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Abstract

In the field of research, Social Network Analysis is prevalent domain which pulls the attention of many data mining experts. Social
network analysis is the specific field of sociology and anthropology. It shares a number of characteristics common to real network.
Some real networks like Facebook, Twitter exhibit the concept of community structure within the network. Social network is
represented as a network graph. Detecting the communities involves finding the densely connected nodes. Overlapping communities
are possible if a node is a member of more than one community. This paper discusses various modularity based approaches on
detecting the overlapping communities in the social networks. This work aims in providing the characteristics and limitations of
modularity based overlapping community detection algorithms.
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1. Introduction

As real world scenario is dynamic and evolving, Social network is used intensively in wide range of applications
and represented as a network graph with nodes and edges. Nodes represent the individual users/actors/items/resources
whereas edge represents the link/flow of interaction/relationship among the users. The arrangement of nodes and edges
in a graph is coined as topology. Some common techniques involved in social network includes Recommendation
Systems, Link Analysis, Expert Identification, Influence Propagation, Trust & Distrust Relationship Prediction,
Opinion Mining, Mood Analysis and Community Detection1–3. Recommendation systems analyze the available
data and suggest something the actor might be interested in. As a result a new link is introduced in the network.
Recommending friends or recommending resources happens through collaborative filtering and Content-based
filtering. Each node represents entity and the analyzes of links among the nodes gives the behavior pattern of different
activities. Link analysis helps in finding this behavior pattern of a social network. Strategy of finding an expert in
a required domain by analyzing the social network is coined as Expert Identification. With the help of previous log
information, Influence Propagation between the nodes is identified. Two models are used in Influence Propagation
namely Independent Cascade Model and Linear Threshold Model. Based on attributes of a node, a relationship or a link
in a social network is identified as Trustable or not. This study is termed as Prediction of Trust or Distrust relationship.
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Opinion mining involves building a system to collect and categorize opinions about a product or a person. It uses ideas
of machine learning, text mining and natural language processing. The levels of opinion mining are document level,
sentence level and phrase level. To track the mood of public about a particular product, mood analysis is performed.
Set of actors interacting with each other frequently forms a Community. Detecting the community involves clustering
of similar actors in social network graph. Different types of communities are node-centric community, link-centric
community, network-centric community and hierarchy-centric community. Various community detection approaches
have been proposed namely graph-based approach4, link-based approach5, agent and dynamic based approach25, 26,
fuzzy-based approach20–22 and modularity scoring based approach6–19, 23, 24. This paper analyzes the modularity
based algorithms in detail.

2. Related Works

Social network is a network graph holding nodes with edges connected to it. Community detection aims to identify
the community in the graph. Community is a module containing the set of nodes with major activities/interaction/
similarity among them. Overlapping communities are possible if any of the nodes has participated in the formation of
different modules. Each node’s strength or membership value in different modules varies accordingly. Various metrics
are utilized to measure the strength of the community. Most popular of it is modularity measure. This modularity is
the strength of partition of network as a community. Section 3 explains the modularity based community detection
approach in detail.

3. Modularity Scoring based Clustering Approach

A community is said to be strong if it has more internal interaction within the community. To qualify the strength
of a community, parameters like quality functions, density, conductance and modularity are used. This work reviews
on the adaptation of the modularity measure in a undirected or directed, weighted or unweighted graph. Modularity
defines the strength of partition of network into communities. It quantifies the association between a node and a
community based on some parameters. In this paper, different version of belonging factor in modularity measure is
considered. Belonging factor is a measure explaining the degree to which a node u belongs to a community C .

3.1 Modularity based disjoint community detection

Newman’s modularity6 measure considers the intra connection and inter connection between the nodes. As like
other properties of communities say, node degree, betweenness, centrality or clustering coefficients, modularity
measures the strength of formation of communities in a social network. This modularity is defined in equation (1)

Q = 1

2m

∑
uv

[
Auv − Ku Kν

2m

]
δ(Cu, Cv ) (1)

where Auv represents the adjacency matrix with row and column as node u and v respectively Auv value is 1, if there
is an edge between u and v and 0, otherwise. Ku , Kv is the degree of node u and v respectively, m is total number of
edges in the graph δ(Cu, Cv ) is represented as equation (2)

δ(Cu , Cv ) =
{

1, (u, ν) ∈ C

0, otherwise
(2)

At any particular time t , it can produce only two communities in a network. Hierarchical partitioning with two sub
communities and further partitioned into two smaller communities. Thus only binary partition is possible. It limits its
application only to an undirected and unweighted graph in a social network.

In order to overcome the limitations of Newman’s modularity, Leicht et al.7 defines the modularity measure for
directed graph. The extended definition is the null-model directed graph with Puv . This Puv is the probability of having
the link starting from node u to node v. Generally in directed graph, link from node u to node v is different from the
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