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1. Prove whether each of the following KBs is satisfiable or unsatisfiable. (15 points)
a) {P(a) vAP(a),R(c) vAR(d),R(d),AR(c)}
b) {Ix.P(x) D O(x).P(a).~Q(a),~P(b),~Q(b)}
o (¥xP(x) A3y P(y),R(a)}

2. Unification (20 points)

a) Define the concept of most general unifier

b) Is there a unique most general unifier for any two formulas that unify. Give an example that
illustrates your answer.

¢) Do the following two clauses unify, and if so, give the/a most general unifier.
P(x, x, x) and P(y, f(z), f(g(a)))

d) Do the following two clauses unify, and if so, give the/a most general unifier.
P(x, x, x) and P(y, f(z), {(y)))

3. This question involves doing a resolution proof starting from a KB that expresses the following
knowledge (15 points)

{Vx.P(x) D O(x)A(P(a) A Q(a)),VYz.P(z) v Q(2)}
a) Express the KB in clause form.

b) Briefly describe resolution refutation proof procedure, stating the properties that make the
technique sound and complete.

¢) Using resolution refutation, prove "YAP(y),

4. This problem involves developing a situation calculus formalization of a bin loading problem.
We have some bins and objects, and exactly one object can be in a bin at any time. In all situations,
all objects must be in a bin, and no bin can hold more than one object. We have one action,
MOVE(x, y, z), which involves moving block x from bin y to bin z. (25 points)

a) Define the move action with one or more axioms in the situation calculus.

b) Define one or more frame axioms for the domain, and give a brief argument why your axioms
capture everything needed in order to completely infer the state resulting from doing a move action.

¢) Define a set of facts that captures a situation sO with three bins, binl, bin2, and bin3, and two
blocks A and B, where A is in binl, and B is in bin2, and express your frame axioms from (b) in
clause form.

d) Give a resolution proof that A is in bin3 in state do(move(A, binl, bin3), s0).

e) Say we have a situation just like in part (c), except there is no bin3 (i.e., there are only two bins,
binl containing A and bin2 containing B). Give an informal proof that, given your axiomatization of
this domain, it is impossible to change the contents of the two bins, i.e., that there is no sequence of
actions that results in a state where A is in bin2 and B is in binl.

5. Consider the following attempt to avoid the expressive limitations of Horn clauses. We
introduce a new predicate, say NAP, to stand for the negations of each predicate P. Now a non-Horn
clause such as [P, Q] can be approximated as the Horn clause [~notP, Q].
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a) Show that the following non-Horn clause KB is unsatisfiable, say by presenting a resolution
proof

{[P.Q], [~P, Ql, [~Q, R], [~R]}

b) Show that the following Horn-clause approximation is satisfiable:

{[NHOtP: Q]s [NP: Q]s [NQ: R]: [NR]}

¢) Give an argument why we cannot in general extend the KB in (b) with additional axioms that
capture the relationship between P and notP so that we can prove anything we could proof in the
original FOL formulation.

d) Can we get partially there. i.e., sanction some inferences about disjunctive positive formulas
but not be complete. Give examples of clauses that could be added and an example of a clause
that could now be proven that could not be otherwise proven without the additional axioms.



