
Issues on the Border of Economics and Computation

Problem set 3

Instructors: Liad Blumrosen and Michael Schapira

Submission date: Thursday, February 21th, 18:30. You can submit until February
27st at 18:30 with a penalty of 5/100.

Guidelines:

• Please provide formal proofs to all questions (unless mentioned otherwise). You can
use and cite any result presented in class.

• You can discuss the questions with your fellow students, but each student/pair
should write and finalize the solution individually.

Good luck!

Question 1. (25 points.) Consider the family of maximal-in-range mechanisms presented
in class.

1. In class, we discussed a mechanism for single-minded bidders that achieves a
√
m-

approximation to the welfare-maximizing mechanism. Prove that this mechanism is
not maximal-in-range.

2. Find a maximal-in-range mechanism for combinatorial auctions with single-minded
bidders that achieves an n-approximation to the welfare-maximizing mechanism. (n
is the number of bidders).

Question 2. (20 points.) In class, we discussed bidders with unit-demand valuations and
substitutes valuations. Prove that a unit-demand valuation is a substitutes valuation.

Question 3. (25 points.) Consider a graph with two parallel, disjoint paths from a node s
to node t. Each edge is owned by a strategic player i that has some privately known cost ci
for maintaining the edge. The utility of such player is p − ci, where p is the payment paid
to him.

A buyer wants to buy a path from s to t, and decides to run the VCG mechanism.

1



1. Given a particular graph, what would be an efficient allocation in this model?

2. Describe such a graph with n nodes and the associated costs for the players, such that
when the buyer runs the VCG auction he needs to pay the players a total payment of
at least Ω(n) times the cost of every (s-t)-path in the graph (the cost of a path is the
sum of the costs on its edges).

Question 4. (30 points.) Consider a single-item auction among n bidders. Each bidder
has a value for the item which is an integer between 0 and 2k − 1, represented by exactly k
bits of information. Let X be the communication complexity of finding the efficient outcome
(i.e., which bidder has the highest value). (In other words, the most communicationally-
efficient protocol computes the efficient outcome when the players communicate X bits in
the worst case. See instruction for further reading below.)

1. (Hardness of finding the efficient outcome.) Prove that X ≥ k.(Hint: for 2 players,
you can use the fooling set of all pairs (v1, v2) such that v1 = v2. You can also prove
it in any other way.)

2. (Computing the 2nd-price auction outcome.) Prove that the communication complex-
ity of finding both the bidder with the highest value and her payment (the second-highest
value) is at most 3X. (Hint: you can use the communicationally-efficient protocol as
a black-box.)

For further reading on communication complexity, you are referred to the book by Nisan
and Kushilevitz (”Communication Complexity”, Cambridge University Press). Another
good resource is the following book chapter by Barak and Arora:
http://www.cs.princeton.edu/theory/complexity/communicatechap.pdf.
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