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One	popular	metric	for	gauging	the	robustness	of	a	community's	structure	in	community	discovery	is	the	modularity	
function.	Using	a	genetic	algorithm	and	a	random	walk	model,	we	present	a	new	way	to	encode	network	community	
structures	and	an	approach	to	community	detection	 that	maximizes	modularity.	To	begin,	 the	 initial	adjacency	
matrix	was	weighted	using	the	results	of	applying	the	random	walk	model	to	the	calculation	of	node	similarity.	A	
weighted	 network	 link	 topology	was	 subsequently	 encoded	 into	 a	 chromosome	 in	 accordance	with	 the	 closest	
neighbor-based	similarity	representation	approach.	By	adjusting	the	structure	of	a	set	number	of	chromosomes	and	
then	computing	their	modularity,	the	genetic	algorithm	was	able	to	�ind	the	optimal	modularity	value,	which	is	
related	to	the	number	of	communities	and	their	structure.	On	several	actual	social	networks,	we	put	our	technique	to	
the	 test.	 The	 innovative	approach	achieved	higher	modularity	 value	 in	 comparison	 to	multiple	 state-of-the-art	
methods.	The	results	obtained	using	 the	 suggested	strategy	are	more	realistic	because	 it	does	not	necessitate	a	
predetermined	number	of	 communities	when	community	partitioning	begins.	 In	 this	 case,	 the	 ideal	 community	
layout	and	number	of	communities	are	calculated	automatically.
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1	INTRODUCTION	
A network connection diagram can show real-life 
links between items or individuals. These networks 
are complicated. Examples include biological 
networks, the Web, and social collaborative networks. 
Complex networks are everywhere. Community 
structure discovery, which divides large networks 
into modules based on internal links, is crucial to 
analysis. Researchers from several domains study 
community detection. Due to the demand for social 
network analysis, many community structure 
detection algorithms have been created. Girvan and 
Newman introduced edge betweenness-based 
community �inding [1]. Newman proposed an 
assessment function for modularity to assess 
fragmented communities' ef�icacy [2]. Divide a 
network into a set number of communities to 
determine its modularity. A higher modularity 
number indicates a better split. [5], values between 
0.3 and 0.7 indicate a highly modular network. [3] 
report that modularity became the partition standard 
in community detection. The novel community 
�inding technique SKSC uses modularity Q value as 
the division evaluation function and is based on 
kernel spectral clustering. It debuted recently. 
Splitting a network around the most modular node is 
best. In recent years, community identi�ication 
investigations concentrating on innovative 
modularity approaches have gained popularity. 
[4] proposed a convex technique to community 
�inding modularity optimization. 

This optimization issue appears to have no optimum 
solution. 
Network partitions present a new optimization 
dif�iculty. Several external optimization methods 
establish modularity values. The genetic algorithm, 
an evolutionary algorithm that is simple and effective, 
was the most common community discovery method. 
This work introduces GAcut, a unique community 
discovery method that uses the random walk model 
and a genetic algorithm to optimize modularity Q for 
community partitioning. Starting with the random 
wa l k  m o d e l ,  we  c a l c u l a te  n o d e  t ra n s i t i o n 
probabilities. To make every node's nearest neighbor 
unique, a network's adjacency matrix is weighted. We 
present a weighted network community structure 
expression. One recommended encoding genes using 
weighted similarity based on neighbors' positions. 
One can modify chromosomal shape with the genetic 
algorithm. We categorize networks by maximizing 
modularity. It doesn't require a community number 
like other methods. GAcut partitioning surpassed 
other cutting-edge community identi�ication and 
modularity optimization approaches in modularity 
value on real-world networks with the ground truth. 
To evaluate the strategy, we tested it on additional 
large actual networks with unknown community 
patterns. Researchers found that GAcut can 
independently recognize community structure. 
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2.	Methodology
Using a mix of modularity maximization and 
similarity metrics based on random walk distance, 
this study suggests a way for detecting communities 
in social networks. The primary objective is to 
optimize the modularity score Q with a genetic 
algorithm in order to improve the ef�iciency and 
accuracy of community detection. Important parts of 
the process include a genetic  algorithm, a 
representation of the network, and a representation 
of the chromosomes, a random walk distance, and a 
comparison to previous approaches.

Network	Representation
Community detection originates from graph 
partitioning
techniques, where a network is represented by a 
graph

Comparison	with	Existing	Methods
The proposed method is compared with Ga-Net, a 
community detection method based on genetic 
algorithms. While Ga-Net uses a locus-based 
adjacency representation and focuses on binary 
networks, the proposed method utilizes the random 
walk model to transform the adjacency matrix into a 
weighted matrix, allowing for more accurate detection 
of community structures in weighted networks. 
Additionally, the proposed method does not require 
the number of communities to be pre-speci�ied, unlike 
Ga-Net, and provides a more �lexible and scalable 
approach.
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Figure	 1:	 shows the process of chromosome 
encoding and decoding. (A) A diagram depicting the 
initial network connections. The �irst line represents 
the chromosome's position, while the second line 
represents its genotype; this representation is based 
on nearest neighbor similarity and has ten nodes. (C) 
It is possible to encode the chromosome and divide it 
into two modules.

3	Experimental	Results

Table	1.1.	Top	outcomes	for	modularity	and	the	number	of	
communities	for	various	algorithms

The proposed GAcut algorithm was tested on several 
standard network datasets and compared with 
related algorithms in community detection literature, 
such as Fast_mo, Fast_newman, NMF, Qcut, and 
HQcut. The datasets included social networks like the 
Karate club, Dolphin, and Football, as well as larger 
networks like Erdös, Email, and Yeast.
Ÿ GAcut outperformed other algorithms across 

most datasets in terms of modularity (Q_max) and 
the number of communities (NC).

Ÿ For instance, in the Karate club network, GAcut 
achieved the highest modularity value (Q_max = 
0.4198), detecting 4 communities, which was also 
the highest among all compared algorithms.

Ÿ In the Dolphin network, GAcut also performed 
best, with a Q_max of 0.5277, surpassing other 
algorithms.

Ÿ For larger networks such as Erdös, Email, and 
Yeast, GAcut yielded higher modularity values 
than other algorithms like Ga-net and SKSC, which 
indicates better community detection and a 
stronger network modularity structure.

Despite the impressive performance, the resolution 
limit issue remains in larger networks, where the 
detection of smaller communities is challenging. 
GAcut's higher modularity indicates that it detects 
communities more effectively, but further studies are 
needed to address resolution limits in large networks.

4.	Conclusion	
We present a partitioning algorithm that determines 
the logical division of a community's structure 
automatically by applying novel methods of 
community structure encoding and decoding, which 
are based on genetic development of modularity 
maximization. Community detection results are 
improved when the random walk model is used in 
conjunction with it. This approach is proven to be an 
unsupervised community partitioning method since 
it does not necessitate the speci�ication of a 
community number during the partitioning 
operation. Also, the optimal number of communities 
and best  modularity  value are both found 
automatically by the innovative method. Thus, for big 
real-world networks lacking a priori established 
architecture, the innovative technique is highly 
applicable.
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