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Q1. Power Pellets
Consider a Pacman game where Pacman can eat 3 types of pellets:

• Normal pellets (n-pellets), which are worth one point.

• Decaying pellets (d-pellets), which are worth max(0, 5− t) points, where t is time.

• Growing pellets (g-pellets), which are worth t points, where t is time.

The location and type of each pellet is fixed. The pellet’s point value stops changing once eaten. For example,
if Pacman eats one g-pellet at t = 1 and one d-pellet at t = 2, Pacman will have won 1 + 3 = 4 points.

Pacman needs to find a path to win at least 10 points but he wants to minimize distance travelled. The cost
between states is equal to distance travelled.

(a) Which of the following must be including for a minimum, sufficient state space?

□ Pacman’s location
□ Location and type of each pellet
□ How far Pacman has travelled
□ Current time
□ How many pellets Pacman has eaten and the point value of each eaten pellet
□ Total points Pacman has won
□ Which pellets Pacman has eaten

(b) Which of the following are admissible heuristics? Let x be the number of points won so far.

□ Distance to closest pellet, except if in the goal state, in which case the heuristic value is 0.
□ Distance needed to win 10− x points, determining the value of all pellets as if they were n-pellets.
□ Distance needed to win 10− x points, determining the value of all pellets as if they were g-pellets (i.e.
all pellet values will be t.)

□ Distance needed to win 10−x points, determining the value of all pellets as if they were d-pellets (i.e.
all pellet values will be max(0, 5− t).

□ Distance needed to win 10− x points assuming all pellets maintain current point value (g-pellets stop
increasing in value and d-pellets stop decreasing in value)

□ None of the above

(c) Instead of finding a path which minimizes distance, Pacman would like to find a path which minimizes
the following:

Cnew = a ∗ t+ b ∗ d

where t is the amount of time elapsed, d is the distance travelled, and a and b are non-negative constants
such that a+ b = 1. Pacman knows an admissible heuristic when he is trying to minimize time (i.e. when
a = 1, b = 0), ht, and when he is trying to minimize distance, hd (i.e. when a = 0, b = 1).
Which of the following heuristics is guaranteed to be admissible when minimizing Cnew?

□ mean(ht, hd) □ min(ht, hd) □ max(ht, hd) □ a ∗ ht + b ∗ hd

□ None of the above
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Q2. Disjunctive Normal Form
A sentence is in disjunctive normal form (DNF) if it is the disjunction of conjunctions of literals. For example,
the sentence (A ∧B ∧ ¬C) ∨ (¬A ∧ C) ∨ (B ∧ ¬C) is in DNF.

(a) Any propositional logic sentence is logically equivalent to the assertion that some possible world in which
it would be true is in fact the case. From this observation, prove that any sentence can be written in DNF.

(b) Construct an algorithm that converts any sentence in propositional logic into DNF. (Hint: The algorithm
is similar to the algorithm for conversion to CNF.)

(c) Construct a simple algorithm that takes as input a sentence in DNF and returns a satisfying assignment
if one exists, or reports that no satisfying assignment exists.

(d) Apply the algorithms in the previous two parts to the following set of sentences:

A =⇒ B

B =⇒ C

C =⇒ ¬A

(e) Since the algorithm in (b) is very similar to the algorithm for conversion to CNF, and since the algorithm
in (c) is much simpler than any algorithm for solving a set of sentences in CNF, why is this technique not
used in automated reasoning?
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