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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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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;
(e) PB; (f) Route; (g) Gyoo; (h) Giono-
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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
PACS: 64.60.aq, 89.75.Hc, 89.75.Fb DOI: 10.7498/aps.73.20240937

CSTR: 32037.14.aps.73.20240937

* Project supported by the Social Science Foundation General Programm of Hubei Province, China (Grant No.
HBSK2022YB411) and the Philosophy and Social Sciences Research Programm of Hubei Provincial Department of
Education, China (Grant No. 22G082).

1 Corresponding author. E-mail: jianghuiyuanpanh@163.com

226401-14


http://doi.org/10.7498/aps.73.20240937
https://cstr.cn/32037.14.aps.73.20240937
mailto:jianghuiyuanpanh@163.com
mailto:jianghuiyuanpanh@163.com
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

Chinese Physical Society

%ﬂ *ﬁActa Physica Sinica

Institute of Physics, CAS

ETEBRMEME KL R BRI TTE
I Bk PSR BB BRAR BERE
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

5 Fi{# B Citation: Acta Physica Sinica, 73, 226401 (2024) DOI: 10.7498/aps.73.20240937
TEZE [T View online: https:/doi.org/10.7498/aps.73.20240937
BHAPIZS View table of contents: http://wulixb.iphy.ac.cn

FEAT ARG HoAh S

Articles you may be interested in

FETF Tsallis/i 14 52 7% 26775 55 B B IPAL 7 ik

A method of evaluating importance of nodes in complex network based on Tsallis entropy

WIFEAEA. 2021, 70(21): 216401 https://doi.org/10.7498/aps.70.20210979

T [ B FEAH S B ML g 7 T - LT RIS AU 22 I 2% 14731 501 1 22 A4
Modeling ferroelectric phase transitions with graph convolutional neural networks

PPz 2024, 73(8): 086301  https://doi.org/10.7498/aps.73.20240156

02 23 W 235 2 il A (I A 1 i 0 BT e E B

Node—set importance and optimization algorithm of nodes selection in complex networks based on pinning control

PrPeEd. 2021, 70(5): 056401  https://doi.org/10.7498/aps.70.20200872

FTE S BN T A9 S 2 W25 1 S BN O vk

Importance evaluation method of complex network nodes based on information entropy and iteration factor

WyFEEEAR. 2023, 72(4): 048901  hitps://doi.org/10.7498/aps.72.20221878

ST 5T i 2 2 28 i R DT vk
Node importance ranking method in complex network based on gravity method

YrH2EA. 2022, 71(17): 176401  https://doi.org/10.7498/aps.71.20220565

PN Z35% 07 A A BRI 22 R 2% J5 7
Tag Z boson jets via convolutional neural networks

WIEEAEAR. 2021, 70(6): 061301  https://doi.org/10.7498/aps.70.20201557


https://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.73.20240937
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.70.20210979
https://doi.org/10.7498/aps.73.20240156
https://doi.org/10.7498/aps.70.20200872
https://doi.org/10.7498/aps.72.20221878
https://doi.org/10.7498/aps.71.20220565
https://doi.org/10.7498/aps.70.20201557

	1 引　言
	2 相关理论基础
	2.1 度中心性
	2.2 介数中心性
	2.3 原始引力中心性
	2.4 基于K-shell值的改进引力中心性
	2.5 局部-全局影响力中心性
	2.6 基于改进H指数的节点中心性
	2.7 基于有效距离的改进引力模型
	2.8 评价方法

	3 算法设计
	3.1 输入特征
	3.2 特征组合
	3.3 损失函数

	4 实例验证与结果分析
	4.1 小型网络验证
	4.2 大型网络验证
	4.2.1 单调性检验
	4.2.2 准确性检验
	4.2.3 适用性检验
	4.2.4 鲁棒性检验


	5 结　论
	参考文献

