
Homework

Question 1 For this questions, refer to the extensive form game depicted below:

a. How many pure strategies does player 1 have?
b. How many pure strategies does player 2 have?
c. What is the sub-game perfect equilibrium strategy profile?)
d. Give one strategy profile that is a Nash equilibrium but is not sub-game perfect.
e. In a two stage extensive form game where player 1 chooses among k actions in the first stage and player
2 chooses among m actions in the second stage after observing player 1’s actions, how many pure strategies
does player 2 have?

Question 2 For this questions, refer to the normal form game below:

Player 2

Player 1
L C R

A 1, 1 0, 0 2,�1
M 4, 3 1, 2 0, 4
U 1, 0 0, 1 3, 2

a. What is the pure strategy Nash equilibrium of this game?
b. Suppose each player has a discount rate of � = .9 and suppose the normal form game is infinitely repeated
and players are playing the Nash equilibrium strategy from part a. What are player 1’s and player 2’s long
run payo↵?
c. Suppose player 1’s strategy is “Play L unless I observe player 2 play M or U in which case I play R
forever” and player 2’s strategy is “Play M unless I observe player 1 play C or R in which case I play U
forever.” What are the player’s long run payo↵s when the discount rate is � = .9?
d. Holding player 2’s strategy constant at the strategy described in c., what is the most player 1 can earn
by not playing L? What is the long term payo↵ associated with such a strategy?
e. Argue that the strategies described in part c are a Nash equilibrium of the infinitely repeated game.
(Hint, use the answers from part c and d).

Question 3 For this questions, refer to the extensive form game depicted below (same as question 1)
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a. Consider the level k model. Suppose that player 2’s level 0 strategy is to randomize uniformly among all
of its actions, regardless of what it observes. What is player 1’s level 1 strategy?
b. How many level 2 (pure) strategies does player 2 have? (Hint, the answer is greater than 1)
c. Explain the di�culty in interpreting level-k in extensive form games (Hint, why is it di�cult to determine
player 1’s level-3 strategy?)
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Homework (with answers)

Question 1 For this questions, refer to the extensive form game depicted below:

a. How many pure strategies does player 1 have? 3
b. How many pure strategies does player 2 have? 27. One strategy is of the form “If player 1 plays L, then
play X; If player 1 plays C, then play X; If player 1 plays L, then play Y.” There are 27 such strategies.
c. What is the sub-game perfect equilibrium strategy profile and associated equilibrium payo↵s? Player 1
plays R, Player 2 plays “If player 1 plays L, then play Y; if player 1 plays C, then play X; if player 1 plays
R, then play X.” In equilibrium, player 1’s payo↵ is 17 and player 2’s payo↵ is 23.
d. Give one strategy profile that is a Nash equilibrium but is not sub-game perfect. Player 1’s strategy is
to play L, player 2’s strategy is “If player 1 plays L, then play Y; If player 1 plays C, then play Z; If player
1 plays R, then play Y.”
e. In a two stage extensive form game where player 1 chooses among k actions in the first stage and player
2 chooses among m actions in the second stage after observing player 1’s actions, how many pure strategies
does player 2 have? This is a combinatorial problem. For each of player 1’s k actions, player 2 must choose
among m alternatives. The total number of possible combinations is mk.

Question 2 For this questions, refer to the normal form game below:

Player 2

Player 1
L C R

A 1, 1 0, 0 2,�1
M 4, 3 1, 2 0, 4
U 1, 0 0, 1 3, 2

a. What is the pure strategy Nash equilibrium of this game? Player 1 plays R, player 2 plays U
b. Suppose each player has a discount rate of � = .9 and suppose the normal form game is infinitely repeated
and players are playing the Nash equilibrium strategy from part a. What are player 1’s and player 2’s long
run payo↵? P1 = 2

1�� = 20, P2 = 3
1�� = 30

c. Suppose player 1’s strategy is “Play L unless I observe player 2 playM or U in which case I play R forever”
and player 2’s strategy is “Play M unless I observe player 1 play C or R in which case I play U forever.”
What are the player’s long run payo↵s when the discount rate is � = .9? P1 = 3

1�� = 30, P2 = 4
1�� = 40

d. Holding player 2’s strategy constant at the strategy described in c., what is the most player 1 can earn
by not playing L? What is the long term payo↵ associated with such a strategy? Since after player 1 plays
anything besides L, player 2 will play U in which case player 1 would want to play R forever. Therefore,
player 1’s most profitable strategy other than the strategy described in part c would be the one with the largest
payo↵ for a one time deviation from playing M . In this case, the resultant strategy would be ”Play R, then
continue playing R forever. This would yield a payo↵ of 4 + � 2

1�� = 22.
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e. Argue that the strategies described in part c are a Nash equilibrium of the infinitely repeated game.
(Hint, use the answers from part c and d). Part d says that holding player 2’s strategy fixed as described in
part c, player 1 has no incentive to change it’s strategy since 30 > 22. A similar argument can be made for
player 2. Since neither player has an incentive to change its strategy, the profile is a Nash equilibrium (the
profile is also sub-game perfect but proving this requires a good deal of tedious detail.

Question 3 For this questions, refer to the extensive form game depicted below (same as question 1)

a. Consider the level k model. Suppose that player 2’s level 0 strategy is to randomize uniformly among all of
its actions, regardless of what it observes. What is player 1’s level 1 strategy? Since player 2 is randomizing
uniformly, player 1 picks the action that have the highest average payo↵. In this case, that action is L with
an expected payo↵ of 10 2

3 b. How many level 2 (pure) strategies does player 2 have? (Hint, the answer is
greater than 1) 9. Any strategy profile that specifies that player 2 plays Y when player 1 plays L is a best
response to player 1’s level 1 strategy. There are nine such combinations.
c. Explain the di�culty in interpreting level-k in extensive form games (Hint, why is it di�cult to determine
player 1’s level-3 strategy?) Often times, the level-k strategy for a player will be non-unique. The level-k
model does not give a standard way to pick among the optimal strategies. In the example above, the level-3
strategy for player 1 depends on which level-2 strategy of player 2 we choose.

4


