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Abstract: This study uses the Guangzhou terminal area and the Zhuhai terminal area as examples, applying
complex network methods to construct route network models for each. The network topology is analyzed in de-
tail using indicators such as node degree, degree distribution, betweenness centrality, clustering coefficient, net-
work diameter, and average path length. Based on this analysis, node importance is identified using degree cen-
trality, betweenness centrality, and the KBKNR algorithm. Additionally, scenarios of random attacks and delib-
erate destruction are designed, and network efficiency and connectivity are used as metrics to evaluate the resil-
ience of the route networks.The experimental results show that under random attacks, the Zhuhai terminal air
route network demonstrates greater resilience compared to the Guangzhou terminal air route network. Converse-
ly, under intentional attacks, the Guangzhou terminal air route network exhibits stronger resilience. Moreover,
degree centrality attacks are more likely to cause network collapse compared to betweenness centrality attacks
and KBKNR attacks, indicating that nodes with high degree centrality should be prioritized for protection as
critical nodes.
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Fig. 1 Attack strategies for terminal air route networks
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Tab.1 Statistics of flight data for Pearl River Delta
various airports in 2023

| RAEY S RA AT AR R /4R
LY 3950 276 000
iCAMES R 515 42 504
IS PR 6317 456 100
HHNTELY 261 21190
b7 STtk 1146 87 400
0S| o3| R 5273 393 100
Lt 107 8093

P2 Jon 1) I 2 g X5 B T 248 i [X 25 I 4
Ay, He A0 A AR R AR L RS B AR L
BRAEEE. TMASIgRE T N& X,
RN E 2L BRI S L AN P
SRR TR S DX X P2 DX R A AR AR
# H I RAT I GO, (B M 20 X LA
=W E, BRI A 3 ML AR [

*woae
a4
e 20 & °

‘:.

IR R

ML

s ST
A

o kR

B2 JMSHEHIE LR X =EEN
Fig. 2 Airspace structure of the Guangzhou and Zhuhai
terminal control areas
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Fig. 4 The frequency distribution of node degrees
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betweenness centrality
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6T RS, SRR B 2 IR S T R R
FVG%  FEMBR 29 12 4715 155 48 3805 BT 46 1Y
0.18 NI 0.08, NI T 55.6%, AHHLZ R, Bk
2 i XA 2 I 4 TE R AR, I 48 008 o AR
XTI R B . RV AE R 24 1
R PSRRI IR 17 0.24 T %24 0.19, T R
T 20%,

MBI RT LA Y BTGRP I 28 1) 342 3
FE R 1o SR, T M i DX AT 2 X 26 70 M ok 17 4
R S B TR I 1R R R 0.38, IR ZEM
Bk 26 15 a5 I 2% 438 BE R R 0.27 B R R RE T
73%. FHHCZT BRI Lo X AT 2 25 119 3 3 FE T
M 22, A BRI BRI, B2 M
BR 304715 8T, IESATI IR — i IR E Tk .

ZRA LA Lot il DA 2538 ZE RIS T



31 v

HE, 4 AL AT M AT Hr 75

P % i XU 8 255 114 8 245 A58 3 R IO 24 342 0 2
ek P A5t 0 28 S B 58 R B BB, T BR TR 2R
i DX ALK 0 2875 T X B AL o e, B ST 4 el 44 I
RSN I 258 A T8 T, ‘s Y B iR ) B, X ]

e s T HATHURMIUAT I T RO M 45 4544
4 %

1) ARYEIRFNEE R A3 Hr 48 ST 0, 7 M 28 X
2R I SE R A B 2 T SR R, T ) Y
BRI FAR , Ry A b MR s 7 o 285 v i E L
YEHT, P2 B R e PR T A BT 5. AR
T, BRI bt DX AT N 245 45 14 B Ry R0 1 e 2 (]
LT INE % 5 B 0R m , BA B M
IUARE A4 HE

2) MR BCEBEAE S M 2 v AL FEREMLIAE T,
PR 20t DXL X 4% 22 B0 R SR AR T BB, AR S
B R, M XL M4 T S g X
Fh 53 EEJRTPIE AR L5 . 7EpEpLscl
T, T S NBR AT R g, ) L X Ak ™
25T S Z I A HE AN K R e X 24 7 27
FHEET R RE i s . EE BUGE T AR E
R AP DL R KBKINR {575 3 f4 5 o5 8 2
JEHERE 25 R A S AT AE 46 Hh () b B A B ] 6 BR
TRR 2 ity DXL X 4% 1 B 15, GLN . ZUH \NLG
VIPAP, i 6 5T 5 37 i i), I 28 4 % Al
T FE 2K T B, T 228 AP 55 55 o

3) METFAECHE Y Zoh F KBKNR HE P 2
V& HE e A0 X R TN 4% 40 55 T B G, o 8 o
T BT S A RS s A T e R

SE

(1] B/, B, 2500 20 50 P A 2 Rl M8 b sk
HFE[I]. %4 S5EREE2EAR, 2023, 23(7): 2223-2229.
HU X B, WEL Y, LI H. Research on the invulnerability of
airline route networks under multiple scenarios[J]. Jour-
nal of Safety and Environment, 2023, 23(7): 2223-2229.

(2] TR, Trwgins, EMSR. Aoty U s btz g
PSR ST [T]. LA L T T, 2023, 43(4): 98-103.
WANG C F, WAN W Q, WANG P C. Research on the in-
vulnerability of air cargo network under different attack
modes[J]. Ship Electronic Engineering, 2023, 43(4): 98-
103.

(31 FEARHY, M58, IR, 5. Ty s kAT 1) A 1) 2% 4%
PR ROBERAT]. o [ 22 A AR 7 B2 50K, 2024, 20(12):
143-149.

[4]

(8]

(9]

[10

—_

[1

—_

—
—_
\e}

—_—

[13]

HUOF Z, QU F X, MAY P, et al. Cascading failure model
on directed weighted network of urban subway[J]. Journal
of Safety Science and Technology, 2024, 20(12): 143-149.
b, AW, B R, R KR S 2R R S e s
WHFE ). R Re 5 5 424 TR, 2024, 62(7): 139-144.
WANG X, LAI F B, DONG C L. Research on the charac-
teristics and vulnerability of complex high-speed railway
network[J]. Agricultural Equipment & Vehicle Engineer-
ing, 2024, 62(7): 139-144.

WM, 250 g, BT, BT 2R M 28 A I — FA ALk M 25 45
PRI (D). 2 15 B 5 %242, 2020, 38(4): 139-146.
CHEN X, LI X R, SHENG Y. Characteristics of aviation
network in Yangtze River Delta based on complex net-
work[J]. Journal of Transport Information and Safety,
2020, 38(4): 139-146.

ALBERT R, JEONG H, BARABASI A L. Error and at-
tack tolerance of complex networks[J]. Nature, 2000, 406
(6794): 378-382.

QI XY, MEI G. Network resilience: definitions, approach-
es,and applications[J]. Journal of King Saud University-
Computer and Information Sciences, 2024, 36(1): 101882.
ZHANG X J, LIU J X. Research on UAV swarm network
modeling and resilience assessment methods[J]. Sensors,
2024, 24(1): 11.

FLEEE, T, e, S, B 2 BT 2 M 2R AL
P S M T 0], B R 5 TR, 2023, 23(9):
3973-3981.

KONGJ G,LUJY, LI Y K, et al. Complex network mod-
el of controlled airspace and invulnerability analysis[J].
Science Technology and Engineering, 2023, 23(9): 3973-
3981.

LIANG HJ, ZHANG S 'Y, KONG J G. Study on character-
istics and invulnerability of airspace sector network using
complex network theory[J]. Aerospace, 2023, 10(3): 225.
BN, FHEEEE, T AT H . T 5 2 R 26 3 1 o L
23 P EE BB BE A3 BT (3], RGEATT ELEOR, 2012, 8(2):
111-116.

ZENG X Z,T ANG X X, JIANG K S. Measure of China
airline networks invulnerability based on complex net-
works[J]. System Simulation Technology, 2012, 8(2):
111-116.

LORDAN O, SALLAN J M, ESCORIHUELA N, et al.
Robustness of airline route networks[J]. Physica A: Sta-
tistical Mechanics and its Applications, 2016, 445: 18-26.
YANG Y, XU K J, XIANG H H. Analysis on Chinese air-
line network invulnerability[J]. Journal of Systems Sci-
ence and Information, 2019, 7(4): 359-372.



76 R & OR AR

N

2025 4

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

g, PR, U, S5 TS 4 A AT OB AR R
590 5 B0 8 R 9 0], T PR TR 2R (A SR ERF),
2024, 38(2): 181-188.

KANG R, MOU R L, LI L H, et al. Critical path identifi-
cation and destructive resistance study of aircraft field
taxiing[J]. Journal of Chongqing University of Technolo-
gy(Natural Science), 2024, 38(2): 181-188.

TRIR, ARG AR, BRPE. 2R s BRI 1 UZ AT ) 26 1) ¢
ST S U S TSR AT (D). BRIE S S 22 T, 2023,
45(1): 93-100.

XU F, ZHU J F, CHEN D. Identification of key nodes
and invulnerability analysis of double-layer weighted net-
work of air-rail inter- modal transport by China Eastern
Airlines[J]. Railway Transport and Economy, 2023, 45
(1):93-100.

FERE, TR LT RIATE R 2 )R S A M 4 R
IIHT]. 2 A PR A EOR, 2024, 20(1): 18-24.
WANG X L, YIN H. Robustness analysis of multi-layer
dynamic aviation network based on accessibility[J]. Jour-
nal of Safety Science and Technology, 2024, 20(1): 18-24.
XA N SE AR E T ST s 1 i 1) 2% IR 0 B8
PEOTET]. B AR S EE, 2023, 45(4): 109-112.
ZHAO 8. Simulation of network cascade survivability of
air transport under incomplete information attack strategy
[J]. Logistics Engineering and Management, 2023, 45(4):
109-112.

SRR LT A2 A I 2 1 i [E A2 I 208 R LT AR 0],
JERTIZE, 2019, 33(3): 280-284.

CHAI X S. Robustness evaluation of Chinese air trans-
port network based on complex network[J]. Beijing Sur-
veying and Mapping, 2019, 33(3): 280-284.

LR WRLLE. il — BT A I 2% A N H
BRIEDFSELT]. TR, 2018, 41(5): 78-84.

ZHUO Z Q, YAO H G. Study on the structure and the ro-
bustness in the aviation network along “the Belt and
Road Initiative” [J]. Logistics Sci-Tech, 2018, 41(5): 78-
84.

AP, A SO, VL. 5T 52 2% 0 25 it 2 T ALk
PO 25 FE S HT (0], A AR 583l K22 4, 2020, 37(1):
39-46.

SHAO J J, YANG W D, JIANG H. Robust analysis of air-
line alliance route network based on complex network[J].
Journal of East China Jiaotong University, 2020, 37(1):
39-46.

SKARSE, X, EE &R, 5 AT 2 RMIRR N E W

[22]

(23]

[24]

28 OGBS W 4T R U T 5 (7], B BB,
2023,20(16): 116-123.

ZHANG G H, LIU W, WANG R X Y, et al. Research on
the identification of key influential nodes in complex net-
works based on multi-attribute decision making[J]. Wire-
less Internet Technology, 2023, 20(16): 116-123.

ST, AL, # B, 45, BT 4R K-shell 531 1 G
TRPUIIAEL]. HAHLT RS R, 2024, 60(2): 87-95.
WU Y L, RENY G, DONG A, et al. Key nodes identifi-
cation method based on neighborhood K- shell distribu-
tion[J]. Computer Engineering and Applications, 2024, 60
(2): 87-95.

REAAL, i /INEE, SRR . BE T K-shell 2 & F 7 [ &5 f&:
F 52 2 P28 4 i BRI AL D7 1 (0], THEAL BT,
2023, 40(3): 738-742.

XIONG C Q, GU X H, WU X Y. Evaluation method of
node importance in complex networks based on K-shell
position and neighborhood within two steps[J]. Applica-
tion Research of Computers, 2023, 40(3): 738-742.
WENEE, PMLLL, BT, 4. BET Koshell 198 2248 ¢
BT U R ] IS RSB I (F AR IR, 2022,
62(5): 849-861.

XIE L X, SUN H H, YANG HYY, et al. Key node recogni-
tion in complex networks based on the K-shell method[J].
Journal of Tsinghua University (Science and Technolo-
2y),2022, 62(5): 849-861.

F— 1B BL(1978—) , L, PHI, 1, WA F 0, iF o
F I A2 PASEE P, E-mail : py423@sina.com.,

BAE1ESE M SCBE (2002—) , 2o B AFSE AR WFSE D5 1) S 28
BRI S4B, E-mail : 1156524361@qq.com.

(DAL £ 40 50)



