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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 questionsin theanswerbook provided. Eachof the7questionsisworth10%,and
themarksof the3questionsyouscorethemostwill bedoubled.

1. (Searching)

a. (6%)In thegraphbelow, wewantto searchfrom A to find agoalstate,whichiseither
D or G. Thepathcostis thesumof edgecosts,which areshown in thediagram.A
heuristicfunctionis available(which valuesareindicatedbelow within parentheses).
Explainwhethertheheuristicisadmissible.PerformA* searchin thegraph,anddraw
theresultingsearchtreeandthef-value,g-valueandh-valueof eachnode. You can
chooseto useany reasonablestrategy to dealwith duplicates.
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b. (4%) Underwhat kind of searchspacewill breath-firstsearchbe muchbetterthan
iterative-deepeningdepth-firstsearch?

2. (Gameplaying)

a. (5%)PerformAlpha-Betaonthefollowinggametree,evaluatingbranchesfrom left to
right. Show all yourworkings,andindicateall theplacesatwhichpruningis done.
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b. (5%)Performexpectiminimaxon thefollowing gametreeto find theutility of all the
nodes.Which partsof theevaluationcanbeavoidedif alpha-betais appliedon the
tree,giventhattheutility of all nodesis in therange[0, 10]?Explainyouranswer.
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3. (UnificationandChaining)

a. (4%) Convert the following into Horn form. Is thereany knowledgethat cannotbe
usedfor backwardchaining?Explainwhy. UsebackwardchainingtoderivethatMiss
Chanis happy. Show thecompleteand-ortreesearched.

AnyonepassinghisAI examandwinninga lottery is happy. Anyonewhostudy
or who is lucky passeshis AI exam. Anyonewho is lucky wins a lottery. Miss
Chandoesnotstudy, but sheis lucky.

b. (6%)Supposeyou want to adda substitutionx/Term to analreadyexistingunifier θ.
Therearefour differentcases,wherex alreadyhasa bindingin θ, Termalreadyhasa
bindingin θ,x occursin Term, andothercases.Explainwhattheunificationalgorithm
shoulddo in eachcase,andgive exampleillustratingyour answer. Explainwhy we
must bind variableswhen we perform the occurrencecheck(if we don’t perform
it elsewhere).

4. (CNF andResolution)

a. (4%)Convert thefollowingsentenceintoCNFby normalization.Show all yoursteps.
Commentabouthow to simplify theknowledgefurtherby subsumption.

∀x (P(x) ∨ Q(x)) ⇒ ¬∃y (P(x) ∧ P(y) ∧ ∀x R(x, y))

b. (6%)Supposewehavethefollowing knowledge:

1. P(x, y) ∨ R(y, x)
2. ¬Q(B, x) ∨ ¬P(B, x)
3. ¬P(x, y) ∨ Q(x, A) ∨ R(y, x)

Givea linearresolutionproof for thesentenceR(A, B).

5. (Prolog) Supposeyou have a graphdefinedby a Prologrelationnext. E.g.,if thereis an
edgefrom nodea to nodeb, thefollowing relationholds:
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next(a, b)

• (6%) Write a predicatepath(X, Y, Z), which is trueif Y is a list with thefirst ele-
mentX, thelastelementZ, andthereis anedgebetweeneachconsecutivepairsof el-
ementsin thelist Y. E.g.,if next(a,b) andnext(b,e), thenpath(a, [a,b,e],
e) is true. Thepredicatepath(a, [a], a) shouldbetruefor all a.

• (4%) Usingtheresultof part(a),write apredicateshortestPath(X, Y, Z), such
that whenX andZ areboundedandY is unbounded,Y is unified to a shortestpath
betweenX andZ.

6. (Planning) Considerthefollowing planningproblem,in STRIPnotation:

• Objects:C, D, E

• Predicates:P1(x), P2(x, y) (x andy canbeany of the3objects.)

• Initial state:P1(C)
• Goal: P2(D, E) ∧ P2(E, D)
• Action 1:A1(y), preconditionP1(C), effectsP1(y)
• Action 2:A2(x, y), preconditionP2(x, y), effectsP1(x) ∧ ¬P2(x, y)
• Action 3:A3(x, y), preconditionP1(x) ∧ P1(y), effectsP2(x, y) ∧ ¬P1(x)

a. (6%) Giveasmallest(i.e.,feweststateandorderingconstraints)partial-orderplanthat
solvestheproblem.Show all thecausallinks(youmayusedoublearrowsto represent
causallinks).

b. (4%) For eachorderingconstraintthatis not supportedby a causallink, explainwhat
conflict the orderingconstraintresolves,and explain whetheryou are performing
promotionor demotion.

7. (Uncertainty) Considerthe following belief network, with eachsymbolbeinga boolean
event:
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SupposeweobservedtheeventsB, G and¬H.

a. (5%) What arethe threesituationswhend-separationcanbeestablished?For each
of thesesituations,listsall pairsof un-observedeventswhich canthusbededucedto
beindependent.

b. (5%) Assume the following tables of probability. Illustrate the linear-time
BELIEF-NET-ASK algorithmby computingtheposteriorprobabilityP(F |B ∧ G ∧ ¬H).
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Show all your workings. (Partial credit is awarded if you compute the probability using
any other method.)

A P(B)

true 0.5

false 0.8

P(A) = 0.6 B P(C)

true 0

false 0.7

B P(D)

true 1

false 0.5

D E P(F)

false false 0.2

false true 0.9

true false 0.7

true true 0.1

P(E) = 0.6 E P(G)

true 0.3

false 0.5

F P(H)

true 0.4

false 0.7

END OF PAPER


