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Introduction to artificial intelligence — Final examination

You have 95 minutes to answer the questions.

To receive full score you have to Justify your answers,
unless indicated otherwise.

Complete the fields on the right at the start. Excam
sheets with incomsplete an header will not get evaluated.

Work on Your own. Any form of communication will
result in immediate disqualtfication.

Raise your hand if you have any questions and speak
quietly to let others keep focus.
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1. (9 pt5) In the n-queens problem we want to place # chess queens on an #X# chessboard so

that no two queens attack each other.

a.) (3 pts) Compute the size of the state space for #

4, if placing a queen on any square of

the chessboard is considered the only operator and a maximum of 4 queens are allowed

in the state space.
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b.) (3 pts) Define a representation that takes into account that only one queen is possible in a
row without their attacking each other. What is the size of the state space in this case?
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c) (3 pts) Is it possible to further decrease the state space considering some symmetry
property? Describe the way and compute the new size if it is, or prove that it is

impossiblc.
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2. (74 pts) Let us consider the following search space with o ]‘ ‘
and the goal states, respectively.

Node\Heuristic hy/| ho | hs | hs | bs
S TN 2N 12
A 2 4 4 6 8
B 9 3 3 5 5
C 5 2 5 10 2
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a) (3 pts) List the heuristics in the following table that are not dominated by any other
heuristic, and give the heuristics that are dominated by them.
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b.) (7 p#) List the heuristics that can be proven not to be admissible so] 1 ini d
direct neighbors of the node representing the goal state. olely by exiSiE o

by oGy B -
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¢) (2pts) Draw the dominance relationships among the heuristic dir
s S on a directed goraph.
the heuristics be the nodes of the graph and ] : e
heutictiess graph and let the edges point towards dom
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optimal? Why?
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¢.) (2 pts) Choose the heuristics from the ones defined above that are guaranteed to lead to
an optimal solution and at the same time no other heuristic can be found using the
}“L dominance graph that has a lower effective branching rate but is still optimal.
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f) (2 pts) Which heunstlc can expand a node twice (without using a visited list)? Provide an

example for a node.
t 5 i

3. (6 pts) Compare A*, RBFS and SMA* in term i;/ memory usage and time requirement.

Explam the difference between their bottlenecks.
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4. (12 pts) There are three boxes with a label on each of them:

Box A: This box 1s empty ﬁ
Box B: This box is empty

Box C: There is money in Box B

The only thing we know is that at most one label is true.

a.) (2 pts) Give a logic formula upruqmg the fact that at most one variable is true
three. it “Try to avoid using Disjunctive Normal Form (this would make
work much harder), rather use the fact that two variables cmﬁo!hm
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b.) (4 pts) Axiomatize the domain by defining a knowledge base (KB)
interpretation above is a model of the KB, Use the M
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unctive Normal Form (CNF). 4

¢) (2 pu) Convert the statements in the KB to Conj
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d) (4 pt) If you can have one of the boxes without opening any of them, which one
would you take? Explain your choice using a resolution refutation proof. )
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5. (8 p7) Consider the following expression returned by a situation calculus planner:
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)\ RESULT(A, RESULT(F, RESULT(D, klﬁULT(Q, )

—~"a) (2p%) Whatis the role of & in the expression?
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A b.) (2p#) What is the total number of situations the agent meets when executing

plan? Justify your answer.
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c.) (4 prs) Extract the plan in the form of a graph from the expression.
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6. (6pts) Let us consider the following incomplete partially ordered plan. What steps are
missing to’complete the plan? Mark them in the graph.

5
5- start
" free (A) free (B)
free (A)
polish (A)
smooth (A)
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smooth (A) free(A) smooth(B) free(B) free(B) free(B)
paint (A) paint (B) assemble (A, B)
F(A) K\ F (B) At —~free (BR) —free(B)
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7. (7 pts) Use the Graphplan algotithm to draw a graph of two levels based on the description
below. Mark all mutexes.

Start state: Thas_key, Topen, 7painted.
Goal state: open, painted.

o Pick:  (Pre:) (Eff: has_key)

e Open:  (Pre: 7open)  (Eff open)

e Paint:  (Pre: 7open)  (Eff painted)
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8. (20 pis) Consider a Bayesian network with the following structure.

6) (4)
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a.) (2 pts) Is the network a polytree?
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b.) (3 pts) Assuming the nodes are binary, how many parameters are required to specify
the conditional probability tables?

c.) (2 pts) Is F independent of A given B?
d.) (2 pts) Is G independent of E given A and F?

e.) (2 pts) Is B independent of F given C, D, and E?
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£) (3 pts) Give an expression for P(d|c) (whete d and c are specific, not necessarily
binary values of variables D and C) in terms of parameters stored in the network?

g) (2 pts) Which variables are irrelevant to the query P(d ok
Y
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h.) (4 pts) What factors are created by variable elimination using order




9. (6 pts) Consider the following fuzzy sets and rul
" = €S:

@} Ry) If Xl‘iS HMiand x> is (o, then yis v,
(Ra) If X1 is 42" and x, is p15, then y is V.
where X1 and X: are input fuzzy vari
, : y vatiables, y is the output fuzzy variabl
: : ; d ’ '
v’ are predicates for the fuzzy variables with the follct;sving me};nberafuzc?ir:)n:'l e
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Based on these fuzzy sets and th
Based o e rules, what output flo. d 1 .
implication return for the input tuple (5, 2.5)? S -
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10. (6 pts) Decide whether the following statements are true or false and justify your an
Points are only given for the justification.
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a.) Admissible heuristics are by nature optimistic, because they think the cost

the problem is usually less than it acgﬂl,};ci;bu )
(& \

/| lque, Aekomten e | lemtebilode folfruk feall

wk oz @ valddU ﬂcé«%—u“*./\/\ |
b.) Alpha-beta pruning can only alter the computed minimax value of the
der of the terminal nodes is inconsistent.
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c) If the premises ate consistent, first-order res

contradiction.
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