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Abstract—Many complex networks have been shown to have
community structure. How to detect the communities is of great
importance for understanding the organization and function of
networks. Due to its NP-hard property, this problem is difficult
to solve. In this paper, we propose an Ant Colony Optimization
(ACO) approach to address the community detection problem by
maximizing the modularity measure. Our algorithm follows the
scheme of max-min ant system, and has some new features to
accommodate the characteristics of complex networks. First, the
solutions take the form of a locus-based adjacency representation,
in which the communities are coded as connected components
of a graph. Second, the structural information is incorporated
into ACO, and we propose a new kind of heuristic based on
the correlation between vertices. Experimental results obtained
from tests on the LFR benchmark and four real-life networks
demonstrate that our algorithm can improve the modularity
value, and also can successfully detect the community structure.

I. INTRODUCTION

In recent decades, complex networks have received enor-
mous amounts of attention from physicists, computer scien-
tists, sociologists and mathematicians [1]–[3]. Complex net-
works theory has been applied successfully to topics of many
kinds, such as the Internet [4], biology [5] and economy
[6]. Many real-life networks are inhomogeneous, consisting of
subgroup structures, within which the connections are dense,
but between which the connections are sparse. This property is
called community structure [7] in network science literature.
How to detect and analyze the community structure in net-
works is of great significance for investigating the organization
and function of complex systems.

Researchers have been working on the communities in
networks for a long time. Historically, community detection
in networks is closely related to the problems of graph
partitioning in computer science and hierarchical clustering in
sociology [8]. In recent years, a lot of effort has been made to
develop new approaches and algorithms to detect and quantify
community structure in complex networks. Various kinds of
methods have been proposed, based on centrality measures
[7], random walks [9], eigenvectors [10], spin models [11],
and many other methods [12].

This paper focuses on the modularity optimization approach,
which is by far the most used and the best known approach to
detect the community structure in a network. One remarkable

advantage of this method is that one does not need to have a
priori knowledge about how many communities are there in
the network. Since its introduction to the community detection
problem [13], modularity has become an essential element
in quite a lot of community detection algorithms. However,
modularity optimization is not trivial. The number of ways
to partition 𝑛 vertices into 𝑘 non-empty groups is given by
the Sterling number of the second kind 𝑆

(𝑘)
𝑛 , and hence the

number of distinct community divisions is the Bell number
𝐵𝑛 =

∑𝑛
𝑘=0 𝑆

(𝑘)
𝑛 , which grows at least exponentially in 𝑛

[14]. Therefore, exhaustive optimization of the modularity is
practically infeasible for networks larger than 70 vertices.
Fortunately, several approximate methods have obtained pretty
good results, including greedy optimization [15], genetic al-
gorithms [16], multiobjective optimization [17], and so forth.

The proposed Ant Colony Optimization (ACO) [18] ap-
proach for community detection follows the framework of
max-min ant system (MMAS) [19]. In this algorithm, each
solution representing a community partition is recorded in
the form of locus-based adjacency representation, and a new
kind of heuristic is employed to construct these solutions.
This heuristic is a similarity measure based on the structural
equivalence of vertices, and is modified to accommodate the
characteristics of the community detection problem. Compared
with other algorithms, our algorithm not only reaches better
modularities, but also can reveals communities close to the
intrinsic network structure.

The rest of this paper is organized as follows: Section 2 is
a review of the definition and modularity of the community
structure. Then, in Section 3, we describe the new kind of
heuristic information, the locus-based representation, and the
MMAS algorithm adopted to find meaningful community
structure. With experimental results on computer-generated
networks and real-life networks, we demonstrate the effective-
ness of our method in Section 4. The conclusions are drawn
in Section 5.

II. COMMUNITY STRUCTURE AND MODULARITY

A network with 𝑛 vertices (or nodes) can be modeled as
a graph 𝐺 = (𝑉, 𝐴), where 𝑉 = {𝑣1, 𝑣2, . . . , 𝑣𝑛} is the set
of vertices, and 𝐴 is an 𝑛× 𝑛 adjacency matrix representing
connections (or edges) between vertices. The elements in 𝐴
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are real numbers. For an unweighted graph, the element 𝐴𝑖𝑗 of
𝐴 is 1 if there is an edge connecting vertex 𝑣𝑖 and vertex 𝑣𝑗 ,
otherwise 𝐴𝑖𝑗 equals 0. The degree of a vertex 𝑣𝑖 is denoted
as 𝑘𝑖, and 𝑘𝑖 equals to the number of edges incident to 𝑣𝑖.
Community structure of the network can be represented in the
form of a membership vector 𝐶 = {𝑐1, 𝑐2, . . . , 𝑐𝑛}, where
𝑐𝑖 ∈ {1, 2, . . . , 𝑁} is the index of the community to which
vertex 𝑣𝑖 belongs, with 𝑁 the number of communities. We
only consider the unweighted situation in this paper, however,
applying our algorithm to weighted graphs is straightforward.

When tackling the community detection problem, one needs
to figure out the definition of a community. Intuitively, the
edge density should be high within a community, and low
between communities, but this notion is ambiguous. No formal
definition has been generally accepted in the network science
community. This fact brings much difficulty to the community
detection problem. Here, we introduce two kinds of definitions
based on different scopes: local and global.

The local definitions focus on the single community and its
direct neighbors. In [20], Radicci et al. proposed two local
definitions of community, in a strong sense and a weak sense,
respectively. The strong community is a subgraph such that
each vertex has more connections within the community than
with the rest of the graph. This definition can be relaxed into
the so called weak community, where the sum of all degrees
within the subgraph is larger than the sum of all degrees toward
the rest of the network. According to this definition, a strong
community is also a weak community, but the reverse is not
true.

Opposite to the local definitions, the global one takes the
network as a whole, and uses the modularity [13] as a criterion
to identify the community structure. The concept of modularity
is inspired by the idea that no community structure is expected
to be found in a random graph. By comparing the fraction of
edges within communities and the expected fraction of edges
if the edges are drawn randomly between vertices without
regard to the community structure, we can identify whether
the network has community structure or not, and modularity
is defined as the difference between the two quantities.

In an edge-randomized network with 𝑚 edges, the probabil-
ity for vertices 𝑣𝑖 and 𝑣𝑗 , with degrees 𝑘𝑖 and 𝑘𝑗 respectively,
to be connected, can be derived rigorously. To form an edge,
we need to pick a pair of stubs (i.e. half-edges) from the 2𝑚
stubs, so the probabilities of choosing a stub associated with
vertex 𝑣𝑖 is 𝑝𝑖 = 𝑘𝑖/2𝑚. The probability of a connection
between 𝑣𝑖 and 𝑣𝑗 is given by 𝑝𝑖𝑝𝑗 , which equals to 𝑘𝑖𝑘𝑗/4𝑚

2.
Hence, the expected number of edges connecting vertices 𝑣𝑖
and 𝑣𝑗 is 𝑎𝑖𝑗 = 2𝑚𝑝𝑖𝑝𝑗 = 𝑘𝑖𝑘𝑗/2𝑚. Then, the actual number
of edges between 𝑣𝑖 and 𝑣𝑗 minus the expected number of
edges is 𝐴𝑖𝑗 − 𝑘𝑖𝑘𝑗/2𝑚, and the modularity 𝑄 is defined as
the sum of this quantity over each pair of vertices that fall into
the same community. We can write that

𝑄 =
1

2𝑚

∑
𝑣𝑖,𝑣𝑗∈𝑉

[
𝐴𝑖𝑗 − 𝑘𝑖𝑘𝑗

2𝑚

]
𝛿(𝑐𝑖, 𝑐𝑗) (1)

where 𝛿(⋅, ⋅) is the Kronecker delta function, 1/2𝑚 is only

a normalizing constant, and 𝑐𝑖 is the community index of
𝑣𝑖. If there are more number of edges within communities
than the expected number in a randomized network then the
modularity value 𝑄 would be greater than 0, and practically,
modularities larger than 0.3 indicate significant community
structure in networks.

III. ALGORITHM

Ant Colony Optimization (ACO), a metaheuristic inspired
by the foraging behavior of ant colonies [18], is a population-
based approach for solving hard combinatorial problems,
and has been successfully applied to various kinds of hard
problems, like traveling salesman problem [21], quadratic
assignment problem [19], and vehicle routing problem [22],
to name a few. The ACO metaheuristic consists of a colony
of artificial ants constructing solutions iteratively. The solution
construction is guided by two kinds of information: one is
the domain-based heuristic information and the other is the
artificial pheromone trail. The ants communicate in an indirect
way by means of the pheromone trail, which is modified to
reflect the information accumulated during the search for a
good solution. In 1996, the first ACO algorithm called Ant
System (AS) was applied to solve the travelling salesman
problem [23]. Since then, a lot of effort has been devoted
to improving the performance of ACO algorithms. The Ant
Colony System (ACS) [21], Max-Min Ant System (MMAS)
[19], and the hyper-cube framework for ACO [24] are some
of the variants that lead to better solutions than AS.

Before using the ACO to solve the community detection
problem, one has to figure out a few things. What comes first
is how to represent a solution for this problem. Next is how
to construct a solution. Then, the initialization and update of
the pheromone trail has to be determined. In this section, we
will describe our algorithm from the aspects listed above.

A. Solution representation

As mentioned above in Section 2, a community is a sub-
graph of the network. Thus, detecting community structure
in a network is equivalent to finding a group of subgraphs
that reveals the best partition of the network. So the solution
to the community detection problem can be formulated as a
vector with 𝑛 elements, representing a graph, whose connected
component is equivalent to a community. Both indices and
elements of the vector correspond to the vertices in the graph
𝐺 = (𝑉,𝐴). For example, if the 𝑖th element in the vector
equals 𝑗, then this relation can be interpreted as a link
between vertices 𝑣𝑖 and 𝑣𝑗 , meaning 𝑣𝑖 and 𝑣𝑗 are in the
same connected component and, consequently, in the same
community. The solution vector only describes the edges. To
fully reveal the community structure, a decoding process is
necessary and can be done through a breadth-first search (BFS)
or a depth-first search (DFS) in linear time. After decoding,
we get a membership vector representing the affiliation of each
vertex. This kind of representation is called the locus-based
adjacency representation, and has been employed by [17],
[25] for multiobjective clustering. Figure 1a shows a network
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(a) (b)

Element

Index 1 2 3 4 5 6 7 8 9 10 11 12

2 1 1 1 7 8 8 6 8 11 10 10

(c)

Element

Index 1 2 3 4 5 6 7 8 9 10 11 12

1 1 1 1 2 2 2 2 2 3 3 3

(d)

Fig. 1. (a) A hypothetical network with 3 communities. (b) The locus-based representation for a solution. (c) Three connected components representing the
three communities. (d) Membership vector of the hypothetical network.

with 12 vertices partitioned into 3 groups, drawn as triangles,
squares and circles, respectively. A possible solution vector
to the community detection problem of the network in Figure
1a is shown in Figure 1c, and the corresponding subgraphs is
depicted in Figure 1b. In Figure 1d, the membership vector is
presented.

B. Solution construction

When applying ACO to the community detection problem,
we formulate the solution as a set of 𝑛 edges (some of
which may be duplicated) for a network with 𝑛 vertices,
as mentioned in Section II. Hence the edges are used as
solution components, and each edge (𝑖, 𝑗) is associated with
a pheromone trail 𝜏𝑖𝑗 and heuristic information 𝜂𝑖𝑗 . The
pheromone trail and heuristic information respectively indicate
the accumulated and a priori preferences of choosing edge
(𝑖, 𝑗) as a solution component.

Generally, the solution construction starts with an empty
solution, and then solution components are added iteratively
on a probabilistic basis until the solution is completed. For
the case of community detection, at construction step 𝑖, we
choose an edge (𝑖, 𝑗) from the edges incident to 𝑣𝑖 according
to the probability 𝑝(𝑖, 𝑗):

𝑝(𝑖, 𝑗) =
(𝜏𝑖𝑗)

𝛼(𝜂𝑖𝑗)
𝛽∑

𝑣𝑞∈𝒩𝑖
(𝜏𝑖𝑞)𝛼(𝜂𝑖𝑞)𝛽

if 𝑣𝑗 ∈ 𝒩𝑖 (2)

where 𝒩𝑖 denotes the neighborhood of vertex 𝑣𝑖, and pa-
rameters 𝛼 and 𝛽 determine the relative importance of the
pheromone trail and the heuristic information. After 𝑛 con-
struction steps, a complete solution containing 𝑛 edges is gen-
erated. The modularity of this community partition calculated
from the solution is essential to determine how the pheromone
trails are updated.

C. Heuristic information

It is generally accepted that using heuristic information to
direct the probabilistic solution construction can play an im-
portant role in ACO algorithms [18]. The heuristic information
provides an approach to exploit the prior knowledge about one
particular problem, and we try to incorporate this knowledge
into our community detection algorithm.

As the old saying goes, “birds of a feather flock together,”
intuitively, the vertices in the same community are similar to
each other, so the similarity measure between vertices can
be used as heuristic information. There are several kinds of
similarity measures to describe the relations between vertices
in an Euclidean space [26], such as the Euclidean distance,
the Manhattan distance, and the 𝐿∞-norm. But, usually, a
generic graph cannot be embedded in an Euclidean space, and
the similarity must be inferred from the structural equivalence
[12]. In this paper, we use the Pearson correlation between
vertices as the similarity measure. The Pearson correlation
𝐶(𝑖, 𝑗) between vertices 𝑣𝑖 and 𝑣𝑗 is defined as follows:

𝐶(𝑖, 𝑗) =

∑
𝑣𝑙∈𝑉 (𝐴𝑖𝑙 − 𝜇𝑖)(𝐴𝑗𝑙 − 𝜇𝑗)

𝑛𝜎𝑖𝜎𝑗
(3)

where 𝐴𝑖𝑙 is the lth element of the ith row in the adja-
cency matrix, 𝜇𝑖 =

∑
𝑙 𝐴𝑖𝑙/𝑛 is the average, and 𝜎𝑖 =√∑

𝑙(𝐴𝑖𝑙 − 𝜇𝑖)2/𝑛 is the standard deviation.
If vertices 𝑣𝑖 and 𝑣𝑗 are very similar in a structural per-

spective, then 𝐶(𝑖, 𝑗) would be close to 1. Otherwise, 𝐶(𝑖, 𝑗)
would be close to -1. Since the Pearson correlation may take
negative value, it cannot be directly used in ACO. We apply
the logistic function to the Pearson correlations defined above
to make the outputs positive, and the outputs are incorporated
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into the ACO algorithm as heuristic information:

𝜂𝑖𝑗 =
1

1 + 𝑒−𝐶(𝑖,𝑗)
(4)

The more similar vertices 𝑣𝑖 and 𝑣𝑗 are, the larger value 𝜂𝑖𝑗
would take, and the more probably edge (𝑖, 𝑗) is to be taken
as a solution component.

D. Pheromone trail management

Our method follows the pheromone trail update mechanism
used in MMAS [19]. All the pheromone trails are initialized
to an arbitrary high value at the beginning of the algorithm,
in order to favor the exploration of solutions during the early
part of the searching process.

In each iteration, after all ants have completed their solution
construction, the pheromone trails are updated in two opposite
ways. Firstly, all the pheromone trails are reduced by a
constant factor, and this procedure helps ants to “forget” the
bad solutions and favors the exploration of new solutions.
Then, a reinforcement procedure is performed based on the
solution quality. During the reinforcement stage, only one
ant is used to deposit pheromone on the edges of the net-
work. In this paper, we use the iteration-best solution to add
pheromone. The iteration-best solution is the solution with
the largest value of modularity in the current iteration, and
is denoted as 𝑠𝑖𝑏. Only edges in the iteration-best solution
receive pheromone deposition. So the pheromone trail update
rule can be formulated as follows:

𝜏𝑖𝑗 ← 𝜌𝜏𝑖𝑗 +Δ𝜏𝑖𝑗 (5)

where the parameter 𝜌 (0 ≤ 𝜌 < 1) is the pheromone
persistence, Δ𝜏𝑖𝑗 is the amount of pheromone put on the edge
(𝑖, 𝑗), and it can be represented as:

Δ𝜏𝑖𝑗 =

{ ℳ(𝑠𝑖𝑏) if edge (𝑖, 𝑗) is in 𝑠𝑖𝑏,
0 otherwise.

(6)

whereℳ(𝑠𝑖𝑏) is the modularity of the solution 𝑠𝑖𝑏. The greater
the modularity is, the more amount of pheromone is put on
the corresponding edges.

Aiming to avoid stagnation, we limit the range of possible
pheromone amount on each edge to an interval [𝜏min, 𝜏max] as
suggested by MMAS. The upper limit of pheromone trail is
set to an estimate of the asymptotically maximum value, i.e.,
𝜏max =ℳ(𝑠𝑔𝑏)/(1−𝜌), where 𝑠𝑔𝑏 is the solution that has the
largest value of modularity found so far since the beginning of
the trial. The lower limit 𝜏min is set to 𝜏min = 𝜀𝜏max, where
𝜀 (0 < 𝜀 < 1) is a rate coefficient. Once a new 𝑠𝑔𝑏 is found,
the limits 𝜏max and 𝜏min are updated accordingly. And the
complete ACO algorithm for community detection is shown
in Figure 2.

IV. APPLICATIONS

To study the effectiveness of our algorithm, we performed
tests on a series of synthetic benchmarks and four real-
life networks and compared with six state-of-the-art algo-
rithms, five from the network science literature, one from

Input: A network modeled by the graph 𝐺 = (𝑉,𝐴)
Output: A community partition that maximize the modularity

1: Set parameters and initialize pheromone trails
2: while (termination condition not met) do
3: 𝑆 ← ∅ // 𝑆 represents the whole ant colony
4: repeat
5: Construct a new solution 𝑠 according to Eq. 2
6: 𝑆 ← 𝑆 ∪ 𝑠
7: until ∣𝑆∣ = 𝑛𝑎

8: Update the iteration-best (𝑠𝑖𝑏) and the global-best (𝑠𝑔𝑏)
9: Compute pheromone trail limits 𝜏max and 𝜏min

10: Update pheromone trails
11: end while

Fig. 2. ACO algorithm for community detection

the evolutionary computation literature. The five algorithms
from network science are as follows: the first is proposed
by Newman (denoted as eigenvector),using eigenvectors of
a modularity matrix to maximize the modularity [10], the
second is Clauset et al.’s fast greedy modularity optimization
algorithm (denoted as fastgreedy) [15], the third is proposed by
Blondel et al. (denoted as multilevel), following a hierarchical
approach to optimize the modularity [27], the fourth is Pons
and Latapy’s algorithm based on random walking [9], denoted
as randomwalk, and the fifth is an algorithm trying to find
communities via a spin glass model (denoted as spinglass)
[11]. The one method from evolutionary literature is MOGA-
Net, which is a multiobjective algorithm, developed by Pizutti
[17].

We implemented all algorithms in MATLAB, except for
MOGA-Net, and the results for MOGA-Net come from [17].
The experiments were performed on a PC with a 2.0 GHz
Pentium 4 CPU and 2 GB RAM under Windows 7 OS. It is
known that parameters play a significant role in ACO [18],
and inappropriate parameter-setting may lead to undesirable
performance. However, finding a good parameter configuration
can be time consuming, and in this paper our aim is to show
that our algorithm is effective. So we only set the parameters
to typical values. Specifically, we set 𝛼 = 1, 𝛽 = 2, 𝜌 = 0.8,
𝜀 = 0.005, and the number of ants 𝑛𝑎 = 30. We use maximum
number of iterations as termination condition, and unless
otherwise mentioned, the maximum number of iterations is
set to 100.

A. Evaluation Criteria

Since many algorithms are modularity-optimization-
oriented approaches, the modularity is definitely a necessary
criterion for the performance evaluation. However, the
modularity measure can not reflect the difference or similarity
between the found community structure and the real structure.
To overcome this disadvantage, we adopted a measure called
normalized mutual information (NMI) from information
theory [28], which has been proved to be more appropriate
and reliable.
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Fig. 3. Tests on the LFR benchmark.

Let 𝑋 = {𝑥1, . . . , 𝑥𝑔} and 𝑌 = {𝑦1, . . . , 𝑦ℎ}be two
sets of communities. The entropy of 𝑋 can be expressed as
𝐻(𝑋) = −∑𝑔

𝑖=1
𝑛𝑥
𝑖

𝑛 𝑙𝑜𝑔(
𝑛𝑥
𝑖

𝑛 ), where 𝑛𝑥
𝑖 represents the number

of vertices in community 𝑥𝑖. The agreement between partitions
𝑋 and 𝑌 is measured by the mutual information, defined as

𝐼(𝑋,𝑌 ) =

𝑔∑
𝑖=1

ℎ∑
𝑗=1

𝑛𝑥𝑦
𝑖𝑗

𝑛
𝑙𝑜𝑔

⎛
⎝ 𝑛𝑥𝑦

𝑖𝑗

𝑛

𝑛𝑥
𝑖

𝑛 ⋅
𝑛𝑦
𝑗

𝑛

⎞
⎠ . (7)

where 𝑛𝑥𝑦
𝑖𝑗 denotes the number of shared vertices between

communities 𝑥𝑖 and 𝑦𝑗 . The normalized mutual information
between two partitions 𝑋 and 𝑌 can be formulated as

𝑁𝑀𝐼(𝑋,𝑌 ) =
2𝐼(𝑋,𝑌 )

𝐻(𝑋) +𝐻(𝑌 )
. (8)

If the partitions are identical, the NMI equals 1, whereas it
takes a value of 0 if the partitions are independent.

B. Synthetic networks

The so called planted ℓ-partition model [29] has been
adopted in many occasions. The model partitions a network
with 𝑛 = 𝑔 ⋅ ℓ vertices into ℓ communities, each with 𝑔
vertices. For each vertex, the probability of a link between
itself and other vertices in the same community is 𝑝𝑖𝑛, and
the probability of being linked to a vertex in other commu-
nities is 𝑝𝑜𝑢𝑡. The network keeps a community structure as
long as 𝑝𝑖𝑛 > 𝑝𝑜𝑢𝑡. One of the most popular version of
planted ℓ-partition model is the LFR benchmark proposed
by Lancichinetti et al. [30]. The LFR benchmark consists of
128 vertices with an average degree of 16, and the vertices
are divided into four communities with 32 vertices each.

Every vertex shares a fraction 𝜇 of its edges with vertices
in other communities, and 1 − 𝜇 with vertices in its own
community, and 0 ≤ 𝜇 ≤ 1 is called the mixing parameter.
When 𝜇 < 0.5, there are more edges within communities than
between communities.

Using the modularity and the normalized mutual informa-
tion between true partitions and detected ones as evaluation
metrics, we compared our method with the five community
detection algorithms coming from network science literature.
Figure 3 shows the results obtained from tests on the LFR
benchmark, each point of every curve corresponding to an
average of the 20 implementations. The modularities of de-
tected community partitions obtained from all six algorithms
are almost identical. And the trends are generally the same:
for small mixing parameters, the community structure is quite
obvious, and both the modularity and NMI measures are pretty
good. As 𝜇 increases, the community structure become more
and more vague, and both measures decrease substantially.
The results obtained by our method is slightly worse than
the randomwalk and spinglass algorithms, almost as good as
the multilevel method, and better than the eigenvector and
fastgreedy algorithms. Even when 𝜇 = 0.4, the normalized
mutual information is still greater than 0.8.

C. Real-life networks

We also applied our algorithm to four well known real-life
networks, including the Zachary’s karate club, the bottlenose
dolphins social network, the American College Football, and
the Krebs’ books on US politics. We compared the results
with algorithms coming from both the network science and
evolutionary computation literature.

The Zachary’s karate club network was recorded by Zachary
during a two-year study of the social interactions between
34 members of a karate club in an American university
[31]. The club was divided into two groups in the end as a
result of an internal dispute between the club’s administrator
and its principle karate teacher. This network has become a
benchmark in recent years to test the accuracy of community
detection algorithms. In Figure 4, the karate club network is
shown, the shapes of the vertices indicate the original division,
and the colors represent the partition found by our algorithm.
Our algorithm divided each of the original two communities
into two subgroups, and got a modularity 𝑄 = 0.420, which
is also the optimal value of modularity on this network.

The second network is the Bottlenose Dolphins social
network compiled by Lusseau et al. [32] from seven-year
observation of a community of 62 dolphins off Doubtful
Sound, New Zealand. The vertices represent the dolphins, and
a tie between a pair of dolphins means that the association
between this pair occurred more often than expected. The
temporary disappearance of one dolphin made the dolphin
community break into two parts. The modularity obtained by
our method is 0.529, also a global optimum.

In the American College Football network (here, football
means American football, not soccer), vertices are Division
I college football teams, and two teams are connected if
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TABLE I
RESULTS ON ZACHARY’S KARATE CLUB AND BOTTLENOSE DOLPHINS

Zachary’s Karate Club Bottlenose Dolphins
Algorithm Modularity NMI Modularity NMI

ACO 0.420 0.687 0.529 0.587
MOGA-Net 0.416 0.602 0.505 0.506
eigenvector 0.393 0.677 0.491 0.449
fastgreedy 0.281 0.693 0.495 0.573
multilevel 0.419 0.587 0.519 0.511
spinglass 0.419 0.587 0.525 0.590

randomwalk 0.353 0.504 0.489 0.537

TABLE II
RESULTS ON AMERICAN COLLEGE FOOTBALL AND BOOKS ABOUT US POLITICS

American College Football Books about US politics
Algorithm Modularity NMI Modularity NMI

ACO 0.605 0.890 0.527 0.560
MOGA-Net 0.515 0.775 0.518 0.537
eigenvector 0.488 0.685 0.467 0.520
fastgreedy 0.577 0.762 0.502 0.531
multilevel 0.602 0.855 0.520 0.512
spinglass 0.601 0.904 0.526 0.495

randomwalk 0.604 0.887 0.520 0.543

Fig. 4. Zachary’s karate club network.

they play each other in the regular season [7]. The 115
teams are divided into 12 conferences, and generally more
intraconference games are scheduled than the interconference
games. So the community structure should be obvious. And
our algorithm got a partition with a modularity of 0.605 and
an NMI of 0.890.

The last example is a network of books about US politics,
compiled by V. Krebs [33]. The vertices represent 105 books at
the time of the 2004 presidential election from Amazon.com,
and edges between books represent frequent copurchasing of
books by the same buyer. Based on their political alignment
(liberal or conservative), the books were divided by Newman
into two categories, except for a small number of books that
were bipartisan or centrist, or had no clear affiliation. The
modularity obtained by our algorithm is 0.527.

Both values of modularity and normalized mutual informa-
tion are shown in Tables I and II, and for every instance, the

best modularity and NMI are presented in boldface. Tables
I and II clearly show that our method performed very well
on the real-life networks. In all four cases, our algorithm
gives the best modularity measures. For the books network,
our algorithm also gives the best NMI result, and in the
other three networks, our algorithm gets the second best NMI
results, only outperformed by a slim margin. For any of these
four examples, no other algorithms have better results in both
measures at the same time.

V. CONCLUSIONS

This paper has presented an ant colony optimization ap-
proach for the community detection problem. Using the locus-
based adjacency presentation, and with the help of a new kind
of heuristic information, we adopt the MMAS framework to
detect community structure in networks by modularity opti-
mization. The results from experiments on both synthetic and
real-life networks is encouraging: our algorithm leads to better
modularities than existing algorithms, and the normalized mu-
tual information results are better than most of those obtained
from the existing ones. This study also shows that ACO has
great potential in solving community detection problems. We
only deal with static networks in this paper, however, many
networks, especially social networks, are changing temporally.
Therefore, developing algorithms that can dynamically detect
community structure will be our focus in the future.
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