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Abstract

Link prediction refers to searching for hidden links or predicting possible future links in social
networks. It is important for analyzing social networks. This paper analyzes the current methods
for social network link prediction, compares multidimensional similarity attributes, takes the link
prediction problem as a classification problem, and realizes links prediction based on machine
learning. The final experiment results verify that similarity attributes are effective for link predic-
tion problem, and link prediction problem can be solved as a classification problem by machine
learning algorithms.
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# Directed graph (each unordered pair of nedes is saved once): p2p—Gnutella08. txt
# Directed Gnutella P2P network from August 8 2002
# Nodes: 6301 Edges: 20777

# FromNodeld ToNodeld
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0 2

0 3

0 4

0 5
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0 7

0 8

0 9

0 10

3 703
3 826
3 1097
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Figure 1. Original text of the SNAP dataset
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Table 1. ER model generation network

%% 1. ER 1884 g 4% 15 AR

Erdos_Renyi EERINE] 5000 8743
Table 2. Experimental results of ER model
% 2. ER REISLIG AR
WARES NRES ROC & THiAR FEIEES LTRSS
KNN 0.6462 0.5809 1.0 0.6460
NB 0.6439 0.7180 1.0 0.6035
MLP 0.5974 0.7020 0.5332 0.7664
SVM 0.5301 0.7329 0.3593 0.8114
DT 0.6788 0.7386 0.7048 0.7719
1.0
0.8
2
&
£ 06
&
g
= 04
0.2
4 | | | |
0.2 04 0.6 0.8 1.0
False Positive Rate
Figure 2. ROC curve example
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0.9
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0 08 - —8—NB
C
i 0.7 / —A— MLP
i} 0.6
A / ——SVM
0.5 —1 > &
—¥—DT
0.4 T T T T ]
5000 5750 6612 7603 8743
b4
Figure 3. The relationship between the number of the connected edges and the
recognition results
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Figure 4. ROC curve of ER model link prediction
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Table 3. BA model generation network

7% 3. BA fRES s 4R 15 RR

H K et IR A A SRR
Barabasi-Albert TR 2% 5000 3
Table 4. Experimental results of BA model
4. BA RBISLIHER
T3 NRES ROC & # I 2 UES
KNN 0.7071 0.7132 0.4209 0.9844
NB 0.6191 0.9388 0.2395 0.9945
MLP 0.8600 0.9448 0.7645 0.9448
SVM 0.5967 0.9071 0.2001 0.9677
DT 0.4903 0.6989 0.8999 0.4947
1 —&— KNN

R 0.9 5— NB

O o8

c 5 ~de— MLP

i 7

% 06 ——3SV

M
0.5 —%—DT
0-4 T T T 1
2 3 5 8
HE

Figure 5. The relationship between the output and the recognition results
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Figure 6. ROC curve of BA model link prediction
B 6. BA PR B HER TN ROC HhZk
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1 SVM #ERIMM T, DT, KNN RIAFFET:, NB RIUAFE . PRIk, 20 R 4 10 00 de 4 ) 5 i 0
MLP.,

Table 5. Random growth model generation network
5. BENLAE KRR s E AR

2 B3] HIUEST r B BN R SR L L
Growing_Random AR 2% 5000 2

Table 6. Experimental results of random growth model

6. FENE KRBISLINEER

Jrik: R7ES ROC iR i LETES
KNN 0.7608 0.6424 0.9279 0.7957
NB 0.3595 0.5520 0.1842 0.9946
MLP 0.5724 0.9274 0.4605 0.9914
SVM 0.3576 0.9318 0.1722 0.9942
DT 0.6576 0.8695 0.5706 0.9777

R —o— KNN
0 —=—NB
C

i} MLP
% S— SVM
B4 ' ' ' | DT

3 .5
Wi
Figure 7. The relationship between the number of added edges and the recognition

results
7. RIMBHSIRHIERPXE
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Figure 8. ROC curve of random growth model link prediction
8. FEHLAE KMERBVGER TN ROC BhZk

Table 7. Forest growth model generation network

= 7. BRMERREE BERR

2y i B3] A IE BRI A 2 PP
Forest_Fire A KX 2% 5000 0.1 2
Table 8. Experimental results of Forest growth model
8. HRMEKFERIILER
T NRGES ROC £ TR HalZ IES
KNN 0.7024 0.7876 0.6422 0.7301
NB 0.6482 0.7416 0.2982 0.9941
MLP 0.7218 0.8372 0.4735 0.9405
SVM 0.6326 0.8214 0.2680 0.9902
DT 0.7126 0.7910 0.5208 0.8451
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S MR S B 4 RO B £ 7% 9 MILP

1
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R
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¢ e MLP
i
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" 0.4 T T T 1 e DT

2 3 5 8

Figure 9. The relationship between the number of selected nodes and the recogni-
tion results
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Figure 10. ROC curve of forest growth model link prediction
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Table 9. CA-GrQc network
%% 9. CA-GrQc M4& &l RR

£y RiDcE

B

CA-GrQc 5,242

14,496
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Table 10. Experimental results of CA-GrQc network
< 10. CA-GrQc M8 LIG 45 R

T NRTES ROC fh kT EEICIES LGRS
KNN 0.9593 0.9698 0.9323 0.9854
NB 0.9641 0.9634 0.9316 0.9963
MLP 0.9585 0.9872 0.9206 0.9963
SVM 0.9185 0.9887 0.8391 0.9975
DT 0.9517 0.9467 0.9102 0.9925
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Figure 11. ROC curve of CA-GrQc network link prediction
& 11. CA-GrQc # RS HEIETN ROC Hi%k

2) CA-HepTh

TEZ2 11 AR CA-HepTh Hdli 4 Rt ATk, S558E 12, & 12 P, MRS IEFZH KNN AT
A%, N 0.86, HABVURI T ERIARTE 0.9 UL L, FMI7#+ 875, ROC #hZE FF, Tfhrik®
AL+ 75 . BT MLP FJMNAEE IEH R A ROC #hR T RUER A i, i DA S 48 B 1 7l # A
J7158 MLP.

3) Wiki-Vote

FEF 13 A ) Wiki-Vote a4 FabATINA, 4504 14, B 13 fox, RILHXSE IE# % NB AH
P, N 0.84, HAWDUR T VERIATE 0.9 Zidi, HFEE+ 3075, ROC M4 R, A7k
KIBE+ 0T . BT MLP (R4 IERER A ROC MLk T AR ARG, T DA B 85 5 e T
7558 MLP.

4) p2p-Gnutella08

FE 15 #IR [ p2p-Gnutella08 £ 4E EaEATINGA, AR WH 160 Kl 14 Frow, MGEE IER A0 LL AT
=FEFT R, HrR MLP RIDT 75 0.75 LA b, RILRLF, HAZFE 0.7 LN, B E. ROC
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Table 11. CA-HepTh network
52 11. CA-HepTh M4&ElikPA

£y TR BUE B

CA-HepTh 9.877 25,998 Arxiv I £ 1 4

Table 12. Experimental results of CA-HepTh network
%2 12. CA-HepTh SEIG 4R

Jrik: R ES ROC Hi £k AR FEJCIES R
KNN 0.8693 0.9472 0.9608 0.8435
NB 0.9380 0.9488 0.8799 0.9956
MLP 0.9455 0.9860 0.8964 0.9940
SVM 0.9303 0.9805 0.8637 0.9964
DT 0.9438 0.9600 0.8971 0.9894

Table 13. Wiki-Vote network
= 13. Wiki-Vote 4% [Eli5 BB

£y RiDcE BUE B

Wiki-Vote 7,115 103,689 HEFE R X — RS 4

Table 14. Experimental results of Wiki-Vote network
# 14. Wiki-Vote SLIEER

Jrik: R ES ROC Hi £k AR FEJCIES R
KNN 0.9195 0.9581 0.9058 0.9313
NB 0.8477 0.9767 0.7085 0.9818
MLP 0.9125 0.9839 0.8526 0.9686
SVM 0.8974 0.9785 0.8398 0.9492
DT 0.8999 0.8827 0.8396 0.9546

Table 15. P2p-Gnutella08 network
5= 15. p2p-Gnutella08 FR%% =15 BA

ey RETE Bk Bi
p2p-Gnutella08 6,301 20,777 2002 4F 8 A 8 HHJ Gnutella %45 M 4%

Table 16. Experimental results of Wiki-Vote network
% 16. Wiki-Vote SLIGLER

Jrik R ES ROC Hi£&HiAR FEJCIES ifES
KNN 0.6978 0.7625 0.8874 0.6434
NB 0.6295 0.7352 0.2666 0.9719
MLP 0.7647 0.9116 0.6367 0.8558
SVM 0.6076 0.9070 0.2262 0.9533
DT 0.7769 0.8455 0.7141 0.8167
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Figure 12. ROC curve of CA-HepTh network link prediction
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Figure 13. ROC curve of Wiki-Vote network link prediction
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Figure 14. ROC curve of CA-HepTh network link prediction
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