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Analysis of Linkage Mechanism of Link Prediction Based on

Network Synchronization

PAN Yong-Hao! YU Hong-Tao*

Abstract Link prediction is an important part of the study of the evolutionary trend of complex network structure.
It is used to predict the missing links and future links of network, and has great theoretical and practical value. The
current link prediction researches are mainly based on the characteristics of the network structure. The study of network
synchronization can profoundly reflect the internal mechanism between the node’s dynamic evolution behavior and network
structure. In this paper, we introduce a node dynamic model for link prediction research. By analyzing the relationship
between the link prediction and the synchronization of the dynamic network model, we analyze the link prediction
mechanism. Furthermore, we discuss the dynamic mechanism of link prediction, and reveal the difference between link

prediction mechanism and real network evolution.
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Hrp, W RBs izl @ = f(x), z, € R" A%
i T EPIRSAE =, AL e > 0 MR R Ao,
WA L = (li;)nxn A Laplacian %1%, H : R?
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HEH
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WA AT A P, 7 LT = PAPY, A =
diag{\, A2, A, T Ak = 1,2, N) J2
WA L RORFE(. & m = [, ] = EP,
i
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Lyapunov 80K Ymax ~= 0.11, B4 W 2% (1) fz />
AEFHFALAE 7512 3.8409 A1 0.5720, /2 [cAo| >
Vmax, MLERENG AT 5E 4[R2

HE 1 XMTMYg GV, E), iV RRAT
REAR, E RNEDEAR, |[E| BrnibEamd,
BRI 26 v i W 8. 0 iR s B Tl CN, AA,
PA, Katz f8hr A M 43800 0.1\ E| (3D, 35 R4
AV OERFEARAE, RIAS-21) 70 Fp 6 2 T s AL 0 2%, 45
SHEA Gen(V, Eon), Gaa(V, Ear), Gpa(V, Epa),
Gxats(V, Exats). 1ERXTH, HIRBMZ G(V, E)

(10)



2610 H 3l 1k # Eihd 46 %

FEALSE I 0.1 E| fyiEih, BRIRPLEAMLS, 208 s hBudini 1 M 2 fos. B X 2o 56

Gra(V, Era). MR R © RS, Xo FoRFERIINEL
NW /NMEFR M Jazz PTG « 5 WGP A o o858G, Xs FRRPLE bR 2%
1 : : : : : : 0.02
0.5 1 0
=~ 0 1 >
-0.5 ~0.02
1 . . . . . . . \ s —-0.04
0 02 04 06 08 1 12 14 16 18 2 0.
1 : .
0.5 .
~ 0
><—0‘5
-1t L L L 1 L L ! ! L —0.04 L L - L L L L
0 02 04 06 08 1 12 14 16 18 2 04 06 0.8 1 12 1.4 1.6 1.8 2
1 . . . .
.05
= 0 > N
-05)
-1 . . L . . . \ . . —0.04 . . . . w . .
0 02 04 06 08 1 12 14 16 18 2 04 06 0.8 1 1.2 14 16 1.8 2
t t
(a)t € [0,2] (byt € [0.4,2]

K1 NW NERRZE @ s ia sl

Fig.1 x component trajectories of NW small-world network

(c)PA (d) Katz

B 2 Jazz WK x 4 aissh il E

Fig.2 « component trajectories of Jazz network



1244

KSR A BT 0 2% (v A5 0 S % T EE AT LBE I AT I 5 2611

TR @ o REA.

K1 NW NS RZEEA 200 D5, P8
AR KL N 2.406, REFRHCH 0.6113, 5 5 P49 %
9 21.855. [ 1(a) MMt = 0 JF-th, HldY sz
ZhA PSR B 1(b) 2 ¢ = 0.4 IH, 20T 1A
1(a) WJRMECKR. B Xy 5 Xo 76t = 1.2 IR
e, Xs 75t = 0.8 BhkF|sE& . af A
£33, R 2 S HER TR R 45 (T 6614
HEINEY CON J73%) R 258 4 2 Fra i T AH ), Bl
AL A ) 2 Fir 55 16F 18] B S /0T Dt s o 245 -5 i e ¥ 0
AL 2.

K 2w Jazz 2%, HA 198 DAY AL, P39
e REE 2.235, RRHON 0.6175, I HN
27.697. U7 P23 3 T Y A B i T 5 vk T
PR 251 [ 28 AL R MR ] AR S A 3, X
BN R TN AL 28 [R5 X SR
4l N 2 1) [ AL R S 4 — 3, X RoR kL
AL N 2538 21 5¢ 42 (7] 25 e i B IS 1] B /0T i
(7] IR ELAS R R 2, 20 P o AL A 19 2% 4 [l
AR A A, & 2 (a) M 2(b) gy
BI04 2 (c) FTlEl 2 (d) Bras g mra).

WA 1A 2 BRE T FSERXT L, T DARA
SRS E, BEE T0 E AL I9 28 5 6 19 295 1141 A
g A R R A AR A — Bk, &A1Y R L
W BRI AR IR ZS B 52 42 (8] 42 B s 1) Ik TB) AT [4), 1
DL A I 245 8 31 56 4 [ 42 (4 s ] B /N T i

2.2 RIFRENHIXIELIFR

Ml 1 RS0, X NW MR R 2%, Jazz
W&, USair (EEMAM%), PB (BUATEE M 4),
Yeast (HEHEFUHLAEM M), FWEFB (5% ki
BN RN YR L), PARIEITTE 2 7RI g
T 2% S8 T Y50 1) 26 R I BT 35 1) 8% 174 [ 25
RE I HEATIE ST L. NW NER M 45 250 b7
2, HARMBK I RASHOLER 1 M4 RHE
SRS, N s B, M ORI EEG kor
B, L e K, C HRIERLL

®1 MZRIIMEIES AL

Table 1  Topological characteristic parameters of
the network

%) 2% N M k L C

Jazz 198 2742 27.697 2.235 0.6175
USair 332 2126 12.807 2.738 0.6252

PB 1222 16714 27.355 2.738 0.3203
Yeast 2375 11693 9.848 5.096 0.3057
FWFB 128 2075 32.422 1.776 0.3346

FiE 2. XTME G(V,E), i V FZRI A
ffy, B FRELES, |B| FoRBEENE, RIM
D R EGE . FECIIEM 2@ 2T, FEALR
4390 % A BINGREM L, 1Lk Gy (V, ), 5051
FRERE T CN, AA, PA, Katz 7735 R I 25 9 2%
HO.1|E| &iEh, WRER V REEAZE, RIG3]
DO i i 90 35 A ) 2%, 43 e A Gen (V, Een),
Gaa (Vi Ean), Gea (V, Epa), Gxaie (V, Exais), 1F
Skt e, HUINZRER % Gy (V, E) BEBLIE N 0.1 E|
ZIED, SR FEHLEAM LS, 188 Gra (V, Era).

v |E’ = ’ECN‘ = ‘EAA‘ = ‘EPA’ = ’EKatz’ =
|Erd|-

Bl 3 a5kt 6 A £ DA B 8 Ak DA Y 19
2R F] 20 BE T, Nl A ()26 BE 0 B, R ) 4%
HhE, AR NFEREMY G (V,E) XA
N5 ERE, 2NN ARG EMNS G (V, E)
) [6] 20 B8 1 5 B AT Ao ok VO R i T
M EFEAERIMZS Gon (V, Eon), Gaa (V, Eaa),
Grpa (V, Epa), Gxar (V, Exara) WRERES), £ EF
HEENLEALIMZ G (V, Era) BIFEZERES) (E: BT
260 T8l B R BB AN R R, Tosk bR B
30).

% 2 IS T AR M 4 5 U AR M 4511 R 25 g
TG RER, XFE 3 R R B R K R R T R
Bt 5.
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Table 2 Growth rate of evolutionary network
synchronizability (%)

GCN GAA GPA GKatz Grd

NW 2.74 2.98 1.92 2.51 19.95
Jazz 0.09 0.10 0.51 0.07 402.73
USair 0.04 0.04 0.45 0.04 599.47
PB 0 0 0 0 183.85
Yeast 0 0 0.01 0 1277.52
FWEB 0 0 0.27 0.08 491.64

HIPE 3 A1k 2 APy Rs nl DA H, B i 00
P 2 1 [ 2 BiE 755 T R4 I 24 14 [ 2 BB 0 e A
HHIL, 7E PB, Yeast, FWFB [ %% iy 58 2 AH[A] Y
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SR W 28 A7 KRR A 0, T D D 2% 4 [ 25 BE T A
BB TN T A I 2% 5 B AL TE A I 2% 22 ). [ B
R, NW. N 5 26 1) S i 150 00 366 1 190 2% 114 [] 25
RE TR T oA R 255, T BEATL T A0 19 255 1 7] 28 fig
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PA, Katz J73&, 73 BIVE A [ U R A B 1T 00 3 1k
W 25 5 IR AW 25 A [R] 25 BE T B R, 4 2Rk 3
~6 JIiR.

%3 ON BOlLRIs 50 K (%)
Table 3  Growth rate of CN evolutionary network

synchronizability (%)

1 2 3 5 7 10

NwW 0.11 0.22 0.31 0.82 1.03 2.74

Jazz 0 0 0.02 0.04 0.07 0.09

USair 0 0 0 0.01 0.02 0.04
PB 0 0 0 0 0 0
Yeast 0 0 0 0 0 0
FWEB 0 0 0 0 0 0

F4 AA FEALRLE IR RE S KA (%)
Table 4  Growth rate of AA evolutionary network

synchronizability (%)

1 2 3 5 7 10

NW 0.10 0.23 0.30 0.93 1.34 2.98

Jazz 0 0 0.02 0.05 0.08 0.10

USair 0 0 0 0 0.02 0.04
PB 0 0 0 0 0 0
Yeast 0 0 0 0 0 0
FWEB 0 0 0 0 0 0

5 PA BALMZIE LD RE T KA (%)
Table 5 Growth rate of PA evolutionary network

synchronizability (%)

1 2 3 5 7 10
NW 0.07 0.29 0.31 0.72 1.06 1.92
Jazz 0.09 0.10 0.13 0.21 0.42 0.51

USair 0.03 0.04 0.06 0.20 0.32 0.45

PB 0 0 0 0 0 0
Yeast 0 0 0 0 0 0.01
FWEB 0 0 0 0.05 0.12 0.27

F 2 PP 58l T DA H R S TN 8 0 2 0 4 R
BESFEAPREIINRA KA, WK ERE, FHEL
/N, TR 22 BE 38 RO, AN 28 )RR
HIRRARZHONE, BOEINZ.

2.4 BB EREILSILIER
WiE—AEA 8 MR 4 (a) Fix,

%6 Katz WM RS KR (%)
Table 6  Growth rate of Katz evolutionary network

synchronizability (%)

1 2 3 5 7 10

NW 0.15 0.32 0.39 0.94 1.12 2.51

Jazz 0 0 0.02 0.04 0.06 0.07

USair 0 0 0 0.01 0.02 0.04
PB 0 0 0 0 0 0
Yeast 0 0 0 0 0 0

FWEB 0 0 0 0 0.03 0.08

Y/

(a) JRAf R 2%

(a) Original network

>

(b) % U1k P 2%
(b) Link prediction evolution network
K4 8 miMe
Fig.4 8-node network
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5 (b) WA LRI 2 B @ SIS, 7T LA
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