b.) (3 p1s) Define a representation that takes into account that only one queen s

possible 1 a row without their attacking cach other. What 1s the size of the state
space in this caser

c.) (Fpts) Is nt possible 1o further decrease the state space M some
symmetry propertys Descrnibe the way and compute the new size if it 15, OF prove
that 1t 1s impossible.




that are not dominated by
minated by them.
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e.) (2 pts) Choosc. the heuristics from the ones dcﬁ‘ne.d;ﬂbove that are guaranteed to _' '
lead to an optimal solution and at the same time no other heuristic can be found Eli

usil?g t:ic dominance graph that has a lower effective branching rate but is sull
optimal.

LR

{.) (2 pts) Which heuristic can expand a node twice (without using a visited list)?
Provide an example for a node.

3. (6p15) Compare AY, RBI'S and SMA* in terms of memory usage and tme
requirement. Lixplan the difference bertween their bottlenecks.

4. (12 pts) There are three boxes with a label on each of them:
Box A:  This box is empty (1)
Box B: 1his box 1s empty (2)
Box C; T'here 1s money 1in Box B 3)

The only thing we know s that at most one label 1s true.

a.) (__’ /Jf‘ll) Cs1ve a Ingic formula cxprcssing the fact that at most one vanable ll
true out of three. Hint Try to avoid using Disjuncuve Normal Fonn‘ (this
would make vour work much harder), rather use the fact that two vanables

cannot be true.




d.) (4 pts) 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.

] ]
»
|

M T s

5. (22 pts) Consider the crossword puzzle given below:

HOWin b ‘ - 2 | u‘f 'I 3 il_l.l it o ".'j.. [ .
& Words in our dlCtlonary: ant, ape, blg, bus, can g B U s T

] . » ginger, symbol, syntax. The onal : el pas, vara, ¢
words from the dlctionaq;, ). y Synlax. The goal is to fill hages el el



ij,‘:‘*‘,_ | W o e | .,_-|.~'1'_l-1 '

th h ,'-'- *‘a _ 1 ﬁt\‘“ FF tﬁ 1'& X7 ﬁ -::_I il

ot L (- pt._f) Give a sketch of how the problem would be solved. In what decisions
(choices) can the agent use a heuristic?

d.) (6 pts) Fill in the gaps 1n the following sentences:

According to the minimum remaining values heuristic the .................. that 1s
consttained the ... Lo utseyy should be instantiated to bring dead ends upper in
the' i - s e Thisiimeans that the .. e with thiel i Sy

domain is chosen, and if this instantiation eventually leads to a good solution,
then it 1s good to cover it early, but 1f 1t cannot lead to a viable solution, then less

variables will needtobe ................... before we tun 1N to o ]

A good heuristic when choosinga ............... 1s to pick the one that rules out
U Vo ) values 1n the remammg ................ . It does not make sense

to choose the most constrained one, since eventually all ........... st AT need to
be tried and 1t 1s better to ............... the chance of picking a good one as soon
as possible.

c.) (4 p15) Show how the Minimum Remaining Values heuristic would be used,
showing how the first two words would be selected.




c.) (4pt5) Complete the plan by adding any missing causal link(s), step(s), and

plete 1t. Draw the resulting
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9. (8 prs) We would like to compute the conditional probability value P(a, &, d), having
only the following values are available:

P(a), P(5), P(9,
P(a|d), P(b|4), P(c| D),
P(d|a),

P(a, b), P(c, d),

P(a|c, d), P(b]s 9),
P(c|a, b), P(d| a, D).

I h of the following assumptions decide if P(a, b|¢, d) can be computed, and give
“or each o

the formula to calculate it 1f 1t 1S poss1ble.

a.) aand b are conditionallyindependent given ¢ and d.

b.) cand dare conditionally independent given 4 an




11. (6 prs) Consider the following fuzzy sets and rules:

(R1) If X1 1s £41 and X5 1s f&, then yis V

(Rz) It X; 1s ,U'1 and X; 1S ,Ufz, then Y is V'

where X; and X, are mput fuzzy variables, y 1s the output fuzzy variable, and L, L
15 v, and V' are predicates for the fuzzy variables with the followmg membe ﬁlﬂct. i
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