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Information and Contacts

I I am in office D.101 (Building D). You can always write me an
e-mail and schedule an appointment.

I My e-mail address is
ugo.bolletta@universite-paris-saclay.fr

I I will update regularly my personal web page. You can find
the link to my page from the RITM website
http://www.ritm.universite-paris-saclay.fr/

researchers/

There you can find all the material we covered during lectures.
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Course information

We will meet in class 7 times.

Lectures are on Mondays from 11 to 13.

The textbook of reference is “Social economic networks”, by
Matthew O. Jackson.

We will cover some aspects via research papers, too.
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Outline

1. Definitions and characteristics of networks

2. Diffusion

3. Network Formation models

4. Games on networks

5. Learning
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What are economic networks?

I The structure of relationships affect directly many economic,
political and social interactions:

I Decentralized markets (trade)
I Information or risk sharing
I Job applications
I Education choices and behaviors in general
I Alliances
I Pandemics

I Networks and behaviors:
I Crime, voting, smoking, effort provision..
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The main areas of research

Theory

I How networks form, evolve and how to design them.

I How the social structure affect behavior.

I How network and behavior co-evolve.

Empirics

I Identification of peer effects via the network.

I Measure networks and identify key players.

I Test the theory.

Methodology

Networks are complex objects: still a lot to learn.
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The big challenge

Consider a community of 30 people. Now pick one of them and
consider the friends she might or might not interact with.

Now take a second person in the group. She can have at most 28
friends.

Thus we can have at most 29 + 28 + 27 + ... + 1 = 435.

Each friendship has a swith that can be “on” or “off”.
So there are 2435 possible networks in a community of 30 people.

The estimated number of atoms in the universe (within 90 billion
light years from us) is in the order of 2275.
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A complex world

Networks are complex objects, but patterns are remarkably evident
in real-world networks.

Stylized facts

I A small world

I Homophily

I Clustering

I Giant components

I Specific structures depending on context
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The world is small
Networks can be extremely complex when we consider large
population.

6-degrees of separation

It is estimated that with a chain of friends-of-friends of length 6
you can reach (on average) anyone in the world.

Figure: Source: Backstrom et al. ”Four degrees of separation.” 2012

15 / 48



The world is small
Networks can be extremely complex when we consider large
population.

6-degrees of separation

It is estimated that with a chain of friends-of-friends of length 6
you can reach (on average) anyone in the world.

Figure: Source: Backstrom et al. ”Four degrees of separation.” 2012 16 / 48



The Milgram experiment

An experiment on the probability that two random individuals
know each other.

I From U.S. cities of Omaha, Nebraska, and Wichita, Kansas,
to Boston, Massachusetts.

I Information packets were initially sent to ”randomly” selected
individuals in Omaha or Wichita.

I The recipient was asked whether he or she personally knew
the contact person described in the letter.

I The package could be sent to friends or relatives in Boston.

→ 64 letters (of many more) reached the target contact. The
average path length between 5.5 and 6.
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Giant components

Figure: Source: Bearman, Peter S., James Moody, and Katherine Stovel. ”Chains of affection: The structure

of adolescent romantic and sexual networks.” American journal of sociology 110.1 (2004): 44-91.
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Homophily (and clustering)

Figure: Source: Currarini, Sergio, Matthew O. Jackson, and Paolo Pin. ”An economic model of friendship:

Homophily, minorities, and segregation.” Econometrica 77.4 (2009): 1003-1045.
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Specific structures

Figure: Source: DErrico, Marco, and Tarik Roukny. ”Compressing over-the-counter markets.” Operations

Research (2021).

Core-periphery structure. The market for OTC derivatives. Green
nodes are buyers, red nodes are sellers. 21 / 48



Networks: nodes and links

Node
A node is an entity that belongs to the network. Nodes can
represent:

I countries

I firms

I individuals

I computers

I neurons..

Links
A link represent some sort of relationship between to nodes. Links
can represent:

I friendships

I alliances

I debts

I trade flows

I brain activity.. 22 / 48



Undirected and directed network

Two macro-categories of networks:

I Un-directed

I Directed

Undirected networks
The link is mutual. Represented through a connection between two
nodes with a solid line.

Directed networks
The link is directional. Represented through a connection between
two nodes, with an arrow determining the direction.

Examples? What about weights?
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Basic notation

I N = {1, . . . , n} nodes (sometimes referred to as vertices, or
players)

I g ∈ {0, 1}n×n are the relationships

I gij = 1 indicates a link between i and j
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Undirected network

Adjacency matrix

An entry of the adjacency matrix gij = 1 if i and j are linked
together.
The network is undirected, so gij = gji .
The adjacency matrix is symmetric.
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Directed network

In directed networks gij 6= gji (in general), so the matrix is not
symmetric.
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Weighted directed network

Weights in networks

Like in this example, weights often measure intensity of
relationships.
When so, the matrix is row-stochastic (the sum of each row is
equal to one). This unlocks some particularly desirable properties.
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Paths and walks

Walks
A walk from i1 to ik is defined as a sequence of nodes and a
sequence of links such that ij−1ij ∈ g for each j .

Path
A path is a walk i1, i2, . . . , ik , where all nodes reached are distinct.

Cycles

A walk where i1 = ik .
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Counting walks: the power of matrices

Matrix multiplication

Take two matrices A and B. The matrix C = A · B is such that
every entry cij = ai1b1j + ai2b2j + . . . ainbnj =

∑n
k=1 aikbkj

Power of a matrix
Multiplying an adjacency matrix by itself k times, counts the
number of walks of length k between all ij ∈ g .
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The degree and the neighborhoods

Neighborhood

The neighborhood of a node i is defined as the set of nodes to
which she it is directly linked.

Ni (g) = {j |ij ∈ g}

Degree

Having defined the neighborhood, the degree is just the number of
neighbors, i.e. the cardinality of the neighborhood.

di (g) = |Ni (g)|
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The way the degree is distributed

When taking averages (as it is often the case), we can only see
part of the story.
Another takeway, is that position in the network is very relevant.
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A lesson from history
In the 15th century the Medici family became the most powerful
and reigning family in Florence.
Before that they were not the richest nor the most influential.

Figure: Source: “The human network”, Matthew O. Jackson, 2019 39 / 48



Why the Medici?
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The importance of the position

As we have seen with the Medicis, it’s not only the number of
neighbors, but also who the neighbors are.

I Degree: counts the neighbors. Important, but not all.

I Clustering: overall density of the network

I Distance from other nodes

I Centrality, capability to influence

The goal:

We want to measure how essential a node is in the network.
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Clustering

Two main definitions:

Overall clustering

Take any i , j , k . Take all instances where i has a link to j and k .
How likely it is that j and k are also friends?

Cl(g) =

∑
i ;j 6=i ;k 6=j ;k 6=i gijgikgjk∑
i ;j 6=i ;k 6=j ;k 6=i gijgik

Individual clustering

The same as above, but instead of considering all possible fully
connected triples, it measure the proportion of them for each
iseparately

Cli (g) =

∑
j 6=i ;k 6=j ;k 6=i gijgikgjk∑
j 6=i ;k 6=j ;k 6=i gijgik
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Diameter and average path length

Diameter of the network
Largest minimum distance between every two nodes.
If the network has 2 or more components the convention is to
either consider the diameter infinite or consider the diameter of the
largest component.

Average path length

As it is called, it considers all paths between all nodes, and then
takes the average. This measure is less prone to outliers.
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Centrality measures

1. Degree centrality: a basic measure of popularity. Take
Twitter: the number of followers is the number of people who
can be reached by a message; the potential to influence.

2. Eigenvector centralities: the popularity of your direct
connections also matter.

3. Diffusion centrality: The number of steps needed to reach
the maximum number of nodes.

4. Betweenness centrality: Is a node a key bridge?
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Thank you for your attention
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