
Einführung in die Künstliche Intelligenz 2012S, 2.0 VU, 184.735
Exercise Sheet 3 - CSP, Planning, and Making Simple Decisions

You have to tick the prepared exercises in TUWEL at the latest before Friday, 15th June, 2012,
13:00 (AUFGABE Ankreuzen 3. Übungsblatt).

Exercise 1 (2 pts): Given the following version of Einstein’s puzzle: There are 4 houses, each having
a different color (white, yellow, brown, blue). In each house, there is one person from a different na-
tionality (Greek, German, Norwegian, Irish), having a different pet (dogs, butterflies, turtles, snakes)
and preferring a different type of food (ice cream, eggs, cheese, spaghetti).
• The dogs live directly to the left of the turtles.
• The fourth house is not white.
• There is one house between the house of the person eating ice cream and the white house.
• The dogs live to the left of the person eating eggs.
• There is one house between the yellow house and the house the Norwegian lives in on the right.
• The person eating cheese lives in the blue house.
• The third house is brown.
• There is one house between the Greek and the dogs on the left.
• There is one house between the butterflies and the dogs.
• The German lives directly next to the person eating eggs.

(a) Formulate this puzzle as a constraint-satisfaction problem (CSP). Define all variables and give
their domain. Further, represent all given clues as constraints.

(b) Solve this puzzle.

Exercise 2 (3 pts):
(a) Given a single ternary constraint A+B = C. Transform this constraint into 3 binary constraints

achieving the same functionality using auxiliary variables.
(b) Show how constraints with n ≥ 4 variables can be transformed in a similar way.
(c) Show how unary constraints can be eliminated by altering the domains of variables.

Exercise 3 (2 pts):
Consider the following CSP:

Variable Domain
A {1, 3, 5, 6, 9, 10}
B {1, 2, 4, 6, 8}
C {1, 2, 3, 4, 5, 6, 7, 8, 9, 10}
D {1, 2, 3, 4, 5}
E {1, 2, 3, 4, 5, 6, 7, 8, 9, 10}
F {2, 5, 7, 8, 9}
G {1, 3, 6, 12}

Constraints
A = B + C
C ≤ D
F = 2 · C
A < E
D 6= 4
E > A

(a) Draw the constraint graph of this CSP.



(b) Check whether this CSP fulfills the arc consistency property. If not, establish arc consistency
by eliminating inconsistent values.

Exercise 4 (4 pts):
Consider a situation where a robot is trapped in a maze consisting of multiple rooms. The goal for
our robot is to escape the maze by finding an exit room. Therefore, it explores the different rooms by
traveling through them. For driving from one room to another, the two rooms must be connected by
a door and the door must be open. Unfortunately, not all doors between these rooms are open—some
might be closed or even locked. The robot is able to open unlocked doors if he is in the room with the
closed door. Design two STRIPS actions, one for opening a door and one for traveling from one room
to an adjacent one. Introduce variables for modeling the different aspects of this exercise and describe
them in detail.

Exercise 5 (2 pts.):
Assume there is a lottery with tickets for 1 Dollar and there are two possible prizes: a 10 Dollar prize
with a probability of 1

50 , and a 1.000.000 Dollar prize with a probability of 1
2.000.000 .

(a) What is the expected monetary value of a lottery ticket?
(b) When is it rational to buy a ticket? Give an equation involving utilities. To this end, you

may assume a current wealth of possessing k Dollars with U(Sk) = 0. Further, U(Sk+10) =
10 · U(Sk+1), but there is no information about U(Sk+1.000.000).

Exercise 6 (2 pts.):
Consider the different axioms of utility theory from the lecture. Choose one of these axioms (except
transitivity!) and construct an example showing that if an agent does not follow this axiom, he or she
does not show rational behavior.


