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ECO 199 – GAMES OF STRATEGY
Spring Term 2004

PROBLEM SET 1 – ANSWER KEY

The distribution of grades was as follows.

Range Numbers

100- 12

90-99 24

80-89 8

70-79 5

0-69 3

An excellent start. But there were some common errors, pointed out below. Also, let me caution you that experience
indicates that exam scores are much lower than problem set scores.

Question 1: (15 points, 1 deducted for each of first 5 errors, 2 for each error > 5)

Tribe
Number of 

flags before move

Number of
flags the tribe
actually took

Number of flags
the tribe should

have taken

    Sook Jai 21 2 1

    Chuay Gahn 19 2 3

    Sook Jai 17 2 1

    Chuay Gahn 15 1 3

    Sook Jai 14 1 2

    Chuay Gahn 13 1 1

    Sook Jai 12 1 all moves bad

    Chuay Gahn 11 2 3

    Sook Jai 9 3 1

    Chuay Gahn 6 2 2

    Sook Jai 4 3 all moves bad

    Chuay Gahn 1 1 1

A few students lost points for the cells “all moves bad”, but some others gave a nice discussion of what to do in that
situation (take only one flag in order to increase the probability of mistake of the other team).
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Question 2

COMMON ERRORS: [1] Most of the mistakes come from a misunderstanding of the concept of strategy as
complete contingent plan. For example, a few students thought there were only 4 strategies instead of 8 because they
ignored the node that would not be reached after the 1st move (-2 per mistake, -6 total). [2] Some students completely
ignored Exercise 2 and did not describe the set of strategies (-15). [3] For some, there seems to be a confusion
between the set of ALL pure strategies and the ONE strategy played in equilibrium. There was also some confusion
between equilibrium strategies and equilibrium path (even for people who have correctly characterized the set of all
pure strategies) (-3). If you made any of these mistakes, please review carefully the discussion in the textbook on
page 49, the last paragraph of section D. Strategies, and page 60, the “To sum up” itemized list at the top.
 
Exercise 3.2:    For this question, remember that actions with the same label, if taken at different nodes, are different
components of a strategy.   To clarify matters in the answers, the nodes on the trees in parts (b) and (c) are labeled 1,
2, etc. (in addition to showing the name of the player acting there), and actions are designated as N1 (meaning N at
node 1), etc. The trees are below in the solutions to Exercise 3. Numbering of nodes begins at the far left and
proceeds to the right with nodes equidistant to the right of the initial node numbered from top to bottom.

(a) (2 points) Player A has 2 strategies: (1) N, or (2) S. Player B has 2 strategies: (1) t if N, or (2) b if N.

(b) (2 points) Each of players B and C get to move at only one node and have 2 choices available at each, so each has
two strategies. Player B has 2 strategies: (1) t if N, or (2) b if N. Player C has 2 strategies: (1) u if S, and (2) d if S.

      (5 points) Player A gets to move at three nodes, and has 2 choices at each. Therefore there are 2 * 2 * 2 = 8
combinations and thus 8 strategies: (1) N, then N if b, N if d, (2) N, then N if b, S if d, (3) N, then S if b, N if d, (4)
N, then S if b, S if d, (5) S, then N if b, N if d, (6) S, then N if b, S if d, (7) S, then S if b, N if d, (8) S, then S if b, S
if d. By labeling nodes, these can be stated more simply as (1) (N1,N4,N5), (2) (N1,N4,S5), ...  Player B has 2
strategies: (1) t if N, or (2) b if N. Player C has 2 strategies: (1) u if S, and (2) d if S.

(c) (6 points) Each player is designated by the rules of the game to move at three nodes, and at each of these there are
2 choices, so each has 2 times 2 times 2 = 8 available strategies. The lists are: For Player A, (1) N1,N3,N5, (2)
N1,N3,S5, (3) N1,S3,N5, (4) N1,S3,S5, (5) S1,N3,N5, (6) S1,N3,S5, (7) S1,S3,N5, (8) S1,S3,S5. For Player B, (1)
n2,n4,n6, (2) n2,n4,s6, (3) n2,s4,n6, (4) n2,s4,s6, (5) s2,n4,n6, (6) s2,n4,n6, (7) s2,s4,n6, (8) s2,s4,s6.

Exercise 3.3:  

(a) (3 points) A’s equilibrium strategy is “S”; B’s equilibrium strategy is “t if N.” Equilibrium payoffs are (1,0).  

(b) (6 points) A’s equilibrium strategy is (N1,N4,N5), or “Always N.”  B’s equilibrium strategy is “b if N” (or just
“b”).  C’s equilibrium strategy is “d if S” (or just “d”). Equilibrium payoffs are (2, 3, 2).  
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(c) (6 points) A’s equilibrium strategy is (S1,S3,N5) or “S at the initial node, then S if B chooses n and then N if B
chooses n again.”  B’s equilibrium strategy is (n2,n4,s6) or “n if A plays S and then n if A plays S again and then s if
A plays S again.” (Now the advantage of labeling nodes becomes apparent.) Equilibrium payoffs are (4,5).

Question 3:

COMMON ERRORS: Very few. One was failing to recognize that "No" was also an equilibrium, or even failing to
include this strategy in the tree (-2). 

Some students who recognized that there are two NE but that with a strictly positive probability that the
president makes a mistake, the only NE is "A". They got an extra bonus point.

(a) ( 10 points) The tree is shown below; the chosen branches are shown thicker. Rollback equilibrium entails
Congress passing a bill containing both proposals A and B and the President signing the bill.  Payoffs are (3, 3).
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(b) (10 points)  The tree is shown below; the chosen branches (both in case of tie) are shown thicker. In this case,
Congress will either pass a bill containing only proposal A and the President will veto it, or Congress will pass
nothing. In either case, neither proposal becomes law and the payoffs are (2, 2). 

(c) (5 points) The President’s payoff is worse when he has the line-item veto (LIV) than when he does not. This
outcome arises because Congress knows that without the LIV, they can get their preferred proposal to become law by
passing it in the same bill with the President’s preferred proposal. Thus, both proposals become law in equilibrium
with no LIV.  However, when the President has the LIV, he can always guarantee that Congress’s preferred proposal
does not become law.  In this case, Congress has no incentive to pass a proposal containing B in order to get A
passed also so they pass either A or nothing and the final equilibrium is the status quo. 

A general lesson in game theory - your having more freedom of action may not always be a good thing,
because that may lead the other players to take actions that lower your payoff. We will see other examples of this
when we study strategic moves.

Question 4: 3 points for each 2-by-2 game, 4 points for each 3-by-3 game, 6 points for the 4-by-3.

COMMON ERRORS: [1] Direct elimination of weakly dominated strategies in 4.2 (c) and 4.3 (b), leading to missing
some Nash equilibria.  (-1 per mistake). [2] Some students did not give any explanations in 4.2 (-4) (graphical and
clear explanations got full credit). [3] Two students had not understood how the matrix of pay-offs works in a
zero-sum game. 

One student gave a nice discussion of the risk involved in playing the NE in weakly dominated strategies in
4.3 (b), and got an extra bonus point. 

Exercise 4.2:

(a) (4 points) Row has no dominant strategy but Left is dominant for Column (who prefers small numbers, this being
a zero-sum game). After eliminating Right for Column, Row will play Down. Equilibrium: (Down, Left). Minimax
shows row minima of 1 and 2 with 2 the largest; column maxima of 2 and 4 with 2 the smallest. Cell with 2 is the
Nash equilibrium: (Down, Left).
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(b) Down is dominant for Row; after eliminating Up, Column plays Right. Equilibrium: (Down, Right). Minimax
shows row minima of 1 and 3 with 3 the largest; column maxima of 4 and 3 with 3 the smallest. Cell with 3 is the
Nash equilibrium: (Down, Right).

(c) Row’s Down is dominated by both Up and Straight; Right is a weakly dominant strategy for Column. Column
will choose Right; then Row can play either Up or Straight to achieve payoff of 1. There are two Nash equilibria
here: (Up, Right) and (Straight, Right).  See this with minimax also where smallest column maximum is 1 and largest
row minimum is 1, but 1 appears twice. Both cells are Nash equilibria: (Up, Right) and (Straight, Right).

(d) Column’s Right is (strictly) dominant. When Column plays Right, Row chooses Straight. Equilibrium: (Straight,
Right). Minimax shows row minima of 2, 3, and 1 with 3 the largest; column maxima of 6, 6, and 3, with 3 the
smallest. Cell with 3 is Nash equilibrium: (Straight, Right).

Exercise 4.3:  (a) Down is dominant for Row and Left is dominant for Column. Equilibrium: (Down, Left) with
payoffs of (6, 5).

(b) Down and Right are weakly dominant for Row and Column, respectively, leading to a Nash equilibrium at
(Down, Right). Cell-by-cell-inspection also shows another Nash equilibrium at (Up, Left), with payoffs (1,1).

(c) Down is dominant for Row; Column will then play Middle. Equilibrium is (Down, Middle), with payoffs (10,10).

(d) There are no dominant or dominated strategies. Use best response analysis to find an equilibrium at (North, East)
with payoffs of (10, 6). (These are the best outcomes for the both players, but despite this fact the equilibrium is not
in dominant strategies; another interesting point  to note.)


