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Link Prediction for Growing Networks
Using Information Propagation Model

SHINTARO TAKIGAMI ,™! MAsAHITO KUMANO 2
MASAHIRO KIMURA 2 and Kazumi Sarrof

‘We consider the problem of predicting newly generated links in a growing net-
work, and propose a method based on an information propagation model. Using
large real data in blog bookmark and guestbook networks, we demonstrate the
effectiveness of the proposed method, and also investigate the performance im-
provement by incorporating network clustering.
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Table 1 Growth of the GB-10 and the GB-11 networks

GB-10000000 500 1500 GB-11000000 500 1500
|E"\ E| 22,838 64,334 |E"\ E| 23,778 69,040
|L| 3,464 8,573 |L| 3,237 8,170
|L|/|E"\ E| 15.1% 13.3% |LI/IE"\ E| 13.6% 11.8%
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Fig.1 Prediction performance comparison of the propose method with the proximity methods for Fig.2 Prediction performance comparison of the propose method with the proximity methods for
the GB-10network the GB-1lnetwork
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Table 2 Results for the fifteen-days-prediction in the GB-10network

Rank(k) 100 | 1,000 | 8,573 | 10,000
ooo 22 170 810 903
Random 0O 0 3 23 39
Random 00000000D00OOOOD - 56.7 35.2 23.2

03 GB-110000000000 15000000
Table 3 Results for the fifteen-days-prediction in the GB-11network

Rank(k) 100 | 1,000 | 8,170 | 10,000
ooao 18 143 674 758
Random O 0 2 20 27
Random 000000000 OOOOO - 71.5 33.7 28.1

O000000000000O0000o0ooOo0oooOo0ooOO0o0DoOoOooooooGBOO

ooboo1be0bOO0OO0OOOOOOOOOOOODOOOODn
040500GBOOOO0OOOOOO100 1500110 100000000000

00000000000000 4,0500000A0000000R 0000 |E|ODOO

00o0o0oBOOOODOOD 0000 |E|ODn=10000 |EF|00000O0OOOOOO

ooo0coo0ooUo0 0000 |S|O0000C00DOOO0OO0OOnOO0O0O |S]
O0n=10000 |S|0000000000004000~=1050000000000
OO0rn=60000000000000C0CCOOOOOOOOOOOOOOOOOOODO
ooooooooo 5000n=5000000000000000000000000
gobooooooooooooon
gobobooooooobooooooboboooooooobooooooooooooOon
0000000Db0O000 300100 1600 GBOOODOOOO n=10600000
goboboodobo hooobooooobobooooobooooooobodooboOn=10
gbobotdbrn=5000000000000000000000O0O00ODOOOOOOGROO
gooboodooboooobooooboobooooboooooOoOoOobO0oOoDOOoOobOOoobboOonoo
0000400110 1500 GBOOOODODOOODOOODOOOOOOOO 150000
oooooooooooobooooooooobobbon=1000000nr=4000000
ooboboooooobooboooobobodOn=50000000000000000000
goooooboobooooobooooboooooooooboobooooooooooooDoobooo

Vol.2009-MPS-76 No.28
Vol.2009-BIO-19 No.28
2009/12/17

04 100 1600000000O0O0OO
Table 4 Clustering results of October 16

n 1 2 3 4 5 6
A 83,507 83,324 83,321 83,313 83,313 48,442
B 100.0% 99.8% 99.8% 99.7% 99.7% 58.0%
C | 2,363,781 | 2,363,779 | 2,363,772 | 2,363,760 | 2,363,643 | 723,103
D 100.0% 99.9% 99.9% 99.9% 99.9% 30.6%
05 110 1500000000000
Table 5 Clustering results of November 15
n 1 2 3 4 5 6
A 79,265 79,079 79,079 79,073 69,346 40,868
B 100.0% 99.8% 99.8% 99.8% 87.5% 51.6%
C | 3,087,224 | 3,087,102 | 3,087,102 | 3,087,097 | 2,610,712 | 353,526
D 100.0% 99.8% 99.8% 99.8% 84.6% 11.5%

Precision P(k)

100 1,000 10,000
Rank k

03 GB-100000000000000000000000000000000000

Fig.3 Performance improvement by incorporating network clustering for the GB-10 network
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Fig.4 Performance improvement by incorporating network clustering for the GB-11 network
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Table 6 Prediction performance for the BM network
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Fig.5 Prediction performance comparison of the propose method with the proximity methods for
the BM network
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Table 7 Clustering results for the BM network

Rank(k) 1,000 | 10,000 | 30,849 [ 100,000
0oo 30 253 674 1,757
Random O 1 3 9 17
Random 00O00OO0O0O0DO0OO0OO | 30.0 84.3 74.9 103.4

n 1 2 3 4 5 6

A 535,734 535,649 535,648 535,646 336,952 303,548
B 100.0% 99.98% 99.98% 99.98% 62.90% 56.66%
C | 156,874,190 | 156,874,134 | 156,874,134 | 156,874,134 | 35,682,314 | 23,947,240
D 100.0% 99.98% 99.98% 99.98% 22.75% 15.27%
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Fig.6 Performance improvement by incorporating network clustering for the BM network
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