CSIS0270Artificial Intelligence,2002—-2003
Assignment2
DeadlineMar 24,2003,5:00pm.

This assignmentcontainsboth written parts (Questionsl and 4b) and programmingparts
(Question2 and3 and4a). For the written parts,hand-inyour answerdo the assignmenbox
(R2). For programmingparts,hand-inthe programshat you write via the hand-insystemof

thedepartment.

CSPs (25%)

a. (Textbookquestions.6):Solve thecryptarithmeticproblemTWO+TWO=FOURDby
hand,usingbacktrackingforwardcheckingandthe MRV andleasteonstrainingral-
ueheuristics.Youmaysupplementhemethodsvith ary othermethodsve know from
thelecture(arcconsisteny, all-diff speciakchecler, etc.).

b. (Textbookquestion5.11):Shav thatany CSP(with high degreeconstraintsanbe
transformednto a CSPcontainingonly binaryconstraint:

1. Shaw how asingleternaryconstrainsuchas“A+ B = C” canbeturnedintothree
binaryconstraint®y usinganauxiliaryvariable. Youmayassumdinite domains.
(Hint: consideianew variablethattakesonvaluesvhicharepairsof othervalues,
andconsiderconstraintsuchas® X is thefirst elementf thepair Y".)

2. Shaw how constraintsvith morethan3 variablescanbetreatedsimilarly.

3. Shav how unary constraintscan be eliminated by altering the domainsof
variables.

Local Search (25%) Write a programto allow the userto input a numberN, find and
outputa sequencevith thefollowing propertyusinghill climbingwith randomrestartand
randomtie-breaking.

* The sequenceontains2 N numberswhere eachof the integersbetweenl and n
appearswicein thesequence.

*  Thetwonumbersin thesequencés separatedhy exactly k othernumbers.

For example for N = 3, your programmayoutputthefollowing sequence:
312132

In your answer(either as programcommentor togetherwith other questions)gxplain
how you formulatethe questionasa local searchproblem. In particular explainwhatis a
statewhatis the successofunction,whatis theevaluationfunction,andwhatvalueof the
evaluationfunctionmeangheproblemis solved.

Youmayassumehattheproblemis solvableonly whenN isamultipleof 4,or onelessthan
amultiple of 4. l.e.,for otherN, your programcansimply reportthatthereis no solution
withoutsearching.

Note:In thefirstassignmenbf anotheicoursdastyear studentsireasledto solvethesame
problemusingbacktrackingechnique.Theiranswersreconsideredxceptionallygoodif
they cansolwve all problemsof sizesmallerthan30. You shouldfind thatsolvingproblems
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of sizemorethan 300 is quite possiblewith local search(by employing a few tricks to
reducetime costanddealingwith plateaus).

Othello (30%) Write aprogramthatplaysOthellousingAlpha-Beta.Hereis ashortreview
of thegame:

»  Thegameis playedonaboardof 8 x 8 cells,with piecesvhichis onesidewhite and
theothersideblackfor puttinginto cells. We countrowsfrom topto bottom,columns
from left to right. Columnnumbersarefrom 1to 8, row numbersarefrom A to H.

* Initially, cellsD4 andE5have ablackpiece andcellsD5 andE4 have a white piece.

*  Onesideplaysfor white, the otherplaysfor black. The gameproceeddy eachside
puttinga pieceof hisown color. Thewinneris the onewho get morepiecesof his
colorattheendof thegame.

*  Whenapieceof colorblack(respwhite)pieceis putontotheboard,andonthesame
horizontal,vertical or diagonalline thereis anotherblack (resp.white) piecethat,
betweernit andthe pieceput ontothe board,eachcell hasa white (resp.black)piece,
thanall thesewhite (resp black)piecesareflippedto black (resp.white).

* A move canonly bemadeif causeslipping of pieces.A playercanpassa move if,
andonly if, thereis no move thatcausedlipping. Thegameendsif neithersidecan
make amove.

Focusonplayingabettergameratherthantheinterface.(ThewebpagecontainanOthello
programwith no Al, which maybeusedasareferencemplementation).You shouldmake
your programreasonablyesponsie by limiting thenumberof stepssearche@ndby using
a reasonablevaluationfunction. A simple evaluationfunction canbe to give a certain
creditto eachlocationof thecell. A moresophisticatedjamecanbe playedby bounding
thenumberof stepghatis playableoy theopponent.Documenthemethodyouusedeither
In your programascomment®r separatelyith thewritten partsof your assignment.

Probabilistic Games (20%)

a. Sometime ago,in a TV programmehereis a simplegameplayedin the following
way: thereare two (teamsof) playersin the game. At the beginning,a numberis
randomlychoserbetweerilto 100. Thisnumberis keptsecreby thegameofficial, so
thattheplayersknow only thatthenumbemustbebetweeriland100. Alternatiely,
oneof theplayerchooseanumber(say 27)within thecurrentrange.If thenumberis
thesecrenumbertheplayerloses. Otherwisethe gameofficial will tell whetherthe
numberis betweerthelowerrange(e.g.,1-26)or theupperrange(e.g.,28-100) and
thesequenceepeatdy theotherplayerchoosinga number

In themiddleof onedramatiaqgame oneof theplayeris left with therange25-27 and
mustchoosea number He wrongly choosethe number27, effectively reducingthe
chanceof winning from 2/3to 1/3. He eventuallylosethe game(the numberturned
outto be 25,while thecorrectplayis 26). Write a programwhich hastheinputbeing
the currentrange,and reportthe bestmove andthe probability of winning. (Note:
it is easyto write the programsothatit worksquickly evenif theinputis thewhole
rangel—-100.)

b. ExtendthealgorithmAlphaBetaDecisionsothatit allowschancenodes.Thealgorithm
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should taketwo numbersMaxUtil and MinUtil asparameters, specifying the maximum
and minimum utility possible respectively. Your algorithm should consider these val-
ues when performing pruning. Write all the functions that are used by the extended

AlphaBetaDecision.



