CS141 Introduction to Al Professor Meinolf Sellmann

Homework 4
CP and Intro to Logic

Due: 5:00pm on 3/5/08

Problem 4.1

Suppose the 2007 CS141 sta (Benthall, Eliopoulos, Austerwil, Dan \BA" Hersh) all live in
houses on the same side of the street, numbered, left to rightl2, 14, 16, and 18. Solve the
following constraint program. Annotate the Itering proce ss on the attached sheet using the
convention from class.

o))

. The Austerweil drives a Kia.

. The Eliopoulos has a monkey.

. The Hersh eats ostrich.

. The Benthall lives in the last house.

. The Plymouth driver lives in the rst house.
The BMW driver lives to the left of the bu alo eater.

. The wine drinker and the beer drinker are neighbors.

. The sake drinker has a neighbor with a pet llama.

The dog owner and the wine drinker are not neighbors.

. The sh owner has a neighbor who eats deer.

The dog owner drinks ouzo.

. The BMW driver eats duck.
. The Peugeot driver lives to the right of the sake drinker.

. The ouzo drinker eats bu alo.

. The deer eater keeps a llama as a pet.

. Everyone keeps a di erent pet.

. Everyone enjoys a di erent drink.
Everyone drives a di erent make of car.

. Everyone eats a di erent type of meat.
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t. Everyone lives in a di erent house.

Who drinks the sake?

Solution: Spiros drinks the sake!

Problem 4.2

Joe and Spiros, the darling CS141 TA duo, have been exploringhe Wumpus world together
(described on page 197 of Russell and Norvig). Being a novicexplorers, the grand Wumpus
Master chose a world in which no two pits are directly adjaceh Despite this restriction, our
cold, tired and frightened TAs need your help to safely navigte the Wumpus world!

Joe and Spiros have made the following map to help you in thisask:

BREEZE | 277 | 227 | 222
STENcH| 22?7 | 227 | 222

OK |STENCH|BREEZE | ??7?
OK |sreeze| 22?7 | 227

a. Where is the wumpus?

b. Where are the de nite pits? Prove this. Be sure to formulate your proof in propositional

logic.
Solution:
a. The Wumpus cavorts about vaunting its stench in square (2,3). W e know, From
Si1:3 and Sy, that it can only be in (1,2) or (2,3). Because we've already visited
(1,2) and know it to be safe, the only remaining possibility, wump us-wise, is
(2,3).

b. There are known pit in (2,4) and (3,1)

B1a  Pag, P13iBia
P24 P13

2
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W
P2,4 Pi3;: P13
P2.4

And (3,1) has a pit as well:

W
B21 Py, P2y, P31;B2n

I31;1 'P2;2 I33;1

w W
P11 P22,,,P31;: P
P> P3a
w
P2o P31 Pop
P3;1

Problem 4.3

Perform unit propagation on the following sentence. Show eeh step and determine all models
that makes the sentence true.

CP_Q_S8)P_:R_S)(P)(:Q_R)(:9S)
Solution:
a. Propogate P = TRUE:
(Q_S)(R_S);(:Q_R)(:S)

b. Propogate S = FALSE:
(Q:(:R);(: Q_R)

c. Propogate Q= TRUE:

(: R);(R)
d. Propogate R = FALSE :
0
Because we came across an empty clause, we know this is unsatis able. Thus, there

are no satisfying models.
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Problem 4.4

For what assignemtns of TRUE or FALSE to P, Q, R, and S is the folowing sentence true?
P_Q"R) TRUE, S

Solution:

X) Y,: X_Yso X) TRUE, TRUE

Then everything left of the , is always TRUE
So we have TRUE, Swhich is equivalentto S

The clause is true if and only if Sis TRUE

Problem 4.5

Given the setf0; 1g and an operation :f0;1g f 0;1g!f 0;1g, express the fact that (f 0; 1g; )
is a group in propositional logic.

The three properties of a group are associativity, the existnce of an identity element, and
the existence of an inverse element. See the Wikipedia entrgn Group Mathematics for more
information. What we want from you is a translation of these statements, along with a de nition
of , in propositional logic. Each propositional variable shoud represent a proposition of the
formi | = k.

Solution:  We will label our variables Xijk to denote i | = k. First we need that
for every set of inputs, * produces an output in 0; L

(X000 _ Xo001) * (Xo10_ Xo11) * (X100 _ X101) * (X110 _ X111)

Now we need that * is well de ned:

(X000) : Xoo1)_(Xoo1): Xo00)(X100): X101)_(X101): X100)(Xo10): Xo11)_(Xo11): Xo10)(X110):

Ok, so now that * is well de ned we need the properties of a group, li ke an identity:

(X000 X101” Xo11) _ (Xo10” X100” X111)

w V
Associative (I use and to make it more readable:
N

[ Xani ™ Xiek  ~ Xajk » Xopgj)]
a;b;c ijk

)
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Inverse:
[(X000™ X101™ Xo11) ™ ((X000” X000) _ (Xo010” X100)) * ((X110” X110) _ (X100” X010))]_

[(Xo10” X100”™ X111) ™ (X001 ™ Xoo1) _ (X012 X101)) N (X122 X111) _ (X101™ Xo012))]



