
Problem Set 1
Game theory and applications

Fall 2019

This problem set is due in class on October 4. All students must submit problem
sets individually.

1) Find all (pure and mixed) Nash equilibria of the following games. Explain your logic.
(i)

L M R
u 2,0 1,1 4,2
m 3,4 1,2 2,3
d 1,3 0,2 3,0

(ii)

L R
U 2,3 6,0
D 5,1 0,4

(iii)

A B C D
P 6,1 5,3 4,0 3,2
Q 4,0 4,2 4,0 4,1
R 1,6 3,5 2,8 0,2
S 3,9 3,0 5,0 3,2

2) Consider the following game-theoretic model of the equilibrium determination of the
cleanliness (and effort distribution) of an apartment shared by two roommates. In the game,
the two roommates simultaneously choose the effort, e1 and e2, to spend on apartment
cleaning. They each get utility from the cleanliness of the apartment (which is a function of
the sum of the efforts) and disutility from the effort they personally expend. Player 1 places
a higher valuation on cleanliness. Specifically, assume that e1 and e2 are chosen from the set
of nonnegative real numbers and that

u1(e1, e2) = k log(e1 + e2) − e1
u2(e1, e2) = log(e1 + e2) − e2,

where k > 1.
(i) Find the two players’ best response functions.
(ii) Find the pure strategy Nash equilibria of the game. How does the equilibrium distribution
of effort reflect the differences in the players’ tastes?
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3) Consider a strategic game G with N players, finite strategy spaces Si, and utility functions
ui. Let G′ be the game with the same players and strategy spaces, in which the payoff function
of player i is fi(ui)) where for every i, fi(.) is a strictly increasing function.
(i) Show that the set of pure strategy Nash-equilibria of G is the same as the set of pure
strategy Nash-equilibria of G′.
(ii) Provide a counterexample to the claim that the set of mixed strategy Nash-equilibria of
the two games are the same. Explain why the proof of part (i) fails.

4) Show that the two-player game below has a unique equilibrium using the following steps.
(i) Show that it has a unique pure-strategy equilibrium.
(ii) Show that player 1 cannot put positive weight on both U and M. Analogously, show that
player 2 cannot put a positive weight on both L and M.
(iii) Show that if player 1 puts a positive weight on both U and D, but not on M, then
player 2 puts zero weight on L. Use this to conclude that there is no non-degenerate mixed
equilibrium.

L M R
U 1,-2 -2,1 0,0
M -2,1 1,-2 0,0
D 0,0 0,0 1,1

5) Prove both parts of claim 4 on slide 5 in lecture 1.

2


