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Table 1.  Comparison of SIR model rankings and Kendall’s tau coefficients with 8 node importance methods.
E27 SIR DC BC 0GC KSGC LGIC EDGM HVGC MPC-GCN
7 7 6 7 7 7 7 7 7
1 9 9 1 9 1 1 9 1
6 1 7 6 1 6 6 1 6
2 6 5 2 6 2 2 6 2
5 5 1 5 5 5 5 5 5
4 2 2 9 2 9 9 2 4
HEFP 4t R
9 4 12 4 4 4 4 4 9
3 12 11 3 3 3 3 3 3
8 11 10 8 8 12 12 8 8
11 10 8 12 12 11 11 12 10
10 8 4 11 11 10 10 11 12
12 3 3 10 10 8 8 10 11
T -0.606 -0.0303 0.667 0.333 0.576 0.576 0.333 0.939
0.34 S
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Fig. 2. Random forest model evaluation of MPC-GCN model performance: (a) Regression scatter plot; (b) feature importance plot.
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H Gago Bl Grooio). KT MRS N4 0% 2 Al
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KLY BE Kooy A T 05 B K BE, (d) R MY
LV AR, dinax S R/ NEAR K BEBR
BIRORAE, o I MZ STR B YR B(E, D N
ML B, C R FHIRAEREL

Karate P45 & — /NI A5 33 A~35 4
F1 54 5301, HAF- SR B AR B, HL W & rh

4.2

T R AR R, R KBRS AR, Jazz 9
FT— AR B4, PR RER R, 1Y R Y R
TR LB, MZE EBOR, BB SR 4 4R 1)
ZRAFAIE. NS RIZ8 Ao R 2%, BA B i 326
FRASCRN 3 SR AR, [+ If i L B A ) R R (HLROR
PR AR BB, A5G i B 2% B R AR US Air
P 45 [ A D v B 255, P 3 AR K DR 2,738, 1
KA 6, REHCN i8] B B, Won
R RS AR L PB IR — SRR 2%
PRy, SR A M A RHIE. Router P45
kI 5000 N7 kL, JE T ORBG R M 4, P4
B, PS5 BERAR, 39 Z TR I R B A R
Giygo 45 IR T BU M 45, P2 B AR I BE AR, 35 i fH]
PREGHE, 0 7R R R RRAE. Gogoro 25 R
W25, 485 L5 G R B, PRI RIE K,
FI PSRRI 0 45

N T A 8 DA BE S A L, MR T
oA LA o i s K e, sk 3 B, Hop
& JFEHERL, X A SAL

R Xt e oA SRR 73 A1 B UL 0 B A 5
SR, AU G L (B, SR LE 2%
11273 R TR0 5 Y A N £ T2 R 0 2 L )

*2 8 MAS R
Table 2.  Parameters description of 8 networks.
TES v E (k) Ermax (d) dimax Fith D c
Karate 33 54 6.5455 22 1.9924 4 0.1134 0.14 0.57
Jazz 198 2742 27.6970 100 2.2350 6 0.0266 0.14 0.62
NS 379 914 4.8232 34 6.0419 17 0.0964 0.013 0.74
USAir 332 2126 12.8072 139 2.7381 6 0.0243 0.039 0.63
PB 1222 16714 27.3552 351 2.7375 8 0.0125 0.022 0.32
Router 5022 6258 2.49 106 6.4488 15 0.0583 0.00050 0.012
Gso 300 2218 14.79 27 2.41 4 0.069 0.050 0.050
Gioo10 10010 19891 3.97 13 17.32 109 0.251 0.00040 0.00023
# 3 8BTS KR SS
Table 3.  Fitting test results of power law and Poisson distributions for 8 networks.
EES s AR NER L P {H <0.05 A LA TRBEAG 56 P { <0.05
Karate 0.55 0.29 w 4.59 6.28x10? =
Jazz 0.27 0.15 P 27.70 2.89x10% =
NS 1.55 0.76 = 4.82 5.61x 10" =
USAir 0.95 0.77 2 12.81 1.22x 108 P
PB 1.07 0.85 = 27.36 1.07x10%47 =
Router 1.77 0.89 2 2.49 2.31x10'® P
Gano 0.79 0.073 g 14.79 14.51 5
Gioo10 0.24 0.054 w5 4.04 29.6 i
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Fig. 3. Monotonicity metrics M of various assessment methods on 8 networks.
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Fig. 4. Comparison of Kendall’s Tau coefficient for 8 node ranking methods on 8 networks: (a) Karate; (b) Jazz; (c) NS; (d) USAir;
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423 ZEREER 5% BT AR HR AL YR A, FI STR A AUAE AL
NIRARIEA R BN PG T A 2RI TR RS ZS, RIRHE e R, [
P 265 v 90 P 1, 328 BBOAN [ 4% 07 0k R0 Y i 25 UG Y S HL B RE A AR AR L, AnlAT 5

226401-9


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

¥ 1B ¥ Acta Phys. Sin.

Vol. 73, No. 22 (2024) 226401

Fﬁﬁ?. Rt A B (R 2P AR AR L, N Sk i R
R AR TR L, AR R L A9 1 R
PR TN o5 7 S I 286 v AR A A RN 3B s, % P 4%
)5 Ml K
1E B 4% Karate, 5 5 M 2% NS #1 Router
M2, 24 2L MPC-GCN J5 B P4k i B k4

- DC OGC
- BC KSGC
LOT (@) T
0.95 =
0.8 F 0.90 |~
) e
e e 0.85
S 0.6+ -..Eifklm—.—_ ——
o] . y . 20.0 20.5 21.0 21.5 22.0
9] i .
S 04f i 0o
=] A .55
= e 50 - 1
| j s ]
- b :
4 040~ ]
o 8 9 10 11 12 —_—
[ L L L L L
0 10 20 30 40 50
Time step
I e e = |
0
8
I} 3
—~ 0 e L
o L0 205 210 215 22.0
9]
S
3]
&
=
=
9.0 ---;',5 10.0 10.5 11.0
0 L L L
40 60 80 100
Time step
Q
et 5
I} e
= 0.80. - -
o 60.0 60.5 610 615 62.0
9]
5
3] T
& —
S - "\f‘-‘ i
02} .\.~-.\__Q__4U Lot
’j 160 105 110 115 120
0 25 50 75 100 125 150 175 200
Time step
 ————
1) e e i |
2
I} £ k
=
o ¢ 0 129.0 130.0
]
o
S |
ki {
= 1
0.2} f 0884—— -
}‘ 086 .
50.0 505 510 515 520
i L L L L L

75 100 125 150 175 200
Time step

0 25 50

5
(e) PB; (f) Route; (g) Gsgo; (h) Gigoro

VAR 5% 0046 e 7 5000 8 BT iU HE Y 17 35 TE 8 A 4% L 1A% B 15 DX 1L

R 5% M7 AR R an g

TR}, Je

TR R

ORI = A T . X R X 3/%%43,

MPC-GCN J5iEiR

AR A
FEE RS T, BERS B Y B A

{7 BRI P A
EEE

M USAir 5B EMY BP K Jazz b, REETEE

A MPC-GCN J7 i 1y sy

TR R,

LGIC - HVGC
EDGM — MPC-GCN
1.0 F(b) =
0.8 F
3
g
- 0.6
3
8 04f
=
0.2
TR eI AT
[ L L L L L
0 20 40 60 80 100
Time step
3
®
=
o
3
3]
&
5
! R 9.0 R 9.5 1(]..() 105.11.0 R R
0 25 50 75 100 125 150 175 200
Time step
Lof ()
0.94 i I S
0.8 F 0.92 '_"_::__\.__-
g B T o s P
- 0.6 60.0 60.5 610 615 62.0
£
QL 04+
=
0.2 F
040" | | |
/ R R 22.().22.:\ 23.1! 23.5.24.(] R R
0 25 50 75 100 125 150 175 200
Time step
1.0 |(n)
0.8 F
g
2
< 0.6
o]
=
3]
L 04}
5 0.475
\‘\\ 0.450
0.2 Tozs P
/ 0.400°
; ) 160 105 1«0 175 180 ) )
0

75
Time step

25 50

100 125 150 175 200

(a) Karate; (b) Jazz; (c) NS; (d) USAir;

Fig. 5. Comparison of infection dynamics among 8 node ranking methods initiated with the top 5% nodes as infections on 8 net-

works: (a) Karate; (b) Jazz; (¢) NS; (d) USAir; (e) PB

; (f) Route; (g) Gsgo; (h) Gioono-

226401-10


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 73, No. 22 (2024) 226401

{HREE IR 25 A3 R, B UL Y o LU 2 i e
T, BRATEARRR S R, 2O RS T HH AR
I AR TERENLINES Gy AT Gogoro 17,
MPC-GCN J5 i AE 3 AR o B v i R e 1y 5
KRR B S R e v, Rl R e 5 Wb B,

6

Fig. 6. Variation of the network’s largest connected component with the proportion of removed nodes: (a) Karate; (b) Jazz; (¢) NS;

-=-DC
-k BC

OGC
KSGC

0.8

0.6

0.4r

0.2

(a)

10% 30% 50% 70%

90%

0.8

0.6

0.4rf

0.2

(c)

30% 50%

70%

90%

0.8

0.6

0.4rf

0.2

(e)

10% 30% 50%

70%

90%

0.8
0.6 [
0.4

0.2

()

10% 30% 50% 70%

PO 2% i 3 T8 1 P AR B 1 L 1A A 1 L

(d) USAir; (e) PB; (f) Route; (g) Gago; (h) Gigoo-

90%

(a) Karate; (b) Jazz; (c) NS; (d) USAir; (e) PB; (f) Route; (g) Gsgo; (h) Gigoto

REAS PRI 1K B 8w 1 e Le . 25 B ik, MPC-
GON JTIEAEA IR W 2% rh B3 B AT A1
SY RS AT W 2% A R e 1y
MG, (LR Lk B AT, MU B e T, Ik
BT AR S B W 285 B2 R U R B4

LGIC

-»- HVGC

EDGM —-e—MPC-GCN

0.8} &%

0.6 [

0.4

0.2

0.8

0.6 [

0.4+

0.2

0.8

0.6

0.4

0.2

226401-11

10% 30% 50% 70% 90%

(d)

10% 30% 50% 70% 90%

®

10% 30% 50% 70% 90%

] ()

70% 90%

50%

10% 30%


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y] 32 % 3R Acta Phys. Sin. Vol. 73, No. 22 (2024)

226401

424 EHMHELE

R (9) XA A p HHUE (10%—100%)
B R(p) HIZEAL, APl 77 1 i e R 3.

A A M B R M L i E %, iE 6 BT
7N, MPC-GCN J5 ik AE Z P T W 45 vh 2R L R
I, HREAE BB ML Karate, USAir M iish R 4%
NS Fl Ggoio 17, MFEBRHET 10% [Y757 s BT, Feo K
T AR X RN R RS 0.6 B, eI HAE
DS S B AR S A . BEE SRR Y A
FBl 35, MPC-GON &z ks 75, (4R
SROFFFE AR, R RS ) B ROR. 2%
R Jazz & h, 8 Rk iacG T —5, A
MPC-GCN i Z8 7 F2 bk 90% 7 #i 5 iR & T
W, 2Ok B AR, AL R, Hfth 40 DC,
BC Fl OGC 45, TERSIR T AL Ho B /1N XoF 1 2%
MERRCRA XIS, Bl LIS R, 738 T A
XFRINBA T R, AFHRAR N B B O G2 1, G4
TSP I MPC-GCN HA .

5 % #®

ARSCHE T —Fh Z S8 i S BRI 25 7
2 (MPC-GCN), F TR B S AHE R & 2245
FE B 5. MPC-GCN J5 el i 2545 % B A5
(14 Jy FRARFAIE | 42 JRyRRAIE LA S A B R AE, R 2 465
BB, SEIUXT TR 2% b i EE B T 4
WAL, 5—SFghidt A S, MPC-GON 1y
BRUZRE A sh# I MG I 4 X R, TR
TUE SCAYRFAE SR, DR I 22 I 245 235 ) R B
HE B PR BRI
1E 8 M4 R SEIn A5 R, 5 A WL
L RORAIE (st A Boho | R
a5 Syt . KSGC, LGIC, EDGM, HVGC)
kb, MPC-GCN 78 5P | wErf P | 3 1 i i
PE TR . EREM L, T MPC-GCN
254 T Node2 Vec H g% 2 Rk LR 5 s A7 A1
JRy R AEAE A i A RRAE o] i, PR S E T NI,
PETE AL EAR BT RAF I T 5 X 43 RE .
R 7 1T, 20 R S RRZE A Bl ) T s
S A8 HL O, SRS i o 3 RN HE P S BT A
TEHAEE I MR L5 RN B3 . SEIma R
7N, MPC-GCN BYHEF 25 R 5 FrHEHEF 1) Kendall

rH e, R SRR o0 . ik v
J7 1, MPC-GCN J&7R T 1€ Z Ff W 45 &5 4 Hp (1) H
TNV RE ST, ToiB A/ N 45 | T g R 2% bt SR
ZAF N TOhR BE IR 28, YRR DRAF SR DG aid
PUNGE ). Sy, ity S B R S e T
HFEH. 4550, B MPC-GCN I B
UG, M SRR, DR TR Tk
A R A e k.

IR, BELE RIS BRI K, MPC-GCN J7 1%
YA T I (R S 2 0, X AE— AR E PR T
TE KRR 2 Fp B 07 . RS 28 J s Ak B
A 5250 E, DIRFH A KB M 24 th iz
T3, IfaE—204 e LR FHE L

[1] Watts D J, Strogatz S H 1998 Nature 393 440

[2] Barabdsi A L, Albert R 1999 Science 286 509

B] Xu YL, Guo TY, Tang K, Zhang Y Y, Li L W 2024 Acta
Armamentarii 45 552 (in Chinese) [IFF16 5, S8, i gk
FEB, ZEAREF 2024 T 244 45 552)

[4] Sun L N, Liang B H, Chen Z W 2022 Fire Control Command
Control 47 119 (in Chinese) [FMAI#F, B4, Priif 2022 K&
TR 47 119]

] Li X L, Han Y L, Wu X G, Zhang D Y 2018 J. YanShan
Univ. 42 444 (in Chinese) [ZFIRJp, #2555, 2%, 4 H
2018 eI 42 444]

[6] Luo H, Yan G H, Zhang M, Bao J B, Li J C, Liu T, Yang B,
Wei J 2020 J. Comp. Res. Develop. 57 954 (in Chinese) [F'¥,
EDHE, TR, IR, 2R, X, Wi, B 2020 HHAHLIT
FEEE 57 954)

[7] Klemm K, Serrano M A, Eguiluz V M, Miguel M S 2012
Scientific Reports 2 292

[8] Wang L L, Huang M, Gao L 2020 J. Transp. Inform. Safety

38 80 (in Chinese) [E R, ¥, F5E 2020 2GEF 5 %4
38 80]
| Lai Q, Zhang H H 2022 Chin. Phys. B 31 068905
| Howell N 1985 Can. J. Sociol. 10 209
[11] Freeman L C 1977 Sociometry 40 35
] Sabidussi G 1966 Psychometrika 31 581
| Zareie A, Sheikhahmadi A, Khamforoosh K 2018 Ezpert Syst.
Appl. 108 96
[14] Li H, Shang Q, Deng Y 2021 Chaos Soliton. Fract. 143
110456
[15] Zareie A, Sheikhahmadi A 2018 Expert Syst. Appl. 93 200
[16] Yu H, Liu Z, Li Y J 2013 Ieee 2013 5th International
Conference on Measuring Technology and Mechatronics
Automation (ICMTMA) Hong Kong, China, January 16-17,
2013 ppl292-1295
[17] Fan Y N, Liu SY, Bai Y G 2020 Math. Pract. Theory 50 159
(in Chinese) [BEFELE, XI=FH, FIZ206 2020 FeiY 928k 51AR
50 159]
[18] Ma L L, Ma C, Zhang H F, Wang B H 2016 Physica A 451
205
[19] Jiang Y, Yang S Q, Yan Y W, Tong T C, Dai J Y 2022 Chin.
Phys. B 31 058903

226401-12


https://doi.org/10.1038/30918
https://doi.org/10.1038/30918
https://doi.org/10.1038/30918
https://doi.org/10.1038/30918
https://doi.org/10.1038/30918
https://doi.org/10.1038/30918
https://doi.org/10.1038/30918
https://doi.org/10.1126/science.286.5439.509
https://doi.org/10.1126/science.286.5439.509
https://doi.org/10.1126/science.286.5439.509
https://doi.org/10.1126/science.286.5439.509
https://doi.org/10.1126/science.286.5439.509
https://doi.org/10.1126/science.286.5439.509
https://doi.org/10.1126/science.286.5439.509
https://doi.org/10.12382/bgxb.2022.0748
https://doi.org/10.12382/bgxb.2022.0748
https://doi.org/10.12382/bgxb.2022.0748
https://doi.org/10.12382/bgxb.2022.0748
https://doi.org/10.12382/bgxb.2022.0748
https://doi.org/10.12382/bgxb.2022.0748
https://doi.org/10.12382/bgxb.2022.0748
https://doi.org/10.12382/bgxb.2022.0748
https://doi.org/10.12382/bgxb.2022.0748
https://doi.org/10.12382/bgxb.2022.0748
https://doi.org/10.12382/bgxb.2022.0748
https://doi.org/10.12382/bgxb.2022.0748
https://doi.org/10.12382/bgxb.2022.0748
https://doi.org/10.12382/bgxb.2022.0748
https://doi.org/10.12382/bgxb.2022.0748
https://doi.org/10.12382/bgxb.2022.0748
https://doi.org/10.3969/j.issn.1002-0640.2022.10.022
https://doi.org/10.3969/j.issn.1002-0640.2022.10.022
https://doi.org/10.3969/j.issn.1002-0640.2022.10.022
https://doi.org/10.3969/j.issn.1002-0640.2022.10.022
https://doi.org/10.3969/j.issn.1002-0640.2022.10.022
https://doi.org/10.3969/j.issn.1002-0640.2022.10.022
https://doi.org/10.3969/j.issn.1002-0640.2022.10.022
https://doi.org/10.3969/j.issn.1002-0640.2022.10.022
https://doi.org/10.3969/j.issn.1002-0640.2022.10.022
https://doi.org/10.3969/j.issn.1002-0640.2022.10.022
https://doi.org/10.3969/j.issn.1002-0640.2022.10.022
https://doi.org/10.3969/j.issn.1002-0640.2022.10.022
https://doi.org/10.3969/j.issn.1002-0640.2022.10.022
https://doi.org/10.3969/j.issn.1002-0640.2022.10.022
https://doi.org/10.3969/j.issn.1002-0640.2022.10.022
https://doi.org/10.3969/j.issn.1002-0640.2022.10.022
https://doi.org/10.3969/j.issn.1002-0640.2022.10.022
https://doi.org/10.3969/j.issn.1007-791X.2018.05.010
https://doi.org/10.3969/j.issn.1007-791X.2018.05.010
https://doi.org/10.3969/j.issn.1007-791X.2018.05.010
https://doi.org/10.3969/j.issn.1007-791X.2018.05.010
https://doi.org/10.3969/j.issn.1007-791X.2018.05.010
https://doi.org/10.3969/j.issn.1007-791X.2018.05.010
https://doi.org/10.3969/j.issn.1007-791X.2018.05.010
https://doi.org/10.3969/j.issn.1007-791X.2018.05.010
https://doi.org/10.3969/j.issn.1007-791X.2018.05.010
https://doi.org/10.3969/j.issn.1007-791X.2018.05.010
https://doi.org/10.3969/j.issn.1007-791X.2018.05.010
https://doi.org/10.3969/j.issn.1007-791X.2018.05.010
https://doi.org/10.3969/j.issn.1007-791X.2018.05.010
https://doi.org/10.3969/j.issn.1007-791X.2018.05.010
https://doi.org/10.3969/j.issn.1007-791X.2018.05.010
https://doi.org/10.3969/j.issn.1007-791X.2018.05.010
https://doi.org/10.7544/issn1000-1239.2020.20190331
https://doi.org/10.7544/issn1000-1239.2020.20190331
https://doi.org/10.7544/issn1000-1239.2020.20190331
https://doi.org/10.7544/issn1000-1239.2020.20190331
https://doi.org/10.7544/issn1000-1239.2020.20190331
https://doi.org/10.7544/issn1000-1239.2020.20190331
https://doi.org/10.7544/issn1000-1239.2020.20190331
https://doi.org/10.7544/issn1000-1239.2020.20190331
https://doi.org/10.7544/issn1000-1239.2020.20190331
https://doi.org/10.7544/issn1000-1239.2020.20190331
https://doi.org/10.7544/issn1000-1239.2020.20190331
https://doi.org/10.7544/issn1000-1239.2020.20190331
https://doi.org/10.7544/issn1000-1239.2020.20190331
https://doi.org/10.7544/issn1000-1239.2020.20190331
https://doi.org/10.7544/issn1000-1239.2020.20190331
https://doi.org/10.7544/issn1000-1239.2020.20190331
https://doi.org/10.1038/srep00292
https://doi.org/10.1038/srep00292
https://doi.org/10.1038/srep00292
https://doi.org/10.1038/srep00292
https://doi.org/10.1038/srep00292
https://doi.org/10.1038/srep00292
https://doi.org/10.3963/j.jssn.1674-4861.2020.02.010
https://doi.org/10.3963/j.jssn.1674-4861.2020.02.010
https://doi.org/10.3963/j.jssn.1674-4861.2020.02.010
https://doi.org/10.3963/j.jssn.1674-4861.2020.02.010
https://doi.org/10.3963/j.jssn.1674-4861.2020.02.010
https://doi.org/10.3963/j.jssn.1674-4861.2020.02.010
https://doi.org/10.3963/j.jssn.1674-4861.2020.02.010
https://doi.org/10.3963/j.jssn.1674-4861.2020.02.010
https://doi.org/10.3963/j.jssn.1674-4861.2020.02.010
https://doi.org/10.3963/j.jssn.1674-4861.2020.02.010
https://doi.org/10.3963/j.jssn.1674-4861.2020.02.010
https://doi.org/10.3963/j.jssn.1674-4861.2020.02.010
https://doi.org/10.3963/j.jssn.1674-4861.2020.02.010
https://doi.org/10.1088/1674-1056/ac4a6c
https://doi.org/10.1088/1674-1056/ac4a6c
https://doi.org/10.1088/1674-1056/ac4a6c
https://doi.org/10.1088/1674-1056/ac4a6c
https://doi.org/10.1088/1674-1056/ac4a6c
https://doi.org/10.1088/1674-1056/ac4a6c
https://doi.org/10.1088/1674-1056/ac4a6c
https://doi.org/10.2307/3340357
https://doi.org/10.2307/3340357
https://doi.org/10.2307/3340357
https://doi.org/10.2307/3340357
https://doi.org/10.2307/3340357
https://doi.org/10.2307/3340357
https://doi.org/10.2307/3340357
https://doi.org/10.2307/3033543
https://doi.org/10.2307/3033543
https://doi.org/10.2307/3033543
https://doi.org/10.2307/3033543
https://doi.org/10.2307/3033543
https://doi.org/10.2307/3033543
https://doi.org/10.2307/3033543
https://doi.org/10.1007/BF02289527
https://doi.org/10.1007/BF02289527
https://doi.org/10.1007/BF02289527
https://doi.org/10.1007/BF02289527
https://doi.org/10.1007/BF02289527
https://doi.org/10.1007/BF02289527
https://doi.org/10.1007/BF02289527
https://doi.org/10.1016/j.eswa.2018.05.001
https://doi.org/10.1016/j.eswa.2018.05.001
https://doi.org/10.1016/j.eswa.2018.05.001
https://doi.org/10.1016/j.eswa.2018.05.001
https://doi.org/10.1016/j.eswa.2018.05.001
https://doi.org/10.1016/j.eswa.2018.05.001
https://doi.org/10.1016/j.eswa.2018.05.001
https://doi.org/10.1016/j.eswa.2018.05.001
https://doi.org/10.1016/j.chaos.2020.110456
https://doi.org/10.1016/j.chaos.2020.110456
https://doi.org/10.1016/j.chaos.2020.110456
https://doi.org/10.1016/j.chaos.2020.110456
https://doi.org/10.1016/j.chaos.2020.110456
https://doi.org/10.1016/j.chaos.2020.110456
https://doi.org/10.1016/j.eswa.2017.10.018
https://doi.org/10.1016/j.eswa.2017.10.018
https://doi.org/10.1016/j.eswa.2017.10.018
https://doi.org/10.1016/j.eswa.2017.10.018
https://doi.org/10.1016/j.eswa.2017.10.018
https://doi.org/10.1016/j.eswa.2017.10.018
https://doi.org/10.1016/j.eswa.2017.10.018
http://dx.doi.org/10.1109/ICMTMA.2013.317
http://dx.doi.org/10.1109/ICMTMA.2013.317
http://dx.doi.org/10.1109/ICMTMA.2013.317
http://dx.doi.org/10.1109/ICMTMA.2013.317
http://dx.doi.org/10.1109/ICMTMA.2013.317
http://dx.doi.org/10.1109/ICMTMA.2013.317
http://dx.doi.org/10.1109/ICMTMA.2013.317
http://dx.doi.org/10.1109/ICMTMA.2013.317
http://dx.doi.org/10.1109/ICMTMA.2013.317
http://dx.doi.org/10.1109/ICMTMA.2013.317
http://dx.doi.org/10.1109/ICMTMA.2013.317
http://dx.doi.org/10.1109/ICMTMA.2013.317
https://www.cnki.com.cn/Article/CJFDTOTAL-SSJS202010017.htm
https://www.cnki.com.cn/Article/CJFDTOTAL-SSJS202010017.htm
https://www.cnki.com.cn/Article/CJFDTOTAL-SSJS202010017.htm
https://www.cnki.com.cn/Article/CJFDTOTAL-SSJS202010017.htm
https://www.cnki.com.cn/Article/CJFDTOTAL-SSJS202010017.htm
https://www.cnki.com.cn/Article/CJFDTOTAL-SSJS202010017.htm
https://www.cnki.com.cn/Article/CJFDTOTAL-SSJS202010017.htm
https://www.cnki.com.cn/Article/CJFDTOTAL-SSJS202010017.htm
https://www.cnki.com.cn/Article/CJFDTOTAL-SSJS202010017.htm
https://www.cnki.com.cn/Article/CJFDTOTAL-SSJS202010017.htm
https://www.cnki.com.cn/Article/CJFDTOTAL-SSJS202010017.htm
https://www.cnki.com.cn/Article/CJFDTOTAL-SSJS202010017.htm
https://www.cnki.com.cn/Article/CJFDTOTAL-SSJS202010017.htm
https://doi.org/10.1016/j.physa.2015.12.162
https://doi.org/10.1016/j.physa.2015.12.162
https://doi.org/10.1016/j.physa.2015.12.162
https://doi.org/10.1016/j.physa.2015.12.162
https://doi.org/10.1016/j.physa.2015.12.162
https://doi.org/10.1016/j.physa.2015.12.162
https://doi.org/10.1088/1674-1056/ac4226
https://doi.org/10.1088/1674-1056/ac4226
https://doi.org/10.1088/1674-1056/ac4226
https://doi.org/10.1088/1674-1056/ac4226
https://doi.org/10.1088/1674-1056/ac4226
https://doi.org/10.1088/1674-1056/ac4226
https://doi.org/10.1088/1674-1056/ac4226
https://doi.org/10.1088/1674-1056/ac4226
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

¥ 1B ¥ Acta Phys. Sin.

Vol. 73, No. 22 (2024)

226401

20]
[21]
22]
(23]
24]

[25]

(26]

[27]

28]
[20]
30]
31)

(32]

Yang X, Xiao F Y 2021 Knowl. Based Syst. 227 107198

Shang Q, Deng Y, Cheng K H 2021 Inform. Sci. 577 162
AiD,Liu XL, Kang WZ, LiL N, Lii S Q, Liu Y 2023 Chin.
Phys. B 32 118902

Ullah A, Wang B, Sheng J F, Long J, Khan N, Sun Z J 2021
Expert Syst. Appl. 186 115778

Zhang X L, Tang J X 2021 Comp. Eng. 47 139 (in Chinese)
[HEr, SR 2021 THEHLTRE 47 139]

Ruan Y R, Lao S Y, Tang J, Bai L, Guo Y M 2022 Acta
Phys. Sin. 71 176401 (in Chinese) [BCi%IE, LMW, @R, A
25, SRAER 2022 WBEAEAR 71 176401

Xu K, Hu W, Leskovec J, Jegelka S 2018 Leskovec Proc 7th
International ~ Conference on  Learning Representations
(ICLR) LA, USA, May 6-9, 2019 pp1467-5463

Cao L, Ding C F, Ma L R, Yan Z Y, You H, Hong A Q 2024
Journal of Frontiers of Computer Science and Technology (in
Chinese) [H5f, THEWE, DR, EMREE, Jia:, dt2el 2024 1t
HHURL SRR

Kipf T N, Welling M 2017 5th International Conference on
Learning Representations Toulon, France, April 24-26, 2017
Maurya S K, Liu X, Murata T 2021 ACM Trans Knowl
Discov Data. 15 1

Qin P, Chen W F, Zhang M, Li D F, Feng G C 2024 [EEE
Access 12 71956

Goel D, Shen H, Tian H, Guo M Y 2024 Expert Syst. Appl.
249 123636

Qu H B, Song Y R, Li R Q, Li M 2023 Physica A 632 129339

33]

[34]
[35]
[36]
[37)
[38]
[30]
j40]
j41]
j42]
143]

44]
[45]

226401-13

Ramachandran K, Rj T 2022 ICSEE 2022 Total Centrality: A
New Centrality Measure Using Graph Neural Network Hobart,
Australia, February 18-20, 2022

Sun C C, Li C H, Lim X, Zheng T J, Meng F R, Rui X B,
Wan Z X 2023 Artif. Intell. Rev. 56 2263

Xiong C, Li W, Liu Y, Wang M H 2021 [EEE Signal Proc.
Lett. 28 573

Li Z, Xing Y Y, Huang J M, Wang H B, Gao J L, Yu G X
2021 Future Gener. Comp. Syst. 116 145

Zhao G H, Jia P, Zhou A M, Zhang B 2020 Neurocomputing
414 18

Liu C, Cao T T, Zhou L X 2022 Knowl. Based Syst. 251
109220

Chen W J, Feng F L, Wang Q F, He X N, Song C G, Ling G
H, Zhang Y D 2023 IEEE T. Knowl. Data En. 35 3500

Li W J, Li T, Nikougoftar E 2024 Chaos Soliton. Fract. 187
115388

YuE Y, Wang Y P, Fu Y, Chen D B, Xie M 2020 Knowl.
Based Syst. 198 105893

Zhang L, Song H D, Aletras N, Lu H P 2022 Pattern Recogn.
128 108661

Han B, Wei Y, Kang L, Wang Q, Yang Y 2022 Front. Phys.
9 2296

Zhu S Q, Zhan J, Li X 2023 Sci. Rep. 13 16404

Yang S Q, Jiang Y, Tong T C, Yan Y W, Gan G S 2021 Acta
Phys. Sin. 70 216401 (in Chinese) AT, L, BRI, T
1, WATE 2021 P2 70 216401


https://doi.org/10.1016/j.knosys.2021.107198
https://doi.org/10.1016/j.knosys.2021.107198
https://doi.org/10.1016/j.knosys.2021.107198
https://doi.org/10.1016/j.knosys.2021.107198
https://doi.org/10.1016/j.knosys.2021.107198
https://doi.org/10.1016/j.knosys.2021.107198
https://doi.org/10.1016/j.knosys.2021.107198
https://doi.org/10.1016/j.ins.2021.01.053
https://doi.org/10.1016/j.ins.2021.01.053
https://doi.org/10.1016/j.ins.2021.01.053
https://doi.org/10.1016/j.ins.2021.01.053
https://doi.org/10.1016/j.ins.2021.01.053
https://doi.org/10.1016/j.ins.2021.01.053
https://doi.org/10.1016/j.ins.2021.01.053
https://doi.org/10.1088/1674-1056/aceee8
https://doi.org/10.1088/1674-1056/aceee8
https://doi.org/10.1088/1674-1056/aceee8
https://doi.org/10.1088/1674-1056/aceee8
https://doi.org/10.1088/1674-1056/aceee8
https://doi.org/10.1088/1674-1056/aceee8
https://doi.org/10.1088/1674-1056/aceee8
https://doi.org/10.1088/1674-1056/aceee8
https://doi.org/10.1016/j.eswa.2021.115778
https://doi.org/10.1016/j.eswa.2021.115778
https://doi.org/10.1016/j.eswa.2021.115778
https://doi.org/10.1016/j.eswa.2021.115778
https://doi.org/10.1016/j.eswa.2021.115778
https://doi.org/10.1016/j.eswa.2021.115778
https://doi.org/10.19678/j.issn.1000-3428.0056936
https://doi.org/10.19678/j.issn.1000-3428.0056936
https://doi.org/10.19678/j.issn.1000-3428.0056936
https://doi.org/10.19678/j.issn.1000-3428.0056936
https://doi.org/10.19678/j.issn.1000-3428.0056936
https://doi.org/10.19678/j.issn.1000-3428.0056936
https://doi.org/10.19678/j.issn.1000-3428.0056936
https://doi.org/10.19678/j.issn.1000-3428.0056936
https://doi.org/10.19678/j.issn.1000-3428.0056936
https://doi.org/10.19678/j.issn.1000-3428.0056936
https://doi.org/10.19678/j.issn.1000-3428.0056936
https://doi.org/10.19678/j.issn.1000-3428.0056936
https://doi.org/10.19678/j.issn.1000-3428.0056936
https://doi.org/10.19678/j.issn.1000-3428.0056936
https://doi.org/10.19678/j.issn.1000-3428.0056936
https://doi.org/10.7498/aps.71.20220565
https://doi.org/10.7498/aps.71.20220565
https://doi.org/10.7498/aps.71.20220565
https://doi.org/10.7498/aps.71.20220565
https://doi.org/10.7498/aps.71.20220565
https://doi.org/10.7498/aps.71.20220565
https://doi.org/10.7498/aps.71.20220565
https://doi.org/10.7498/aps.71.20220565
https://doi.org/10.7498/aps.71.20220565
https://doi.org/10.7498/aps.71.20220565
https://doi.org/10.7498/aps.71.20220565
https://doi.org/10.7498/aps.71.20220565
https://doi.org/10.7498/aps.71.20220565
https://doi.org/10.7498/aps.71.20220565
https://doi.org/10.7498/aps.71.20220565
https://doi.org/10.7498/aps.71.20220565
https://doi.org/10.48550/arXiv.1810.00826
https://doi.org/10.48550/arXiv.1810.00826
https://doi.org/10.48550/arXiv.1810.00826
https://doi.org/10.48550/arXiv.1810.00826
https://doi.org/10.48550/arXiv.1810.00826
https://doi.org/10.48550/arXiv.1810.00826
https://doi.org/10.48550/arXiv.1810.00826
https://doi.org/10.48550/arXiv.1810.00826
https://doi.org/10.48550/arXiv.1810.00826
https://doi.org/10.48550/arXiv.1810.00826
https://doi.org/10.48550/arXiv.1810.00826
http://fcst.ceaj.org/CN/10.3778/j.issn.1673-9418.2405056
http://fcst.ceaj.org/CN/10.3778/j.issn.1673-9418.2405056
http://fcst.ceaj.org/CN/10.3778/j.issn.1673-9418.2405056
http://fcst.ceaj.org/CN/10.3778/j.issn.1673-9418.2405056
http://fcst.ceaj.org/CN/10.3778/j.issn.1673-9418.2405056
http://fcst.ceaj.org/CN/10.3778/j.issn.1673-9418.2405056
https://doi.org/10.48550/arXiv.1609.02907
https://doi.org/10.48550/arXiv.1609.02907
https://doi.org/10.48550/arXiv.1609.02907
https://doi.org/10.48550/arXiv.1609.02907
https://doi.org/10.48550/arXiv.1609.02907
https://doi.org/10.48550/arXiv.1609.02907
https://doi.org/10.48550/arXiv.1609.02907
https://doi.org/10.48550/arXiv.1609.02907
https://doi.org/10.1145/3446217
https://doi.org/10.1145/3446217
https://doi.org/10.1145/3446217
https://doi.org/10.1145/3446217
https://doi.org/10.1145/3446217
https://doi.org/10.1145/3446217
https://doi.org/10.1145/3446217
https://doi.org/10.1145/3446217
https://doi.org/10.1109/ACCESS.2024.3398356
https://doi.org/10.1109/ACCESS.2024.3398356
https://doi.org/10.1109/ACCESS.2024.3398356
https://doi.org/10.1109/ACCESS.2024.3398356
https://doi.org/10.1109/ACCESS.2024.3398356
https://doi.org/10.1109/ACCESS.2024.3398356
https://doi.org/10.1109/ACCESS.2024.3398356
https://doi.org/10.1109/ACCESS.2024.3398356
https://doi.org/10.1016/j.eswa.2024.123636
https://doi.org/10.1016/j.eswa.2024.123636
https://doi.org/10.1016/j.eswa.2024.123636
https://doi.org/10.1016/j.eswa.2024.123636
https://doi.org/10.1016/j.eswa.2024.123636
https://doi.org/10.1016/j.eswa.2024.123636
https://doi.org/10.1016/j.physa.2023.129339
https://doi.org/10.1016/j.physa.2023.129339
https://doi.org/10.1016/j.physa.2023.129339
https://doi.org/10.1016/j.physa.2023.129339
https://doi.org/10.1016/j.physa.2023.129339
https://doi.org/10.1016/j.physa.2023.129339
https://doi.org/10.1016/j.physa.2023.129339
http://dx.doi.org/10.2139/ssrn.4294847
http://dx.doi.org/10.2139/ssrn.4294847
http://dx.doi.org/10.2139/ssrn.4294847
http://dx.doi.org/10.2139/ssrn.4294847
http://dx.doi.org/10.2139/ssrn.4294847
http://dx.doi.org/10.2139/ssrn.4294847
http://dx.doi.org/10.2139/ssrn.4294847
http://dx.doi.org/10.2139/ssrn.4294847
http://dx.doi.org/10.2139/ssrn.4294847
https://doi.org/10.1007/s10462-023-10577-2
https://doi.org/10.1007/s10462-023-10577-2
https://doi.org/10.1007/s10462-023-10577-2
https://doi.org/10.1007/s10462-023-10577-2
https://doi.org/10.1007/s10462-023-10577-2
https://doi.org/10.1007/s10462-023-10577-2
https://doi.org/10.1007/s10462-023-10577-2
https://doi.org/10.1109/LSP.2021.3061978
https://doi.org/10.1109/LSP.2021.3061978
https://doi.org/10.1109/LSP.2021.3061978
https://doi.org/10.1109/LSP.2021.3061978
https://doi.org/10.1109/LSP.2021.3061978
https://doi.org/10.1109/LSP.2021.3061978
https://doi.org/10.1109/LSP.2021.3061978
https://doi.org/10.1109/LSP.2021.3061978
https://doi.org/10.1016/j.future.2020.10.018
https://doi.org/10.1016/j.future.2020.10.018
https://doi.org/10.1016/j.future.2020.10.018
https://doi.org/10.1016/j.future.2020.10.018
https://doi.org/10.1016/j.future.2020.10.018
https://doi.org/10.1016/j.future.2020.10.018
https://doi.org/10.1016/j.future.2020.10.018
https://doi.org/10.1016/j.neucom.2020.07.028
https://doi.org/10.1016/j.neucom.2020.07.028
https://doi.org/10.1016/j.neucom.2020.07.028
https://doi.org/10.1016/j.neucom.2020.07.028
https://doi.org/10.1016/j.neucom.2020.07.028
https://doi.org/10.1016/j.neucom.2020.07.028
https://doi.org/10.1016/j.knosys.2022.109220
https://doi.org/10.1016/j.knosys.2022.109220
https://doi.org/10.1016/j.knosys.2022.109220
https://doi.org/10.1016/j.knosys.2022.109220
https://doi.org/10.1016/j.knosys.2022.109220
https://doi.org/10.1016/j.knosys.2022.109220
https://doi.org/10.1109/TKDE.2021.3133013
https://doi.org/10.1109/TKDE.2021.3133013
https://doi.org/10.1109/TKDE.2021.3133013
https://doi.org/10.1109/TKDE.2021.3133013
https://doi.org/10.1109/TKDE.2021.3133013
https://doi.org/10.1109/TKDE.2021.3133013
https://doi.org/10.1109/TKDE.2021.3133013
https://doi.org/10.1016/j.chaos.2024.115388
https://doi.org/10.1016/j.chaos.2024.115388
https://doi.org/10.1016/j.chaos.2024.115388
https://doi.org/10.1016/j.chaos.2024.115388
https://doi.org/10.1016/j.chaos.2024.115388
https://doi.org/10.1016/j.chaos.2024.115388
https://doi.org/10.1016/j.knosys.2020.105893
https://doi.org/10.1016/j.knosys.2020.105893
https://doi.org/10.1016/j.knosys.2020.105893
https://doi.org/10.1016/j.knosys.2020.105893
https://doi.org/10.1016/j.knosys.2020.105893
https://doi.org/10.1016/j.knosys.2020.105893
https://doi.org/10.1016/j.knosys.2020.105893
https://doi.org/10.1016/j.knosys.2020.105893
https://doi.org/10.1016/j.patcog.2022.108661
https://doi.org/10.1016/j.patcog.2022.108661
https://doi.org/10.1016/j.patcog.2022.108661
https://doi.org/10.1016/j.patcog.2022.108661
https://doi.org/10.1016/j.patcog.2022.108661
https://doi.org/10.1016/j.patcog.2022.108661
https://doi.org/10.3389/fphy.2021.763904
https://doi.org/10.3389/fphy.2021.763904
https://doi.org/10.3389/fphy.2021.763904
https://doi.org/10.3389/fphy.2021.763904
https://doi.org/10.3389/fphy.2021.763904
https://doi.org/10.3389/fphy.2021.763904
https://doi.org/10.1038/s41598-023-43585-x
https://doi.org/10.1038/s41598-023-43585-x
https://doi.org/10.1038/s41598-023-43585-x
https://doi.org/10.1038/s41598-023-43585-x
https://doi.org/10.1038/s41598-023-43585-x
https://doi.org/10.1038/s41598-023-43585-x
https://doi.org/10.1038/s41598-023-43585-x
https://doi.org/10.7498/aps.70.20210979
https://doi.org/10.7498/aps.70.20210979
https://doi.org/10.7498/aps.70.20210979
https://doi.org/10.7498/aps.70.20210979
https://doi.org/10.7498/aps.70.20210979
https://doi.org/10.7498/aps.70.20210979
https://doi.org/10.7498/aps.70.20210979
https://doi.org/10.7498/aps.70.20210979
https://doi.org/10.7498/aps.70.20210979
https://doi.org/10.7498/aps.70.20210979
https://doi.org/10.7498/aps.70.20210979
https://doi.org/10.7498/aps.70.20210979
https://doi.org/10.7498/aps.70.20210979
https://doi.org/10.7498/aps.70.20210979
https://doi.org/10.7498/aps.70.20210979
https://doi.org/10.7498/aps.70.20210979
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 % 3R Acta Phys. Sin. Vol. 73, No. 22 (2024) 226401

A multidimensional node importance evaluation method
based on graph convolutional networks”

Wang Bo-Ya!)  Yang Xiao-Chun!  Lu Sheng-Rong?  Tang Yong-Ping!
Hong Shu-Quan®  Jiang Hui-Yuan Df

1) (School of Transportation and Logistics Engineering, Wuhan University of Technology, Wuhan 430063, China)
2) (School of Business Administration, Wuhan Business University, Wuhan 430056, China)

( Received 6 July 2024; revised manuscript received 2 October 2024 )

Abstract

This paper deals with the problem of identifying, evaluating, and ranking key nodes in complex networks
by introducing a novel multi-parameter control graph convolutional network (MPC-GCN) for assessing node
importance. Drawing inspiration from the multidimensional and hierarchical interactions between nodes in
physical systems, this method integrates the automatic feature learning capabilities of graph convolutional
networks (GCNs) with a comprehensive analysis of intrinsic properties of nodes, their interactions with
neighbors, and their roles in the broader network. The MPC-GCN model provides an innovative framework for
identifying key node by using GCNs to iteratively aggregate node and neighbor features across layers. This
process captures and combines local, global, and positional characteristics, enabling a more nuanced,
multidimensional assessment of node importance. Moreover, the model also includes a flexible parameter
adjustment mechanism that allows for adjusting the relative weights of different dimensions, thereby adapting
the evaluation process to various network structures. To validate the effectiveness of the model, we first test the
influence of model parameters on randomly generated small networks. We then conduct extensive simulations
on eight large-scale networks by using the susceptible-infected-recovered (SIR) model. Evaluation metrics,
including the M(R) score, Kendall’s tau correlation, the proportion of infected nodes, and the relative size of the
largest connected component, are used to assess the model’s performance. The results demonstrate that MPC-
GCN outperforms existing methods in terms of monotonicity, accuracy, applicability, and robustness, providing
more precise differentiation of node importance. By addressing the limitations of current methods, such as their
reliance on single-dimensional perspectives and lack of adaptability, the MPC-GCN provides a more
comprehensive and flexible approach to node importance assessment. This method significantly improves the

breadth and applicability of node ranking in complex networks.
Keywords: graph convolutional networks, multidimension parameters, node importance
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