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COSNET: Connecting Social Networks
Local and Global Consistency

- Input: G={G!, G2, ..., G}, with G*=(V’*, EF, Rk

« Formalization: X={x;}, all possible pairwise
matchings and each corresponds to y; €{1,0}

 COSNET: an energy-based model

Y =argminE(Y,X)

[1] Yutao Zhang, Jie Tang, Zhilin Yang, Jian Pei, and Philip Yu. COSNET: Connecting Heterogeneous Social Networks
with Local and Global Consistency. KDD’15.



Local vs. Global consistency

 Given three networks,




Local vs. Global consistency

* Local matching: matching users by profiles

Username:
Ortiz_Brandy
Nation: USA
Gender: female

-
oo
-

Local

.| consistency

Username:
@ortizbrandy
Nation: USA
Gender: female

Pairwise similarity features

Username similarity and
uniqueness

Profile content similarity
Ego network similarity
Social status

Energy function

E(Y,X) =) wlgi(xi,yi)




Local vs. Global consistency

* Network matching: matching users’ ego networks

Network

Local
matching el

“{ consistency

Encourage “neighborhood
-preserving matching”




Local vs. Global consistency

* Network matching: matching users’ ego networks
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Local vs. Global consistency

* Network matching: matching users’ ego networks
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Local vs. Global consistency

* Network matching: matching users’ ego networks
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Local vs. Global consistency

* Network matching: matching users’ ego networks
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Network Matching

* Network matching: matching users’ ego networks

Input networks Matching graph

Energy function

E.(Y,X)= >  wif(y,y))




Candidate Pruning

« Content-based method
— Username similarity above a threshold

« Structure-based similarity

— Starting from a seed mapping set and iteratively
propagate the m




Local vs. Global consistency
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« Global consistency: matching users by avoiding global
inconsistency

Network
matching

Username:
Ortiz_Brandy
Nation: USA
Gender: female

-
o®
®
o

Local

Global \
inconsistency

consistency

Username:
@ortizbrandy
Nation: USA
Gender: female

DEFINITION 2 (GLOBAL INCONSISTENCY). Given a set of
social networks G, a set of user pairs X and the corresponding la-

bels'Y, if there exists a sequence of user pairs (X, , Xiy, "+ , Xi,, ),
such that

V?: = il,iz,- . ,in,yi =1
and

Vk=1,2,---,n—1,V} =V}

te41
and
For the pair <V3n , \Z > , if the corresponding label y; = 0

then we say that the assigned labels Y causes global inconsistency
given G and X.

Avoid “global inconsistency”




Local vs. Global consistency

« Global consistency: matching users by avoiding global
inconsistency N

Network
matching
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Local vs. Global consistency

« Global consistency: matching users by avoiding global
inconsistency @ .

~.]  Local @ o
consistency

"
.
.
]

4 / ~ N
“ 4 \
\ o et » X “ . ' ‘}
0 e° Ky '} \ __ /
0’ . \, ~ ~/
Lof . _—
R @ K I : t t'
ol S 2 nconsisient!
R \
U
,” sername:
i ortizbran % P
:" ation: X
: "
L d

Network
matching

Global @

inconsistency




Avoid Global Inconsistency

Input networks Matching graph

Energy function

[ (1,0,0,0)T if[Ye[=0

. ) — (O’ 1a07 O)T 1f|Yc| =1
ft(y'bayj) - < (0,0, 1,0)T 1f|Yc| —9
\ (Oa Oa 0, 1)T if |Yc| =3
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Pruning

Construction

Matching Graph
@ Generation
G 2

(a) Two input networks  (b) The generated matching graph (c) Matching graph after pruning

(d) The constructed model

Objective function by combining all the energy functions

E(Y,X) = Z w; gi(xi,yi) + Z wife (i, y5)
xi€Vma (xixj)€EMc
+ Y wif(Ye) )

Tsinghua University



Model Learning

 Max-margin learning
! 5
min 5 ||[W]|" + pg
st. BE(Y,X;W)<EY,X;W)—=A(®Y,Y)+¢
* As the original problem is intractable, we use Lagrangian

relaxation to decompose the original objective function into a
set of easy-to-solve sub-problems

E(Y,X;W)= > Ef(Y;,Xz; W)
feF

= 3 (e u]) + W)

fE]‘- szXf




Model Learning (cont.)

* Dual decomposition

1
L(Y,X,A;W):n‘}‘ifnz ( Z |}_|W5Tgl(xz',yzf)+w}f(yf)>

feF \wieyy "

+Z Z A{(yz’—y{)

FEF yi€Yy This provides a lower bound to

the original function

.1 2 >y :
min o ||WII" + p(E(Y, X; W) — max L(Y, X, A; W)

st. Y A =0 vfeF

Y; €Y;

The resulting objective function is convex
and non-differentiable, and can be solved
by projected sub-gradient method




Results




Connecting AMiner with

 Linkedln and VideoLectures
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Name-match: match name only; SiGMa: local propagation;
SVM: use classifier to identify the same user; COSNET: our method;
MNA: an optimization method; COSNET-: w/o global consistency.




Connecting Social Media Sites

« Twitter, Livedournal, Last.fm, Flickr, MySpace

100
BEll Name-match 1 SiGMa
90 — I SVM [ COSNET-
1 MNA Bl COSNET
80
70 ]

60

50

.

40 —
Precision Recall F1

Name-match: match name only; SiGMa: local propagation;
SVM: use classifier to identify the same user; = COSNET: our method;
MNA: an optimization method; COSNET-: w/o global consistency.




Effects of Global Consistency

COSNET-: w/o global consistency.

100 100
B Name-match 1 MNA [ COSNET- B Name-match 1 SiGMa

90 I SVM [ 1 SiGMa B COSNET 90 — I SVM [ COSNET-

T > +9.5% 7 MNA BN COSNET
80 80 +54%
70 - 70
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