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ARTICLE INFO ABSTRACT

Keywords: In recent years, the maturation of emerging technologies such as Virtual Reality, Digital Twins
Metaverse and Blockchain has accelerated the realization of the metaverse. As a virtual world independent
Infrastructure of the real world, the metaverse will provide users with a variety of virtual activities which bring
Cloud computing great convenience to society. In addition, the metaverse can facilitate digital twins, which offers
Edge computing transformative possibilities for the industry. Thus, the metaverse has attracted the attention of
Blockchain the industry, and a huge amount of capital is about to be invested. However, the development of
Privacy the metaverse is still in its infancy and little research has been undertaken so far. We describe
Socially beneficial the development of the metaverse. Next, we introduce the architecture of the socially beneficial

metaverse (SB-Metaverse) and we focus on the technologies that support the operation of SB-
Metaverse. In addition, we also present the applications of SB-Metaverse. Finally, we discuss
several challenges faced by SB-Metaverse which must be addressed in the future.

1. Introduction

While Neal Stephenson and William Gibson are often credited with conceptualizing “cyberspace”, which predates
the introduction of the term “metaverse” in Stephenson’s novel “Snow Crash” [1], the origins of “cyberspace” can
actually be traced back to the late 1960s. Danish artist Susanne Ussing and architect Carsten Hoff first coined the term
when they named their workspace Atelier Cyberspace. Although their enthusiasm for incorporating computers into
their visual art was clear, they lacked access to the necessary technology at the time. Decades later, with the advent of
the Internet, the concept of the metaverse has become a reality. This new digital realm represents an advanced form of
Internet applications built upon emerging technologies such as Blockchain, Edge Computing [2], Cloud Computing,
and Artificial Intelligence.

The metaverse is a real-time multiverse where all the users are connected to a single online framework that enables
real-time content changes, interactions, and monetization. The metaverse is characterized by sensory immersion,
decentralization, open economic systems, and borderless interoperability. Thus, it will bring many positive effects
to society [3]. Due to the isolation of geographic distance and the impact of the COVID-19 pandemic, many activities
have been reduced or stopped to enable epidemic prevention. However, the metaverse can provide great accessibility to
meet different social needs such as remote medical diagnosis, remote epidemic control, and real-time online teaching.
In addition, the metaverse provides infinite space for expansion and seamless scene changes, which can also achieve
diversity. Thus, the metaverse has great potential and broad development prospects. With the metaverse concept, the
Roblox stock listed in the United States on March 10, 2021, the metaverse has gradually become known and is being
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applied to various fields in recent years. Many corporate giants are also deploying the metaverse [4]. In May 2021,
Microsoft CEO Satya Nadella said the company was building a corporate metaverse. In October 2021, Facebook
founder Mark Zuckerberg announced that the company would be renamed as Meta [5].

Currently, the metaverse paradigm is being leveraged by a wide range of application scenarios which are beneficial
to the society. In the field of digital goods, users can select and try on goods with a highly immersive experience through
the metaverse. In March 2021, Gucci launches augmented reality (AR) virtual sneakers exclusively sold in the Roblox
and VRChat virtual communities [6]. As people interact more with digital goods and their values continue to rise,
digital goods can serve as a mapping of physical reality in the virtual field. In the field of telecommuting, traditional
technologies such as video calls and online meetings have the shortcomings of inefficient communication and lack
of real-time interaction [7]. The emergence of the metaverse solved these problems and it has been initially applied
to telecommuting. Facebook has launched Horizon Workrooms, a remote collaboration tool that allows colleagues
wearing virtual reality (VR) devices to be in the same virtual room and communicate face-to-face as much as possible.
Teleworking and collaboration in the metaverse will become more commonplace, and the way we live, connect, and
work is changing dramatically. In addition, the metaverse is being used in various application areas such as virtual
assets, online education, and immersive travel, all of which bring various benefits to society.

Although metaverse is becoming increasingly popular and socially beneficial, there is still a lack of sufficient
research on the structure and technology of the metaverse. Moreover, the social challenges and recommended solutions
of the metaverse have not been fully discussed yet. In this context, we summarize the main contributions of this paper
as follows:

e We provide a detailed definition of the metaverse and the definition of SB-Metaverse.

e We describe the development process of the metaverse and we present. Then list several typical metaverse
examples at different stages of development.

e We propose the SB-Metaverse framework and describe the specific content of each layer.

e We present various applications of SB-Metaverse. Finally, we summarize the social and non-social challenges
in SB-Metaverse, and provide corresponding solutions that solve these challenges.

We organize the rest of the paper as follows. In Section II, we introduce the definition and development process
of the metaverse. In Section III, we propose the SB-Metaverse framework. Next, we discuss key technologies such as
edge computing and blockchain of SB-Metaverse in Section IV. Section V presents applications of socially beneficial
metaverse. Section VI discusses social and non-social challenges faced by the socially beneficial metaverse. Finally,
Section VII concludes the paper.

2. What Is the Metaverse

2.1. Definition of the Metaverse

“Metaverse” is composed of the prefix “meta” and the root “verse”, in which “meta” means transcending and “verse”
is derived from “universe”. The word “metaverse” originated from Snow Crash, a science fiction novel written by Neal
Stephenson [8]. In this fiction, the metaverse referred to a parallel digital world which is separated from physical world,
where people can interact with each other freely. As a universe generated by computer, it has been defined in various
ways since its mergence. Lee et al. [4] viewed the metaverse as a virtual environment which combines the digital
world with the physical world together. Similarly, Collins et al. [9] also described the metaverse as the combination
of virtually enhanced physical reality and physically durable virtual space. Jaynes et al. [10] developed an unbridled,
open, interactive and immersive environment which enables users to overlook the space-time barriers virtually, and they
called this environment “metaverse”. Moreover, the metaverse has also been regarded as the next-generation Internet.

2.2. Definition of SB-Metaverse

Based on the above definitions, in this paper, we propose SB-Metaverse. SB-Metaverse could be defined as a 3D
virtual space with connection awareness and sharing characteristics, which make SB-Metaverse achieve convergence
and physical persistence based on future Internet and virtual enhancement. In other words, SB-Metaverse has the
duality of physical reality and digital virtuality. In such a world where virtuality and reality blend, people can carry out
various social activities at low cost. It also has its own ecosystem where principles such as antitrust and fairness are
strictly observed so that anyone can enjoy equal treatment in the metaverse society, which is beneficial to the society.

Xiaolong Xu et al.: Preprint submitted to Elsevier Page 2 of 29



Socially Beneficial Metaverse: Framework, Technologies, Applications, and Challenges

2.3. Development Process of the Metaverse

Although the metaverse has been attracting significant attention recently, its concept and prototype have been
developed over the past few decades, albeit with limited publicity and documentation. The development of the
metaverse is closely tied to the progress of science and technology. If we view the metaverse as a spatiotemporal
construct encompassing human values, ideas, technical tools, and economic models, its development can be categorized
into three stages: the classical metaverse in the form of literature, art, and religion; the neoclassical metaverse in the
form of video games; and the highly intelligent metaverse in the form of decentralized applications.

While the metaverse’s conceptual roots are often associated with literature like Neuromancer [11] and Snow Crash
[12], advancements in virtual reality (VR) technology predate these narratives. As early as the 1960s, VR prototypes
such as the Sensorama provided immersive experiences. By the 1970s, text-based Multi-User Dungeons (MUDs) like
LambdaMOO emerged, offering interactive environments that laid the groundwork for social virtual worlds. In the
1990s, Nottingham University pioneered mixed reality games, which further blurred the lines between the physical
and virtual worlds, serving as a precursor to today’s augmented and virtual reality innovations. These milestones
underscore the intertwined evolution of technology and the metaverse concept. Fig. 1 illustrates the timeline of the
metaverse’s development. In the following sections, we detail each stage of its evolution, highlighting key milestones
and their relevance to the study. Fig. 1 is adapted from [3], with modifications to highlight key milestones relevant to
this study.

2.3.1. Stage 1: The Classical Metaverse in the Form of Literature, Art and Religion

In this stage, since the personal computer was not widely available, people placed their illusions about the best
universe and the parallel world in fictional novels or myths. For example, the Bible and the Divine Comedy belong to
the metaverse. Similarly, the journey to the West showed a metaverse with oriental color. As people’s knowledge about
the universe increased, science fictions such as Neuromancer [11] and True Names [13] described a more magical
metaverse which showed us what the metaverse would be like. Although they did not meet people’s illusions about the
metaverse, they really indicated the direction of the metaverse’s development. Due to the lack of computer science and
technology, metaverse in this stage only existed in people’s imagination. As a result of the growth and popularity of
computers and the birth of the Internet, the digital realization of the metaverse entered a new stage.

2.3.2. Stage 2: The Neoclassical Metaverse in the Form of Video Games
e Interactive games based on text:

Text-based interactive games are also regarded as interactive novels or text adventures. These games simulate an
environment where players use natural languages to interact with the world. By reading a text description of the
current state and writing text commands, users can change the environment and report subsequent changes [14].
Multi-user dungeon (MUD) is a typical example. It is an instant virtual world of multiple people which is usually
based on a literal description. MUD supports functions such as role-playing, interactive fiction and online chat,
allowing players to read or view descriptions of rooms and items. Users can also make specific actions in the
virtual world. Players in this virtual world often interact with others by inputting instructions which are like
natural languages [15]. After the emergence of MUD, many versions such as DikuMUD [16], AberMUD [17]
and TinyMUD [18] evolved from it. It is worth mentioning that TinyMUD allows players to make a novel world
which is accessible to other players which is also called User generated content (UGC). In UGC, users present
their original content through the Internet platform and make it available to other users, which is an important
part in today’s metaverse. However, text-based virtual worlds did not give users an intuitive feel. Users want a
better virtual world experience, so these games needed to be visually enhanced.

e Interactive virtual world based on 3D graphics:

Advances in computer graphics led to the emergence of 3D-graphics-based interactive virtual worlds. These
virtual worlds provide 3D content and real-time authoring. In this environment, people could log in as their
own virtual characters and create content in the virtual worlds. Communication occurs through text and voice.
Since these virtual worlds are equipped with 3D graphics, they provide the users with an immersive, first-person
perspective on the virtual world [19]. Active World is a typical example wherein everything in this virtual world
could be hyperlinked to the Internet, including audio, video, and image files. Its server could provide more than
65,000 users and unlimited virtual space at the same time [20]. Other 3D-graphics-based interactive virtual
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Fig. 1: The timeline of the development of the metaverse.

worlds such as Web World and Onlive Traveler [21], together with Active World, could be regarded as early
prototypes of the metaverse.

2.3.3. Stage 3: The Highly Intelligent Metaverse in the Form of Decentralized Applications
e Massive multi-player online video games (MMOG):

Unlike earlier online games, MMOG’s goal was to support thousands of concurrent users. In addition, MMOG is
usually a role-playing style game in which players can participate in a story continuously [22]. In 2003, Linden
Lab, an American Internet company, launched Open3D-based Second Life [23]. Second Life allows users to
build another identity, which is a copy of their real-life self or a totally different self. Users can send voice or
text messages to others to communicate or take transportation to other places. In particular, users in Second Life
have the copyright of their original content, and they could sell their content to gain virtual money called Linden
Dollars. Users can also use real-world money in exchange for Linden Dollars and deposit the virtual money in
the bank to earn interest, then they can redeem them into real-world currency to make up for their real-world
income. Second Life enabled the Interaction and coexistence of the real world and the virtual world [24] [25],
and it was a milestone moment which demonstrated the development of the metaverse into a new stage. Then, in
2006, Roblox Corporation released Roblox, a game that was compatible with virtual worlds, casual and user-built
content games [26]. In 2009, the Swedish gaming company Mojang Studios developed Minecraft [27]. Instead
of trying to create a closed community where everyone must go to, Minecraft allows people to create their own
world. This virtual world is not monopolized by any company or individual. Therefore, Minecraft embodies the
decentralization of the metaverse.

e Decentralized virtual world:

In 2008, “Satoshi Nakamoto” released the Bitcoin white paper and established the first distributed network
[28]. He found a solution for the centralized network, which is a distributed network of blockchain. The
blockchain used distributed storage and computing power to guarantee that the data in the system is essentially
maintained by the entire network node [29]. As a result, the blockchain became an important technology to
enable the decentralization of the metaverse later. Facebook Horizon become the social VR world in 2019, and
Decentraland, which uses Ethereum as a platform to support users in owning and operating virtual assets [30],
developed the main historical node for this stage of the metaverse.

3. Framework of Socially Beneficial Metaverse

Metaverse is a complex ecosystem composed of multiple technological layers. One widely recognized model
divides the metaverse into seven key layers: infrastructure, human interface, decentralization, spatial computing,
creator economy, virtual platforms, and experience. These layers together enable the metaverse to provide immersive,
decentralized, and interactive virtual environments. Kang et al. [31] proposed a metaverse framework consisting of
eight core stacks, which are hardware, network, compute, virtual platform, interchange tools and standards, payments,
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content, and user behaviors. Ning et al. [32] divided the technical architecture into three aspects: network infrastructure,
management technology, and basic public technology. Lee et al.[4] considered the interdisciplinary nature of the
metaverse and divided the structure of the metaverse into two key aspects. Then they introduced some important
technologies such as edge computing and computer vision in these aspects. In addition, the six-layer structure of the
metaverse has also been proposed, which are the underlying hard technology, hardware computing platform, system,
software, application, and the economic system that allows the entire metaverse ecosystem to operate [4].

3.1. Seven Layers of the Metaverse
The metaverse is a complex ecosystem made up of several key layers, each playing a crucial role in enabling
immersive, interactive, and decentralized virtual environments.

3.1.1. Infrastructure Layer

The foundation of the metaverse, this layer consists of the hardware, networks, and computing resources required to
support virtual environments. It includes powerful servers, data centers, cloud computing, and decentralized networks
such as blockchain, which ensure low-latency processing, secure data storage, and efficient communication between
users and devices in the metaverse.

3.1.2. Human Interface Layer

This layer facilitates the interaction between users and the metaverse. It includes all devices and technologies that
enable users to access and engage with virtual worlds, such as virtual reality (VR) headsets, augmented reality (AR)
glasses, haptic feedback devices, and motion tracking tools. The human interface is crucial for providing an immersive
and intuitive experience for users.

3.1.3. Decentralization Layer

Decentralization is a core principle of the metaverse, ensuring that control and ownership are distributed rather
than centralized. This layer utilizes technologies like blockchain to provide transparency, secure transactions, and
decentralized governance. It ensures that users retain control over their data and digital assets while promoting a fair
and open virtual economy.

3.1.4. Spatial Computing Layer

This layer focuses on the integration of physical and virtual spaces through augmented reality (AR), virtual reality
(VR), and other spatial computing technologies. It enables the creation of interactive 3D environments that users
can explore and manipulate in real time. Spatial computing bridges the gap between the digital and physical worlds,
allowing users to interact with digital objects as though they exist in the real world.

3.1.5. Creator Economy Layer

The creator economy is centered on empowering users to generate, monetize, and exchange digital content within
the metaverse. This includes virtual goods, digital art, and user-created environments. Platforms that support user-
generated content (UGC) are crucial in this layer, enabling creators to gain ownership, recognition, and revenue from
their contributions to the metaverse.

3.1.6. Virtual Platform Layer

Virtual platforms are the environments and applications where users can engage with each other and interact
with digital content. These platforms range from virtual worlds like Roblox and Decentraland to social spaces and
professional environments like Horizon Workrooms. The virtual platform layer is essential for hosting multiplayer
interactions, collaborative activities, and social experiences within the metaverse.

3.1.7. Experience Layer

The experience layer encompasses the sensory and emotional aspects of users’ engagement with the metaverse. It
focuses on creating rich, immersive experiences that are personalized and interactive. This layer integrates all other
components, from the physical interactions enabled by the human interface to the content and virtual worlds accessed
through platforms. It strives to offer seamless and meaningful interactions, whether for entertainment, education,
socializing, or other purposes.
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In this paper, we propose the SB-Metaverse framework (as Fig. 2 shows), which consists of three layers:
infrastructure, interaction, and ecosystem. These three layers help to achieve the socially beneficial activities and
criteria in SB-Metaverse. In addition, dozens of key technologies are incorporated into this framework. We present
the details of each layer below.

3.2. Infrastructure

Infrastructure Layer corresponds to the infrastructure and decentralization layers of the seven-layer model and
leverages advanced technologies such as 5G, edge computing, blockchain, and cloud computing. These technologies
ensure high-speed data collection, low-latency processing, secure storage, and decentralized communication, creating
a robust foundation for the metaverse.We describe the infrastructure layer in terms of four parts:

3.2.1. Data Collection
Data collection devices include VR/AR, sensors and smart devices. They collect information from users and send
task requests, which are the entrance to SB-Metaverse.

3.2.2. Data Process

Data processing equipment includes chips, computing centers, and so on. They use deep learning, speech processing
and other technologies to process the raw data and convert it into data that is easy to store and easy for machines to
understand. Since SB-Metaverse will generate massive amounts of data to be processed, it has very high performance
requirements on the data processing equipment.

3.2.3. Data Storage

There are various ways of storing data in SB-Metaverse. Personal private data can be stored locally on storage
devices such as memory, and data security is ensured through blockchain nodes. For larger amounts of data, edge-cloud
collaborative storage can be achieved through edge nodes.

3.2.4. Data Transmission

In SB-Metaverse, IoT enables data transmission and communication between various smart devices. Connection
can be established between any devices, which is beneficial to the digital twin. In addition, edge-cloud collaboration
provides low latency and high stability to data transmission, which help to achieve high immersion in SB-Metaverse.

3.3. Interaction

Interaction Layer maps to the human interface and spatial computing layers and focuses on enabling seamless and
immersive user experiences. Technologies like VR/AR, digital twins, and 3D modeling play a critical role in connecting
the virtual and physical worlds, enhancing user immersion and interaction in real-time.The intersection layer consists
of three parts: digital twins, immersive user experience, and 3D modeling interface.

3.3.1. Digital Twins

Digital twins play a pivotal role in the metaverse by creating digital replicas of physical environments, enabling
human users and their virtual avatars to interact, innovate, and simulate within these virtual worlds. SB-Metaverse must
connect the real world and the virtual world, and digital twins helps achieve this [33]. Digital twins are connected to
real-time data streams collected from sensors and other devices, enabling the analysis and prediction of the behavior of
real-world equivalents [34]. There are already many applications that construct virtual characters in the form of digital
twins [35, 36]. Despite their potential, the current adoption of digital twins in the metaverse remains limited. Many
existing metaverse applications have yet to incorporate digital twin technology, primarily due to technical and economic
barriers. Key limitations include the high computational and data storage requirements for creating and maintaining
real-time digital replicas, the need for robust and high-speed communication networks, and significant concerns
surrounding data privacy and security [37]. Epic Games, known for its virtual engine development, exemplifies the
strides being made in digital twin applications [38]. The goal of Epic Games is to make it easy to capture the real world
and then build it into virtual engine as a digital twin. Currently the developers of Epic Games are using digital twins to
communicate between the physical and the virtual worlds. The developers have launched an app, MetaHuman Creator,
which allows users to create lifelike avatars [39]. In the future, these virtual characters can even wear digital clothes
designed by virtual clothing design companies [40].
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3.3.2. Immersive User Experience

From the early mouse and keyboard to the current VR/AR, these types of equipment have been continuouslh
upgraded, and the immersion experience has continuously improved. In 2020, Valve released the VR game Half-Life
Alyx, where players can interact with almost any object in the game [41]. However, it only supports hand interaction
with a certain degree of freedom. In this game, only the hands can be seen from the player's perspective, which onl
achieves a preliminary and partial immersive user experience. In the movie Number One Players, players can ent
the game through VR and wearable devices to experience real-time interactions. By collecting players' information
and outputting feedback in real time through multiple devices, players feel more real in the virtual space, thereby
experiencing a full immersive user experience [42]. Moreover, the real and virtual worlds can be joined together by
mixed-reality boundaries [43]. In the future, through more interactive technologies, perceptual experiences such a
smell and touch can be achieved along with interaction with the virtual world, and user immersion experience can be
further improved.

3.3.3. 3D Modeling Interface

In SB-Metaverse, character design and scene construction are inseparable from 3D modeling technology. Based ¢
the requirements of SB-Metaverse, future modeling technologies should focus on immersive modeling, providing user:
with physically accurate and realistic visual e ects. In addition, due to the huge metaverse scene, Al-based automate
modeling technology is also an important research direction.

3.4. Ecosystem

The SB-Metaverse ecosystem provides users in the virtual world with a brand new experience that is di erent from
the real world. The ecosystem layer enforces rules and operating procedures in SB-Metaverse, and itis the guarantee
maintaining the smooth progress of user activities. Ecosystem Layer aligns with the creator economy, virtual platforms
and experience layers and incorporates user-generated content (UGC), fair virtual economic systems, and personaliz
avatars. The ecosystem layer includes content creation, virtual economy, service provision and avatar. Next, we discu
content creation and virtual economy.

3.4.1. Content Creation

The content of SB-Metaverse is created in the form of User Generated Content [44]. Everyone can become
content creator, users can create games according to their own creativity, which can be played by other users. Tt
content created by the user has ownership and it is a digital asset owned by the user in the virtual world. Users ca
provide services to other users to obtain virtual currency, which can be exchanged for real currency.

3.4.2. Virtual Economy

A fair economic system must be established in SB-Metaverse, and all creators can participate in this economit
system. The system must have rules to ensure that consumers are treated fairly, large-scale cheating, fraud or scams
avoided. Companies can freely publish and pro t from the platform. Under the framework of virtual economy, items
with ownership such as virtual currency and virtual real estate can be traded fairly.

Table | presents the characteristics of typical metaverse examples.

4. Key Technologies of Socially Bene cial Metaverse

In this section, we describe six technologies that support the operation and development of socially bene cial
metaverse which include communication, hardware, arti cial intelligence, cloud computing and edge computing,
Internet of Things and Blockchain.

4.1. Communication

Considering that SB-Metaverse should be accessible at any time and from any place, we consider communicatio
as an important basic technology. Since SB-Metaverse is characterized by low delay and high immersion [45], we nee
low latency in network transmissions to improve service satisfaction and immediacy as well as broad coverage to ensut
real-time interactions for remote users [46]. In addition, in order for users to feel truly immersed, devices need higher
resolution and frame rates to transmit high-resolution content in real time. However, the throughput of multimedia
applications in SB-Metaverse will increase signi cantly [47] and recent research showed that the tolerable delay in
ordinary games will a ect users' experiences in SB-Metaverse applications [48]. Moreover, it was shown that for
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Fig. 2: The framework of the socially bene cial metaverse.

Table 1
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virtual world Axie in nity : . ! ! . ! 0 . ’
The sandbox

devices like VR, only latency as low as milliseconds can guarantee the user's immersive experience [49]. Fortunately
the development of 5G has brought possible solutions to the challenges mentioned above [50]. The 5G network has tt
advantages of high speed, low latency and wide outdoor coverage. It can provide an average experience rate of 1Gbj
a peak rate of 10Gbps, more than 1 million connections per square kilometer and an ultra-low air interface delay of
1ms, which are suitable for di erent application scenarios [51]. Therefore, 5G has become a key enabling technology
of SB-Metaverse [4].

SB-Metaverse is composed of many di erent smart devices, so they will form a huge heterogeneous network [52].
In 5G communications, by deploying small units with low power consumption to heterogeneous networks, network
capacity is increased and coverage is expanded. [53]. Several studies have been carried to improve the performance
heterogeneous networks. Lee et al. [54] solved the problem of cross-layer and co-layer interference in 5G heterogeneo
networks , which can be used to improve the performance of communication between devices in SB-Metaverse. Talwe
et al. [55] proposed an e cient allocation method to manage public resources. Since the network resources requirec
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by users are often di erent and dynamically changing, the implementation of this method will signi cantly improve
the utilization of network resources, so as to meet users' requirements.

In addition, users can enter SB-Metaverse anytime and anywhere, which requires high quality of indoor and
outdoor network communication in the real world. The indoor wireless network has the characteristics of small
range and relatively stable communication quality, so it is relatively easy to achieve the entry of SB-Metaverse
in the indoor wireless network environment [56]. The outdoor wireless network has a large range and it is easily
a ected by various environmental factors such as precipitation and temperature [57] [58], which will cause instability
in the network communication quality. So, it is important to meet the communication requirements in an outdoor
environment. Fortunately, studies on improving the quality of outdoor communication networks through 5G have
developed promising solutions to this problem. Wang et al. [59] combined Geographic Information Systems (GIS) and
optimization algorithms to explicitly simulate the propagation of 5G signals, which has been proven to signi cantly
optimize outdoor 5G service coverage. Kumari et al. [60] combined millimeter wave channel modeling and machine
learning, which managed to improve the channel stability of 5G outdoor communications.

However, these methods can only meet the basic requirements of SB-Metaverse's communication, and there is sti
a gap between achieving the full potential of SB-Metaverse and the accessibility. Therefore, in the future, signi cantly
improving the performance of outdoor 5G networks is an important aspect for enabling full accessibility of SB-
Metaverse.

4.2. Hardware

Hardware technology is also one of the key technologies of SB-Metaverse. The hardware supports the creatiol
and experience of the virtual content. To achieve more realistic modeling and interaction we need better hardwar:
performance as a prerequisite. Gordon Moore et al. [61] argued that the number of components that can b
accommodated on an integrated circuit doubles about every 18-24 months which will double the performance. The
integrated circuit directly a ects the performance of the central processing unit. Hardware performance continues
to improve while hardware costs continue to decrease. However, the metaverse will continue to have the highes
computing power requirements in human history, and computing resources will continue to be scarce. The performanc
of hardware limits and de ne the metaverse. Therefore, in this section, we introduce the impact of hardware on SB-
Metaverse.

The development of hardware for the SB-Metaverse must be done from the following two perspectives: the
improvement of hardware performance and the reduction of hardware computing cost.

" Improvement of hardware performance:

The improvement of physical hardware performance can be realized by the following methods. First, we must
use new materials to improve hardware performance. Torrejon et al. [62] used the ability of electronic spin

oscillators to interact with each other to improve the performance of parallel computing based on oscillator

networks. Vandoorne et al. [63] used the photonic module to calculate the reservoir on the silicon photonics core
which signi cantly improves the calculation speed. Second, we must change the structural arrangement of these
new devices to enhance hardware performance. Zhong et al. [64] proposed an integrated storage-calculatic
system based on multiple memristor arrays, which signi cantly increases the computing power of computing

equipment, and it also successfully achieved a smaller power consumption and lower hardware cost to complet
complex calculations.

Reduction of hardware computing cost:

Microsoft proposed a model called GPT-3 in 2020, which has many human-computer interaction functions and is
considered to be the most versatile Al model [65]. But Microsoft built a 500 million dollar supercomputing center
totrainit, and the training cost alone was more than 4.6 million dollars. Itis very costly to develop such computing
power. For most companies and some countries, such economic and technical costs are too high, which violate tf
antitrust and decentralization requirements of SB-Metaverse. Therefore, reducing hardware costs is an importar
research direction. The large-scale model M6 with the world's largest parameters developed by Alibaba Dharma
Institute uses a low-carbon and high-computing algorithm model to increase the computing power and reduce
carbon emissions [66]. In addition, through technological innovation on the cloud, the computing power of
the data center has been more reasonably con gured. The use of the database PolarDB has improved a lot tt
e ciency of server resource utilization and reduced hardware computing costs [67].
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4.3. Arti cial Intelligence

Arti cial intelligence (Al) is a new technical science that studies theories, methods, technologies and application
systems for simulating, extending and expanding human intelligence [68] [69]. In recent years, the importance of
arti cial intelligence has accelerated, and it is currently playing an important role in the elds of autopilot [70], face
recognition [71], intelligent medical diagnosis [72] and other elds. In the architecture of SB-Metaverse, arti cial
intelligence technology will be equally important as it can provide functions such as intelligent system maintenance
and interaction. It could also provide players with high-quality experience and services. In this section, we describe
the important role of Al in SB-Metaverse from two perspectives: automatic content creation, intelligent system
maintenance.

Automatic content creation:

In SB-Metaverse, the richness of content will be far beyond imagination. Moreover, the content will be provided

to users in the form of real-time generation, real-time experience and real-time feedback. The requirements fol
content will far exceed the reach of manpower, and arti cial intelligence technology is needed to help produce

content and lower the threshold for user content creation.

Automatic content creation by Al is achieved through the early analysis and learning of massive amounts of
data, so that it can create some identical or even innovative content independently and quickly. This technique
is known in the gaming world as procedural content generation [73]. From the simplest Tetris to open games
like Minecraft, procedural content generation has been deployed in many game applications [74]. In the space
adventure survival theme game No Man's Sky [75] [76], from Non-player characters (NPCs), planetary
environments, to spaceships, and even music are procedurally generated. These NPCs automatically generat
by Al are di erent from traditional NPCs which only interact with human players based on codes determined by
established conditions. Instead, they adjust their behaviors and methods by observing the actions and strategi
of human players. This feature not only greatly reduces the repetitive work of human coding, but also improves
the real-time nature of human-computer interaction and improves the immersive experience of users. It is worth
noting that to support the increasing content needs of SB-Metaverse, the use of Al technology is vital.

Intelligent system maintenance:

Another important function of Al in SB-Metaverse is intelligent system maintenance. Intelligent system
maintenance refers to the arti cial intelligence model which not only imitate human operations, but also learn
optimal strategies and automatically nd bugs in the digital environment. This technology, which uses Al
technology to nd and x bugs, is being developed and applied [77].

Meta has developed Al-based code- xing tools Sapienz and SapFix [78]. Sapienz is an arti cial intelligence-
based black-box testing tool. Its biggest advantage is that it can automatically generate test cases, conduct tes
and results veri cation [79]. SapFix is an Al-based BUG x tool [78]. Metaverse requires humans to check,
verify, and con rm that it works correctly. This kind of work is more suitable for arti cial intelligence to
complete. Due to the sheer size of the metaverse, it is di cult to check codes using traditional methods such
as manual code review. At this time, it is possible to automatically detect vulnerabilities in the metaverse by
using an arti cial intelligence model that combines deep learning and reinforcement learning, thus reducing the
workload of testing codes [80][81].In the game The Witness, the developers used Al to walk around the entire
game island [82]. Once they found some situations similar to passing through wall that did not conform to the
physical world, they would record them and give feedback to the developers [83].

In addition to nding bugs in the game, Al in The Witness can also test and analyze the di culties of the game
in order to enhance the playability of the game. This is also a function that the Al in SB-Metaverse needs to
focus on. User experience will be a key success factor for a mega-environment like the SB-Metaverse that fully
simulates the real world. But The witness only implements code review, not automatic code modi cation. Since
the amount of modi cation in a traditional game is relatively small, manual modi cation methods can be used.
However, the amount of code in the metaverse is huge, and it is very likely that an error in one place must modify
the code in several places at the same time. Therefore, Al in The witness only provides a good example for using
Al for maintenance. Future research e orts should focus on the research of Al-based automatic review and
modi cation technology that can handle large amounts of code, and aim to improve the accuracy and timeliness
of this technology in order to satisfy the needs of SB-Metaverse.
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4.4. Cloud Computing and Edge Computing
In this section, we describe the important roles of cloud computing and edge computing for SB-Metaverse.

4.4.1. Cloud Computing
Cloud computing is a type of distributed computing, which could automatically split a huge computing processing

program into countless smaller subroutines through the network. Then it submits the subroutines to a large syster
composed of multiple servers after searching available resources, performing calculation tasks, and analyzing th
calculation results. Finally, the processing results are sent back to the users [84] [85]. As SB-Metaverse need
computing, storage and so on, all of which are inseparable from cloud computing. In addition, SB-Metaverse will
inevitably generate a huge amount of data. This data is inseparable from the underlying platform, and the cloud is th
most appropriate platform for this data. Therefore, SB-Metaverse must be a eld that cloud computing can empowel
on a large scale. Cloud computing can improve the user experience in the following ways:

Enhanced reliability:

Since SB-Metaverse needs to realize accessibility, it is necessary to set up a large number of servers to cover
wider area. However, with the increase in the number of servers, the complexity of communication between eact
other increases. When the amount of computation required by SB-Metaverse equipment increases, the possibili
of failure or overload in a server also increases. Traditional distributed computing cannot make adjustments
on time, which will a ect user's service experience. The use of cloud computing can e ectively address this
challenge. Cloud computing will use its elasticity to arrange new servers for computing when a server crashes
thus improving the reliability of service quality [86]. Deng et al. [87] proposed a cloud selection strategy which
decomposes the matrix multiplication problem into multiple tasks that are submitted to di erent clouds. In
SB-Metaverse, these strategies can handle error clouds or malicious clouds, which improves the stability of
the service. In addition, in terms of data transmission reliability, Liu et al. [88] also proposed a comprehensive
transmission model to achieve reliable data transmission under cloud computing by combining client/server
mode and peer-to-peer mode [88]. Therefore, cloud computing can play an important role in the improvement
of service quality and reliability of data transmission in SB-Metaverse.

Reduced energy consumption:

Due to the huge amount of computation in SB-Metaverse, reducing server energy consumption and e ciently
allocating computing resources are also major challenges that must be addressed. Cloud computing als
provides possible solutions in this context [89]. Bui et al. [90] proposed an e cient solution to coordinate
computing resources based on convex optimization technology, which has achieved remarkable results i
reducing energy consumption and maintaining high system performance. Since the distance between serve
in SB-Metaverse may be large, data is transmitted through the network to geographically separated storag
or data resources, and the servers include many data-intensive applications, the energy consumption of da
transmission and processing will be high. Yang et al. [91] proposed a cloud infrastructure service framework
(CISF) to achieve guaranteed service of data-intensive applications, which signi cantly reduces redundant
and repetitive communication calculations while optimizing the resource allocation. In addition, Banzai et al.
proposed a software testing environment D-Cloud [92] which is based on cloud computing technology. D-Cloud
signi cantly reduces the energy consumption of software testing. This technology improves the test e ciency
and is suitable for SB-Metaverse with many large-scale tests. The research results dmonstrate the use of cloL
computing in reducing energy consumption in SB-Metaverse.

In addition, cloud computing has a signi cant impact on improving service quality [93], enhancing compatibility
[94] and facilitating human-computer interaction [95]. Therefore, cloud computing is an important underlying
technology that supports the socially bene cial metaverse.

4.4.2. Edge computing

Edge computing refers to processing, analyzing and storing data closer to where it is generated. It enables fa
real-time analysis and response [96]. Edge computing and cloud computing are synergistic with each other, and the
are complementary to each other [97]. The combination of edge computing and cloud computing can provide low-
latency, high-security and standard-open distributed cloud services for terminals [98] . Edge computing can adequatel
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Fig. 3: The framework of edge-cloud collaboration in the socially bene cial metaverse.

solve the problems of central tra ¢ congestion and lack of computing resources caused by the explosive growth of
terminals, and is an important path to solve future digital problems [99] [100]. Fig. 3 shows us the framework of
edge-cloud collaboration in the socially bene cial metaverse. The massive amount of data in SB-Metaverse require:
edge computing to be processed, and high-quality interactive experience requires the help of edge computing powe
The traditional cloud computing model faces several challenges which include: user immersion, user privacy, real-time
user interaction, excessive computing center load, and so on. We will select two of them to illustrate the bene ts that
edge computing can bring about.

~ User Immersion:

Immersion is one of the key elements of SB-Metaverse, and delay is one of the important factors that a ect
user's immersion. Therefore, only by reducing the delay can users have a truly immersive experience. Ha et al
[101] found that compared with cloud computing, edge computing can reduce the delay by at least 80ms, anc
such optimization can bring a better sense of experience to users. Xiao et al. [102] considered multi-user an
multi-server MEC systems wherein each user can choose an MEC server to perform its computing tasks. Th
proposed algorithm not only achieves lower delay, but also consumes energy. Niu et al. [103] proposed a workloac
distribution mechanism to target edge computing-based power-consuming IoT to minimize latency. The results
showed that this approach can reduce latency by up to 30 per cent. Additionally, mobile edge computing can als
provide low latency when the user's geographic location changes rapidly. Zhao et al. [104] addressed the problen
of service quality degradation when computing-intensive tasks are o oaded to the edge cloud. By coordinating

heterogeneous clouds including edge cloud and remote cloud, the quality of service is enhanced and the delay
reduced. Mao et al. proposed an online computing o oad and resource allocation algorithm based on Lyapunov
optimization theory [105], which reduces the communication delay of mobile edge computing and brings a

stable user experience to mobile users. These past research results solves the problem of high latency caused
transmitting data to the cloud computing center in traditional cloud computing environments and reduces the
latency of mobile users through mobile edge computing, thus improving service quality and stability. Therefore,
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Fig. 4: The framework of AR interactive devices using MEC in socially -bene cial metaverse.

the combination of edge computing and cloud computing can be applied to SB-Metaverse to reduce latency ant
improve service quality.

User privacy:

A major feature of SB-Metaverse is to provide users with an identity that is di erent from the real world.
Therefore, we need e ective user privacy data protection mechanisms. Due to frequent communications betweel
users, a large amount of information exchange brings challenges to privacy protection [106]. Edge computing
can o oad part of the data to perform computation locally and as a result it can protect user privacy and improve
data security [107]. Li et al. [108] proposed a privacy-preserving data aggregation scheme for IoT applications,
which not only ensures the data privacy of terminal devices but also provides source authentication and integrity
Gheisari et al. [109] proposed a framework for addressing heterogeneity and privacy preservation of edge device
using a new ontology data model. Thus, edge computing has the characteristic of o oading data locally, and the
optimization of edge computing privacy protection by the above technologies can improve edge computing dats
security in SB-Metaverse. However, due to the small scale of edge computing servers, the computing power i
relatively small. Thus, it is more vulnerable to attacks, and the security of data under this condition still needs
to be addressed [110].

In addition, Mobile Edge Computing (MEC) is a network architecture that provides services and cloud computing
wirelessly. It can accelerate the rapid download of various applications in the network, allowing users to enjoy
uninterrupted high-quality network experience. MEC has the characteristics of ultra-low latency, ultra-high bandwidth
and strong real-time performance. It also provides convenience for real-time orchestration of multi-user interactions
[111]. Therefore, MEC is crucial for outdoor metaverse services to understand the detailed local environment anc
coordinate close collaboration between nearby users or devices, enabling real-time user interactions for social Af
applications in SB-Metaverse. Fig. 4 shows the framework of AR interactive devices using MEC in socially -bene cial
metaverse [112].

4.5. Internet of Things

The Internet of Things (I0T) is an extension of the network based on the Internet. It is a huge network formed by
integrating various information sensing devices with the network. It enables the interconnection of people, machines
and things at anytime, anywhere. |0T is the core underlying technology of SB-Metaverse, it provides reliable technical
support for the connection of all things. If the intelligent wearable devices, intelligent transportation, and smart
home in loT are realized, then they will become integral components of SB-Metaverse [32]. IoT mainly provides the
infrastructure for SB-Metaverse. Under the Internet of Things, the construction of these infrastructures must follow
the following three principles:

SB-Metaverse infrastructure requires stakeholders to build together.

SB-Metaverse infrastructure needs to enable two-way connectivity and closed-loop interactions between the
digital and physical worlds.
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Fig. 5: A novel blockchain-based framework for socially bene cial metaverse applications.

The builders of the SB-Metaverse infrastructure freely participate as independent digital identities and continu-
ously form new consensus.

4.6. Blockchain

Since the SB-Metaverse world achieves the con rmation, pricing, transaction and empowerment of data, it can
become a user-oriented, objective and open source arti cial virtual parallel world. The virtual nancial system is also
similar to the real world, so reasonable virtual currency regulations and technology are needed to protect nancial
stability and security. Blockchain technology is a technical solution that does not rely on third parties and uses its
own distributed characteristics to store, verify, transmit and communicate data. Blockchain plays an important role in
improving security, so it is also a core underlying technology in the architecture of SB-Metaverse [113]. Fig. 5 [114]
shows a novel blockchain-based framework for socially bene cial metaverse applications.

~ Unique identi er;

An important feature of SB-Metaverse is to provide each user with an identity unrelated to reality. Similar
to the real world, the characters in SB-Metaverse should be unique. In the current network, a document car
be easily copied, but such problems must be avoided in SB-Metaverse. With the help of blockchain, unique
identi er can be achieved. There are already many organizations and companies implementing blockchain-
based identities. Bitnation [115] is a governance platform powered by blockchain technology. With blockchain-
based identity registration, anyone anywhere in the world can become a citizen of Bitnation by signing the
constitution. With this platform, people can access social assistance and nancial services [115]. ConsenSy:
is a blockchain software technology company that develops decentralized software services and applications
enabling decentralized governance [116]. In SB-Metaverse, in addition to relying on the current traditional
identity authentication system, our identity will also be connected to the blockchain identity authentication
system in the future. Only by guaranteeing the uniqueness of the identity in the metaverse we can truly use
it without worrying about our identity being copied. It is worth noting that only with this basic guarantee can
SB-Metaverse truly develop.

" Data decentralization:
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Table 2

Some other technologies that support the operation of socially bene cial metaverse and their functions
Technology Functions References
VR/AR Achieves the immersion required by the [121]

metaverse and improves the accessibil-
ity of the metaverse.

Computer Digitizes real-world images and pro- [122]

vision vides users with a highly immersive
experience.

Speech Facilitates accurate communication [123]

processing and eliminates the language barrier

in the interaction between dierent
system roles.

Sensing Provides a convenient and fast interac- [124]
technology tion method.

Holographic Allows users to interact with virtual [125]
display objects in the real world and improves

the immersion of users.

To prevent the data of SB-Metaverse from being monopolized by large companies, decentralization is an
important element which must be achieved. Decentralization removes power that is traditionally assigned to
some central authority, and users can freely conduct peer-to-peer transactions [117]. This ensures that the da
of the node is not be controlled by some central node thereby ensuring data security. Personal data is decentraliz
through blockchain technology, which enables data to be owned by individuals and cannot be tampered with or
disposed of at will. If someone else wants to use personal data, that person needs authorization and must p:
the corresponding fee. After using other blockchain encryption technologies, even obtaining information only

needs to be carried out between the user and the information, and not between users, which further ensures tl
privacy of the information provider [118].

Asset digitization:

Asset digitization is also an important aspect of the application of blockchain in SB-Metaverse. Assets in SB-
Metaverse are recorded on the blockchain, enabling instant interaction while ensuring security. The establishmer
of the nancial world in socially bene cial metaverse is di erent from that in the real world. Transactions

in the real world can be carried out through the real world or digitization, but currency transactions in SB-
Metaverse must be carried out through virtualization and asset digitization. As an immutable decentralized
ledger, blockchain can digitize the assets and make instant transactions. Zhu et al. [119] proposed a new digite
asset management platform DAM-Chain which supports exible rights management and transparent acces:
authorization process. Harish et al. [120] proposed Log-Flock, a nancing platform based on blockchain tech-
nology, which supports an incentive reward mechanism to encourage users to participate. The implementatiol
of these platforms will provide broad application prospects for the digitization of blockchain-based assets in
SB-Metaverse.

The characteristics of decentralization and unique identi cation of the blockchain make it an indispensable
element in the SB-Metaverse ecosystem. The blockchain enables the construction of several metaverses and achie
interconnection through cross-chains, which is conducive to the coordinated development of SB-Metaverse.

In addition to the six basic technologies above, table Il presents some other technologies that support the operatic
of the socially bene cial metaverse and their functions.

4.6.1. NFT and dNFT in the Metaverse

Non-Fungible Tokens (NFTs) and dynamic Non-Fungible Tokens (dNFTs) are critical components in the meta-
verse, enabling the creation, ownership, and trade of unique digital assets. These technologies allow users to represt
virtual assets such as art, collectibles, virtual real estate, and avatars, ensuring uniqueness and veri ability on th
blockchain. In the context of SB-Metaverse, NFTs and dNFTs provide a foundation for the digital economy, allowing
creators to monetize their content and users to gain veri able ownership of virtual goods.
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NFTs ensure the uniqueness and immutability of digital assets by utilizing blockchain's decentralized and tamper-
proof nature. For instance, virtual items like land parcels, game collectibles, and wearable items can be securely owne
and transferred. dNFTs extend this functionality by allowing assets to evolve or change over time based on speci ¢
conditions or external inputs. For example, a virtual pet in a metaverse game might age or gain new abilities, with thes
changes recorded immutably via dNFT mechanisms.

The current blockchain infrastructure faces scalability issues, with high transaction costs and network congestior
limiting the growth of NFTs and dNFTs in metaverse applications. This is compounded by the environmental impact
of blockchain networks, particularly proof-of-work-based systems, raising concerns about the sustainability of NFTs.
Additionally, the lack of standardized protocols hampers interoperability, restricting the seamless transfer of NFTs anc
dNFTs across di erent metaverse platforms. Legal and regulatory uncertainty further complicates the landscape, as th
nascent nature of these technologies creates challenges around copyright protections, taxation, and ownership dispu
Lastly, NFTs often link real-world identity with digital assets, making user privacy and security essential to safeguard
sensitive information.

In terms of opportunities, NFTs empower creators by allowing them to earn royalties from secondary sales,
fostering innovation and creativity within the metaverse. Users can also create personalized, tokenized avatars ar
items, enhancing their engagement and self-expression in virtual spaces. Furthermore, NFTs and dNFTs have tl
potential to integrate with decentralized nance (DeFi) protocols, enabling users to stake, lend, or borrow against
their virtual assets. As interoperability standards evolve, NFTs can facilitate seamless interactions across multiple
metaverses, unlocking new collaborative possibilities. Additionally, dNFTs o er the ability to create adaptive and
interactive digital content, further enhancing the immersive experience for users.

While signi cant progress has been made in exploring the potential of the metaverse, several technological gap:
persist that hinder its full realization. Firstly, interoperability between various metaverse platforms remains limited,
with the absence of standardized protocols for seamless data and asset exchange. Secondly, privacy and secul
concerns are magni ed in decentralized virtual environments, where user data is frequently exchanged. Current privac
measures are inadequate to safeguard against potential breaches. Finally, the high cost and limited portability of VR/AI
hardware continue to present a signi cant barrier to widespread adoption, limiting the metaverse's accessibility to
a broader audience. These gaps highlight the need for an integrated approach that addresses the core challen
of interoperability, security, and hardware accessibility. The exploration of blockchain technology for enhancing
cross-platform communication and ensuring data privacy through decentralized architectures can potentially o er
solutions to these issues. Additionally, the development of optimization algorithms aimed at reducing the computationa
requirements of VR/AR devices could lead to more energy-e cient and cost-e ective hardware, thus fostering greater
adoption. Bridging these technological gaps would not only advance the theoretical framework of the metaverse bu
also enable practical applications that are accessible to a wider user base.

5. Applications of Socially Bene cial Metaverse
The following sections present applications of socially bene cial metaverse. Fig. 6 shows these applications.

5.1. Game

Games are an indispensable part of people's social life, and moderate play helps people improve their intelligenc
and relieve stress [126]. Most of the traditional games are played in a xed scenario. Even if di erent players participate,
the core interaction is to complete the task. However, games in SB-Metaverse pay more attention to high interactivity
and high degree of freedom. This means only the basic rules of the game are designed, no tasks, no gameplay, and
social restrictions are speci ed. Each player can achieve a considerable degree of freedom. In addition, by sensing tt
player's movements to control the activities of virtual characters in SB-Metaverse, players are encouraged to explor
the metaverse world with their actions, which allows players to exercise while playing. Since Sencond Life [25], several
games such as Minecraft, Roblox, and others have emerged that contain some elements of the metaverse. Flintham
al. [127] had a particular focus on mobile mixed reality games, which use new digital content to enhance traditional
physical games, and they explored the design of experiences in which mobile participants collaborate with online
participants. Here we introduce several typical metaverse games, which can provide some guidance on the developme
of SB-Metaverse games in the future.

Minecraft focuses on allowing players to explore, interact, and alter a dynamically generated map of one-cubic-
meter-sized blocks. In addition to blocks, environmental features include plants, mobs, and items. The game also allow
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