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The Structure of Romantic and Sexual Relations at "JefTerson High School"
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R ® Male
» Female

Each circle represents a student and lines connecting students represent romantic relations occuring within the 6 months

preceding the interview. Numbers under the figure count the number of times that pattern was observed (1.¢. we found 63
pairs unconnected 1o anyone ¢lse)
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Oppertunitiesand challengesandhe
researchodobonhine sogiaknetwiorks

. Opportunities
. massive data set, real time, dynamic, open

™

. help social scientists to understand social interactions in

a large scale
. help marketing people to target to the right audience
- help users to utilize the networking effect

. Challenges
. graph structure based large scale data analysis
. scalable algorithm design
- realistic modeling of network formation and evolution
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Our recentweokkoan soclalenetwork

related research

. Social influence Iin social networks
. scalable influence maximization
. Influence maximization with negative opinions
. Influence analysis in online discussion forums

. Fundamental algorithms for large graphs
. fast distance gueries in powdaw graphs
. gametheoretic approach to community detection

. Gametheoretic based modeling of social interaction

. bounded budgebetweennessentrality game for
network formation

. Isolation game
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Scalable Influence Maximization

In Social Networks
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Word-of-Mouth (WoM) Marketing

level of trust on different types of ads

[ family and friends

] <g[ véry effective]

consumer posts on boards
newspaper

magazine

Radio

TV

outdoor

online ads

mobile phone ads

100%

*source from Forrester Research amdelliseek
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A SeenariooH AQnlind/oM Marketing

targeted ads or customer requests to
marketing activities on a promote a product
small set of influencers through influencers

Hotmail / Live Messenger

influence maximization

@ A customer wants to promote his product via our Hotmail or Live
Messenger platform with a limited budget

@ We select a small set of people (seeds) based on customer budgets
for targeted marketing, with the goal of generating the largest
Influence via thevord-of-mouth effectin the Hotmail and messenger
network --- Influence Maximization
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The Problem ofrinfluencel Maximization

@ Social influence graph
@ vertices are individuals
@ links are social relationships

@ number p(,v) on a directed
link fromutov isthe
probability that v is activated
by u after u is activated

@ Independent cascade model

@ initially someseednodes are
activated

@ At each stepeach newly
activated node u activates its
neighbor v with probability
p(u,v)

@ |nfluence maximization:

* find k seeds that generate the
largest expected influence
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Prior Wotk

@ Influence maximization as a discrete optimization problem
proposed by Kempe, Kleinberg, amardos 2003

@ Finding optimal solution is provably hard (N&d)

@ Greedy approximation algorithm, 63% approximation of the
optimal solution

@ Several subsequent studies improved the running time

@ Serious drawback:

@ very slow, not scalable: > 3 hrs on a 30k node graph for
50 seeds
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Our Wortk

@ Design new heuristics
¢ MIA (maximum influence arborescence) heuristic
@ for general independent cascade model (more realistic)
e 10°speedup---from hours to seconds
e AVTFE dzSYyOS aLINBIR Oft2asS G2 0KI
@ Degree discount heuristic
e for uniform independent cascade model
e 10°speedup---from hours to milliseconds
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- Maximum | nfluenee\Arboeresecence! (MIA) -
Heuristic

@ For any pair of nodes u and
v, find the maximum
iInfluence path (MIP) from u
tov

@ Ignore MIPs with too small
probabilities ( < parameteaq)
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e
MIA Heufistiax @21y U QR 0

@ Local influence regions

e for every node v, all MIPs
to v form its maximum
Influence irarborescence
(MIIA)
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MIA Heuristic- @2y 0 QR 0

@ Local influence regions

e for every node v, all MIPs
to v formits maximum
Influence irarborescence
(MIIA)

@ for every node u, all MIPs
from u form its maximum
Influence out "
arborescence (MIOA ) -

e computing MIAs and the °jf ~
Influence through MIAS is .
fast t‘)
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@ |teration between two steps
@ Selecting the node v giving the largest marginal influence
@ Update MIAs after selecting v as the seed

@ Key features:
@ updates are local

e tunable with parameteq: tradeoff between running time and
Influence spread
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ExperimentResultsron IM A heuristic

Influence spread vs. seed set size running time
1600 - 1.0E+05 - 3.5hrs
——Greedy < 1.0E+04 -
1400 - & 1.0E+03 -
00 —+—MIA £ 1.0E+02 -
| ——DegreeDiscount g LOE+OL -
o & £ loes00 |
£ 1000 | —Degree £ 10E-01 - 95ms
c _ _ 2. 1
3 800 - ——Random S 1.0E-02 ms 0.6 ms
g 2 1.0E-03 -
< 1.0E-04 - .
2 600 - &
< SRR
400 G‘ <>\"°° S
<
200 - oF
0
1 11 21 31 41
seed set size

Experiment setup:

A 35k nodes from coauthorship graph in physics archive

A influence probability to a node v = 1 / (# of neighbors of v)
A running time is for selecting 50 seeds
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ScalabilityoofWNIA heuristic

7000

5000 e Greedy
iy o 5P ] W
T 5000
E s PMIA(L 3 20)
< 4000
E i PRgE AN K
'ﬁl 3000
£ = e preeDiscountIC
E 2000
= == Random

10040

0 ; = —
0 2000040 400000 200000 200000

number of edges in the graph

Experiment setup:

A synthesized graphs of different sizes generated from pelaar
graph model

A influence probability to a node v = 1 / (# of neighbors of v)
A running time is for selecting 50 seeds
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Ongomgpprojects andifuture directions

@ Heuristic algorithms:
e for other models such as linear threshold model

@ Approximation algorithms:
@ How to approximate influence spread given a seed set?

@ Different and more realistic models:
@ Influence propagation with negative opinions

@ Influence analysis from online social media
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Distance Oracles in Powkaw Graphs
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Applicationsseenanio

- Distance computation
- finding social ties
. In large graph

Graph G=(V,E)
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Distancesoracie Online query

Nalve ways:
1. No preprocessing> O(m)guery time
2. Full table->O(n”2)space

More generally:
preprocessing + online ©

pre- Data
processing Structure

Offline computation
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Hamndl g agge graphs

Sampling
Approximation
Heuristics

Exploit special properties

Power law degresequence
First analytical performance connecting power law exponent
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Power|lawsgtaphs

o Degree sequence

*971108.out" <
exp(7.68585) " x ** ( -2.15632)

Pr[d, = k] ~k™°
T € (2,3)

PR |

Out-degree (total, remote-only? distr. 1

1 10 100

1e+@89 : cuer _T':Tl :;”"H” - : (a) Int-11-97
e Internet graph,
o 1oopaao | [Fa|OUtSOSBta| 1999]
S| Web graph
Sl [Broderet.al. 2000]

1 16 188 1866

out-degree
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Power |lawegraphs
. Internet graph, web graph

. Soclal network, messenger graph
. Semantic networks of words
. Proteinprotein interaction graph

X XD
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Optimal distanee ordele
. General graphsThrop Zwick2004]:

. undirected
Generallsparse) graph
Stretch 3
Preprocessing O(n3/2)
Space O(n3/?)
Query O(1)

optimal subject to the girth conjecture dErdos
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Our oracdte

o Power law graph
with exponent 7 € (2,3)

General(sparse)
graph

Stretch

Preprocessing O(n1-5) O(n”ylog n) O(nl'lzlog n)
Space O(n1-5) O(n1+y) O(n1'12)
Query O(1) O(1) O(1)

T2
14 _ZT—3 < 1/3
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Oradlesstrudctuse

A Iftis not insideBall(s) returnd(s,(s))+d(I(s),t):
guarantee stretch 3

A Space for node s: all distances from s to all nodes in its
ball Balls) and the coreO(|Ball(s)| + |CORE]|)
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Oradlesstructuse

I T

COREIze 0(\@
Random

Ball size O(\/m
o T—2
VY = 223

On?)
High degree

OnY)

<1/3
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Analysis frameworkarandomrgraph

o Random power law graph [Chung, Lu 2000]

» Decide the expected degree sequence

n /'r—l
{Wl, Wz, ane ) Wn} fOl" Wk — (E)

» sample each edge between v;, v; with probability:

. {Wi Wj 1}
min ,
2. Wk

o expected degree of v; 1s roughly w;.
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Analysis frameworkhiheccore

o Set high degree CORE as:

core(w) = {v; €V |w; >n""}

o actual graph core:
core(G) = {v; €V |d;>c-n"}

for c = Y4, core(w) € core(G) w.h.p
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CoreandzBalls

o Number of nodes 1n CORE:
nl_‘y’(r_l) = ny

o Volume of CORE
(total degree)

> n¥+v’

Lemma:
If Vol(S) - Vol(T) > c - Vol(G),
Pr[d(S,T) > 1] <e™ ¢

Vol(B)=nf = n¥ t-2v'
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Tracleoff

o CORE [nY nodes]:
o Ball size [nfnodes]

o Trade off
T— 2

2T — 3

F=Ey=v=
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T 2
V= 2T — 3
 Stretch: 3 %20 22 oz 25 73 5o

« Preprocessing time: O(n'*"logn)
e Space: O(n'?)

* Query time: O(1) for 7 = 2.15, y = 0.12
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Compact routing

. Each node maintain a local routing table
o JPot

. Sublinear (compact) routing table

. Routing is based docal decisiorwith

routing table, destination address, message header
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