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Abstract- Social networks are shown in graphs that divide into groups or communities of nodes with dense connections 
within groups and sparser connections between them. Community detection is an important problem in social network 
analysis. This paper uses a spectral method for increasing modularity. Modularity is a popular quality function to determine 
the quality of a partition of a network. Spectral method using the eigenvector of modularity matrix could increase 
modularity. The proposed method is tested on seven real networks. Experimental results show that our method has best 
results based on modularity. 
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I. INTRODUCTION 
 
Recently, social networks have become increasingly 
popular for their ability to interactions people [1]. 
Generally, a social network (SN) is shown in a graph 
and it is defined as a network of interactions or 
relationships, where the nodes consist of actors and 
the edges consist of the relationships or interactions 
between these actors [2], [3]. With social networks 
becoming popular (such as Flickr, You-Tube, 
LiveJournal, Facebook, Digg, MySpace, DBLP 
collaboration network, etc.), analyzing such network 
data has become an increasingly important research 
issue [4]. Communities are groups of network nodes, 
within which the links connecting nodes are dense but 
among which they are sparse[5], [6]. Community 
detection is a major topic in social network analysis 
(SNA), which has received a lot of attention [5], [7]. 
Community detection helps us to understand topology 
construction of each community and the 
organizational itsprincipals in better ways. A 
community in biology, for example, consists of 
protein, genes, similar basis, showsthat members of 
this community have similar behavior and 
performance, or consider a community in an online 
social network which its users have similar features 
and many interactions [8]. In this paper, we propose a 
spectral method for community detection. This 
method uses from eigenvector of modularity matrix 
for increasing modularity. It cloud increase 
modularity. The organization of the paper is as 
follows. Section2 reviews related work. In Section3, 
we discussabout the methodology presented in our 
work. Section4 discusses the experimental results and 
finally section5 presents the conclusion. 
 
II. RELATED WORK 
 
There are several methods for detecting community, 
which represent the high importance of discovering  

 
communities. A review of community detection 
methods is proposed in [5] that gives the description 
about the methods. 
 
Hierarchical method is a widely used technique, 
which finds groups of vertices as iteratively. These 
algorithms are divided into two types: divisive and 
agglomerative.  The most these methods are based on 
optimizing modularity. The function ‘‘modularity’’, 
defined by Newman and Girvan[9], is a popular 
quality function to determine the quality of a partition 
of a network. The modularity optimization is an NP-
complete problem [10]. The most well-known 
algorithm for community detection was proposed by 
Girvan and Newman(GN) [11]. This method is 
historically important due to the opening a new era in 
the field of community detection. This method uses a 
similarity measure called edge betweenness. Edge 
betweenness is referred to the number of shortest 
paths between all vertex pairs that run along that 
edge. In another work [12] Newman reformulated 
modularity in terms of eigenvectors of a new 
characteristic matrix for the network and it called 
modularity matrix (labeled with NE). Clauset et al. 
(CNM) [13] have proposed a hierarchical 
agglomeration algorithm for detecting community. At 
the start, each node is assigned to an individual 
cluster. Then iteratively combine new cluster such to 
produce the maximum possible increase in the 
modularity of Newman and Girvan [9] at each step. 
Also, other version based on same strategy in [14] is 
proposed (labeled with Newman-fast). Wakita and 
Tsurumi (WT) [15] proposed a modification in CNM 
method. To improve the situation, they used of 
consolidation ratio, that peaks for communities of 
equal size. The Louvain method (LM) is presented by 
Blondel et al. [16]. There are two phases which are 
repeated iteratively. In the beginning of the first 
phase, each single node is a community. Then for 
each node i, it will be moved to the community of its 
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neighbor, j, and the gain of modularity will be 
calculated. In the second phase, a new network will 
be constructed based on the communities built in the 
first phase.  
 
In the next section, we will introduce proposed 
method for community detection and present a 
method for modularity optimization. 
 
III. PROPOSED METHOD 
 
In this section, we propose a method for finding 
communities, which aims at optimizing modularity 
based on spectral method. Proposed method uses of 
Newman’s modularity matrix [12]. This method 
expresses in following. Then, we will describe our 
method.  
 
3.1 Newman’s Modularity Matrix Method 
The function ‘‘modularity’’, defined by Newman and 
Girvan [9], is a popular quality function to determine 
the quality of a partition of a network. Here 
‘‘partition’’ is the community assignment of nodes. In 
a partition, each node can belong to only one 
community. Modularity is defined by Q =(number of 
edges within communities)−(expected number of 
such edges): 

 
 
where A is adjacency matrix,  퐴 =1 if there is an 
edge connecting these two nodes and 퐴 =0 
otherwise, 푚 = ∑ 퐴  the total number of edges of 

the graph, and 푃 =  represents the expected 
number of edges between vertices i and j in the null 
model,  푘  and 푘  are the degrees of  the vertices. The 
훿-function yields one if vertices i and j are in the 
same community (퐶 = 퐶 ), zero otherwise. The value 
of modularity is between −1 and 1. And a larger value 
of modularity means a better performance of a 
partition. 
 
Modularity can be optimized using the eigenvalues 
and eigenvectors of a special matrix, the modularity 
matrix B, whose elements are 

 
Modularity can be written as 

 
 
where vector s indicates the division. 푠 = 1 if node i is 
assigned to community 1 and 푠  =−1 if it is assigned 
to community 2. To obtain the value of 푠 , the 
eigenvectors and eigenvalues of matrix B need to be 
calculated. Assume that the largest eigenvalue is 훽 , 
and the corresponding eigenvector is u1 (leading 
eigenvector), 푠 =1 if the ith element of u1 is positive 

(u1>0) and 푠 =−1 otherwise. After the value 
assignment of  s, this division is completed. For each 
detected community, this method can be applied 
again to divide it into smaller communities. So, if a 
community g is divided: 

 
 
3.2 Our Method 
Let G = (V, E) be a simple undirected graph. V is the 
set of vertices and E is the set of edges. The aim of 
the community detection in the graph G is to find a 
partition P = {퐶 ,… ,퐶 } of the set V of vertices. First, 
we create adjacency matrix A_1 and A_2 as 
following. 
A_1: 퐴	_1  is the weight of the edge between nodes i 
and j. 퐴_1	 = 1 if there is an edge connecting these 
two nodes, and 퐴_1	 = 0 otherwise. 
A_2: if 퐴_1	 =1 and there is at least one common 
neighbor between nodes i and j, then 퐴_2	 =1, and 
A_2	 =0otherwise. 
 
We present the modularity matrixes of A_1 and A_2 
with B_1 and B_2, respectively. Also, their indicator 
vectors s in each division, denoted by s_1 and 
s_2.Then, we calculate modularity matrix퐵_1( ) , 
퐵_2( ) (using (5)) and find the leading eigenvector 
u_1 of  퐵_1( ) and u_2 of  퐵_2( ) . 푠  = 1 if the ith 
element of u is positive and 푠 = −1 otherwise. So, s_1 
and s_2 obtain and calculate ∆푄 (using (4)) for B_1. 
Then, we will compare each corresponding element 
of s_1 and s_2. If 푠_1	  and 푠_2	  are not equal, we 
replace 푠_1	 with 푠_2	  and calculate the change of 
modularity brought by this replacement. This 
replacement will be kept if the change is positive. We 
will maintain the original value of 푠_1	  otherwise. 
This division is kept if ∆푄> 0. And if  ∆푄 ≤ 0, this 
community will not be divided any more. Then, this 
step is repeated until all communities are indivisible 
(∆푄 ≤ 0). Modularity is obtained by summing all of 
∆푄 obtained in each iteration of divisible 
communities (∆푄> 0). The output is a set of 
communities formed. This method is based on 
proposed method in[17]. But [17] uses the profile 
information for matrix A_2. We use matrix A_2 for 
the common neighbors between nodes. 
 
IV. EXPERIMENTAL RESULTS 
 
Proposed method is implemented in Matlab and 
Gephi [18] is used as the graph visualization. We 
evaluate our method on seven real networks [19], 
[20], [21] . The considered real networks are 
summarized in Table1. In Fig.1, is shown 
communities identified in NE and Newman-fast 
methods for Karate network. Fig.2 (a, b and c) shows 
communities found by our method for Karate, 
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Dolphin and Football networks. Each community is 
shown with different colors. In this section, we show 
obtained results of our method. Then, we compare 
obtained results of proposed method with other 
methods. Table2 compares results obtained by 
proposed method with NE [12] and Newman-fast 
[14] methods. We can see that our method 
outperforms NE and Newman-fast methods. These 
results show that quality of our partition is generally 
best than the two of methods. 

Table1:Properties of real networks: n is the 
number of nodes and m is the number of edges. 

 
 

 
Fig.1. The communities identified by NE (left figure) and Newman-fast (right figure) methods for karate 
club network. Each community is marked in different colors. 

 

 
a) Communities of ‘‘karate club’’ network                                              b) Communities of ‘‘Dolphin’’ network 

 

 
c) Communities of ‘‘Football’’ network 

 
Fig.2. The communities identified by proposed method. Each community is marked in different colors 
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Table2:Comparing results of three different methods. N represents the number of detected communities; 
Q is the modularity value for seven real networks in Table1. Bolded values show best results. 

 
*P.M.: Proposed method,  **NF: Newman-fast method. 
 
CONCLUSION 
 
In this paper, we proposed a modularity maximization 
method for community detection using spectral 
method. The method is extended based on Leading 
eigenvector method [12]. Spectral method using the 
eigenvector of modularity matrix could increase 
modularity. We compared our algorithm with some of 
methods (e.g., NE [12], Newman-fast [14]) on seven 
real networks and experimental results showed that 
our algorithm achieved best results based on 
modularity. Our method is based on modularity 
optimization and modularity optimization is an NP-
complete problem [10]. So, communities found by 
this method may not be optimal. We can define other 
similarity measures for further research. 
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