
Problem Set 3

Economic and Social Networks

Problem sets in this course are not graded.

1) Centrality

Write a code to compute the Bonacich centrality of the network on slide 3 of Lecture 2,
using degree as the vector of basic centralities b̃. Plot the relative centrality of the nodes
with degrees 7 (green on the left) and 2 (yellow in the center) and of the two yellow nodes
with degrees 2, as a function of α. Write code to compute the eigenvector centralities
of the network, and compare the relative eigenvector centralities of these nodes to their
relative Bonacich centralities.

2) Trade expansion and contract enforcement

Verify the proof of Proposition 1 in Dixit (2003) which we covered in Lecture 5. Then
read and think through the intuition for Proposition 3.

3) Supply chains model

Verify the steps in the proof of Theorem 2 of Acemoglu et al (2012) we covered in Lecture
6. Then prove Theorem 3.

4) Misallocation in supply chains

In this problem our goal is to explore the impact of input misallocation in the Acemoglu
et al (2012) model of supply chains. The representative consumer’s preferences are

u(c1, ..., cn) = A
∏n

i=1
c
1/n
i .

The output of sector i is

xi = zαi l
α
i

∏n

j=1
x
(1−α)wij

ij

where
∑

j wij = 1. For simplicity assume wij > 0 for all i, j. Our interest here is not
on the effect of changes in zi, but on the effect of industries choosing xij inefficiently.
Specifically, suppose that firms behave as if their production function weights on inputs
are not wij but γij, where

∑
j γij = 1. Define the “KL-distance” between the true and

perceived input weight vectors of industry i to be

δi =
∑
j

wij log
wij
γij

.
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It is easy to see that δi = 0 if wij = γij (j = 1, ..., n) and is positive otherwise. Think
about δi as a measure of “how wrong” are the beliefs of firms in industry i about their
optimal input mix.

As in the original paper, the influence vector

v =
α

n
[I − (1 − α)W ′]

−1
1

will play a key role in the analysis.

(a) Explain the intuitive meaning of the influence vector using path counts.

(b) Show that (I − (1 − α)W )1 = α1 and use it to prove that v′1 = 1, that is, the
coordinates of the influence vector sum to one.

(c) Denoting the wage by h, show that firms set

li = αpixi/h and xij = (1 − α)γijpixi/pj.

Substitute into the production function and take logs to obtain

log pi = ki + α log h+ (1 − α)
∑

j
wij log pj + (1 − α)δi

where ki is a constant which does not depend on the (endogenous) prices or on γij, but
may depend on wij. Note, the key novelty in the formula is the KL distance δi.

(d) Rewrite the previous equation in matrix form and pre-multiply with v′ to obtain

(α/n)1′ log p = k̃ + α log h+ (1 − α)v′δ

where log p and δ are column vectors of log pi and δi and k̃ is some constant.

(e) Argue that h is nominal GDP and that setting 1′ log p/n = 0 is a natural normal-
ization for the price index. Express real GDP. What happens to GDP when δi goes up
in a sector? In which sectors does misallocation of inputs have a larger effect on GDP?
Why?

(f) Suppose that the production structure is symmetric, so that vi = 1/n for all i.
Compare the effect of supply chain misallocation in economies with low α and with high
α. When is it larger? Is the effect of α linear? What is the intuition?
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