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Candidatesmay useany calculator which fulfils the following criteria: (a) it should be self-contained,silent,

battery-operatedand pocket-sized;(b) it shouldhavenumeral-displayfacilitiesonly and shouldbeusedonly for

thepurposeof calculation;(c) it shouldnot haveanyprinting device,alphanumerickeyboard,or graphicdisplay;

and (d) it shouldnot containanyrecordeddataor program. It is thecandidate’s responsibilityto ensure that the

calculatoroperatessatisfactorilyand thecandidatemustrecord thenameand typeof thecalculatoron thefront

pageof theexaminationscripts.Listsof permitted/prohibitedcalculatorswill notbemadeavailableto candidates

for reference,andtheonuswill beonthecandidateto ensurethat thecalculatorusedwill not bein violationof the

criteria listedabove.

Answerall questions.

1. (Uninformedsearch)

a. (6%) Write the pseudocodeof the IDS (iterative deepeningsearch)algorithm,
modifiedto allow thesearchto terminateif no nodeof thesearchtreeis deeperthan
Dmax, althoughDmax is unknown to thealgorithm.

b. (6%) Assumewe are searchingin a general(non-tree)state-spacewhich is finite.
Out of the 3 waysto avoid repeatedstates,which allow the above modifiedIDS to
guaranteeterminationwhenever thereis nosolution?

c. (3%) Give one examplewhereIDS is significantly better than BDS (bidirectional
search),eventhoughtheproblemis onewhichBDScannaturallybeimplemented.

2. (CSP)

a. (6%)PerformMAC (MaintainingArc Consistency) onthefollowinggraph,with each
edgebeingaconstraint“oneof thenumberdoublesor triplestheother”.Show whether
theCSPhasasolution.

Domain: [3, 4, 5, 6, 8, 10]

Domain: [4, 6, 8, 10]
Domain: [2, 3, 4, 5]

b. (6%) Give theminimum width treedecompositionof the following graph. What is
its tree-width?
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3. (Twoplayergames)

a. (6%)Johnhasdevelopeda programthatplaysa two-playerdeterministicgame. He
isworriedaboutplayerstryingall possiblemovesagainsthisprogramto find awayto
beatit. Therefore,hewantsto addaprobabiliticelementinto hisprogram.Basically,
onceheobtainstheutilities (which arepositive integers)of eachmove,hewantshis
programtoselectamovewith probabilityproportionalto theutilities. Hemodifiesthe
top-level Alpha-Beta,whichnow havethefollowing structure.

def AlphaBetaDecision(state):
alpha= 0
for i in range(0,NUM_MOVES):

valueof[i] = MinValue(Apply(state, i), alpha, infinity)
if (valueof[i] > alpha):

alpha= valueof[i]
# selectamovei basedonvalueof[i]
# in theprobabilitydefinedabove
return select_with_probability(valueof)

WhenJohntestshisprogram,hefindsthat thebadmovesarechosenaslikely asthe
goodmoves! Explainwhy hisprogramhassuchabehaviour.

b. (6%)AdviceJohnhow to fix theproblem.Will it degradethespeedof theprogram?
If so,suggestawayto counteractthespeeddegradation.

4. (PropositionalCalculusInference)

a. (8%) UseDPLL to show whetherthereis a solution to the following satisfiability
problem.Whennoneof theheuristicis applicable,try variablesin alphabeticorder.

A ∨ B ∨ ¬D
A ∨ ¬C
A ∨ C
¬A ∨ ¬B
¬A ∨ C ∨ ¬D
¬A ∨ D
B ∨ ¬C

b. (4%)Canyousolvetheproblemusingchaining?Explainyour reasons.

5. (FOL andResolution)

a. (9%)Thefollowing sentencesareabouta relationR. UseFOL (First OrderLogic) to
representthem,andconvert thesentencesyouwrite to CNF.

1. For any objectx, thereis anobjecty suchthatR(x, y) holds.

2. R is symmetric.(i.e.,If x relatesto y, theny alsorelatesto x.)

3. R is transitive. (i.e.,If x relatesto y, andy relatesto z, thenx relatesto z.)

b. (9%)By usingFOL refutationwith linearresolutionandBreadthFirst Search,prove
thatR is reflexive(for any objectx, x relateswith itself),givenall theaboveproperties.
Show all steps.
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6. (Prolog)

a. (8%) Show theAND-OR treefor thePrologquerya([p,X,q]), giventhefollowing
clauses.Hencegiveall theanswersto thequery.

a([X|Y]):-b(Y), c(X).
b([]).
b([X|Y]):-c(X), !, b(Y).
c(p).
c(q).

b. (8%) Without using any standardProlog predicate,definemy_reverse(X, Y),
which is truewhenY is thereverselist of X. E.g.,my_reverse([a, b, c], [c,
b, a]) andmy_reverse([[1,2], a, 7], [7, a, [1,2]]) shouldbetrue. It
shouldrunin lineartime. Youmayaddauxillarypredicatesfor usewith my_reverse
(Hint: writeanauxillarypredicatewith anextraargumenttoaccumulateelementsyou
foundin theheadof onelist). A slower implementationwill scorepartialcredit.

7. (Planning) The following planningproblemis describedin ADL (AbstractDescription
Language),whereopen-world assumptionholds:

• Initial state:P1(A), ¬P2(A, B)

• Goal: P2(A, B) ∧ P3(B)

• Action 1:A1(x), effectsP1(x) ∧ (when P1(A) : P2(x, A) )

• Action 2:A2(x), preconditionP1(x), effectsP3(x)

• Action 3:A3(x), preconditionP3(x) ∧ P2(B, x), effectsP2(x, B) ∧ ¬P3(B)

a. (6%) Convert theplanningproblemto STRIPSrepresentation,wheretheclose-world
assumptionholds,preconditionscannothavenegatedpredicates,andeffectscannotbe
conditional. (Hint: youmayneedto introduceyourown predicatesandactions.)

b. (6%) Give a smallest(i.e.,fewestactionsandorderingconstraints)partial-orderplan
thatsolvestheoriginalproblem(in ADL format).Show all thecausallinkswith arrows,
andorderingconstraintswith dashedarrows. Youmayomit orderingconstraintsthat
is impliedby transitivepropertiesor by causallinks.

c. (3%) Giveall linearizationsof thepartial-orderplanyougive in part(b).

END OF PAPER


