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(Social) networks are natural phenomena
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Booming of online social networks 
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Opportunities and challenges on the 
research of online social networks 
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·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



Our recent work on social network 
related research

Institute of Software, Chinese Academy of Sciences, Mar. 31, 20106

·Social influence in social networks
·scalable influence maximization
·influence maximization with negative opinions
·influence analysis in online discussion forums

·Fundamental algorithms for large graphs
·fast distance queries in power-law graphs
·game-theoretic approach to community detection

·Game-theoretic based modeling of social interaction
·bounded budget betweennesscentrality game for 

network formation
·Isolation game
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Collaborators: 

Chi Wang, Yajun Wang, SiyuYang
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Scalable Influence Maximization 
in Social Networks



Word-of-Mouth (WoM) Marketing
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level of trust on different types of ads*

*source from Forrester Research  and Intelliseek

very effective



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 the word-of-mouth effect in the Hotmail and messenger 
network --- Influence Maximization

A Scenario of Online WoM Marketing
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influence maximization

targeted ads or 

marketing activities on a

small set of influencers

customer requests to 

promote a product 

through influencers

Hotmail / Live Messenger



Social influence graph
vertices are individuals
links are social relationships
number p(u,v) on a directed 
link from u to v  is the 
probability that v is activated 
by u after u is activated

Independent cascade model
initially some seednodes are 
activated
At each step, each newly 
activated node u activates its 
neighbor v with probability 
p(u,v)

Influence maximization:
find k seeds that generate the 
largest expected influence

The Problem of Influence Maximization
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Influence maximization as a discrete optimization problem 
proposed by Kempe, Kleinberg, and Tardos, 2003

Finding optimal solution is provably hard (NP-hard)

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

Prior Work
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Design new heuristics

MIA (maximum influence arborescence) heuristic

for general independent cascade model (more realistic)

103 speedup --- from hours to seconds

ƛƴŦƭǳŜƴŎŜ ǎǇǊŜŀŘ ŎƭƻǎŜ ǘƻ ǘƘŀǘ ƻŦ ǘƘŜ ƎǊŜŜŘȅ ŀƭƎƻǊƛǘƘƳ ƻŦ ώYY¢Ωлоϐ

Degree discount heuristic

for uniform independent cascade model

106 speedup --- from hours to milliseconds

Our Work
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For any pair of nodes u and 
v, find the maximum 
influence path (MIP) from u 
to v

ignore MIPs with too small 
probabilities ( < parameter q)

Maximum Influence Arborescence (MIA) 
Heuristic
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Local influence regions

for every node v, all MIPs 
to v form its maximum
influence in-arborescence 
(MIIA )

MIA HeuristicόŎƻƴǘΩŘύ
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Local influence regions

for every node v, all MIPs 
to v form its maximum
influence in-arborescence 
(MIIA )

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

computing MIAs and the 
influence through MIAs is 
fast

MIA HeuristicόŎƻƴǘΩŘύ
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Iteration 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

tunable with parameter q: tradeoff between running time and 
influence spread

aL! IŜǳǊƛǎǘƛŎ όŎƻƴǘΩŘύ
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Experiment Results on MIA heuristic
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103 times

speed up

close to Greedy,

49% better than Degree, 

15% better than 

DegreeDiscount

Experiment setup:
Å 35k nodes from coauthorship graph in physics archive
Å influence probability to a node v = 1 / (# of neighbors of v)
Å running time is for selecting 50 seeds

Influence spread vs. seed set size running time



Scalability of MIA heuristic
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Experiment setup:
Å synthesized graphs of different sizes generated from power-law 

graph model
Å influence probability to a node v = 1 / (# of neighbors of v)
Å running time is for selecting 50 seeds



Heuristic algorithms:

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

Ongoing projects and future directions
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Collaborators: 

Christian Sommer, Shang-Hua Teng, Yajun Wang 
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Distance Oracles in Power-Law Graphs



Application scenario
·Distance computation

·finding social ties

·in large graph

Bob Χ Χ Alice

Graph G=(V,E)
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Distance oracle

Data
Structure

pre-
processing

query:
<s, t>

Graph

Offline computation

Online query

Naive ways:
1. No preprocessing -> O(m)query time
2. Full table -> O(n^2)space

More generally:
preprocessing + online query
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Handling large graphs

ºSampling

ºApproximation

ºHeuristics

ºExploit special properties

· Power law degree sequence

· First analytical performance connecting power law exponent
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Power law graphs
·

Internet graph, 
[Faloutsoset.al. 1999]

Web graph
[Broderet.al. 2000]
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Power law graphs
·Internet graph, web graph

·Social network, messenger graph

·Semantic networks of words

·Protein-protein interaction graph

·ΧΧΦ

Institute of Software, Chinese Academy of Sciences, Mar. 31, 201025



Optimal distance oracle
·General graphs  [Throp, Zwick2004]:

·undirected

optimal subject to the girth conjecture of Erdos.

General(sparse) graph

Stretch 3

Preprocessing

Space

Query O(1)
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·

General(sparse) 
graph

Power law graph

Stretch 3 3 3

Preprocessing

Space

Query O(1) O(1) O(1)

Our oracle
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Oracle structure

CORE
l(s) l(t)

s t

Ball(s) Ball(t)

Å If t is not inside Ball(s), return d(s,l(s))+d(l(s),t): 
guarantee stretch 3

ÅSpace for node s: all distances from s to all nodes in its 
ball Ball(s) and the core: O(|Ball(s)| + |CORE|)
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Oracle structure

Generalgraph Power law graph

COREsize

Ball size
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Analysis framework: random graph
·
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Analysis framework: the core
·
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Core and Balls
·

u

CORE

Institute of Software, Chinese Academy of Sciences, Mar. 31, 201032



Tradeoff
·
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Distance oracle
·
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Application to compact routing
·Compact routing

·Each node maintain a local routing table

·Sub-linear (compact) routing table

·Routing is based on local decision with

routing table, destination address, message header

ID Port
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