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Link Prediction Method for Directed Networks Based on Path Connection Strength

ZHAO Xue-lei, ]I Xin-sheng,LIU Shu-xin.LI Ying-le and LI Hai-tao

PLA Strategic Support Force Information Engineering University, Zhengzhou 450002, China

Abstract Link prediction aims to predict unknown links using available network topology information. Prediction methods based
on paths perform well in undirected networks. However, paths of the same length have different node connection strength due to
different type of links through the path in directed network. Traditional methods is difficult to distinguish the path heterogeneity.
Given this,the difference in the strength of three types of directed links is first quantified in terms of the link weight matrix, then
the connection strength of different heterogeneous classpaths between nodes is calculated and the effect of different paths under
the same length path is distinguished. Finally.a directed network link prediction method based on the path connection strength is
proposed by integrating the contribution of multi-order paths of different lengths. Validation of 9 real networks shows that ac-
counting for differences in path connection strength effectively improves prediction performance under the AUC and Precision
metrics.
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Fig.1 Three kinds of directed connected diagrams

2B 18] I 2% v, IE [ 300 2 B i L R O R L T AR SR
TR E AT B 1) AR R G L Sk
G HSCHR R R R AR RN Y AR R i A B
AT 5 13 A 15 320 388 AR R S AT Sy X TR T R i 3L
T O R /N A AR s L R N R
HCVE A PR L TR AL S R 45 P B0 o HEROR , ORI sl A A AT
BB HR AR L DRI s Xl T 3 30 000 3 R E e KT . R TR 3
Xof B B R AT DXL S5 S R AT A G 3 2K ik L

R E



218

Computer Science THEHELZ  Vol. 49,No. 2,Feb. 2022

FE S TR ACER o DA A JHO0F 5 s AR BL 1 19 3 )
EX 1 HE—HmM% DV.E), LB HH B A R,
HARH DA W Ry
1, a; =1 H a;#1
W, =2, a; 71 H a; =1 (10)
1+24, a;#1 Ha;=1
VLT 1 S8, %of 17 114 40 32 9 e e 300 RS I 1) % L 4 ] 2
PR . ARIEERE A R T W Z M IE M EHECR, I
A 1 X TR Y O ) 34 S ) 2 TC B AR AR AR M R
H A 3% 320 7 3 Fb A g A ) 7 L S 2070 0k X3 DU W] A
T 300 525 22 (¥ 05 A TE) 0 SR B8 T 0 ASURE I WK I 4 R R Y
JERAE 1 i — 25 Ak 9 A 6] 1 30 BUME , 7T TR) A 3878 3 26 1)
0 I XA 1) 15 T %GR R R R AR R B B . (B4 TR R
HIIE A N TFE S 80, 7R B ) 30 AR X T 1F ) 41 09 % R B,
TEAN R 2T ) 4 vh BU(E W 5 R ), i — 20 JE R R B S, 4
HeHE B R 30 R 1 s ) Y B AR R L T 0 BOSE BE 2R S D) SRR
T ] PR AR Y SR

ik ik
iro0 1 0 1 i 0 1 2 1+2
10 0 0 O J A 0 0 0
E[1 0 0 O k 1 0 0 0
(L1 0 0 o (Li+x 0 0o o
Ca) SBFEFE 4 A (b) B W

P 2 AR I 5 2 AU I B 0 B 5 &R

Fig. 2 Adjacency matrix and edge weight matrix
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Fig. 4 Directed paths of different connection strengths
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Table 3 Comparison of AUC results of each method in different

datasets

Net HIG RES ADO CEL YEA USA OPF SMA SCI

DCN  0.853 0.887 0.713 0.805 0.945 0.962 0.968 0.908 0.895
DAA 0.857 0.892 0.713 0.811 0.937 0.961 0.970 0.898 0.877
DRA 0.856 0.891 0.714 0.813 0.946 0.972 0.971 0.908 0.895
DPA  0.624 0.653 0.677 0.813 0.951 0.951 0.924 0.965 0.957
LP  0.889 0.895 0.778 0.864 0.990 0.965 0.984 0.970 0.967
Bifan 0.824 0.857 0.767 0.888 0.980 0.959 0.965 0.958 0.941
MFI 0.847 0.788 0.870 0.837 0.994 0.880 0.976 0.978 0.995
Katz 0.890 0.893 0.876 0.877 0.998 0.966 0.981 0.990 0.993
DMP-2 0.911 0.915 0.804 0.883 0.966 0.979 0.976 0.944 0.926
DMP-3 0.923 0.916 0.898 0.899 0.996 0.979 0.989 0.983 0.990
DMP-4 0.923 0.916 0.924 0.898 0.997 0.979 0.987 0.985 0.995
DMP-5 0.923 0.916 0.927 0.897 0.998 0.979 0.983 0.985 0.995
DMP-6 0.922 0.915 0.927 0.899 0.998 0.979 0.981 0.986 0.996
DMP-N 0.925 0.941 0.928 0.898 0.998 0.986 0.588 0.989 0.998
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Table 4 Comparison of Precision results of each method in different

datasets

Net HIG RES ADO CEL YEA USA OPF SMA SCI

DCN 0.122 0.284 0.203 0.093 0.427 0.345 0.579 0.222 0.255
DAA 0.117 0.315 0.176 0.057 0.458 0.403 0.485 0.199 0.210
DRA 0.112 0.310 0.043 0.077 0.471 0.369 0.378 0.151 0.144
DPA  0.017 0.060 0.000 0.036 0.282 0.330 0.310 0.113 0.078
LP  0.103 0.280 0.175 0.086 0.473 0.318 0.627 0.197 0.240
Bifan 0.090 0.180 0.140 0.103 0.791 0.408 0.675 0.307 0.221
MFI  0.068 0.090 0.042 0.077 0.145 0.025 0.012 0.031 0.075
Katz 0.101 0.279 0.174 0.086 0.469 0.313 0.633 0.197 0.240
DMP-2 0.143 0.327 0.213 0.107 0.437 0.409 0.567 0.239 0.296
DMP-3 0.144 0.315 0.203 0.102 0.472 0.395 0.688 0.199 0.247
DMP-4 0.145 0.311 0.203 0.103 0.481 0.394 0.667 0.199 0.246
DMP-5 0.144 0.310 0.202 0.103 0.481 0.395 0.651 0.199 0.246
DMP-6 0.144 0.309 0.202 0.103 0.481 0.395 0.645 0.199 0.246
DMP-N 0.148 0.415 0.247 0.094 0.483 0.184 0.920 0.199 0.246
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