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Abstract: With the developme

0 econ‘ﬁc globalization and the increase of port throughput, the world's shipping
network is becoming more and plex, and the study of port status has also become important. This paper
proposes to use ports as nod connections between ports as edges, and voyage quantity as weights to construct a
complex shipping network acteristics are analyzed, and the degree centrality, the intermediate centrality, and the
proximity centrality of the k are calculated separately. The compromise values are obtained by Entropy Weighting-
VlseKriterijumska Optimizacija I Kompromisno Resenje (EW-VIKOR) method in multi-attribute decision analysis of three
kinds of centrality. Port center status is sorted based on the compromise value. According to the ranking results, top four ports
of Shenzhen, Singapore, Hong Kong and Shanghai have very small compromises, and the competition is very fierce. They
are all located in important positions in the complex shipping network whose stability depends on the stable development
of these ports. The innovation of this paper is to combine the weighted complex network with EW-VIKOR multi-attribute
decision-making, and apply it in port research to provide more references for port economic development.
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Tab.l The number of trips matrix of the top 10 ports
by throughput
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w0 H#% 1 2 3 4 5 6 71 8 9 10

SHANGHAI 1 0 4
SINGAPORE 2 3 0 0 6 2 0 38 2 0 10
NINGBO 3 140 10 0 100 12 22 103 22 1 0
SHENZHEN 4 19 116 3 0 27 16 301 1 8 2
GUANGZHOU 5 0 2 0 13 0 0 60 4 0 0
BUSAN 6 77 8 5 0 0 0 0o 23 5 0
HONGKONG 7 25 8 1 315 10 12 0 0 9 0
QINGDAO 8 132 8 43 29 0 36 50 0 31 0
TIANJIN 9 46 0 19 0 0 20 14 116 0 0

JebelAliDUBAI 10 0 3 0 0 0 0 0 0 0 0
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Fig.1 Dia of shipping network topology
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Fig.3 Network topology diagram based on degree centrality

nnnnnn

0 10 20 30 40 50
RiPE R

H2#uy EREABSAH A

DA, DR (E HE S BT = i 1 4
TRl LR 0 ST S A

Fig.2 Coefficient distribution map of port node clustering
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Fig.5 Network topology diagram based on close centrality
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Fig.6 Distribution map of port close centrality
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Fig.7 Network topology diagram based on between centrality
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Fig.8 Distribution map of port between centrality
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ab.2 The centrality values of the top 50 ports

¥ e Jerfbdk LD SO
1 SHANGHAI 960 171.393 535
2 SINGAPORE 354 552.045 521
3 NINGBO 944 24.173 550
4 SHENZHEN 1047 273.108 533
5 GUANGZHOU 225 15.219 544
6 BUSAN 306 126.791 545
7 HONGKONG 961 192.783 532
8 QINGDAO 483 71.364 540
9 TIANIJIN 326 47.105 553
10 Jebel AIDUBAI 31 58.449 553
11 ROTTERDAM 84 25.781 539
12 KELANG 54 0 2450
13 ANTWERP 49 165.11 558
14 XIAMEN 512 16.431 549
15 KAOHSIUNG 320 220.731 530
16 DALIAN 178 34.774 553
17 LOSANGELESCA 74 12.912 549
18 TANJUNGPELEPAS 246 193.118 528
19 HAMBURG 84 58.91 542
20 LONGBEACHCA 20 17.065 553
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Tab.4 Centrality values of the top 50 ports after
44 VANCOUVER 44 2671 558 standardization
o MELBOURNE 0 306 I~ &0 et b S WX WX WX B
46 OSAKA 81 11.874 549 ot ot off cholt chott hof
1 SHANGHAI 0.917 0.310 0.960 0.281 0.093  0.333
47 KOBE 34 7.706 541
2 SINGAPORE ~ 0.337 1.000 0.967 0.104 0.301  0.342
48 KEELUNG 19 3.402 554
3 NINGBO 0.902 0.044 0.952 0.277 0.013  0.324
49 ST.PETERSBURG 7 0 579
4 SHENZHEN 1.000 0.495 0.961 0.307 0.149  0.335
50 MARSAXLOKK 1 0 530

5 GUANGZHOU 0.214 0.028 0.955 0.066  0.008 0.328
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0 Jebel AliDUBAI 0.029 0.106 0.951 0.009 0.032 0.323
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1 ROTTERDAM 0.079 0.047 0.958 0.025 0.014 0.331

12 KELANG 0.051 0.000 0.000 0.016  0.000 0.073
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13 ANTWERP 0.046 0.299 0.948 0.014  0.090 0.320
14 XIAMEN 0.489 0.030 0.953 0.150  0.009 0.325
15 KAOHSIUNG 0.305 0.400 0.962 0.094 0.120 0.337
16 DALIAN 0.169 0.063 0.951 0.052 0.019 0.323
17  LOSANGELESCA 0.070 0.023 0.953 0.022  0.007 0.325
18 TANJUNGPELEPAS 0.234 0.350 0.963 0.072  0.105 0.338
19 HAMBURG 0.079 0.107 0.956 0.025 0.032 0.329
20 LONGBEACHCA 0.018 0.031 0.951 0.006  0.009 0.323
21 LAEMCHABANG 0.014 0.000 0.949 0.005 0.000 0.321
22 NEWYORKNY 0.011 0.018 0.977 0.004  0.005 0.357
23 COLOMBO 0.079 0.157 0.956 0.025 0.047 0.328
24 PORTSAID 0.117 0.369 0.958 0.036 0.111 0.331
25 YINGKOU 0.002 0.000 0.931 0.001 0.000 0.301
26 BREMERHAVEN 0.032 0.136 0.953 0.010 0.041 0.325
27 ]AVL%?{%%LAL 0.000 0.000 0.968 0.000  0.000 0.344
28 VALENCIA 0.060 0.150 0.956 0.019  0.045 0.329
29 MANILA 0.015 0.000 0.978 0.005 0.000 0.357
30 PIRAEUS 0.006 0.000 0.962 0.002  0.000
31 AARHUS 0.003 0.000 0.186 0.001 0.000'
32 LIANYUNGANG 0.013 0.000 0.791 0.004 0. x
33 TOKYO 0.052 0.078 0.827 0.016  0.02:
34 MUNDRA 0.001 0.000 0.186 O.w 0.073
35 SAVANNAH 0.013 0.000 0.000 0.392
36 COLON 0.042 0.064 0.019 0.324
37 SANTOS 0.009 0. 0.000 0.343
38 CHITTAGONG 0.003 0.000 0.769 0.001 0.000 0.301
39 FELIXSTOWE 0.074 0.123 0.850 0.023  0.037 0.333
40 TACOMAWA 0.056 0.010 0.824 0.017  0.003 0.323
41 TANGIER 0.003 0.000 0.868 0.001 0.000 0.340
42 BARCELONA 0.034 0.001 0.786 0.011 0.000 0.308
43 FUZHOU 0.056 0.000 0.810 0.017  0.000 0.317
44 VANCOUVER 0.042 0.066 0.815 0.013 0.020 0.320
45 MELBOURNE 0.029 0.000 0.899 0.009  0.000 0.352
46 OSAKA 0.077 0.022 0.829 0.024  0.006 0.325
47 KOBE 0.032 0.014 0.841 0.010 0.004 0.330
48 KEELUNG 0.018 0.006 0.821 0.006  0.002 0.322
49  ST.PETERSBURG 0.007 0.000 0.786 0.002  0.000 0.308
50 MARSAXLOKK  0.001 0.000 0.858 0.000 0.000 0.337
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Tab.5 Top 10 ports for comprehensive centrality
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:@) VZRRHLEREL v> 0.5 FRARIE R 2 Bl X

by o b g,
1 SHENZHEN 0.980
2 SINGAPORE 0.954
3 HONGKONG 0.939
4 SHANGHAI 0.931
5 NINGBO 0.874
6 KAOHSIUNG 0.836
7 TANJUNGPELEPAS 0.815
8 QINGDAO 0.812
9 BUSAN 0.797
10 XIAMEN 0.796
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