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Abstract 

This paper uses python to construct an undirected and unweighted network of Southeast 
Asian shipping, and builds a random network of the same scale to compare with it. By 
selecting the overall structure of the network, the statistical characteristic index degree 
and degree distribution, the shortest path, and the clustering coefficient are used for the 
topology of the Southeast Asian maritime network. The structure is analyzed to explore 
the status and connectivity of different ports. Secondly, combining the degree centrality, 
betweenness centrality, close centrality and throughput of the port to classify the ports 
in the Southeast Asian shipping network to find the hub port of the Southeast Asian 
shipping network. Deliberate attacks on hub ports and random attacks on all nodes are 
carried out respectively, and the robustness is analyzed through the change of the largest 
connected subgraph, in order to find out the shortcomings of the current Southeast Asian 
shipping network and its development suggestions. Finally, a summary is made to 
provide theoretical support and basis for the construction and development of Southeast 
Asian shipping networks and ports. 
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1. Introduction 

Nearly 70% of global trade volume is borne by sea transportation. In particular, the development of 

container transportation meets the requirements of international trade for low-cost, high-reliability, 

and high-efficiency transportation, and has become the most important mode of transportation to 

ensure bilateral trade [1].With the eastward shift of the international industrial layout, the world's 

shipping center has shifted to Asia, and Asia is already the most dynamic region in the world's 

shipping market. More than 50% of the freight volume of global trade is carried by Asian shipowners. 

Asian fleet capacity accounts for more than 50% of the world's total tonnage of ships, Asian container 

ports account for 60% of global total throughput, and 90% of global new shipbuilding is completed 

by Asia . Asia is also the world’s largest export area for crews [2]. The 4th Regional Comprehensive 

Economic Partnership Agreement Leaders’ Meeting was held on November 15, 2020. Ten ASEAN 

countries and 15 countries including China, Japan and South Korea formally signed the Regional 

Comprehensive Economic Partnership Agreement (RCEP), marking a global scale the largest free 

trade agreement was officially reached. The signing of RCEP is that regional countries take practical 

actions to safeguard the multilateral trading system and play an important role in deepening regional 

economic integration and building an open world economy. Therefore, research focusing on 

Southeast Asian shipping networks has certain practical significance. 

At present, the main types of cargo undertaken by sea transportation can be divided into container 

cargo, bulk cargo and oil. Among them, container liner transportation is scheduled ship transportation, 

which has the characteristics of fixed route, fixed port, fixed call time and fixed freight rate, while 
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irregular ship transportation such as bulk cargo and crude oil transportation is relatively irregular. In 

addition, container cargo accounts for as much as 70% of the volume of maritime transport [3]. 

Therefore, the transportation trajectory of container liners in Southeast Asia can describe the 

Southeast Asian shipping network to a large extent. 

2. Literature review 

Complex network is to abstract a virtual network composed of many nodes and edges from the real 

system through the relevant knowledge of applied mathematics such as graph theory and topology. 

In 1960, the famous Hungarian mathematicians Erdős and Rényi [4] made extremely outstanding 

contributions to the development of graph theory. They established a random network model and 

further analyzed the different characteristics of random networks, which meant that the research of 

complex networks Entered the system research stage; Watts et al. [5] proposed the WS small-world 

network model in 1998 and Barabási et al. [6] proposed the BA scale-free network model in 1999, 

which analyzed the structural characteristics of different networks. In recent years, scholars in the 

field of complex networks have done empirical research on various forms of realistic transportation 

networks, such as aviation network [7], bus network [8], railway network [9], and maritime network [10-

13]. Among them, in terms of maritime networks, Yan Zhanglong used complex network theory and 

research techniques to study the topological structure and evolution of the current world maritime 

networks [10]. Liu Chanjuan used the "21st Century Maritime Silk Road" as the background to study 

the areas along the route. The structural characteristics and evolution of shipping networks have been 

studied [11]. Liu Zexi studied the fragility and robustness of the global shipping network by randomly 

deleting and selecting to delete nodes in the network [12]; Ge Jiawei discussed the structural 

characteristics of the world's container shipping network from the perspective of complex networks, 

and proposed shipping areas A new perspective of block division [13]. At present, there are more 

researches on the global shipping network, but less research on the local regional shipping network. 

Therefore, this article selects the hotspot area as the research object. The construction methods of 

shipping networks mainly include L space theory and P space theory. The former considers the direct 

connection between port pairs, and the P space theory focuses more on the fully connected mode. 

Considering that there are many ports in the Southeast Asian shipping network and the number of 

routes, L Space theory is conducive to investigating the distance and space constraints between nodes, 

so this article uses L Space theory constructs a Southeast Asian shipping network model. 

3. Methods 

This article is based on Drewry’s 2018 container shipping market’s four quarterly report on the liner 

alliance route information, which covers almost the world’s major liner companies’ shipping schedule 

data, according to Drewry’s Asian regional division standards, as shown in Table 1. 1000 routes 

including Southeast Asian ports were screened out and the main routes in Asia were drawn, as shown 

in Figure 1. Considering that the round-trip distance of the route is roughly the same, the 

establishment of an undirected network, the existence of a route at each port can be regarded as a 

connection, and the weight of each side is 1 by default. Use the networkx toolkit in python to visually 

model the complex shipping network, take the port as the node and the route between the ports as the 

edge, filter to get the undirected and unauthorised Southeast Asia shipping network with 62 nodes 

and 409 edges, as shown in Figure 2. 

 

Table 1: Division of Research Objects in Southeast Asia Shipping Regions in Drewry Statistics 

RANGE OBJECT 

NORTH ASIA Japan  South Korea 

SOUTH EAST ASIA 
Brunei  Cambodia  Indonesia  Malaysia  Singapore Myanmar  Philippines  

Thailand  Vietnam 

SOUTH ASIA Pakistan  India  Bangladesh  Sri Lanka 

GREATER CHINA China(Mainland)  Hong Kong  Taiwan 
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Figure 1: Map of main routes in Asia 

 

 

Figure 2: Topological map of Southeast Asian container shipping network 

 

4. Topological structure characteristics 

4.1 Average Degree and Degree Distribution 

In an undirected network, the degree of a node is defined as the number of other nodes connected to 

the node𝑽𝒊, or the number of edges associated with 𝑽𝒊, 𝑲𝒊=∑ 𝒆𝒊𝒋. The average degree of all nodes in 

the network is the average degree of the network, < 𝑲 >=∑ 𝑲𝒊/N, where N is the total number of 

network nodes, also known as the network scale. In a shipping network, the greater the degree value, 

the more edges connected to the node. There are more routes passing through the port, which usually 

means that the port has a greater influence in the network, and its role in shipping transit will be 

stronger. 
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The degree distribution of all nodes in the network refers to the probability that the degree of an 

arbitrarily selected node is exactly K, that is, the proportion of nodes with degree in the network to 

the total number of nodes in the network, expressed by the function p(k). Usually, it is a cumulative 

probability function. Analyze the degree and degree distribution of the Southeast Asian shipping 

network. As shown in Figure 3 and Figure 4, Shanghai Port has the largest degree value in the network 

with a degree value of 43, followed by Qingdao Port, Singapore Port, Busan Port, Hong Kong and 

Ningbo Zhoushan.  

The average network degree value is 11.68, indicating that the average number of routes passing 

through any port in this maritime network is about 11. In the network, only 4.8% have port degrees 

greater than or equal to 40, 16.6% have port degrees between 30 and 40, and 80.6% have port degrees 

less than 20. This shows that most ports have fewer direct links. From the node degree probability 

distribution diagram (Figure 3), it can be seen that as the degree value increases, the degree 

distribution of the Southeast Asian maritime network shows a downward trend. Among the top 10 

ports, the degree value difference is relatively large, and then the degree value difference begins to 

gradually decrease, and the degree distribution basically satisfies the truncated decreasing power law 

distribution, so the Southeast Asian shipping network also has the characteristics of scale-free. 

 

 

Figure 3: Top 30 ports in Southeast Asia by degree value 

 

Figure 4: Distribution of port degrees and degrees in Southeast Asia 

 

4.2 Average Path Length 

The average path length of the network is the average of the distances between all pairs of nodes, and 

the average path length can describe the overall degree of separation of network nodes. The distance 

between a pair of nodes generally refers to the number of edges on the shortest path connecting the 
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two. Since the Southeast Asia maritime network is regarded as an undirected and unweighted network, 

the shortest path between any two nodes 𝑽𝒊  and 𝑽𝒋 contains the number of edges equal to the 

distance  𝒅𝒊𝒋 between these two nodes. Similarly, its reciprocal 1/ 𝒅𝒊𝒋 represents the connection 

efficiency between nodes 𝑽𝒊 and 𝑽𝒋. The average number of shortest paths between all node pairs in 

the network is equal to the average shortest path L of the entire network, as shown in equation (1). 

𝑳 =
𝟐

𝑵(𝑵−𝟏)
∑ 𝒅𝒊𝒋𝒊≥𝒋                               (1) 

According to the python simulation numerical calculation, the distribution diagram of the path length 

between Southeast Asian ports is shown in Figure 5. The average shortest path is 2.096, the maximum 

path length between all node pairs is 4.68, the minimum is 0.63, and most path lengths are less than 

4. There are 62 port nodes in this Southeast Asian shipping network model. Assuming that all nodes 

can be fully connected, the total number of edges in the network is 662×61÷2=1891. The actual 

number of edges in the network is 409, a ratio of 21.62%, indicating that the sparseness of Southeast 

Asian shipping is not obvious, that is, the network is relatively closely connected. The average degree 

of Southeast Asia's container shipping network is 11.68, and the average shortest path length is 2.096. 

Compared with the world's container shipping network, the average degree is 9.25, and the shortest 

average path is 3.45 [14]. The Southeast Asian container shipping network has higher connectivity 

efficiency and frequent the flow of goods leads in. 

 

Figure 5: Distribution of path lengths between ports in Southeast Asia 

 

4.3 Average clustering coefficient 

The clustering coefficient can describe the clustering of nodes in the network. The clustering 

coefficient of a node refers to the ratio of the actual number of edges between the nodes directly 

connected to the node and the maximum possible number of edges between these nodes. Usually, the 

average aggregation coefficient of all nodes is used to represent the overall aggregation of the network. 

Assuming that the node𝑽𝒊and 𝑲𝒊 nodes in the network are connected by edges, for an undirected 

simple network, these 𝑲𝒊neighbor nodes can form at most 𝑲𝒊(𝑲𝒊 − 𝟏)/𝟐 edges. If the number of 

edges actually exists between the nodes, use 𝑴𝒊, The clustering coefficient of node𝑪𝒊is expressed as 

formula (2): 

𝑪𝒊 =
𝟐𝑴𝒊

𝑲𝒊(𝑲𝒊−𝟏)
                                (2) 

The sum of 𝑪𝒊in the entire network is averaged, and the average clustering coefficient of the network 

𝑪 can be obtained as formula (3): 

𝑪 =
𝟏

𝑵
∑ 𝑪𝒊

𝑵
𝒊=𝟏                                (3) 
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Obviously, 0≤C≤1. When C=0, any node is isolated, and the network has no edges. When C=1, the 

network is a global coupling network composed of all nodes connected in pairs. From the clustering 

coefficient statistics, it can be seen that the clustering coefficient of most ports in the container liner 

route network are between 0.5 and 0.9, indicating that most urban ports have high agglomeration in 

the entire network, indicating that in the Southeast Asian container shipping network, there are also 

more direct liner routes between adjacent ports of these ports. However, the agglomeration of some 

urban ports is low, ranging from 0 to 0.1, and the degree of clustering coefficient is not obvious, 

indicating that these ports are at the end of the route and are directly connected to fewer ports. A 

scatter diagram composed of degree & clustering coefficient, as shown in Figure 6, the node degree 

value and clustering coefficient in the Southeast Asian liner route network are roughly in a negative 

correlation. Use python to build the number of nodes 62, the network density according to formula 

(4) 

𝑷 =
𝟐𝑳

𝑵(𝑵−𝟏)
                                 (4) 

The value of P is 0.1693, and an ER random network of the same scale is obtained. The result of the 

degree scatter diagram & clustering coefficient distribution diagram is shown in Figure 7. The total 

number of edges of the ER random network is 393, the average degree is 11.22, the average clustering 

coefficient is 0.23, and the average The shortest path is 1.98. 

 

Figure 6: Scatter diagram of Southeast Asia shipping network degree & clustering coefficient 

 

 

Figure 7: ER random network diagram and network degree & clustering coefficient distribution 

diagram of the same scale 
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The comparison between the Southeast Asian shipping network and the random network of the same 

scale is shown in Table 2. It is calculated that the average aggregation coefficient of the Southeast 

Asia shipping network is 0.61, which is much higher than the 0.23 of the random network of the same 

size and the global container shipping network agglomeration coefficient of 0.5 [14], which means that 

the Southeast Asia container shipping network has good agglomeration and the possibility of direct 

route connections in the future The sex is greater. The average shortest path of the Southeast Asian 

shipping network is about 2.09, that is, the connection between any two ports requires 2.09 flight 

segments, which is slightly higher than the average shortest path of 1.98 in the random network of 

the same scale. This indicates that the connectivity between nodes in the Southeast Asian shipping 

network is relatively relatively high. This is due to the limitation of maritime geography and channel 

distribution. Ships cannot sail at will. Most trans-regional routes need to pass through certain straits 

or canals for transportation. Generally speaking, the Southeast Asian shipping network has a higher 

aggregation coefficient and a relatively average path length of the small network, so the Southeast 

Asian shipping network also presents a certain small-world characteristic. 

 

Table 2 Comparison of Southeast Asian shipping network and random network of the same scale 

Network Number of nodes Average degree Average Path Length Average Clustering Coefficient 

Asia Shipping Network 62 11.68 2.09 0.61 

Random Network 62 11.22 1.98 0.23 

 

4.4 Centrality 

The centrality of the network reflects the relative importance of each node in the network. In complex 

networks, we usually use some measurement indicators to find nodes in these important locations. 

There are many ways to characterize the centrality of nodes in network analysis. This article selects 

the three most commonly used indicators of degree centrality, close centrality, and betweenness 

centrality. Arrange according to the size of the centrality value, and get the statistical graphs shown 

in Figure 8, Figure 9, and Figure 10. From the perspective of statistical analysis, the centrality of the 

Southeast Asian shipping network node shows a clear order-a decreasing trend in scale. As the value 

of port centrality decreases, the decline rate of betweenness centrality is significantly faster than 

degree centrality, and the decline rate of betweenness centrality is the slowest. This shows that the 

betweenness centrality of the Southeast Asian shipping network is higher than degree centrality than 

close to centrality. It also shows that the importance of nodes in the network cannot be measured only 

based on the node degree value. 

From the analysis of degree centrality, Shanghai Port, Qingdao Port, Singapore Port, Busan Port, and 

Hong Kong Port have the highest degree centrality in the Southeast Asian shipping network, and their 

values are all over 0.5, much higher than other ports. Its role as a hub in the Southeast Asian shipping 

network can attract other ports to establish direct route links with it. The port degree values of Ningbo, 

Kaohsiung, Tanjong Belapas, Klang, Lam Chabang, Shenzhen, Tianjin, and Colombo are between 

0.3 and 0.5. The centrality of other ports is less than 0.3. Due to port conditions and relative 

Competition between neighboring ports, these ports are only connected with a few ports. 

From the analysis of close centrality, the top rankings are still Shanghai, Singapore, Qingdao, Busan, 

and Hong Kong, all with a value of over 0.65. Ports located between the sixth and tenth positions 

have little difference in their approach to center degree, with a value between 0.63 and 0.6. It shows 

that the distance between any port in the Southeast Asia shipping network and other ports in the 

network is relatively short, and it also fully proves the viewpoint that the shipping network has the 

characteristics of a small world. 

Betweenness centrality characterizes the degree of port control over resources. It shows that in the 

Southeast Asian container shipping network, many ports must pass through the four ports of Shanghai, 

Singapore, Busan, and Qingdao to communicate with each other.  
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Figure 8: Degree centrality diagram of Southeast Asia shipping network 

 

 

Figure 9: A close centrality map of the Southeast Asian shipping network 
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Figure 10: Betweenness centrality diagram of Southeast Asia shipping network 

 

5. Classification of ports in southeast asia 

Empirical research on shipping networks based on complex network analysis generally believes that 

the port nodes in the network have hierarchical attributes [16]. This is because container shipping 

companies often adopt intensive transportation methods in order to reduce transportation costs, that 

is, in the container transportation process, first The containers from the terminal ports are gathered to 

the transit port or hub port, and then transported from the origin area to the main hub port of the 

destination area via the container trunk line, and finally transferred to the destination port via the 

branch line in the area [17], which is what we call the axis Spoke network layout. 

We use the systematic clustering method to divide the hierarchical structure of Southeast Asian ports, 

and integrate the three central indicators and the annual container throughput of the ports as shown 

in Figure 11, and divide the Southeast Asian Ports into three levels. The first level is hub ports, 

including Shanghai Port, Singapore Port, Qingdao Port, and Busan Port. Such ports have strong hub 

functions and play an important role in maintaining the transportation function and integrity of the 

Southeast Asian container shipping network. The second level is the Sub-junction port, including 

Ningbo (Zhoushan) Port, Shenzhen (Shekou Yantian) Port, Port Klang, Kaohsiung Port, Tanjong 

Palapas Port, Laem Chabang Port, Guangzhou Port, Tianjin Port, Colombo Port , Dalian Port, 

Yokohama Port, these ports have certain transfer functions. Compared with hub ports, although the 

comprehensive centrality of nodes is relatively low, they play an important role in maintaining the 

connectivity and integrity of local or regional networks. At the same time, it has a certain impact on 

the interconnection of the entire network; the third level is the ports below the 15th comprehensive 

node ranking, such as Keelung Port, Fuzhou Port, etc. These ports are generally located at the end of 

the route and basically have no transit function. They are for Southeast Asian containers. The feeder 

port or feeder port where the connectivity of the maritime network is less affected. In summary, the 

port hierarchy is shown in Figure 12. 
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Figure 11: Southeast Asia's port throughput and centrality indicators rank top 15 

 

 

Figure 12: Classification of ports in Southeast Asia 

 

6. Robustness analysis 

Robustness refers to the insensitivity that the control system has when its own characteristics or 

parameters change, that is, stability [18]. For the robustness of a maritime network, it is mainly used 

to describe a maritime network experiencing random failures in ports or routes, such as typhoons, 

tsunamis and other events, or deliberate attacks, such as pirate attacks, war effects, etc. The network 

is in this way The ability to maintain certain structural integrity and functional integrity under certain 

circumstances. This section refers to Liu Chanjuan (2016) [19] to measure the robustness of the 

Southeast Asian container shipping network based on the ratio of the number of attacked nodes to the 

total number of nodes in the network, that is, the relationship between the node loss rate and the 

maximum connected subgraph node ratio G formula (5) Sex. 𝑵′is the number of nodes in the largest 

connected branch included in the network after the attack and N is the number of nodes in the global 

network. 

Rank
Container

throughput
Port

Degree
Centrality

Port
Closeness
Centrality

Port
Betweenness

Centrality
1 Shanghai Shanghai 0.623 Shanghai 0.704 Busan 0.146
2 Singapore Qingdao 0.594 Singapore 0.683 Qingdao 0.137
3 Ningbo Singapore 0.580 Qingdao 0.670 Shanghai 0.117
4 Shenzhen Busan 0.565 Busan 0.663 Singapore 0.104
5 Guangzhou Hong Kong 0.522 Hong Kong 0.657 Laem Chabang 0.081
6 Busan Ningbo 0.464 Ningbo 0.627 Hong Kong 0.071
7 Hong Kong Kaohsiung 0.435 Kaohsiung 0.616 Port Klang 0.048
8 Qingdao Tanjung Pelepas 0.435 Tanjung Pelepas 0.616 Tanjung Pelepas 0.043
9 Tianjin Port Klang 0.420 Port Klang 0.611 Ningbo 0.041

10 Xiamen Laem Chabang 0.420 Yantian 0.605 Kaohsiung 0.040
11 Kaohsiung Yantian 0.406 Laem Chabang 0.595 Yantian 0.034
12 Dalian Tianjin/Xingang 0.348 Tianjin 0.575 Kwangyang 0.034
13 Tanjung Pelepas Colombo 0.304 Shekou 0.575 Guangzhou 0.032
14 Laem Chabang Shekou 0.304 Colombo 0.561 Davao 0.030
15 Colombo Dalian 0.290 Jawaharlal Nehru 0.556 Kobe 0.029

Hub port

ShangHai   Singapore  Qingdao

Busan   Hong Kong 

Sub-junction port

Ningbo Shenzhen(Shekou Yantian)
Klang   Kaohsiung  Tanjung Pelepas    
Laem Chabang   Guangzhou  Tianjin  
Colombo  Dalian  Yokohama

Branch port

Kwangyang   Jawaharlal Nehru Port    
Xiamen  Yokohama     Fuzhou    Mundra     
Vung Tau  Chiwan         Karachi    Tanjung     
Keelung  Kobe  Naha             Davao      
Saipan        Qasim ………
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𝑮 =
𝑵′

𝑵
                                   (5) 

Two modes of random attack and deliberate attack are used for failure simulation. The random attack 

experiment is to randomly delete nodes in the network, recalculate the maximum connected subgraph 

size for each attack, and loop until the number of nodes is 0. In the deliberate attack experiment, on 

the premise of the known centrality of the network nodes, the nodes are sequentially deleted according 

to their comprehensive centrality ranking, and the maximum connected subgraph size is recalculated 

for each attack to crash the network as soon as possible. Finally, the changes in the largest connected 

subset of the Southeast Asian shipping network under the two attack modes shown in Figure 13 are 

obtained. 

 

 

Figure 13: Changes in the size of the largest connected subgraph of the Southeast Asian sea network 

under two attack methods 

 

The experimental results show that the relative size of the largest connected subgraph when the 

Southeast Asian container shipping network is deliberately attacked decreases significantly in the 

early stage, and its speed is obviously faster than that of random attacks. In the random attack 

experiment, the downward trend of the relative size G of the largest connected subgraph is similar to 

a linear decrease, and only when the proportion of failed nodes is large enough to approach 30%, 

about half of the ports will fail. In contrast, in a deliberate attack experiment, when about 10% of the 

nodes are removed, the relative size G of the largest connected subgraph in the network will drop 

leaps and bounds. After deliberately removing 20% of the nodes, the network was almost paralyzed. 

The Southeast Asian container shipping network is more robust to random attacks, but less robust to 

deliberate attacks 

7. Discussion 

The robustness analysis shows that the main factor affecting the robustness of the Southeast Asian 

shipping network is the core hub ports formed due to the hub-and-spoke layout of the Southeast Asian 

shipping network [15], such as Shanghai Port, Singapore Port, Busan Port, Qingdao Port Etc., and the 

geographical location of the port. This is because hub ports play an important role in the entire 

shipping network and can determine the smoothness of transportation. If the smoothness of 
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transportation drops, the transportation between certain ports will be cut off, and the entire network 

will be greatly affected. Moreover, since the South China Sea, the Taiwan Strait, and the Korean 

Peninsula have been areas with more international political disputes in recent years, regional 

instability There are certain security risks to the Southeast Asian shipping network. 

80.6% of the port degree values are less than 20. This indicates that most ports in the Southeast Asia 

shipping network have a small number of directly connected routes. Combined with the analysis of 

the scatter diagram formed by the degree & agglomeration coefficient, in the Southeast Asia liner 

route network, the node degree value and the agglomeration coefficient There is roughly a negative 

correlation. Generally, ports with a larger degree value have a lower agglomeration coefficient. There 

are also some ports such as Singapore Port. Shanghai Port has both a higher degree value and 

agglomeration coefficient. Other hub ports still need more branch lines to improve the transportation 

network. The Port of Busan and Port Klang rely on their advantages in having more connections with 

other ports in the global shipping network [14], and there is more room for improvement in Southeast 

Asia. Ports with relatively high values in the Southeast Asian shipping network are mainly located in 

countries with high economic development, such as China, Singapore, South Korea, and Japan. It can 

be seen that the regional imbalance of Southeast Asian shipping development is closely related to 

regional economic development. 

Shanghai Port has the largest sum of three centralities in the Southeast Asian shipping network, 

followed by Qingdao, Singapore and Busan. Among them, the container ports of Qingdao and Busan 

have relatively low throughput. With the increase of economic and trade exchanges in Southeast Asia 

in the future, there is still much room for improvement. Relying on the rapid development of China's 

economy, Shanghai Port has consistently ranked first in the global annual container throughput in 

recent years. Relying on the strong hinterland economy of China's Yangtze River Delta and 

Shanghai's international financial business environment, it has a prominent position in Southeast 

Asian shipping. Singapore guards the Strait of Malacca, and the Strait of Malacca has always been 

the main channel for trade between East and West. In addition, Singapore is a major member and 

economy of ASEAN countries, so it not only plays an important role in the world's container shipping 

network [14], but also plays a core role in the Southeast Asian shipping network. 

8. Conclusion 

This paper uses python simulation to study the spatial topology of the Southeast Asia maritime 

network, and divides the ports into levels, and finally analyzes its robustness. First, by calculating the 

degree and degree distribution of the network, average clustering coefficient, average shortest path 

and other characteristic parameters, and constructing a random network of the same scale to compare 

with it, it is found that the Southeast Asian shipping network has a smaller average distance and a 

higher clustering coefficient. In addition to its small-world characteristics, the degree distribution 

basically satisfies the truncated decreasing power law distribution and shows its scale-free 

characteristics. Because the scale-free network has the characteristics of growth and preference 

dependence, with the development of the Southeast Asian maritime network, the scale of the network 

will continue to expand, and newly added ports will tend to connect to ports with a relatively large 

value in the original network. Secondly, through the study of port degree centrality, close centrality 

and betweenness centrality, the connectivity and influence of ports in the Southeast Asian shipping 

network are analyzed, and the container throughput of comprehensive ports is classified into 

Southeast Asian ports and selected the core hub ports that have an important influence on Southeast 

Asia's shipping network. Shanghai Port, Singapore Port, Qingdao Port and Busan Port are the hub 

ports of China's southeast coast, South Asia, and Northeast Asia. Finally, a deliberate attack on the 

hub port of the Southeast Asian shipping network and a random attack on all ports in Southeast Asia. 

The Southeast Asian shipping network tends to be more robust to random attacks but less robust to 

deliberate attacks. Therefore, in addition to further improving the route connection between the 

Southeast Asian shipping network and the hub port, it is also necessary to consider alternative 
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shipping routes when the core hub port encounters an attack, and appropriately increase direct routes 

between ports of different levels or invest in the construction of ports in other countries. 
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