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Abstract: There are all kinds of networks in reality. There are transportation networks 

and railway networks, social networks such as Weibo, and power networks in life. The 

network is everywhere. Most of the networks that exist in reality do not belong to the 

traditional rule network, nor to the scope of completely random networks. These 

networks represent another physics dynamic feature. These networks are called 

complex networks. With the in-depth study of complex networks, it has been found 

that in addition to the basic features of "small-world effect" and scale-free, the 

network community structure is One of the important topological features of complex 

networks, which indicates that there is a community structure in complex networks. 

To analyze the characteristics of the online community, researchers explore the 

community structure in complex networks through various methods. This process is 

community discovery. This paper first introduces the definition of complex networks 

and community and community discovery, then summarizes the research status of 

community discovery methods in complex networks, and classifies the current 

community discovery methods from the perspective of community discovery results, 

respectively, for non-overlapping community discovery. Methods, overlapping 

community discovery methods and community dynamic evolution discovery methods, 

try to outline a more comprehensive outline for the research direction, and provide 

help and reference for research work in related fields. 
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1. Introduction 

In recent years, with the rapid development of scientific information technology, 

human society has entered the network era. In reality, there are a variety of networks, 

such as transportation networks and railway networks, shopping procurement 
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networks, social networks such as Weibo, power networks and telephone lines in life. 

It can be said that the network is everywhere. Most of the networks that exist in reality 

do not belong to the traditional rule network, nor to the scope of completely random 

networks. These networks represent another physics dynamic feature. These networks 

are called complex networks. These networks, which are ubiquitous in real life, involve 

many aspects of knowledge, such as complexity science, mathematics, physics, 

biological sciences, social sciences, and computers, which encourage scholars in 

different fields of science to work together on complex networks. In-depth study of 

complex networks and the intertwining of various scientific fields make it one of the 

most concerned and challenging topics. 

With the in-depth study of complex networks, it has been found that in addition to the 

basic features of small-world effect[1] and scale-free[2], the network community 

structure is One of the important topological features of complex networks, this 

structural feature indicates that there is a community structure in complex networks, 

that is, the relationship between nodes within the community is relatively close, and 

the relationship between nodes is relatively sparse. To analyze the characteristics of 

the online community, researchers explore the community structure in complex 

networks through various methods. This process is community discovery. 

This paper first introduces the definition of complex networks and community and 

community discovery, then summarizes the research status of community discovery 

methods in complex networks, and classifies the current community discovery 

methods from the perspective of community discovery results, respectively, for non-

overlapping community discovery. Methods, overlapping community discovery 

methods and community dynamic evolution discovery methods, try to outline a more 

comprehensive outline for the research direction, and provide help and reference for 

research work in related fields. 

 

2. Complex network 

For the network, it is expressed in the form of graphs in mathematics. The research 

on the map can be traced back to the study of the seven-bridge problem of the famous 

Conistor Castle of the mathematician Euler in 1736[3]. In order to solve this problem, 

Euler first introduced the knowledge of graph theory. Since then, people have begun 

to use graph theory to study the network, but there has not been a big breakthrough. 

Until the 1960s, the Random Graph theory, established by two Hungarian 

mathematicians, Erdos and Renyi, further promoted the systematic study of complex 

networks in mathematics[4]. In the following decades, the study of complex networks 

was based on random graph theory. However, with the enhancement of data 

processing capabilities, most real networks are found to be neither regular nor random, 
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but rather a network with a certain regularity. At the end of the 20th century, the 

literature entitled "Collective Dynamics of 'Small-Word' Networks" by Dr. Watts and his 

tutor, Professor Strogatz, revealed the existence of complex networks[5]. The 

characteristics of the small world; the literature entitled "Emergence of Scaling in 

Random Networks" by Professor Barabasi and his doctoral student Albert, reveals the 

scale-free characteristics of complex networks[6]. These two groundbreaking 

discoveries have become the hallmarks of the beginning of a new era of complex 

network research. With the in-depth study of complex networks, it has been found 

that complex networks have extremely important modularity in addition to small 

worlds and scale-free features, that is, complex community networks have many 

community structure patterns. The interconnections between nodes in the same 

community are dense, and the connections of nodes in different communities are 

sparse[7]. Community structure is one of the most important topological attributes of 

complex networks. In the research of complex networks, it is of great scientific 

significance to successfully and effectively mine its hidden community structure. In a 

broad sense, using the discovered community structure, you can analyze large 

complex networks, understand their functions, discover their implicit patterns, and 

promote the study of complex networks. 

Complex networks are abstract representations of complex systems. Nodes in a 

network represent individuals in complex systems, and edges represent various 

relationships between individuals. When the network size is small, people use graph 

theory and probability and statistics related theory to explore the nature and 

characteristics of the network. With the development of the Internet, the 

communication between people has exploded, and various relationships have become 

more and more complicated. At the same time, it has become easier to collect 

information, and the data scale has become larger and larger, and the construction 

includes thousands of nodes. Complex networks are becoming more and more 

common. How to efficiently mine meaningful information in a wide variety of networks 

has become one of the current multidisciplinary areas. 

 

3. Community and community discovery 

3.1 Community definition 

The community itself is only a qualitative concept. Since the day of its submission, the 

quantitative definition of the community has caused controversy and extensive 

discussion from scholars in different fields. Until now, there is still no quantitative 

definition that is widely accepted. Intuitively, the community is generally considered 

to be some node groups (groups) in a complex network. The nodes in the same group 

are relatively closely connected, and the groups are relatively sparse. 
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Current definitions of communities can be divided into three categories: local-based 

community definitions, global-based community definitions, and community definitions 

based on structural similarities: 

Based on the local community definition, only the internal nodes of the community 

and the internal nodes of the community and the external nodes are considered, 

regardless of the contact information between the external nodes of the community. 

The local community definition generally gives a condition or constraint that the 

community should satisfy, and based on this, find the maximal sub-networks in the 

network that can satisfy the condition. These sub-networks are called communities. 

For example: Palla et al[8]. proposed k-clique (clique size k) community definition, 

through the k-clique rolling to get the final community; 

Based on the global community definition, the community definition is indirectly 

derived from a certain nature in the network. The most representative community 

definition in the global definition approach is based on the definition of modularity[9]. 

Based on the modularity-based community definition, a random network 

(representative E-R network) is used as a reference to define the community based 

on the deviation of the current network from the reference network. That is, when the 

two network nodes have the same distribution, the edges between the nodes are 

randomly placed. If the number of connected edges in a sub-network is higher than 

the expected number of connected edges in the reference network, the sub-network 

is considered to be a community. A modular definition based community definition is 

a widely accepted community definition method; 

Based on the community definition of node similarity, the similarity of nodes in the 

same community is the guiding ideology. The basic framework is: firstly calculate the 

similarity between any two pairs of nodes according to the network topology 

information; then adopt the level according to the similarity between nodes. The way 

of clustering divides the nodes into groups, each of which belongs to the group most 

similar to it; ultimately, each group is treated as a community[10]. 

 

3.2 Community Discovery Definition 

With the in-depth study of complex networks, it has been found that complex networks 

have the basic features of complex networks such as "small-world effect" and scale-

free, and network community. Structure is one of the important topological features 

of complex networks. This structural feature indicates that there is a community 

structure in complex networks, that is, the relationship between nodes within the 

community is relatively close, and the relationship between nodes is relatively sparse. 

To analyze the characteristics of the online community, researchers explore the 

community structure in complex networks through various methods. This process is 
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community discovery. 

The research on complex network community discovery methods is of great 

significance for analyzing the topology and hierarchical structure of complex networks, 

understanding the formation process of communities, predicting the dynamic changes 

of complex networks, and discovering the regular features contained in complex 

networks. At the same time, complex network community discovery methods have 

broad application prospects in many fields. For example, the analysis of the 

performance and interoperability of biological proteins, Internet network analysis and 

clustering, search engines, social organization structure network analysis, personalized 

services and recommendations. Complicated online community discovery related 

research work papers published in several international top journals and top 

international academic conferences. Complex network community discovery has 

become a hot spot for researchers in many fields. 

 

4. Classification and analysis of complex network community discovery 

methods 

The network can be formally represented as a graph G = (V, E), where V represents 

all sets of nodes in the network and E represents a set of edges between nodes in the 

network. The community discovery method can be divided into the method based on 

the edge graph idea, the method based on the global partition, the method based on 

the local partition, the method based on the modularity, and the method based on the 

random walk. After reading a large number of related articles, I have classified the 

existing community discovery methods from the perspective of community discovery 

results, which are non-overlapping community discovery methods, overlapping 

community discovery methods, and community dynamic evolution discovery methods. 

 

4.1 No overlapping community discovery method 

Non-overlapping community discovery, that is, each node in the network belongs to 

only one community, and there is no case where any node belongs to two or more 

communities at the same time. C is a collection of nodes within the community, and 

the form of non-overlapping community discovery is defined as: 

 

Community discovery belongs to the problem of graph segmentation in classical graph 

theory—dividing nodes into several subsets, so that the number of edges connected 

between the divided subsets is the smallest. This problem has been proved to be an 

NP problem, and many heuristic algorithms are used to find Get an approximate 

solution to the problem. 

Much research has focused on the statistical properties of social networks such as 

,i j i
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social networks and the World Wide Web. Researchers are particularly concerned with 

attributes that seem to be common in many networks: small world attributes, power 

law distribution, and network transitivity. M. Girvan et al. introduced another attribute 

in the network, the community structure attribute, which is connected by tightly woven 

groups with loose connections. A method for detecting such communities is proposed, 

around the idea of using a central index to find community boundaries[11]. The 

method was tested on computer generated graphics and real world graphics and found 

to detect this known structure with high sensitivity and reliability, achieving excellent 

agreement with the expected results. The method was applied to two networks, the 

collaborative network and the food network, which were not well known in the 

community structure, and found that it detected important and informative community 

divisions in both cases. 

The Kernighan-Lin algorithm[12] (KL algorithm for short) is a dichotomy method 

proposed by Kernighan and Lin in 1970 to divide the network into two communities of 

known size based on the principle of greedy algorithm. The KL algorithm defines the 

difference between the number of edges in the community and the number of edges 

between the communities as the gain function H, and obtains the community by 

maximizing the Q value. The algorithm first selects a node from each community to 

exchange and calculates ΔH, selects the node pairs of the largest ΔH in all exchanges 

to perform node exchange, and repeats this process until H no longer increases. The 

KL algorithm must determine the size of the community in advance and select an initial 

partition state. In the actual network lacking prior knowledge, the KL algorithm is 

greatly limited. The time complexity of the KL algorithm is O(n2), where n represents 

the number of network nodes. 

Hierarchical clustering community discovery is to calculate the similarity between 

nodes in the network, the similarity is high, the similarity is low, the clustering process 

is displayed in the form of a tree, and then a modular function is defined to measure 

the quality of the segmentation. To get the best community discovery. The splitting 

method and the condensing method are two main methods found in the hierarchical 

clustering community. The basic idea of the splitting method is that the whole network 

is initially a community. According to the similarity between nodes, the nodes with 

lower similarity are divided into different communities. Contrary to the splitting method, 

the aggregation method initially uses each node as a community. Calculate the 

similarity between nodes and merge nodes with high similarity. 

The GN algorithm [13] proposed by Girvan and Newman is a classic representation of 

the splitting algorithm. The basic assumption is that the number of edges between 

communities (that is, the number of shortest paths passing through each edge in a 

complex network) should be greater than that in the community. number. When 
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splitting, remove the edge with the largest median from the network. The GN 

algorithm has two main disadvantages: one is that it is impossible to evaluate the 

community discovery results; the other is that the calculation of the edge media time 

is very expensive (O(mn)). The GN algorithm has a high time complexity and is . 

For a sparse network, the complexity is about . Therefore, the GN algorithm is 

only applicable to a small-scale complex network. 

The label propagation algorithm[14] is one of the community discovery methods based 

on local similarity. Each node is marked with a unique label in the initial state. During 

the label propagation process, the node selects the label with the largest number of 

its neighbor node labels as its new label, and the nodes with the same label form a 

community. The fitness-based approach is also a community discovery method based 

on local similarity. Initially, the nodes in the network are randomly selected as the 

initial community. According to the definition of community structure, iterative 

clustering is performed by selecting neighbor nodes that make the community 

structure more obvious. 

Spectral clustering algorithm is a typical community discovery method. Its algorithmic 

idea is based on the spectral theory. The low-dimensional embedding of data is 

obtained through the feature decomposition of the matrix, and the clustering problem 

is transformed into the optimal partitioning problem of the graph, thus realizing 

community discovery. process. The basic steps of the spectral clustering algorithm are 

as follows: First, define the similarity between the data, and obtain the similarity matrix 

W; then derive the Laplacian matrix L, and calculate the eigenvalues and eigenvectors 

of L, the common structure of the matrix L There are three ways, namely: 

 

 

 

Among them, I is the unit matrix, B is the node degree matrix, ; finally, the 

clustering algorithm is used to cluster the feature vectors by k-means to complete the 

community discovery. Compared with the traditional clustering method, the spectral 

clustering algorithm is not easy to fall into the local optimal solution. It is suitable for 

non-convex distributed data clustering of various structures and performs well in 

solving practical problems. 

The PF algorithm[15] was proposed by Perona and Freeman in 1998. The algorithm 

clusters with the eigenvectors corresponding to the largest eigenvalues of the similar 

matrix W. The graph partition function used by the algorithm is the minimum cut 

function（Minimum cut，M-cut）[16], namely: 
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The algorithm is a basic spectral clustering method, and achieves good results in the 

image data partitioning experiment. However, this method often divides the skew, that 

is, the two communities that are divided, one is very large and one is very small. 

 

4.2 Overlapping community discovery methods 

The traditional method of discovering complex network communities is to divide the 

complex network into a number of completely separate communities, which is often 

not in line with the actual situation. From different perspectives, nodes often play 

multiple roles and can belong to multiple communities at the same time. Complex 

networks are not strictly divided, and community boundaries are blurred, which is 

closer to the real world and more meaningful. Over-comprehensive results are 

obtained by not strictly dividing the complex network. 

For the first time, Palla et al[17]. proposed a method for community discovery of 

overlapping groups. CPM is based on a mass group rather than a node or edge for 

community discovery. Palla et al. believe that the community has multiple community 

cores with adjacent k-maximal groups, adjacent k-maximal groups have k-1 nodes, 

and k-maximum groups belonging to different communities may have common nodes, 

thus finding overlap. Community structure. This method performs well in the real 

network and can reflect the actual situation. The main disadvantage of CPM is that 

the parameter k needs to be determined in advance, and the practical application is 

difficult. Different k values make the community find a large difference. 

The application of traditional methods on the Weibo network is not ideal, so more and 

more people are beginning to explore the microblog community discovery. The use of 

tags in the Weibo network to indicate the user's hobbies is an important criterion for 

community discovery. To more accurately study the Weibo community, it is necessary 

to combine the user node's own label and the relationship of interest between users. 

The typical one is the LCA algorithm, but the processing object of the algorithm is the 

microblog content sent by the user, and the interference information is too much. This 

makes it difficult to accurately extract the user's interest. Sun Yifan added the user 

label concept based on the user's concern relationship, but this method did not take 

into account the situation that the user label is too small and the algorithm is a non-

overlapping community discovery algorithm. Ma Huifang et al[18]. proposed an 

overlapable community discovery method that combines Weibo user tags and user link 

relationships. The user label is expanded by calculating the association relationship 

between the labels, and then the microblog network community can be overlapped 

according to whether the core label is included, and the update result is used as the 

basis for selecting the core label again, as the division method. Through the Sina 
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Weibo public API to crawl, starting from the core users, the breadth-first traversal 

principle, along the relationship of attention to crawl layer by layer, the data captured 

include Sina Weibo user data and user label data. The experiment used a student at 

the school as a core user to conduct experiments. In order to verify the effectiveness 

of the algorithm, two typical methods for microblogging networks are selected: the 

method based on R-CNN model is compared with the similarity-based method, and 

the method is found to be effective. 

Liu Shichao summed up the advantages and disadvantages of today's algorithms, and 

proposed an overlapping community discovery algorithm based on label propagation 

probability (LPPB)[19]. The algorithm improved the propagation characteristics of the 

network based on COPRA, and determined the update order according to the influence 

of the nodes. The attribute characteristics of the nodes and the influence of the history 

tag records on the propagation are comprehensively calculated. (COPRA algorithm, 

the first use of label propagation methods to solve the problem of overlapping 

community mining). It selects the ZacharyKarateClub dataset as the benchmark 

dataset, and compares the results obtained by the algorithm with the standard results. 

The accuracy of the verification algorithm is significant. 

Shen et al[20] proposed the EAGLE algorithm for discovering network overlapping 

communities and community-level hierarchies. This method combines the maximal 

group idea and the hierarchical clustering method, and defines the similarity function 

between communities and the modular EQ for measuring the effect of overlapping 

community partitioning. All the maximal groups and individual nodes are used as the 

initial community, and the community pairs with the greatest similarity are repeatedly 

merged, and the optimal community discovery results are selected through EQ. 

Lancichinetti et al[21]. proposed an overlapping community discovery method based 

on fitness. This method analyzes the hierarchical structure of communities in the 

network and has low time complexity. 

 

4.3 Development and Evolution (Dynamic) Community Discovery Method 

The above community discovery methods are all directed to static complex networks, 

but in reality, complex networks always change dynamically over time, and nodes and 

edges of the network may be added, deleted, or modified at all times. Complex 

networks change over time, and the structure of the community changes. This process 

is actually a process of community evolution. Community dynamics reflect the 

evolution of the entire network and community structure themes, analyzing, 

interpreting, and predicting the structure and nature of the dynamic community[22]. 

Due to the complexity and uncertainty of dynamic changes of real and complex 

networks, how to effectively discover the community structure and its evolution 
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process in the network is one of the hot spots in the current complex dynamic 

community discovery. 

Existing community discovery methods are based on how to judge the relationship 

between nodes "close" or "loose" to develop a network different from the traditional. 

In addition to the topology, some new network nodes exchange frequent information. 

The flow of information makes these networks directional and dynamic. Traditional 

community discovery methods do not apply to these new networks because they do 

not take these new features into account. Based on the theory of infectious disease 

dynamics, Sobo et al. proposed a dynamic community discovery method from the 

perspective of information flow between nodes[23]. The method finds a set of nodes 

with close connections and similar interests through the analysis of information flow 

to achieve dynamic community discovery. This approach can achieve the effect that 

information flows frequently within the community, while there is only occasional flow 

of information between communities. 

Lin Wangqun further proposed a new hierarchical community discovery method D-

SNCD based on the hierarchical static community parallel decomposition algorithm[24]. 

The D-SNCD algorithm is a selective update algorithm for the HOT branch generated 

by the P-SNCD algorithm, which can process large-scale dynamic social networks in 

parallel and efficiently. The D-SNCD algorithm is applied to verify the effect and 

performance of the algorithm through two actual data sets of "DBLP" and "Sina Weibo". 

It is found that the algorithm is correct and effective. 

Guo Lin et al proposed an overlapping community discovery algorithm and cluster 

dynamic update scheme[25]. According to the network historical data, the node's 

membership degree to the original cluster is analyzed, and the new data is used to 

determine the node change trend, and the network structure analysis and community 

dynamic update are realized. The clustering effects are tested in different data sets. 

The experimental results show that the algorithm not only maintains sensitivity to new 

data, but also prevents the negative characteristics of nodes or the ability of nodes to 

maintain their inherent state to have a negative impact on the partitioning results.  

 

5. Conclusion 

Complex network community discovery is one of the important basic methods for 

analyzing complex networks. This paper combs the current community discovery 

methods and classifies and analyzes community discovery methods. It is mainly 

summarized from the following aspects: First, it introduces the development history 

and definition of complex networks and community and community discovery; 

Secondly, it classifies the current community discovery methods from the perspective 

of community discovery results, which are non-overlapping communities. Discovery 
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methods, overlapping community discovery methods, and community dynamic 

evolution discovery methods; although community discovery research has achieved 

some success, there are still directions for further research: 

(1) Questions about community discovery metrics. Studies have shown that [[[] 

Guimera R, Sales Pardo M, Amaral LA N. Modularity from fluctuations in random graphs 

and complex net works [J]. Physical Review E, 2004, 70(2).]], modularity function 

sometimes The community structure of complex networks cannot be accurately 

measured. Some of the more modular community structures are not as intuitive as 

the more modular ones. Therefore, measuring community discovery outcome criteria 

may be one of the key research directions for the community to discover in the future. 

(2) Questions about time complexity and accuracy. Existing complex network 

community discovery methods either increase computational efficiency at the expense 

of accuracy, or improve accuracy at the expense of efficiency, and it is difficult to meet 

the requirements of low time complexity, high accuracy of discovery, and unsupervised. 

Time complexity and accuracy are still two major issues in the face of large-scale 

complex network community discovery. How to find efficient and accurate community 

discovery algorithms for the characteristics of different types of complex networks is 

one of the main problems that need to be solved in the field of community discovery 

research. 

(3) The application of complex network community discovery methods in other areas. 

Community discovery is a sub-problem of social computing. Most current community 

discovery methods only consider the network structure itself, and nodes and edges 

often have no attributes. In the fields of data mining, sentiment analysis, etc., nodes 

often have multidimensional attributes. How to integrate community discovery 

methods into other domain research may become one of the main directions for 

researchers to pay attention to in the future. 
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