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Abstract;: In order to study the invulnerability and key nodes of the metro network in road-rail

cooperative urban distribution, so as to support the networking mode of urban distribution and the
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reliability improvement of the distribution network under road-rail cooperation, the relative network
efficiency and relative load entropy were used as the invulnerability measurement indicators, and the
network invulnerability changes under different attack modes were studied based on the improved coupling
image lattice model first. Secondly, the centrality index of the transportation efficiency of the reaction
network and the realistic index of the carrying capacity of the reaction network was selected to construct a
comprehensive identification model of key nodes of the network. Then, by analyzing the level of network
invulnerability under different index weights, the key node set under the optimal weight value was
obtained. Finally, the empirical analysis of the Chengdu metro network was carried out to verify the
effectiveness and practicability of the model. The results show that the metro network has a stronger anti-
destruction ability in the face of random attacks under the same disturbance intensity. When faced with
external disturbances, the relative network efficiency and relative load entropy loss of nodes with a loss of
more than 20% is 6. 3% and 6. 8%, respectively, of which the relative network efficiency loss can reach
56.3%, and the relative load entropy loss can reach 50.2%. Considering the realistic and central

indicators, the relative network efficiency loss and the maximum relative load entropy loss caused by each
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key node are 8.99% and 4. 38% , respectively, which need to be paid attention to.
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subway distribution network
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Table 2 Impact of each node failure on the resistance

of the network
ZAHEE |V, R/ % |V, R/ %

whmidis | i

181 T 1 56.3 50.2
259 pia b 2 52.2 48.6
236 i 3 48.0 41.8
324 P E 4 42.2 40. 4
173 AN RS 5 38.8 39.6
244 P 6 38.1 39.5
61 AR 7 31.0 28.2
59 (Nl 8 311 25.7
325 B A 9 31.4 24.5
106 oyl 10 27.1 24.4
146 RMA R 11 23.7 20. 4
108 RPN} 12 0.9 39.2
276 W B 13 21.2 16.3
56 B 14 1.5 35.9
121 Er=3A 15 23.1 7.8
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Table 4 Optimal key node identification with emphasis on network connectivity and load stability
e B 90 4% 322 38 TR ) ST A i F 7 AR P U ) ST
AR GECE S AR Iy SRR EEE R AR Ay
(1 S 45) H¥ (S 45) HF (A 55) Eildad (S 55) HeF
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SARE (231) 12 T (133) 25 PR (139) 12 TR (181) 25
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