CPSC625-60 Midterm Exam (10/18/2D02, Fri)

Lastname: , Firstname: , ID (last5 digit):

Time: 12:40pm-130pm (50 minutes + «), Total Points:100

Subjet | Score
Al Genera /10
Seart /39
GamePlaying 125
Propositiamal Logic /26
Total /100

e You may usethe backof the sheet,but pleaseprominently mark on the front in
suchacase.

e Beassuccinctaspossible.

¢ Readthe questionsarefully to seewhatkind of answeris expected(explain blah
in terms of ... blah).

e Solweall problems.

e Total of 12 pagesjncludingthis cover. Before starting, count the pagesand see
if you have all twelve.

e Thisis aclosed-bookclosed-notexam.



1 Al in General (Total: 10 points)

1. Do youthink Al is possibledf so,whatdo youthink would bethekey conceptuabreakthrough®
not, whatdo you think will bethefundamentabbstacle?Answerin oneshortparagraphi.e. don't
spendioo muchtime (i.e. arything goes).(5 points)

2. Al programausuallygettherepresentationalesignfor a given problemfrom theprogrammerThis
is oneof the cause®f therigidity in mary Al approachesWhat capabilityand/orpropertywould
berequiredof anautononousagentto build its own representationasit goeson? Don’t spendtoo
muchtime (i.e. anything goes).(5 points).

3. Whatis your projecttopic andwho’s your partner?(0 points)



2 Search (Total: 39 points)

2.1 Breadthfirst and depth first search (10 points)

Answerall 5 questionsin all casesanswetin termsof theworst casescenario.

1. BFSandDFSimplementations arebasicallythe sameexceptfor onecrucialcomponentWhatis
it? (2 points)

2. Thereareseveraldifferentevaluaton measure$or BFSandDFS (completenesgptimality, space,
andtime compleity). For which measure arethetwo searchmethodsdentical?(2 points)

3. Whatis theone majoradvantageof DFS over BFS?Answerin termsof the evaluationmeasures(2
pointg

4. Whatarethetwo majoradvantage®f BFS over DFS?Answerin termsof the evaluaton measures.
(2 pointg

5. Severalsearclstratgiesmake useof the DFSstrateyy. List two searchmethodgexceptfor Minmax/a—
B) employing DFS-styleexploration. (2 points)



2.2 A* and lterati ve Deepenng A* (I D A*) search (20 points)

Answerall 6 questionsNotethatthe 6th questionis 5 points worth andtherestare3 pointseach.

1. Whatis theuutility functionusedin A* searchq3 points)
fn)=..

2. Whatis themajordisadantageof A* in termsof theevaluationmeasuregcompletenesgptimality,
spaceandtime compleity)? (3 pointg

3. How doesA* andBFSdiffer in termsof node-listupdate®3 points)

4. Whatis themajoradvantageof I D A* comparedo A* in termsof theevaluation measureandwhy?
(3 pointg



5. Why arelargerheuristicfunctionsbetterthansmallerheuristicfunctionsfor 1D A*? (3 points)

6. In I DA* increasingthe f-limit in the amountof a fixed valuee cansometmesleadto a moreef-
ficient search.However, this approachhasa drawvback. Whatis this dravbackandwhat natureof
1D A* contributesto it? (5 points).



2.3 Simulated annealing (9 points)

In simulatedannealingto minimize the enegy E, the following stratgy is used. Supposea move from
stateold to statenew causedheenepy to changeby AF = F, oy, — Foq:

e if AF < 0,themoveis acceptednew statehaslower enegy thanold state).

o if AE >0, thAeEmoveis acceptedvith probabilty
P(AE) = e~ *t, wherek is aconstanind?’ is temperature.

Answerall 3 questions

1. Hill-clim bing hasa severeproblemwhich SA canovercome Whatis this problem?(3 pointg

2. Which caseabore (AE < 0 or AE > 0) contritutesto the advantageof SA over regular hill-
climbing? (3 points)

3. A typical simulatedannealingorocesseginswith ahigh7 andthe T is graduallydecreasedHow
doesT correlatewith thefreedomof movement(upanddownwardtheenegy landscape)?3 points)



3 GamePlaying (Total: 25 points)

Solwve all four problems.

1. ConsideraMIN-MAX gametree(thetwo below arethesame).
Fill in theutility functionvaluesateachnode(the blanksquares)n the MIN-MAX treebelow, and
markthe pathfrom theroot node(initial state)to thegoalnodewith athick line (5 points).
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2. Crossoutthebrancheghatareprunedby a-3 pruning. Shav thefinal bestestimatevaluesat each

node.(10 points).
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7 33 0

100 27



3. In MIN-MAX searchadepth-firststratey is used.Whatfeatureof thealgorithmmalesit a depth-
first exploration? Briefly explain in termsof the functionsMIN-VALUE and MAX-VALUE. (5

pointg

4. Why is a- pruninga goodstrategy comparedo the regular Min-Max treeapproachBriefly ex-
plain. (5 pointg



4 Propositional Logic and Theorem Proving (Total: 26 points)

Usethefollowing laws of propositimal logic asnecessary:

e PVQ=QVP,
P A Q@ =@ A P (conmutative)

e (PVQ)VH=PV(QVH),
(PAQ)NH=PA(QN H),(associatie)

e PV(QANH)=(PVQ)AN(PVH),
PA(QVH)=(PAQ)V (P A H) (distributive)
e PYF=PPAF =F (F: False)
e PVT=T
PAT =P (T: True)
e PVv-P=T
PA-P=F

[ ] —|(PVQ) :—|P/\—|Q,
=(P A Q) =-PV -Q (DeMorgan’s law)

P — @Q = -Q — —P (contapositive)
e P»Q=-PVQ

Solwve all threeproblems.

1. Corvertthefollowing formulasinto Conjunctve NormalForm (conjunctionof disjunctons). Show
all yourwork. (6 points;3 pointseach)

@) —~(-PVQ) = (“RAS)

(b) (PA=Q)V (RASS)



2. Corvertthefollowing formulainto Disjunctive Normal Form (disjuncton of conjunctias). Shav
all yourwork. (3 points)

@ ~(-PVQ) = (=RAS)

10



3. Considerrobotthatis ableto lift ablockif theblockis light enoughthatit is liftable (LIFTABLE),
andif the batterypower is adequatdBATTERY OK). If both of theseconditionsare met, thenthe
robotwill alwayslift theblock andits armwill move (MOVESARM).

BATTERYOK ANLIFTABLE — MOVESARM

We canthink of a situaton whenwe know thatthe batteryis okay but the armdid not move. From
thiswe caninfer thattheblockit is holdingnow is notliftable.

In otherwords,we wantto shov —LI FT ABLE is alogical consequencef thefactsbelow:

(1) BATTERYOK
(2) ~MOVESARM
(3) ~BATTERYOK N ~LIFTABLE NV MOVESARM

Shav that—-LIFTABLE is alogical consequencef the above using resolution Shaow all your
work. (10 points)

11



4. Horn clausesareclauseswith oneor lesspositive literal, for example,P vV -Q vV =R VvV —=S. Horn
normalform consistsof conjunctionsof Horn clauses.This normalform is highly suitablefor one
kind of theoremproving techniqugforward-chainingbackward-chainingpr resolution).Whichis
it? andwhy? Explainin termsof thefollowing example(7 points).

Given:

Q)-PV-QVR

2P

s

(4)-Sva

we wantto provethat R is true.

12



