
CSIS0270Artificial Intelligence,2002–2003
Assignment2

DeadlineMar 24,2003,5:00pm.

This assignmentcontainsboth written parts (Questions1 and 4b) and programmingparts
(Question2 and3 and4a). For thewritten parts,hand-inyour answersto theassignmentbox
(R2). For programmingparts,hand-inthe programsthat you write via the hand-insystemof
thedepartment.

1. CSPs (25%)

a. (Textbookquestion5.6):Solve thecrypt-arithmeticproblemTWO+TWO=FOURby
hand,usingbacktracking,forwardchecking,andtheMRV andleast-constraining-val-
ueheuristics.Youmaysupplementthemethodswith any othermethodsweknow from
thelecture(arcconsistency, all-diff specialchecker, etc.).

b. (Textbook question5.11):Show that any CSP(with high degreeconstraints)canbe
transformedinto aCSPcontainingonly binaryconstraint:

1. Show how asingleternaryconstraintsuchas“A + B = C” canbeturnedinto three
binaryconstraintsbyusinganauxiliaryvariable.Youmayassumefinitedomains.
(Hint:consideranew variablethattakesonvalueswhicharepairsof othervalues,
andconsiderconstraintssuchas“X is thefirst elementof thepairY”.)

2. Show how constraintswith morethan3variablescanbetreatedsimilarly.

3. Show how unary constraintscan be eliminatedby altering the domainsof
variables.

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

• The sequencecontains2 N numbers,whereeachof the integersbetween1 and n
appearstwice in thesequence.

• Thetwo numbersk in thesequenceis separatedby exactlyk othernumbers.

For example,for N = 3, yourprogrammayoutputthefollowing sequence:

3 1 2 1 3 2

In your answer(either asprogramcommentor togetherwith other questions),explain
how you formulatethequestionasa localsearchproblem. In particular, explainwhatis a
state,whatis thesuccessorfunction,whatis theevaluationfunction,andwhatvalueof the
evaluationfunctionmeanstheproblemis solved.

YoumayassumethattheproblemissolvableonlywhenN isamultipleof 4,oronelessthan
a multipleof 4. I.e.,for otherN, your programcansimply reportthat thereis nosolution
withoutsearching.

Note:In thefirstassignmentof anothercourselastyear,studentsareaskedtosolvethesame
problemusingbacktrackingtechnique.Theiranswersareconsideredexceptionallygoodif
they cansolveall problemsof sizesmallerthan30. Youshouldfind thatsolvingproblems
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of sizemorethan300 is quite possiblewith local search(by employing a few tricks to
reducetimecostanddealingwith plateaus).

3. Othello (30%) WriteaprogramthatplaysOthellousingAlpha-Beta.Hereisashortreview
of thegame:

• Thegameis playedona boardof 8 × 8 cells,with pieceswhich is onesidewhiteand
theothersideblackfor puttingintocells. Wecountrowsfrom toptobottom,columns
from left to right. Columnnumbersarefrom 1to 8, row numbersarefrom A to H.

• Initially, cellsD4 andE5haveablackpiece,andcellsD5andE4haveawhitepiece.

• Onesideplaysfor white,theotherplaysfor black. Thegameproceedsby eachside
puttinga pieceof his own color. Thewinner is theonewho get morepiecesof his
colorat theendof thegame.

• Whenapieceof colorblack(resp.white)pieceis putontotheboard,andonthesame
horizontal,vertical or diagonalline thereis anotherblack (resp.white) piecethat,
betweenit andthepieceput ontotheboard,eachcell hasa white (resp.black)piece,
thanall thesewhite(resp.black)piecesareflippedto black(resp.white).

• A move canonly bemadeif causesflipping of pieces.A playercanpassa move if,
andonly if, thereis no move thatcausesflipping. Thegameendsif neithersidecan
makeamove.

Focusonplayingabettergameratherthantheinterface.(ThewebpagecontainsanOthello
programwith noAI, whichmaybeusedasareferenceimplementation).Youshouldmake
yourprogramreasonablyresponsiveby limiting thenumberof stepssearchedandby using
a reasonableevaluationfunction. A simpleevaluationfunction canbe to give a certain
creditto eachlocationof thecell. A moresophisticatedgamecanbeplayedby bounding
thenumberof stepsthatisplayablebytheopponent.Documentthemethodyouused,either
in yourprogramascommentsor separatelywith thewrittenpartsof yourassignment.

4. Probabilistic Games (20%)

a. Sometime ago,in a TV programmethereis a simplegameplayedin the following
way: thereare two (teamsof) playersin the game. At the beginning,a numberis
randomlychosenbetween1to100. Thisnumberiskeptsecretby thegameofficial,so
thattheplayersknow only thatthenumbermustbebetween1and100. Alternatively,
oneof theplayerchooseanumber(say, 27)within thecurrentrange.If thenumberis
thesecretnumber, theplayerloses. Otherwise,thegameofficial will tell whetherthe
numberis betweenthelower range(e.g.,1–26)or theupperrange(e.g.,28–100),and
thesequencerepeatsby theotherplayerchoosinganumber.

In themiddleof onedramaticgame,oneof theplayeris left with therange25–27,and
mustchoosea number. He wrongly choosethenumber27,effectively reducingthe
chanceof winning from 2/3to 1/3. He eventuallylosethegame(thenumberturned
out to be25,while thecorrectplayis 26). Write aprogramwhichhastheinputbeing
the currentrange,andreport the bestmove andthe probabilityof winning. (Note:
it is easyto write theprogramsothat it worksquickly evenif theinput is thewhole
range1–100.)

b. ExtendthealgorithmAlphaBetaDecisionsothatit allowschancenodes.Thealgorithm
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should take two numbers MaxUtil and MinUtil as parameters,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.


