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Research on key node identification of complex network based on GCN

YANG Yang , WANG Jun-Feng
(College of Computer Science, Sichuan University, Chengdu 610065, China)

Abstract: Accurately identifying the key nodes in the network is one of the important research topics in
complex networks. Most of the existing key node identification methods are based on the centrality
measurement method by the network structure, which has low identification accuracy and limited scope
of application. A key node identification method, based on Graph Convolutional Network (GCN), is
proposed in this paper, which considers not only the node attributes, but also the network structure and
neighbor node structure. Multidimensional features are extracted first from the network legend data to
construct feature vectors and then the node feature vector is input to the GCN layer for learning. Final-
ly, the minimum loss is calculated with the regression loss function, and the key nodes are identified. In
this paper, SIR (Susceptible Infected Removed) is choosed as the evaluation method in the propagation
dynamics simulation experiment and Pinning Control experiment, the proposed method is verified on dif-
ferent types of real networks, the results show that the GCN-based method proposed in this paper out-
performs other methods in terms of scope of application and accuracy.
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Fig. 7 Experimental results of SIR propagation mode
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Tab. 2 Containment control experiment results

Method BC D H-index K-Shell CC  OURS
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Email  61.9934 62. 5830 63. 0099 9.4987 61.263118. 2491
Erdos 1. 8200 2.3014 1.6300 6.9800 1.6800 1.5410
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Tab. 3 Containment control experiment results
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AYAN
5 4 g

A2 7% W 245 v GBI o IR T — s ik
J& AR 5 %38 F S BBl ) B L TR0 v A R AT
L. ARBFTTAR Y R B R T 3T GON [
0 2 O 245 RN s R O R RSN R (D) &
ST PR 2 20 (04 D7 1o IR 4 2540 L A5
AT S I S M AT A Ao . (2) BkIE
FEL . 6 AS [ 2 70 118 L S ) 6% o S 60 245 SR R 4
(3) A HERA R . SIR SCEUE A 5 28 12 1 56
SHETT TR 52 2% 0 4% v A 4 R 5 A 4 Y L
T S8 010 LT 5 5 A Wl s ) S 30 0F BH AR Oy i
(18 D SR K TN 5% 4 i 7 A ) S e K. 2 1 i
W AR SE B ) i 5 by A L

SE Lk

[1] JuY, Zhang S, Ding N, et al. Complex network
clustering by a multi-objective evolutionary algo-

rithm based on decomposition and membrane struc-

[2]

[3]

[4]

[5]

[6]

7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

032002-9

ture [J]. Sci Rep: UK, 2016, 6. 1.

WL, Ry, WS, SO m SR R AN
EROCHETY R LT ). AR, 2015, 64: 058902,
Malliaros F D, Rossi M E G, Vazirgiannis M. Lo-
cating influential nodes in complex networks [ J]. Sci
Rep: UK, 2016, 6. 19307.

De Domenico M, Solé-Ribalta A, Omodei E, ez al.
Ranking in interconnected multilayer networks re-
veals versatile nodes [ J]. Nat Commun, 2015,
6: 1.

R, BBk, g s 2y kT i ikgsiR ]
Bl Rk, 2014, 59, 1175,

LT, BRAE. AL, & —FAERNIET =M
SR S IR P26 p R e ) B A AL T Wy P
%, 2016, 65: 168901.

Bellingeri M, Bevacqua D, Scotognella F, et al. A
comparative analysis of link removal strategies in re-
al complex weighted networks[ J]. Seci Rep: Uk,
2020, 10, 1.

Zhu C, Wang X, Zhu L. A novel method of evalua-
ting key nodes in complex networks [ J]. Chaos
Soliton Fract, 2017, 96. 43.

KRZTF, Bromde, FW, 55, PEERE PR X %
TR RgER LT ] TR R E L, 2019,
48. 595.

Li L, Chen D, Ren X L, et al. Vital nodes identifi-
cation in complex networks[]J]. Phys Rep, 2016,
650 1.

Chiang W L, Liu X, Si S, et al. Cluster-gen: An
efficient algorithm for training deep and large graph
convolutional networks [ C ]//Proceedings of the
25th ACM SIGKDD International Conference on
Knowledge Discovery &. Data Mining. Alaska:
ACM, 2019: 257-266.

Fan T, Lii L, Shi D, et al. Characterizing cycle
structure in complex networks[ J]. Commun Phys:
UK, 2021, 4: 1.

Bz, T, KRER. % ETMEERLH
WAL RS W Sy A L)) RS AL R, 2014,
37 753.

DAy, 84 L. BT 2 B b5 HiE N Memetic 84k
S 2R DRI ], VIR A4 IR
i, 2020, 41: 262,

KA REAEHE, WA, BT A LA ) B B T 6 B
5 T e TR ML o) A L. i RH H SR 2 2 4l
AR, 2020, 32 759.

Cavallari S, Zheng V W, Cai H, et al. Learning

community embedding with community detection



# 60 %

W)l K3

FRCH A F RO

%34

[17]

[18]

[19]

[20]

[21]

[22]

and node embedding on graphs[ C]// Proceedings of
the 2017 ACM on Conference on Information and
Knowledge Management. Singapore. [ S. L J:
ACM, 2017 377.

WL, FHEK, T8, . B TREIRMRERSDY
RIZm o [T] b 7Rk R 3= 2 i, 2021,
50 930.

Zhong L., Gao C, Zhang Z, et al.

ential nodes in complex networks: A multiple attrib-

Identifying influ-

utes fusion method[ C]// Proceedings of the Inte-
rnational conference on active media technology.
Warsaw, Polan: Springer, 2014 11.

Kang W, Tang G, Sun Y, et al. Identifying influ-
ential nodes in complex network based on weighted
semi-local centrality[ C]// Proceedings of the 2016
2nd IEEE International Conference on Computer and
Communications (ICCC). Chengdu: TEEE, 2016;
2467.

Samadi N, Bouyer A. Identifying influential spread-
ers based on edge ratio and neighborhood diversity
measures in complex networks[ ] ]. Comb Probab
Comput, 2019, 101. 1147.

Vernize G, Guedes A L P, Albini L C P. Malicious
nodes identification for complex network based on
local views [J]. Comput J, 2015, 58; 2476.

WA, HE, B, 48 BET PageRank $L A
HITS BE A PPN AR eI i8R, 2014

[23]

[24]

[25]

[26]

[27]

[28]

(Z6): 110.

4%, b, HAEME. ET=EEm AR
WA AEAERLRILT ] THEL A, 2015, 35: 1984
Ribeiro L F R, Saverese P H P, Figueiredo D R.
struc2vec: learning node representations from struc-
tural identity [ C]//Proceedings of the 23rd ACM
SIGKDD International Conference on Knowledge
Discovery and Data Mining. New York: ACM,
2017, 385.

Buckman J, Roy A, Raffel C, et al. Thermometer
encoding: One hot way to resist adversarial exam-
ples [ C]//International Conference on Learning
Representations. Vancouver; ICLR, 2018.

Clevert D A, Unterthiner T, Hochreiter S. Fast
and accurate deep network learning by expon-ential
linear units (elus)[ EB/OL]. (2015-11-23)[ 2022-08-
227. https://doi. org/10. 48550/arXiv. 1511. 07289.
Bae W, Yoo J, Chul Y J. Beyond deep residual
learning for image restoration: Persistent homology-
guided manifold simplification [ C]// Proceedings of
the IEEE Conference on Computer Vision and Pat-
tern recognition Workshops. Honolulu: CVPRW,
2017,

Rossi R, Ahmed N. The network data repository
with interactive graph analytics and visualization
[C]//Twenty-ninth AAAIConferen-ce on Artificial
Intelligence. Austin: AAAI Press, 2014 753.

L e Y

t Bl AAER .

Y s s TR
i 60. 032002.

+

T GON 95 I 4% e 5 55 R BIBF IS (0], DU K228 4. [ AR BE22 R, 2023, 1 ;

+ P& . Yang Y, Wang J F. Research on key node identification of complex network based on GCN [J]. J Sichuan +
+ Univ: Nat Sci Ed, 2023, 60; 032002.

G G G S P G G S O P G U O SO G U S SO SO U O S S U |

032002-10

1





