
ECO 463

SimultaneousGames

Provide brief explanations as well as your answers.

1. Two people could benefit by cooperating on a joint project. Each person can either coop-
erate at a cost of 25 dollars or fink at no cost. If both choose to cooperate then each will
receive a net benefit of 5 dollars. If only one person cooperates, then the other person will
receive a net benefit of 10 dollars. If neither cooperates, then both will receive a payoff of
zero dollars. These payoffs are summarized by the normal (strategic) form game below.
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Coop Fink
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-25
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-25
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0
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(a) Which of the following are correct?

Choose one or more of the following.

(cooperate, cooperate) is a Nash equilibrium

(cooperate, fink) is a Nash equilibrium

(fink, cooperate) is a Nash equilibrium

(fink, fink) is a Nash equilibrium

cooperate is a weakly but not strongly dominant strategy for both players

fink is a weakly but not strongly dominant strategy for both players

cooperate is a strictly dominant strategy for both players

fink is a strictly dominant strategy for both players

Page 1 of 8



(b) Suppose the parties can enter into a binding contract in which both promise to co-
operate and, should one cooperate and the other fink, then the one that finked must
pay the one that cooperated his cost, 25. (This is called reliance damages.) The trans-
formed game is then:
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5

10-25
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Fink
0

10-25

0

0

Which of the following are correct for the transformed game?

Choose one or more of the following.

(cooperate, cooperate) is a Nash equilibrium

(cooperate, fink) is a Nash equilibrium

(fink, cooperate) is a Nash equilibrium

(fink, fink) is a Nash equilibrium

cooperate is a weakly but not strongly dominant strategy for both players

fink is a weakly but not strongly dominant strategy for both players

cooperate is a strictly dominant strategy for both players

fink is a strictly dominant strategy for both players

(c) Suppose the parties can enter into a binding contract in which both promise to coop-
erate and, should one cooperate and the other fink, then the one that finked must pay
the one that cooperated enough to make him indifferent to the broken promise, 5+25
= 30. (This is called expectation damages.) The transformed game is then:
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Col

Row
Coop Fink

Coop
5

5

10-25-5

5

Fink
5

10-25-5

0

0

Which of the following are correct for the transformed game?

Choose one or more of the following.

(cooperate, cooperate) is a Nash equilibrium

(cooperate, fink) is a Nash equilibrium

(fink, cooperate) is a Nash equilibrium

(fink, fink) is a Nash equilibrium

cooperate is a weakly but not strongly dominant strategy for both players

fink is a weakly but not strongly dominant strategy for both players

cooperate is a strictly dominant strategy for both players

fink is a strictly dominant strategy for both players

2. Choosing a route. Four people must drive from A to B at the same time. Each of them
must choose a route. Two routes are available, one via X and one via Y. (Refer to the left
panel of the figure below.) The roads from A to X and from Y to B are both short and
narrow; in each case, one car takes 6 minutes, and each additional car increases the travel
time per car by 3 minutes. (If two cars drive from A to X, for example, each car takes 9
minutes.) The roads from A to Y and from X to B are long and wide; on A to Y one car
takes 20 minutes, and each additional car increases the travel time per car by 1 minute; on
X to B one and takes 20 minutes and each addition car increases the travel time per car by
0.9 minutes. Formulate this situation as a strategic game and find the Nash equilibria. (If
all four people take one of the routes, can any of them do better by taking the other route?
What if three take one route and one takes the other route, or if two take each route?)

Now suppose that a relatively short, wide road is built from X to Y, giving each person four
options for travel from A to B: A-X-B, A-Y-B, A-X-Y-B, and A-Y-X-B. Assume that a person
who takes A-X-Y-B travels the A-X portion at the same time as someone who takes A-X-B,
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and the Y-B portion at the same time as someone who takes A-Y-B. (Think of there being
constant flows of traffic.) On the road between X and Y, one car takes 7 minutes and each
additional car increases the travel time per car by 1 minute.

A

Y
B

A

Y
B

XX
6,9,12,15

6,9,12,15

20,21,22,23

20, 20.9,21.8,22.7
7,8,9,10

(a) Find the Nash equilibria in this new situation.

(b) Compare each person’s travel time with her travel time before the road from X to Y
was built.

3. Hawk-Dove. Two animals are fighting over some prey. Each can be passive or aggressive.
Each prefers to be aggressive if its opponent is passive and passive if its opponent is ag-
gressive. Whatever its own action, it prefers the outcome in which its opponent is passive
to that in which its opponent is aggressive. Formulate this as a strategic game and find its
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Nash equilibria.

4. Contributing to a public good. Each of n people chooses whether to contribute a fixed
amount toward the provision of a public good. The good is provided if and only if at least
k people contribute where 2 ≤ k ≤ n; if it not provided, contributions are not refunded.
Each person ranks outcomes from best to worst as follows: (i) any outcome in which
the good is provided and she does not contribute, (ii) any outcome in which the good is
provided and she contributes, (iii) any outcome in which the good is not provided and
she does not contribute and (iv) any outcome in which the good is not provided and she
contributes. Formulate this situation as a strategic game and find its Nash equilibria. (Is
there a Nash equilibrium in which more than k people contribute? One in which k people
contribute? One in which fewer than k people contribute? Be careful!)

5. Consider the n-hunter Stag Hunt in which onlym hunters, with 2 ≤m < n, need to pursue
the stag in order to catch it. Oh the other hand, any hunter acting alone can catch a hare.
There are many hares but only a single stag and the stag, if captured, will be shared only
by the hunters who catch it. Under each or the following assumptions on the hunters’
preferences, find the Nash equilibria of the strategic game that models the situation.
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(a) Each hunter prefers the fraction 1/n of the stag to a hare.

(b) Each hunter prefers the fraction 1/k of the stag to a hare, but prefers a hare to any
smaller fraction of the stag, where k is an integer with m ≤ k ≤ n.

6. Voter participation. Two candidates, A and B, compete in an election. Of the n citizens,
k support candidate A and m = n − k support candidate B. Each citizen decides whether
to vote, at a cost, for the candidate she supports, or to abstain. A citizen who abstains
receives the payoff of 2 if the candidate she supports wins, 1 if this candidate ties for first
place, and 0 if this candidate loses. A citizen who votes receives the payoffs 2 − c, 1 − c
and c in these three cases where 0 < c < 1.

(a) Suppose k = m = 1. Is the game the same (except for the names of the actions) a
prisoner’s dilemma?

(b) For k = m, find the set of Nash equilibria. (Is the action profile in which everyone
votes a Nash equilibrium? Is there any Nash equilibrium in which the candidates tie
and not everyone votes? Is there any Nash equilibrium in which one of the candidates
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wins by two or more votes?)

(c) Suppose k < m.

i. Is there a Nash equilibrium in pure strategies?

ii. Suppose k < m. Show that there is a value of p between 0 and 1 such that
the game has a mixed stategy equilibrium in which each of the k supporters of
candidate A votes with probability p, exactly k of the m supporters of candidate
B vote with certainty, and the remaining m − k abstain. (Note that if each of the
k supporters of A votes with probability p, then the probability that exactly k− 1
of them vote is kpk−1(1− p).)

iii. How do p and the expected number of A supporters who vote (turnout) depend
upon c?

7. Complete-information, all-pay auction. Consider an all-pay auction with two, risk-neutral
players. Here v dollars will be awarded to the player who submits the highest sealed bid

Page 7 of 8



and both bidders will be required to pay the amounts of their bids. In the event of a tie
the winner will be selected at random.

(a) Is there a Nash equilibrium in pure strategies for this game? Either find such an
equilibrium or show that one cannot exist.

(b) Is there a Nash equilibrium in mixed strategies for this game? Either find such an equi-
librium or show that one cannot exist. [Hint: use cumulative distribution functions to
describe the strategies of the players, i.e., let P2(b) be the probability that bidder 2’s
bid is less than or equal to b. What must be true for bidder 1 to be willing to mix?]
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