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Fig. 1. EMCNN framework identification process.
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Fig. 2. Illustration of one-hop adjacency matrix E extraction. The figure shows the process of extracting a one-hop adjacency mat-

rix of size L =5 for node 3 from a local network with 8 nodes and 11 edges, the direct neighbors of node 3 (nodes 1, 2, 4, 6, and 7)

are first identified and then sorted in descending order based on their degree values WPC | finally, the one-hop adjacency matrix

E3 is constructed according to the sorted neighbor order.
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Fig. 3. Parameter analysis.
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R 1 ALMESHR

Table 1. Parameters description of real networks.

P 245 N E (d) 8 (k) c ESmax
CA-GrQc 4158 13422 6.049 0.0556 0.06 6.4559 0.556 43
Facebook 324 2218 3.053 0.0466 0.05 13.691 0.465 18
Netscience 379 914 6.041 0.1246 0.13 4.8232 0.741 8

Protain 2783 6726 4.839 0.0633 0.07 4.472 0.071 6
Yeast 1458 1948 6.812 0.1403 0.15 2.6721 0.07 5
Lesmis 77 254 2.641 0.0829 0.09 6.5974 0.573 9
Jazz 198 2742 2.235 0.0258 0.03 27.696 0.617 29
USAir 332 2126 2.273 0.0225 0.03 12.807 0.4 26
Faa 1226 2408 5.928 0.1359 0.14 3.9282 0.067 4
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Fig. 4. Correlation between the node influence predicted by eight algorithms and the number of infected nodes simulated by the SIR
model: (a) Facebook; (b) Netscience; (c¢) Protain; (d) Yeast; (¢) CA-GrQc; (f) Lesmis; (g) Jazz; (h) USAir; (i) Faa. Due to differ-

ences in scoring mechanisms and output scales among the algorithms, the horizontal axis values are not on a unified scale.
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Fig. 5. Comparison of Kendall correlation coefficient for 8 node ranking methods on 9 networks: (a) Facebook; (b) Netscience;
(c) Protain; (d) Yeast; (¢) CA-GrQc; (f) Lesmis; (g) Jazz; (h) USAir; (i) Faa.
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Fig. 6. Comparison of Kendall correlation coefficients of 8 node influence evaluation algorithms under different scale nodes:
(a) Facebook; (b) Netscience; (c) Protain; (d) Yeast; () CA-GrQc; (f) Lesmis; (g) Jazz; (h) USAir; (i) Faa.
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Table 2. Parameters description of synthetic networks.

EES N E (d) Bin B (k) C K Smax
LFR2000-5 2000 10034 5.69836 0.09836 0.1 5 0.37739 8
LFR2000-10 2000 20634 4.47204 0.07227 0.08 10 0.41041 11
BA500-4 500 996 3.71512 0.09617 0.1 4 0.05880 2
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Fig. 7. Comparison of Kendall correlation coefficients of 8 evaluation algorithms on synthetic networks datasets: (a) LFR2000-5;

(b) LFR2000-10; (c) BA200-4.
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Abstract

Identifying key nodes in complex networks or evaluating the relative node importance with respect to
others by using quantitative methods is a fundamental issue in network science. To address the limitations of
existing approaches—namely the subjectivity in assigning weights to importance indicators and the insufficient
integration of global and local structural information—this paper proposes an entropy-weighted multi-channel
convolutional neural network framework (EMCNN). First, a parameter-free entropy-based weight allocation
model is constructed to dynamically assign weights to multiple node importance indicators by computing their
entropy values, thereby mitigating the subjectivity inherent in traditional parameter-setting methods and
enhancing the objectivity of indicator fusion. Second, global and local structural features are decoupled and
reconstructed into separate channels to form multi-channel feature maps, which significantly enhance the
representational capacity of the network structure. Third, by leveraging the feature extraction capabilities of
convolutional neural networks and the integration power of attention mechanisms, the framework extracts deep
representations of nodes from the multi-channel feature maps, while emphasizing key structural information
through attention-based weighting, thus enabling more accurate identification and characterization of node
importance. To validate the effectiveness of the proposed method, extensive experiments are conducted on nine
real-world networks by using the SIR spreading model, thereby assessing performance in terms of correlation,
accuracy, and robustness. The Kendall correlation coefficient is used as the primary evaluation metric to
measure the consistency between predicted node importance and actual spreading influence. Additionally,
experiments are performed on three representative synthetic networks to further test the model’s
generalizability. Experimental results demonstrate that EMCNN consistently and effectively evaluates node
influence under varying transmission rates, and significantly outperforms mainstream algorithms in both
correlation and accuracy. These findings highlight the powerful generalization ability and wide applicability of

this method in the identification of key nodes in complex networks.
Keywords: entropy, convolutional neural network, node importance
PACS: 64.60.aq, 89.75.Hc, 89.75.Fb DOI: 10.7498/aps.74.20250329

CSTR: 32037.14.aps.74.20250329

* Project supported by the National Natural Science Foundation of China (Grant No. 72101265).
# These authors contributed equally.

1 Corresponding author. E-mail: ty.yu@nudt.edu.cn

126401-13


http://doi.org/10.7498/aps.74.20250329
https://cstr.cn/32037.14.aps.74.20250329
mailto:ty.yu@nudt.edu.cn
mailto:ty.yu@nudt.edu.cn
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

ETE BB 2 BES R LM BB
)b BRE FiE A% KEE TAL

Entropy-based weighted multi—channel convolutional neural network method for node importance assessment
JIANG Tingshuai  RUAN Yirun  LIHai BAlLiang YUANYifei YU Tianyuan

5| {5 B, Citation: Acta Physica Sinica, 74, 126401 (2025) DOI: 10.7498/aps.74.20250329

CSTR: 32037.14.aps.74.20250329

TELR T2 View online: https://doi.org/10.7498/aps.74.20250329

A ZE View table of contents: http://wulixb.iphy.ac.cn

TR AT BERRAR  HAt SO

Articles you may be interested in

BET IR B 22 RO 2% 14 22 Ak JBE 1 i B EEPEPAL T 1

A multidimensional node importance evaluation method based on graph convolutional networks

PyFEEEAR. 2024, 73(22): 226401 hitps:/doi.ore/10.7498/aps.73.20240937

BET Tsallishif 4 52 A% 4619 1 FE B PAG Ok
A method of evaluating importance of nodes in complex network based on Tsallis entropy

YrE2E 4. 2021, 70(21): 216401  https://doi.org/10.7498/aps.70.20210979

FTE S B AN T A9 S A W28 19 s S BN O vk

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

YrH2E . 2023, 72(4): 048901  https:/doi.org/10.7498/aps.72.20221878

— T GRS A B 2 R 28 AR (LK 2 T T
Phase retrieval wavefront sensing based on image fusion and convolutional neural network

YyPR2E4R. 2021, 70(5): 054201  https:/doi.org/10.7498/aps.70.20201362

FTHERM MBI FRIOERA T GROGE G R RO T EER

Removal of background white light in coherent—dispersion spectrometer based on convolutional neural network

WAL 2025, T4(10): 104201 https://doi.ore/10.7498/aps.74.20250090

H TS AR 22 10 45 18 00t o S O AR o 4 e T

Design of bistatic radar cross section reduction metasurface hased on convolutional neural networks

WIFAEA. 2025, T4(10): 107802 https://doi.org/10.7498/aps.74.20250109


https://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.74.20250329
http://wulixb.iphy.ac.cn
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.73.20240937
https://doi.org/10.7498/aps.73.20240937
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.70.20210979
https://doi.org/10.7498/aps.70.20210979
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.72.20221878
https://doi.org/10.7498/aps.72.20221878
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.70.20201362
https://doi.org/10.7498/aps.70.20201362
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.74.20250090
https://doi.org/10.7498/aps.74.20250090
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.74.20250109
https://doi.org/10.7498/aps.74.20250109

	1 引　言
	2 相关理论基础
	2.1 度中心性
	2.2 H指数
	2.3 网页排名中心性
	2.4 介数中心性
	2.5 接近中心性
	2.6 K-shell值
	2.7 聚类系数
	2.8 投票排名中心性
	2.9 全局相对平均度
	2.10 全局-局部分数
	2.11 基于图卷积网络的排序方法

	3 算法设计与评价标准
	3.1 基于信息熵赋权的多通道卷积神经网络框架
	3.1.1 无参熵权分配模型
	3.1.2 多通道特征构建
	3.1.3 模型预测

	3.2 评价标准

	4 实例验证与结果分析
	4.1 参数分析
	4.2 真实网络验证
	4.2.1 相关性实验
	4.2.2 准确性实验
	4.2.3 鲁棒性实验

	4.3 合成网络验证

	5 结　论
	参考文献

