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Problem 1 (12 points)

Consider the following two-person game with mixed strategies. Calculate both reaction func-
tions and illustrate them graphically. Determine all equilibria in pure and properly mixed
strategies.

player 2

l r

player 1
o (3, 3) (4, 5)

u (0, 2) (4, 1)

Solution

Let σ1 denote the probability of player 1 to play o and let σ2 denote the probility of player 2
to play l. Player 1 prefers o over u if

3σ2 + 4(1− σ2) ≥ 4(1− σ2)

σ2 ≥ 0

holds. We get

σR1 (σ2) =

{
[0, 1] , σ2 = 0

1, σ2 > 0.

Player 2 prefers l over r if

3σ1 + 2(1− σ1) ≥ 5σ1 + (1− σ1)

1

3
≥ σ1

holds. We get

σR2 (σ1) =


0, σ1 >

1
3

[0, 1] , σ1 = 1
3

1, σ1 <
1
3 .

Hence, there are in�nitely many equilibria in mixed strategies given by σ1 ∈
[

1
3 , 1
]
and σ2 = 0.

Especially, the equilibrium given by σ1 = 1 and σ2 = 0 is the only equilibrium in pure
strategies. A graphical illustration is given below.
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σ2

σ1

1

1

1
3

σR1 (σ2)

σR2 (σ1)
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Problem 2 (13 points)

Consider the utility funciton
U(x1, x2) = x2

1x2.

Determine (i) the indirect utility function, (ii) the expenditure function, and (iii) the Hicksian
demand function for both goods!

Solution

Marginal utility ∂U
∂xi
≥ 0, (i = 1, 2) is non-negative. Preferences are thus monotonic. The

marginal rate of subsitution

MRS =
∂U
∂x1

∂U
∂x2

=
2x2

x1

is decreasing in x1. Preferences are thus convex. Applying

MRS =
2x2

x1

!
=
p1

p2
= MOC

leads to
x2 =

p1

2p2
x1.

Inserting the latter into the budget constraint

m = p1x1 + p2x2 = p1x1 + p2
p1

2p2
x1 =

3

2
p1x1

leads to

x∗1(p,m) =
2m

3p1

x∗2(p,m) =
p1

2p2
x∗1(p,m) =

m

3p2
.

The indirect utility function reads

V (p,m) = U(x∗1(p,m), x∗2(p,m)) =

(
2m

3p1

)2 m

3p2
=

4

27

m3

p2
1p2

.

By duality,

Ū = V (p,E(p, Ū)) =
4

27

E(p, Ū)3

p2
1p2

holds. This leads to the expenditure function

E(p, Ū) = 3
3

√
Ūp2

1p2

4
.

By duality, χi(p, Ū) = x∗i (p,E(p, Ū)) holds. This leads to the Hicksian demand functions

χ1(p, Ū) =
2E(p, Ū)

3p1
=

3

√
2Ūp2

p1

χ2(p, Ū) =
E(p, Ū)

3p2
= 3

√
Ūp2

1

4p2
2

.
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Problem 3 (7 points)

An agent maximizes his expected utility. Let u(0) = 0 and u(20) = 1. Assume that the agent
is indi�erent between L1 = [10; 1] and L2 = [20, 0; 0.3, 0.7].

a) Determine u(10).

b) Is this agent risk-averse?

Solution

a) First, we have
Eu(L1) = u(10).

Second, for L2

Eu(L2) = 0.3 · u(20) + 0.7 · u(0) = 0.3

holds. Finally, L1 ∼ L2 implies Eu(L1) = Eu(L2). This yields

u (10) = 0.3.

b) Risk aversion implies Eu(L) ≤ u(E(L)) for all lotteries L. For L2 we have Eu(L2) = u(10)
and

E(L2) = 0.3 · 20 = 6.

Assuming, as usual, monotonicity of the vNM function, we obtain

Eu(L2) = u(10) > u(6) = u(E(L2)).

Hence, the agent is not risk averse.
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Problem 4 (8 points)

For the following decision situation,

w1 w2

s1 4 4
s2 1 8
s3 5 1

answer the following four questions: Are strategies s1 and s2 rationalizable with respect to W
and/or with respect to Ω?

Solution

We have s2 ∈ sR,W (w2) = {s2} because 8 > 1 and 8 > 4. Consequently, s2 is rationalizable
w.r.t. W . Due to s2 ∈ sR,W (w2), s2 is rationalizable w.r.t. Ω: s2 ∈ sR,Ω(0, 1) = {s2}.
From

• s1 /∈ sR,W (w1) = {s3} because 5 > 4 and 5 > 1

• s1 /∈ sR,W (w2) = {s2} because 8 > 4 and 8 > 1

we can infer that s1 is not rationalizable w.r.t. W .
Finally, s1 is rationializable w.r.t. Ω because s1 ∈ sR,Ω(2

3 ,
1
3) = {s1} due to 4 > 2

3 + 1
3 · 8 = 10

3
and 4 > 2

3 · 5 + 1
3 = 11

3 .
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Problem 5 (8 points)

Consider the production function f(K,L) = 2
√
K +

√
L and factor prices wK and wL. The

output price is given by p.

a) Determine the production elasticity of factor K!

b) Determine the demand function for the production factor L!

Solution

a) The the production elasticity of factor K is given by

εf,K =
∂f

∂K

K

f(K,L)
=

1√
K

K

2
√
K +

√
L

=

√
K

2
√
K +

√
L
.

b) Pro�t is given by
Π(K,L) = pf(K,L)− wKK − wLL

whose �rst order maximization constraint w.r.t. L

p
∂f

∂L
− wL

!
= 0

p

2
√
L

!
= wL

yields the demand function for the production factor L

L(wL) =
p2

4w2
L

.
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Problem 6 (8 points)

Consider the following decision problem with moves by nature!

a

b

4

1v

0v

0

8

2v

6
3v

0

a

b
5

2

a

b

a

b

2

1

2

1

a) Does this decision situation exhibit imperfect recall?

b) How many pure strategies do you �nd? Give two examples and state their payo�s!

Solution

a) The nodes v0 and v1 lie in the same information set

I(v0) = I(v1) = {v0, v1, v2, v3}

but the experience is di�erent:

X(v0) = (I(v0)) 6= (I(v0), a, I(v0)) = (I(v0), a, I(v1)) = X(v1).

Thus, the decison situation exhibits imperfect recall.

b) There are two pure strategies, a and b. Their payo�s are

u(bac) = 2

u(bbc) =
1

2
· 4 +

1

2
· 6 = 5.
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Problem 7 (4 points)

Arina's indirect utility function is given by

V (p,m) =
3m

p1 + p2 + 3p3
.

How much is Arina willing to pay in order to avoid a price increase from p1 = 2 to p′1 = 4 if
she currently faces p = (2, 4, 4) and m = 120?

Solution

If the price increase occurs, Arina's utility is given by

V (p′,m) =
3 · 120

4 + 4 + 3 · 4
= 18.

She is willing to pay EV to avoid the price increase if

V (p,m− EV ) =
3 · 120− 3 · EV

2 + 4 + 3 · 4
≥ 18 = V (p′,m)

holds. This leads to EV ≤ 12. Thus, Arina is willing to pay 12.
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