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Problem 1 (21 Points)

a) Assume that the heuristic function A is not admissible.
Is A* still complete? Is A* still optimal? Justify your answers.

b) What is the computational complexity of resolution for propositional logic?
What is the computational complexity of resolution for first-order logic?

¢) Recall that “|=," denotes reasoning under the closed world assumption (CWA). How is
“I=¢" defined formally, that is, what does “KB =c @” mean for arbitrary KB and o?

d) What is a “threat” in partial order planning?

e) Which functions are representable by neural feed-forward networks with (at most) one hid-
den layer?

f) What are the advantages and disadvantages of neural network learning compared to decision
tree learning?

g) Where does Bayesian update play a role in robotics?
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Problem 2 (15 Points)
In this problem a 3-player game is considered. Therefore the utility of a state no longer is a single
value but a triple of values (w1, us, u3) where u; is the utility value of the state for player 4.

a) Assume each player 7 chooses the move, hence the triple (u1,ug,us), that maximizes her
own utility value u;, e. g., for player 2 (0,4, 6) is better than (1,3,2) since 4 > 3, but for
player 1 (0,4,6) is worse than (1,3, 2) since 0 < 1. Complete the following game tree by
filling in the backed-up value triples for all the remaining nodes, including the root:

PLAYER 1 i 4%
PLAYER 2 m
PLAYER 3 e ( ) ( ) £ 4 )

TERMINAL  (3,3,0) (1,1,1) (3,5,3) (3,1,1) (2,0,3) (5,3,4) (2,2,2) (5,6,0)

Which move will the first player choose (left/right)?

b) Now assume that player 1 and player 3 are playing together, that is, both choose the move
that maximizes the sum of their utility values, e. g., for player 1 (0,4, 6) now is better than
(1,3,2) since 0 + 6 > 1 + 2. Player 2 chooses the move as in part a). Complete the follow-
ing game tree by filling in the backed-up value triples for all the remaining nodes, including

the root:
PLAYER 1 /M\
PLAYER 2 K )\)
PLAYER 3 < Y ) < s ) < T > ( PR >

TERMINAL  (3,3,0) (1,1,1) (3,5,3) (3,1,1) (2,0,3) (5,3,4) (2,2,2) (5,6,0)

Which move will the first player choose (left/right)?
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Problem 3 (15 Points)
Use resolution to prove the following logical consequences:

a) {(P2Q), (PDR)} = (PD(QAR))
b) {Va(P(z) > P(f(2))) } = (B2P(z)) > GzP(f(f(2)))))
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Problem 4 (15 Points)

Assume there are three predicate symbols Bird, Flies, Ab and two constants tweety and chilly
(and no other predicate or function symbols). Consider the following sets of sentences:

KB' = { Vz[(Bird(z) A =Ab(z)) D Flies(z)],
Bird(tweety) ,
—Ab(tweety) }

DC = {Vz[z = tweety V z = chilly] }
KB = KB'UDC

a) Determine the set Negs(KB) which is used for reasoning under the closed world assump-
tion.

b) Prove that KB |=. (Bird(7) D Flies(r)) for 7 = tweety and 7 = chilly.

¢) Note that part b) shows that KB |=, Vz[Bird(z) D Flies(z)]. Is this true if KB is replaced
by KB/, i.e., if we do not make the domain closure assumption? Justify your answer.
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Problem 5

On the right, a belief network is shown.
The CPTs for B, C, D and H are given by the following tables:

A|P(B]...) H|P(C|...) I|P(D]...)

T| 0.8 T 0.5 T| 0.1

F 0.3 F 1.0 F 0.5

The prior probabilities for A and I are given

by P(A) =0.2 and P(I) = 0.4. A I |PH|..)

T T| 09

a) Compute P(A,-B,C,D, H,~I). T F 0.4

F T| 07

b) Compute P(A,-B,C, D, ~I). F F 0.0
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Problem 6

Consider the same belief network as in the previous problem (shown on
the right). Let X = {A} and Y = {D}. For each of the following sets @ 0
E, state whether E d-seperates X and Y. If so, justify your answer.

a) E = {} @

b) E = {C)

0 E={CI) ® © ©

(9 Points)
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Problem 7 (15 Points)
Let f(z1,22) be the Boolean function described by the formula (z; = —z3).
(Here, as usual, 0 represents FALSE and 1 represents TRUE.)

a) Is f linearly separable? Justify your answer.

b) Design a feed-forward network which represents f using step-functions as activation func-
tions. (Recall: step,(z) = 0if z < ¢ and step,(z) =1ifz > t.)

Introduction to Artificial Intelligence (Fall 2001) ' [exam] 8/9



