
EconS 503 - Microeconomic Theory II
Homework #1 - Answer key

1. [Equilibrium predictions from IDSDS vs. IDWDS] While the order of deletion
of dominated strategies does not a¤ect the equilibrium outcome when applying IDSDS,
it can a¤ect the set of equilibrium outcomes when we delete weakly (rather than
strictly) dominated strategies. Use the payo¤ matrix below to show that the order
in which weakly dominated strategies are eliminated can a¤ect equilibrium outcomes.

Player 2

Player 1

L M R
U 2; 1 1; 1 0; 0
C 1; 2 3; 1 2; 1
D 2;�2 1;�1 �1;�1

� First Route: Taking the above payo¤matrix, �rst note that, for player 1, strategy
U weakly dominates D, since U yields a weakly larger payo¤ than D for any
strategy (column) selected by player 2, that is

u1(U; s2) � u1(D; s2) for all s2 2 fL;M;Rg:

In particular, U provides player 1 with the same payo¤ as D when player 2 selects
L (a payo¤ of 2 for both U and D) and M (a payo¤ of 1 for both U and D), but
a strictly higher payo¤ when player 2 chooses R (in the right-hand column) since
0 > �1. Once we have deleted D because of being weakly dominated, we obtain
the reduced-form matrix depicted below.

Player 2

Player 1

L M R
U 2; 1 1; 1 0; 0
C 1; 2 3; 1 2; 1

We can now turn to player 2, and detect that strategy L strictly dominates R,
since it yields a strictly larger payo¤ than R, regardless of the strategy selected
by player 1 (both when he chooses U in the top row, i.e., 1 > 0 and when he
chooses C in the bottom row, i.e., 2 > 1), or more compactly

u2(s1; L) � u2(s2; R) for all s1 2 fU;Cg:

Since R is strictly dominated for player 2, it is also weakly dominated. After
deleting the column corresponding to the weakly dominated strategy R, we obtain
the matrix below.

Player 2

Player 1

L M
U 2; 1 1; 1
C 1; 2 3; 1
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At this point, notice that we are not done examining player 2, since you can easily
detect that M is weakly dominated by strategy L. Indeed, when player 1 selects
U (in the top row of the above matrix), player 2 obtains the same payo¤ from
L and M , but when player 1 chooses C (in the bottom row), player 2 is better
o¤ selecting L, which yields a payo¤ of 2, rather than M , which only produces a
payo¤ of 1, i.e., u2(s1;M) � u2(s1; L) for all s1 2 fU;Cg. Hence, we can delete
M because of being weakly dominated for player 1, leaving us with the (further
reduced) payo¤ matrix below.

Player 2

Player 1

L
U 2; 1
C 1; 2

Now we can turn to player 1, and identify that U strictly dominates C (and thus
it also weakly dominates C), since the payo¤s that player 1 obtains from U , 2, is
strictly larger than that from C, 1. Therefore, after deleting C, we are left with a
single strategy pro�le, (U;L), as depicted in the matrix below. Hence, using this
particular order in our iterative deletion of weakly dominated strategies (IDWDS)
we obtain the unique equilibrium prediction (U;L).

Player 2

Player 1
L

U 2; 1

� Second Route: Let us now consider the same initial 3 � 3 matrix, which we
reproduce below, and check if the application of IDWDS, but using a di¤erent
deletion order (i.e., di¤erent �route�), can lead to a di¤erent equilibrium result
than that found above. i.e., (U;L).

Player 2

Player 1

L M R
U 2; 1 1; 1 0; 0
C 1; 2 3; 1 2; 1
D 2;�2 1;�1 �1;�1

Unlike in our �rst route, let us now start identifying weakly dominated strategies
for player 2. In particular, note thatR is weakly dominated byM , since the former
yields a weakly lower payo¤than the latter (i.e., it provides a strictly higher payo¤
when player 1 chooses U in the top row, but the same payo¤ otherwise). That is,

u2(s1;M) � u2(s1; R) for all s1 2 fU;C;Dg:

Once we have deleted R as being weakly dominated for player 2, the remaining
matrix becomes that depicted below.

Player 2

Player 1

L M
U 2; 1 1; 1
C 1; 2 3; 1
D 2;�2 1;�1
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Turning to player 1, note that we can no longer �nd weakly dominated strategies:
U and D provide the same payo¤ under a given strategy of player 2, and such
payo¤ is higher than that of C when player 2 selects L but lower when player 2
chooses M .

� Therefore, there are no more weakly dominated strategies for either player, and the
equilibrium prediction after using IDWDS is the six remaining strategy pro�les:
(U;L),(U;M),(C;L), (C;M), (D;L) and (D;M). This equilibrium prediction
is, of course, di¤erent (and signi�cantly less precise) than what found when we
started the application of IDWDS from player 1. Hence, equilibrium outcomes
that arise from applying IDWDS are sensitive to the deletion order

2. [Dominated strategies in a bargaining game] Consider a sequential-move bar-
gaining game between Player 1 (proposer) and Player 2 (responder). Player 1 makes a
take-it-or-leave-it o¤er to Player 2, specifying an amount s = f0; 1

2
v; vg out of an initial

surplus v, i.e., no share of the pie, half of the pie, or all of the pie. If Player 2 accepts
such a distribution Player 2 receives the o¤er s, while Player 1 keeps the remaining
surplus v � s. If Player 2 rejects, both players get a zero payo¤.

(a) Describe the strategy space for every player.

� Strategy set for player 1 is

S1 = f0;
1

2
v; vg

while the strategy set for player 2 is

S2 = fAAA;AAR;ARR;RRR;RRA;RAA;ARA;RARg

For every triplet, the �rst component speci�es player 2�s response upon ob-
serving that Player 1 makes an o¤er s = v; the second component is his
response to an o¤er s = 1

2
v; and the third component describes player 2�s

response to an o¤er s = 0.

(b) Provide the normal-form representation of this bargaining game.

� Using the three strategies for Player 1 and the eight available strategies for
Player 2, the 3 � 8 matrix below represents the normal-form representation
of this game

Player 2

Player 1

AAA AAR ARA ARR RAA RAR RRA RRR
s = v 0; v 0; v 0; v 0; v 0; 0 0; 0 0; 0 0; 0
s = 1

2
v 1

2
v; 1

2
v 1

2
v; 1

2
v 0; 0 0; 0 1

2
v; 1

2
v 1

2
v; 1

2
v 0; 0 0; 0

s = 0 v; 0 0; 0 v; 0 0; 0 v; 0 0; 0 v; 0 0; 0

(c) Does any player have strictly dominated pure strategies?

� No player has any strictly dominated pure strategy:
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� Player 1. For player 1, we �nd that s = 1
2
v yields a weakly (not strictly)

higher payo¤ than s = v, that is u1(s = 1
2
v; s2) � u1(s = v; s2) for all

strategies of player 2, s2 2 S2 (i.e., some columns in the above matrix), which
is satis�ed with strict equality for some strategies of player 2, such as ARR,
RRR or RRA.

� Similarly, s = 0 yields a weakly (but not strictly) higher payo¤ than s = v.
That is, u1(s = 0; s2) � u1(s = v; s2) for all s2 2 S2, with strict equality for
some s2 2 S2, such as ARR and RRR.

� Finally, s = 1
2
v yields a higher payo¤ than s = 0 against some strategies of

player 2, such as AAR, but a lower payo¤ against other strategies, such as
AAA and RAR. Hence, there is no weakly dominated strategy for Player 1.

� Player 2. Similarly, for Player 2, u2(s2; s1) � u2(s02; s1) for any two strategies
of Player 2 s2 6= s02 and for all s1 2 S1 with strict equality for some s1 2 S1.

(d) Does any player have strictly dominated mixed strategies?

� Once we have shown that there is no strictly dominated pure strategy, we
focus on the existence of strictly dominated mixed strategies. We know that
player 1 is never going to mix assigning a strictly positive probability to his
pure strategy s = v (i.e., o¤ering the whole pie to Player 2) given that it
will reduce for sure his expected payo¤, for any strategy with which player 2
responds. Indeed, since such strategy yields a strictly lower (or equal) payo¤
than other of his available strategies, such as s = 0 or s = v=2.

� If Player 1 mixes between s = 0 and s = v=2, we can see that he is going to
obtain a mixed strategy �1 that yields an expected utility, u1(�1; s1), which
exceeds his utility from selecting the pure strategy s = v. That is,

u1(�1; s1) � u1(s = v; s2) for all s2 2 S2

with strict equality for s2 = ARR and s2 = RRR, but strict inequality
(yielding a strictly higher expected payo¤) for all other strategies of player
2. We can visually check this result in the above normal-form representation
by noticing that s = v, in the top row, yields a zero payo¤ for any strategy
of player 2. However, a linear combination of strategies s = v=2 and s = 0,
in the middle and bottom rows, yields a positive expected payo¤ for columns
AAA, AAR, RRA, RAA, ARA and RAR; since all of them contain at least
one positive payo¤ for player 1 in the middle or bottom row. However, in
the remaining columns (ARR and RRR), player 1�s payo¤ is zero both in
the middle and bottom row; thus implying that his expected payo¤, zero,
coincides with his payo¤ from playing the pure strategy s = v in the top
row. A similar argument applies to Player 2. Therefore, there is no strictly
dominated mixed strategy.

3. [A unique strategy pro�le surviving IDSDS must also be a NE] Consider a
n-player game of complete information in which we �nd that there is only one strat-
egy pro�le s� = (s�1; s

�
2; � � � ; s�n) surviving the iterative delection of strictly dominated

strategies (IDSDS). Show that such strategy pro�le must also be the unique Nash
equilibrium of the game.
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� If strategy s�i survives IDSDS for player i, it means that such strategy performs
better than some other strategy si 6= s�i against the surviving strategies of his
opponents, s�i, that is

ui(s
�
i ; s�i) > ui(si; s�i)

In particular, the above inequality holds when the surviving strategy of player i�s
opponents is s��i, that is

ui(s
�
i ; s

�
�i) > ui(si; s

�
�i)

Hence, s�i is a best response to s
�
�i. Since this argument applies to every player i,

strategy pro�le s� is a Nash equilibrium of the game.

4. Exercises from Tadelis:

(a) Chapter 4: Exercises 4.3, and 4.7.

(b) Chapter 5: Exercises 5.1, and 5.9.

� See answer key in the following pages.
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