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Abstract  With the emergence and rapid proliferation of online social applications and media,
online social networks already connect our physical daily life with the web-based information
space. The connection produces huge volume of data including not only the spreading information,
but also user behavior. Social network mining aims to provide a comprehensive understanding of
global and local patterns, mechanism of the network formation, and dynamics of user behaviors.
Research on social ties mining is one of the most important researches in social network mining.
Social ties are a bridge of connection and interaction between people, and also the foundation of
information diffusion in social networks. From the computing viewpoint, researches on social ties
mining include the mechanism of social ties formation, the semantization of social ties, and the
interaction of social ties between people. This paper reviews the current stage of these fields.

Specifically, it discusses the social ties link prediction, social ties type prediction, and social ties

W H 91 :2015-10-30 2R R H 35 :2016-06-24. A PR 2] B 5\ =78 H AR WF9T & BR300 H 3t 42 (2015AA124102) \ [H K 414
Bl A4 (13R.ZD190) \EH K H SR BHF 3 4: (61402006, 61175046) 42 BUAK 15 45 24 8 9 B AR B4 BF 98 35 4 (KJ2013A016) LB
A ARAL 2 B4 (1508085 MF113) (H 7 & B 24 [l 1A B BL O Bl Bk 4 C2fF 49 D) VZBIUR ¥ S B IR A A ®RITRI DR %), 8 %. %,
1979 HEAE A, #F, B L2 S (CCE) &, REEMF R 5 m A HLE 24 2 V8 fE T, E-mail. zhaoshuzs2002 @ hotmail. com.
XBES, £, 1989 4F AL A+, By LS o T AL & (CCF) & B, FEBFFT 7 10 AL ae 2 2] A %, B &L 55,1976 44, 1
4 PR A E AL 2 (CCP) 23 51, EEWHFITTT M W HLE 2 > FL A8 M 45, Sk T . £, 1962 45 A4 B4 #0382, o B T3 WL 4 (CCP) 2%
GRS LA S R B AR GEGEERD B 1977 A I AR IE S B P E TR S (CCRH AR & B, FE R
S h B PR S R HLES 2 > AL A M 4% . E-mail; jietang@ tsinghua. edu. cn.



536 it "

2 e 2017 4

interaction prediction. Firstly, the formalized descriptions of these three problems in social

network analysis are given and related concepts, some used data sets are introduced. Then, the

methods, theories and models of social ties link prediction, social ties type prediction, and social

ties interaction prediction are discussed. Also for each of these three problems, some real applications

and experimental results are presented. Finally, the future research directions are discussed.
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PUZ AR T — PP A 200 35 38 1) T 530 3% L i A5
DA TR B I 2% G FR R B TN ) AN 35 A 1 3
Bt Zhu S5 N 25 08 B AR 0 S 50 8 AR DL A
HH R R IR R B R T I AR 4 A A Dl
TN [

B N A AR 2 1 O FR BB TN 7 R 2 RS
TCAL 2% o HA W /D38 43 W] g 2] A W 2% . Zhao
SENSR T B AT SRR i T R AR T ) 3E
T IR 25 1) Ty vk
3.1.2 TR R T 0 v

BE T W IR 43 M 7 R A A8 T 2 A Ry —
JE R e T et AR B0k 08 1 I A A 1k i e G
FR A LN [

FESCHRL16 7, Kunegis 45 A K& T & 9 AR £ 28
o, P — A G5 —HEHLH T2 2 B I 45 v i) %
FR 5 e TN 0 R AS T ) pR R AT R DT R T
JUTof P81 P A% R e 4 1 5 35 O HLAR it — T G &80 3k
PEAT S B . AE SCHRE30 T At 7] S 4R H — Fo 3
T 1) O 25 9 I X AR 408 422 I A AR X AR 4R A iR Y
J7 35 T A5 AT 56 Z WU At ADoK AR X £l 2k 1 4 R
FH T4 1 3 4 (DEDICOM) DL 35 15 W) 4% 114 45 42 46
MEm R 2w R % o kT LU TR E
26 10 48 122 I 11 22 3 X P AR B T L L B A SR A )

fiff 125 B4
3.1.3 ST HEREIR ALY )y ik

FE A 3R RIS 1) 5 1% 02 SR ) DL oS0 R0 A 7Y g
TR A5 22 ) 0 A A S AT AR, DL B
TR L 45 A0 DO % 19 B O R 0B R A 1.

TESCHRE31 ], Wang 58 A48 1 — Ff J5) & 4
2R PRGN 1 7 10 T DAA 11 R RS 1) 245 v 5 % Ay 166
A FEPAER. Guimera 28 A\V4 2 H — Fh 3L T REHL 4>
PO A i) 38 T 5 B 22 A0 3 52 2 ) 2% rh 308
AL SR R) R 38 ek K A HE S, AT DA DA A IR 7S Y I 4%
ORI v v TR0 25 2 1 N R AR 32 L

Wang % A\ 32 H— Bl A i 8] 29 3 59 4 R (X 1 &
B (TPFG) , B4 Publication [ 4% 1 % A . B
HAUR AR R e S H -2 FH T Z M LR M
2 0 1) R AT AR AR SCHR[33 1, Leroy 45 A4
H— i 5 AR S 1 ) 7 B By ik AR Sk [34 ]
o, Yin A8 N A R Bl AL U E SRS AE LA JE 1 R
GERME B B8 A S R 2% 1 VR A B 4 A A R k.
Backstrom 5§ A4 H — Bl A W B A B8 B I A 5500
XA AR R Y A5 I 45 45 R A5 B R 2 IR
JE LA — R

Marthur % A" F 3 245 DU i B 9 45 % 47 F
SN bR s 1 A 4E AR I L 58 BOBE B2, Zhu 4§
NS0 T R R Hp ) 22 LA SR A R B 43 B
TR —Fp A B EE Gl ok B IR G F R R A T
JCWE 2 ) I 3 B4 25 RN 56 ZR 4 422 . Zhang %
NPT G BAE A NS K AT N 5 A AN 248 A
ZEGHISE . M ATT B W AE AT 1% #E R 45 (LFPND
H AR A N B T 0 2% 14 T Ak & R I 1 T A
FAH AL A A CLEPMD XA A 4k 247 o i A7
B Wu 88 NS —Fhsg T2 ST RESR 3k M HE 4
W HETE L R A AR KR 1 1) REE 204k 4 34 8 A 7 LA
A, Heaukulani %5 A5 $2 ) — Fh ¥ 18 J8 M 1% 376 15
R OB o A AR ) 2% b C 2 AR B AL 2SR R
] 5 ) oA oF T A LS 1) I 4% 45 4 iR 1T O R A
.
3.2 HEBEEE

B S AR T 0% R B 0 0 A R AL 4
b AR B T 0 A5 AR JE A 48 bR B T ER AR B R AR L
T RN JE M 4 bR DA S EE T R AE (1 45 bR
o BT S AR R AR AR Lu S AN AR A A
X IR AT A 55 A H A R B 0 19 48 AR AR SCHR
[44-45 JH W ARA AH A 43 . ik L IRATAO — S g it
& b5 i LA B A
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3.2.1 RETHAEWEE (2) BERBUHE
(1) feJi B AR I g W u RERBEE AT
ST ) A AR AR AL — AR S22 1 Clustering-Coefficient(u) = _ 2Xn (2)
: EX (E—1)

PS5 22 (] 1 B O i o L AR LB IR 4
XA R Z (B EAR A AT RE AR — A BE . AR AR
VAN B S SR NI X7l 5 B S A o
S A RS PR L 3X A J P A IR A R AR .

(2) Hitting Time

Hitting time B R B T KB BEALIE E. 4
FE A 5w Ao, i B E] H R8N e I
LR BEALIEAE B o Fir s 19 390 B A0 . o b g ) 0 3R
B3 o TR AR RL, B 0 B AT TR KOk & T i Pl 2
BEATHERE. 1 T 3K A8 A5 a2 AN 0 AR L G ) 1 T
P AR i ] C,.o = H,.o + H, 2R,

(3) Rooted PageRank

PageRank {8 A DI 2 ¢ 5 B 42 9000 7 — 1> 458
bR, KT 1 T PageRank A B 2 4 fb B A9 il T %
PERYFE AR, PR 5 2200 B AT 18 1 DA 595 s w
o 2Z 18] B AL . PageRank &) B 8 A&« ¥
A E R s — R DABE 2 o N — A4~ I DT Bk
R — D BEPLM B0, IMEAR 1 —a R — 1 E 25 %
0 B . X R BEALI AE T 5 M 0T o 1 S B
Fe B o 1Y A R0 0T 1Y PR Y BT R N A BE AL
e ARTE T Fe AT A] LU S A a3 A 7 o O S
PE”. T HEAT OC R WU, J 4G PageRank B L
Ui 78 BYBSE AT DL B < B — 2B BEALIEE 15 A o A
WEAE 1 —a 3R BT BT 5w, LIRSS o B3 — D BEALIY AR
Ji 3 R RSO B o F1 o Z B AR, X4
FEPR A FREY 7T LU S 3 R« Ao B4R )
Xof I 2 A 8 728 A5 X A X S8 AR AR Rooted
PageRank.
3.2.2 FETFWARJEMERE R

To0 e 0 1Y) Ja P A G AR i e T b by 3 R
WEEMMAO. R DR AR R
AR AN A S5O 2 B 7 AR Y T S L X A O]
RAH )RR A R 2O R Y R B0 Y R
PEAE S 3 RURRAE W] LA B I b 4t Ry OC AR i 5 00 i
PERE.

(1) FEA e (E

— R s — > AR5 e A Y R i
JE AT RN AL DG, A SR A AR JE T AR R R
ANE R FFAEAE IR 24 B AT A SRk & — R R AL
PR PR A
Preferential- Attachment-Score(u,v) =I'(w) « I'(v) (1)

Forbrn 20 S w WFTAT kAR JE R 1 2 4.

AT w Rl o Z (8] T O R 4 42 0000 A 15
A5 s AT LAFE w Fl o 1 3 35 2 B0 SR 0 sl A 3.
3.2.3  BETRRRRAE Y BE A

FEVF 22 56 72 41 42 000N [m) R v ROAS 3 7R B3040 ki
G2 AR [ o 2 v 2R ) {ELGS T B O R 1 1 B
FRAE A B0 EAR T g2 TR, mT DA sk ) R
R 2 B R ALE 225 [ >F 31 g 56 28 % 2 000 A o 1 . A
W B2 ] W 2R PR R A 7 s v s DR AR 1Y) D 4 R AIE 25
() 2 d (D) 4 FR R A 25 ] () ARG W2 38 1 11|
SRBIHE 5 2] B 31X 2 1) B 0 4 1 B X 4 2
O FNTE BT Z B4 3 AT 55 #2176 2% 2 ol 7 9ok
LRMEIRE WA Wit 2 1) A BE R | W, — W | R T
BE/N Ho o Ry SR A CEVE AT Z R A TR BE R
L A ) R AR SR UG S B B R B IR A 1 8k
a0 G50 2ok (5 W e i S 380 B s ) 4 R 7 1 K
i 0 G WS 5 A M R 8 30 L SR AT 2 T A AE —
AHEEE.

BiH N DGR R 2oy B —A
BEXT 5 2 H D 4ERRAE ) 5 Fe R0 AT LU AR
B R AR PE A L 38 2k SR R T 0 P A T R R B O Ak
1 2 M B R B W

W* = argmin > A, W, —W. | (3)
Hoop | o | R RROL R (25RO s A = (A, ) 1
AR REH I L E U H
1, x; M, ZI ]
A, — WS 2, oo, Z AR 4 "
0, HAth
3.3 LR

AR LA G 1) B £z S ] s A 21 AR 4 i) A
Jiik.

SR AR B i Ty ik A PR S R % B O () A ]
DA R AR A P AT G- 3 — A pR B F (A 3R [1]
— N AH R RN B S (45 g 0 R AT DL R B
Kunegis 58 A48 1 7 75 G036 P9 A~ o B < 1 550 4 B
iR A =UD'V'" KR EE F(A)=UFD)HV'",
Hh F(D") ¥ 5 8 100 ok B 32 i 51 181 3% D
8 —AJ0 & 1. Kunegis 48 ATE# T 45 4 B
/U ) A A TN i AT B 9 AT DA B S X R
LT RIS ¢ R B WO Sk AR L T — Fb
WA B SO ALE. Sl A AT T 75 5 T R 2%
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{18 LA L 7 R I A Sy O R 4 T 1) R A
3.4 HEEREED

AT 1 A A O 2 1 A 8 M A 4 5 I 4% i
AT WAL 22 L AR ANATTBY 28 A AT S HE ] b A 2
AR A JE I A S A A 2 KR A 4 T
R R B O A AT AR R R . AE SCHR 37 ]
Zhang & N 22180 0R i A4 23 2 I 350K A B I 245 119
KB S I 27 ST VEAE T O A% R 1Y) ) A
3.4.1 (AR

Zhang 58 N TIETENN AR R AL RE M 45 (LEPND
AR o R AL B E M %, LFPN g'fy 3 2 AL .
ego )= ,local JZHil global E. 2 Tk, 54 1 local
JZH global JZ 1 . 345 1 LEPN f#5€ .

EX 3. BENAOR R A% = e (LFP Triple).
G G 3 AT wez Mo QIR w il = Mo
LR A sz s ) BEFE R LFP =04, u & X >
JCHL R RN 2 EHEA.

EM 4. Local JZ. #£ LFPN g’ I ego u By
local 27~ A " ot w W9 A I 4 . X 4 —
A w BRI LFP =J64 (usz,0) 1 g7 g —
ANKERE Y local LEP 31 (2,00, B HIAL T 2wl =
pCz|{usv)).

EXS. XNEHE—MA € g 1E local |2
HAg — S R ] 31 Cus 20 DN ego w 8 1] = o B H AL
R wl . =plu—=2).

EX 6. FH—A LFP =04 (u.2z. ) P H —
A LFP #5020, R = WA R T RRAL R 45 .

EM 7. Global 2. LFPN g’y global 2, it
TR R e ol U O S I N O S
LFP #, 2 — v, f£ 76 — 43 M i global LFP i1
(z,v), HAFE R wl,=plz—0).

EX 8. WEMKKAERHEM S (LFPN). 4
S A28 X 45 1) T 1 U 72 56 ZR A% 46 N 4% (LFPND g J&
— MM =R, ego 2 {u), B4 ego 1Y local
J2A{g" ) Fl global 2 g4l Ji.

LFPN #EHE R 3. 455 — AL By M 45 G7 =
(G Gyy o Gy MM R HEAR N X7 =X,
X, X, ) LEPN HE W (0] 8 9 H () J2 #E W7 LFPNs
81828l g Hi 2 LEPN [ G,.

3.4.2 WAENIA R R AL (LFPM 1)

B4 LFP =08 (us 2. 0) R & X A — R ik
BPAE AT A WAL B 2w B8 = AR,
SRIGH L = o 38 A A [ B XA 3 7 b SR 22 8]

() %8B Y 5% . LFP #8002 LFP =il R 5. &
fiT#R & LEPN At e 2. [H itk LEPN # B i 97 25
) R R BT A Y LFP =2, # )ik i, 45 F u
o ZMPIN AR R RATFEHEWT A = T8
PLIXA™ 3 B I HE W B B0 &2 & & 9 P A, Zhang
NS T A O R AL R (LFPMD ,
JE AL 45 I — Pkl 247 A B4 A R A AR AR
3.5 REREENM%

H - A1 58 ) 45 4% B2 000 19 F 7 8 SR 4 K 2 4
e o R T e ol D T O 2 I (E PR 1 6]
R 2 2 35 2 W F i 5 T S0 1) S A R T 4% L il A
S T AT JEL X 285 110 i 2 T I o8 Ay i e T F 9 1 — K
T . R R B — X 2% 5 ) 5 ) 4% Ok 15 T )
2 T RN $22 1) SRR TR B — 1 T e 2R
AT 38 T 4 o TN 01 52 4

Zhang F1 Philip"** ) 56 F 5 5 {55 & W0 2% 1) % 432
T 7 16 LR R TE AN AR TR Y A S
AIRIFSE B LA Liu S5 NS E T 3494 0 B [
(AFG) 15 R fifg e 34 687 (14 55 ot ) 28 5% 422 00 (] A8, Jf:
i L A 17 25 A SR AV PR TR A L DTG 2 R T
MPERE. Dong % AW $2 T R HE & Tk = 40
HE B AT S S5 15 5 19X 4% 1% e 4 )

4 KEEEWN

R R AT 1 H bR e A R AR A P 2
]+ 28 ¢ FR AL BRI L 45 08 T P AT R g sl
FH P B 9 28 L Rl A5 Al 3 Al AT 2 5K BE B 0t s ) 3 1Y
A RE M 2 1 0 — A Pk A 2 A0l B i — A g — 1Y
FREARD i BE 8 AR 25 5 1 3 AN ) 850 35, (AN ) 9
%). HRTE A — 28 L0 52, 40, Diehl 48 AW 223
i 3 2 2] HE P oR AR B X 2 ¢ R Wang 48 AN 4R
0 T W B T AR O 4 2 R 4R
H-Z e G H KR SR Diehl £ A 2 % E#EAEIC
53 s Wang 85 A H 1 J — B e s 40088 1) O W B A
B IR BN 25 5 7 i 30 L Ah 45 358

T A BRI 2 A 0 A 5 ) 4% A A5 Ak A
2 BB O B R R R R RE AL T
9020, X —Z5 R ICTE A N . HLR AT 9 i U 7 %6
S BT B T A P B A ) o T 4 R A S
AR B R AR SR Z R0 VA S A i HLARFE
B Ef ). 35 AR A 6 D0 2 X AN BEL T N X R A 3 B
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VR D RO BEAFAE B IR AU 25 AR 0 P R A T A 2
BB b 5 o P S A 3 A [l B B O o T Bl
AT ARHMEWIAL SR R

PRI o A S ) U S S ] A 00 A ] Y 0 288 1527
— A R BASE IR DATIT A5 200 #FE W 4 52 5 &L X A T
R W — 2R 5 (8 BRI 8 G  WIR L6 90 7 D 3R R e o
R A 52 O A BT R 7 HL U A Dy i A B9 A2 M)
EROEFR R IC Y. A R A ARIC K H R ZHOR
FAE AR AN EEAG B — A 1o T Y PR R AN {3
FRAPRICH R U A5 B 255 8 AT A
TCRRIC 1 9 26 15 B 55 =, AT dge i b ) T E P 52
B AEREER T REAT R S E A AR % IR
i 2 PR 28 S5 R A5 L. i o S B A A S R 4% )
LT S ONN IR QR L U A R DS a2 i |
T8 FH TR MU SIZ B [0 28 1) 5 3 A B

AN ER AR E ] I MES
2] IR o DUZRHE SR T (14 56 28 28 B T A6 7.

41 REEBEFIMNXRXBTN

ARAT RO 70 2 10 b 28 O AR AU 2 B B
Wang 55 N it — b 0 B 2 1 114 7 v o8 e A
AR 25 R O AL S O AR S FORHHE W & 1 I 45 v B 4
FHE-ZIRTERR RN A I [ LR AR A T
BRI (TPFG) ™. 3= 2 EARUE A JH A ik 18] FR 461 79
AR R DR 1 PR R X A 35 9 4 3 IR IR 1 R
¥y fife. 38 5 e RAG R 1 [T R A 3R L A vk 14 L
WK R TR R KRN HE 4 K.

HEZR S T P~ B Be b A Ak B

BB 1. TAL B TRAL B H R AR R ik R
H' 15 K 250 LT AR UERS 538 8 23 9CHE B 78 1%
B 2 A p 0 1% B A ).

ARG A Rl i — A B R 2% R
B30 AN A IR R [ 2 G X RRTIESC pi s
AT LRI Hp g — X A S — AR

SR 8 2 AT 3o B A L HEBRAR S8 W] RE Y 4
PH-ZIRERR. MNE G MR e, KW
a;flla, FHEME NTHE o & B RERE o, 15 T .
i E A LR A E 0GR o H IR R R OCE
RS [R] L @ 5 AT 2% 18X Bl Al gL v AT L3 T
“HRPHE-ZIE S E TR AN B ATUR B — 25
e OB 240 By R U 2 SR 225 SO 10 .

BBt 2. B PSR MR A e P H v R
H B AT LURTE R E A AT RERY 4R T & DL SO A AT
RETE. X B A g 45 BEAT A L 45 5 45 F £ B RTINS 7 2
S DT B 3t e A A A i 42 ) ) O R

P R PR R, Sy i ok PR H 1 A A4S 1
FE X — > B s Gl i R A H bR e R 15 B B
HHUE. % > % BRL, AT DL R R ARG ek
(sum-product) 5B A GGunction tree) B vk,

R T RO AT PR {8 Publication %4
e N — SRR B IR S TR R s R %
o2 H 7R R. EIZBEE I, TPFG ALY F1
BEEE T 81% ~85%.
4.2 BEZEIHXFRERTMN
4.2.1 PLP-FGM fi#y

HEAT & R S AV HOM i, Tang 56 AW 454 T 1H
3R ) — 6 LN T 4t — R A3 A g i Bk A
T EIBLR (PLP-FGM). 1 5%, 7 22 FH P sl % 2%
() Ja P AT BB AL O R BR S AE B B, AN AE T
VR [R] 28 5 T W 3% 19 1] P 7T g 2 [l 3 5 10 7 A~ 28
FERE b HAHIR ZR Y A P B AT R 2 K BE B0 AT .
55 ORI P 22 R 06 R AT g AR OGP i an AE
B I AR P o 3T S 4 o, S5 5 REAT ML TS
%o M4 o T RES o, Mo A BB O R (FRE
E R ). B = T TR LA Ry 2B 1 U
PO R TP R 2R

Kl 6 & PLP-FGM [ B JE AL 3R . & 53 b 25 )
% G — 1K R (o, o, ) B e, 7E PLP-FGM
AR R R s, KR AT R
HY={y1 32 syut. G R RIZHITARICHYT
B PLP-FGM i filf & 45 51 8] LA o3 S A 1 46
YRR Y'Y 4305k B AT B2 RN TC AR B 1 6 R XA
KRV yi=Cv, sv, om0 AT RARE (W, W, )
AR RBE & X,

£ PLP-FGM v, iy A1) 56 3 2R WAL v iy
KRN SRR 3 A B AT R, B]
EXLLT 3AHEF.

(D B F. [y RER L E 8 P 0] i x i
KR v WG KM

O HEHET. g (v, G(y)) FR KR Z K
MM K GGDFRRE yifi R —H XA,

B APREHEF. h* (y s H(y)) LW T X% F 2 ]
ML H L Hod H (y) Fm R v A AR — R I 6 A&,

BHE—NFoaRic Mg G=(V,E",EY,R",
W)L AT LAGE LY _E R BE A HE R A A
PG =[] fGiadg (i sGy)h™ (3, s H(y)) (5)

3 AP E AT LIS [A] 9 05 vk 52 8. 3 L T 4
B2k pR B BAR TR L SURAPEIN T
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PLP-FGM

UV o o D= — —

relationships

Kl 6 PLP-FGM R iy K AL Fe s

Fyisax) :fexp{qu)(y s )} (6)

Z
Forfr A 9 BUEE A s @ SRR R R0 SR SRR L A

KRR ZY R AT A
g (GG = exp| D) a"gluy) | (D

¥, €Gy)
h” (y;, . H(y;)) :Ziexp{ Z B hiy; sy } (8)

Skt g i BECRT L SOk 38 7% o 0
R 315 2 P K HEBLS O RO ™ 5 B
T o 223 18 1.

(1) B3]

PLP-FGM 2% 2] Bt 28 0= (Asa.p) - fi
U3 B8 R 56 760 B X114 0B A i 2
T S N

(@Cy, )" ,Zg(y )T ,2h<y )T
JC@WP/EXE’J%ATE%z—IUﬁ‘?j‘J

pY | G = 7Hexp{01‘s(y,)}
= %eXP{BTZS(y,-)}
— %expw“S} 9
FEFTA R R A F R B R A (aggregation) ,
B S=> sy,

24 2] PLP-FGM #% RU i ity — 4~ Bk % 2 - i A %R
P FRAC 1. A6 T BC 4 R B Z L T B BT
B S AR TERRIE T A5 AT BER 25 A9 1L 4% M SR AL
N T P Ix — ) B, AT A AR 2 G B0 Ol 4 B R

AR Y [ YY" 3om M 48 O 5 2 4 W7 i R 19 A
BY LR AR X RISk B AR % O ()
0 (@ =logp(Y" | G
zlongy; %eXp{BTS}
:logZexp{BTS} — logZ

Y\YL

—logZexp {07S} flogZexp {07S} (10)

Y\Y

TR E bR R R R R | BT R
S0 B E
8(log2 expf'S — logz expf'S)
20" () _ yivk Y
o0 o0
ZGXPBTS'S TS'S
_ oyt _ ZGXPO
ZexpOTS ZexpBTS
vyt Y
- E:G(Y\y",(;)S*E:o(Y\G)S 1D

Ji— APk, PLP-FGM i) BB 25 44 7] LA
AT R, AT BE AL S I8 B, ax ik DL B o i e
Ejyvior S. WFFE & HE T — S8 3T U35, 31X LR A 3R
P AL (LBP) Y Bk X 4% p (v, | 0) Al
Py v | O PEFTUE UG 11, 25 & i G HE =R X B A 56
A SORNAS 2 B B AR R E R ER
T BEPATH IR LBP, — K F T A %R p(y|G),
— WA p Y GO RIS, 2 2] R g
BB Bk 1 X% PLP-FGM Y24 2] i 2 k47
T

JONEH .

@® Hammersley ] M, Clifford P. Markov field on finite graphs
and lattices. http://www. citeulike. org/group/14833/arti-
cle/8970271, 1971
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Bk 1. PLP-FGM 23] i .
HA R g
ik IS0
WG AL 0;
B
i LBP 118 Ejpoivt ) Ss
i Fl LBP 3155 Efyvi6) Ss
Y577 B A8 T3 0 ok iE
Vo= Epxivt.o00S — EpcviorS
% HFE  HH S0
Orew = Oota — 7+ Vo
H B

(2) HEW AR A2 K A

HR A5 2 20 B 2800 38 2o Fe R AL 2 (5) g 1645 A

A5 B B AR 2 DT T 5C R A AR
Y= argnllaxp(Y | &

Y[Y™

R, PRkl R LBP 3R A S R i &
BE p (i | YT G W8RG HA e Kl G 32 1 bR 284
REFIN G FR B ST L 101 G M AR R 25 SR A5 B2

(3) I [a] 52 2% JE o Bt

M omysmy oms 5351378 PLP-FGM 1 i J& 4 [
T MG F R 2y ) B F 1 B 7E LBP 98—k
TEA T AGRE B B AR 2 OGmy » dim (@) +m,
dim(g) +m;dim(h)), HoHp dim C+) Ji& ] & 4k . X}
FEAT n YR A 1R 15 3 A AT nwe I LBP.
IR MG E) & 2% BE O O Gy » dim (@) +my + dim () +
mydim(h)) XnXnp.

4.2.2 V% Al

Tang % A" ¥ Publication, Email #1 Mobile
X3 ARl B B AR R O B B PR RE R AT T PEA.
1 3 MR A b AN W) A O vk R AT 26 RAZHE T 1L
BMERE . E5 R NER 3 s,

®3 EIWBEELERATRAAE

(12)

BITXRREZEA MR CH7 - 20)

Bl 4 Hik Accuracy Precision  Recall F1
SVM 76.6 72.5 54.9 62.1
o TPFG 81.2 82.8 89.4 86.0

Publication

PLP-FGM-S 84.1 77.1 78. 4 77.7
PLP-FGM 92.7 91.4 87.7 89.5
SVM 82. 6 79.1 88.6 83.6
Email PLP-FGM-S 85. 6 85.8 85. 6 85.7
PLP-FGM 88.0 88.6 87.2 87.9
SVM 80. 0 92.7 64.9 76. 4
Mobile PLP-FGM-S 80. 9 88. 1 71.3 78.8
PLP-FGM 83.1 89. 4 75.2 81. 6

(1) SVM. fifi Ji] 3¢ 2 J& P 1 i x, I R 73 R T
SR 5 T R B T G R

(2) TPFG. BRI E—"y v g5 i iy Jo W B 2 > 7
o % k58 A &, A LU AE Publication
R B AT I ER.

(3) PLP-FGM-S. 5 2t T &8 70 br i ™ 2% /) PLP-
FGM #i# 4H tk , PLP-FGM-S H{i FI A #7525 1 15 5
HEAT Y.

4.3 EHEIJBHHLTXER

2. 2.2 epa) 4 R L B X 3 B S o6
Z KA , Zhuang 1 Tang 2 A5 @ X A 5K
QM I T bR A A WY 3¢ R 5 Fiv iy >k i1 1
N1 B ) A3 5 I B ) T D e SO Q@ CAD I R 4k
[i) 7, R

A= arngaXQ(A), |Al=0b,0>0 (13)

h T AL QCA) AT LU B — A A T A
S T ] 5 e HE b YT A AL AN L 2 I RO Y B O R AT
AE LI B 4 IE AL 1% 1 25 T A5 R F A G 56 R 1Y
HHE T

BT b B BT TR ) fo R fk ik
£ (IMS) FI{5 A e R AL L (BMS) 95 F s 2 - 3
S b HE T A SE 6 & e A IMS B A F) L PLP-
FGM H 35 A5 1) 9 245 25 ¥ F0AS 1l 7 1 32 936 o L 32 )
JIMHT S, BMS BRI HE — ol Rah e RS
PLP-FGM 2% > i FEAH 4G F.
4.3.1 Sy R AL E £ (IMS)

IMS 50 Sy B3 A 45 403 B 4 B DA R BB A A
T e W A 3 1) o B L AL R e R AT AR

(D EEAL R R 6 s, H—A1 S i ARid
B RE ST BRI AN T SRS 1. WILR AR s T AR
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Background

Social network mining aims to provide a comprehensive
understanding of global and local patterns, mechanism of the
network formation, and dynamics of user behaviors. Social
network analysis and mining is an inherently interdisciplinary
academic field which emerged from sociology, psychology,
statistics, and graph theory. However, due to the lack of
efficiently computational models and the nonavailability of
large-scale social networking data, traditional research on
social network has mainly focused on qualitative study in
small-scale network. More recently, with the emergence and
rapid proliferation of online social applications and media.
online social networks already become a bridge to connect our
physical daily life with the web-based information space. The
connection produces huge volume of data including not only
the spreading information, but also user behavior.

Social Ties are a bridge of connection and interaction
between people, and also the foundation of information diffu-
sion in social networks. Mining social ties is an important
problem in social network analysis.
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researches. From the computational perspective, the authors
summary three aspects on social ties analysis; predicting
missing links, inferring social ties, and predicting reciprocity.
Related concepts are introduced first and then the important
algorithms are presented. Finally, the future research directions
are discussed.

This work is supported by the National High Technology
Research and Development Program (863 Program) of China
under Grant (2015AA124102), the National Social Science
Foundation of China (No. 138.ZD190), the National Natural
Science Foundation of China under Grants (61402006,
61175046), the Provincial Natural Science Research Program
of Higher Education Institutions of Anhui Province under
Grant (KJ2013A016), the Provincial Natural Science Foun-
dation of Anhui Province under Grant (1508085MF113), the
Scientific Research Foundation for the Returned Overseas
Chinese Scholars, State Education Ministry ( Forty-ninth
batch), and the Recruitment Project of Anhui University for

Academic and Technology Leader.



