
� 38�� 8� ��������� Vol.38, No.8

2018 � 8 � Systems Engineering — Theory & Practice Aug., 2018

doi: 10.12011/1000-6788(2018)08-2135-12 ������: TP391.1 �����: A

���Æ������������	
�	��


��� 1,2, � � 2,��� 1,2

(1. ���	
� ��	��
��, �	 310018; 2. ���	
� ����
��	��
, �	 310018)

� � ���������������,  ��!"#�$%&�'(�)*+,�-���
�.�, /0&�1�2�3��.�. 45Æ�6.�78�3259��:�;��<8� 
���=>?@�, AB&�!CD6.�78���, EF GH ���I!�>"��#J
�$%. K&L, M'NO&P6Q� ��!��.�78RS>T (DSTS-ATI), U>TVW
��:�;��<8��!CDXY78� ����)78Z[(81)WRS��.�. !R
S�!*\CDXY78], P^GH&��_`abc+, dGH&`abcXYe+.  �)
*��f%�>"��#J�, g����6.�78�h+, ,LM'RSOP- ����i
.j/, 9�)k>h+�� �78. l01m, M'NO�P6Q��.�78�>TnoN
p��.�782q�3r�, �4&5Æ6st7�fÆ�89uvw:��3.


�� P6Q�; �!CD;  �#J; ��.�78

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

JU Chunhua1,2, CHEN Yan2, BAO Fuguang1,2

(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 ��

�� Web2.0 ���, ������� Facebook�Twitter�������, �������������
������������������, ������������. �� “��� +” �������
�, �������������� ������, ������ ��� �!"#������$�

����!�, "#%��!�&�����$�. ��� �!��"',  �Æ!#"�"#�%�#

�$���$��%!���% [1], �&'�%�����((.

������, &�����$! QQ, �� ��'()%�&"�, �� ��'()#�'�*$

�. �(&(�����)%+)�&(�*), ���� ��%�)��&*��',!()  +*,

�,!'-��Æ!, -,�%�� �&�.�&�   �. �,)�, �� ��%�(&+*�+

)+�),�).�*��/,��+,� �, -�0-)��)+ �&(� +1-%����., .

/"-����.'�  [2]. ,/, ����.+"���!�/$�(0���, /0����,01�

��2�+1*2'), 2"�0+&������$�� [3]. �-13/013���(.3(*�/2

 �00��1"233, �"��,4�4+54��!.

"*���5��&6,�44Æ!, ���"��55��������70. *62016 6 ��

����76827, 58 2016 6 9 9, ��9�:��( (MAU) �"#% 2.97 ;�, 86�:��(

(DAU) #% 1.2;. 9!��9��!<�:3��$3=/, ��!�(���47�87&6,�,5"

�Æ!44. &�, :���;;44�.��9�����6:, >�0<<����7;���8<&

?,. ��@=�=A6:, B��>7�>3�?89:�;;�=@C?���1D�9;A�=7<>

E!���, <���<�33�%E33�0<4?. �,, "@B0������ �A +6���
������",Æ!F�#�GH.

2 ��z�

 �A �CB)I Granovetter* 19746C=4@, >A���;���A �/D� ��D"?

�@ +����BH, 2C �A ��A ��E �, D(�E ��� [4]. ,0, 544�J�0

<�-, E �F8*����� [4] �FK [5]; "�6E"=�ALB+, E �<6E)F87FCÆ9
[6]. E:0�(, �1�G��"G, !M*A ����F8H�"233 [7]; Wellman � Wortley �-

A �4I478&��@=, &�47*D �EF�F�G; [8]; -�$NGJK�.A �1H!8
(�%9 [9].

�������'H�:L��, �!�&�544< G9!-%������.��� �, -I

�MN�54�F,>��-������ �+=>OJ [10]�)+6E [11]�G@>? [12,13]����� [14]

KP�#�Æ>. -F+�������� �A �54����?��(: 1)  �A LB�A54;

2)  �@L54; 3)  �A OJ��54; 4)  �A ��54. Kahanda ��A���H"<Q ("

L�OR&A��1MI�), .7<Q (I�D+�S��), �$<Q (����) !JN)+ ��/D

 , 2"�-�$<Q) �A OJ.�#��<Q [15]. �J [16] .KPK��H"'L ��$A ,

+�� ����AE ��Q�. �J [17] �54�� ��T���1����, '(��9R3U�

*93��6E49. �J [18] 4@���$�'L PK�$���' "PK��.

�+������ �A OJ�54., ����H"<Q)/;�LB�A. Xiong ��'SBC
���"OH"'L �VKT-"����D0, 4@��3U��!OJ �A [19]. �J [20,21] "

*�����������E��A+�� �A ���54. -), /0��)�0B�LM, ��1

NPUGMA, ������OW*PX, 544(FH"QN"�EF, �=K�#%G(YR. �J [22]

*���Q�O4�0B� +"G���',9H". �,, O��PK��'L �'SBC����
������Q�O��.
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���  +*�/N� �-�0-.��7 �7FVA�)%",/H�����.�� ��

5447�S>. �J [23] .K��T))+(��A!J0 �A , 4@�O��� �A ���M

�IZOJ��. �J [24] *�����)% (��TP)%���Q) )�� �A #�LB�A, I

!;J�KD"43-@�� �A �S[. Chulyadyo ��8�T)'LI!(!PKI!;�J�

AE [25]. -), A��T)LMI! (CN) !B0��)%J�A ���0)*I�, Ravasi ���-�

FE�I!;FT)LMI!, "T)LMI!;>)�J�T, RN/E�I!7;)�J�TO4"8

( [26]. "*,, O��54��)%J�A �, *PBC�LMI!, (BC�LMI!)W)�J�T

��A.

�����+�����"G��7;)��KD���,�,������)�� �A 54*O

XQ�A. -)-FPK����+ �A LB�541*IS�, &�\  ���$���W [19], Y

4\BC��������(U( [27,28], 2U+������&"�VZ"��T�. &�, �� A )0

���)+��U��:���, VZ"!<, RN�� A ��� B WV��H�D�D��*4I>�

3-@�� A�B 7;)�A �. "��7;�   �FX&  �.&  E), ����))�G

2�&"�. ��������&*), �9�/��&+�����U(��;�S[<I���]@*

)� �A , �,, +*�� �JN#�'SBC���$������&"�VZ". O��'SB
C���$��&"�����VZ��A0, 4@�"*����VZ�*+W��A PK��.

3 �*�� !X"#+,$%-&./0'(12)*+

3.1 ,-./
��4I+O��54V!��FYCG, =+' CB��BH.

30 O�C��^:����BH�0�?$�$S, G = {V, E, UA, UI, RS}. �., V )_WF�

�$, E )_��7;.K  %��J�T$, UA ���<QH", UI ������$��$, RS ��

� �A $, RS =
{
RSl, RSu

}
, RSl ���Y � �A $, RSu �UY � �A $. ��<Q

H" UA = {UB, UT}, �. UB ���01H"$, BH� UB = {u−gen, u−loc, u−occ, u−edu, u−tag},
u−gen _�"L�u−loc _�W�M�u−occ )KE���u−edu )R`���u−tag �YW��. UT )

���OH")_���Z�Q�O5X<Q[&0, BH� UT = {w0, w1, w2, · · · , wn}, n )<Q[�(.

+*���$���54, BC��7;�!<�!��9��@ 49��?)�A, �,C�����$�

�BH� UI = {u−b1, u−b2, u−b3, u−b4}.
"*�+BH, O�54�EFO����&,CG, [\B0�^:����, OJ@U]��� 

�A , ;]� (1).

f : G =
(
V, E, UA, UI, RSl

)→ RSu. (1)

3.2 14234567568
-F54"GKE01�R`"S'L"'�  ����-���.&O4)).Y4), �, �

���8<�\ [29]; ������8Z^�M�IZ',Y4',Y)'L���� [30]. �,, O�Z-

�������01ÆT��, ]U"L�W�M�KE�R`"S�YW, BH� UB (u) = {u−gen, u−loc,

u−occ, u−edu, u−tag}, 8� Jaccard ]�PK����01ÆT'L" simub (u, v), ;]� (2).

simub (u, v) =
UB (u) ∩ UB (v)
UB (u) ∪ UB (v)

. (2)

-@*1NPUa�, ��� ^�*b[VK&����, ��ÆTOWP� G_ [21], W� 0�

�<QH"'L (#�B0���O��. O�+�� U ��Q�O5X����[�[[5���c
TW, 4-'��O�<Q[, 8� TFIDF ]�PK@<Q[\#0, ](@�7���Q�O<Q[, B

H� UT (u) = {w0, w1, w2, · · · , wn}. `�"ad\]�PK����Q�O'L simup (u, v), ;]�

(3).

simup (u, v) =
UT (u) · UT (v)

‖UT (u)‖ × ‖UT (v)‖ . (3)
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'+W], ���'L SIM (u, v) PK;]� (4).

SIM (u, v) = λ1 × simub (u, v) + λ2 × simup (u, v) . (4)

�., λ1 + λ2 = 1, 0 ≤ λ1 ≤ 1, 0 ≤ λ2 ≤ 1. +*�( λ1�λ2 �-3, O�� 0.1 �.I: , PK λ1�λ2

-*)3+��'L �LB, 73-3�A^; 4.4.4 I5X.

3.3 9:89;:<5;=
����.K “  ” ����>��'(��, %'�/2�����. ��_0-<"G2�/2

�� [31,32], ��.)��&b'/2��I)%. /0�I)%3-@��J� ��Oe - ^)�/@.

I*��)0�)��&"�/2��, ��.�T)LMI!)� 4 )�A, �� 1 W7, � 1-A .T)

LMI!))<�����+*1  �+*, � 1-B .T)LMI!P  )<��, � 1-C .T)LM

I!P  ��+*, � 1-D.T)LMI!)�  �)<�����+*. I!;�T)LMI!�(

2&, ��;J��KD, ��7;�/D� �H [33]. ,/, _T)LMI!;)�J�T, �� 2 W7,

RN��XH*)0��I�O4"H�(, '(KD���O�"8(. "*,, O�.KT)LMI!

�LMI!J�T(!B0I!;J�KD� . ����PKCG, O�<I!;J��KD"BH��

�)%J�A (LS), PK�]� (5)�(6) W7.

A B

C D

种子用户             关注                  共同邻居节点        交互对象              省略节点

> 1 �=>?@A?@BC>

> 2 �=>?@A?@DABBC>

cnp (u, v) =
|ϕ (u) ∩ ϕ (v)|+ |ω (u) ∩ ω (v)| − |ω (u) ∩ ω (v) ∩ ϕ (u) ∩ ϕ (v)|

|ω (u) ∪ ω (v) ∪ ϕ (u) ∪ ϕ (v)| . (5)

�., cnp (u, v) "7��;�T)LMI!fLMI!�c&, ϕ (u) "7�� U �  Y", ϕ (v) "7�

� V �  Y", ω (v) "7�� V �?8Y", ω (u) "7�� U �?8Y".

LS (u, v) = cnp (u, v)× cnl (u, v) . (6)

�. LS (u, v) ���;���)%J�A , cnl (u, v) �T)LMI!;�J�T(.
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3.4 CEFDGHIEFGHIDJ<568
��;   ��*), <I�����������&+)��$�d$S[, /`e1LB��7

;� �A . �,, PAa0����Æ [B0/) �A �K�)cG�(�, XQ������

���&"; "%����$).�&()X�&�, 11�0<A,�� � [33]. �,, O��PK��

��A �4@�0)F&�����A PK��, A �X��LPK��A ��]� . ,/, �

�@*����+�� �A �LB� , �PK����A K�., *PBC�������D, )

�(BC�*)����VZ+�� �%��#�". PK@��_���`J\#, !'S"B0��
��+���] �A �LB(_. �F_��/;, RNHCG/)���H�D+H��A 3-"
_, gZ__���\#; �F_��*/;, RN/)���H�D+H��A 3-"(, HCG_��

+�� �%�`J�(.

C=, =A�� U �Æ , PK�� V +���+* U �a)���� bi f U :%WF_����

Uc& BF , �&� u← v, PK�]� (7) W7.

BFu←v,bi =
nbi

Nu,bi

. (7)

�., b1 �!<, b2 �9�, b3 !�, b4 � @ 49. nbi )�� V + U �$���� bi �U(, E Nu,bi g

) U :%_)�������(U(.

�U, PK@�� V �$���� bi �b��+*�D IPFv,bi , B0��������)W$., �

]� (8) W7. �., |p| )_�� V WF�$�������+*�(�(, |j : bi ∈ pj | )�� V �$�
��� bi �+*�(.

IPFv,bi = log
( |p|
|j : bi ∈ pj |+ 1

)
. (8)

�0, PK@a�� bi +��`J\# BF · IPFu←v,bi , "7_��+���$�#�� .

BF · IPFu←v,bi = BFu←v,bi × IPFv,bi . (9)

'+W], _� Nu←v,bi "7�� V �$+�� U ��a�� bi �U(, g�� U �]���� V

7;����A BSu←v (u, v) �

BSu←v (u, v) =
n∑

i=1

BF · IPFu←v,bi ×Nu←v,bi . (10)

)�, >O�PK@�� V �]���� U 7;����A BSv←u (v, u), 73�:

BSv←u (v, u) =
n∑

i=1

BF · IPFv←u,bi ×Nv←u,bi . (11)

3.5 14
J<568KL
�>�BC����01����O'L ���)%J�A �������A + �A �LB

0, O�</c�@ 3��OS, 4@��� �A PK3U, �� 3 W7. Granovetter h� 1974 H

4@ �A ����;���A �/D� ��D"�F [4], E70JF(05�J [15, 16] `��

�"$S���`4�������1[\�+ �A �LB. �,, O�`��"3U+ �A ��

PK, )F�����&*�, 73]�� (12) W7.

TS =
{

α× SIM (u, v) + β × LS (u, v) + γ ×BSu←v (u, v) ,

α× SIM (u, v) + β × LS (u, v) + γ ×BSv←u (v, u) .
(12)

�., α + β + γ = 1, 0 ≤ α ≤ 1, 0 ≤ β ≤ 1, 0 ≤ γ ≤ 1.

4 MN
O���]���!�, +���� �A PK3U���=. I*933U#�+��7;� �

A ����Y , ��0G(. "*)% ����� �A a*'), &d^�+ �A 3��_

@B0. �,��b,�=5�, O�a(_c���:����O�=)<��, 2A/0���?8Y

"�  Y".�L�df-_c��+*, PK_`g#"5)<����)+� �A . .Ke��
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��LBH �A ���, %�Y" Top-N �� �A 9�Y". �7B0�=)F�Y" Top-N �

� �A Y"�S[!933U�S�". O�=���� 4 W7.

> 3 OPQRMNSTOUPQRST�=UVWVWXYZ>

C

f : G (V,E,UA,UI,RSl) RSu

NDCG

Top-N

Top-N

A

B

> 4 YZ[X>
4.1 \]{Y

O�=A3`�af�h%�bi�jc(-� 20 K��)<�� (�.]U 12 g" (60%) � 8 h"

(40%), 6d� 20b ∼ 30 b7;*�, Bi<���, "�8j<���06), �9A/0)<���?8
Y"�  Y".�df- 20 K��+*, .K"*3kie��`$� 2016 6 1 98 6 9i;/ 400
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������01ÆT ("L�W�M�KE�R`�YW)�  �� (?8Y"�  Y")���Q�O�

�, 2A��735X��.4-��;�9��!<�!��@ 49��, (T 13654 �f.

4.2 ^Z[{
��+O�'(�&?3UOJ)F��FY93, O�<OJ)F���Y )F��+c, (-�

NDCG _Y!93_3U+�� �A lk)F�OJ"@". NDCG (normalized discounted cumula-

tive gain) e0,lcgf^m, )��gd.+gd)FlK/��93_Y. __Y�BC�gd)F

#�"�)�, (>�BC�lk�'+IZ, ^<�93�FY", hSO�+93lk"@"�eF, ;

]� (13)�(14).

DCGp = rel1 +
p∑

i=2

reli
log2i

. (13)

�., DCGp �lcgf^m, reli �)<�����+*7;� �A 9�, p�_)<�����+*
�(.

NDCGp =
DCGp

IDCGp
. (14)

�., NDCGp �e0,lcgf^m, IDCGp ��f�A+, /h[_��Y )FlK�A+�lcg
f^m.

4.3 H\_`
���0<3-O�3U+�� �A �OJ_@", O�mP�0�Y+c�=. O�4@�*+

W������� �A PK�� (DSTS-ATI),_��OS��<QH"'L ���)%J�A ��

���A c�@ !'SPK�� �. ��3-@O�3U<c�@ <\OS�YF, <O���=

)F��J [29,30]��J [20]��J [34].W4��� �A PK�����cG.�.,�J [29,30]4@

����PK�� �A �, PBC��01H"��OH"'L (TS-BP). �J [34] �������

!B0�� �A (TS-I);�J [20]A��01������O�����+ �A ��54 (TS-BPI).

�U, ���LCGO�T�T)I!J�T���SnVZ+ �A OJ�LB, O�mPE�+c�

= (DSTS-ATI-1 ��� DSTS-ATI-2 ��). �., DSTS-ATI-1 ���PK�� �A �, B��T)L

MI!!B0��)%J�A , UBCT)I!J�T(; DSTS-ATI-2 ��2Uin����*)�\

#, *BC��SnVZ+ �A �LB.

4.4 a]8^^Zb;=
4.4.1 _\c|

��FI]� (4) .��(-3#", O�4@�O���=K�, �� 5 W7. �i` α + β + γ = 1,

0 ≤ α ≤ 1, 0 ≤ β ≤ 1, 0 ≤ γ ≤ 1 �"O:f, O�� Top-N �� �A Y"93Y", � NDCG -3

�(��A+, I%��+)F, �" 1 W7.

�j� 6 O], α �-3��$.� [0.20, 0.28] 7;, +?�I() 0.28, .I() 0.25, +?�I(

) 0.22; β �-3���$.� [0.28, 0.32] 7;, +?�I() 0.32, .I() 0.29, +?�I() 0.28; γ

�-3��$.� [0.42, 0.5] 7;, +?�I() 0.50, .I( 0.47, +?�I() 0.43. .KcG/c��

(!63�-3#"O�-, �������)+�� �A �#��LB�A, <QH"���)%+

�� �A LB'+GE.

4.4.2 da2345�9:89�FDJbFec14
J<568KLa]fg
�� U1 � Top-10 �� �A PK)F�" 2 W7. �j" 2 O], ��X�+0k ��93)
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. SIM+ . LS
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max=NDCGNDCG、
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> 5 hiXd[X>

e 1 αlβlγ fjk}l>mn
mjo ggo hi�j� �j� pi�j� gno
α 0.10 0.22 0.25 0.28 0.30

β 0.16 0.28 0.29 0.32 0.35

γ 0.38 0.43 0.47 0.50 0.74

> 6 20 h~��= αlβlγ fjk}l>
e 2 �= U1 Q Top-10 �=UVWVWXMimn

p�
o� U1 ← o� U1 → �jqp U1 ← �jqp U1 →

�k�k qo �k�k qo �k�k qo �k�k qo

1 �� 3 1 �� 3 2 �� 1 1 �� 1 2

2 �� 1 2 �� 1 1 �� 2 2 �� 2 8

3 �� 2 3 �� 2 10 �� 3 3 �� 3 1

4 �� 4 4 �� 4 3 �� 4 4 �� 4 3

5 �� 5 5 �� 5 6 �� 5 5 �� 5 4

6 �� 7 6 �� 7 NULL �� 6 6 �� 6 5

7 �� 8 7 �� 8 7 �� 7 7 �� 7 NULL

8 �� 6 8 �� 6 4 �� 8 8 �� 8 7

9 �� 9 9 �� 9 NULL �� 9 9 �� 9 NULL

10 �� 11 10 �� 11 9 �� 10 10 �� 10 9
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)<��, p!���+*, l9"7��7;)�  ��, �.(��O�3UPKWI��� �A
 3 (Pm0I_(), )<�����+*7;�   �)�.&  �X&  , ")0% 5���

��J�KD, *)% 5�����J�QN. .K�j� 9 (3�" 2 ��lKO�-, ��X�+)

0k ��93)*06, I*��X��)0 �.WF�MI*), �,>�W�]� �A ))�

�&"S[�. /��)������ ��'(�����)��&", ���� �A ��])*+

W�. ,/, �. A�B�C c!F� H, "�]��� �A (, �,, /c!�n ���.LB9(

�I!. o,, O�W4�O���)%���VZ�*+W�� �A PK��+����.�G;%

Æ��-F#�GH.

4.4.4 λ1�λ2 _\H
J<5a]q5Fqr
�PK�� �A ��=., ]� (4) .� λ1�λ2 �(-31LB%OJ)F�_@". λ1�λ2 �(

�LF 11 )-3�A, 73� [0, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 1.0]. �i` λ1 + λ2 = 1, 0 ≤ λ1 ≤ 1,

0 ≤ λ2 ≤ 1 �"O:f+, O�+-3#"����=. �=�-� λ1 - 0.4 �, λ2 - 0.6 �, NDCG -

3�(� 0.82, �� 10 W7.
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