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A total of 12 years have been passed since this Department was created in 2010 as
the first academic forum dedicated to cyber-physical-social systems (CPSS), with
the first CPSS research article on the field: “The Emergence of Intelligent
Enterprises: From CPS to CPSS.” What has happened and changed during the past
decade? A brief reflection and review are presented here with a focus on digital
twins in CPS versus parallel intelligence in CPSS, and their relationship to
blockchain intelligence, smart contracts, metaverses, DAO, Web3, and
decentralized science. The concept of DeMetaverses is thus introduced and
interpreted as a DAO-based decentralized autonomous metaverse. The
characteristics, mechanism, and impact of DeMetaverses are discussed with a
vision for achieving an integrated human, artificial, natural, and organizational
intelligence that would transform our world into “6S” societies.

great lie in the course of Web history” and various

dismal speculations, Xiao Wang, then Editor-in-Chief
of IEEE Intelligent Systems, addressed the related issues
and the potential of Web 2.0 for web science and engi-
neering in his editorial’ “Beyond X 2.0: Where Should We
Go?," from web's historical developments to future Web
3.0 and Web 4.0. In his sequential editorial,® he dis-
cussed the relationship between virtual/mechanical
avatars, mirror world, and parallel uuniverses in cyber-
netics, computer, and quantum physics. Apparently,
many of his observations and comments™? are still valid
for today’s sentiments and speculations to digital twins,
metaverses, and Web 3.0 or Web3.

I n 2009, inspired by the statement that “Web 2.0 is a

In his opening article for this Department, “The Emer-
gence of Intelligent Enterprises: From Cyber-Physical
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Systems (CPS) to CPSS,”® Wang reintroduced his
cyber-social-physical approach for complex systems
and complexity sciences® as CPSS, and initiated the
academic investigation and R&D in this new field.
Today, CPSS is viewed as the abstract and scientific
name for metaverses.’

Twelve years have passed and fruitful research results
have emerged, where parallel intelligence published in
2004 and digital twins coined in 2010 have raised compel-
ling implications for the research on CPS and CPSS. They
have provided novel insights for addressing problems
about the construction of digital intelligent societies,
such as the integration and mining of massive data in
Internet of Things devices, the separation between artifi-
cial systems and actual systems, as well as the coordina-
tion of multisource heterogeneous resources. The most
critical difference between digital twins and parallel intelli-
gence lies in their research infrastructure, that is, the for-
mer is CPS while the latter is CPSS. In addition, digital
twins did not initially involve human factors, but parallel
intelligence was primarily concerned with them.
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FIGURE 1. Basic philosophy and structure of CPSS.

The term CPS describes intelligent systems characterized
by a tight integration among computation, communica-
tion, and control in their operations and interactions with
their task environment.® However, with the development
of the Internet, human, social, economic, and ecologic
factors have been fully incorporated into engineering sys-
tems. The theory of CPS is no longer adequate for dealing
with human-in-the-loop systems. Consequently, the con-
cept of CPSS involving human and social factors was
introduced in the late 1990s for the effective and efficient
operations of those systems.* Figure 1illustrates the basic
philosophy and structure of CPSS. CPSS is based on Karl
Popper's theory of reality that manifests that our universe
is composed of three interacting worlds, namely physical,
mental, and artificial worlds, so this revolutionary jump
from CPS to CPSS is of great philosophical significance.
The structure of CPSS provides a fulcrum for unifying the
contradiction between emergence and convergence in
complex systems. Human-computer interaction is an
important research direction in the development of CPS
and CPSS, aiming at making computers smart via receiv-
ing enough knowledge and reducing the human interven-
tion in decision-making.®

The metaverses describe virtual worlds that not only
are the exact reflections of the physical worlds, but also
have the ability to infinitely expand, thus forming a
superlarge space where the physical and virtual worlds
interact and entangle with each other. From the engi-
neering perspective, the metaverses have the typical
characteristics of CPSS, which specially refers to three
worlds (physical, artificial, and mental worlds) and two
spaces (physical and cyber spaces), i.e., CPSS is equiva-
lent to metaverses. The metaverses allow people in
physical worlds to create and develop virtual worlds,
and Web 3.0 is an innovative direction for the interac-
tions between people and cyberspaces. In the future,
the virtual worlds and cyberspaces will be as real as the
physical worlds and physical spaces, and the mental
worlds will also be deeply integrated into the virtual and
physical worlds. The future production and lifestyle will
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FIGURE 2. Basic framework of digital twins.

exist in a “complex space,” which is half physical and
half virtual.! Just like the emergence of imaginary num-
bers more than 400 years ago, people’s understanding
of numbers has been extended from real numbers to
complex ones, i.e., real and imaginary numbers.

The first phase concerning the development of meta-
verse is generally regarded as digital twins, which
include physical entities and their digital counterparts
in CPS.” The digital twin, as an emerging technology,
aims at obtaining a vivid digital representation of
physical reality. The concept of digital twins can be
traced back to the mirrored spaces model in 2003. The
model was defined as a three-dimensional model for
product lifecycle management that includes physical
space, virtual space, and a link between them. The
name “Digital Twins” was coined by the National Aero-
nautics and Space Administration in 2010 for the pur-
pose of comprehendsive maintenance of flight
systems. In 2011, the U.S. Air Force Laboratory explic-
itly proposed a digital twin paradigm for aircrafts.
Since then, the application of the digital twin has been
extended to diverse scenarios, such as smart cities,
product R&D, and manufacturing.

As illustrated in Figure 2, digital twins provide a
novel insight for integrating entities and information
in CPS. Digital twins, first, construct virtual entities
based on historical data and real-time sensing data of
physical entities, and then make decisions for control-
ling systems by processing and analyzing the collected
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FIGURE 3. Modeling gap between actual systems and artifi-

cial systems.

data. The integration of entities and information are
the cornerstone of digital twins, which play an essen-
tial role in the perception of physical elements, the
construction of virtual models, the fusion of twin data
as well as real-time interaction between virtual and
real systems. The core idea of digital twins is in accor-
dance with Newton's laws and CPS is a typical New-
ton’s system, of which the behaviors can be precisely
predicted and controlled. Therefore, digital twins are
not capable of managing and controlling CPSS effec-
tively, because human and social behaviors in CPSS
cannot be predicted comprehensively and accurately.

Complex systems with the characteristics of uncer-
tainty, diversity, and complexity in CPSS have a sub-
stantial cognitive or modeling gap between physical
systems and their models, so those systems evolve
into Merton's systems susceptible to external analysis,
as illustrated in Figure 3. Merton's laws rather than
Newton's laws are suitable for describing, predicting,
and prescribing those systems. Merton's laws are
composed of various self-fulfilling prophecy laws and
can guide and influence Merton’s systems.

On the basis of Merton's laws, the artificial systems,
computation experiments, and parallel execution (ACP)
approach was proposed as a parallel intelligence system
for effective and efficient operations of complex systems
in 2004. The basic idea of ACP is that parallel systems
consisting of actual systems and one or more artificial
systems are utilized for solving problems in complex

July/August 2022

Al AND CYBER-PHYSICAL-SOCIAL SYSTEMS

systems.®® Compared with digital twins, humans not
only exist in physical spaces, they are also modeled into
artificial systems as agents. Virtual humans interact with
other digital avatars in artificial systems, thus serving as
the guide of human behaviors and their states of mind in
physical spaces. Parallel intelligence is thus capable of
comprehensively dealing with environmental and human
factors for effectively managing and controlling CPSS
with openness.

In recent years, parallel intelligence and CPSS have
been widely used in transportation, manufacturing,
economy, ecology, and other fields,'®"® as illustrated in
Figure 4. Especially in the field of intelligent transporta-
tion, parallel transportation management systems have
been established in 2010 and have been successfully
deployed in many cities, which provides a possible way
to alleviate traffic congestion in urban cities.

DeMetaverses refer to DAO-based decentralized autono-
mous metaverses through the use of blockchain and
Web 3.0 technologies, where virtual entities are stored,
updated, shared, and exchanged between local nodes.
Decentralized intelligence circulates between local nodes
and is aggregated to produce an integrated human, artifi-
cial, natural, and organizational intelligence (Hanoi), which
makes our societies trustable, reliable, useful as well as
efficient and effective (TRUE).®> Similar to decentralized
science, the main driving force of De-Metaverses is gen-
erated by Web 3.0 collectives and blockchain-based
DAOs. Conversely, the development of DeMetaverses
can in turn advance underlying theories and technologies,
such as blockchain, Web 3.0, DAOs, and decentralized
AL” Crypto computing and confidential computing pro-
tect the security of data, not only in the storage and trans-
mission process, but also in the use process.

Figure 5 illustrates the differences between Meta-
verses and DeMetaverses. In metaverses, humans
only possess their own virtual avatars, while in DeMe-
taverses, they can also create virtual avatars with
partners in the DAO and cooperate with existing ava-
tars to run new avatars. DAOs ensure the efficient
operation of activities and services in DeMetaverses.
In a DAO, proposals can be launched by any members,
like holders or contractors, through initiating a discus-
sion within the community. The proposal will pass and
be recorded by smart contracts if most members vote
yes. Members who contribute significantly to the com-
munity will obtain some reputation values correspond-
ingly and gain a specific advantage in the following
votes. Tokens are circulated within the community as
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assets to motivate members to complete the pub-
lished tasks actively.

In future, with the promotion of DeMetaverses, we
must live with three Bs: Being for the physical world,
becoming of the mental world, and believing in the
artificial world. A new profession, game engineers, will
be born for translating everything we possess in physi-
cal spaces into cyberspaces, which enable us to play,
work, and live in virtual worlds. Attention and trust will
be widely produced and circulated as commercial
commodities. Benefiting from the TRUE Tower of
Hanoi, our worlds will be transformed into “6S” intelli-
gent societies. Here, “6S" means safe in the physical
world, secure in the cyber world, sustainable in the
ecological world, sensitive to individual needs, serv-
ices for all and smart in all.

This work was supported by the Science and Technol-
ogy Development Fund, Macau SAR under File No.
0050/2020/A1.
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