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ABSTRACT
Large-scale, highly interconnected networks, which are often modeled as graphs, pervade both
our society and the natural world around us. Uncertainty, on the other hand, is inherent in
the underlying data due to a variety of reasons, such as noisy measurements, lack of precise
information needs, inference and prediction models, or explicit manipulation, e.g., for privacy
purposes. Therefore, uncertain, or probabilistic, graphs are increasingly used to represent noisy
linked data in many emerging application scenarios, and they have recently become a hot topic
in the database and data mining communities. Many classical algorithms such as reachability
and shortest path queries become #P-complete and, thus,more expensive over uncertain graphs.
Moreover, various complex queries and analytics are also emerging over uncertain networks, such
as pattern matching, information diffusion, and influence maximization queries. In this book,
we discuss the sources of uncertain graphs and their applications, uncertainty modeling, as well
as the complexities and algorithmic advances on uncertain graphs processing in the context of
both classical and emerging graph queries and analytics. We emphasize the current challenges
and highlight some future research directions.

KEYWORDS
uncertain graphs, reliability, pattern matching, similarity search, influence maxi-
mization



xi

Contents
Acknowledgments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . xiii

1 Introduction to Uncertain Graphs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
1.1 Data as Uncertain Graphs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
1.2 Modeling of Uncertain Graphs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
1.3 Challenges in Processing Uncertain Graphs . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7

2 Reliability Queries . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11
2.1 Reliability . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11
2.2 Shortest Path . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19
2.3 Nearest Neighbors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21

3 Graph PatternMatchingQueries . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25
3.1 The Pattern Matching Problem . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25
3.2 Filtering-and-Verification Framework . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27
3.3 Probabilistic Pruning . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28
3.4 Verification . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31

3.4.1 Basic Sampling . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32
3.4.2 Tree-based Sampling . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32
3.4.3 Hybrid Sampling . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33

4 Graph Similarity SearchQueries . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37
4.1 The Similarity Search Problem . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37
4.2 Probabilistic Subgraph Similarity Query Processing . . . . . . . . . . . . . . . . . . . . 41
4.3 Probabilistic Supergraph Similarity Query Processing . . . . . . . . . . . . . . . . . . . 47

5 InfluenceMaximization . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55
5.1 Information Diffusion Models . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55
5.2 The Influence Maximization Problem . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56
5.3 Competitive Influence Maximization . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 58
5.4 Influence Maximization as a Service . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59
5.5 Topic-aware Influence Maximization . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60



xii

6 Major Open Problems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63

Bibliography . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65

Authors’ Biographies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79



xiii

Acknowledgments
We would like to thank our families for their love and support during the busy time spent in
writing this book.

For their collaborations, Arijit Khan would like to thank Xifeng Yan, Donald Kossmann,
Charu Aggarwal, Francesco Bonchi, Gustavo Alonso, Aris Gionis, Sameh Elnikety, Chengkai
Li, Gao Cong, Sourav Bhowmick, Lei Chen, Cong Yu, Prasenjit Mitra, Shu Tao, Yinghui Wu,
Francesco Gullo, Aamir Cheema, Vishwakarma Singh, Xiangyu Ke, Leroy Lim Hong Quan,
Siyuan Liu, Pratanu Roy, Lorenzo Severini, Vijaya Krishna Yalavarthi, Sixing Yan, Tenin-
dra Abeywickrama, Michelle Teo Wan Teng, Rojin Rezvan, Andreas Nufer, Gustavo Segovia,
Thomas Wohler, Benjamin Zehnder, Bojana Dimcheva, and Nandish Jayaram.

The research of Arijit Khan is supported by AcRF MOE Tier-1 RG83/16 and NTU
M4081678. Any opinions, findings, and conclusions in this publication are those of the authors
and do not necessarily reflect the views of the funding agencies.

Sincerely,

Arijit Khan, Yuan Ye, and Lei Chen
July 2018


	Copyright Page
	Title Page
	Contents
	Acknowledgments



