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A dissymmetrical tie strength estimation method based on
topology of networks and habituation of social interactions

JU Chunhua''?2, CHEN Yan?, BAO Fuguang!:?

(1. Contemporary Business and Trade Research Center, Zhejiang Gongshang University, Hangzhou 310018, China;
2. School of Management and E-business, Zhejiang Gongshang University, Hangzhou 310018, China)

Abstract As the product of web2.0 era, the emergence of social network sites make people bridge the
traditional social gap caused by the temporal and spatial distance. Its wide spread and rapid development
have changed our lifestyles dramatically. With the mass creation and frequent exchange of user generated
content (UGC), an amount of interactive data and complex user relationship have been generated in the
social network sites. This phenomenon attracts the attention of enormous researchers. However, extant
researches of the tie strength mainly focused on the user attributes and social interactions. But they ignored
the influence of network structure, and did not take into account the direction and habituation of social
interactions. Hence, we propose a dissymmetrical tie strength estimation method based on user attributes,
topology of networks and social interactions (DSTS-ATI). From the perspective of topology of networks,
we consider not only the number of common neighbor nodes, but also the links between the nodes. The
direction and habituation of social interactions affect the users’ perception of tie strength. Therefore, this
paper gives out the weights of different social interactions bidirectionally. The experimental results show
that the proposed method enhances the accuracy of tie strength prediction. Further, it is beneficial to the

research of opinion leaders discovery and the information dissemination mechanism.
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1 5|8

WEE Web2.0 & &, TELATLAT LN Facebook, Twitter, f§if . #4(5%, RIFH P USZECE. B R
TR WSS AT B RACIRAERS, W T RAVERMHACERE. VB8 BB +7 BMUER TR
H, AR RN BA T IR ENS 57, VM ABRT . BEMLERE. FREASELIN
FEMITR, B2 TERBEMER FHER. DHARREH AR, EMRSEE &Y REEHE
B, RS, TS 5E Y, BRSNS A TG 177 77 T T .

TR M L, FIIANP. IR QQ, AFRAWEETH R, FF RARNELEFEM HINE
1. 5REZEH A MBIESS_ EAFTERKRIAF, A PO R BUE M PRI N ASSER B X 4,
PUHSRAREE BN, (HIEBTE MR R Z AR MR CERR. SWFEE, AP RRERE KB TERT
R, %, A, RANFFLNE TANXLR, RN AR RRREE LT BRIt M, @
HRBUATEHE A B B AN, SO E AP A T-A TR T KB A, X B P Sk it
A2 H i LEASLAR, HH R —X 2177 Rl BB B anfards Hi X S Racre i P B A i 44
AT GHALSEF I E, BLByEENTY FHFITRHHUE.

H T RN RIEN 2L IR IR S, M OBy E B THAS N HZ —. 8 €2016 FEERME
APERIREY DR, BE 2016 4 9 A, MEABEKAFE (MAU) B453] 297 2N, HEERAFE
(DAU) 52 1.2 2. BREe k. PRE, S, WORSE SRS, (308G 38 PRt T 55 R 2R AR IR
HIERSS HIRE. Bln, KA. TR YRR & U AU ao e, it R P 2 AR s BRI
Jetb. SRS, . . A, Bk Ak, FTH. TRRE. IS R A SGR R E I R
M5 A e, fERIE RS M EA DL EE— 8T Rk, HERRET EAL A R 28 T P O AR5 BN HEE R 2%
N R RIS B EEERZ L
2 HRGRE

RARFIIMEEEH Granovetter T 1974 "R E S5, M ASCEAHH], 1HRRGREE SRR R REF BBk
AEEESTHIT T X, IR RBEN BRI RMIFRR, AL THERER W, WE, BFE i1 —
BRI, FREAHTEERERE YRR C) HAEEELB R ERN T, FeREREES R HE LA URRS
61, T 53— 4T, #AscHIR R, RIETRERNEEATHHNEFME [7; Wellman A1 Wortley & B
MR RBEAGIR ML LB HE, BRI R EC R MBI AN W, B (B A4V ¥ R C R AR E
Ky A O,

WEE AT A SEF ) 2 N, O Z RS &R B e B RITE A M i e &, BUS
TEBZWBIITRER, MRS Z T e RXTEEMTTI 10, i Actisrg MY i 48 3 1238) {5 J i 014
IEE HEMO. IAXTELAIS ML H P OCRIRE MR EE 0 A TFTE: 1) JCRIR B FE R
2) REAFFNFIT; 3) RRMETN HFILHIGE; 4) RZBENAFFIE. Kahanda 5 AN FEBERE (1
AL BSIRARDL . AR HALS), HYRHE (BN R LTS, Bl (2T R) SRHIBTIF AR IRE
B, 3 H R B S E R ROBE TN B EERFHE 5], Sclk [16] i s 78T PR AR U A B SR,
R P RAIAT T IREI R RIS, SR [17] AR PR RS N T AR P& BLe, Jr P orgnial /i
TR P HEERE 1. STk (18] 4240 T sl ZS M BLE  H S S s B AH S R

TEXTAAS 28 F P O RIREE T BT, P AR HERER T W &R, Xiong FALEHIE
T PIEAREARCE . MBI HARRG, R0 T B goR e R 191 Scik [20,21] 3
FHPAD NG BFACEAT AP B RXH P OCRBESHT TR, (g, XEINEFEE—EEHRE, PR
PR IRER, H P AE B AR, RS TGS ERE SR, LR B2 BRI, STk [22]
PRI SR RBE — e fRE LRI PGB IR . B, A A FAERUER S 2B T AP
NG BRI A SO B
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P FEM R B R B B A A A\ 8 2 B RGR A RTR I, SO A S 4 P R Y
BFFEPR At TS Sk (23] PR AF AREE R ORISR IR E, 2 T RSO R i Z g T 4
POCETN T, SCHR [24] POTHECMSSEEM (MRt +L5Cl) ZAPRRMEEZPMANR, 77
R ERF I H R 2R, Chulyadyo S AR LR AR SBT3 17 ST 15
s 0] (2, AP IRFESRET A (CN) SRAHR M5 SRR B A 5 R R ER, Ravasi S5 AR BN
SR T R A SR A7 e, HIERI s 17 R ATl A2 P39 W Z MIFE TR B T et 3
K POLFET I, ASSCIERF MR S RN, OHB T AE T8, BB T AE T M AR
HITROL.

P TER I AL SA T R P 2 BT R IR R, D s d T R R R BB A ]
g R, {HRBUA AR AT R XL R R E MG TF RSN, Bl FOE e EE s RS w 1), 5
# BB T S HAT AR AN BB P78, AR 34 T i Jr A ST A T X . . P A R—
MR A EASERE A R, IBREGR, AP A S B B R @SR 5T N AR 750
PREL A AL B ZIEHFTERSC R, HA P Z AR S R A DU SR B R S HE PR, SHAT AR
WITTAPRR. A3AT R R AERTT AR, BLRAEIX AT R EALSCAT ORI A B TR 2 7 A T P g e A
RIS RemBE, UL, X5 M P LR HIMr TR B Lr & % IB A S BT N A LR J7 IR ) . A SCHESR G
SR H BT TR A TN ST R R, R T 2 AT N ST B A PR AR BE T 7 1%

3 MEHLEME. MEEHEHRIMIIXRREEITTRER

3.1 [G)eEHEE

H T REREXT A SCRIRTSAR S AT AU, JERARSAE S AT & X

EMN ASCERMIERS) A M @ SUL— PN TTH &S, G = {V,E,UA,UI, RS}. Hr, V ZHprA M
P&, E R P Z MR SR e e, UA S PREEE, UT AR P59 T &, RS HH
FRFES, RS = {RS', RS"}, RS' FAFIWRERRFBREL, RS ARIERRRIBELE. FFRHE
J@M UA = {UB,UT}, E/ UB AP ERBEHSE, €k UB = {u_gen,u_loc,u_occ,u_edu, u_tag},
u_gen FEAMEA . u_loc TEAPFTEH., u_occ ZBUFRE. u_edu RHERE. u_tag AMERFE. UT 2
SRR F P R AR RSO N BRI &, 8 SCH UT = {wo, w1, wa, - -, wn }, n EREREL
MTHASHIAT AP, ZRHA P Z B8, R, e, Q £ AA7TAMMIE, BRI P 53T
NEXR UI = {u_byi,u_ba,u_bs,u_by}.

FT UL X AR RS TT DL T S2 A B, B g — N3G 432 2%, B0 eh AR 0 T 0%
FHE, WAK (1)

f:G=(V,E,UAUI RS") — RS". (1)

3.2 APRIERMEACEITE

HAERRABANLE 5. B8 LR EAR BRI PR A TR PR AT RE 2R F i F] 2R R, 5
AT A AR 290 312 W4 F ) B sk S R AR B XA AT AR A S B0 i, ARSTERR
MEA PN AT ZRRME R, SR e, B, BEET . 758, 2N UB (u) = {u_gen, u_loc,

u_occ,u_edu,u_tag}, FIF Jaccard AFITEH PN AERFERAALNE simw (u,v), A (2).
_UB(u)NUB (v)

- UB(u)UUB (v)’ @

HETRAGRT O, APFEENREERTZ AR, MASEE SRR Y, frel A
FURHE R AR S E B B SO G B A P U S SR A T T AR e a B e A s
BHEE, $RBUERN SCARFHIER], FIF TFIDF AR FHERAE S, el B AW IR SR ER, &
XK UT (u) = {wo, w1, wa,- -, wn}. RAGLHRZARTTEHH P HIEE SRR simuy, (u,v), WA
(3).

Simayp (u,v)

. B UT (u)-UT (v)
sty (40) = o UT O ’
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LR LB, HPRIRRLE STM (u,v) HERARX (4).
SIM (u,v) = A1 X simyp (U, v) + Ag X $iMyp (U, v) . 4)

Hf M+ =1,0<X0 <1,0< X < 1XTZE N Ao BBYE, 430 0.1 FRLHREE, THHE ML Ao
BORREEXT L PARDURE s, BAARBUETFOLTEIL 4.4.4 5.
3.3 PIBEMNEIRE T

TR Pl SR T8 SHAUT PESLIRR, W T RAREAE SRS, R/ NI AR B R
W2 3032 SR AP A VR S SR R RO R . X SRR R Bt ) PO R AR IR - Rl AIZR S,
TR e — TR DT IR 2R 4%, T LRI AT Fs 19 TR 4 R0, A 1 B, B 1-A Ak
RWFET ISP PRSI RARSTERIR A, 18] 1-B A R4S E T R OSTER A/, B 1-C F3tFE LR
TRLORER TR, B 1-D AL RI AR a3 R FRSGE T M s X 5. 39 s ] i L 7] 98 a3 s p %
HZ, F/ s, Ao MggsRs e B3 b, # Lm0 RAT MR e, Wi 2 irs,
HR2H P 3R T W — AR AT REMEL oK, L BB AWM AT R, 2T, ASCES RSB E T A
TR 17 R IE R RO BT R MR BB R, O T Or B S, RSO sl Tl SR B e SO M
REEMERRE (LS), R AR (5). (6) B

C D
® fh T — G ® S PSET R O IR AT R
B 1 AP#ARSENSTEE

&
— & —
1
[} ® ':
N
N TR
@ TR ® EFAETA SETAERSL O aExg  —> Kl BN 1
B 2 AFPEESETRERLTER
uw) N v)|+ lwlu)Nw (V)] — |w(u) Nw (v) N uw) N v
onp (,0) = (£ NI+ (@) N )]~ o (@ nw©) e @ e ] 5)

|w (u) Uw (v) U (u) U (v)|
Ferr, enp (u,v) 2278 P BT LRI QR J 57 i o 40 17 I EL, o0 (w) S~ TP U BISRESIRR, ¢ (v) 3R
PV BIRIESIR, w (v) BRIV BIRAS1R, w (u) TP U B350

LS (u,v) = enp (u,v) x enl (u,v) . (6)
At LS (u, v) KPR P SHERERR L, end (u, v) SZERI9R e 35wl M E SR
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3.4 ETHIZATHIMIANRZLBEITE

MR RISTESR RBIARE, M3 AT AR R B DT ) LA E EShMgsh 2R, XA P2
[ SCZRBREE. PRI, SUNFE—T7 M 0 A B LA B PO R IR A OR R LB R T Y, 8 T A seqT
ST ELIER A HLIE Bl R S T U B, # et 3RAL A e 91 [, ASCfEit S P
SCHBRBERHR I T — g I PSRBT IR, WS RBOr At SEAC HRR B BRNTR L. BLAt, A
THASCHAT X I P SRR RS, TETH S P B iR B R, AU A SAT A AR, A
%18 T AFEFSATH T SR R B EENE. TR A A AT s ST E, R E WS EsCH
AT PRI R TRBE R RN RN, ARG TR W, IR S B A T Ay 1 e AR X e S LR BE PR B
/I, WFEARIZAT R HIAN T WSRIZAT AN I, AR 25X AT o B R R s FL s BE B, i T
X R RIS TR

B SEAHP U MARE, HEA A V MHALEMR U BEFHLEATH b U WEIA 14T I
WHAMH BE, FTHN w v, AR (7) Bis.

nbi
BFw—v,bi =

Nub (7)
HoAr, by R, by AL, bs Bk, by Q- S ny, BFAF VXU ESRAEATH b BIREL T Nup, W
& U YRS T o A A 1 R IR

HO, WWRHAR V E3REATR b WK HEMNRIFAR IPF, b, SR PR EAT R AR EEF, W
AR (8) B, A, Ip| BAEHP V BrA EEh R AERALSAT AR ER BN, (5 b € py| APV T3k
AT b BIRTR KL

|p|
IPF,, =1 _ . 8
/bi Og(|j:bi€pj|+1 (8)

e, WHHEATN b M THEAE BF - IPF,c o, TR TR G S BB
BF -IPF,_yy, = BFyyy, X IPF,,,. (9)
i LR, B Nucos, AV BSMAF U KA b BEL WA U B SHP V
ZIEAESEA T A BRIE BSuey (u,v) K
BSyy (u,v) = znj BF -IPFy_yp, X Ny, (10)

i=1

R, WAL EHA R VIR SRR U Z AT ARE BSyeu (v, u), B4 H:

BS?u—u (U; U) = ZBF : IPEu—u,b,; X Nm—u,b,;- (11)

=1

3.5 RAPXFEEITEER
TEFEM B R A NE SRRSO RMBURE . MG EEE TR BE | A5 T S L BRBEXT 5% R B L 52
J&, ASORX =AY TRES, $RH TR PR REETHEAUE, WK 3 PR, Granovetter FLE 1974 5t
BRI S E N, SRR, EERE MRS W 2 )5 XA RRBESCER (15, 16) RAT
MG H TR THSATR . AR AR R R R RE. I, A SOR AR 5¢ R R AT
THEL, A BRI SEEM R, Bk dn (12) BR.
TG — {a x SIM (u,v) + 0 x LS (u,v) + 77 X BSyy (u,v),
a X SIM (u,v) + 8 x LS (u,v) + v X BSy—y (v,u) .
Hf, a4+ 8+7=1,0<a<1,0<3<1,0<y< 1.

4 X8

ASCLABHR IR -6, WA PO R R R TS il T PP AL R X P Z IS A&
SREEHAT N AR, TAEREOR. HAR G HIE P SRR B A, AR RS O AR 500 BE B ThE
Bt A T SRR BRAE, Aok g B PR A Ll TR, RGBT Py 22581
TAIEZ R BIREHLMPCE TACEME, LR MEE AT P SR AR S RMREE. @bk

(12)
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F P H E SRR TR, TEIARHE Top-N PO RME TR, AR ILR S RMRHE Top-N H

FIRZFRESRIZE R S BV, AL RN 4 PR

e
| A S TR E A
s 1 zN
| BRI ki
I A\ 4 A 4
: Bl T ﬁHFHiﬁxﬁ/—%s‘i
| Y ¥
A. o \ 4
FRUETop-NF J7 56 &
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Bl 4 #HEHEEE

4.1 BIEES
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P GRS
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T IR 5B I 46 4 K655 7 AT A
I HTRER Bk Hisk Pk
Y — — Y,
1 | |
JL JL
f \Vl \Vl \VI \
I VAR P 5 I 4 2 B B P T AR
e 5 B b 1. S 1. A
SRR 2. XA 2. JERH 2. Vb
3. R
4. G
\\
( N
BA: (1) BRI Bt PP R R
Ee et 1) (2) LR EE Py ERE RS 5T

(3) HAZHREE
.

B 3 MAMSEHS5H IR X REE T EAREE

ATEMNAEE . R, R, I, SORERT 20 ARERTH T GE g 12 2 (60%) i 8 Fifk
(40%), FFHEAE 20 % ~ 30 % Z [AIAAE, W My, B2 MR —F), LA GXEER 1 P2
FIRMISES IR AAFELME 20 250 E X5, @ PG RITARET 2016 4F 1 HE 6 HIAMEX 400
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MR NE IO (M, Fret, BOlL, B8 #n%). SRR (MR, SGEFIR), Mg A E
B, FENE R A BRI PR RS . L FER . @ RAMEE, Bk 13654 S
4.2 Fiing

KT XA SCHESL 1 2 TR RN 25 A T A O, A SORF TINS5 N TARTE S A X b, el T
NDCG 8433 PEMZ AN P e R EHEF 45 R WMER£. NDCG (normalized discounted cumula-
tive gain) IH—{LIr R PUE 4, 2 ERR TR RIS T PN, ZRnEEE TRERER
HEEMEMFEIE, BB T T RAERNACE, BT a0, a4 SOHENHEF EF TR, T
At (13). (14).
rel;

. 1
logyi (13)

p
DCG, =rel + )
=2

i, DCG, A BRUE LR, rel; HFT-H P RIS EIT S Z W RBEEPEA, p A% T-H P s B X5
L
DCG,

NDCGy = 75 (14)
P

HH, NDCG, AF— A H BRI, IDCG, HEREFERT, X BRI N TAREL R HEZE L TR it 8
ALk
4.3 MEE3LIE

R T AR B SR e R R TG B 1, ASCRTT T — RSN L8, AR T AR
PREGFEAZ 28 I P15 SRR RITIR (DSTS-ATI), 7R A F FURE R AR L | 2 Sh R | 41
AT HIRE =AY SRS TR ISR, S T B H AR SCRURDEE — A2 BE A B & U OR, WA SOy S
GEEANSCHL [29,30], STHK [20]., SCHK [34] FETRH FOCRIREETH SR T T AL, For, SCk [29,30] 42
W R R POCRIRERT, (CE IR B BN SCABEAMMUE (TS-BP). 3CHk [34] LUA FAE3EATH
AR PSS RIREE (TS-1); STk [20) WA 1B RE B IE0CAS | 4130 (5 B 56 KRB 5T (TS-BPI).
HW, AT 4B SCT A SER 9 s B R 413 7 5 3 B0 56 3R 08 B T A 50, AR SCIRETHT AN H St
49 (DSTS-ATI-1 J7:f1 DSTS-ATI-2 Jjrik). HHt, DSTS-ATI-1 FiAFETHE A AR RIER, EELASLR
JE T SR RN 48 G5 AR T BER B, ARG TRILF T SUEBSIEL DSTS-ATI-2 FikHARR T HILA TN AR AL
&, R B AT 2 B 5 R
4.4 FNERIFNE2HF
4.4.1 BHIZE

HTRGA (4) R REEBUETIE, ASERE T ASCH SR RS, mE 5 IR, AR o+ 6+ =1,
0<a<1,0<B<1,0<y <1 MEARSFM, AT Top-N H P12 RREFRTFMIRHE, £ NDCG BYE
BRI T, B8 TUITER, ik 1 iR,

WEEE 6 AT, o MEUEFEENTE [0.20,0.28] Z[H], LPUAIEUE 0.28, B0 0.25, FROAE
J& 0.22; 8 WBUEEEAAESEFAE 0.28,0.32] 2], LIHARECE 0.32, HAH0E 0.29, TIUAMECE 0.28; &
YA FEETTE [0.42,0.5] Z[H], EPUAMIEUR 0.50, FA2EL 0.47, FPUAAEURZ 0.43. @il KESX =45
BOPHENBETEE FTAR, PSS TR0 PO R IR B S BB (R R, R R I % S Fa
FH P56 2108 BE R AR T 2 55
4.4.2 RUEYSMERME. MK, HXEEIRIE R PR REEITERETNEA

P Ui # Top-10 A POCRMBTTHLARME 2 Prn. WEESR 2 AIH), SCEIU7XT BRI N2
ANKIBR, Bln, FER P Uy BIFRHE Top-10 B POCRIREERIR T, WA Uy WA EERRA, [P U 5P 2
HISCRIRERGR; b, WAF 2 WAERA, AP 2 SHAP U lRRBERSES, AR R BRIE T
X — . IXULEA P (R 6 RIB B R A TR 5, IR T P i f BRI B 56 R BE A SE BV
BRI RIR B AE—E 2 5
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Witk 0=0, =0,
max=0

LOPNEE
SIM, LS, BS

B id s
NDCG, a, f, y

o

y=l—a—p

TS=a  SIM1f- LS
- BS btk Top-NHI

- | PR

%

A
5 NDCG

o

NDCG>=max

=

i3 NDCG~
a,p,y
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K1 o B,y BEBEFEERHA

B 5 ZEEXREE

0.6 0.7

|
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B
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|
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|
o

B 6 20 MFRAF o, 5. 7 BEREEE
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[ Hn Uy — B U, — VRHEHEF Ur — HEREF U —
ZEXMNEG 4 xEMZE i ZENRE He ZEXRNER HA
1 Hr 3 1 A3 2 i 1 )= 2
2 Hrl 2 )= 1 i =) 2 A2 8
3 Ff 2 3 A2 10 Ar3 3 A3 1
4 Hr 4 4 4 3 4 4 Fr 4 3
5 P 5 5 AFr 5 6 AF 5 5 AF 5 4
6 Hpr 7 6 AfP 7 NULL  HP6 6 A6 5
7 A8 7 A8 7 AP T 7 Af 7 NULL
8 Ff6 8 FF6 4 A8 8 A8 7
9 FF 9 9 AfF9  NULL  HfMo9 9 A9  NULL
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M 7 ", TERFFE TR L, ASCRR I DSTS-ATI JiiATEa- M+ NDCG HfFax R, TS-BP Jiik
N-DCG A, TSI J73kM TS-BPI JFikRZ. Ui —4EE IS R EIR U S, MR
FHIEBLREES. NS4 PR R BN RRZ, MERLERERIEIN, 565 B4R La N R
I BN AR, TEAF UL, F . RS NDCG (A, X 2R X A~ SusiF 7 f Frit
SCREAXTEUD, XRESRE S, TIRRED, R E; MEE 8 mA, FE N g9, NDCG B
WK, RS A M PRI ISR

TS-BPJ i
0.85 S TS-UJ7i
0.8 - TS-BPIJ5 %
075 = DSTS-ATIJj 7%
0.7
)
Q 0.65
Z
0.6
0.55
0.5
0.45
04 sy RNt
Celial ik R
B 7 &FATEENTS NDCG
~NDCG10
NDCG20
0.85
N
075 %\% R
@] ) B
2 N N
wH i WA

Bl 8 A3 DSTS-ATI FAiTESIRFY NDCG10, NDCG20

4.4.3 RAPXZRBEAXFRENEA

BT, e, B, IR, ERTATIE A PO RS R S B A 9 BiR. Hiep, B AU Ry
MR, B EMS, SRR P2 MAEAEREAT A, BT A SO SRS A P 56 2R i
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