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ABSTRACT

A property that seems to be common to many networks is community structure, the division 
of network nodes into groups within which the network connections are dense, but between 
which they are sparser [5].

Many algorithms were developed to identify the community structure of a network [5], [2]. 
These  algorithms  presents  different  characteristics  that  results  in  different  accuracy  and 
computational cost, and therefore can be used in different situations, regarding the objectives of 
the research.

A well-known method to generate a scale-free network is the preferential attachment [1], in 
which links are added to nodes based on their degree. We developed a method that takes the 
opposite way to generate a scale-free network, inspired by [4]. We start by setting the number of 
nodes in the network, N. For each node, we randomly sort a degree k, based on a power-law 
distribution P(k) ~ k-α, where α is the exponent. This sort is based on the following formula:

k = u-1/(α-1)  (1)
where k is the degree of each vertex, u is a random number from a uniform distribution between 
0 and 1 and α is the exponent of the power-law, always greater than 1. This generates a random 
real number greater than 1, with a distribution of P(k) ~ k-α. The closest integer is taken as the 
node's degree. 

We create a vector of size N, which is a list with all nodes degrees. For a node with a degree 
k, let us define h as the open connections of that node (which, in the initial state, equals k). The 
algorithm to create the networks is as follows: 1.  Choose the node with the higher available 
degree (h) in the network; 2. Connect that node with h other nodes, randomly selected from a 
list with available nodes, thus exhausting the links of the chosen node; 3. Subtract one link from 
the available number of links (h) of the nodes connected; Repeat steps 1, 2 and 3 until there are 
no more nodes with open connections.

To create a community structure, we generate a number of networks equals to the desired 
number of communities, and then connect them to each other, thus creating a network with M 
communities  (being  M  the  amount  of  initial  networks).  The  quantity  of  links  between 
communities is very important to community structure detection [5], so let us define   ξ as the 
fraction  between  intra-communities  connections  and  inter-communities  connections,  or  the 
number of edges between vertices of different communities divided per the number of edges 
between vertices that belongs to the same community. We set a value for  ξ for each network, 
calculate the number of edges between communities for that ξ, and then select (randomly) pairs 
of vertices from different communities that will be connected, creating a network with well-
defined (or not, if ξ is too high) community structure.

We have chosen to test  the hereafter called Newman [5] and Clauset [2] methods to find 
communities within a network. Both algorithms were implemented in R statistical software [6] 
by [3].  We have tested those algorithms in  scale-free  networks  generated by  the  algorithm 
described above.

Both methods were tested in undirected networks with 500 vertices, 5 communities (with 100 
nodes each),  α = 1.5 (what creates, in general, networks with 10.000 edges), and  varying fromξ  
10 to 50%. For each case, we generate 100 networks, in order to determine execution time and 
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accuracy, defined here as the proportion between the nodes correctly assembled in their communities 
and all the nodes in the network.

As noted in Figure 1, the Newman method presents a better accuracy for networks with a clear 
community structure (  = 10%). However, this method is much more time­consuming, with a mean ofξ  
79,08 seconds per analyzed network, in comparison with the Clauset method, which presents a mean 
of only 0,02 seconds.

Figure 1 also shows that the performance of Newman method is very compromised by the addition 
of  inter­communities edges,  while  this   is  not   the case for   the Clauset method,  which has a  lower 
decrease in accuracy for   = 50%. In this  case,   the mean time required for Newman and Clausetξ  
methods are 306,5s and 0,06s, respectively. 
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Figure 1
Mean accuracy of methods for three values of  . Error bars represents samples standard deviation.ξ

We conclude  that  for  the  networks  generated  with  the  algorithm presented  here,  the  Newman 
method  will  only  bring  advantage  to  research  when  analyzing  small  and  with  clear  community 
structure networks. Otherwise, not just the Clauset method have similar or better accuracy, but its 
lower time-consuming enable the analysis of great order networks.
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