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Abstract 

The stock market has typical complex network characteristics. By building a network 
share, dividing the community and analysising major nodes, conducive to in-depth 
understanding of the stock market as a whole and local properties and excavate 
important industry and stock information. The logarithmic return data of the 50 
constituent stocks of the SSE are the research samples, and the stable, medium-strong 
correlation and significant stock sequences are screened through the ADF test and the 
Pearson correlation coefficient. Use the PageRank algorithm for reference to rank the 
importance of stock nodes, and use the Louvain algorithm to construct a stock network 
and divide the community network. Then study the local important nodes and stock 
network structure of the divided sub-community network. The research screened out 23 
stocks and divided them into 3 communities in the community network. The main 
industries are the financial industry represented by securities, the financial industry 
represented by banks, and the mining industry. On the whole, the financial industry, 
mining industry and construction industry are key industries, accounting for 61%, 13% 
and 9% of the total industry distribution respectively. Among them, the financial 
industry is the most important industry, and China Construction (601668)’s PR value 
ranks first in both the overall network and the local network. In view of this, investors 
should put forward a rational investment, do a good job of evaluating important stock 
nodes when choosing investment objects; regulatory authorities should pay attention to 
the overall and partial market changes in important industries and stocks, make 
reasonable adjustments,etc. 
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1. Introduction 

The stock market is an important part of economic development and serves as a "barometer" 
of the national economy. This is because stock market transactions are not only capital flows, 
but also a large amount of business information behind buying and selling. Therefore, the stock 
market itself is a complex information system. The Shanghai Stock Exchange is the capital 
market center of the Chinese stock market, and the SSE 50 is the 50 leading stocks with large 
scale and good liquidity selected by the Shanghai Stock Exchange, which can reflect the 
situation of the Shanghai stock market. 

However, Chinese current stock market still has many problems, such as irrational selection 
mechanism of listed companies, insufficient supervision and arbitrage behavior in the market, 
etc., which make the price of stocks deviate from the value of the company and often have large 
fluctuations. Moderate fluctuations in the stock market in favor of increasing the liquidity of the 
market and optimize the allocation of resources, but frequently excessive fluctuations carry 
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greater risk, undermine the market's pricing and investment decisions. Tnerefore, it is of great 
significance to describe and predict the characteristics of the stock market. 

At present, most scholars' research on the stock market focuses on the impact of stock market 
volatility on the macro economy or micro-industry, and the impact of politics, economy, and 
investor psychology etc on stock market volatility; less research on the structure and 
characteristics of the stock market itself. In recent years, with the development of complex 
network theory, scholars have found that it can be applied to study the complex system of the 
stock market. The so-called complex network theory, refers to research the complex links 
between complex network structure, behavior and status of the complex network node. The 
complex system of the stock market can also be abstracted as a complex network with different 
stocks as network nodes and the correlation between stocks as connecting edges. 

This article is based on complex network theory, using PageRank algorithm and Louvain 
algorithm to construct a complex network of SSE 50 constituent stocks from both overall and 
partial aspects, and analyze important nodes in the network. Is divided into four steps: firstly, 
screening stocks in stationary series through ADF test, and then screening the medium-strong 
correlated and significant stock portfolios through the correlation coefficient; secondly, using 
the PageRank algorithm in order of importance to the screening of stocks node ; thirdly, 
combined with Louvain algorithm to construct a stock network and divide the community; 
fourthly, for each of the divided sub-community and network building a node analysis, and 
linkage analysis feature in the industry. 

2. Literature Review 

The complexity and sensitivity of the stock to make it a recognized complex network systems, 
many domestic and foreign scholars have been carried out related research. The construction 
of the stock network can be traced back to Mantegna's (1999)[1] clustering of the S&P 500 index 
and the analysis of the network structure based on MST. But then the researchers found that 
the MST method is single and lacks interpretability. For this reason, Onnela (2004) [2] pointed 
out that the topology of the network can be studied according to the method of gradually adding 
networks. In order to make the topological structure of the network obvious, A. Garas (2008)[3] 
used edge weight filtering method to construct a related stock network model; Lee (2001)[4] 
used the correlation coefficient threshold method to construct a scale-free stock network; 
Namaki (2011)[5] used The correlation coefficient and threshold of the random matrix construct 
a stock network, and analyzed the network topology of stocks under different thresholds. Most 
of these scholars were constructed weighted undirected network using the Pearson correlation 
coefficient, which is due to the asymmetry of the correlation between different stocks is not 
strong. 

In addition to the network structure, network nodes are also an important research direction, 
that is, to dig out and sort important nodes in the network. Ram Babu Roy (2013)[6] analyzed 
and ranks nodes in the network based on social network science metrics. He Larong (2017) [8] 
used the PageRank method to rank network nodes based on CSI 300 data to analyze major 
industry players; Ji Ying ( 2020)[7] used the improved LeaderRank method to analyze the 
important nodes in the stock network. 

Based on the above research, this article refers to the practice of most scholars, constructs an 
undirected stock network based on Pearson's correlation coefficient, ranks stocks through the 
PageRank algorithm, and clusters through the Louvain algorithm to divide the stock network. 
Research on the stock network structure and division of critical network nodes is of great 
significance for guiding investment practices and strengthening stock market control. 
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3. Materials and Methods 

3.1. Data source and data preprocessing 

The paper uses the time series of the daily return rates of the 50 constituent stocks of the 
Shanghai Stock Exchange from March 31, 2020 to March 31, 2021 as a research sample, to 
empirically study the stock market network of the 50 most influential leading stocks on the 
Shanghai Stock Exchange and mine the important nodes of the network and the classification 
of communities. The daily return rate of the stock is obtained by taking the logarithm 
conversion of the daily closing price. The data comes from the RESSET database. The formula 
is as follows. 

𝑃𝑖(𝑡) =
𝑙𝑛𝑝𝑖(𝑡)−𝑙𝑛𝑝𝑖(𝑡−∆𝑡)

𝑙𝑛𝑝𝑖(𝑡−∆𝑡)
                                                               (1) 

In the formula,𝑙𝑛𝑝𝑖(𝑡) represents the logarithmic closing price of stock i at time t,,and ∆𝑡 is the 
time interval, which is taken as one day. In the above-mentioned one-year time, each stock 
forms 244 observable series of logarithmic returns within the trading day, and the missing data 
is replaced by SPSS.   

3.2. Algorithm principle 

PageRank algorithm is a classic algorithm for ranking web pages in search engines. It 
comprehensively considers the importance of the nodes themselves in the network, as well as 
connectivity information and neighbor information. Its principle is to first give each page a 
PageRank (hereinafter referred to as PR) value, as in formula (2), and then iterate through the 
voting algorithm until it reaches a stable distribution. In the formula, 𝑃𝑅(𝑝𝑖) is the PageRank 
value of 𝑝𝑖  webpage, L(𝑝𝑗) is the number of links out of webpage 𝑝𝑗 , 𝑁 is the total number of 

webpages, and α is generally 0.85. The higher the node score, the more important it is in the 
network. 

𝑃𝑅(𝑝𝑖) = 𝛼 ∑
𝑃𝑅(𝑝𝑗)

𝐿(𝑝𝑗)

𝑛
𝑝𝑗∈𝑀𝑝𝑖

+
(1−𝛼)

𝑁
                                                    (2) 

PageRank algorithm has strong applicability in the research of important nodes of stock 
network. The stocks are abstracted as nodes like web pages, and the correlation between stocks 
is abstracted as jump relationships between web pages. Then the overall and local importance 
of nodes in the stock network can be analyzed.  

 

 
Figure 1. Principle of Louvain algorithm 
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Louvain algorithm is one of the main methods for the division of large and complex network 
communities. It is a community discovery algorithm based on modularity, and modularity is an 
index used to measure the quality of community division. The denser the points in the same 
community, the sparser the connections between different communities. That is, the greater 
the degree of modularity, the better the effect of community network division. The Louvain 
algorithm can find the optimal modularity in a short time, and the effect of dividing the 
hierarchical community structure is obvious. 

The realization of Louvain algorithm can be divided into two steps, as shown in Figure 1. In the 
first step, consider each node as each community, and calculate the modularity at this time. 
Then make node i no longer belong to itself but a community with node j. At this time, the 
module gain △ 𝑄 appears, and △ 𝑄 is continuously maximized until all nodes are not changing. 

△ 𝑄 = [
∑ +2𝑘𝑖,𝑖𝑛𝑖𝑛

2𝑚
− (

∑ +𝑘𝑖𝑡𝑜𝑡

2𝑚
)

2

] − [
𝛴𝑖𝑛

2𝑚
− (

𝛴𝑡𝑜𝑡

2𝑚
)

2

− (
𝑘𝑖

2𝑚
)

2

]                              (3) 

In the second step, the communities divided in the first stage are aggregated into one node and 
the entire network is reconstructed. 

3.3. Modeling process 

After collecting the daily closing price data of the 50 constituent stocks of the Shanghai Stock 
Exchange and preprocessing the logarithmic rate of return, the paper uses the ADF stability test 
and the correlation coefficient matrix to screen the important and significant constituent stocks. 
The PageRank algorithm is used to analyze the important nodes of the community as a whole, 
and the Louvain algorithm is used to construct a stock community network. Reflected in the 
stock community network graph, the larger the node size, the more important the stock, and 
the deeper the connection edge, the greater the correlation between the two stocks. After the 
division of the stock community, each small community is mined for important nodes to analyze 
the linkage within the industry. The research ideas is shown in Figure 2.  

 

 
Figure 2. Flow chart of research ideas 

4. Results 

4.1. Screen important constituents 

Through the ADF test on the logarithmic return series of the 50 constituent stocks of the 
Shanghai Stock Exchange, and excluding non-stationary time series at a significance level of 5%, 
36 stocks with a stationary series are finally obtained, as shown in the table 1.  
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Table 1. Stable stocks under ADF test 
Stock code T test value P value Stock code T test value P value 

600000 -5.9534 0.0000 600918 -4.3051 0.0005 
600016 -5.0368 0.0000 601012 -3.7682 0.0037 
600028 -7.1093 0.0000 601066 -2.5814 0.0098 
600030 -2.1649 0.0295 601088 -4.8744 0.0001 
600031 -4.1879 0.0009 601138 -5.6006 0.0000 
600036 -2.2378 0.0246 601186 -2.5607 0.0104 
600048 -2.9872 0.0029 601211 -1.9965 0.0441 
600050 -5.6954 0.0000 601236 -3.2716 0.0011 
600104 -2.8414 0.0046 601288 -4.4317 0.0000 
600196 -2.4527 0.0140 601319 -5.7029 0.0000 
600276 -2.7410 0.0062 601398 -3.1236 0.0019 
600309 -2.0497 0.0390 601628 -2.2884 0.0216 
600547 -2.5785 0.0099 601668 -3.4966 0.0005 
600570 -2.1387 0.0315 601688 -2.7414 0.0062 
600588 -3.8342 0.0030 601816 -4.1591 0.0000 
600703 -3.7817 0.0036 601818 -9.2966 0.0000 
600745 -2.0379 0.0401 601857 -5.2419 0.0000 
600837 -2.8860 0.0485 603259 -2.8401 0.0046 

 

Therefore, i takes 1-36. According to the logarithmic return sequence, the correlation 
coefficient of any two stock return fluctuations can be calculated. Generally, the Pearson 
correlation coefficient is used, and the calculation formula is as follows. 

𝑟 =
∑ (𝑥𝑖−𝑥)(𝑦𝑖−𝑦)𝑛

𝑖=1

√∑ (𝑥𝑖−𝑥)2 ∑ (𝑦𝑖−𝑦)2𝑛
𝑖=1

𝑛
𝑖=1

                                                             (4) 

In the formula, 𝑥𝑖 and 𝑦𝑖  respectively represent the logarithmic returns of any two stocks, and 
𝑥 and 𝑦 respectively represent the mean value of the logarithmic returns of these two stocks. 
The correlation coefficient 𝑟  can reflect the closeness of the correlation between any two 
variables, and the value is between -1 and 1. If |r|≥0.8, it can be regarded as a high correlation 
between two variables; if 0.5≤|r|<0.8, it can be regarded as a moderate correlation between two 
variables; if 0.3≤|r|<0.5, two variables are slightly correlated ; if |r|<0.3 can be regarded as 
irrelevant. This article uses PYTHON to obtain the correlation coefficients of the logarithmic 
returns of the above 36 stocks, and visualize the correlation coefficient matrix through the heat 
map, as shown in the figure 3.  

 

 
Figure 3. Correlation coefficient matrix heat map 
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This paper selects the stock logarithmic return sequence with the correlation coefficient |r|≥0.5, 
and is located at the 1% significance level, then screens out a total of 106 correlation 
combinations of 23 stocks 𝑟𝑥𝑦

∗∗∗ . On this basis, further analysis of important nodes and 

community divisions is carried out.  

4.2. Important node analysis  

The PageRank algorithm is used to evaluate the importance of the 23 selected constituent 
stocks with strong correlations and significant from an overall perspective. It can be seen from 
Table 2 that the financial industry, mining industry and construction industry are key 
industries, accounting for 61%, 13% and 9% of the total industry distribution respectively. At 
the same time, among the top 13 stocks in PR value, these three industries are showing a strong 
trend, indicating that the stocks of these three industries are closely related to other stocks and 
are key industries for economic development. Among them, the financial industry accounts for 
76.92% of the 13 stocks in the PR value ranking, which is the top priority for the development 
of the industry.  

Table 2. PR value sorting table 
PR 

Sequence 
Stock 
code 

PR 
value 

industry 
PR 

Sequence 
Stock code PR value industry 

1 601668 0.0779 Construction industry 13 600036 0.0437 Financial industry 
2 601319 0.0745 Financial industry 14 600104 0.0411 Car manufacturer 
3 601211 0.0733 Financial industry 15 601398 0.0407 Financial industry 
4 601186 0.0604 Construction industry 16 601066 0.0375 Financial industry 
5 601688 0.0557 Financial industry 17 600048 0.0344 Real estate 
6 600030 0.0493 Financial industry 18 601236 0.0308 Financial industry 
7 601288 0.0484 Financial industry 19 600050 0.0271 information Technology 
8 600016 0.0479 Financial industry 20 600028 0.0266 mining industry 
9 601818 0.0475 Financial industry 21 601088 0.0211 mining industry 

10 601857 0.0458 mining industry 22 601816 0.0140 Transportation logistics 
11 600000 0.0454 Financial industry 23 600837 0.0123 Financial industry 
12 601628 0.0446 Financial industry —— —— —— —— 

 

4.3. Community network division  

 

 
Figure 4. The overall network division diagram of the community 

 

The Louvain algorithm is used to divide the above 23 stocks into communities. Figure 4 shows 
that these stocks are divided into three categories. Similar associations are closely related, and 
the influence of stocks in the same industry is significant, indicating that the Louvain algorithm 
has a better clustering effect. The first category is the financial industry associations 
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represented by the securities industry such as CITIC Securities (600030) and Guotai Junan 
(601211); the second category is the financial industry associations represented by the banking 
industry such as China Merchants Bank (600036) and the Industrial and Commercial Bank of 
China (601398); the third category is the basic industrial industry associations represented by 
China Construction (601668) and China Railway Construction (601186). There are many nodes 
involved in the financial industry and the relevance of the edges is significant. The role of 
financial services to the real economy should continue to be fully utilized. 

Combined with PageRank algorithm, the internal network structure and nodes of each 
community are further analyzed, and the results are shown in Table 3.  

 

Table 3. Local community network and node analysis 
community 1 2 3 

Main industry Financial industry Financial industry mining industry 
proportion 88.89% 85.71% 42.86% 

Top 5 PR value and score 

600030(0.1452) 
601688(0.1360) 
601211(0.1336) 
601066(0.1209) 
601319(0.1205) 

600000(0.1551) 
601288(0.1529) 
600016(0.1520) 
600036(0.1494) 
601818(0.1492) 

601668(0.1987) 
601186(0.1701) 
601857(0.1693) 
600028(0.1348) 
600050(0.1343) 

Network Diagram    

 

It can be seen that the financial industry is closely related, the securities industry and the 
banking industry play an important role. The mining industry is the main industry of the third 
society, accounting for 42.86%. In particular, China Construction(601668)’s PR value ranks 
first in the overall stock market network and the third community network, explain that it has 
an important position in the Shanghai stock market. 

5. Conclusions 

This paper matrix by ADF test and correlation coefficient selected 23 important stocks, through 
the PageRank algorithm and the Louvain algorithm, the important node analysis and 
community division of these stocks from both the overall and the local aspects are carried out. 
The study found that 23 stocks are divided into 3 communities in the community network. The 
main industries are the financial industry represented by securities, the financial industry 
represented by banks, and the mining industry represented by China Construction (601668). 
On the whole, the financial industry, mining industry, and construction industry are key 
industries, accounting for 61%, 13%, and 9% of the total industry distribution, of which the 
financial industry is the most important industry. And further analyze the internal network 
structure and nodes of each community, get the partial network diagram and PR value ranking 
of each stock community. Among them, the PR value of China Construction (601668) ranks first 
in both the overall network and the local network. 

SSE is mainly composed of large-cap stocks and leading stocks, and is one of the important 
trading markets in mainland China. Based on the above research on the mining of important 
nodes and the community network in the SSE market, this article puts forward the following 
suggestions:  

Basic industries such as manufacturing and mining are still national basic industries, but with 
the rapid development of new industries and the financial industry, investors' investment focus 
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has begun to shift, which is mainly reflected in the pursuit of the financial industry. As an active 
person in the stock market, investors should invest rationally and do a good job of evaluating 
important stock nodes when choosing investment objects.  

There is inherent linkage between the market and the industry, and mutual transactions 
between different industries have complex correlations. Regulatory authorities should pay 
attention to the overall and partial changes in important industries and stocks in the market, 
conduct reasonable adjustments to prevent financial risks, and improve the concentration of 
the stock market.  

The complex stock network constructed in this paper is only an undirected weighted network 
based on the rate of return. But in fact, there may also be a causal relationship between stocks, 
and the investment value of stocks should be measured in terms of financial conditions, 
company operations, and shareholding structure. With the improvement of the data element 
market and the deepening of research, the construction of the complex network of stocks 
should be developed in a more precise direction.  
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