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Preface

Motivation of the Book

With the rapid advancement of Internet of Things (IoT) technology, the amount of data
generated by end devices has grown explosively. The transmission of such massive data
would inevitably induce heavy network traffic and consume excessive network resources,
resulting in high network latency and even service interruption. Emerging applications such
as autonomous driving and augmented reality usually demand low network latency, but the
quick growth in the number of end devices has made it challenging for cloud servers to exe-
cute a large volume of tasks in time. Although cloud servers have strong computing power,
their quantity is limited, and they are commonly located far from end devices, resulting in
significant transmission delays. To address this issue, edge computing has emerged, where
computation can happen at the network edge. Edge servers are not as powerful as cloud
servers, but their number is significantly more, and they are closer to end devices, reduc-
ing task response latency. However, complex tasks such as deep neural network training
are difficult to execute on edge servers. Therefore, cloud-edge-end orchestration, integrat-
ing clouds, edges, and devices, has gained popularity in both academia and industry. This
orchestration can effectively improve and balance system performance from many aspects,
such as energy consumption, latency, security, and reliability.

Summary of Contents

Chapter 1 introduces the supporting technologies of cloud-edge-end orchestration, including
cloud computing, edge computing, and IoT. For each supporting technology, we first present
its basic concepts for better understanding. Regarding cloud computing, we also discuss its
architectures, service quality metrics, and types. Edge intelligence has emerged as a promi-
nent research topic that integrates edge computing and artificial intelligence (AI). We also
study four key research dimensions of edge intelligence: edge offloading, edge caching, edge
inference, and edge training. Concerning IoT, we mainly focus on the computing hardware
and performance metrics of end devices.

Chapter 2 introduces the evolution of cloud-edge-end computing. It then presents the
fundamental concepts, enabling technologies, and hierarchical/horizontal models of cloud-
edge-end computing. The chapter finally concludes by discussing the research efforts of
cloud-edge-end computing, including service and server placement methods, data analysis
and training approaches, and resource management strategies.

Chapter 3 studies the performance models and optimization methods for cloud-edge-
end orchestrated systems. The chapter begins with a discussion of the challenges faced in
optimizing various aspects of cloud-edge-end orchestrated systems such as latency, energy
consumption, security and privacy, and reliability. It then examines the various performance
models associated with these systems and how they impact the overall performance. This
includes models related to latency, energy consumption, security and privacy, and reliability.
Finally, the chapter describes performance optimization methodologies that can improve

vii



viii Preface

the latency, energy consumption, security, and reliability of cloud-edge-end orchestrated
systems.

Chapter 4 discusses the design and implementation of cloud-edge-end orchestrated ap-
plications in various domains such as IoT, cyber-physical systems (CPS), and smart cities.
The IoT scenarios that are covered in this chapter include Intelligent IoT, time-sensitive
IoT, and Internet of Vehicles. In addition to this, the CPS scenarios that are discussed
include mobile CPS, medical CPS, automotive CPS, social CPS, and agricultural CPS.
Furthermore, this chapter also presents various aspects of smart cities such as smart build-
ings, AI applications in smart cities, intelligent transportation systems, smart grids, and
data analytics for smart cities.

Chapter 5 provides a summary of the book and suggests potential avenues for future
research.

This book aims to provide a comprehensive introduction to cloud-edge-end computing,
covering its background, fundamental concepts, supporting technologies, architectures and
implementations, and the latest research. It should be a useful reference for researchers and
engineers interested in cloud computing, edge computing, and IoT. We hope readers can
find inspiration and value for their own studies.
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Foreword

Cloud computing has become a dominant computing platform in recent years due to its
cost-efficient pay-as-you-go pricing, flexible on-demand resource delivery, and convenient
service deployment and maintenance. It offers tremendous advantages to various applica-
tion domains, such as artificial intelligence, big data analysis, industrial automation, and
medical fields. The rapid development of the Internet of Things, cyber-physical systems,
embedded computing, and edge computing has led to the creation of a new hybrid com-
puting technology called cloud-edge-end computing. This technology has gained popularity
in both academia and industry. Cloud-edge-end computing combines clouds, edges, and
devices to fully utilize their different capabilities and improve the quality of services for var-
ious application scenarios. It is considered to be the next-generation dominant computing
paradigm. However, many challenges must be addressed, such as scalable architecture de-
sign, lightweight network virtualization, energy-aware sustainable resource allocation, fault-
tolerant computation offloading, and security and privacy protection. These issues have yet
to be fully considered in current research work. This book aims to provide solutions to sys-
tem performance optimization problems and in-depth case studies that demonstrate how to
model and optimize the system performance of clouds, edges, and devices for cloud-edge-end
computing.

This book first introduces the background and fundamental concepts of clouds, edges,
and devices. It then presents the evolution, basic concepts, enabling technologies, architec-
tures, and implementations of cloud-edge-end computing. Cloud-edge-end computing can
offer users low-latency, high-reliability, and cost-efficient services by fusion and integration
of clouds, edges, and devices. As a result, it has become widely used in various application
scenarios. This book further explores different types of cloud-edge-end orchestrated systems
and applications, and discusses various advanced performance modeling approaches. The
book also contains the latest research on offloading and scheduling policies and resource
management methodologies for optimizing the performance of applications on cloud-edge-
end orchestrated systems. Finally, the book is rich in content and detailed in graphics. It
is indeed a significant contribution to the field of cloud-edge-end computing.

This book is a joint effort and creation of four energetic and enthusiastic scholars in the
international distributed computing community. The authors have published extensively on
cloud computing, edge computing, and embedded systems in the last few years. They are
undoubtedly well-regarded leading scientists in cloud-edge-end computing. I congratulate
the authors on an excellent job and look forward to seeing the book in print.

Albert Y. Zomaya
Peter Nicol Russell Chair Professor of Computer Science
School of Computer Science
University of Sydney
Sydney, NSW, Australia
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