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Multiagent Systems
1.

[20 points] Find all Nash equilibria of the following game.

Sol)
-

Pure strategy (10points)
(2, −1)
Best response : ( (3,3)
(1,2)

(4,2)
(0,0)
(2,8)

(2,0)
(1,1))
(5,1)

Answer : (A,Y), (B,X)

-

Mixed strategy (10points)
1

If we mix X and Y with equal prob. , it strictly dominates Z. So, we can ignore Z.
2

Then, in reduced matrix, A strictly dominates C. So we ignore C.
Now, we consider reduce matrix
(2, −1) (4,2)
(
)
(3,3) (0,0)
The following should be satisfied in mixed NE.
−p1 + 3p2 = 2p1
𝑝1 + 𝑝2 = 1
2q1 + 4q2 = 3q1
q1 + q2 = 1
Answer : (1/2, 1/2, 0), (4/5, 1/5, 0)

2.

[20 points] Consider any 2 × 2 matrix game in which neither player has a strategy
dominated by a pure strategy. In such a game, is it possible for there to be a strategy
dominated by a mixed strategy? Explain why or why not.

Sol)
No, it is not possible. Given that no strategy is dominated by a pure strategy, you need at least two
strategies to be mixing in order to dominated a third. A mixed strategy in which A and B are played
with positive probability dominates C if there exists a p ∈ (0,1) such that p ∗ EU(A) + (1 − p) ∗
EU(B) > EU(C) for any belief about the actions of the other player. Since we have only two strategies.
C is either A or B. Simplifying the inequality, either EU(B) > EU(A) or EU(A) > EU(B) for any belief,
which contradicts the fact that there is no pure-strategy dominance.

3.

[20 points] Apply iterated elimination of dominated strategies to the following game. For
each strategy that you eliminate, name the strategy that dominates it.

Sol)
Iterated elimination steps:
-

X is eliminated because it is dominated by Z

-

A is eliminated because it is dominated by any mixed strategy (0,p,1-p), such that p ∈
2 1

( , ) (you can use any member of this set as an example)
5 2

-

Y is eliminated because it is dominated by Z

-

B is eliminated because it is dominated by C

-

Only C and Z remain

-

Answer : (C, Z) is the unique rationalizable strategy profile.

4.

[20 points] Explain how to exactly solve an assignment problem in polynomial time as
detailed as possible. Explain also how to approximately solve an assignment problem by an
auction-like algorithm as detailed as possible including the pseudocode of the algorithm.

Sol)
Assignment problem can be encoded as LP

Furthermore, the optimal solution of the above encoded LP problem can be converted to
integral solution with polynomial time, which yields the optimal solution of the original
assignment problem. However, the polynomial-time solution to the LP problem is of
complexity roughly O(n3 ) which may be too high in some cases. (10points)

Auction-like algorithm

5.

[20 points] Prove that if a solution F to a scheduling problem C is in competitive equilibrium
at prices p, then F is also optimal for C.

Sol)

