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Candidatesmay use any calculator which fulfils the following criteria: (a) it should be self-containedsilent,
battery-opeatedand podet-sized{b) it shouldhavenumeagl-displayfacilities only and shouldbe usedonly for
thepurposeof calculation;(c) it shouldnot haveany printing device alphanumeridkeyboard,or graphicdisplay;
and (d) it shouldnot containanyrecoideddataor program. It is thecandidates responsibilityto ensue that the
calculator opetatessatisfactorilyand the candidatemustrecord the nameand typeof the calculatoron thefront
page of theexaminationscripts. Listsof permitted/pohibitedcalculatoiswill notbemadeavailableto candidates
for refeenceandtheonuswill beonthecandidateo ensuethat thecalculatorusedwill notbein violationof the
criteria listedabove

Answerall questions.
1. (Uninformedseach)

a. (6%) Write the pseudocodeof the IDS (iteratve deepeningsearch)algorithm,
modifiedto allow the searchto terminateif nonodeof the searchreeis deepetthan
D, &lthoughD__ is unknawvn to thealgorithm.

b. (6%) Assumewe are searchingn a general(non-tree)state-spacevhich is finite.
Out of the 3 waysto avoid repeatedstateswhich allow the above modified IDS to
guaranteg¢erminationwheneer thereis no solution?

c. (3%) Give one examplewherelDS is significantly betterthan BDS (bidirectional
search)gventhoughthe problemis onewhich BDS cannaturallybeimplemented.

2. (CSP)

a. (6%)PerformMAC (MaintainingArc Consisteng) onthefollowing graphwith each
edgebeingaconstraintoneof thenumberdoublesor triplestheother”.Shov whether
theCSPhasa solution.

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

b. (6%) Give the minimum width treedecompositiorof the following graph. Whatis
its tree-width?



3. (Twoplayergames)

a.

(6%) Johnhasdevelopeda programthat playsa two-playerdeterministioqgame. He
isworriedaboutplayerdrying all possiblenovesagainsthis programto find awayto
beatit. Thereforehewantsto adda probabiliticelemeninto hisprogram.Basically
oncehe obtainsthe utilities (which are positive integers)of eachmove, he wantshis
programto selectamovewith probabilityproportionato theutilities. Hemodifiesthe
top-level Alpha-Betawhich now have thefollowing structure.

def AlphaBetaDecisidstate:
alpha=0
for i in range(0,NUM_MOVES:
valueofi] = MinValugApply(state i), alpha, infinity)
if (valueofi] > alpha):
alpha=valueofi]
# selectamovei basedn valueof]i]
#in theprobabilitydefinedabore
return select_with_pobability(valueof)

WhenJohntestshis program hefindsthatthe badmovesarechoseraslikely asthe
goodmoves! Explainwhy his programhassucha behaiour.

(6%) Advice Johnhow to fix the problem. Will it degradethe speedf theprogram?
If so,suggesawayto counteracthespeediegradation.

4. (PropositionalCalculusinference)

a.

b.

(8%) Use DPLL to shav whetherthereis a solutionto the following satisfiability
problem. Whennoneof theheuristicis applicabletry variablesn alphabetiorder

AOBO-D
AO-C
AOC
-A-B
-AOCO-D
-AOD
BO-C

(4%) Canyou solve theproblemusingchaining? Explainyour reasons.

5. (FOL andResolution)

a.

(9%) Thefollowing sentenceareaboutarelationR. UseFOL (First OrderLogic) to
representhem,andcorvertthesentencegouwrite to CNF

1. Forary objectx, thereis anobjecty suchthatR(x, y) holds.
2. Rissymmetric.(i.e.,If xrelatedoy, theny alsorelatego x.)
3. Ristransitve. (i.e.,If xrelategoy, andy relatedo z, thenx relatego z.)

(9%) By usingFOL refutationwith linearresolutionandBreadthFirst Searchprove
thatRis reflexive (for any objectx, x relateswith itself), givenall theabove properties.
Shaw all steps.



(Prolog)

a.

(8%) Shav the AND-OR treefor thePrologquerya( [ p, X, q] ) , giventhefollowing
clauses.Hencegive all theanswergo thequery

a([X Y]):-b(Y), c(X).
b([]).

b([XY]):-c(X), !, b(Y).
c(p)-

c(q).

(8%) Without using ary standardProlog predicate defineny_reverse(X, V),
whichis truewhenY isthereverselist of X. E.g.,ny_reverse([a, b, c], [c,

b, a]) andnmy_reverse([[1,2], a, 7], [7, a, [1,2]]) shouldbetrue. It
shouldrunin lineartime. Youmayaddauxillarypredicate$or usewithmy_r ever se
(Hint: write anauxillary predicatevith anextraargumento accumulatelementyou
foundin theheadof onelist). A slowerimplementatiorwill scorepartialcredit.

(Planning) The following planningproblemis describedn ADL (AbstractDescription
Language)whereopen-world assumptiornolds:

« Initial state:P1(A), = P2(A, B)

«  Goal: P2(A, B) OP3(B)

*  Action 1: AL(x), effectsP1(x) O (when P1(A) : P2(x, A))

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

*  Action 3: A3(x), preconditionP3(x) 0 P2(B, x), effectsP2(x, B) O - P3(B)

(6%) Corverttheplanningproblemto STRIPSrepresentatiorwherethe close-world
assumptiomolds preconditiongannothave negatedpredicatesandeffectscannotoe
conditional. (Hint: youmayneedto introduceyour own predicatesndactions.)

(6%) Give a smallest(i.e.,fewestactionsandorderingconstraintspartialorderplan
thatsolvestheoriginalproblem(in ADL format).Shaw all thecausalinkswith arrows,
andorderingconstraintsvith dashedarrovs. You mayomit orderingconstraintghat
isimplied by transitve propertieor by causalinks.

(3%) Give all linearizationf the partial-ordemplanyou give in part(b).

END OF PAPER



