CSE472/572,Spring 2002

Programming Project 3
AUTOMATED THEOREM PROVING

Last Update: 5 April 2002
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material is highlighted

In this project,you will write programghatcould have passedhe CS departmens old graduate-leel Al Qualifying
Examquestionnlogic :-)

1. (WARNING: THIS PART IS RELATIVEL Y EASY.)

(a) Givenouralgorithmfor corvertinga sentencef first-orderlogic into clauseform (handedoutin lecture,
andon the Web in PDF format at http://www.cse.luffalo.eduirapapoet/572/S02/clasefam.pdf), write
analgorithm(ideally, a Lisp function)thattakesa sentencef first-orderlogic asinputandthatreturnsan
equivalentsentencén clauseform.

Suggestion:Whenyourenamevariablessothatvariablesboundby differentquantifiershave uniquenames,
you canuserewrite rulesof thefollowing form:

(QuviF (V1) # Qv1G(vy)) — (QuvaF (V1) # Qav2G(V3))

wherethe Q; arequantifiers(eitherthe sameor different),# is eitherV or A, thev; arevariablessuchthat
‘vi’ # ‘v, and'F(v;)’ representa sentenceontainingd or moreoccurrencesf ‘vi'. An examplewould
be:

(VxP(a,x) A IxR(a)) — (VxP(a,x) A JyR(a))
(b) Apply youralgorithmto thefollowing sentence:

Vx[Animal(x) = (Predator(x) < 3y[Animally) A Eats(x,y)])]

2. (WARNING: THIS PART IS RELATIVELY HARD.)

(a) Implementa unificationalgorithm (eitherthe onein thetext, the one(to be) givenin lecture,or—if you
did it correctly—yourpattern-matchefrom Projectl (perhapssuitablymodified)). More precisely your
algorithm shouldtake a pair of sentencessinput and eitherreturntheir MGU if they are unifiable or
elsereturna messagesuchas“NOT UNIFIABLE”. You may assumehatthe notation f (x,g(x)) canbe
understoods:(f x (g x)),if youpreferusingLispishnotation.

(b) Useyour algorithmto answetthis question.For eachof thefollowing pairsof terms,if they unify, shav a
mostgeneralunifier (mgu);if they don't, sayso,andstatewhy. Assumethatu, v, x, y, andz arevariables,
andthata, b, andc areindividual constants.

i. P(a,x,c)andP(y,b,2)
ii. P(a,x,c)andP(y,b,y)
iii. P(x,x,c) andP(u,v,u)
iv. P(x, f(x)
v. P(x, f



3. (a) THE COMPUTATIONAL IMPLEMENT ATION OF THIS PART IS OPTIONAL
(WARNING: THE COMPUTATIONAL IMPLEMENT ATION OF THIS PART IS RELATIVELY
HARD.)
Write aresolutiont+ unification+ refutationtheoremproverfor first-order predicatelogic.

(b) DO THIS PART (AT LEAST BY HAND) WHETHER OR NOT YOU DO PART 3a.
Using resolution,show that the following set of clausesis inconsistent. Assumethat a, b, andc are
individual constantsandthatx andy arevariables.
i. {On(a,b)}
ii. {On(b,c)}
ii. {Reda)}
iv. {Greer{c)}
v. {Redb)Greer(b)}
vi. {-Redx)—-Greer(y)-0On(x,y)}

NOTE: Pleasedo all exercisesat leastby hand (in addition to, or instead of, implementing them in a program-
ming language)as part of your report. | will hand out a tentative grading schemeto make it easierfor you to
organizeyour final report.
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DUE AT START OF LECTURE, FRIDAY, APRIL19.
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