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MAX-SUM DIVERSIFICATION

Find k elements S maximizing

f(S)+A ) dz,y),
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PROBLEM DEFINITION

Dense subgraphs:
The density of a subgraph G = (V, F) is

dens(G) =

where

= f is a submodular function

Distance between subgraphes: , ,
= d 1S a metric.

The distance of two subgraphs G = (V, E)

and H = (W, A) is Greedy yields 1/2 approximation [1]:

\aalids S <« 0;
D(G,H) =2 VW] foreach:=1,... k do
add z to S maximizing the gain
and 0if V =W.
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Objective: Find k subgraphs such that

Zdens(Gi) +)\ZD(G@-,G]-) . —

1<

I[f the maximization step is approximative

= first term: graphs should be dense with ¢, then greedy approximates with c/2.

= second term: graphs should be diverse
= \ controls the balance of the terms

GAIN PROBLEM
Given a set S of subgraphs, find a subgraph

G maximizing

EXAMPLE

%dens(G) + A Z D(G,H)

HeS

= exponential number of subgraphs
= Gain problem is NP-hard

EXPERIMENTAL EVALUATION

informatics , mathematics

LA

Meti Dense Metis Dense Met{Lln{(S Dense Metis Dense Metis  Dense
2w 2 24w 20 T
1 _ Q _Q 400 Q i
= Links = — 1% Links T = % Links
© O o O 16- AR N\D o |
O » o) Q o 1. © 1.6
S 1.5 A & S 1.5 - = & - Z o
z A A 1.2- A 1.2-
1- | | | | | 1- | | | | 1 - | | | | | |
6 & 10 12 14 20 40 60 80 20 40 60 5 10 15
Density (dens) Density (dens) Density (dens) Density (dens) Density (dens)
Metis Dense Metis Dense Metis Links Metis Dense Metis  Dense
N\ \ N\ \ Dense \ N\
~~ 1 - va ~~ 1 _._‘! ~~ 1 - ~—~ 1 T V’: A~ 1 -l —v-
s R S . D S S
. Links e . . Y%7 Links L 087 e
iz % 0.6 - % % 0.6 - YR8, Z0.6-
© 0.5 go < 0.5 go v ’ 2 o
3 g 0.2- & 2 0.2- 3
= = = = -~ 0.2
O a | | | | | O T O - | | | | O - | | | | | |
6 & 10 12 14 5 20 40 60 80 20 40 60 5 10 15
Density (dens) Density (dens) Density (dens) Density (dens) Density (dens)
Metis Metis Metis Metis
_ 1 _ 1 _ 1 _ _ 1
5 Dense S Dense S ense “los 75 S
Z 0.8 - = 0.8 - vo.9jﬂ\ N = 0.8 - 5
) O ) ) ) ense
% 0.6 % 0.6 - 5081/ & a 0-6° \
S o S o S 0.4 -
5 4 Links & 5 U & 5 0.7 L'n(s E 5 N M
3 | > S _ Q 3 | ) 0 O 0.2 . IMN\_E\O
0.2 V/ A 0.2 - . Links MAR 0.6 - Links M/‘l O¢
6 8 10 12 14 5 10 15 20 40 60 &0 5 10 15
Density (dens) Density (dens) Density (dens) Density (dens) Density (dens)
DBLP.E2 Papadimitriou DBLP.C KDD G+.S 1183...6467 FB 1684 BKGW BK Latin-America
|E| = 2616 |E| = 2891 |E| =694 |E| = 786 |E| = 1216

dens(G) = 3.62

dens(G) = 3.88

dens(G) = 40.24

dens(G) = 17.84

dens(G) = 2.22

' HELSINKI
INSTITUTE FOR
. INFORMATION
TECHNOLOGY

Aalto University

GREEDY FOR GAIN

Warm-up, A = O:

Known greedy algorithm [2] for
finding dense subgraphs

W «— V;

while W # () do
v <+ vertex with the smallest

degree;
i delete v from W;

return the best observed subgraph;

This yields 1/2 approximation.
General case, A > 0:

Given a set S of subgraphs and a set of ver-
tices 1V, define

Unw
U]

p(v; W) =

2

H=(U,F)eS|veU

Large p(v; W) = node is shared with many
previous communities.

W« V;
while W # () do

v < vertex minimizing
deg(v) — 4 p(v; W);
i delete v from W;

return the best observed subgraph;

This yields ¢ = 1/5 approximation.

1/10 approximation for the general problem.
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