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Solution sheet for final (draft)


(Please note: No one expected you to solve all of  these problem. Had you solved about 60
 – 70 percent correctly, you would have been well within reach of a very solid B.)


1. The independence axiom can be formulated as follows: for any three lotteries


3
 2
 1,L ,L


L  if L1 ≥L2 then ∀α∈
( )
0,1 αL1 +(
1−α)
L3 ≥αL1+(
1−α)
L3. Of course, there
 are zillions of real life examples illustrating this axiom and the answer to this question
 will be given a full grade on case-by-case basis. For starters you can think of degenerate
 lotteries, such as a basket of apples and a basket of oranges. Presumably , your preference
 for one of the two doesn’t change when you add in the appropriate manner a third lottery
 expressing the probability of sunshine.

Suppose that indifference curves are not straight lines. Then for any two lotteries
 such that L1 ~ L2 it must be the case that  1 2 ~ 1, 2


2
 1
 2


1L + L / L L  but this contradicts to the


independence axiom (when 
 2


=1


α ). Thus, indifference curves must be straight lines.


2. a)


b) This individual is risk-averse because ∀L1,L2 :L1 ~L2 and ∀α∈
( )
0,1  we observe
 that lottery  L3 =αL1+(
1−α)
L2 p L1,L2. Effectively, when the individual is indifferent
 between two lotteries, he strictly prefers one of these lotteries to any linear combination
 of the two. Therefore, the individual violates the  “betweeness” axiom and also its
 stronger form—the independence axiom. Alternatively, this follows from the non-
 linearity of the individual’s indifference curves inside the probability triangle.

2
 3


1



(2)c) Bliss point is located at the corners of the probability triangle (points 1,2 and 3)—the
 individual strictly prefers to have some outcome for certain rather than any lottery
 involving risk. Bliss point is not unique—all three corners of probability triangle make
 the individual locally satiated.


3. Let us assume that the individual maximizes expected utility. Then the lottery brings


him utility level:  
( )
 ln2

2
 2 1
 ln
 2


2 ln
 1


1
 1


1


− =


=


=
∑ ∑
∞

=


∞ −


= i n


n


i n


L n


U . The price that the individual


is willing to pay for this lottery is  p=U−1
[
U( )
L ]
=U−1( )
ln2 =2.

4.  
( ) ( ) ( )


x
 x x


x u
 x


u
 x
 x
 u


4
 1
 2


1 ⇒ ′′ =−


′ =


⇒


= . Coefficient of absolute risk aversion is



( ) ( )



( )
ωω ω

ω 2


= 1


′


− ′′


= u


rA u . The coefficient of relative risk aversion is



( ) ( ) ( )



( )
 = 21

′


− ′′


=


⋅


= ω


ω ω
 ω
 ω


ω u


r u


rR A .



( )
L =0.5 36+0.5 9=4.5

u  Certainty equivalent is u−1
( )
4.5 =4.52 =81/4=20.25

Probability premium is the solution of the equation



(
0.5−π)
 x−δ +(
0.5+π)
 x+δ = x where  22.5

2
 9
 9+36− =


=


x  and


5
 .
 2 13


9
 36− =


=


δ . Thus, 
(
0.5−π)
*3+(
0.5+π)
*6= 22.5

0811
 .
 3 0


5
 .
 4
 5
 .


22 − =


=


⇒π


5 a) Option B is riskier than option A. The expected payoff of option A is −4i−160, the
 expected payoff of option B is −39.5i+10,i∈
[ ]
1,10 . These two expected payoffs are
 equal at i=4.78. The risk neutral individual would prefer option B for i∈[ ]
1,4  and option
 A for i∈[ ]
5,10 . If you switched earlier, then you are risk averse, if you switched later
 than you are risk loving.

b) We do not know whether you personally change your preferences but the alleged
 general stylized fact (brought to the academic attention by the fathers of prospect theory)
 is that subjects suddenly shift from risk love over the domain of losses to the risk


aversion over the domain of gains.


6.  For the solution of this problem see Problem Set # 4, problem # 3. You were asked to
solve the problem by backward induction. The key is to realize, that if each person
can choose the number from [0,36], than  x / 2 = (x1 + x2) / 4  belongs to the interval
[0,16]. Therefore you can show that any choice x(i) > 16 is dominated by x( i) = 16
and all strategies [17, 32] can be eliminated by strict dominance. If both players are



(3)rational and realize this, both of them will choose a number from [0,8]. Therefore,
 one-half of the average of the chosen numbers belongs to the interval [0,4]. Strategies
 [5,8] can be eliminated by strict dominance. In this manner, elimination of strictly
 dominated strategies will lead you to the unique Nash Equilibrium: (0,0) . Each
 player’s equilibrium outcome is (32,32).


7a.  Why it is not an equilibrium for everybody to vote?


There are 51 people, supporting conservatives and 49 people, supporting liberals. If
 everybody votes, conservatives win for sure. The payoffs are (+9) for each conservative
 and (-11) for each liberal. However, if one conservative supporter stays at home, than
 conservatives win and the payoffs are (+9) for those who vote and (+10) for the free-
 rider, who stayed at home. As 10 > 9, the conservative supporter has incentive to deviate
 (to stay at home instead of voting). Therefore, it is not equilibrium for everybody to vote.


7b. Why it is not an equilibrium for nobody to vote?


If nobody votes, everybody has zero payoff. However, if  a single person votes (liberal or
 conservative), than he receives 9 units of utility. As 9 > 0 he has incentive to deviate (to
 vote instead of staying home). Therefore, this situation is not Nash equilibrium.


7c.  First, observe that there is no Nash equilibrium in pure strategies. As was shown
 above, it is not an equilibrium for nobody to vote. When only one person  (say


conservative) votes, his party wins and other party has negative payoff. Therefore, two
 supporters from the other party (say liberal) have incentive to vote, as they can receive
 strictly positive payoffs and conservatives will loose with negative payoff.  But in this
 case other conservatives have incentive to vote and to reverse the result… However, it is
 not equilibrium for everybody to vote (see 7a).


Therefore, no pure strategy equilbrium exist but we know that a mixed strategy


equilbrium exist. This equilibrium requires conservatives to vote with probability .49 and
 it requires liberals to vote with probability to vote with .51.


(If you  would have seen that there had to be a mixed strategy equilibrium and that it
 required liberals to be more likely to vote, then that would have been sufficient as an
 answer.)


7d. The argument is similar to the 7a and 7b. Assume that acquiring information is costly.


If everybody has information, the n markets are efficient (and all relevant information
 would be incorporated into stock prices) and each person has incentive to free-ride on this
 (that is, not to acquire information) and to save costs of acquiring information. If nobody
 has information, than each person can increase his or her payoff by acquiring and using
 information.


7e. Tennis game. In order to be unpredictable tennis player should serve right with
probability (p) and left with probability (1-p)



(4)8.  The problem is similar to Problem set #6, problem # 5. First of all you should realize,
 that problem will stay together on the market as long as both of them will receive the
 positive profit (that is, until t=10). Firm 2 will receive positive monopoly profit untill
 period t=25 and firm 1 will receive positive monopoly profit untill period t=25. So,
 for periods [21,25] strategy “leave” is strictly dominated by strategy “stay” for firm 2
 and it will stay on the market. Strategy “stay” is strictly dominated by “leave” for
 firm 1 and it will not be in the market in periods [21,25]. In period 20 if both firms
 are on the market, both of them have negative profit (-4, -1) respectively. But firm 2
 will have positive cumulative profit (+55) for the periods t = 21… 25. Therefore, firm
 2 stays on the market in the period t=20 as well and firm 1 is not on the market in this
 period. Solving backwards in the similar manner you can find out that  firm 2 stays
 along in the market for periods t = 11 … 25. Therefore, SPNE is:


Firm 1 and Firm 2 stay together for t=1…10
 Firm 1 leaves on t=11, Firm 2 stay  untill t=26.


Problem 9


See solutions to the problem set 7, problem 4.


On the final the problem was a bit easier since the task was to find only pure strategy
 weak perfect Bayesian Nash equilibria – the only pure strategy WPBNE is ((No entry,
 Fight), µ∈ (2/3, 1] ).


Problem 10


Player 1 has two information sets, the choice between B (book) and C (concert) and the
 choice between X (concert preferred by P1) and Y (concert preferred by P2) following
 the choice C. Thus, P1 has 4 pure strategies: BX, BY, CX, and CY. Strategies BX and
 BY yield the same payoff and can be reduced to a single strategy B. Player 2 has one
 information set with two strategies: X and Y. The reduced normal form is the following


X Y


B 2,2 2,2


CX 3,1 0,0


CY 0,0 1,3


Strategy CY is strictly dominated by B for P1. Then Y is weakly dominated by X. After
 eliminating Y, strategy B is strictly dominated by CX. The prediction is (CX, X).


Forward induction leads to the same outcome. If P1 decides to go to a concert then he
 wants to go to his preferred interpret since it is the only situation he is better off than
 staying at home and reading the book. P2, considering this, should choose X, which
 makes him better off than going to Y alone.


The speech of P1 could be: “I have chosen C, but notice that the only strategy that makes
 me better by going to a concert than reading the book is to go to my preferred concert.


Consider this when you choose your strategy.”


Problem 11


Let (αL, αM, αR), αL,αM,αR∈[0,1],  αL+αM+αR=1, be P1’s mixed strategy. Let µ∈[0,1]


be P2’s beliefs assigned to P1 playing M and p∈[0,1]  be the probability of P2 playing l.



(5)The consistency requirement implies that if αM+αR> 0 then µ=αM/(αM+αR). In addition,
 we can see that strategy R is strictly dominated by L, so P1 never plays R in an


equilibrium (αR=0). αM>0 implies µ=1 and µ<1 can be consistent only if αL=1.


P2’s expected payoff µ if he plays l and 3-3µ if he plays r. Thus P2 prefers l if
 µ>3/4, prefers r if µ<3/4 and is indifferent between the two strategies if µ=3/4.


Let µ>3/4. Then p=1, so that P1 plays M, which implies µ=1. So, we have the first
 candidate ((M,l), µ>3/4).


Let µ<3/4. Then p=0, so P1 plays L. So, we have another candidate ((L,r), µ∈[0,3/4]).


Let µ=3/4. The consistency requirement demands that P1 plays L (otherwise µ=1). This
 is possible only only if p ≤ 2/3. So, the last candidate is  ((L,(l,r)), µ=3/4, p∈[0,2/3]).


It is possible to show that the three candidates are sequential equilibria. The sequences of
 completely mixed strategies of P1 consistent with beliefs of P2 can be (1/n,1-2/n,1/n) for
 the first candidate, (1-1/n-1/n2, 1/n2,1/n) for the second one with µ=0, and (1-1/n,µ/n,(1-
 µ)/n) for the second one with µ>0 and the third one.


Problem 12


See notes from lecture 17 (week of July 7, 2003).


Problem 13


See notes from lecture 13 (week of June 23, 2003) to state the folk theorem and its
 implications. The main idea is that there are multiple equilibria in indefinitely repeated
 games. Experimental economists should keep in mind that the (likely) equilibria in
 indefinitely repeated games differ from those for the corresponding one-shot


(stage )games. As for part (b) any outcome at least as good as the minimax point, which is
m+=(0,0), can be supported as an equilibrium.
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