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Introduction & Motivation

Viral Marketing

Influence Maximization Problem

Influence Diffusion Models

Limitations of Existing Models
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Viral Marketing

ÅWord of mouth effect > TV advertising
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Influence Maximization Problem ώY55Ωлоϐ

„Ὓ

the expected number of people influenced by a seed set Ὓ

ÁÒÇÍÁØ
Ṗ ȟȿȿ

„Ὓ

Given a network Ὃ ὠȟὉ, and a budget Ὧ,
find the Ὧmost influential people in a social network
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„Ὓ5ŜǇŜƴŘǎ hƴ Χ

How influence is propagated through a graph

= Influence Diffusion Model

Å²Ŝ ƴŜŜŘ ŀ άrealisticέ ŘƛŦŦǳǎƛƻƴ ƳƻŘŜƭ ǘƻ ŀǇǇƭȅ
ƛƴŦƭǳŜƴŎŜ ƳŀȄƛƳƛȊŀǘƛƻƴ ǇǊƻōƭŜƳ ǘƻ ŀ άreal-worldέ ƳŀǊƪŜǘƛƴƎΦ

ÅExisting diffusion models
ï IC (Independent Cascade) model ώY55Ωлоϐ

ïLT (Linear Threshold) model ώY55Ωло]

CT-IC model for Viral Marketing

ό ὺ
ὴὴόȟὺ
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9ȄƛǎǘƛƴƎ aƻŘŜƭǎ LƎƴƻǊŜ Χ όмύ

ÅAn individual can affect others multiple times.

ïbh¢ ŎƻƴǘŀƛƴŜŘ ƛƴ άL/ ƳƻŘŜƭΦέ

CT-IC model for Viral Marketing
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9ȄƛǎǘƛƴƎ aƻŘŜƭǎ LƎƴƻǊŜ Χ όнύ

ÅMarketing usually has a deadline.

ïbh¢ ŎƻƴǘŀƛƴŜŘ ƛƴ άŀƭƭ ǇǊŜǾƛƻǳǎ ƳƻŘŜƭǎΦέ
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Our Contributions

CT-ICmodel

Properties of CT-IC model

CT-IPAalgorithm
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ÅWe propose a new influence diffusion model ά/¢-L/έfor viral 
marketing, which generalizes previous models such that

ïAn individual can affect others multiple times.

ïMarketing has a deadline.

ÅAn efficient algorithm for influence maximization problem
under CT-IC model?

1) CT-IC model

ÁÒÇÍÁØ
Ṗ ȟȿȿ

„ὛȟὝ

ὴὴόȟὺ ὴὴόȟὺ Ὢ ὸ
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Greedy Algorithm ώY55Ωлоϐ

Å Influence maximization even under IC model is NP-Hard.

ÅGreedy algorithm:
ïRepeatedly select the node

which gives the most
marginal gain of „Ὓ

ÅTheorem: 
„Ὓ satisfies non-negativity, monotonicity, submodularity
ᵼ Greedyguarantees approximation ratio ρ ρȾὩ.

ÅCT-IC model satisfies these properties?

CT-IC model for Viral Marketing
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2) Properties of CT-IC model

ÅWe prove the Theorem:In CT-IC model, „ɇȟὸsatisfies 
non-negativity, monotonicity, and submodularity.

ïNon-negativity: „Ὓȟὸ π

ïMonotonicity: „Ὓȟὸ „Ὓᴂȟὸfor any ὛṖὛᴂ

ïSubmodularity: „Ὓ᷾ ὺȟὸ „Ὓȟὸ
„Ὓᴂ᷾ ὺȟὸ „Ὓᴂȟὸfor any ὛṖὛᴂ

ÅThus, Greedyguarantees approximation ratio ρ ρȾὩ
even under CT-IC model.

ÅAn efficient method for computing „ὛȟὝ under CT-IC model?

CT-IC model for Viral Marketing
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3) CT-IPA algorithm

ÅDifficulties for computing „ὛȟὝ under CT-IC model
ïMonte Carlo simulation is not scalable. ώY55Ωмлϐ

ïEvaluating  „Ὓ is #P-Hardeven under IC model. ώY55Ωмлϐ

ïWe show that it is difficult to extend PMIA (the state-of-the-art 
algorithm for IC model) to CT-IC model!

ÅWe propose άCT-Lt!έalgorithm (an extension of IPAώL/59Ωмоϐ) 
for calculating „ὛȟὝ under CT-IC model.
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Experiments

Dataset

Characteristic of CT-IC model

Algorithm Comparison
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Dataset

ÅWe use four real networks:

CT-IC model for Viral Marketing



14/19

Characteristic of CT-IC model (1)

ÅModel comparison between IC & CT-IC models:
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Characteristic of CT-IC model (2)

ÅEffect of marketing time constraint Ὕ:
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Algorithm Comparison (1)

ÅComparison of influence spread:
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Algorithm Comparison (2)

ÅComparison of processing time:

ïCT-IPAis four orders of magnitude fasterthan Greedy
while providing similar influence spreadto Greedy.

CT-IC model for Viral Marketing
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Conclusion

CT-IC model for Viral Marketing
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Conclusion

Existing diffusion models ignore important aspects of real marketing.

1) Propose a realisticinfluence diffusion model ά/¢-L/έ
for viral marketing.

2) Prove that CT-IC model satisfies
non-negativity, monotonicity, and submodularity.

3) Propose a scalable algorithm άCT-IPAέfor CT-IC model.

CT-IC model for Viral Marketing



20/19

Thank You!
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Supplements
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CT-IC model & Other Diffusion models

ÅRelationship between influence diffusion models:
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