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Candidatesmay useany calculator which fulfils the following criteria: (a) it should be self-containedsilent,
battery-opeatedand podket-sized(b) it shouldhavenumegl-displayfacilities only and shouldbe usedonly for
thepurposeof calculation;(c) it shouldnot haveany printing device alphanumerideyboard,or graphicdisplay;
and (d) it shouldnot containanyrecoideddataor program. It is thecandidates responsibilityto ensue that the
calculator operatessatisfactorilyand the candidatemustrecord the nameand typeof the calculatoron thefront
page of theexaminationscripts. Listsof permitted/pohibitedcalculatoiswill notbemadeavailableto candidates
for refeenceandtheonuswill beonthecandidateo ensuethatthecalculatorusedwill not bein violationof the
criteria listedabove

Answer all questionsin the answerbook provided. Eachof the7 questionss worth10%,and
themarksof the 3 questiongyou scorethemostwill bedoubled.

1. (Seaching)

a. (6%)Inthegraphbelow, we wantto searcHrom A to find agoalstatewhichis either
D or G. The pathcostis the sumof edgecostswhich areshowvn in thediagram. A
heuristicfunctionis available(which valuesareindicatedbelov within parentheses).
Explainwhethertheheuristids admissible.PerformA* searchn thegraphanddraw
theresultingsearchireeandthe f-value,g-valueandh-valueof eachnode. You can
choosdo useary reasonablstratey to dealwith duplicates.
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b. (4%)Underwhatkind of searchspacewill breath-firstsearchbe muchbetterthan
iteratve-deepeningepth-firstsearch?

2. (Gameplaying)

a. (5%)PerformAlpha-Betaonthefollowing gametree evaluatingoranche¢rom left to
right. Shaw all your workings,andindicateall the placesat which pruningis done.
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b. (5%)Performexpectiminimaxonthefollowing gametreeto find the utility of all the
nodes.Which partsof the evaluationcanbe avoidedif alpha-betas appliedon the
tree,giventhattheutility of all nodessin therange[0, 10]? Explainyour answer

(Unificationand Chaining)

a. (4%) Corvertthefollowing into Horn form. Is thereary knowledgethat cannotbe
usedor backwardchaining?Explainwhy. Usebackwardchainingto dervethatMiss
Chanis happy. Shov thecompleteand-ortreesearched.

Anyonepassingiis Al examandwinningalotteryis happy. Anyonewho study
or whois lucky passesis Al exam. Anyonewhois lucky wins a lottery. Miss
Chandoesnot study but sheis lucky.

b. (6%)Suppose/ouwantto adda substitutionx/Termto analreadyexisting unifier 6.
Therearefour differentcaseswherex alreadyhasa bindingin 6, Termalreadyhasa
bindingin 6, x occurgn Term andothercases Explainwhattheunificationalgorithm
shoulddo in eachcaseandgive exampleillustratingyour answer Explainwhy we
must bind variableswhen we perform the occurrencecheck (if we don’t perform
it elsavhere).

(CNF and Resolution)

a. (4%)Corvertthefollowing sentencénto CNF by normalization.Shaw all your steps.
Commenitabouthow to simplify theknowledgefurtherby subsumption.

Ox (P(x) DQ(x)) O =Ly (P(x) OP(y) O UX R(X,Y))
b. (6%)Supposeve have thefollowing knowledge:

1. P(x,y) OR(y,X)
2. =Q(B,x) 0-P(B,x)
3. =Py OQ(x,A) OR(YY,X)

Givealinearresolutionproof for thesentenc&(A, B).

(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 predicatepat h( X, Y, Z),whichistrueif Y isalist with thefirst ele
mentX, thelastelementZ, andthereis anedgebetweereachconsecutie pairsof el-
ementsn thelist Y. E.g.,if next (a, b) andnext (b, e),thenpath(a, [a, b, €],
e) istrue. Thepredicatepat h(a, [a], a) shouldbetruefor all a.

(4%) Usingtheresultof part(a),write apredicateshor t est Pat h( X, Y, Z),such
thatwhenX andZ areboundedandY is unboundedy is unified to a shortestpath
betweerX andZ.

(Planning) Considerthefollowing planningproblem,in STRIPnotation:

Objects:C,D, E

PredicatesP1(x), P2(x, y) (x andy canbeary of the3 objects.)

Initial state:P1(C)

Goal: P2(D, E) OP2(E, D)

Action 1: AL(y), preconditionP1(C), effectsP1(y)

Action 2: A2(x, y), preconditionP2(x, y), effectsP1(x) 00 - P2(x, y)

Action 3: A3(X, y), preconditionP1(x) 00 P1(y), effectsP2(x, y) 00 - P1(X)

(6%) Giveasmalles{i.e.,feweststateandorderingconstraintspartial-ordeplanthat

solvestheproblem. Shaw all thecausalinks (youmayusedoublearronsto represent
causalinks).

(4%) For eachorderingconstrainthatis not supportedy a causalink, explainwhat
conflict the orderingconstraintresohes, and explain whetheryou are performing
promotionor demaotion.

(Uncertainty) Considerthe following belief network, with eachsymbolbeinga boolean
event:

Supposeave obsenedtheeventsB, G and-H.

a.

(5%) What arethe threesituationswhend-separatiortanbe establishedZor each
of thesesituationslistsall pairsof un-obseredeventswhich canthusbededucedo
beindependent.

(5%) Assume the following tables of probability lllustrate the lineartime
BeLier-NEeT-Ask algorithmby computingthe posteriomprobabilityP(F|B O G [0 = H).
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Show all your workings. (Partial creditisawardedif you computethe probability using
any other method.)

P(A)=0.6 A P(B) B P(C) B P(D)
true | 0.5 true | O true | 1
false | 0.8 false | 0.7 false | 0.5
P(E)=0.6 D E P(F) E P(G) F P(H)
false | false | 0.2 true | 0.3 true | 0.4
false | true | 0.9 fase | 0.5 false | 0.7

true | fase | 0.7
true | true | 0.1
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