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Preface

Recently, Metaverse has gained paramount interest and huge investment from
the tech industry. Microsoft acquired Activision Blizzard for $70 billion in 2022
to set its first footsteps in the Metaverse game development race. Along with its
huge investment in AR, one of the core technologies of Metaverse, Google has
invested $39.5 million in a private equity fund for all Metaverse projects. Nvidia
has created Omniverse, a developing tool for Metaverse applications. Besides huge
investments from big tech companies, the economic activities of virtual worlds are
also significant, with transactions that exceed the magnitude of millions of dol-
lars. As a result, there is no doubt that the Metaverse will become one of the most
prominent directions of development in both industry and academia. However,
the development of the Metaverse, especially in academia, is still in a nascent stage.
Currently, researchers are striving to judge the shape and boundary of the future
Metaverse. They are only able to envision some of its possible characteristics, such
as open space, decentralization, human—computer interaction experience, digital
assets, and digital economy. Moreover, Metaverse applications are expected to face
various challenges such as massive resource demands, ultralow latency require-
ments, interoperability among applications, and security and privacy concerns.
Given the above, this book aims to provide a comprehensive overview of Metaverse
and discuss its enabling technologies and how these technologies can be utilized
to develop Metaverse applications.

Dinh Thai Hoang
Diep N. Nguyen
Cong T. Nguyen
Ekram Hossain
Dusit Niyato

Sydney, Australia
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Introduction

Edited by: Dinh Thai Hoang, Diep N. Nguyen, Cong T. Nguyen, Ekram Hossain,
and Dusit Niyato

The term “Metaverse” refers to next-generation Internet applications that aim
to create virtual 3D environments where humans can interact with each other and
the applications’ functionalities via digital avatars. Although the original concept
dates back to 1992, Metaverse has recently attracted paramount attention due to
the huge potential to rival, or even replace, conventional Internet applications in
the near future.

However, the development of the Metaverse, especially in academia, is still in a
nascent stage. Currently, researchers are striving to judge the shape and boundary
of the future Metaverse. They can only envision some of its possible characteristics,
such as open space, decentralization, human-computer interaction experience,
digital assets, and digital economy. Moreover, Metaverse applications are expected
to face various challenges, such as massive resource demands, ultralow latency
requirements, application interoperability, and security and privacy concerns.

Given the above, this book aims first to introduce the emerging paradigm of
Metaverse, which is expected to pave the way for the evolution of the future
Internet. The book also provides a comprehensive review of the state-of-the-art
research and development covering different aspects of Metaverse for a wide
range of readers, from general readers to experts. Advanced knowledge including
innovative models, techniques, and approaches to overcome the limitations
and challenges in developing Metaverse are then discussed. Finally, emerging
applications of Metaverse are presented, along with the related challenges and
open issues.
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Metaverse: An Introduction
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After reading this chapter you should be able to:

e Understand the current trends and challenges that building such a virtual
environment will face.

o Focus on three major pillars to guide the development of the Metaverse: privacy,
governance, and ethical design and to guide the sustainable yet acceptable
development of the Metaverse.

o Illustrate a preliminary modular-based framework for an ethical design of the
Metaverse.

1.1 Introduction

The term “Metaverse” was first introduced to the public in 1992 by Neal
Stephenson in his work of science fiction, “Snow Crash.” The main characters of
the book are shown to coexist with their avatars in a world that is an integration
of the virtual and the real, and it is populated by persistent virtual entities that
are superimposed on our actual surroundings. People are able to execute a wide
variety of immersive activities in this integrated reality.

# All authors equally contributed to this chapter.
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1 Metaverse: An Introduction

Several noticeable instances of this trend include people getting together with
their friends in a different location, working jointly with their coworkers, and par-
ticipating in shared virtual experiences (e.g. dating and virtual fitting). In other
words, diverse digital or virtual contents originating from cyberspace will eventu-
ally go beyond the boundary of 2D displays in the Internet that we are now using
and gradually make their way into three-dimensional (3D) settings.

As was said before, coincidentally, the projected environment is congruent with
Mark Weiser’s vision of ubiquitous computing in 1991: computer services would
be integrated into a multitude of facets of our lives, and users will have access to
virtual information whenever and wherever they choose. With such a compelling
vision, the landscape of ubiquitous computing has been advanced throughout the
course of the previous three decades by the proliferation of computing devices.
These computing devices include laptop computers, smartphones, the Internet of
Things (I0Ts), and intelligent wearables.

According to Milgram and Kishino’s Reality-Virtuality Continuum [16], the cur-
rent cyberspace has undergone significant development in recent years, and recent
attempts have been made to provide human users with services and digital expe-
riences by means of virtual environments such as augmented reality (AR) and
virtual reality (VR). Although no one can say for certain what the Metaverse will
bring about once it is fully realized, recent pre-metaverse apps have most likely
identified AR and VR on smartphones as the major testbed for immersive user
experiences. Pokémon Go, for example, has become the most popular AR pro-
gram on ubiquitous smartphones, astoundingly with 1 billion downloads, while
Google Cardboard is bringing VR content to mainstream audiences (for example,
YouTube VR) [4].

As such, the term “Metaverse” refers to a blended space at the intersection
between physical and digital in which multiple users can concurrently interact
with a persistent and unified computer-generated environment, and other users.
This space has the potential to become the next important milestone in the
development of cyberspace as it exists today.

It is worth noting that modern devices that enable entrance to Metaverse get
access to multiple types of users’ data. Also services based on artificial intelligence
(AI) use derivatives of data generated by users in their function, making data the
new commodity that spawns a lucrative, fast-growing industry.

This introductory chapter focuses primarily on discussing the evolution of the
Metaverse as well as the difficulties that have been encountered. First, we will
provide a concise overview of the evolution of cyberspace as well as the impor-
tance of technological enablers. As a result, our bottom-up methodology places an
emphasis on the following three crucial technological enablers for the Metaverse:
networks, systems, and users. In addition, we emphasize a number of essential
challenges, both from a technical and an ecosystemic point of view, that are nec-
essary for the construction and maintenance of the Metaverse.



