FRE R 22 5 R 2] China Journal of Science and Technology, CJST F2E F2H 20264E4 H
Doi:doi.org/10.70693/cjst.v2i2.1970 Vol.2 No.2 (2026)

T LI AL I WX 48 < BT IR e SRR DL S R 5T

B, W
L WSRO, LA RS, W @k, 014000

TE: VLR HIESZE MRS R, B BEA BT U R S IS AT R AR Z AN R AL, R SR R K
PR RGEAE T BRI o Fe T MK IR M 22 Space-L $h MR, IS5 5 Ty BE IS YE FEAL Bk o B L5
PR R, JEHUE OE S BTk A Erbn L BRI A R O R R R AR EL 5 TR R, 45& CRITIC-VIKOR
JPESEILh R B LR A HET o AR BUEIE A, DAY R YIRS, AR R E — R, IR
BE T A 5 B (R R 20 TC M SE LR RO AU A0 I 3E 2B TIN5 4 SR U A R 5 KU B 1 IR L
2 m R 2 B . G5 RRW: SR G EE R, WIS S DRSS BN T MR ERE T 4L
%, R —EGHENE; MHET HELKNESIHE SBNEBCERETE, KRNI EE, LR E R
0=0.4 I S OANETS, DRI 4% IR mt T2 MBS, AR AR 5B BIERIE R 0.19%1 1.8%; Fi% o
R, BRI T RIVERE R AR T 182, R 28 0T BE AL R A & S B O AR RE 19 BB 9 . BT LT PSS
0 2% SRR T AR S S P AL B B R

KRR SOTPUESSIE; FIRMS; R RCRA SURKRAG HUBHE; CRITIC-VIKOR J5i%

Identification of Critical Nodes and Cascading Robustness
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Abstract: Taking Shanghai rail transit network as the research object, aiming at the problem of insufficient characterization of
passenger flow and other operating characteristics in existing research, the identification of key stations and the analysis of
network invulnerability under cascading failure conditions are carried out. Based on the complex network theory, the Space-L
topology model is constructed, and the site importance evaluation system is constructed from the two dimensions of structure
and function. The five indexes of degree centrality, closeness centrality, betweenness centrality, eigenvector centrality and node
passenger flow ratio are selected, and the CRITIC-VIKOR method is used to realize the comprehensive ranking of site
importance. In the cascading failure modeling, the nonlinear capacity-load model is constructed by using the passenger flow
of the node as the initial load, and the optimal allocation strategy based on the residual capacity is introduced to realize the load
redistribution of the failure node. Further, the network global traffic weighted efficiency and the maximum traffic connected
subgraph ratio are introduced to characterize the network invulnerability. The results show that Jing 'an Temple Station has the

highest comprehensive importance, reflecting the coupling advantages of structure and function. Under random attack, the
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network performance decreases slowly, showing a certain robustness. The deliberate attack based on importance leads to the
rapid attenuation of network efficiency and the significant enhancement of system vulnerability. When the load tolerance
coefficient o = 0.4, the network is extremely fragile. Only 4 % of the key nodes fail, which leads to the collapse of the whole
network, and the traffic efficiency and connectivity ratio drop to 0.19 % and 1.8 %. As a increases, the performance curves
under various attacks tend to be flat, indicating that the network 's resistance to random failures and deliberate attacks is
enhanced. The research can provide theoretical basis for key node identification and invulnerability optimization of rail transit
network.

Keywords: Urban rail transit; Complex network; Critical station identification; Cascading failure; Robustness; CRITIC-

VIKOR method
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Fig. 1 Framework of Station Importance Evaluation Indicators
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