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Link Prediction Method Based on Topological Tightness of

Resource Transmission Nodes

LI'Yingle ,HE Zanyuan, WANG Kai, XU Mingyan
(Institute of Information TechnologysPLA Strategic Support Force Information Engineering University ,Zhengzhou 450002, China)

[Abstract] To address the problem that the existing local similarity RA index based on network topology does not
consider the topological closeness of transmission nodes, this paper proposes a node topology closeness index and link
prediction method. The important transmission nodes are determined according to the resource transmission details of
multi-hop nodes, and then the topological closeness is quantified based on the analysis of the topological clustering
degree around the transmission nodes. Finally, the similarity between nodes is described by using the impact of the
closeness of the transmission nodes on the transmission resources of the common neighbors. Experimental results show
that this method has high universality, and the proposed similarity index is suitable for the Precision standard, and has
higher prediction accuracy compared with the existing similarity indexes such as CN, AA and CAR.
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Fig.1 Effect of different types of resource transmission

nodes in resource transmission

M 1] LB Y 78 22 Bk A 15 i v Bt o B AR
SR H BN, B TR AL o B T AR B
AR i T TR Gt R R I S R AT BN
v O VR A% et 4 DA — R W HE I AR 2 TR
22 35k R kA i 1) G ) 28 SR 19 2, A S R 1) 50
FHG v B AR A s . R L, TR TR R AR
gy ot PR o, Ak [ A0 2 R R B R O L R
KHEAE ] o 7E B R AL Hi 1Y J5 S e o AT X
A% 0 % AT i 1 S A [ 4B I

P RAL A An (RA) J2 B3 R A% 0 % H 17 5
F [] 48 J HE A7 9 U AL S R e b, SRR R 2 A
K REY VAT LR 2V %y AR ey A
PRSI O 4% v A O A Y i A (] 48 S T L D 5 4 A
R A A AUOR) YT s B ok HL R AT 9% VR A% i o A 2] i
AN | EERN N i Tpu N e o i R Y e v i |
P FD 45 4 1) 5 2 X B R AL A A R,
B2 ff 7R o REF 35 5 o ALY 5y 8 R 40 8 5k 2,
LR A AE BB T8 05 v, vy, vy, vy, v R 2205 T 48
BT AE X 2 1) R R 4 AL X X T W R AR ELAR
KA VEVE o b f A Ja 3500 435 Ky o =15 8 ] 9% YA
WV R, 5 243 B 20 18 A% Sy 45 o5 JELILER $1 45 #4 1Y) 9%
TRAL R B .

2 REEHTRARAEIEERIEER
Fig.2 Schematic diagram of topology around resource

transmission nodes
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Fig.3 Tightness analysis of independent nodes under
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Fig.4 Topology around different resource transmission nodes
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Fig.5 Schematic diagram of topology around resource

transmission nodes
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Fig.6 Schematic diagram of tight neighbors of resource

transmission nodes
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0.001, (b) AJ 2% a=0.01.

R 2 Precision R ITEE S

Table 2 Comparative analysis of Precision results

. . . . ) mac-
16%5 Jazz FWEW USAir CE Email Metabolic Infectious .
animal

CN 0.829 0.136 0.608 0.133 0.714  0.202 0.429  0.310
RA 0.825 0.167 0.628 0.137 0.714  0.305 0.507  0.315
AA 0.842 0.156 0.627 0.137 0.722 0.244 0.452 0311
CAR 0.851 0.136 0.604 0.131 0.707  0.195 0.403  0.306
LP® 0.811 0.152 0.612 0.138 0.714  0.201 0.378  0.311
LP® 0.785 0.193 0.609 0.138 0.710  0.201 0.371  0.314
Katz® 0.811 0.152 0.612 0.138 0.714  0.201 0.378  0.311
Katz® 0.753 0.200 0.598 0.138 0.698 0.196 0.364  0.309
ACT 0.000 0.124 0.000 0.000 0.000 0.000 0.000  0.129
Cos+ 0.367 0.000 0.097 0.096 0.618 0.098 0.175  0.003
TT 0.864 0.167 0.635 0.141 0.724  0.319 0.523  0.315




56 R - | R B -

202141 H 15H

MFE 2 0] DL W, A LG Al 08 A L FE A, SR
b TT 48 4 B A 5w 0 #0000 RS BE L 8 A M 2% Hh A7 7 A
W 2% TT 48 b7 1 Precision {H fi = (WM R 57 ), B
TEFWEW P28 i HE 24 50 = X fE — a2 F2 B il T
TR N Y A5 TR A AL 2 i Y A AR
o BN B SR AL [ 4B JE HE A% CNL B TUE IR T
FLE AR JE B8 B, H: Precision TN &5 - HA —E W
L (A Ll G Al A R T i, R 22 B0 4% CN Y
T 2% SR % A (B 7E Email . Metabolic £ Infectious [
#%  CN 1) Precision & T CAR .LP .Katz) , %R 4>
L 48 bR RA 38 32 R FH 58 U5 49 0 o B2 1+ 5849 o5 1a) 4% i
() 9% 5 E AT Ak Y a5 TRD AR L AR A B A IR
B B WA T — M R BB A L PR A, 0 H R
FWEW . USAir, CE. Metabolic, Infectious #1 mac-
animal 55 X 4 b &8 2 B 2w T 4 R A AL P 48 AR LP
¢ Katz, 5 RATEARZEAL, AA 48 br A I 3L [A] 48 & 114
B 2 [A] 48 FE AT AL, HAOR AR 22 BN g5 h
b 7 3 () &0 A5 AR L B 43 B0 45 0 Jazz  USAir, CE
Email . Metabolic 1 Infectious "' H: 2% H 4+ 4 |5 18
bro CARFEARH i 1 3k [F] < J& Z A 75 19 5B 40 1% 4%
X AR AR A9 52 ), A% R BH B 4 T 3 [l &R 4 bk, (1
TE 2 KU 25 H H RA R AAGICR I 22 . LPHI Katz 2
FE T A BEAR AR (LT HE A, 1E 2 HRRES RO A Ay
H A X F o, Jo H 2 78 FWEW (. CE | Email Al mac-
animal [ 2% HHASUR e o P 28 IR ACT 48 b /2
JE T B ML U AE A LA 48 A5 d AN i #E Precision i i
FRUET , 2250 2% 135 3 #2AIC , VT 2 Precision {H # &
P20 F 0, 3X 7] fE S 5 ACT #8 br 3 £ 16 T AUC
it R ME T AN 15 B T Precision FR #E o 4% 5% AL
6 bR Cos+I[m] B & 3t T Bl AL UE A 19 A5 (L1 38 4, AH L
ACT HAURA T — & M8 T+, (8 55 I At AH L1 48 b
M E, BRI 3 22 . ACT Ml Cos+I1 Precision %
oM 5 J 3= B, 0 53 3 T Bl AL U A 0 AR oL 3R AR
B Z Wb i 1a] T AUC i 152 ki E , X DL IS )W T Precision
M w bR . 5% I8 T B IR AL T S TR B
TT F8hR7E 8 4> M 2% v 38 30 3t 5 4 o 224> I 4% v 4
1£ Jazz \USAir,Email l Infectious 44, H: Precision )
P& v R R A, B o A R AT 4 SR A A P R
B o 7 mac-animal H1, TT 48 57 55 RA AL, B B T 24
TP 4% o T IR A T A PN R M s i AL, I
BB SHON 0. 18 B R 280 4 5 70m iz F Hp, dE i
SRR B 111, 25 2% v R 08 A o Ak,
A ST 5 1 B ) 52 4% B A T A ) 45 46 AR CN I
Jr BB B AR AR bR LP 22 0], 52 2% B AE XA, AT LA
T RIS I ) 2 ik o5 T 00

g BT A SCO7 ¥ RE % R I AR 2 A4 A 48 A
AUC #1 Precision I B 15 % 4F /9 2 £ . AUC Al
Precision 1 b £ i 7500 2 4> 25 TEAH Af B A [A) A9 Al
bR, 78— BB LU0 T AR SO0y ik 1 5 Al PR

WE A, A SCT7 I AE 8 A4~ AN [a] 19 265 1 52 6 T ) 45 2R A
X R, M IE T AR AN () 9 4% S8 A b A g
M E

5 HFRIE

7S SCRR A5 1 A5 J] L D 5 B A
RPN i R SE A IS e R SR (R A IR
B ) — b e T B UL T A D B T 1 B B T
T7 ik o BT TR A% i ek A o A B A AR Y L R
BIF 5 4% i 3 a5 Jo] B9 D 56 % A9 o A AL, LAY A 2R
R A B A G, 3 3 o A > T 2R 2K AR M % e Y
A% Bl 19 AT SO PP A A B TR) A R AR A
1 B S A A Ay 1, O B T W IRAE e S A, X
R TR Y B A e AT 20 I 25 B R
el A I KRR AR o AE 20 90 PR 2% K
14 52 46 25 SR R B, R SCRE BLPE 6 AR 1 & T Precision
e, LA LA A A BR800 AR . AR S
7 1 AUEL S AT L Sy A A ek A ) 22 R 1
B A 2 o A5 el kR e A
A I Xk A i o R B 0 P — AP R
BT AL i o AR ) T O s

S 0k

[1] LYUL,ZHOU T. Link prediction in complex networks ;
a survey [ J]. Physica A Statistical Mechanics and Its
Applications,2011,390(6):1150-1170.

[ 2] LIU Hongkun, LU Linyuan, ZHOU Tao. Uncovering the
network evolution mechanism by link prediction [J].
Science in China; Physica, Mechanica & Astronomica,
2011,41(7):816-823. (in Chinese)

XS 5 SR e U ) A 0 AP DR 1 2% 3 Ak AL
HLT]. P EA S R S RO ,2011,41(7) .
816-823.

[3] YU H,BRAUN P, YILDIRIM M A, et al. High-quality
binary protein interaction map of the yeast interactome
network[ J]. Science,2008,322(5898):104-110.

[ 4] YUAN Weiwei, HE Kangya, GUAN Danghai, et al.
Graph kernel based link prediction for signed social
networks[ J]. Information Fusion,2019,46:1-10.

[ 5] LORRAIN F, WHITE H C. Structural equivalence of
individuals in social networks [J]. The Journal of
Mathematical Sociology,1971,1(1):49-80.

[ 6] SALTON G, MCGILL M ]J. Introduction to modern
information retrieval [M]. Auckland, New Zealand:
McGraw-Hill, 1983.

[7] ADAMIC L A, ADAR E. Friends and neighbors on the
Web| J]. Social Networks,2003,25(3):211-230.

[ 8] ZHOU Tao, LU Linyuan, ZHANG Yicheng. Predicting
missing links via local information [J]. The European
Physical Journal B,2009,71(4):623-630.

[ 9] FOUSS F,PIROTTE A,RENDERS J M, et al. Randomwalk
computation of similarities between nodes of a graph with
application to collaborative recommendation [J]. IEEE
Transactions on Knowledge and Data Engineering, 2007,



F4a1E HIM

FUR b,

DL, A5 T A Y A D B ) B T 57

[10]

[11]

[14]

[15]

[16]

[20]

19(3):355-369.

KLEIN D J,RANDI M. Resistance distance[J]. Journal
of Mathematical Chemistry,1993,12(1).81-95.

BRIN S, PAGE L. The anatomy of a large-scale
hypertextual Web search engine[ J]. Computer Networks
and ISDN Systems, 1998,30(1):107-117.

LU Linyuan, JIN Cihang, ZHOU Tao. Similarity index
based on local paths for link prediction of complex
networks[ J]. Physical Review E,2009,80(4):46-62.
LEICHT E A, HILME P, NEWMAN M E J. Vertex
similarity in networks|[ J |. Physical Review E, 2006,73(2) :
61-80.

KATZ L. A new status index derived from sociometric
analysis[ J |. Psychometrika, 1953,18(1):39-43.

TAN Fei, XIA Yongxiang,ZHU Boyao. Link prediction in
complex networks: a mutual information perspective [J].
PloS One,2014,9(9):107-126.

WU Zhihao, LIN Youfang, WANG lJing, et al. Link
prediction with node clustering coefficient [ J]. Physica
A ; Statistical Mechanics and Its Applications , 2016,452(15) ;
1-8.

LIU Shuxin,JI Xinsheng, LIU Caixia,et al. Similarity index
for link prediction based on the clustering coefficient of
nodes[ J]. Journal of Information Engineering University ,
2017,18(6):698-702. (in Chinese)

XUBEHT, o8 A IR 5. — R Tl R R AR
B AR (LM B B 100 O vk (9], 15 B AR R B AR, 2017,
18(6):698-702.

DING Dazhao, CHEN Yunjie ,JIN Yanqging, et al. Link
prediction method for complex network based on closeness
between nodes[J ]. Journal of Computer Applications,2017,
37(8):2129-2132,2138. (in Chinese)

TRE B, HEW % TN ER R E LR
AR S TR S B T . LA, 2017,37(8)
2129-2132,2138.

LIU Shuxin, JI Xisheng, LIU Caixia, et al. Extended
resource allocation index for link prediction of complex
network [J]. Physica A. Statistical Mechanics and Its
Applications,2017,479(2):174-183.

WANG Kai, LI Xing, LAN Julong, et al. A new link
prediction method for complex networks -based' on
topological effectiveness of resource transmission paths[J].
Journal of Electronics
2020,42(3) :653-660.
FHL AR EE e, S R T B AR B AR
A RO Y S TN 7 1 [T ]. 0 5 E EER 2020,
42(3):653-660.

WANG Kai, LIU Shuxin, CHEN Hongchang, et al. A
new link prediction method for complex networks based

and Information Technology

on resources carrying capacity between nodes [J].
Journal of Electronics and Information Technology,

[22]

(25]

[26]

[27]

(28]

[33]

[34]

2019,41(5):1225-1234. (in Chinese)

E U, XV B R 45— bR Y R R B RUR 2
JRE R B U 5 [T ], M 50 R, 2019,41(5)
1225-1234.

CANNISTRACI C V,ALANIS-LOBATO G,RAVASIT.
From link-prediction in brain connectomes and protein
interactomes to the local-community-paradigm in
complex networks[J]. Scientific Reports, 2013, 4(3) :
16-23.

IRIBARREN J L, MORO E. Impact of human activity
patterns on the dynamics of information diffusion [J].
Physical Review Letters,2009,103(3).:38-47.

WENG L, RATKIEWICZ J, PERRA N, et al. The role
of information diffusion in the evolution of social
networks [ CJ//Proceedings of the 19th ACM SIGKDD
International Conference on Knowledge Discovery and
Data Mining. New York, USA:. ACM Press, 2013.
356-364.

GRINDROD P, HIGHAM D 1.
dynamical models, inverse problems and propagation [ J}.

Evolving ~graphs:

Proceedings of the Royal Society A. Mathematical,
Physical and Engineering Sciences, 2009, 466 (2115) .
753-770.

VAN ECK P S, JAGER W, LEEFLANG P S H. Opinion
leaders” role in innovation diffusion s a simulation study [ J].
Journal of Product' Innovation Management, 2011,
28(2):187-203.

GLEISER P M, DANON L. Community structure in jazz[ J].
Advances in Complex Systems,2003,6(4):565-573.
ULANOWICZ R E, DEANGELIS D L. Network analysis
of trophic dynamics in south florida ecosystems [J].
Florida: Bay Ecosystem, 1998,55:20688-20738.
BATAGELJ V, MRVAR A. Pajek-program for large
network analysis[ J]. Connections, 1998,21(2):47-57.
WATTS D J, STROGATZ S H. Collective dynamics of
‘small-world’ networks[J]. Nature, 1998, 393 (6684 ) .
440-442.

GUIMERA R, DANOD L, DIAZ-GUILEAR A, et al.
Self-similar community structure in a network of human
interactions[ J ]. Physical Review E,2003,68(6) :65-73.
GUIMERA R, AMARAL L A N. Functional cartography
of complex metabolic networks [J]. Nature, 2005, 433
(7028) :895-906.

ISELLA L, STEHLéE J, BARRAT A, et al. What’s in a
crowd? analysis of face-to-face behavioral networks [ J].
Journal of Theoretical Biology,2011,271(1):166-180.
TAKAHATA Y. Diachronic changes in the dominance
relations of adult female Japanese monkeys of the
Arashiyama B group[ M |. Albany, USA ; State University
of New York Press, 1991.

ETEE S 8 LF



