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Preface

Throughout history, epidemic diseases have been a serious threat to human health
and life. In the past few years, many infectious diseases such as dengue, malaria,
HIV, and SARS have captured global attention. Many of these, and others, remain
a great threat, with potential for new outbreaks — particularly, for example, with
a human-transmissible version of the H5N1 avian influenza. Moreover, with the
development of globalized transportation, the potential for epidemic transmission
has become much greater. Once a disease emerges, it will very likely diffuse glob-
ally very rapidly: 2009 HIN1 spread to some 30 countries worldwide in a relatively
short period of time leaving more than 800 dead. The continual computer virus
attacks on the Internet also illustrate the urgent need for knowledge about model-
ing, analysis, and control of epidemic dynamics on complex networks. Concerning
the advance of techniques, it has become clear that more fundamental knowledge is
needed within the context of mathematical and numerical studies on how epidemic
dynamical networks can be modeled, analyzed and controlled. The main objective
of this book is to present the state-of-the-art and recent progress in the investigation
of these important topics and some related issues arising from various epidemic and
information systems.

This book covers most emerging topics of epidemic dynamics on complex net-
works, including models, theories, methods, and global stability analysis. We also
extend our discussions to include information propagation dynamics, and address
topics such as how information, opinions, and rumors spread in the Internet or
social networks. This work has developed from a series of research papers resulting
from an on-going collaboration among the three authors and their research groups
since 2006.

This is mainly a research monograph and also a textbook that can be used as
either a research reference book or for a one-semester introductory course on prop-
agation dynamics and epidemic control on complex networks for upper-division
undergraduates and first-year graduates in applied mathematics, engineering, com-
puter science, information science, communication systems, biological and life
sciences, applied physics, as well as biomedical and social sciences. It covers most
basic topics in the field, and therefore can serve well for self-study of these topics
by graduate students and researchers interested in network science and engineering.

Throughout the text we often keep the adjective complex to reflect the histor-
ical perspective and to emphasize the nature of the subject, which is in line with
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the common phrases of complex systems and complex dynamics alike, therefore it
should not be seen as redundant.

We would like to take this opportunity to express our gratitude to the editor
Ms Ying Liu at China Higher Education Press for her invaluable help and support
throughout the writing of this book and the subsequent publication processes. We
would also like to thank the editors at Wiley for their timely responses to our book
proposal and for all their helpful comments aimed at improving the final product.

We would also like to acknowledge and thank Luonan Chen, Zhen Jin, Xiang
Li, Zengrong Liu, Zonghua Liu, Jun-an Lu, Robert MacKay, Chi K. Tse, Binghong
Wang, Xiaofan Wang, to mention just a few, and also our research group members,
for their kind help and support.

Finally, we would like to thank our postgraduate students for their contributions,
helpful discussions and useful suggestions during the writing of this book. Their
contributions are too many to be listed individually.

The research was supported jointly by the University Grants Council of Hong
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Research Council Future Fellowship scheme (grant number FT110100896), City
University of Hong Kong, the NSFC grant 11072136, the Shanghai University
Leading Academic Discipline Project “Complex Systems: Theory, Methods and
Technology” (2012-2014) (Project No. A.13-0101-12-004), and a grant of “The
First-class Discipline of Universities in Shanghai”. The publication of this book
was supported by the China National Publishing Fund for Academic Books in
Science and Technology.



Summary

This book evolved from a series of research papers by the three authors and
their students published since 2006. It covers the emerging topics of propagation
dynamics on complex networks, including models, methods, and stability analysis.
Throughout history, epidemic diseases have always been a serious threat to
mankind’s health and life, and ongoing serious virus attacks on the Internet also
illustrate the emergent need for knowledge about modeling, analysis, and control
in epidemic dynamics on complex networks. For advance of techniques, it has
become clear that more fundamental knowledge will be needed in mathematical
and numerical context about how epidemic dynamical networks can be modeled,
analyzed, and controlled. The aim of this book is to report the progress made
in these topics and some related issues of various epidemic systems. The book
will first present a brief history of mathematical epidemiology, and epidemic
modeling on complex networks. Then different epidemic models on complex
networks, such as staged progression models, models with population mobility, or
effective contacts, models on weighted networks, or directed networks, discrete
epidemic models, stochastic SIRS epidemic models, and so on, will be discussed.
Some threshold analyses by the direct method and by using spectral properties
are given. Networked models for SARS and HINI are established by setting up
plausible models for propagation of the SARS virus and avian influenza outbreaks,
which provides a reality-check for the otherwise abstract mathematical models
of this text, and it is shown that such models do match well the reality of current
emerging diseases. Furthermore, various infectivity functions, including constant,
piecewise-linear, saturated, and nonlinear cases, are considered. This book also
concentrates on the cases for SIS models with an infective medium, the roles of
human awareness in epidemic control, adaptive mechanism between dynamics and
epidemics. Methods for epidemic control and different immunization strategies
are summarized. Global stability analysis for several networked epidemic models
is demonstrated. Finally, information transmission on complex networks and some
differences between information and epidemic spreading are investigated.

This book covers most basic topics in the field, and therefore can serve well for
self-study of the subjects by graduate students and researchers interested in network
science and dynamical systems, and related interdisciplinary fields.
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Introduction

In this chapter we provide a brief introduction to the remainder of the book.

The uninitiated may require a broader background to the topic of complex
networks. Rather than overburden out current presentation, we refer interested
readers to some good introductory books and papers [1—14] for more background
information on complex networks and network science.

1.1 Motivation and background

Throughout history, infectious diseases have always been a serious threat to human
health and life. It is therefore of great practical significance to study epidemic trans-
mission and then to take effective measures to prevent and control them. Toward this
end, much research has fallen within the field of epidemiology, which uses math-
ematical modeling as an analytical approach. Traditionally, epidemic models were
based on uniformly mixing populations, which are unable to characterize epidemic
propagation in large-scale social contact networks with disparate heterogeneity.
However, the fact that most population-based epidemics spread through physical
interactions raises contact networks as a basic tool for mathematical description of
contagion dynamics. In the last decade, spurred by the availability of real data and
the maturation of network theory, there has been a burst of research on network-
based epidemic transmission [15-26].

Beyond ordinary infection diseases, recurring computer virus attacks (as well
as computer worms and other malware vectors) on the Internet also illustrate the
urgent need for knowledge about modeling, analysis and control of epidemic
dynamics on complex networks.

The World Health Organization (WHO) announced in 2012 [27] that some time
in the next couple of years Guinea worm will become only the second known
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