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Introduction

Introduction

A community-search problem with opinion dynamics:

find a subgraph that connects the seed nodes
and has low social tension

Potential applications areas:
online social media and collaboration networks
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Definitions

Network

We consider a social network G = (V,E)
nodes in V represent individuals
edges in E represent their interactions
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Definitions

Profiles

Each individual has his own preferences, habits, opinions...

Individuals may choose not to act in accordance with their true
prefererences as they try to minimize peer pressure by
conforming their preferences to those of their peers
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Profiles

Each node i is associated to

a latent profile, x;: the individual’s true preferences
a conformed profile, f;: his expressed preferences

Both take value in the interval [0, 1]

N.Koudas
C.Faloutsos );/ =0.485
x; =0.752 = 0.485
f; =0.752
M.Franklin
J.Leskovec x; = 0.000
X =0.313 f; = 0.000
f=0.313
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Profiles

Each node i is associated to

a latent profile, x;: the individual’s true preferences
a conformed profile, f;: his expressed preferences

Both take value in the interval [0, 1]

N.Koudas
C.Faloutsos );/ =0.485
x; =0.752 = 0.396
f; = 0.504
M.Franklin
J.Leskovec x; =0.000
x; =0.313 fi =0.198
fi=0.416
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Tensions

Differences between profiles cause tensions

Each node i bears

an inner tension: own latent and conformed profiles
a cross tension: own and neighbors’ conformed profile

A? Co

Ti(Gx.f)=(x—f)2+ Y (f—£)?
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T,=0.193
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Tensions

Differences between profiles cause tensions

Each node i bears

an inner tension: own latent and conformed profiles
a cross tension: own and neighbors’ conformed profile

A? Co

Ti(Gx.f)=(x—f)2+ Y (f—£)?

JENG(/)
N.Koudas
C.Faloutsos x; = 0.485
xj =0.752 SR 0.090 f;=0.396
fi=0504 0248 ' {{=0059
i o8t 0198 M.Frankiin
0.088 .Leskov x; = 0.000
J e_s ovee 0.198 f;=0.198
x; =0.313 1=
0.103 f=0.416 i=0.
7,=0.018
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Definitions

Tensions

Social tension of the network: sum of the individual tensions

T(Gx,f) = Y Ti(G.xf)

ieV
=Y ((i=f)2+ ) (F-£)°)
ieV JjeNg(i)
=Y (x—f)?+ Y 2(f
ieV (iJ)eE
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Definitions

Conformation process

Consider a repeated averaging process
at each step each node adjusts its conformed profile
by setting it to the average of its latent profile
and the conformed profile of its neighbors

Xi + Yjeng(i) fi(t)
1+ |Ng (/)]

f(t+1) =

[1] Bindel, Kleinberg and Oren (2011) How Bad is Forming Your Own Opinion? FOCS
[21 Gionis, Terzi, and Tsaparas (2013) Opinion Maximization in Social Networks. SDM
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Definitions

Conformation process

Apply the averaging process repeatedly

T(G)=1.571
N.Koudas
C.Faloutsos o x=0485 =0.000+1.571
Xx; =0.752 —————6&'& 0.000 fj=0.485
fi=0.752 " 0.000 ’
’ 0.4 M.Franklin
0439 J.Leskovec x; =0.000
| X =0.313 0.000 f; =0.000
0.169 / 0.000 f;=0.313
R.Kumar / 0.271 0.059  C.Guestrin
X; = 0.583 x; =0.372
f;=0.583 0.000 0.000 f;=0372

0.425 D.Liben-Nowell
N X; = 0.159
0.000 fi =0.159
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Definitions

Conformation process

Apply the averaging process repeatedly

/
T(G')=0.386
N.Koudas
C.Faloutsos o x=04ss =0.212+0.174
x; =0.752 . 0.073 f;=0.412
Sy 0.121
fi=0533 0.219
“‘ 0470 M.Franklin
0.028 J.Leskovec ® % =0.000
/ X =0.313 0.243 f;=0.243
0.082 / 0192 f;=0.505
R.Kumar / 0.053 0.163 C.Guestrin
X; = 0.583 X = 0372
f;=0.452 0.132 0.030 fi=0.342

0.081 D.Liben-Nowell
N X; = 0.159
0.212 fi=0.371
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Definitions

Conformation process

Apply the averaging process repeatedly

/
T(G')=0.377
N.Koudas
C Faloutsos =0.139+0.239
o 0.065 f;=0.420
xj =0.752 —— o110 i
fi=0.530 0.222 ’
[ 0214 M.Franklin
0.120 J.Leskovec . x; =0.000
| X =0313 0206 f;=0206
0.032 / 0.097 f;=0.410
R.Kumar / 0.088 0.029 C.Guestrin
x;j = 0.583 x; =0.372
f; =0.498 0.085 0.067 fi=0.439

0.193 D.Liben-Nowell
N X; = 0.159
0.147 fi = 0.305
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Definitions

Conformation process

Apply the averaging process repeatedly

/
T(G')=0.328
N.Koudas
C.Faloutsos o x=0485 —0.167+0.162
= 0.078 f; =0.407
x; = 0.752 i ,
i=0520 0232 :
| 207 M.Franklin
0075 J.Leskovec o X =0.000
| x; =0.313 0210 f;=0.210
0.063 % 0132 f;=0.445
R.Kumar / 0012 0.054 C.Guestrin
x; = 0.583 Guestt
f;=0.457 0,126 0019 f=0.391

0.129 D.Liben-Nowell
N X; = 0.159
0.170 fi=0.328
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Definitions

Conformation process

Apply the averaging process repeatedly

/
T(G')=0.337
N.Koudas
& Faloutsos =0.152+0.185
o 0.080 f; =0.405
xj =0.752 . 5hio i
j=0.515 0.237 ’
I 0.202 M.Franklin
0.095 J.Leskovec . x; =0.000
| X =0313 0204 fj=0.204
0.046 / 0.108 f; =0.420
R.Kumar / 0.049 0.012 C.Guestrin
x; =0.583 x; =0.372
f;=0.469 0.114 0.036 fi =0.409

0.161 D.Liben-Nowell
N X; = 0.159
0.149 fi = 0.308
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Definitions

Conformation process

Apply the averaging process repeatedly

/
T(G')=0.328
N.Koudas
C.Faloutsos o x=0485 =0.160+0.168
= 0.084 f;=0.401
x; = 0.752 _ 0110 ;
;=0.512  0.240 ’
’ 0199 M.Franklin
0.085 J.Leskovec 8 x; = 0.000
| x; =0.313 0.203 fi=0.203
0.055 / 0.114 f;=0.427
R.Kumar / 0.030 0.030 C.Guestrin
X; = 0.583 x; =0.372
f;=0.457 0.127 0.024 f=0.396

0.143 D.Liben-Nowell
N X; = 0.159
0.155 fi=0314
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Definitions

Conformation process

Apply the averaging process repeatedly

/
T(G')=0.331
N.Koudas
C Faloutsos =0.156+0.174
o — 0.085 f; =0.400
xj =0.752 . 5HEo i
i=0.509 0.243 ’
I 0.199 M.Franklin
0.090 J.Leskovec . x; =0.000
| X =0313 0201 f;=0.201
0.050 / 0.107 f;=0.419
R.Kumar / 0.040 0.020 C.Guestrin
x;j = 0.583 x; =0.372
f;=0.459 0.125 0.027 f;=0.399

0.151 D.Liben-Nowell
N X; = 0.159
0.149 fi = 0.308
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Definitions

Conformation process

Apply the averaging process repeatedly

/
T(G')=0.328
N.Koudas
C.Faloutsos . x—oass =0.158+0.170
o - — 0.087 fi=0.398
xj =0.752 . 5HEo i
fi=0.508 0.245 ’
I 0.198 M.Franklin
0.088 J.Leskovec . x; =0.000
| X =0313 0200 f;=0.200
0.053 / 0.107 f;=0.420
R.Kumar / 0.035 0.024 C.Guestrin
x;j = 0.583 x; =0.372
f;=0.455 0.129 0.024 f;=0.396

0.146 D.Liben-Nowell
N X; = 0.159
0.150 fi = 0.309
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Definitions

Conformation process

Apply the averaging process repeatedly

/
T(G')=0.329
N.Koudas
C.Faloutsos . x—oass =0.158+0.171
o - — 0.088 fi=0.398
xj =0.752 . 5HEo i
fi=0.506 0.246 ’
I 0.198 M.Franklin
0.089 J.Leskovec . x; =0.000
| X =0313 0.199 f=0.199
0.051 / 0.105 f;=0.418
R.Kumar / 0.087 0.022 C.Guestrin
x; =0.583 x; =0.372
f;=0.455 0.128 0.024 f;=0.396

0.148 D.Liben-Nowell
N X; = 0.159
0.148 fi = 0.307
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Definitions

Conformation process

Apply the averaging process repeatedly

/
T(G')=0.328
N.Koudas
C.Faloutsos . x—oass =0.158+0.170
o - — 0.088 fi=0.397
xj =0.752 . 5HEo i
fi=0.506 0.246 ’
I 0.198 M.Franklin
0.088 J.Leskovec . x; =0.000
| X =0313 0.199 f=0.199
0.052 / 0.105 f;=0.418
R.Kumar / 0.036 0.023 C.Guestrin
x; =0.583 x; =0.372
f;=0.454 0.130 0.023 f;=0.395

0.147 D.Liben-Nowell
N X; = 0.159
0.148 fi = 0.307
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Definitions

Conformation process

Apply the averaging process repeatedly until convergence

/
T(G')=0.328
N.Koudas
C.Faloutsos . x—oass =0.159+0.169
xj =0.752 - ,,,f———/(')"‘iaé' 0.090 fi =0.396
fi=0.504 0.248 ’
I 0.198 M.Franklin
0.088 J.Leskovec . x; =0.000
| x; =0.313 0.198 f;=0.198
0.052 0103 ;=0416
R.Kumar | 0036 0022 C.Guestrin
X;=0583 .~ x; =0.372
f;=0.452 0.131 0.022 f;=0.394

0.147 D.Liben-Nowell
N X; = 0.159
0.147 fi = 0.305
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Definitions

Conformation process

The repeated averaging model is equivalent to
choosing f; to minimize T;(G,x.f)

It yields a Nash equilibrium for the tension,
not a social optimum

[1] Bindel, Kleinberg and Oren (2011) How Bad is Forming Your Own Opinion? FOCS
[2] Gionis, Terzi, and Tsaparas (2013) Opinion Maximization in Social Networks. SDM
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Definitions

Problem statement

Given a network G = (V,E),
latent profiles x and a set of seed nodes Q C V,
find V' C V

such that

QcV,

the graph G’ induced by V' on G is connected and

T(G,x,f) is minimized,
where f is computed by the repeated averaging model on G'.

A? Crta— Finding low-tension communities — E.G., B.Golshan, A.Gionis and E.Terzi 11/22



Algorithms

Algorithms

Computing the conformed profiles is costly
Use a proxy for the contribution of pairs of neighboring nodes

Assign weight wj; = |x; — X;| to each edge (i,j) € E

Two proposed algorithms to build a connecting subgraph:
a spanning-tree approach and a top-down approach
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Algorithms

Spanning-tree approach

Build a spanning tree between the query nodes
using the 2-approximation to Steiner tree problem

Different ways to score the tree yield variants
CTree (e) Number of edges involved
CTree (s) Sum of weights of the edges along the path
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Spanning-tree approach

N\ .M.Franklin

o ’\‘. i ('.\/ AP A
# D.Liben-Nowell ~

A? &L’z‘é’a:- Finding low-tension communities — E.G., B.Golshan, A.Gionis and E.Terzi

Algorithms

14/22



Algorithms

Spanning-tree approach

Find shortest paths
. ° between pairs of seed nodes
[ )
| |
|
[ J
4
[ |
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Algorithms

Spanning-tree approach

Find shortest paths
° between pairs of seed nodes
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Algorithms

Spanning-tree approach

Find shortest paths
! ° between pairs of seed nodes
o

|
|
[ J
3
| |
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Algorithms

Spanning-tree approach

Considering each path as an edge

° find a minimum spanning tree
[ )
4 |
||
([ J
4
3
| |
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Algorithms

Spanning-tree approach

Considering each path as an edge

° find a minimum spanning tree
[ )
| |
|
([ J
4
3
| |
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Algorithms

Spanning-tree approach

Finally expand back to paths
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Spanning-tree approach

C.Faloutsos N.Koudas

‘ J.Leskovec M.Franklin
D.Libc/en-NoweII
R.Kumar/.
C.Guestrin
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Spanning-tree approach

C.Faloutsos N.Koudas

‘\N.Leskovec M.Franklin

D.Liben-Nowell

R.Kumar

C.Guestrin

A? Crata— Finding low-tension communities — E.G., B.Golshan, A.Gionis and E.Terzi

Algorithms

14/22



Algorithms

Spanning-tree approach

C.Faloutsos N.Koudas

‘\N.Leskovec M.Franklin
D.Liben-Nowell
R.Kumar CTree (e)
T(G)=0.3279
\V'|=7|E'|=7
C.Guestrin
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Algorithms

Top-down approach

Iteratively remove nodes until it is no longer possible
without disconnecting the query nodes

Different ways to pick next node yield variants
Cpeel (r) Random

Cpeel (s) Sum of adjacent edges weight
Cpeel (m) Max of adjacent edges weight
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Algorithms

Top-down approach

o e,
,0,/‘/ b

7

Y/

\ ‘M.Franklin
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Algorithms

Top-down approach

Remove nodes
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Algorithms

Top-down approach

Remove nodes
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Algorithms

Top-down approach
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Algorithms

Top-down approach
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Algorithms

Top-down approach
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Algorithms

Top-down approach
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Top-down approach
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Algorithms

Top-down approach
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Algorithms

Top-down approach

Until it is no longer possible
° without disconnecting
the query nodes
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Top-down approach
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Top-down approach
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Algorithms

Top-down approach

N.Koudas
M.Franklin

D.Liben-Nowell
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Example results

7

0.3279

CTree (e)

T(G)
V=7 |E|

CPeel (m)
=0.2661

(@)
V=11 |E| =11

o

R

Al Tomklnsvg‘

N.Immorlica®e,

M.

C.Faloutsos N Koudas

T8,
‘\, 4 Leskoveo\OM .Franklin
en-| Nowell )

Kumar

7 R
C.Guestrin
<

“N.Koudas

/\; i °\M.Franklin
%leen Nowell )
A o

S.Venkatasubramanian
PRaghavan ay

, MCharlkan X

C.Guestrin
= 2
AGupta
Goemans™ = * °

CTree (s)

(@)
IV =11 E =17

CPeel (s)

(@)
V| =13 |E'| =12

0.3516

0.2881

Experiments

C. Faloutsos *N. Koudas

}\N Leskovec\'M .Franklin
D leen NoweII
A. Tomkms
BKumart F’.Raghavan ay

.CzGuestrin

S - ‘N.Ko({JdansnF i

X ,c\\J.Leskovec\' ranxdin
//D.Liben-Nowell.

/ S.Venkatasubramanian

S ggarwal

A' Dasgupta 5

R. Motwanl

<.D.Williamson' |/ “c. Guestrln
TWexler /
== /(,x
N. Immorllca%;
M.Goemans™

Example solutions for connecting three seed nodes in the 1-hop ego-network of J.M.Kleinberg
with single-attribute latent profiles derived from keywords
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Example results

PSmyth D. Preglbon
G.Das X :

6

0.1355

CTree (e)

T(G)
V'[=7|E|

CPeel (m)
=0.1169

T(G)
V| =14 |E"| =13

H.Heikinheimo

A Glonls/’T Feder

S.Hyvonen
. #A.Leino

P.Smyth D. Preglbon

“T.Feder

D Gunopulos .
‘ E.Terzi "#A.Leino
F. Geerl‘iﬁ’panen Y q
M.Sa_lmenkivi
B. Goethals

A Vreeken
-J

CTree (s)
T(G@)

CPeel (s)

T(G)

0.1935

0.1446

V=9 |E|=13

V=12 |E' =11

H Heikinﬁ%i.mo<

Experiments
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77K : S.Hyvénen
] zi . ®A.Leino

» E.Terzi

P. Smyth D Preglbon

G. Dasof”
OT.Feder
f’.Mlettlnen
~ ETerzi J #A.Leino

J.Seppanen * I
M.Salmenkivi

"“.J.Vreeken
R

Example solutions for connecting three seed nodes in the 1-hop ego-network of H.Mannila
with single-attribute latent profiles derived from keywords
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Experiments

Quantitative experiments

Compared algorithms: proposed variants and Cocktail [3]

Evaluation measures:

standardized social tension (V) =T(V')/(2ep- w2(V))
std. solution size (aux.) e(V)=|E(V)|/ep

std. average edge weight (aux.) o(V’) =w2(V')/w2(V)

ep: size of the minimum spanning tree connecting the query nodes

w2(V): average squared edge weight in V

[3] M. Sozio and A. Gionis (2010) The community-search problem and how to plan a
successful cocktail party. KDD
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Quantitative experiments

Experiments
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Results for the 2-hop ego-network of C.Papadimitriou
with single-attribute latent profiles derived from conferences
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Running times

Experiments

Network [V| cTree(e) CTree (s) CPeel (s) CPeel (m)

IMDB WarnerBros 1970s 225 0.0(+0.0) .1(£0.0) 0.9 (x0.1) 0.7 (£0.1)
IMDB F.F.Coppola 678 0.0(£0.0) .7(£0.1) 8.8 (£1.6) 6.4 (£1.2)
DBLP E.Demaine 2234 0.1(+0.0) 28(+0.3) 757 (+12.3) 60.9 (+£13.0)
DBLP C.Papadimitriou 2613 0.1(%0.0) .2(£0.3) 114.6 (£20.0) 91.6 (£22.0)
DBLP ICDM 2795 0.2(+0.0) .3(£0.3) 1639 (+28.1) 133.9 (+29.7)
DBLP KDD 2737 0.2(+0.0) .5(£0.2) 166.8 (+27.8) 136.7 (£28.1)
DBLP P.Yu 4596 0.2(+0.0) 4(+0.3) 291.3 (+56.3) 242.3 (+43.1)
IMDB WarnerBros 2111 0.3(+0.1) 3.0(+0.2) 139.1 (£19.7) 57.2 (+£13.0)

)

IMDB WB+Paramount+Fox 5758

1.4(£0.2) 15 4(1.0

2192.3(+346.6)

670.5(+168.1)

Average running times (in seconds) of the algorithms (+ std. dev.)
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Conclusions

Conclusions

We defined a community-search problem with opinion dynamics:
find a subgraph that connects the seed nodes
and has low social tension

We proposed two algorithms, CPeel and CTree, with variants

Potential applications areas:
online social media and collaboration networks
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Conclusions

Conclusions

We defined a community-search problem with opinion dynamics:
find a subgraph that connects the seed nodes
and has low social tension

We proposed two algorithms, CPeel and CTree, with variants

Potential applications areas:
online social media and collaboration networks

Extended version with team-formation problem variant:
https://arxiv.org/abs/1701.05352

Code and data:
https://members.loria.fr/EGalbrun/resources/GGGT17_finding_code+data.zip
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