Unfolding of nodeswith the same behavior in large networks
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1 Introduction

A graph, also called network, is a mathematical structure
which alows to model complex systems with interacting
agents like the Internet or the human societies. Such struc-
tures can be partitioned into subgraphs, called communities,
with few links between them. This problem of graph par-
titioning is called community detection and is fundamen-
tal for the understanding of the underlying system. Severa
methods have been devel oped to detect communitiesin large
graphs. We present an adaptation of these methods in order
to detect groups of nodes with the same behavior, that is we
partition the graph so that all the nodes of a group commu-
nicate in the same way with the nodes of the other groups.

2 Community detection

Several objective functions have been defined in order to
partition the graph into communities. We briefly present two
of them : the cut and the modularity.

2.1 Thecut

The cut function is defined in order to divide the graph into
two communitiesC; and C,. This function counts the num-
ber of edges between the two groups of nodes, that is:
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where A;j denotes the (i, j)—entry of the adjacency matrix
of the graph to partition.

A relevant partition is a partition minimizing R (see [1] for
efficient algorithms).

2.2 Themodularity

The modularity function compares the fraction of edges be-
tween two nodes in a same community with the expected
fraction of edges between these two nodesiif the edges were
placed randomly in the graph (respecting the degrees of the
nodes), that is:
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where misthe number of edgesin the graph, k; isthe degree
of nodei, 6 isthe Kronecker symbol and c¢; isthe community
index to which node i belongs.

A relevant partition is a partition maximizing Q (see[1] and
[2] for efficient algorithms).

3 Detecting groups of nodes with the same behavior

We will say that some nodes have the same behavior (or
are of the same type) if they communicate in the same way
with the nodes of the other groups. Illustrate this with the
following examples.

e A movie-actor network : in this graph, a node is ei-
ther amovie or an actor. If an actor playsin amovie,
then their corresponding nodes are connected. So, the
movies are only connected to actors and vice versa.
In this network, there are two kinds of nodes : the
movies and the actors.

e A food web network : in this directed graph, a node
representsan individua . If thereis an edge from node
i tonode |, that meansthat individual i eats individual
j- Inthis graph, all individuals of species A only eat
individuals of species B, and so on. So, a group of
nodes with the same behavior matches with the indi-
viduals belonging to a same species.

The objective functions described in previous section have
been generalized to detect such groups of nodes. We will
study the flow of information in the system whose commu-
nication topology is described by the graph in order to detect
nodes with the same behavior.
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