
CPSC625-600 Midterm Exam (10/18/2002,Fri)

Lastname: , First name: , ID (last5 digit):

Time: 12:40pm–1:30pm(50minutes+ � ), Total Points:100

Subject Score

AI General /10
Search /39

GamePlaying /25
PropositionalLogic /26

Total /100

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

� Beassuccinctaspossible.

� Readthequestionscarefully to seewhatkind of answeris expected(explain blah
in terms of ... blah).

� Solveall problems.

� Total of 12 pages,includingthis cover. Before starting, count the pagesand see
if you haveall twelve.

� This is aclosed-book, closed-noteexam.
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1 AI in General (Total: 10points)

1. Do youthink AI is possible?If so,whatdoyouthink wouldbethekey conceptualbreakthrough?If
not,whatdo you think will bethefundamentalobstacle?Answerin oneshortparagraph,i.e. don’t
spendtoomuchtime(i.e. anything goes).(5 points)

2. AI programsusuallygettherepresentationaldesignfor agiven problemfrom theprogrammer. This
is oneof thecausesof therigidity in many AI approaches.Whatcapabilityand/orpropertywould
berequiredof anautonomousagentto build its own representationsasit goeson?Don’t spendtoo
muchtime(i.e. anything goes).(5 points).

3. Whatis yourprojecttopicandwho’syourpartner?(0 points)
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2 Search (Total: 39points)

2.1 Breadthfirst and depth first search (10points)

Answerall 5 questions. In all cases,answerin termsof theworst casescenario.

1. BFSandDFS implementationsarebasicallythesameexceptfor onecrucialcomponent.What is
it? (2 points)

2. Thereareseveraldifferentevaluation measuresfor BFSandDFS(completeness,optimality, space,
andtimecomplexity). For whichmeasurearethetwo searchmethodsidentical?(2 points)

3. Whatis theonemajoradvantageof DFSoverBFS?Answerin termsof theevaluationmeasures.(2
points)

4. Whatarethetwo majoradvantagesof BFSoverDFS?Answerin termsof theevaluationmeasures.
(2 points)

5. Severalsearchstrategiesmakeuseof theDFSstrategy. List twosearchmethods(exceptfor Minmax/����
) employing DFS-styleexploration. (2 points)
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2.2 ��� and Iterati veDeepening �	� ( 
����� ) search (20points)

Answerall 6 questions. Notethatthe6thquestionis 5 points worthandtherestare3 pointseach.

1. Whatis theutility functionusedin ��� search?(3 points)���������������

2. Whatis themajordisadvantageof � � in termsof theevaluationmeasures(completeness,optimality,
space,andtimecomplexity)? (3 points)

3. How does� � andBFSdiffer in termsof node-listupdate?(3 points)

4. Whatis themajoradvantageof ��� �!� comparedto �"� in termsof theevaluation measuresandwhy?
(3 points)
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5. Why arelargerheuristicfunctionsbetterthansmallerheuristicfunctionsfor ��� � � ? (3 points)

6. In ��� � � increasingthe f-limit in the amountof a fixed value # cansometimesleadto a moreef-
ficient search.However, this approachhasa drawback. What is this drawbackandwhatnatureof
��� � � contributesto it? (5 points).
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2.3 Simulated annealing(9 points)

In simulatedannealing,to minimize theenergy $ , the following strategy is used.Supposea move from
stateold to statenew causedtheenergy to changeby %&$ � $('*),+-�.$0/2143 :
5 if %&$7698 , themove is accepted(new statehaslowerenergy thanold state).

5 if %&$7:;8 , themove is acceptedwith probability< � %&$ ���>=@?�ACBDFE , where G is aconstantand H is temperature.

Answerall 3 questions.

1. Hill-clim binghasasevereproblemwhichSA canovercome.Whatis thisproblem?(3 points)

2. Which caseabove ( %&$ 6I8 or %&$ :J8 ) contributesto the advantageof SA over regular hill-
climbing? (3 points)

3. A typical simulatedannealingprocessbeginswith a high H andthe H is graduallydecreased.How
doesH correlatewith thefreedomof movement(upanddownwardtheenergy landscape)?(3 points)
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3 GamePlaying (Total: 25points)

Solveall four problems.

1. ConsideraMIN-MAX gametree(thetwo below arethesame).
Fill in theutility functionvaluesat eachnode(theblanksquares)in theMIN-MAX treebelow, and
markthepathfrom therootnode(initial state)to thegoalnodewith a thick line (5 points).

MAX

MIN

MAX

5 30 35 50 20 25 3 10 7 33 18 5 15 0 100 27 4315

2. Crossout thebranchesthatareprunedby K - L pruning.Show thefinal bestestimatevaluesat each
node.(10points).

MAX

MIN

MAX

5 30 35 50 20 25 3 10 7 33 18 5 15 0 100 27 4315
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3. In MIN-MAX search,adepth-firststrategy is used.Whatfeatureof thealgorithmmakesit adepth-
first exploration? Briefly explain in termsof the functionsMIN-VALUE and MAX-VALUE. (5
points)

4. Why is � -
�

pruninga goodstrategy comparedto theregularMin-Max treeapproach?Briefly ex-
plain. (5 points)
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4 Propositional Logic and TheoremProving (Total: 26points)

Usethefollowing lawsof propositional logic asnecessary:

MON P"QSR-QTPUN ,N V"QSR-QTVUN (commutative)MXW�NTP"QZY[P]\^R	NTP_W`QTP]\_Y ,W�NTV"QZY[V]\^R	NTV_W`QTV]\_Y ,(associative)MON PaW`Q VU\bYcRdW�NTP"QZY[V_W�NePU\bY ,N VaW`Q PU\bYcRdW�NTV"QZY[P_W�NeVU\bY (distributive)MON PUfeR-NhgFNeV(feR-f (F: False)MON PUijR	iN VUijR	N (T: True)MON P"klNSR-iN V"klNSR-f
M�khW�NeP"QZYcR-klNeV"kmQ ,khW�NeV"QZYcR-klNeP"kmQ (DeMorgan’s law)MON�noQ�R	kmQSnpklN (contrapositive)MON�noQ�R	klNePUQ

Solveall threeproblems.

1. Convert thefollowing formulasinto ConjunctiveNormalForm(conjunctionof disjunctions).Show
all yourwork. (6 points;3 pointseach)

(a) q � q <9rts ��u � q�vw�x �

(b)
� < w�q s � r � vw�qZx �
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2. Convert the following formula into Disjunctive NormalForm (disjunction of conjunctions). Show
all yourwork. (3 points)

(a) q � q <9rts ��u � q�vw�x �

10



3. Considerarobotthatis ableto lift ablock if theblock is light enoughthatit is liftable (LIFTABLE),
andif thebatterypower is adequate(BATTERYOK). If bothof theseconditionsaremet, thenthe
robotwill alwayslift theblockandits armwill move(MOVESARM).

y �]HzH]$av|{�}_~�wt�Z���|H(� y �Z$ u � }��a$ax��Uv �

We canthink of a situation whenwe know thatthebatteryis okaybut thearmdid notmove. From
thiswecaninfer thattheblock it is holdingnow is not liftable.

In otherwords,wewantto show q������|H(� y �Z$ is a logicalconsequenceof thefactsbelow:

(1)
y �]HzH]$av|{_}a~

(2) q � }��a$ax��"v �
(3) q y �]HzH]$av|{_}a~ r q������|H(� y �Z$ r � }a�_$ax��Uv �

Show that q������!H(� y ��$ is a logical consequenceof theabove using resolution. Show all your
work. (10points)
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4. Horn clausesareclauseswith oneor lesspositive literal, for example,
<�r q s>r q�v r qZx . Horn

normalform consistsof conjunctionsof Horn clauses.This normalform is highly suitablefor one
kind of theoremproving technique(forward-chaining,backward-chaining,or resolution).Which is
it? andwhy?Explainin termsof thefollowing example(7 points).

Given:
(1) q <^r q s9r v
(2)
<

(3) x
(4) qZx rts
we wantto provethat v is true.

5.
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