér) befare starting the
game. Any player ctan start the game. With out }ﬂsslnf generality
il 1s assumed Lhal white plays first. The;game goes on keeping new
cdunteré in the blank cells. A counler once placed can ﬁeither be

taken back nor can be moved to a new cell. The only allowed

refer to Lhe dther colour.

A counter can be placed in emptycell only if there
éxists atleast one counler on the board with the same colour as
that of thé counter being placed such ﬁhat all the Counters
Eetween that counter and the newly placed_;ﬁunter in any direction
ére all uppaaits.culuured and does ﬁnt include any blank cells in
between them in the same direction. By ﬂny' diroction we mean one
of the horizontal (left or right) , vertical (top or bottom) and

diagonal {(northeast, northwest, soulheast . or southwest)

direcltions.

Placing a counter is called a.mavé and a move satisfying
the above condition is called a valid move. When a player plays a
valid move, then all fhe counters in between the currently placed
counter and already existing one of the'cuanter, defined by the.
above condition are turned back (flippe&).tﬁ give Lhe culuur of
the'cufrently;placed counler, Lhere by ihcreasing Lhe current

players counters and ‘decreasing the opponents. This flipping

gperalion must be done in all the passible directions. (fig. 22

L

¢

13



For ¢xample black now wanls Lo place his counter in the

cell marked e+ (The cell ijin third row & third column). . Bince

cells in between are white, the move is valid. After placing this

counter the twoe while cells will now become black. The same

14



- happens in the sputheasi direction where f;u more counters turns
black.The boari{ also contains a black lwq cellﬁ to tﬁe down of the
currenl cell. But the white counter in one of the cella_ betlween °
them cannot be Llurned black because of the: other cell which is
blank. In thié praocess, Lhere may existl a situation in which
there exist DHE.UF more white cells betweén*a flippéd black cell
and a previously existing black cell. The caunters in these cells,

Hﬁwever, cannol change the colour. The resultling cuﬁfiguratiun

will be as shown in fig 4. 3.

Afler Lhe player flips all the p0551hle counters, then
“the second player makes a move. If it is not possible for any
.player to make a valid move, then the player must pass, that is,
the player looses one chance. The game ends if any of the
fallowing cunditiung ut%urg at any Lime of the game .

1. All the cells un.the board are filled by counters.

2. One player does not have anyhcnuntgr left on the board

3. There does nuf exist any move for both the playerS..

In any ;ase, the player with more number of counters of

his colour on the board at the end of the game will = be the

‘winner.

Any -one , after playing a feﬁ-games, can observe that the
move al any Lline depends.unly on Lhe currenL cnnflguratlnn, as lthe
hﬁard configuralion will be rapidly changing after each move.
However, theré are a few strategiés, that ‘will help winning the
game. A counlter placed in Lhe four corner< cells of the board wil]
never be changtd. Gimilarly, the counters placed in the ocutermost

rows or column: can be changed only by placing counters in the

15



respecltive rows and columns thereby reduclng Lhe possibility of
the tounter hbeing flipped. If a Player wishes to keep a counter
in these Safe cells , he should not keep a counter in any of the
‘the preceeding EEIIE (hashed in fi1g. 4. 4> These cells are called
dangerous » because keep;ng a counter in these cells ig nothing
but giving a chance tog Lhe opponent to keep his counter in. Lhe
outermost iune. All such slrategies can be learned by experience
;Er;by cunﬁultiég an expert. The configuration of the buard is
iﬁéthing but, the colour of each of the &4 cells-(empty, white ' or

'blackJ. The ﬁm-:—wledge needed to make a move je this colour

;nfurmatlun and the information of which move has mast advantage

than the other.

16



5. IMPLEMENTATION & ALGORITHM

S.1 KNOWLEDGE &:PRESENTMIGN

Fer building an experl system for this game, we need to
cude the knowledge by any of the knowledge representation schemes.
.The knowledge hase contains two Lypes of infnrmatiun.. Une
infurmatiun ls regarding the colour uF'eéch tell on the beoard.
Th:ﬁ information will pe changing for more than lwo cells after
each move. The second information in the; knowledge base ijs
r;garding the priority of each cell empty cell. Priority is
defined over lhe cells as the future advantage. Any player can
find which cell is having more priorily Lhan the other by piaying
a few games. Fur'exampie, the four corner cells are having top
priufity over tLhe other cells because, a counter once placed in
th15 cell can never bhe changed and so on. The priority . can be
rénged Lo any number of levels from 1 to &4 but for ease, only &
levels nf priorities are cunsldered. The pr;nrity ﬁf the cells

(ewcepl for the corner cells) will pe changing accnrding. to

oOpponenl's moves.,

Adpan{qge 1s defined as the number of tounlers being
?ained Ly placing the counter in thal particular cell (This will
im.zeru if it is not a valigd move) including Lhe cufrently placed
Eell. If Lhere is a siluation such that both priority and
;dﬁantage are ejual for different cells, tLhen randomness g
included in urdér Lo avoid repetition of "game 1f played

repeatedly.

17.



 _1¢&£¢. The ﬁpnfiguvatinn of the board is cndéd- uﬁing fhéf
PFECiCﬁLé-CGiGPfIiJ.CIP) where <7,75 is the position ﬁf.thé 'CEI{
on the beard and Clr ijsg 1ls present colour. It is obvious that
_ihis predicate has &4 clauses one for each cell. The priority of
each emply «cell alseo coded inteo a predicate priorityci, J,#>
where fI.J) s Lhe position of the cell and P its priﬁrity.' This
predicale has 64 - 4 = 40 clauses at Lhe beginning of the game and
will  he decreasing, as the number of blank cells will bhe

decreasing, as Lhe game proceeds.

5.2 IMPLEMENT/ /T ION

' PROLiG (abbrivation for FROgramming with LOGic) is one
language whicl, directly supportls the Predicate logic. The program
in prolog is ﬂrpredicate, i.e., a set uflclauses of the form
A= Ay A, R T Aye where each R again is g pfedicate.

A succeeds jf all of 1lhe predicates Ai A,

succeeds. If atleast one of Lhese predicates fails, then A fails.

In order to succeed one predicate. pruiug attemﬁtﬁ to
unify with the clause;, salisfying its predicates. If‘any nf Lhe
predicate fails, then the s}stem backtracks, and makes the clause
false. Then it tries wilh the next clause. If all thel cClauses
fails, thén.the predicate fails, and.hence lhe clause whose rulae
contains the current predicalte A. Thus ﬁralug Frogram execution

goes on two principles, uni fication & backtracking.

18



5.3 ALGORITHM

The_gaﬁe playing sirategy of the expert system is as
follaws. Since this is not sequential, it is difficult tﬁ express
it as a conventional algorithm. But, the following steps gives
Lhe main idea of the program.

1. Get.user ;Hnite of colour.

2. Create thé priorilies of each of the qFll and make the colour
of each of the cell empty. Change the middle four blocks tao
apprnpriate_cdluurg (tlwa black and two  white diagonally) and
updale the knowledge base and draw the corresponding board.3. 1+

the user®*s choice is white then simulate user move & computer move

one after the other till the end of game .
4. If the user's choice is black then simulate computer move &
user move nn; after Lhe other till the end of game
2. The Eimulétiﬂn of compuler move iﬁ.aé follows.
5.1 Check in Lhe decreasing urder'of priority, &
2.2 find all the cells and their advantages, i.e.,
3.2.1 éheck whelher the cell iy emply, &
5.2.2 find its priority,
5.2.3 count the number of possible advantages in all the
~elghl direcltions (this is the advantage)

3«3 1f this advanlage is zero, then backtlrack tao find next

puséihle emply cell,
. _5.4 collect all such possihble c¢cells and find Lhe maximum
advantaged cells oul of them

2.3 if more than one such cell exist Lthen find one of Lhem

randomly, then change the cells , updating the knowledgebase.

19



6. The user mﬁve simu1atiﬂn 1s as follows.

.1 Cuunt tﬁe advantage of each n% emply cell  ti11 the
advantage is greaﬁer than zero for atleas!l one. cell. If no such
cell exist, then user has no valid move and hence fake your chance
again.l .

6.2 Acceptl user choice and cﬁeck whelher 1l is a valid move.

6.3 If it is valid ; then chaﬁge all the appropriale cells to

user’s colour . -

6.4 Update the priorities of Lhe cells surrounding the current
¢cell occupied by the user.
7. The end of game condition is satisfied if one ﬁf the three
conditions,

t . Lhe board fill,

ii.-une player has-nd counters on the board, or

Lttt . no player can make a move

Ali these conditions ctan be checked with one predicéte.

3.4 TRAINING :-

One goo.d reésnn'why experl systems are widely wused 1is
their ability to fLrain peuble'uf how to use Lhem. The current
experl system, pahellu also prﬂviﬁes such éacility to train
beginers of how ta play tﬁe game. For this  the system provides
two facilities, ihat is, |

1. Computer versus computer play &
2. User veraué User play
Implemen:.ation of these two facilities is quilte similar

te that of the original game of Computer versus User play

20
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. simulalion. For implimentiﬁg these two facilities, inslead of
repealting Computer move and User move repealtedly, Compuler mave
and computer move {(one for black and thé- other for white), ﬁ?ﬁﬁ

repealed execuled in the firsl case and User move and User move

are repealed in the second case, the rest of the algorithm beingl

the same.

5.5 DEVELOPMENTS =

This expert system works entirely on the priorities of

the cells. This system creates initial priorities as shown  in

fig. 5.1,

R EHEEHEIEE
(1 B E B ET Y
CEIEIRIEIEI B
HEKBELEHE
ciofarxIxp4ofay
4 ] R ED k] BT
Gl ElE EEI
KEOEBEEEEE
fig 5.4

It & cell with'priurity 1 1is occupied by the Exﬂéfti
syslem, immedialely the cglls adjacent to it  (with- priorily 6)ﬁ
will be given pfiurity 1 hecausﬁ occupying those cells getﬁ more
advantage after occupying the corner cell. This was implémented ’

rn the program.

Mosl of the «cells on the outermost cells have priority
Z. If one such cell is occcupied by Lhe opponent®s counter, then

1ts adjacent cells” priorily must be decreased. The reason is

thal, even if we place counter in those cells, they will be

21



immediately c&@tured by Lhe opponentl. However, this 1is nol a
possibility i?!the next cell also conlains an opponents countler
(it 15, we are placing a counter belween ;wﬁ°uppnnént5 counters).

This is also one development of priorily modificalion, which can

be implemeﬁted easily.

In the prug}am, the nexl move will be performed based
on the current board configuration. It can further be develuﬁed
cnnsidering whalt will be Lhe board cnnfigﬁratiun after each
possible mnve‘and - Tthus guessing opponenls moves. A furlher
develaopment Fn this concepl is to extend Lthis to n steps ahead. In
each case, the resulting step is Lo make a most advantaﬁeuus move
and Lo update lLhe priorities accordingly. The priority updating
procedure will be increasing proportional te Lhe expertise

obltained regarding the play.
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