CS320(H) Midterm Exam (3/1/02,Friday)

Lastname: . Firstname: . ID:

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

Subjet | Score
LISP /3
Al Genera /12
Seart /35
GamePlaying /20
Propositiamal Logic /30
Total /100

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

e Beassuccinctaspossible.

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

e Solweall problems.

e Total of 10 pagesincludingthis cover andtheblankpageatthe end.Before start-
ing, count the pagesand seeif you have all ten.

e Thisis aclosed-bookclosed-notexam.



1 LISP (Total: 3 points)

Write a recursive LISP functionthat calculateghe factorialof aninteger(n > 1). Thefunctionshould
take a singleintegerasanamgument.Thefactorialof anintegern > 1 is definedas:

factorial(1) = 1
factorial(k) = k x factorial(k — 1)

Forexample,(factori al 5) shouldreturn120. (3 points)



2 Al General(Total: 12 points)

2.1 Al andrelatedfields (6 points)

Thereare severalacademidiscipineswith closetiesto Al. From thesefields of studieslist two fields
andexplain how eachrelateto Al: (1) how they canhelp adwanceAl and(2) how Al canhelpadwance
them. (6 points)

2.2 Turing testand Strongand Weak Al (6 points)

The Turing testproposedoy Alan Turing (1950)wasdesignedo provide a satisctoryoperationadefi-
nition of intelligence.In this test,the computeris interrogatedy a humanvia a teletype,andpasseshe
testif theinterrogato cannottell if thereis a compuer or ahumanattheotherend.

Explain what (1) strongAl and(2) weak Al are (one sentenceeach),andidentify which of thesetwo
claimscanthe Turing testbe usedto verify (i.e. whetherthe computerhasstrongAl or not, or whetherit
hasweakAl or not). (6 points)

Hint: thinkin termsof intelligenceand/orconsciousness.



3 Search (Total: 35 points)

3.1 Breadthfirst and depth first search (10 points)

Compareand contrastbreadthfirst and depthfirst searchin termsof the following criteria, given the
averagebranchingfactorb andmaxdepthof goalm. Complity is for theworst-case.

| Breadth First Seart | DepthFirst Search

spacecompleity o ) q )
time complexity q ) q )

(Y, N) (Y, N)
complete?

Crcle one Crcle one

(Y, N) (Y, N)
optimal?

Circle one Circle one

Whenis this stratgy betterthanthe Whenis this strat@y betterthanthe
other? other?

scenariovhen
thestratgy
workswell




3.2 lterati ve Deepenirg A* (IDA*) search (10 points)

(1) DescribeA* searchin termsof the utility function (or evaluaton functionused;explainin detail),and
how thenodelist is operatednew nodepusheddr enqueuedfist is sortedor not?). Whatadvantagedoes
A* have overregularBreadth First Seart?(6 points)

(2) Define f-contourin IDA*. How do Iteratve DeepeningSeart and I D A* searchdiffer in termsof
the differentboundsthatareused?What advantagedoes! D A* have over regular A*? Answerall three
guestions(5 points)



3.3 Simulated annealing (10 points)

In simulatedannealingto minimizetheenegy F, thefollowing stratgy is used.Supposea move caused
theenepgy to changeby AF:

e if AF <0, themoveis accepted.

o if AE >0, thAe move is acceptedvith probabilty
P(AE) = ¢ %7, wherek is aconstanand?’ is temperature.

(1) Explainwhatkind of problemin greedysearchcan SimulatedAnnealingovercome(pick onethatis
themostappropriate)andexplainwhy it canovercomethedifficulty. (6 points)

(2) Circle onewithin eachpair of parentheselselow thatmakesthesentencérue (4 points, 2 pointseach).

e It ismoreprobablefor amoveto beacceptedvhenAFE > 0, if T is (Higher, Lower). Circle one

e It ismoreprobablefor amoveto beacceptedvhenAFE > 0, if AFE is (Higher, Lower). Circle one



4 GamePlaying (Total: 20 points)

ConsideraMIN-MAX gametree(thetwo below arethesame).
(2) Fill in the utility functionvaluesat eachnode(the blank squaresjn the MIN-MAX treebelow, and
markthe pathfrom theroot node(initial state)to the goalnodewith athick line (10 points).

MAX

v N

ATAIARTATIATAYA

MIN

(2) (2.1) Crossout the brancheghatareprunedby -3 pruning.(2.2) How mary nodesdid you not have
to visit with a-g pruningwhencomparedo the full MIN-MAX searchabove (countthe leaf nodesas
well)? Shaw all intermediatevaluesat eachnodeasthey getupdated (10 points).
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\
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//

-1 1008 -2 20 38 1 10 -3 7 1 5 100



5 Propositional Logic (Total: 30 points)
Giventwo sentences:

1. Tomcannotbeagoodstudentunlessheis smartandhis fathersupportshim.

2. Tomis agoodstudenonlyif hisfathersuppors him.

Usingresolution prove thatsentence is alogical consequencef sentencd.. Follow the stepsbelow to
accomplistthis.

(1) Corwvertthetwo naturallanguagesentencesito Propositionalogic formulas(5 points)

Hint One: G: goodstudent S: smart,F': fathersupports.
Hint Two: “A onlyif B” =“ B isanecessargondition of A”. Useconnectves: -, V, A, —. Parenthesize
all except— to disambguate.

1.

2.

(2) Modify the two formulasin step(1) so thatresolution canbe used,andthen corvert the resulting
formulasinto Conjunctive Normal Form. Recall what we had to do to make a problema resolution
problemwhenwe hadF; A ... A F,, andG andwe wantedto shawv F; A ... A F,, — G. Theresultshould
bealist of clauseghatarenumberedaccordingly Shaw all yourwork. (10 points)

Mor e guestionson the next page



(3) Useresolutionto derive F, thusproving thatsentence is alogical consequencef sentence.. Shav
all your work. As you resole two clauseswrite the parentclausenumbersandnumberthe new clause
appropriatelyfor futurereference Shaw all your work. (10 points)

Hint: If youcannotderive F, thereis somethingnvrongwith your Englishto Propositimal Logic transla-
tion. Go backto step(1).

(4) Briefly explain (i.e. in onesentenceyvhy resolutionworks, or in otherwords,whatis the prooftech-
niqueusedin resolution.(5 points)



Blank page—useasscratch
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