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Key node recognition of highway network in high altitude mountainous area

based on improved LeaderRank algorithm
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Abstract;  To improve the stability and safety of highway networks in plateau mountainous areas, an
evaluation index system for critical nodes was established by selecting five indicators: degree centrality,
betweenness centrality, closeness centrality, travel time weight, and adjacent node travel time degree. A
critical node identification method integrating topological structure and traffic functionality was proposed.
Taking the highway network in western Sichuan Plateau mountainous region as a case study, the
differential performance of three improved algorithms was investigated. This algorithms included modified

LeaderRank, PageRank, and degree centrality. Their performance was examined in identifying critical
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nodes within an undirected weighted network framework. Additionally, the variations in network efficiency

and connectivity rate under node failure scenarios were systematically examined. The results demonstrate

that the three algorithms exhibit distinct prioritization in assessing node criticality. Node failure sequences

ranked by the modified LeaderRank algorithm induce the most rapid and significant decline in both network

efficiency and connectivity rate.
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importance; complex network

0 3| &

B B P e, B R A B HA —
SE RS (ELEg DL DX A0 52 2 MR 5 3 2R A ) 0 B
o e TRE S B 2 T A 249« A5 A S K R S A
I S PR S X, S SROC B 1Y 0 SR 2 i
AT P vy ELASA TSRS (ELZ% DX St 1) 3 s 77
TETUARPEAN R S0 B ) MO 55 IR L, 825 1 58
GAINEI T 5| S vl 22 108 R SBCRIIs 8 RE T e XL
W 8 I SCHETT R UM SR AL 2 3 Fh 254,
TR RN X 2 s R SRR e Ve e e M RE A EE 3
HOEN S SR L

TEBWFFE TP 28 B P 25 ) 27235 41 19 I S 2% I 2%
PRI TEA T2 [t 00 28 TSR 53 A7 000 265 25 48 e e, G )
B A TSR e A v P R 6 0R A A B
] S B 14 T 8 R R 5 A A 55 2 ) A VG
D B8 190 ) X 285 A MR, 3 i 3845 B A P-4
FEARI L | R0 48 B0 R AR b B R BT L 45 454
FT T2 S O 245 — o R 52 S ) 4%, AN A ) 248 254
HATE N TRl 52 3 523 Jg MR 52 0, TRt 350
Ve YN S DM NS NI BT ] A /TS
W T R B, n AR B8 45 s N LR A
AR e B T 2R A TR 0 e G A A58 3 R A 7 SR
P ARSI AR 3 BT e B T 245 R 5 AR
FEAE B AR T ARt T e A B AL 455, O
MRAEZ ICRFAE 5| T8 Y 48 H A 9 28 Y o P i
bro HAT, ARZE X ARG R S BE T
JAR (A DS, 0 S8 R 56 2 5 IO 0% 32 3 1
APAEPESEOCHEAR AR, PG T e 20 I8 265 193 i
L ; AKBARZADEH 451 & B s 1) p A v
5 SBUELREA ORI 2 52 W 45 G SC BT A5
SN AT 3 1o R T (K S5 T ) IR P £ A5 A | 2
B RS B PageRank {H 538 b -5 2k Y REAL
ARG TS IS P00 25 9 A E A gk e
RARAGL B E R AR BE , 855 KGR LW 5
JERIIMIELR A VA 2 % I 2819 i A9 T 2 5 1 58

highway in plateau mountain area;

network key node; node

F5 45 10 38 3 e X GUHEAS 5 1 PageRank B4k B3
B A T AU 28 B G, 25 b A RES G
FEMEPAL I 2T s R AR S IR AR R 2K
UM X AL A A 0 % SBT3 R ik

YT I, 2B 0L R D L DX Y T 44 2 A
FACIE YIRE , N7 G s VIR AR R 45
GHET I WA G E LA, BRI 5
3 E G LeaderRank B E:, I BRI X 2y
% DR 2 DB A TR I oY B LR O o LB

1 EZMEERE

L1 MERIMERIE

R e S DX B O 28594 D A 2 2% ) 45 A T e —
ANEZEOTFEITEE S AL B AR BRI 3
%A Space-L . Space-R F Space-P 4§, Space-L A%
(O JEVRER AR 20 5 I 2 v o1 s 5 B B 2 ) ) 2 O
AT WS R R At | o At G WS ) 45 R AT LA
LWL S R SIS O AR R 4 i) 4
H4), BERSTE ST Z4 0 25 S0 AU REZE T TR A BIBIT 20 % 28
S W DE R A S INTE NP S RPN F 3 32 P
Rz [ A Jmy A B T IR B 5 3 o0 4% 1) L it 25
PRI ] B SE PRI R o DRI, IS0 B IR v 4%
SEIE T B B 2R ] Space-L Jr H AR 5L
L DX P 2 A 4 MR

K s DL DX St PO 2% Ay At Ay T i) A A 4] 445 A 7
G=(V,E,W) [, V=1v v, 0, | FRTEMN

Hon ATHEEG E=e e, e, | FRAME

G, m NELREG IR W = (w,) ., A
W2 (59 K I3 A, wy 9T R SR Z A Y
FUH,
1.2 ExRMEEL

VRN ML TR A S 02 2% R, i IR L DX ff 1) 2%
S REAEFINREN Z)JZIRE ek, RG4S
PR 71 BER TR, 2 I A2 108 28 0 HL 4 D8 R 8 25 52 %
FRIE B R 245 5 TN R SE I RE R AR BEOR R, 2 B I 2%



5 5 1]

i1 25 B3 45 Wit LeaderRank 535 T 8 S L DX 20 % 19 46 B iR - 231 -

FAES R 5 R AR S H R R, RN
2% BRI A R B g D L DX % S0l AR GRS A A
DIREFEAE T i TR
1.2.1 B5EDM

TES A LS e 4 g R A Y R
BRI SRBETE bR 2 — , & LASA] 5 H B0 J7 X R e —
AT SRR LSRR ST R, AR T R
P28 R 554 A R A B Y A T RO B O %
TR BEAE, ] b, Rk, BEIT A2 i 1Y R BT I
JEIHE R 73 A 5, A [R] 26 20 1) ) 4 v BAT R
R
1.2.2 BERY

RS B b 2 i a5 AR R Y i Z VA
FIRZS  BEA U R 28 rh 7 G RS R AR AL
1.2.3 WIBRKE

RO FSAR AR BE AR W A 5 R 2 ) e R
Tl S AR, P4 AR R R I 246 T BT A Y
X [ A i S B A A B B

2 SUXAEMEXET IR

2.1 XETRFEMIEREREL

2575 B R LU DX B N 4% AR F NS G 5 A8
R, T SR FR AR IR R E A Z8 i Fh
P RIAS E JE M 2 A D7 A A, e St L DX B D £ G
T RUPM AR PR A R EZE R NE 1 PR,

| IR A BB PO AR R |
|

| g | | cERkEE
AR
&
I T
w (]| E (w2
» i i [F] )
i i L ” e
g || |B] |
I
N [ N O O A3

B1 XEDRITMNERER

Fig.1 Key node evaluation index system
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