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Abstract—Many types of social network are modelled as
graphs. Community detection has been an important research
area in social graph analysis. Community detection can be
viewed as an optimization problem. Nowadays, researchers use
nature-inspired algorithms to solve optimization problem.
Their goal is to find the optimal solution for a given problem.
In this paper, nature-inspired based artificial bee colony
algorithm with crossover and mutation is used to detect
community in social graphs. GraphX is built as a library on
the top of Spark by encoding graph as a collection of vertices
and edges. Comparative studies describe that the proposed
algorithm and other nature-inspired algorithms can effectively
detect the community structure on real world social graphs as
other traditional community detection algorithms.
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l. INTRODUCTION

Real social network can be represented as graph.
Community detection has become one of the important
research areas in social graph analysis. Each graph contains
communities in which vertices in a community have dense
connections and sparse connections to the other
communities. The examples of communities in the graph are
a group of consumers in similar interest, group of researcher
interested in same topic and so on.

Many traditional community detection algorithms are
implemented in igraph package. Some community detection
(CD) algorithms based on hierarchical algorithm.
Hierarchical CD algorithm divides or merges communities
by considering nodes distance or similarity between them.
Some algorithms are optimization based algorithm that
divide the network based on a given criterion. In
optimization approaches, an objective function is defined to
measure the quality of result communities. CD algorithm
efficiency depends on optimization algorithms, objective
function and search strategy of algorithm.

Nature-Inspired algorithms are widely wused in
optimization problem. They have demonstrated their
capacity to produce the acceptable solution in many real life
complex problems as community detection. Generally, there
is a set of candidate solution, which are numerically encodes
and an objective function to be optimized on the solution
space. They have improved the quality of communities found
by heuristic search community detection algorithm. Genetic
algorithm, evolutionary  algorithm, particle  swarm
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optimization algorithm and ant colony algorithm are mostly
used algorithms to solve optimization problem.

Artificial bee colony algorithm is nature-inspired based
meta-heuristic algorithm. It simulates the foraging behavior
of honey bee. Many applications, modification and
comparative studies on numerical optimization problem of
artificial bee colony algorithm (ABC) get high performance
and accurate results [1]. So, ABC is selected due to high
performance of ABC on the numerical optimization problem.
In this paper, it is used to solve community detection
problem. Crossover and mutation are used within ABC
algorithm to search new food source. Experiment results on
real social graphs reflect that the proposed algorithm can
detect communities effectively.

The rest of this paper is organized as follows. Section Il
presents the related works concern with community detection
in social graph and Il describes about basic theory. Section
IV presents the proposed algorithm. Section V shows the
experimental results of different CD algorithm on four social
graphs and VI serves as conclusion and future work.

Il.  RELATED WORKS

Researchers proposed many community detection
algorithms in many research fields over the year. All are
efficient and effective in their way. Igraph community
detection functions can be used to detect communities for
undirected graph. For these algorithms typically the
membership for the highest modularity value is returned.
These algorithms can be tested on RStudio [2].

A parallel particle swarm optimization PSO based on
Apache Spark is used for community detection in social
network by Shanfeng Wang et al. Modularity density is used
as the objective function. GraphX is also used to optimize
modularity density parallel [3]. Evolutionary algorithm for
community detection is used by Gema et al. using graph
based information. Binary encoding was used where binary 1
used to denote the node belong to the community [4].
Ramadan babers et al. used Ant Lion Optimization
Algorithm for community detection. They chose community
fitness and modularity as quality functions [5].

Youcef Belkhiri et al. proposed bee swarm optimization
for community detection in complex network. In this
proposed algorithm, modularity is taken as objective
function, k is used to create bees in a search area and also use
taboo list to avoid cycles during the research process [6].
Ronghua Shang et al. improved genetic algorithm to detect
community in complex network. Modularity and improved
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genetic algorithm (MIGA) is proposed to solve community

detection problem and used prior information of network [7].
In this paper, ABC algorithm with crossover and

mutation is used to detect community in social graph.

IIl. BACKGROUND THEORY

Background knowledge about artificial bee colony
algorithm and crossover and mutation are discussed in this
section.

A. ABC Algorithm

Artificial bee colony algorithm is one of nature-inspired
based algorithms. ABC algorithm contains food sources.
Each food source has d dimensional vectors that are updated
by the artificial bee [8]. The goal of bees is to find the better
food sources which have optimal nectar amount.

Employed bees, onlooker bees and scout bees are used
for search strategy. Employed bees generate new food
sources v; using neighborhood food source in the solutions.
After that, they share their food sources information to
onlooker bees. Onlooker bees choose the food sources
depending on its nectar amount. If the nectar of a food source
increases, the probability value of food source will be
preferred by onlooker bees increases too. The new food
source’s nectar amount is more than the previous food
source; bee updates its food source and forget the old one. If
the food source is abandoned, the scout bee searches new
random food source.

Three bees’ processes are repeated until a termination
criterion is satisfied. In ABC, exploitation is made by
employed and onlooker bees and scout control exploration.
ABC attempts to balance between exploitation (local search)
and exploration (global search). The general structure of the
ABC algorithm is given as follow.

Initialize population of solutions

Generate fitness of all solutions

Keep best solution in the population

REPEAT
Employed Bees: Evaluate new solutions
Onlooker Bees: Evaluate new solutions based on food
source’s probability value
Scout Bees: if abandon solution exists, generate new
random solution
Memorize the best solution

UNTIL (Maximum Cycle Number)

B. Crossover and Mutation

Crossover and mutation is the most significant phase in
genetic algorithm (GA). In GA, chromosome represents a
candidate solution. Each chromosome can be divided into
genes. Each genes represents a particular element of
chromosome. For solution representation, different type of
encoding schema is used such as binary encoding, integer-
encoding, tree encoding and etc. When selecting parents’
chromosomes for reproducing according to their fitness
value, crossover and mutation operator take place. Crossover
consists of exchanging genes between two chromosomes
(parents) and forming new chromosomes (offsprings).
Crossover occurs with some probability (crossover rate). If
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there is no need to take crossover, offspring is simply a copy
of its parents. Mutation is performed by choosing a gene at
randomly chosen locus and replacing that gene with another
one. Mutation operator maintains diversification in the
population ensuring that no single gene position keeps fixed
value during the algorithm run.

IV. PROPOSED ALGORITHM FOR COMMUNITY DETECTION

In this section, artificial bee colony algorithm with
crossover and mutation is proposed to solve community
detection problem. In ABC the number of food sources
represents the population of solutions. The good food source
indicates a better solution to the given optimization problem.
This algorithm is implemented on Spark framework and
GraphX.

[ Input txt file with edge list ]

vBuild graph using GraphX

-Read input graph and initialize population of
solutions of the algorithm by using label-based
encoding schema

-Evaluate the fitness of all solutions in population
using modularity equation

- Keep the best solution in the population

v

Evaluate solutions by Employed bees |

¥

Each onlooker bee selects food source from
employed bees and update it

v

| Evaluate solutions bv Onlooker bees |

—

Abandoned
Solution?

| Regenerate new solution by scout bee |

la

A Al

| Produce best solution and new population |

Maximum Cycle
number?

Yes

v

Return cluster members of
communities using best solution

Figure 1. Flow diagram of the proposed algorithm.

GraphX represents graphs internally as a pair of vertex
and edge collections. It built on Spark RDD abstraction. In
the rest of this section, create graph using GraphX, the
solution representation and initialization, fitness function and
search strategy of proposed algorithm are also described.



A. Creating Graph Using GraphX

The input text file contains edge lists of social network.
GraphX on Spark framework is used to create graph. The
input txt file of sample network in figure 2 is 1 2,1 3, 2 3,3
4,4546,47586,7 8. Graph<VD, ED>, VertexRDD <Long>
and EdgeRDD <Long> in graphX are used to create graph
from txt file. Graph contains the set of vertices and edges in
the given network. Sample graph gets 8 vertices and 9 edges.
Then create internal graph  Map<Long,Set<Long>>
internalGraph = new HashMap<Long,Set<Long>>(). That
internal graph contains vertices and its neighbor vertices list.
The output of internal graph is

Node id : 4 neighbour ids 3, 5, 6, 7,
Node id : 6 neighbour ids 4, 5,
Node id : 8 neighbour ids 7,

Node id : 2 neighbour ids 1, 3,
Node id : 1 neighbour ids 2, 3,
Node id : 3 neighbour ids 1, 2, 4,
Node id : 7 neighbour ids 4, 8,
Node id : 5 neighbour ids 4, 6.

First line means that node 4 has links to node 3,5,6 and 7.
It is used in many parts of the proposed algorithm. In
initializing population of solutions and finding fitness
function, it can be used.

B. Representation And Initialization

The input of community detection problem is a graph
structure and the output is community member of each node
in the graph. In graph G(V,E), V is the number of v vertices
and E is set of e edges. Each food sources in the population
has in the form Xi=(Xi1,Xi2,Xis...,Xiv) Where v is the number of
vertices in the graph. For solution initialization, label-based
representation is used. The value of each vertex index
indicates to which the community label the vertex belongs.
There are p number of population of solutions. After
discussing about the representation, this paper presents about
the initialize population.

Label-based encoding schema can automatically define
the numbers of community in network. To get maximum
numbers of community, start from first index vertex Xi.
xiiand their neighbors are assigned same community label
and then the number of community will increase. Then go to
next index Xi,. If the second index has own community label,
skip it. Second index vertex and their neighbors will be
assigned same community label if the vertices don’t have
label value. This assignment will make until the last vertex.
Finally, one food source and the maximum number of
community is gotten. Based on the food source, initialize the
population of solutions. For each food source, a vertex t is
randomly chosen and assigned its community label to all of
its neighbors. The random probability is 0.3 for each food
source.

C. Fitness Function

Fitness function is main factor of swarm intelligence
algorithm. This paper used modularity Q as a fitness function
of the proposed algorithm. It does not need to know ground
truth communities of networks. Modularity evaluate the

quality of a partition of nodes in a graph as good
communities. Modularity is the difference between the
number of links in a group and the expected number of links
in the same group of a comparable random graph.

1 ki k; 5

Q= g D (@ =52 1)8(ei, )
J 1)

Where, ki is the degree of vertex i and k; is the degree of
vertex j, ¢i is the community label of node i, ¢; is the
community label of node j, a;j =1 if node i and node j have
link that value can be gotten from the internal graph and &
function is 1 if i and j have same community label, otherwise
it equals to 0, m is the total number of edges in the graph [9].

D. Search Strategy

Employed bees search new food sources using the
neighborhood food sources in the population. The new food
source has more nectar amount than old food source.
Crossover and mutation are used when evolving new food
source in ABC algorithm. One-way crossover is used in
crossover operation. Select a crossover point randomly.
Following example shows crossover operation on a food
source. For each food source, choose a neighbor food source
in the population. The nectar amount of neighbor food
source is higher than other food source in population.

Example: for figure 2 sample graph, randomly choose
crossover node is 3 in original food source. Select other
nodes with same community label with crossover node
depend on original food source. In example, node 3’s
community id is 2. Then, choose other nodes that has same
community id as node 3. Swap genes values in original food
source with same genes indexes values in neighbor food
source.

Figure 2. Sample graph.

Original Food source

1 2 4 6 7 8
1 1 1 1 3 3
Neighbor Food Source

1 2 3 4 5 6 7 8
1 1 1 2 2 2 3 3
Child food source 1

1 2 3 4 5 6 7 8
1 1 1 1 2 1 3 3
Child food source 2

1 2 4 6 7 8
1 1 2 2 3 3
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Then choose the best solution with highest modularity
fitness value in two child food sources. Equation 1 is used to



find better community quality. Child food source 2 get more
fitness value than child food source 1. It is chosen as
candidate solution. After getting candidate solution, choose
new solution between original and candidate solution using
greedy selection. To calculate mutation, each gene, pick up
random probabilities, if the random probability less than
mutation probabilities then goes on mutation. For genes to be
mutated, replace the community index with neighbor node
community index. After generating new food sources in
employed bees’ phases, calculate the probability of each
food source and send this information to onlooker bees.
Onlooker bee choose food source that based on probability
of food sources. Then they also generate new solution as
employed bee. If the solution is larger than maximum limit,
scout bee searches new random solution as initialization
stage. These process is iteratively done until the maximum
cycle number. Finally, the algorithm produces the cluster
member of nodes in the graph as an output. The sample
graph output is community label 1(1,2,3), community label 2
(4,5,6) and community label 3(7,8) with best fitness 0.40123.

V. EXPERIMENTAL RESULTS ON REAL DATASETS

Famous datasets for community detection such as
Zachary’s karate club [10], Bottlenose dolphins [11],
American college football [12] and US politics Book [13]
networks are applied to show the effectiveness of proposed
algorithm. For the algorithm, the parameter is set as humber

of population, p=100, maximum cycle number=200,
limit=20, crossover rate =0.4 and mutation rate=0.1.

Traditional community detection algorithms are used to
test on four datasets. This paper uses five traditional
community algorithms infomap, label propagation, Leading
Eigen vector, Louvain and walktrap [14-18] which are
implemented in igraph library. That can be tested on RStudio
by importing igraph package. Some algorithm cannot detect
community structure in large scale graph. Nowadays,
researchers use population based nature-inspired algorithms
to find communities in large graph. Some nature-inspired
algorithms are chosen to compare the quality of experimental
results such as hybrid algorithm Teacher learners and group
search optimization (TL-GSO), Group Search optimization
(GSO-1), CNM, Evolutionary Algorithm (EA) Memetic
algorithm [19-22].

Table 1 shows the comparison of modularity results get
from various community detection algorithms. It shows that
the proposed algorithm can detect suitable community
structures in real graphs. In this table CNo is community
number, M is modularity value of each algorithm. The result
implies the best modularity value which leads to more
accurate communities. Real world social graphs don’t have
ground truth community number. Researcher proposed
algorithm to get effective results in choose objective
function. Many of the proposed algorithms for community
detection are based on modularity as an objective function.

TABLE I. COMPARISON OF MODULARITY VALUES IN TRADITIONAL COMMUNITY DETECTION ALGORITHMS AND NATURE-INSPIRED BASED ALGORITHMS

Algorithm Zachary Dolphin Football Book
CNo M CNo M CNo M Cno M

Infomap 3 0.402 5 0.527 12 0.601 8 0.496
Label propagation 3 0.402 4 0.51 9 0.601 4 0.498
Leading eigenvector 4 0.393 5 0.491 8 0.492 4 0.465
Louvain 4 0.419 6 0.519 10 0.604 5 0.515
Walktrap 5 0.353 4 0.488 10 0.602 5 0.501
Proposed method 4 0.419 4 0.526 9 0.603 4 0.52

EA 3 0.38 3 0.46 7 0.56 4 0.52

TL-GSO 4 0.418 5 0.528 10 0.604 5 0.527
GSO-1 3 0.384 5 0.429 7 0.428 6 0.444
CNM 3 0.38 4 0.495 6 0.55 4 0.501
Memetic 3 0.402 4 0.518 7 0.604 4 0.523

According to the comparative modularity result, nature-
inspired algorithms can be effectively solved community
detection problem as traditional algorithms with suitable
community number. They are also suitable for large-scale
graphs. Spark framework is used to implement algorithm
because it can be suitable for iterative machine learning task.

VI. CONCLUSION

In this paper, modified artificial bee colony with
crossover and mutation is used to detected community in
social graphs based on apache Spark. ABC is widely used in
numerical optimization problem. It can also use in discrete
problem as community detection. GraphX is used to create
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graph instead of adjacency matrix. GraphX is more suitable
for large-scale graph processing. The proposed algorithm
used modularity as a fitness function. In this paper, some
conventional community detection algorithms and nature-
inspired algorithms are applied to compare experimental
results. The experiment results show that the proposed
algorithm can effectively detect communities with
quantitative modularity results and suitable community
structures as other algorithms. This paper only considers
edge structure of undirected graph. Future work will be
considered to detect community on large-scale social graphs
and GraphX on Apache Spark is also used for graph parallel
processing.
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