Economics and Computation (Spring 2025)
Assignment #1

Due: 2/12/2025 11:59pm ET

Problem 1: Nash equilibrium

Recall the ice cream wars setting from Lecture 1. Suppose that there are n ice cream sellers on
a beach which can be modeled as the interval [0, 1] and that each ice cream seller chooses a real
number within that interval where they will set up their cart to sell ice cream. The ice cream being
sold from all carts is identical, that is, customers are indifferent about which cart’s ice cream they
buy and will always buy from the seller closest to them. Customers are uniformly distributed along
the beach (assume distance only matters to customers in the horizontal direction along the beach’s
length, the width of the beach is negligible). We saw that when n = 2, there is a Nash equilibrium
in pure strategies where both sellers are located at 1/2.

1. [10 points| Prove that when n = 3, a Nash equilibrium in pure strategies does not exist.

2. [15 points] Prove that when n is even, a Nash equilibrium in pure strategies exists.

Problem 2: Equilibrium computation

In a normal-form game, we say that strategy s; is strictly dominated for player ¢ if there exists a
mixed strategy x; of player ¢ such that u;(x;,s_;) > w;(s) for all pure strategy profiles s_; of the
other players.

For example, in the following game, M is dominated by (0.5,0,0.5):

U (210) ('110)
M | (0,0) | (0,0)
D [ (-1,0) | (2,0)

A process of iterated elimination of strictly dominated strategies starts by identifying a strictly
dominated strategy, if one exists. That strategy is then removed from the strategy set of the
relevant player, and the process is repeated for the smaller game. The process terminates when
strictly dominated strategies no longer exist.

1. [25 points| Prove that if x is a mixed strategy Nash equilibrium, and z;(s;) > 0, then s;
cannot be eliminated in a process of iterated elimination of strictly dominated strategies.

Guidance: Use induction on the order of elimination. If s; was eliminated, it is strictly
dominated by a mixed strategy x}; in z;, transfer the probability weight of s; to 2], thus



obtaining a strictly better mixed strategy that violates the assumption that x is a Nash
equilibrium.

2. [10 points] For the case of two players, design an algorithm that performs iterated elimination
of strictly dominated strategies in time that is polynomial in the size of the strategy set.

Hint: Use linear programming. You may assume that LPs can be solved in polynomial time
and, although this is a bit messy, you may include strict inequalities in your LP.

Taken together, these two facts suggest that iterated elimination of dominated strategies can be a
useful preprocessing step when attempting to compute a mixed Nash equilibrium.

Problem 3: Extensive-Form Games

1. [10 points| Consider a 2-player game in normal form. Let (x1,x2) be a (possibly mixed)
Nash equilibrium. Show that if (27, s2) is a strong Stackelberg equilibrium (where player 1 is
the leader) then wuj(x7, s2) > ui(z1,x2).

2. [10 points] Prove that in the game of chess, precisely one of the following holds: white
has a strategy that guarantees a win no matter how black plays, black has a strategy that
guarantees a win no matter how white plays, or each player has a strategy that guarantees a
tie no matter how the other plays.

Hint: Backward induction.

Problem 4: Formulate a Research Question

[20 points] Formulate a research question that is relevant to one of the topics covered in this as-
signment: game theory, equilibrium computation, and the price of anarchy. Refer to this document
for guidelines.

During the process of formulating your question, keep track of your findings in a “research journal.”
At a minimum, it should include brainstorming ideas for questions and notes on relevant papers
that you have identified.

Please submit the following deliverables:
1. Your research question.
2. A brief explanation of why it satisfies each of the following criteria:
(a) Relevant: Which course topics is the question related to?

(b) Nontrivial: What is an immediate way of attempting to answer the question and why
does it fail?

Note: This item is optional in Assignment #1.
(c) Feasible: How would you tackle the question if you had the entire semester?
Note: This item is optional in Assignment #1.

(d) Novel: List the 1-3 most closely related papers that you have identified in your literature
review and explain how your question differs.


https://procaccia.info/courses/CS1360-S25/question.pdf

3. Append your research journal to the PDF that contains your solutions. The research journal
will not be graded; it is there to show your work.



