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Mobile ad-hoc networks
All nodes are mobile

No infrastructure is 
required

All nodes act as routers 

Information is relayed from 
node to node using
multihop wireless paths

Nodes have to cooperate

Self-configuring and self-
organizing networks
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Use cases of MANETs

Smart devices / Ubiquitous computing

Vehicular ad hoc networks

Disaster relief situations

Wireless sensor networks

Digital battlefield
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MANET challenges

Dynamic network topology change due to nodes mobility

All decisions should be distributed

Limited bandwidth for communication

Channel usage should be efficiently used

Volume of signalization (overhead) should be limited

Efficient power management

Misbehaving/selfish nodes
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Still maintain an acceptable quality of service



Network communities

Detecting communities is a 
NP-hard problem

Most approaches are non-
local (i.e. not suitable for 
MANETS)

Detecting network 
communities is an 
optimization problem
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Detecting community structure in networks

M. E. J. Newman
Department of Physics and Center for the Study of Complex Systems,

University of Michigan, Ann Arbor, MI 48109–1120

There has been considerable recent interest in algorithms for finding communities in networks—
groups of vertices within which connections are dense, but between which connections are sparser.
Here we review the progress that has been made towards this end. We begin by describing some
traditional methods of community detection, such as spectral bisection, the Kernighan–Lin algorithm
and hierarchical clustering based on similarity measures. None of these methods, however, is ideal
for the types of real-world network data with which current research is concerned, such as Internet
and web data and biological and social networks. We describe a number of more recent algorithms
that appear to work well with these data, including algorithms based on edge betweenness scores,
on counts of short loops in networks and on voltage differences in resistor networks.

I. INTRODUCTION

In the continuing flurry of research activity within
physics and mathematics on the properties of networks,
a particular recent focus has been the analysis of com-
munities within networks [1–10]. In the simplest case, a
network or graph can be represented as a set of points,
or vertices, joined in pairs by lines, or edges. Many net-
works, it is found, are inhomogeneous, consisting not
of an undifferentiated mass of vertices, but of distinct
groups. Within these groups there are many edges be-
tween vertices, but between groups there are fewer edges,
producing a structure like that sketched in Fig. 1.

The ability to find communities within large networks
in some automated fashion could be of considerable use.
Communities in a web graph for instance might cor-
respond to sets of web sites dealing with related top-
ics [11, 12], while communities in a biochemical network
or an electronic circuit might correspond to functional
units of some kind [4, 5, 13, 14]. In this paper we discuss
computer algorithms for the extraction of communities
from raw network data.

FIG. 1: A small network with community structure of the
type considered in this paper. In this case there are three
communities, denoted by the dashed circles, which have dense
internal links but between which there are only a lower density
of external links.

The outline of the paper is as follows. In Sec. II we de-
scribe some of the historical approaches to finding com-
munities including spectral partitioning and hierarchical
clustering. Then in Sec. III we describe some newer meth-
ods that have appeared in the last few years, including
the edge betweenness method of Girvan and Newman and
a number of variations on it proposed by other authors.
In Sec. IV we give our conclusions.

II. TRADITIONAL APPROACHES

The methods described in this paper all assume that
we are given a network structure that we wish to divide
into communities in such a way that every vertex belongs
to one of the communities. We assume that the network
is of the simplest kind possible, with a single type of
undirected, unweighted edge connecting unweighted ver-
tices of a single type, although generalizations to more
sophisticated network types have been given for some of
the algorithms described.

The problem of finding good divisions of networks has
been studied for some decades now in two fields in par-
ticular, computer science and sociology, which have de-
veloped quite different approaches as we now describe.

A. Computer science approaches

The typical problem in computer science is that of
dividing the vertices of a network into some number g
of groups with roughly equal size, while minimizing the
number of edges that run between vertices in different
groups. Computer scientists refer to this task as graph
partitioning. Graph partitioning problems arise for ex-
ample in the optimal allocation of processes to proces-
sors in a parallel computer. In practice, most approaches
to graph partitioning have been based on iterative bi-
section: we find the best division we can of the com-
plete graph into two groups, and then further subdivide
those two until we have the required number of groups.
Among the many algorithms suggested for the problem,

“A community is a subgraph in which the density of internal connections is 
larger than the connections with the rest of nodes in the network”



Modularity: an example of 
metric for community detection

Introduced by Newman and 
Girvan1

Higher Q values correspond 
to accurate community 
partition

Q can be used in a fitness 
function of an optimization 
problem
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1 M. E. J. Newman and M. Girvan, Phys. Rev. E 69, 026113 (2004)



DA-GRS: creating spanning 
trees in distributed manner
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DA-GRS: creating spanning 
trees in distributed manner
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A. Casteigts and S. Chaumette, Dynamicity Aware Graph Relabeling Systems (DA-GRS), 2005



Project objectives

Study the relation between constructed spanning tree 
(like DA-GRS) and network community structures.

Does the tree structure match/represent the 
community topology?

Optimize the matching between community structures 
and spanning tree construction

Propose a heuristic for DA-GRS to optimize the 
matching
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Prerequisites

JAVA programming

Basic background in algorithmic

Basic background in graph theory

Basic background in networking

Project requires use of a network simulator and/or graph simulator:

Tool usage will be taught during project
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