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ABSTRACT

With the mutual interaction and dependence of several intelligent services, a crowd intelligence service network has been formed,
and a service ecosystem has gradually emerged. Such a development produces an ever-increasing effect on our lives and the
functioning of the whole society. These facts call for research on these phenomena with a new theory or perspective, including
what a smart society looks like, how it functions and evolves, and where its boundaries and challenges are. However, the research
on service ecosystems is distributed in many disciplines and fields, including computer science, artificial intelligence, complex
theory, social network, biological ecosystem, and network economics, and there is still no unified research framework. The
researchers always have a restricted view of the research process. Under this context, this paper summarizes the research status
and future developments of service ecosystems, including their conceptual origin, evolutionary logic, research topic and scale,

challenges, and opportunities. We hope to provide a roadmap for the research in this field and promote sound development.
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related technologies include the Internet, Internet of

Things, big data, cloud computing, virtual reality,
blockchain and artificial intelligence (AI), and other information
and communication technologies (ICTs). Moreover, new
technologies or products are constantly emerging. With the help
of software definition technology'?, these intelligent technology
communities are constantly undergoing various combinations
and fusions to meet complex application scenarios. The “big data +
computing power + Al algorithm = smart service” is forming a
new social infrastructure. In this technical architecture, the service
gradually provides a unified logic to everything in society,
including applications, platforms, data, algorithms, resources, and
everything else.

Furthermore, the service technology gives full play to the role of
“connecting everything” and acts as a connector and lubricant
across boundaries of different fields, industries, and organizations,
making the synergy and fusion among different elements truly
possible®?. In terms of data, persons, computers, and things can
be interconnected through the mass data fusion of the Internet of
Things and the Internet. In terms of computing power, it
gradually evolves into a new computing architecture through the
collaboration of cloud computing, edge computing, and mobile
computing. In terms of AI algorithms, various intelligent
applications are no longer isolated but a series of interdependent

Q t present, intelligent technology is rapidly developing, and

and mutually beneficial networked structures. The entire social
picture is redefined under the service logic and gradually becomes
an ecosystem that can be jointly created and operated by all
members of the society (crowd intelligence). Accordingly, it can
constantly evolve iteratively, grow by itself, and show energy and
vitality beyond imagination.

Intelligent services constantly produce chemical reactions with
our social ecosystem, pushing individuals, organizations,
industries, and the world to continuously complete particulate
deconstruction and intelligent reorganization®". According to
their characteristics, these services can be divided into four
categories: life services, productive services, public services, and
infrastructure services. Life services have changed our daily acts
and living habits to some extent, such as healthcare services,
online education, digital entertainment, and living services.
Productive services have changed the marketing, design and
production, and project implementation and operating
management of enterprises, such as e-commerce, service-oriented
manufacturing, and intelligent logistics. Public services focus on
the modernization of social governance, such as smart cities,
public health, and emergency management. Infrastructure services
provide the infrastructure for various new services, such as
communication, IT, and video services. With the mutual
interaction and dependence of several intelligent services, a crowd
intelligence service network is formed.
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The phenomenon of crowd intelligence has long existed in
nature and human society, and the division of labor and
cooperation has been an important expression of crowd
intelligence. With the continuous development of information
technology, the new generation of intelligent services has broken
the original barriers of time and space in the collaboration process.
As the depth and breadth of the interconnection between
intelligent services continue to expand, more and more traditional
applications are gradually evolving toward crowd intelligence
networks, such as medical and health networks, smart
government networks, and e-commerce networks. All these
services constitute an organic ecosystem and show the
characteristics of a crowd intelligence system.

A service ecosystem is involved in many fields, has many
influencing factors, and is in rapid iterative evolution. On one
hand, the emergence of a service ecosystem is a bottom-up, self-
organizing, and self-growing process, and its overall state depends
on the spontaneous interaction among services. On the other
hand, a service ecosystem is a product of top-down planning. The
law we get using big data can change the initial planning and
evolution path of a service ecosystem. However, we still have a
restricted view of the governance complexity of a service
ecosystem"". Currently, it is hard to clearly determine the
evolution of a service ecosystem with only vague thoughts.

Scientists who study the service ecosystem are mostly computer
scientists, Al scientists, and software engineers who design
intelligent systems at the beginning. They are less exposed to the
methodology of complex systems and pay little attention to the
complexity challenges caused by the service ecosystem. Thus far,
these researchers have been focusing on establishing, realizing,
and optimizing various service systems and implementing them in
different application fields™?. The researchers of social
ecosystems have long paid attention to the influence of service
ecosystems and regarded them as among the typical
representatives of contemporary technological governance".
However, due to the complexity and opacity of smart services,
coupled with the lack of necessary expertise, their research process
is often in the state of “black box research”. In addition, the depth
and breadth of the influence of service ecosystems are still
expanding and have obvious characteristics of cross-field, cross-

Service-oriented computing (SOC)
{REST: API}
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Enterprise service bus

XaaS$ is a generalization of all cloud-related
services, such as PaaS$ (platform as a service),
Taa$ (infrastructure as a service), and SaaS
(software as a service).

The SOC paradigm was proposed and
gradually standardized applications.
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business, and cross-level, which may easily make the research
conclusion fall into the dilemma of “understanding an elephant
solely by touch”.

Under this context, we need to make a painstaking
investigation of the complicated phenomenon and find a new
perspective to observe and understand service ecosystems so as to
strike a balance between implementing the planning and
conforming to the law. First, we describe the conceptual origin
and interdisciplinary characteristics of service ecosystems.
Afterward, we present the components and run the logic of the
service ecosystem and the complexity problems we face. Then, we
provide a conceptual framework for the research on service
ecosystems. Finally, we discuss a series of challenges that the
research on service ecosystems needs to face in technology, law,
economy, institution, and other aspects.

1 Concept of Service Ecosystems

Service ecosystems play an important role in social functioning
and are synchronously evolving with the changes in smart
societies with crowd intelligence. This section will sort out the
conceptual origin and interdisciplinary characteristics of service
ecosystems to help us understand the origin and development of
this concept.

1.1 Conceptual origin of service ecosystems

The conceptual origin of service ecosystems has two main lines.
One main line is the business ecosystem™ and the service-
oriented logic®* from the business domain, and the other main
line is the software ecosystem™ and service-oriented computing
(SOC)** from the information domain. As shown in Fig. 1, the
two main lines interweave and interact to jointly give birth to the
concept of service ecosystems.

(1) Main line of business

Everything in nature has its place and function and is
interwoven into a web. In 1935, British ecologist Arthur George
Tansley first proposed the concept of ecosystem to describe the
phenomena. In a natural ecosystem, the biological population and
inorganic environment are a unified whole. Different species and
environments constantly exchange substances and energy, and
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Fig.1 Conceptual origin of a service ecosystem.
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different species transfer energy through the food chain, thus
maintaining a dynamic equilibrium®. The invisible hand of
natural selection is constantly pushing the competitive evolution
of the natural ecosystem, with existing species becoming extinct
and new ones being born. Eventually, the ecosystem reaches a
complex and stable equilibrium structure, and the disruption of an
ecosystem may lead to the permanent loss of some species.

Hannan and Freeman™ applied the idea of ecosystem to
organizational research and believed that all organizations with
common forms within a specific boundary constitute a population
and that the environment influences the activity mode and
structure of organizations. It makes the idea of ecosystem go
beyond the field of biology and thus lays the foundation of the
organizational ecosystem. Furthermore, Moore® applied the idea
of ecosystem to the business domain and put forward the concept
of the business ecosystem, in which enterprises are regarded as
members of the ecosystem. In the business ecosystem, resources
are transferred among the core enterprises, customers, suppliers,
and market intermediaries through the value net, which can
enhance competitiveness and achieve innovation through
symbiotic evolution. Peltoniemi and Vuori® believed that the
business ecosystem is a complex adaptive system, and the multi-
level system structure formed by stakeholders crossing the
boundaries of enterprises and industries is featured by emergence,
coevolution, adaptability, and self-organization.

With the rise of the service economy, Vargo and Lusch®* put
forward the idea of service-dominant logic to replace the
traditional commodity-dominant logic and emphasized that all
economies are service economies, and enterprises and customers
create value through interactions. Vargo and Lusch first defined
the service ecosystem in the business domain. A service ecosystem
is defined as a “relatively self-contained, self-adjusting system of
resource-integrating actors connected by shared institutional
arrangements and mutual value creation through service
exchange”. This view draws attention to multiple levels of
interaction and “institutions” —social norms, collective
meanings, and other coordinating heuristics —as drivers of
value creation™. Complexity, emergence, and self-organization
are critical components of service ecosystems™.

In the Internet era, the crowd intelligence service platform has
become the most important industrial organization form of the
service economy. Most of the newly emerging and rapidly
growing Internet enterprises are platform enterprises. The crowd
intelligence service platform is a bilateral or multilateral market
mechanism, the operation strategy of which is to promote the
value cooperation between service consumers and service
providers and to eliminate conflicts of interest so that both can
obtain benefits and maximize the platform value, customer value,
and service value®™*. Once the platform is established, it will
become a bridge to create and gather value, emerging the
multilateral effect and agglomeration effect. However, the utility of
a service platform is related to the number of users of suppliers
and demanders. In the case of the structure disequilibrium
between a supplier and demander, the platform crisis may be
triggered.

(2) Main line of technology

In the mid-1990s, with the progress of information technology
and the development of the modern service industry, Gartner™
first proposed the concept of service computing, providing
technical support for achieving cross-platform, cross-system, and
cross-language  interactive  software reuse. With  the
standardization of web service protocols by the World Wide Web
Consortium and the support of many software and IT enterprises
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for web service specification, web service technology has
increasingly become the practice standard for the concept of
software-defined  everything. Furthermore, service-oriented
architecture (SOA) has become a means for capturing the
principles of SOC and developing service-oriented applications™*.
SOA requires three fundamental operations: publish, find, and
bind. Service providers publish services to a service broker. Service
requesters find required services using a service broker and bind
to them. By implementing the SOA triangle, one could gain
flexible solutions with respect to the manageability and adaptivity
of software systems™*.

From the perspective of software design and development, SOC
is a method to carry out application system development with
service as the basic element. From the perspective of discipline,
SOC is a basic discipline that crosses computer and information
technology, business management, and consulting services. It aims
to eliminate the gap between business requirements and
information technologies using service science and service
technology”. With the development and application of SOC
technology, software, data, market, technical factors, and business
factors are combined with SOC to form software as a service, data
as a service, and even everything as a service*™. Therefore, SOC
can be used as an adhesive to realize the connection among
different elements through service encapsulation, service
matching, service combination, and other technologies.

Based on this, Messerschmitt and Szyperski® proposed a
software ecosystem in 2003. After over ten years of research and
practice, people’s understanding of the software ecosystem has
increasingly unified. In 2016, Manikas® redefined a software
ecosystem as “a complex system formed by the interaction of
software products and services as well as relevant stakeholders on
the basis of public technological infrastructure”, emphasizing that
stakeholders contribute to the software ecosystem by means of
data sharing, knowledge sharing, and service delivery.

Under the dual effect of the continuous evolution of the
software ecosystem and the rapid development of the modern
service industry, software ecosystems have gradually evolved into
service ecosystems. In 2016, Wu and Deng first used crossover
service to describe the cross-border integration service model in
the modern service industry, which is featured by crossover,
convergence, and complexity®™*. Xu et al** proposed the
concept of “big service”, coping with the challenges brought about
by big data through the integration and collaboration of a large
number of services in multiple fields. Chen et al.*? proposed the
concept of “ semantic service network” and used semantic web
and social network technologies to describe the organization and
integration of web services, including semantic information,
business context, and interaction relationship.

1.2 Application cases of service ecosystem

In recent years, the service ecosystem theory has also attracted the
attention of the industry. As shown in Fig. 2, traditional industries
and emerging industries are devoted to constructing service
ecosystems to maintain their competitive advantages. The typical
cases are shown below:

(1) Manufacturing service ecosystem

With the development of cloud computing, the Internet of
Things, and other new-generation information technologies, the
manufacturing industry is transforming and upgrading toward
networking, servitization, and socialization®*. The emerging
trends focus on providing personalized products and
individualized services for various prosumers. To adapt to the
manufacturing trends in the future, more enterprises encapsulate
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Fig.2 Application cases of service ecosystem.

their respective distributed resources (e.g., production capability,
design resources, and management resources) into web services to
form service-oriented enterprises®. Based on the cloud
manufacturing service platform, more manufacturing services can
integrate and share diverse and distributed manufacturing
resources to cover the whole product development life cycle. With
the expansion of the industrial chain, the manufacturing service
ecosystem emerges at the right moment.

The manufacturing service ecosystem mainly consists of social
space and information space. The social space mainly includes
users who make a request (e.g., process, quality, and price) for the
services and enterprises that provide the service (e.g., research and
development, management, manufacturing, logistics, and sales).
The information space represents a complex network composed
of the correlation among manufacturing services, which can
provide users with various customized services on-demand.
Service consumers are allowed to retrieve, purchase, and use the
manufacturing service according to the demand on the platform.
Meanwhile, service providers can accommodate the consumer
behavior and business model through dynamic configuration and
production optimization. It can bring many strengths for
manufacturing enterprises to coordinate the cross-border and
distributed task"

The research on manufacturing service ecosystems is mainly
divided into the following categories: (1) infrastructure research,
including the design and building of a cloud manufacturing
service system, construction of a cloud manufacturing service
platform, construction of a network system, and virtualization of
manufacturing resources and services®; (2) dynamic service
supply and demand matching, which is mainly carried out from
two perspectives: the overall perspective of the service ecosystem
and the individual perspective of manufacturing resources"’; (3)
operation management of the ecosystem, including service quality
management, security management, and service composition
management®; and (4) evolution analysis of the ecosystem,
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including the business model and design method of the system,
correlation mining of the service network, and computational and
experimental evaluation of external intervention strategies™.

(2) E-commerce service ecosystem

In recent years, e-business has been developing at full speed far
beyond people’s imagination. Up to now, electronic commerce
development in China has entered the New Retail stage™. As for
the reconstruction and upgrading of “ user, commodity, and
market”, the New Retail trend gradually emerges, which takes the
community retail as the front end, Internet-based logistics as the
middle end, and big data and financial innovation as the back end.
At this stage, competition among enterprises is gradually
surpassing the boundaries of individual enterprises and has
evolved into competition among service ecosystems.

Most companies aim to build their service ecosystem to control
the entire value chain, thereby raising the barriers to enter into the
industry. Alibaba is the most typical representative of Chinese
Internet companies, and its service ecosystem has become
increasingly mature®. In Alibaba’s entire service ecosystem, e-
commerce and financial services are its core businesses; portals act
as the role of user traffic guidance, such as UC.cn, aMap.com, and
Weibo.com; local life services are its current focus, including
CaiNiao logistics, healthcare, and other offline businesses; and
some attempts are made in emerging areas, including gaming,
video, music, and other entertainment services. The core of this
service ecosystem is data and traffic sharing, and Alipay is the
leader in effective service integration.

The evolution of Alibaba’s service ecosystem is closely related
to the value explosion caused by Internet technology. During the
initial stage of the Internet, Alibaba focused on its core businesses,
ie, its online store (Taobao) and credit payment mechanism
(Alipay), and successively established and acquired Alimama,
Koubei.com, and Alibaba software, among others. Currently
relying on core e-commerce services, Alibaba made several
attempts in several areas, such as logistics services, financial
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services, and local life services. In its ecosystem, the overall synergy
is constantly increasing: the core business provides cash flow for
other businesses, while other fields provide support for the core
business through differentiated service provision.

(3) Smart healthcare service ecosystem

With the improvement of people’s living standards, to ensure
that people have a healthy life, there is a need for a sound
healthcare service system for the elderly, such as life services,
medical services, cultural and entertainment services, and
education services. Healthcare is one of the most typical examples
of service ecosystem applications. Roles in healthcare can be
classified into three distinct but closely related categories: service
consumers (ie., patients), service providers (ie., hospitals,
pharmacies, nursing homes, and communities), and service
operators (healthcare service platforms)®™. Each service provider
has different values of reputation, capacity, and influence. The
service operator needs to adopt an efficient manner to motivate
service providers with high evaluation values to retrieve the
information of patients, through which patients can acquire good
services even at a distance.

The healthcare service ecosystem has a four-layer structure
from bottom to top: terminal layer, data layer, healthcare service
layer, and user layer. At the terminal layer, sensors can be
distributed on the body or even in the home or clinic/hospital to
detect changing health conditions, potential diseases, or health
problems. The data layer includes various types of data acquired
from the terminal layer and data cleaning and processing analysis.
The healthcare service layer is the core of the healthcare service
ecosystem, in which the service provider matches and trades with
users on a third-party platform to provide users with services in
living, cultural and entertainment, medical treatment, and other
aspects. The user layer mainly includes people who enjoy
healthcare services and their social networks.

A service ecosystem is the basic paradigm of the evolution of
the healthcare service industry, where smart service navigation
systems can be viewed as novel techniques to implement
personalized intelligent computing. Today, most patients may be
bothered about how to choose a proper doctor due to the lack of
relevant experience or professional knowledge. Reference [53]
proposed a doctor recommendation algorithm that can help
patients  select appropriate doctors according to doctor
performances and patient preferences. Reference [54] further
proposed an integrated doctor recommender framework that
extends patients’ demand characteristics to the preference and
illness symptoms. The proposed framework can determine
similarities between patient consultations and doctor profiles, and
an analytic hierarchy process is integrated for providing doctor
recommendations and promoting user experience using an
accurate and efficient recommendation list.

(4) Online-to-offline local life service ecosystem

With the development of the mobile Internet and sharing
economy, the traditional e-commerce model could no longer
meet the growing living needs of consumers. The online-to-offline
(020) life service ecosystem is a new kind of commercial element
integration mode, which can realize the integration and
interaction among an online platform, offline stores, online
payment, logistics, consumers, and other factors™. Consumers
can use Meituan, Tuniu, Uber, and other apps to select services
(e.g., catering service, beauty service, and taxi service), make
online payments, and enjoy and experience services in offline
stores. With the continuous expansion of consumers, platforms,
and service scales, the O20 life service ecosystem has been
gradually formed.
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The O20 life service ecosystem mainly has five roles: offline
layer, intermediate layer, third-party layer, online layer, and user
layer. The offline layer mainly refers to offline physical stores,
related personnel, and goods involved in offline stores. The
intermediate layer is the bridge among the online layer, offline
layer, and third-party layer and supports their interaction through
data processing, computing and operation, and maintenance
capabilities. The third-party layer mainly includes various
infrastructure services, such as payment, logistics, and location-
based services. The online layer mainly provides users with life,
travel, entertainment, and other services through various apps.
The user layer mainly includes users and their social relations,
where users enjoy online and offline services and put forward
their demands.

The O20 life service ecosystem hopes to cover all aspects of
people’s daily lives, including food, clothing, housing, and
entertainment. After these daily life service resources are
redesigned and reorganized to form a closed loop of user
consumption, the O20 life service ecosystem can maintain a long-
term competitive advantage®™. Service providers can publish
various service information on the Internet at any time, whereas
service consumers can locate and enjoy services through direct
and real-time inquiries. Personalized service recommendations
can make full use of originally idle service resources, effectively
improving the operating efficiency of the traditional service
industry. In addition, because O20 services involve much
personal data, special attention shall be paid to the privacy of
users.

1.3 Interdisciplinary research on service ecosystems

The research on service ecosystems explores the knowledge maze
of different disciplines to find the law of interaction between the
service technology and the social ecosystem. To clearly describe
the current situation and service ecosystem trend, Fig. 3 integrates
knowledge and insights of different disciplines to form a blueprint
for its analysis and understanding. The service ecosystem is at the
intersection of technology, business, and service. The technology
field involves various technologies for constructing smart services,
including big data, the Internet of Things, Al, and blockchains.
The business area covers various application areas of smart
services, including intelligent transportation, intelligent
manufacturing, and smart healthcare. The service field supports
the technology of SOC, including service composition, service
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matching, and service encapsulation. The following section
highlights the intersections of the different fields, which are also
the key to forming a service ecosystem.

(1) Technology + service

The combination of service and technology forms technology
as a service, among which platform as a service (PaaS)™,
infrastructure as a service (IaaS)™, and software as a service
(SaaS)® are more representative. In the combination process of
services and technologies, various technology or function modules
can be encapsulated into different types of services. Each service
can be viewed as a node. The cooperation, call, competition, and
other interactive relationships among services represent the
correlation among nodes. Different services are interrelated and
interact with each other, constituting an ecological structure.

Taking SaaS as an example, some web APIs’ sharing forms
service-sharing communities, and Xu solved the service matching
problem by constructing a service correlation graph®® .

With the diversification of service contents, all kinds of offline
resources are constantly subjected to service encapsulation and
made available to the public. For example, the services of
intelligent manufacturing cover the full life cycle of
manufacturing, including design as a service, fabrication as a
service, management as a service, experiment as a service (EaaS),
and integration as a service. Under the guidance of business
modularization and service orientation thinking, various business
units are transformed into business components that provide
various services, and “ service-oriented enterprise” or “service-
oriented organizations™™* are realized through business
collaborations of different service units within and among
organizations in service delivery and service consumption.

As the cross-border service integration trend is increasingly
highlighted, the depth (from pure business fusion to pattern
fusion, quality fusion, and value fusion) and breadth (from the
collaboration among enterprises to the collaboration crossing the
value chain and ecosystem) of collaboration among services have
been greatly developed. In this context, a simple service
combination can no longer meet the demand, and the dynamic
adaptation and depth integration among services have become the
focus of academia and industrial circles. Because data are the
representation of all underlying resources, data fusion is the basis
for service convergence. Knowledge fusion is further realized on
the basis of data integration, including data understanding and
mining, knowledge evolution and reasoning, description and
generation of intelligent elements, and self-maintenance and
reinforcement learning.

(2) Business + service

With the diversification and complexity of business
requirements, service technology gives full play to the role of
“connecting everything”, which can act as a connector and
lubricant across fields, industries, and organizations, making the
collaboration and fusion among different elements truly
possible®®. The whole social picture is redefined under the service
logic, and various intelligent applications are no longer isolated
individuals but a series of interdependent and mutually beneficial
ecosystems. At the individual life level, the appearance of an
intelligent lifestyle, such as an intelligent home and intelligent
travel, has changed our daily acts and living habits to some extent.
At the organizational structure level, intelligent services begin to
change organization forms in various fields, including education,
community, security, health, business, social intercourses, and
other industries are being redefined.

New business logic needs to be supported by new service
patterns, which can describe how the participants of service
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ecosystems support the collaborative co-creation of business
values through the exchange of information and resources. The
traditional research on service patterns focuses on process
structures and ignores data and resource exchange among
collaborators. Yin et al.® conducted abstraction on the business
process from the perspective of the integration of workflow, data,
and resources and formally described the service pattern of the
modern service industry. He also proposed a service pattern
description language to support the analysis, design, and
reconstruction of the business process of data and resource
exchange™. Furthermore, Ref. [63] attempted to establish the
correlation matrix between the demand pattern and service
pattern under specific circumstances by increasing the matching
granularity and improving the matching efficiency.

As the carrier of the service pattern, the service platform realizes
the value transfer between a supplier and demander through a
service transaction. The service transaction mainly includes service
launch, service pricing, service matching, and value distribution.
To meet the large-scale complex requirements, the service launch
needs to dynamically discover several existing enterprise services
according to certain rules and assemble them into a value-added
and coarse-grained service or function module. The cost of a
service launch determines the price of a service, whereas the
efficiency of a service launch determines whether the service is
competitive or not. At present, service matching is the focus in
academia. The proposed methods include a method based on
template/ontology and keywords, a process-driven method, a
method based on Al and planning, a graph theory based method,
and a mediator-based method® . After service matching, close
attention shall also be paid to how to make a reasonable value
distribution among service providers and between them and the
service platform.

(3) Technology + business

The development of a society cannot be separated from the
support of information technology. With the development of
information technology, society is constantly undergoing reform,
innovation, and upgrading. The combination of technology and
society makes human beings, technology, and society constitute a
unified whole, encompassing the cyber-physical-social system".
In this theory framework, “cyber” represents the information
system, such as various state information collected through
various physical devices, “physical” represents the traditional
physical system, and “social” represents the human social system,
namely, various economic and social activities of the human
society. All elements interact with one another for value co-
creation and constitute an organic combination through mutual
coordination. Information and value communicate and interact
with each other through their connection and maintain a
relatively stable dynamic equilibrium state within a certain period.

Physical layer: The physical layer covers widely distributed
devices and infrastructures, and these facilities can be
interconnected by the IoT. They are involved in various fields,
including home, electricity, traffic, hospital, industry, and
agriculture. Several sensors and actuators arranged in the physical
layer could realize the intelligent monitoring of the surroundings.

Cyber layer: A correspondence relationship exists between each
computation module in the cyber layer and each physical object in
the physical layer. The cyber layer can be regarded as a bridge that
connects the physical layer and social layer. The central controllers
and widespread distributed controllers in the cyber layer usually
have the functions of data archive and data processing. With the
help of these controllers, the cyber layer supports data collection,
information collation and processing, decision making, and
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assignment. Meanwhile, the cyber layer provides some related
services or tasks to users in the social layer and distributes the
authorities with the collected information about the physical layer.

Social layer: For a service ecosystem, users in the social roles
can be treated as an experiencer, a maintainer, or layer could have
different social roles, such as doctors, customers, servers, workers,
and nurses. Based on these social roles, users can be treated as
experiencers, maintainers, or even decision makers. They can be
viewed as service consumers that submit their experience
information to the cyber layer to assist the maintenance and
operation of the system, and they can also be viewed as service
providers and authorized to participate in decision making to
further promote system development.

2 Operation Logic of the Service Ecosystem

To examine a service ecosystem, we must first know its
components and run logic and understand the complex
challenges it faces. Figure 4 shows the operation login of the
service ecosystem. This section presents the basis for
understanding the next section (research themes).

2.1 Basic elements of a service ecosystem

In the natural environment, all things have their own niches and
functions, and they are interwoven into a single network. Driven
by the continuous input of energy and materials from external
environments, the energy loop between species is formed through
the food chain®. Finally, the natural ecosystem achieves a
complex and dynamic equilibrium, in which existing species may
compete and die while new species may appear and merge.
Similar to a natural ecosystem, a service ecosystem also has three
elements: species, environment, and cycle. Table 1 lists the
similarities and differences of a natural ecosystem, business
ecosystem, software ecosystem, and service ecosystem according
to the three elements.

2.2 Unified logic of a service ecosystem

The research framework of a service ecosystem borrows ideas
from SOA®*. Social networks, service networks, and value

networks extend from the concepts of service demanders, service
providers, and service agents in SOA, respectively. The details are
shown as follows: (1) Social network (external environments):
Social environments are an important factor influencing the
implementation of the service ecosystem, including population,
law, culture, customs, and industries, especially the coordination
of interests among the government, enterprises, and citizens. (2)
Service network (technical species): Services are no longer limited
to software services. Various types of “service species” co-exist in
the cyber space, including human intelligence services, machine
intelligence services, and human-machine coordination services.
(3) Value network (circulation mechanism): The value network
realizes the value circulation of services through service
commercialization and then drives the evolution of various
participants (service demanders, providers, and operators) in the
service ecosystem.

The running of a service ecosystem consists of three steps:

(1) Everything as a service (EaaS): All kinds of online or offline
resources (applications, platforms, data, algorithms, and facilities)
from a social network are virtualized and published in the form of
services*?. Through their interconnection and cooperation, these
services can realize the customization of a single resource and the
on-demand aggregation of multiple resources®®. Hence, it is
possible to create various “ virtual organizations” (e.g, teams,
enterprises, and governments) and to redefine various public
affairs (e.g., environment, traffic, education, and health)”".

(2) Service as a commodity: The service matching between
provision and demands can be finished in a “service marketplace”,
just like a commodity transaction, to achieve value creation,
realization, and distribution. Enterprises will act as service
providers and give birth to smart services to satisty ubiquitous
demands. The public having diversified appeals may reach a
consensus in a way and bring about the emergence of demands.
The governments have the responsibility to guard social equality
and public interests by virtue of policies, laws, and regulations.

(3) Value as a coordinator: Such a value circulation can
promote the adjustment and evolution of a social network,
including the changes in individual recognition and decision
making behaviors, cross-domain intersection and integration of
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Fig.4 Operation diagram of a service ecosystem.
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Table1 Successful applications and potential threats in a smart society.

Application o . :
scenario Composition (static) Cycle (dynamic)
External environment: Climate, sunlight, air, mountains, rivers, Energy cycle: There is a constant exchange of substance and
and other non-biological factors energy between species and the environment, and energy transfer
between different species is carried out through the food chain to
maintain a dynamic equilibrium. There is positive and negative
Ecological species: Various creatures, including plants and feedback in the ecosystem, and the negative feedback helps
Natural animals, that have a certain hierarchical structure: individuals (a maintain the stability of the system'*".
ecosystem single creature), populations (the same creature), communities
(the aggregation of multiple populations), and ecosystem (a Species evolution: In the natural ecological evolution process, the
combination of biocenoses and abiotic environments). superior species are selected, and the inferior species are
eliminated (i.e., the fittest survives). It is a self-organizing and self-
Typical examples: Mountains, swamps, forests, and grasslands growing process from the low level to the high level and from
simple to complex.
External environments: Social and market factors, such as Value cycle: Core enterprises, consumers, suppliers, and market
economy, policy, law, culture, and industry; stakeholders, intermediaries constitute a value network; the resource-
including customers, manufacturers, intermediaries, suppliers, dependent value network is transferred among members;
investors, governments, and standard-setting agencies competitiveness is enhanced; and innovation is realized through a
symbiotic evolution.
Ecological species: With core enterprises as the main ones, the
Business stakeholders depend on one another to constitute a dynamic Species evolution: It can be divided into four stages: (1)
ecosystem system. The correlation among enterprises includes horizontal development—enterprises need to create new values and form
coordination among similar enterprises and vertical coordination  key products and services; (2) expansion—enterprises expand the
among upstream and downstream enterprises. boundary of the system through competition and cooperation; (3)
domination—enterprises need to dominate the coordinated
Typical example: Business activities within enterprises and development and compete with other organizations; and (4) the
economic association among enterprises ecological environment has undergone great changes, and
enterprises are facing the market competition of the survival of
the fittest™.
External environment: The main stakeholders include Value cycle: The competitive and cooperative relationship among
application developers, operators, final users, infrastructure stakeholders is established with software artifacts and software
providers, and advertisers. The constraint conditions include services as the link, forming a collaborative network of
relevant policies, laws, technical standards, and relevant cultures.  stakeholders. In the interaction process, explicit or implicit
interest exchange exists among stakeholders, forming a value
Ecological species: There are complex components and interface ~ network among stakeholders .
call relationships among various software, services, and systems,
Software which form a software artifact-dependent network. For example, Species evolution: Due to dependence, the updates or defects in
ecosystem many enterprise systems depend on the development framework  upstream software artifacts will transfer their effects to
(technology or software libraries of open-source projects, and downstream downstream software artifacts. With the increasing dependence
level) projects depend on the infrastructure or functional components on software artifacts and the increasing size and complexity of
provided by upstream projects. The application software can be software ecosystems, the symbiotic evolution relationship among
called each other, such as skipping from Taobao to Alipay and software artifacts will be strengthened™ ",
skipping from Jinri Toutiao’s ads to Taobao.
Typical examples: GitHub open-source community, software
ecosystem within enterprises, and software ecosystem of the App
store
Value cycle: Driven by the external environment and with
External environment: The driving factors of the external requirement satisfaction as the goal, the information flow, capital
environment include technological innovation and the emergence  flow, and logistics flow act as a link of the transmission and
of demand. Stakeholders include service consumers, service feedback. The service ecosystem realizes value creation and
providers, and service operators. circulation among service demanders, service providers, and
service operators and establishes the connection among them
Ecological species: The elements in the society are no longer pure  through value driving, forming a value cycle with equilibrium in
human intelligence species (artificial customer service and the supply and demand relationship™.
delivery service), but they include more machine intelligence
species (recommendation service, logistics dispatch service, Species evolution: Different services collaborate and compete in
Service intelligent customer service, and advertising service) and the service ecosystem, and the fittest survives. On one hand, all
ecosystem elements integrating the two (decision making service). Service kinds of service nodes keep iterative optimization to improve

(business level)

nodes depend on one another and evolve independently to some
extent. When service nodes collaborate with one another and a
new service pattern is provided, service aggregation will occur.
Different services converge to constitute a service community.
When the number of service communities increases, a service
ecosystem is formed.

Typical examples: E-commerce service ecosystem (Amazon and
Taobao), 020 life service ecosystem (Uber, Meituan, and Hema
Xiansheng), and smart city service ecosystems (Alphabet’s
“Sidewalk Toronto”"” and Alibaba’s “City Brain”")

their value realization ability, hoping to gain advantages in a
series of process operations, such as on-demand selection,
combination, and scheduling of services. On the other hand,
machine intelligence services continuously explore new value
creation opportunities through intersection and cooperation with
traditional fields.
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organizations, and refinement of the social governance mode. In
the end, value circulation will further promote the evolution of a
service network into a hierarchical structure similar to a natural
ecosystem, including individuals, populations, and communities.

2.3 Complex challenges of a service ecosystem

To adapt to the change in the external environment and the
adjustment of its own structural behavior, a service ecosystem has
various interactions within the system and between the system
and external environment, which is always in the continuous
evolution of the system function and structure. It makes the
service ecosystem present self-organization, self-adaptation, self-
aggregation, self-strengthening, self-coordination, and other
characteristics. To grasp the running law of the service ecosystem
and coordinate the interests among residents, enterprises, and
governments, the following complexity challenges need to be
addressed:

(1) Correlation

The development of an ecosystem is not isolated, fragmented,
or disconnected, but it is a unified whole that is interconnected,
interacted, and mutually restricted. Because of the network
characteristics, the assumption of individual independence in the
system is no longer valid, which directly leads to various complex
phenomena, such as nonlinearity, chaos, and emergence. Because
the common characteristic of such a system is a long-range
correlation, it tends to lead to 1+1>2 or 1+1<2, ie., nonlinear
phenomena. As the dimensions of such an interaction increase in
the system, it will produce a new phenomenon, that is, chaos.
Chaos means that the dynamic properties of a system no longer
belong to the closed orbit but to the open or unpredictable
trajectory. A classic example of amplification through chaos is the
“butterfly effect”™.

As a result, the trends of the service ecosystem become
uncertain and unpredictable. In the service ecosystem, the local
optimization of a single smart service does not necessarily lead to
the global optimization of the overall system. For example, smart
transportation services may alleviate traffic congestion in a certain
local area, but due to the big data traps caused by limited
resources and user games, they may have a limited effect on
alleviating global traffic conditions™"".

(2) Cycle feedback

In all complex systems, there are two mechanisms—positive
feedback and negative feedback. The negative feedback leads to a
fixed-point equilibrium, whereas the positive feedback leads to
instability, such as avalanches and stock market crashes. The
feedback has the concept of a loop, in which the information is
transmitted from one unit to another unit through interaction,
and in turn, the information can be transmitted back to another
unit. According to Stephen Jones’ classification of the complex
system emergence mechanisms, the emergence with only a one-
way feedback mechanism is called the first-order emergence, and
the emergence with the feedforward and feedback mechanisms
between the system performance and individual behavior is called
the second-order emergence™.

Under the self-organization of a service ecosystem, new
individual behaviors will be generated due to the feedback from
the system. These new individual behaviors will be aggregated and
affect the system, thus forming a bidirectional feedback closed
loop of the service ecosystem. In terms of service consumers, users
might suffer from information cocoons®® and algorithm
discrimination®*), among others. As far as service providers are
concerned, the algorithm drift might lead to inaccurate prediction
in the case of emergencies, and the platform economy might
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contribute to the rise of monopolies in industries, eventually
stifling innovation and consumer choice™.

(3) Critical phase transition

A phase transition is a process in which the whole system goes
from one phase to another through external variables®”. The state
at which the phase transition occurs is critical and the most special
moment. Taking the phase transition from water to ice as an
example, the external variable that we can control is temperature.
At a certain temperature, disorder (water) alternates with order
(ice), which is called critical. The emergence and phase transition
points are also inextricably linked. For the explosion phenomenon
in the service ecosystem, the essence of the reason for their
formation lies in the dynamics in the micro-evolution rather than
the scene. In other words, different initial structures and
connection generation mechanisms in the ecosystem will affect
the changes in each local area and the method of connection
growth.

In the service ecosystem, the initial advantages tend to form a
natural tendency to monopolize, and the possible adverse effects
and potential pitfalls can be fully magnified. With the emergence
of a devastating technology or innovative business model, the
service ecosystem may experience a state transition from one
phase to another. The failures to predict the financial crisis and
stock market volatility are classic cases where the reason lies in the
continuous occurrence of various black swan events. An
evolutionary game exists between the macroscopic regulation of a
service ecosystem and the autonomous behavior of individuals. It
is difficult to obtain effective governance measures once and
forever, such as the changes in urban planning® and conflicts in
social ethics™.

3 Research Theme

Despite fundamental differences between the natural ecosystem
and service ecosystem, the study on the service ecosystem can
benefit from a similar analogy. A service ecosystem also has
driving forces that promote evolution, undergoes an operation
that integrates the social space into the cyber space by means of a
value network, reaches a certain state under the combined effect of
various factors, and embodies adaptive responses by continuously
adjusting the relationship between smart services and social
ecosystem. Inspired by the Driver-Pressure-State-Impact-
Response Framework in natural ecosystems®, we reconstructed
the model to emphasize the research themes of service ecosystems,
summarizing them into five themes: driving forces, operation,
status, traceability, and response (DOSTR). The goal of these
distinctions is not division but integration. A complete
understanding of service ecosystems will require integrating the
five links. We discuss the five topics in the following section and
present Fig. 5 as a summary.

3.1 Driving force

The natural ecosystem maintains its own energy cycle by
absorbing negative entropy™. For a service ecosystem, service
innovation is negative entropy, reshaping the value cycle rules of
the service ecosystem and making the service ecosystem meet user
demands efficiently™". Figure 6 shows the driving force of service
ecosystem.

(1) Technology driving force

After completing the digital transformation of an urban
infrastructure system, everything can be interconnected, real-time
online, sensible, and controllable. The influence of the service
ecosystem has already been evidenced in all levels and domains of
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Response refers to how to take measures
to promote the evolution of service
ecosystem in the desired direction.

Related interventions include responsive

and proactive.

Driving force explains why service
ecosystem composed of various smart
services can emerge in a specific
environment. Bottom-up emergence
and top-down intervention are the two
most important driving factors.

Operation explains how the three
heterogeneous networks that make
up service ecosystem interact to
form a circular mechanism. Value
network acts as the connector
between service network and
social network.

(oo (o)

Traceability describes why the
service ecosystem is in this state at
this moment. The reasons behind

it include causality, goal
orientation, and random accident.

Status describes where the current conditions
of service ecosystem is in its state space.
Its evaluation needs to consider the
multi-disciplinary composite features,
which is the basis for the subsequent analysis.

Fig.5 Research themes of service ecosystem.
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our society, such as urban infrastructure, social management,
people’s livelihood service, ecological protection, and economic
development. Service innovation is a prerequisite for driving the
evolution of the service ecosystem. However, a new service species
may be isolated ecological niche nodes in the initial stage, and it is
difficult to predict what kind of service mode change will be
triggered and what impact will be made on the existing service
ecosystem, such as the current 5G, blockchain, and autonomous
driving. The evolution of the service ecosystem caused by the
technology driving force is mainly divided into three stages.

In the first stage (1998-2012), smart services were mainly
applied to the cyber space. To solve the information overload
problem in the Internet era, recommendation services are
constructed to bridge information resources and end users®*.
Amazon and Taobao are killer applications in the e-commerce
field. Google, Netflix, Toutiao, and the equivalences are
representatives in the information flow field.

In the second stage (2011-present), smart services began to
spread in the physical space. Traffic congestion, public service
shortage (e.g., finance, education, and medical treatment), and
environmental pollution all reflect the contradiction between the
limited service capacity and rapidly increasing demands. The goal
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of smart services is to either provide users with new alternatives or
connect them with new service resources, platforms, and values.
Uber, Meituan, and Airbnb are typical representatives of O20 life
services; Alipay and PayPal are representatives of financial
services; and Alphabet’s “ Sidewalk Toronto” project™ and
Alibaba’s “City Brain”" are representatives of smart cities.

In the third stage (2015-present), the continuous coupling of
smart services and social space will eventually form a service
ecosystem. This stage has the following characteristics: (a)
Enhanced integration: All human, things, and environmental
factors are all incorporated into a service ecosystem and are fully
perceived, understood, and calculated. (b) Comprehensive
intelligence: Smart services would be widely distributed in society
and seamlessly integrated with human intelligence. (c)
Autonomous planning: In the presence of unknown risks, smart
services can actively provide public services according to the
situation, such as the autonomous driving systems of Apple and
Google. If the above three goals can be achieved, some scholars
declare that it is possible to accurately predict the market and
ultimately achieve a planned economy™”.

(2) Demand-pull

The nature of a service ecosystem can be expressed as“a
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complex functional network platform that achieves the
improvement of production efficiency and residents’ happiness
under the condition of limited resources such as space,
environment, and energy through the centralized supply of
infrastructure and public services”. Almost all the problems we
solve can be attributed to a common pain point: resolving the
contradiction between limited infrastructure, serviceability, and
rapidly growing demand. Taking a smart city as an example,
traffic jams, emergency management, and environmental
pollution reflect the lack of dynamic serviceability and efficiency of
infrastructure, and the problems in public utilities, such as
housing, education, and healthcare, reflect the insufficient supply
of public services and low service level.

Therefore, the demand-pull becomes the necessary condition to
promote service innovation. However, due to the randomness and
freedom of individual demands, our perception and the control
ability of such systems were very poor in the past, many of which
are closely attributed to random phenomena. In addition,
individual demands will be transmitted and diffused through the
network to form the demand trend with common behavioral
characteristics, which may be in a gradual and continuous manner
or discontinuous and abrupt manner. Therefore, the collection
and analysis of demands are faced with the following challenges:
(a) The generated demands may be spontaneous, disordered,
indirect, and obscure. (b) The generation time of demands also
becomes unpredictable and uncontrollable, and the spatial
distribution of demands will become very non-uniform with the
movement of the population. (c) The available demand is only a
sample of the complete dataset, and such a sample may deviate
from the complete dataset.

Based on the above reasons, the modeling of a demand space is
no longer just a process of perception but includes a
computational step in which effective knowledge can be obtained
from complex, obscure, missing, and non-uniformly distributed
data”. With the development of various sensing technologies and
the maturity of big data technology, several demand behaviors can
be perceived and observed, including basic information (e.g.,
demand scale, category, quality range, price range, and delivery
location), dynamic information (e.g., frequency of demand,
change of price and quality, and service feedback and evaluation),
and social information (e.g., association and similarity among
demand subjects).

The digitalization of social operations provides a good insight
into the whole society, with one aspect of dynamic demand
information represented by a stream of people, traffic stream,
environmental pollution, and negative events, and another aspect
of the operation status of roads and infrastructure provided. On
this basis, the data platform and algorithm can realize dynamic
prediction and matching between the supply and demand. For
systems with different intervention degrees, some can realize fully

automatic real-time intelligent intervention, some can perform
long-term policy regulation, and some conduct artificial
enforcement disposal. The service ecosystem realizes that timely
responses to abnormal events and the exploration of time-spatial
rules of citizens’ behavior can improve public infrastructure
services.

(3) Feedback loop

The continuous evolution of service ecosystems depends on the
interaction between service innovation and social demand.
Accordingly, a feedback loop is formed between the two: (a)
Individual demands converge to generate the demand trend at the
system level through the self-growing and self-organizing process
and then influence service innovations on the supply side. (b) To
meet the complex demand scene, the single-point technology on
the supply side will constantly perform various combinations and
redefine original business processes in an interactive, sharing,
elastic, and fine mode to form the fusion of service innovation
communities. (c) Although service innovation solves old
demands, it will give birth to new demands through the influence
and change of individual behaviors, forming a closed loop of the
system.

In most service ecosystems, a demand uncertainty analysis is
more important than a supply uncertainty analysis. However, with
the growth of service socialization, the importance of supply
uncertainty research becomes increasingly obvious. How to realize
the feedback loop between demand emergence and service
innovation in a dynamic and uncertain environment is one of the
challenges®™”. As shown in Table 1, the correlation relationship
between demand emergence and service innovation in the service
ecosystem is mainly divided into the following categories: starting
from the matching type, that is, including uncertainty of the initial
state and dynamic nature of the running process; starting from the
types of matching objects, including innovation of a single service
and innovation of multiple services; and starting from the subject
of the realizing match, including innovations at the individual
level and innovations at the system level. The details are shown in
Table 2.

When the initial state of demands is determined and has no
change in a certain period, the correlation problem between
demands and services can be simplified as the problem of service
selection. When two different objects, i.e., service or demand, are
considered, the existing supply-demand correlation can be
roughly divided into the selection of services and static scheduling
of tasks, and service innovation is not so important. Relevant
research works do not pay attention to the correlation among
services, businesses, and demands, and the supply and demand
matching is mainly based on the comparison and analysis of
quality of service (QoS) characteristics*”. However, when the
number of services and demands rapidly increases, these methods
will become slow and inefficient, being unable to meet dynamic

Table2 Classification of the correlation relationship between demand emergence and service innovation.

Perspective Category Description
Types of matching Innovation of a single service Solve the selection and scheduling that a single supply or single demand faces
objects Innovation of multiple services Solve matching and scheduling between multiple supplies and multiple demands

Subject of realizing Individual supply and demand matching

Supply and demand matching of a single entity from the perspective of
decentralized decision making

matching System supply and demand matching Supply an.d demar.u.l matchl.ng that the market/system faces from the perspective
of centralized decision making

Uncertain initial sate The initial state of services and demands may be defined or dynamically changed

Matching type The process of supply and demand matching has a certain continuity. The initial

Uncertain matching process

state and matching process of the supply and demand dynamically change
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and real-time requirements.

When the initial state of the demand and supply is uncertain,
the dynamic nature of demand is manifested as the submission
and withdrawal of individual demands, the growth and decline of
demands, and the dynamic nature of supply are manifested as the
entry and exit and improvement and innovation of services. The
existing research on supply and demand matching still cannot
fully describe and solve the correlation problem between the two
in the system. Demand dynamic modeling is mainly used to
estimate and quantify the uncertainties of demands through
hierarchy and delimitation, whereas supply dynamic modeling is
used to balance the competition among service providers or to
select and plan dynamic service resources.

Because some demands need to be continuously executed, the
process of supply and demand matching also has a certain
continuity. Within a certain period, the state of service, quality of
service, and correlation among services are dynamically changing,
and the function demand, process demand, and relationship
among sub-tasks are also dynamically changing. O20 service
recommendation and intelligent navigation belong to this type®™.
In existing research, efforts are made to explore the service
patterns that are frequently used in the field, are used in the
service formation process, and have certain business functions.
Service innovation needs to consider the limited resource
allocation model (i.e., changes in resource allocation can only
occur at the beginning of a new service execution) and a fully
flexible resource allocation model (ie, changes in resource
allocation can occur throughout the service execution cycle).

3.2 Operation

In essence, a service ecosystem is a sociotechnical complex system
under the influence of the external environment and can be
described by multilayer heterogeneous networks, as shown in
Fig.7, including social networks, service networks, and value
networks. The social network represents the external environment
of the service ecosystem, the service network represents the
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technical species in the service ecosystem, and the value network
represents the cycle mechanism of the service ecosystem.

(1) Social networks

Social networks are a key part of service ecosystems. They are
mainly comprised of social realities, such as service consumers,
service providers, and service operators, and can integrate these
social realities into the service network. Based on these social roles,
they can be viewed as service consumers as a method to submit
their experience information to the service network to assist in the
maintenance and operation of the system. At the same time, they
can be viewed as service providers and authorized to participate in
service innovation to further promote system development. They
can also be viewed as service operators to improve the matching
efficiency of the service supply and service demand. In the social
network, social realities can be considered interconnected nodes
with some specific types of interdependency, such as friendship,
beliefs, financial exchanges, and common interests.

With the increasing popularity of service ecosystems, the total
number of users joining social networks has continued to rise in
recent years. Due to this status quo, the social network is greatly
difficult to be analyzed and improved with a large number of
entities. Moreover, social entities have dynamic characteristics,
which further increase the difficulty of analysis and processing. In
this context, social computing emerges and focuses on the
promotion of social studies and social dynamics by handling the
large-scale social context with information techniques.

In addition, we need to focus on how to improve the
information propagation in the social networks so that the data
can be propagated in a few hubs, thus improving communication
efficiency. The authors in Ref. [99] investigated a method to
enhance the information propagation for social networks. By
adding new linkages to social networks and decreasing the total
number of communication hubs, the communication
effectiveness can be improved, which contributes to the
development of practical social network communications and
cyber-physical-social interaction and computing.
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Fig.7 Operation model of a service ecosystem.

206

International Journal of Crowd Science | VOL. 6 NO.4 | 2022 | 195-222



Research Roadmap of Service Ecosystems: A Crowd Intelligence Perspective

In most of the discussions before this subsection, humans are
always viewed as individuals with different levels of credibility,
influence, or professional quality. The incorporation of social
networks regards the human society as a whole that can be
arbitrarily divided. Under different divisions, relationships exist
among people in terms of friendship, beliefs, financial exchanges,
and common interests. That is, social networks emphasize human
dependency. When we utilize collective wisdom to serve the
system instead of individual wisdom, it will produce even more
outstanding results. The service community and service
aggregation in the service network are all based on collective
wisdom.

(2) Service network

In service ecosystem, heterogeneous services interconnect to
form a complex service network, the core of which is the services
with rich physical and social information and the interactive
relationship among services. Scholars have identified several types
of service convergence, including data convergence (the
combination of knowledge bases of industry-specific services),
capability convergence (the combination of previously distinct
services into a new service), and domain convergence (the
collision of business models and the redefinition of market
boundaries)"®.

Data convergence: In order to solve the problem that the
service granularity is too small and too dispersed, and a single
service cannot support the complex demand of customers, it is
necessary to aggregate these distributed services into multiple
clusters so as to form a service community. Data convergence is
the combination of knowledge bases and the erosion of
boundaries that define and isolate industry-specific service. It is
sometimes also referred to as a process where distinct disciplines
begin to collaborate with each other. The openness of the models
and their technology-independence provide the grounds for the
emergence of service community. The data convergence is the
basis for the further propagation and evolution of service
network.

Capability convergence: In order to meet the users’ complex
function demands, various fine-grained services within the field or
organization need to be combined to form a service chain.
Capability convergence is closely linked to data convergence and
is defined as the combination of previously distinct services into a
common product. It leads to new value-creating opportunities
and product and service offerings. Capability convergence is
generally motivated by an industry actor’s identification of new
opportunities lying at the boundaries of the industry and
awareness of the potential of combining own knowledge with
external one, thereby leading to novel and potentially innovative
activities.

Domain convergence: Many complex service applications
require “cross-chain”  service aggregation and comprehensive
application. When capability convergence and applications from
distinct domains are combined, they infringe on existing value-
creating territories of underlying sectors and industries. This leads
to collision of business models and gradual blurring, or
redefinition, of market boundaries. This phenomenon is called
domain convergence. Prior research has shown that domain
convergence often leads to a new cross-industry segment that
widens markets, lowers barriers to entry, and increases
competition. Moreover, domain convergence can lead to
reconfiguration of the value chain through the addition or
elimination of activities, consolidation through mergers and
acquisitions, as well as a complete shakeout of players from the
ecosystem.
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The construction of smart city clearly reflects the three
development stages of service network. The first-generation urban
data platform expands data aggregation to all areas of urban
governance, including environmental protection, traffic, urban
management, emergency, industry, culture, and population. Data
convergence focuses on the comprehensive perception of complex
urban events, including environment, weather, noise, human and
vehicle behavior, pollutant discharge and transmission, and illegal
construction. The second-generation urban data platform focuses
on the fusion of operational capabilities across departments. For
example, Alibaba’s urban (traffic) brain alleviates traffic
congestion by getting through to cameras, traffic lights, and signal
timing. The core lies in extracting and modeling the huge
multidimensional data according to matters rather than
departments, and re-presenting the causality and correlation of
various social issues and events using events and matters as clues.
In this way, it can help decision-makers quickly identify and deal
with key links, thus greatly improving the efficiency and utility of
social governance™”.

(3) Value network

The value network represents the increase and circulation of
values among service nodes and is similar to the energy cycle
process in a natural ecosystem”. In the matching process of the
service supply and demand, the utility value of the service can be
realized by satisfying customer needs. Consumers transfer value to
providers to enjoy services, and the value distribution is achieved
among related service providers. Different service operation
strategies will lead to large differences in the output or cost of the
value network, which will affect the operational efficiency of the
service ecosystem. The details are as follows:

(a) Value creation

Value creation is the mechanism of value generation in the
ecosystem. The supply and demand matching can be met by
multiple value chains. To achieve the best matching between the
supply side and demand side, it is necessary to determine which
value chain can maximize the value creation. Here, the operation
mechanism of the value network is given as follows:

SixSexKp— A (1)

Among them, S, represents the state space of service resources
and subsystems of the supply side; S. represents the state space of
the demand side; K is the final selected service operation strategy,
including the organizational model of network collaboration, task
assignment rules, and revenue distribution rules; and A is the final
service matching and value generation result.

This mechanism is often a concern for platform owners. It
needs to balance the control of the coordinator (closed tendency)
with the autonomy of participants (open tendency). Such
governance mechanisms include autonomy priority, knowledge
sharing, control right allocation, and decision sharing. The
authors in Refs. [22, 26] constructed a value co-creation model in
the service system and argued that the resource dependence
between actors resulted in service exchange, resource integration,
and value creation. The authors in Ref. [101] proposed a method
of network value analysis, explaining the position of a value in the
network and how to create a value.

(b) Value realization

Value realization explains the mechanisms used by participants
to maintain the ecosystem. The value realization of the service
ecosystem mainly measures to what extent can the supply side
meet the requirements of the demand side. According to the
concept of value engineering’”, the Value function of a service
operation is defined as follows:
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_ Outcome

Val _—
ame Cost

2)

Here, Outcome indicates the overall benefits of the service
ecosystem in the supply-demand matching process, including the
profits earned on the supply side and user satisfaction on the
demand side. Cost represents the total cost of delivering services
throughout its life cycle. Value represents the ratio of Outcome to
Cost.

The authors in Ref. [103] proposed a partnership model to
define the roles and responsibilities of participants and
mechanisms to improve communication and collaboration within
the system. In Ref. [104], the value realization process among
stakeholders was demonstrated, including the direct value
exchange (i.e., direct payment for services provided and used) or
indirect value exchange (ie, revenue generated through
advertising). The authors in Ref. [105] explained the value
proposition of stakeholders from a business perspective and
presented a description paradigm of a value proposition. The
authors in Ref. [106] used analysis of covariance to evaluate the
value of software service platforms, considering the impact of
different roles on the realization of system value, including QoS,
service developers, service platforms, users, and service prices.

(c) Value distribution

In the service ecosystem, the source of service provision is
social. This sociality exacerbates the diversity, uncertainty, and
dynamics of service provision. To promote the stability of the
service ecosystem, the service operation strategy needs to
continuously adjust the value allocation to attract and retain
participants through value distribution. The design of value
allocation needs to consider many factors, including profit

Ecosystem characteristic

Vitality,
anti-interference/resilience,
ability to maintain ecosystem,

distribution models, incentive mechanisms, and investment and
cost sharing.

The authors in Ref. [107] pointed out that the profit sharing
ratio between different value links is very important to the
development of coopetition relations, which has been proven in
many economic studies. The authors in Ref. [108] proposed a goal-
oriented value analysis framework using supply chain dependency
analysis and cash flow analysis to evaluate the operation of the
ecosystem. The authors in Ref. [109] proposed a dynamic pricing
model based on the perceived value of users, which maximized
the value of cloud service providers by capturing the supply-
demand relationship in the cloud service market. In Ref. [110],
value-driven service system design methods were developed to
improve customer satisfaction based on the premise of meeting
the profit of service providers.

3.3 Status

In the service ecosystem, services with similar functions will be
aggregated into a service community structure in the long-term
collaboration process. In the end, the service ecosystem will have a
structure similar to the “individual-population-community” . In
the service ecosystem, service providers provide services to meet
users’ specific needs and achieve added value. Because users take
satisfaction with their business needs as the fundamental goal, the
service ecosystem is an economic system. In addition, services in
the service ecosystem are not independent but form a complex
correlation in the process of long-term competition and
collaboration. As shown in Fig.8, a complex social network is
formed among service providers and users, and the service
ecosystem has the characteristics of a typical complex network.

Socio-economic characteristic

Market competition model,
fairness,
market effectiveness,

dependence on external -¢
investment,

harm to adjacent systems,
impact on human beings,

Service
collaboration

Service ecosystem
health

i social utility,
risk/security,
credit,
preference,

Service
competition
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Complex network characteristic

Network scale, network density,
degree distribution,
aggregation coefficient,
characteristic path length,
community structure,

network structure stability,
centrality, node diversity---

Fig. 8 Status model of the service ecosystem.

International Journal of Crowd Science | VOL. 6 NO.4 | 2022 | 195-222



Research Roadmap of Service Ecosystems: A Crowd Intelligence Perspective

Thus, the service ecosystem combines the self-organizing
characteristics of the complex system, coevolution characteristics
of the ecological system, and value-driven characteristics of the
economic system. To promote the healthy development of a
service ecosystem, the measurement and evaluation of the service
ecosystem shall be performed from three dimensions: ecosystem,
socioeconomic system, and complex network.

(1) Complex network characteristic

The index of the complex network characteristic of the service
ecosystem is mainly used for a comparative analysis of the basic
structure and interaction of different ecosystems™*". The
researchers hope to construct a knowledge map of the service
ecosystem to provide the basis for the sustainable development of
the service ecosystem. The research mainly includes three
perspectives: (a) relational approach, which focuses on the
connection relationship among nodes and adopts indexes, such as
density, scale, centrality, and symmetry, to explain specific
behaviors and processes; (b) positional approach, which focuses
on the social structure reflected by the relationship among
multiple nodes, adopts indexes, such as communities, hotspots,
structural holes, and path length"*", and emphasizes the use of
structural equivalence to understand social behavior; and (c)
performance approach, which focuses on the performance of the
entire network system and adopts indexes, such as functionality,
responsiveness, reliability, and availability.

(a) Relational approach

The service ecosystem in a smart society with crowd
intelligence is very complex, and the interactions among services
are often unexpected without top-level design. In a service
ecosystem, every service node has its specific function and
location. Service nodes in different fields will establish connections
with one another through a self-growing and self-organizing
process to achieve strong functions. With the development of
service technology, the real world and information space can cross
various boundaries, such as regional boundaries, industrial
boundaries, organizational boundaries, online and offline
boundaries, and value chain boundaries, to infiltrate and fuse with
one another. With intelligent transportation as an example, its
ecosystem covers several services in traffic control, municipal
administration, medical treatment and health, weather, mobile
communication, public security, emergency disposal, social
network, and other fields. For traffic control, traffic accidents,
transport services, specific customer demands, and other routines
and unexpected traffic events, these services will be linked together
through the service chain, dynamically constituting a
comprehensive, personalized, and context-aware complex traffic
service network.

(b) Positional approach

The topological structure of a service ecosystem may be
centralized or fragmented. The service-based feature vector is used
to calculate the functional similarity of services, and a knowledge
map of the service system is constructed in combination with hot
spot information and category information of the services, thus
presenting services in the service system in an intuitive form. On
one hand, we can know the time characteristics and importance of
different topics. On the other hand, we can know the directional
dependence among different service topics to know the trend of
service community changes in the service ecosystem and improve
the long-term availability of service aggregation. The continuous
evolution of a service ecosystem may lead to “structural holes”
among service communities; that is, some businesses and their
value expectations cannot be supported by existing service
networks"*"%, To make up for the structural holes, the bridge
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connection is performed on different subnetworks through a few
nodes, and such nodes are vividly called “ bridge points”. In a
service ecosystem, the cross-border fusion among services acts as
such bridge nodes, thus forming a value flow among nodes.

(¢) Performance approach

In long-term cooperation and competition, not only the status
of the service nodes themselves will change (the services will
change), but also the connection relationship (growth or
degradation and migration) among nodes will change. The small
but continuous changes among these local network nodes will
lead to a significant or insignificant evolution of the entire service
network and even “ explosive diffusion™*"”. In particular, the
crossover services as the bridge points have 3C characteristics,
namely, crossover, convergence, and complexity. This process
needs to realize not only the integration of data, processes,
services, and other technical levels but also the deep fusion of
different service patterns. Many barriers resolve the conflict
among patterns. For different business fields in cross-services,
there may be explicit or implicit interest conflicts among service
nodes, so it is difficult to satisfy the interest maximization
demands of all nodes at the same time. For example, as the service
provider in the same group, Taobao wants users to spend more
money on online shopping, whereas Alipay wants users to save
money and deposit more money in it. How to solve these
contradictions and weigh various value elements to create a
greater value is the challenge that performance analysis faces™.

(2) Ecosystem characteristics

The ecological characteristic index of the service ecosystem is
mainly used for its macro evaluation, which is conducted from
three dimensions: external environment, ecological species, and
cycle mechanism. The environmental dimension mainly studies if
the system acquires negative entropy from the environment in
order to maintain the order and output of the system and adopts
indexes, such as openness and sustainability". The species
dimension mainly examines the ecological niche formed by the
interaction among species in the system and adopts indexes, such
as diversity and hierarchy. The cycle dimension mainly examines
the characteristics and changes in the system at different stages
and focuses on the periodicity and anti-interference of the
ecosystem, hoping to provide a basis for future predictions™.

() Species dimension

In the service ecosystem, the service node is the most basic
species, is capable of metabolism and self-renewal, and presents
growth, development, decline, and death. The concept of service
population arises when service nodes in the same field can
connect with one another and provide a new integrated service
pattern. The population is the basic unit of evolution, and all
services in the same population share one feature library. The
aggregation of all service populations living in a certain
environment is called a service community. The population is not
randomly pieced together but regularly combined. Only with
complex interspecific relationships can a stable community be
formed. The service ecosystem is the combination of service
communities and the external environment in the same space.
From the perspective of the biological ecosystem, variation or
diversity is quite important. We usually measure the health degree
of a business ecosystem with two indexes. One is the increase in
service diversity, that is, the number of new services created in a
given time. The other is the increase in the diversity of
combinational relationships among services. As the ecological
diversity constantly increases, the ecosystem becomes richer and
more inclusive to enable new members to easily find similar
services and establish connections with them and grow
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increasingly faster.

(b) Environment dimension

The natural ecosystem maintains its order by aborting negative
entropy. Therefore, it must be an open system because the closed
system will become more disorderly and ultimately cannot be
maintained®. For the service ecosystem, service innovation is its
negative entropy"”. Through the recombination of production
factors and production conditions, the running rules of a service
ecosystem are reshaped to make the service ecosystem run
efficiently. Mobile Internet, e-commerce, and Al are all in this
case. These technological innovations will reshape the growth
equation of the service ecosystem and restart its growth process.
The environmental dimension primarily evaluates various factors
influencing technological innovations, mainly including (1)
whether to solve specific problems for service consumers; (2)
whether to produce a scale economy; (3) intensity of competition
among services, difficulty of entry barriers, and other factors; (4)
innovation system and research and development (R&D)
investment within the enterprises, including technological
innovation-related soft and hard resources, system, structure,
location, culture, and other factors.

(c) Cycle dimension

Through the value chain (the proportion of the number of
species of different ecological niches is maintained relatively
stable), survival of the fittest (competition promotes the
differentiation of ecological characteristics of species, such as an
increase in new services and extinction of old services), and
mutualism (interdependent relationship among species), service
communities will show their complex and stable structure, that is,
ecological equilibrium. The destruction of the equilibrium may
result in the permanent loss of a service resource. The cycle
dimension is used to measure the ability of an ecosystem to cope
with environmental disturbances and impacts. When a healthy
ecosystem is disturbed and impacted by the environment, it can
survive for a long time and ensure the stability and adaptability of
the service ecosystem at the overall level. Its indexes mainly
include survival rate, sustainability, and predictability. Because the
development of technology is cyclical, the evolution of the service
ecosystem also presents cyclical characteristics®. The key
concerns here include how can the service ecosystem achieve
equilibrium when new services are introduced into the value chain
and how can the entire value network achieve equilibrium when
the external market environment changes.

(3) Socioeconomic characteristics

Humans in the service ecosystem could be not only service
consumers but also service providers. An efficient social
evaluation mechanism is conducive to putting humans in the loop
mechanism of the service ecosystem. However, the current status
of the service ecosystem is still lacking in the research field of
social evaluation. Here, the authors will present some possible
evaluation directions that can be used in the service ecosystem.
The socioeconomic characteristics of the service ecosystem
determine its sustainable development, mainly including the
competition mode, fairness, effectiveness, QoS, social utility,
externality, risk/safety, credit, and preference. Here, we mainly
analyze from the perspectives of service providers, service
consumers, and service operators.

(a) Perspective of service providers

From the perspective of service providers, the social evaluation
mechanism of the service ecosystem covers more possibilities,
such as influence evaluation, capability evaluation, and reputation
evaluation. The influence evaluation measures the social influence
of a service ecosystem. For example, it could be used to determine
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the influence of a service ecosystem in the industry, thus taking
full advantage of the collaborative power of service providers at
the right time. In addition, the capability and reputation need to
be evaluated, which can reflect whether there is a healthy
competition mechanism within the service ecosystem. Capability
means that the completion quality of a service ecosystem can fulfill
the fluctuated demand sequence. Reputation signifies whether a
service ecosystem honestly completes the fluctuated demand
sequence within the task’s time to live.

(b) Perspective of service consumers

From the perspective of service consumers, the social
evaluation mechanism of a service ecosystem could be the
satisfaction evaluation, which is used to estimate the satisfaction
degree of users after acquiring the required services. This kind of
evaluation is very common on most existing systems or networks,
and it can be used as an index to guide the direction of the service
ecosystem evolution. The satisfaction degree can also be predicted
before business supplying, thus promoting service quality™”.
Specifically, in the service ecosystem, the satisfaction evaluation
mechanism can be performed for smart recommendation systems
in real target environments because recommendation lists should
be not only accurate and helpful but also a pleasure for users. In
particular, the fairness of the recommendation algorithm is as
important as the utility for service consumers.

(c) Perspective of service operators

The role of service operators needs to coordinate the interests
of governments, enterprises, and citizens. A reasonable
mechanism can adequately inspect the interests of all parties, thus
making good use of service resources and serving people better.
The social evaluation mechanism pays attention to the strategy
adopted by service operators to balance social benefits and social
risks caused by the service ecosystem™*. It is related to several
typical effects of social governance, including the following: (1)
Monopoly of the platform economy: The development of the
service ecosystem has a strong scale economy effect and scope
economy effect. Once advantages or disadvantages appear and
reach a certain degree, it will result in constant intensification and
self-reinforcement, bringing the monopoly of “ the strong is
stronger, the weak is weaker™™". (2) Progressive increase in
return to scale: The operating costs of a service ecosystem
significantly decrease as the number of service providers increases.
In the network economy, the growth of service providers presents
a strong nonlinear growth mode, and the risk of environmental
change is also nonlinear. (3) Progressive decrease in marginal
returns: The growth process of the service ecosystem is a
metabolism process, and it also faces technological, policy, and
resource constraints. When these constraints come into effect, its
input and output will face the boundary of accumulation and
growth rather than unrestricted expansion'.

3.4 Traceability

The influencing factors in the evolution of the service ecosystem
are complex and difficult to be confirmed. In addition, evolution
may be influenced by people’s free will and subjective initiative,
and sometimes the evolution path may be changed due to
accidental events. To clarify the reason for having an effective
or ineffective service ecosystem, we need to conduct research
from three aspects—causality determinacy, purposive tendency,
and random contingency —and reveal the laws behind these
problems. Figure 9 shows the traceability model of the service
ecosystem.

(1) Casual determinacy

A problem model in the real world can be described by a
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Fig.9 Traceability model of the service ecosystem.

number of variables that have a relationship with one another, i.e.,
the equation Y=F(X,X,,...,X,). This equation is used to
describe the causal relationship among a number of variables.
Once we have the equation, we can have the ability to predict. In
other words, the derivation of dependent variables is jointly
determined by several independent wvariables, and each
independent variable has its own influence weight (coefficient),
which is determined by a causal relationship. The operation of the
service ecosystem heavily relies on machine decision making, such
as service matching and service recommendation. The
recommendation algorithm has typical characteristics of data
dependence and will acquire wrong behaviors in the self-learning
and self-adaptation interaction process. Furthermore, it will be
solidified or amplified through the networked characteristics of
the service ecosystem, finally forming a“ self-fulfilling wrong
feedback loop”™™>.

For service consumers, the special preference or special goal of
service decisions may not be with their interest and utility
standard. For example, information cocoons®™* and algorithm
discrimination™* are cases that have happened in real life. Some
discrimination may be insignificant, but in major activities, such
as credit assessment, crime risk assessment, and employment
assessment, discrimination is no longer insignificant. Hence, it is
essential for service decision making to weaken or avoid algorithm
discrimination and ensure fairness and justice. Therefore, we need
to focus on the causal relationship between data dependence and
fairness in service decision making.

At present, the causality research on the performance of these
services is still at a very preliminary stage. In 2003, Brady"
divided many causal relationship test methods in natural science
and social science into five types: (1) New Hume theory, the so-
called causal relationship, is essentially the inductive reasoning of
“correlation”, but the causal relationship cannot be guaranteed by
the correlation™!. (2) Counterfactual causal relationship theory,
that is, the thought experiment assuming that events do not
occur™., (3) Manipulation experiment theory, that is, how to
analyze the causal relationship with an experiment. The random
and double-blind experiment is the most commonly used causal
relationship test method in the medical field and is often used in
drug effect testing"”. (4) Mechanism theory, that is, the causal

International Journal of Crowd Science | VOL. 6 NO.4 | 2022 | 195-222

relationship can be truly judged only after finding the influencing
mechanism from the cause to the result based on the internal
mechanism among factors™. (5) The compressed sensing method
is used to research the causal relationship. After compressed or
sparse sampling, noise and non-essential information are filtered,
and the causal relationship in the data can be easily found™”.

With the scale expansion of the service ecosystem, the
influencing factors have become increasingly complex and
difficult to be identified, and it has become very difficult to find
the causal relationship as in the past. In many cases, we have to
substitute it with a strong correlation. According to Chebyshev’s
inequality, as long as enough representative samples (data) are
found, a model or a combination of models can be found to fit the
truth very well, and the influence of randomness and noise can be
ignored. This method is called the data-driven method. However,
it has high requirements for data integrity. Most often, we cannot
have direct access to information, so we need to use indirect data
to gain the information we want. For example, establishing a
correlation between disease transmission and changes in searching
keywords in the region can be used to predict influenza™.
According to the similarity among different roads, the known
traffic flow of some roads can be used to estimate the unknown
traffic flow of other roads™" .

(2) Purposive tendency

The service ecosystem is complex because services are
purposeful and adaptive rather than passive subjects, which
reflects people’s free will and limited rationality. The purposive
tendency of services is embodied in various forms, such as
demand-driven, value-driven, and incentive-driven (e.g.,
crowdsourcing, rewards, reputation, and ranking). In such a
system, adaptive services can continuously “learn” or “accumulate
experience” in the interaction with the environment and change
their own behavior and structure according to the changes in the
environment to survive and develop. As the goal constantly
changes, the services will also evolve in the life cycle. On one hand,
all kinds of service nodes will keep iterative optimization to
improve their ability to realize the value, expecting to gain
advantages in operations, such as selection, combination, and
scheduling of services. On the other hand, the relationship of the
crossover and cooperation among service nodes is constantly
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adjusted to mine new value creation opportunities, the typical
characteristics of which are cross-domain and aggregation.

The core idea of the service adjustment strategy is similar to
that of reinforcement learning*"*%. That is, when an individual
takes action, he or she will get a reward from the environment. To
maximize long-term rewards, an individual needs to adjust his or
her behavior strategy, evaluate the potential benefits of all
behaviors, select the one with the highest value as the action
option, and give other options a small probability of execution.
The utility function of the purposive tendency is defined as
follows:

G (s) = max E. s (Rl =5 ©

where G'(s) represents the reward obtained by the service after
adopting a certain strategy, policy represents the behavior strategy
adopted by the service, R(7) represents the cumulative reward
value,and s, = s represents the service state at time ¢ as s.

Compared with the evolution that is a passive and random
search strategy, reinforcement learning is more similar to the
active and targeted adjustment, which greatly accelerates the
efficiency of the strategy update. The process of service nodes
improving their own capabilities will give birth to new species and
ecosystems, which will lead to impact the growth of new species
brought by old species, such as all kinds of third-party services in
the Taobao ecosystem.

However, this purposive behavior may lead to unfair
competition among services, such as the bidding rank of search
engines and scalping of e-commerce!. Furthermore, such a
purposive behavior may destroy the healthy development of the
service ecosystem and make the ecosystem constantly adjust its
evolution direction, strategy, and structure. To prevent such a
tendency, we need to analyze the impact diffusion and reaction
mechanisms of the evolution of service nodes. The impact analysis
method of the service evolution diffusion is mainly based on the
specific evolution performance of a single service to predict other
services that may be affected. The research on the reaction
mechanism of the service evolution shows that the evolution of
one service will lead to the evolution of other services, and the
evolution of these services will, in turn, produce an effect on the
original service.

“Impact analysis” and “reaction” are two opposite processes,
reflecting the game among multiple services. In the framework of
the evolutionary game, strategies and returns can be used to
describe the behavior and fitness of individuals, and strategy
updating represents the process of the individual survival of the
fittest in natural selection, in which different evolutionary
dynamic processes correspond to different strategy update rules.
From the perspective of game theory, rational individuals tend to
pursue the maximization of their own benefits. However, when all
individuals pursue their own maximum benefits, it will lead to a
decline in the overall benefits of the system, thus causing the so-
called social dilemma, ie, the contradiction between the
individual optimal and global optimal™. One of the research
purposes of evolutionary games is to examine the dynamic
phenomena in the cooperation evolution process and the methods
to promote cooperation under such a contradiction.

(3) Random contingency

Random contingency is the result of the accumulation of
quantitative changes, which will promote the evolution of the
ecosystem from low to high, such as selection and adaptation
brought about by technological innovation and environmental
mutation. In the service ecosystem, the sources of service
provision and service consumers are social. This sociality
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exacerbates the diversity, uncertainty, and dynamics of service
provision and service demands. Many intelligence problems are
fundamentally about eliminating uncertainties. When the data are
complete, that is, the datasets of the training model and test set
using the model are of the same set or are highly repetitive, their
cross entropy is close to zero. In this case, a disaster that does not
cover several small-probability events will not occur. In this way,
the data-driven method will become universal rather than effective
or ineffective from time to time.

However, relative to the complexity of the problem, if we only
master a small amount of information, the data-driven method
will be inadequate because of the data sparsity. There are not
enough data, and even when they are used, they are still not
enough to eliminate uncertainties. In the past, any model based on
probability statistics may not cover many small-probability events,
which is regarded as the weakness of the data-driven method.
Therefore, the classical statistical method cannot explain
phenomena caused by interrelated and complicated causes
(related parameters). Thus, to determine the best match among all
possibilities, scientists depended more or less on intuition to make
up for the loss and gap of data. Bayes’ formula helps them achieve
that in a rigorous mathematical form.

In the 1980s, Judea Pearl demonstrated that the use of Bayesian
networks should reveal the causes behind complex phenomena"*,
which works in the following manner: If we do not know the
cause of a phenomenon, we first build a model based on what we
think is the most likely cause, each possible cause is then
connected as a node in the network, and a probability value is
assigned to each connection based on existing knowledge, our
predictions, or expert opinion. Next, we only need to substitute
the observation data in this model and recalculate the probability
value through the Bayes’ formula among the network nodes. Such
a calculation is repeated for each new datum and connection until
a network diagram is formed and an exact probability value for
the connection between any two causes is obtained. Even if the
experimental data are blank or full of noise, the Bayesian network,
which unremittingly pursues the causes of various phenomena,
can still build models of various complex phenomena.

The value of the Bayes’ formula is that when observational data
are insufficient, the Bayes’ formula can combine expert opinions
with original data to make up for the deficiency in the
measurement. The greater our cognitive deficits are, the greater
the value of the Bayes’ formula is. As more and more data are
observed, the posterior probability becomes closer and closer to
the truth. Through continuous observation, the prior probability
is constantly transformed into the posterior probability to
constantly approach the real probability. A good example of using
Bayes’ formula comes from searching for aircraft falling into the
sea, such as in the Malaysia Airlines incident.

3.5 Intervention

There may be different trends in the evolution of the service
ecosystem, including the evolution from the low level to the high
level and from simple to complex. It is also possible to degenerate
from the high level to the low level and from complex to simple.
To promote the healthy development of the ecosystem, it is
necessary to perform limited and reasonable interventions in its
evolution. With the expansion of the scale of the service
socialization supply, the optimization of a simplified mathematical
model can no longer meet the actual demand. The evolutionary
game theory provides a feasible framework for solving the
intervention problem. As shown in Fig. 10, service matching is the
result of the combined action of top-down intervention and
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bottom-up emergence. The strategy and benefits can be used to
describe the service matching degree, whereas the strategy update
represents the process of the service survival of the fittest.

(1) Design of the intervention strategy

As shown in Fig. 10, the design of the intervention strategy
basically evolves in the following pattern: (a) Description: clarify
what is happening. The first level of interpretation of supply and
demand matching data is description. In the context of big data,
reducing noise interference and finding problems through data
description have become the top priorities. (b) Diagnosis: why
does it happen? The core work is to establish the connection
among data, understand the causal relationship among data, and
ultimately find the driving factors or triggers for a particular
problem. The diagnosis results can help us sort out our experience
for future decisions. (c) Prediction: What will happen? As the
data, algorithms, and computing power are rich enough, the
diagnosis results can be gradually expanded and applied to the
future to complete the prediction function. (d) Design: What
should be done? The final design of the intervention strategy can
be realized only when the system can use data, algorithms, and
computing power to fuse with human judgment.

Moore™ thought that the most important network governance
relationship is the community (group) governance system and
semi-democratic governance. Moore’s concept of ecosystem
governance includes market and hierarchy. He believed that
ecosystems internalize enterprise systems and markets and
connect them through the guidance of community leaders.
Korhonen et al"™ mentioned different research perspectives of
network governance: First, the market system, which is based on
the transaction cost theory, takes the definition of price as the
main governance mechanism and emphasizes the realization of
configuration through free competition and free exchange.
Second, hierarchy takes command as the main governance
mechanism and emphasizes benefit sharing and mutual trust.
Third, the network is an intermediate form between the market
and hierarchy. In such an explanation, the partnership is a more
complete form than the market but less than the hierarchy.

In the real world, individual activities are increasingly complex,

From real-world scenarios to computer scenarios

I
/ |

diverse, and differentiated, but intervention methods often adopt
simple, uniform, and centralized control. In light of the dynamic
nature and uncertainties of the external environment, the
intervention strategy is bound to lead to adaptive changes in some
services based on the surrounding environment, thus leading to
the failure of traditional optimization methods. In view of this,
centralized control and optimization methods will no longer be
applicable to the optimization of service ecosystems, and the
inductive strategy will be an effective governance mechanism. As
the services in the service ecosystem are composed of stock and
incremental services, the inductive mechanism can be designed
from two perspectives. According to the induction mechanism of
incremental services based on the ecological niche recognition
model (recommendation strategy), new services are constantly
introduced into the service ecosystem to participate in the
dynamic competition and collaboration among services"”.
According to the replacement mechanism of stock services based
on social utility evaluation (evaluation strategy), services improve
their service capability autonomously to promote the extinction of
negative effect services and push the optimization of the service
ecosystem™*.

During the implementation of the intervention strategy, special
attention should be paid to the selection of intervention objects.
The objects here are generally divided into three categories:
network core type, dominant type, and market niche type. The
network core type is the core species in the ecosystem, and many
connections among other members have to be made through the
core. These species can bring benefits to the ecosystem and its
members, and the disappearance of core species can bring
disasters to the ecosystem. The dominant type is also the core of
the ecosystem, and it directly controls or owns most nodes in the
network through vertical or horizontal integration. Such an
ecosystem is fragile and cannot easily withstand external shocks.
The market niche type refers to an individual that will not
produce a great impact on other species in the ecosystem but
constitutes a large part of the ecosystem and has an extended
impact on the entire ecosystem. For this kind of role, the most
important thing is value creation, creating a continuous value in
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Fig. 10 Intervention model of the service ecosystem.
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its special division of labor based on specialization.

(2) Implementation of the intervention strategy

The construction of a service ecosystem involves infrastructure,
social management, people’s livelihood services, ecological
protection, economic development, and many other fields. The
intelligent urban hardware, such as bicycle sharing, driverless
buses, intelligent garbage cans, and intelligent street lamps,
starting from local product innovation, gradually changed the
operation mode of the entire infrastructure and public service
system. On this basis, the service ecosystem has gradually entered
the era of the coexistence of machine intelligence service and
manual service. In other words, the machine assists the person in
making decisions, and gradually, the machine directly provides
the decision. For example, in takeout and travel scenarios, the
machine intelligence service automatically completes the decision
making and issues tasks to riders and drivers. The relatively
common scenarios in the consumer-oriented Internet will
gradually appear in the industrial Internet and enterprise
transaction scenarios.

The machine intelligence service is the formal representation,
reasoning, and calculation of objective facts with
symbol/behavior/connectionism, and it rarely involves the
judgment and decision making on the causal relationships of
value and responsibility. The implementation of the intervention
strategy is just a “double-helix” structure, in which the objective
factual data and information/knowledge can be called a fact chain,
whereas the parameter part involving the subjective value can be
called the value chain. Many problem domains are challenging
and often require the fusion of facts, values, and responsibilities,
and planning needs to be adaptable to the constraints of potential
changes. Data intelligence is good at the calculation process of
objective facts. It can extract, explore, and acquire knowledge from
a large amount of data to provide support for people in making
decisions, but it cannot cope with emergencies. Social intelligence
is good at a balanced mastery of subjective values. In the case of
not knowing global facts (incomplete information) or being
uncertain about certain facts (uncertainty), it can weigh the factors
related to a particular decision and the risks and benefits it may
cause in the near future or future. The intervention strategy can
achieve effective judgment and accurate decision making function
only by realizing the matching between the “double-helix”
structures.

Oftentimes, the intervention strategy of the service ecosystem
can be jointly completed by human intelligence and machine
intelligence services to balance the influence of various factors on
decision making. The combination of the two has provided a huge
opportunity for combining the advantages of humans and
machines, thus achieving the capability that cannot be obtained in
the short term™”. Manual services can help machine intelligence
services become highly effective, and machine intelligence services,
in turn, can enhance the capability of human services. The
combined system has three main characteristics: (a) Micro-
tasking: Crowdsourcing generally divides a large complex task
into many micro-tasks, known as micro-tasking, where each
service can participate in completing a part of the work™. (b)
Workflow: A complex workflow is assigned to a number of
participants. The major task of roles in different steps is to use and
add more information based on the previous participant. (c)
Problem-solving ecosystem: In creating a problem-solving
ecosystem, combining manual services with machine intelligence
services and building a complex credible model have become the
basis for solving the most challenging problems in the world.

In this society of human-machine symbiosis, the service
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ecosystem will be highly efficient with the rational arrangement of
the position of robots in the social network and elaborate setting
of their behavior rules"!. In a social network, certain nodes can be
placed in multiple redundant links by installing certain public
opinion robots to prevent the spread of false news®. Amazon
Mechanical Turk is a crowdsourcing platform that employs a
large number of volunteers and allows them to participate in an
online color-coordination game experiment™. Wikipedia deploys
a series of web robots to help administrators maintain the website
and prevent the formation of the so-called “Wikiality” when
people write entries. Humans perform what they are good at,
while machines are responsible for comparing results, testing
effectiveness, controlling cheating, and other details™”.

(3) Optimization of the intervention strategy

The service ecosystem is an open and complex system in which
complex connections and interactions occur among elements, and
a slight move in one part may affect the situation as a whole. In
addition, the self-organization and emergence of the complex
system make the whole far greater than the sum of individuals.
Thus, how to achieve equilibrium between the bottom-up
intervention and down-top emergence is a difficult problem. The
intervention strategy has various implementation paths and
possibilities. The implementation time, implementation length,
implementation object, and implementation range may lead to a
totally different final cost and effect. Therefore, the strategy
adjustment often requires constant trial-and-error, iteration, and
improvement to reach a consensus.

To fully understand the interventions before they are
implemented, we need to deduce the future caused by different
options and their consequences, as if we unfold the future of
different options in a parallel universe and reduce the bad options
to increase the probability that we make the right decisions.
However, the experiment cannot be performed in a real social
system, the reasons for which can be attributed to the following
aspects: (a) Economic aspect: Due to the scale of the social system
and cost factors, the test is too costly to carry out in the real world.
(b) Legal aspect: Many social issues involve legal issues, and
systematic testing cannot be carried out. (c) Moral aspect: Social
systems often involve a large number of people, and tests on these
systems may impact people’s normal life and even endanger their
life and property, so such tests cannot be accepted morally.

Through a simulation calculation, the computational
experiment method is used to examine the internal problems of
the service ecosystem and their evolution law, intervene in the
current development path and operation status of the ecosystem
in the view of the future, find possible negative effects, conflicts,
and potential risks brought by the system, and provide
“references”, “forecasts”, and “guidance” for coping with possible
situations". In the continuous integration of more data, the
manipulation, training, and simulation of the computational
experiment will become real and accurate and has the ability of
self-growth and self-optimization through interaction and
feedback with the real world. The trial-and-error method is costly,
but the new methodology can reduce the cost of the trial-and-
error method to the minimum, constantly approaching zero cost.
Nonetheless, we can create extreme scenarios that are difficult to
reproduce in the current real world. Combined with the
optimization theory of operational research on uncertain and
multi-objective conditions, we can deduce the effects of different
intervention strategies to obtain the expected optimization
effect™>™,

However, computational experiment, as a new methodology
and technological means, has not been widely accepted by
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mainstream researchers. The main reason is that the agent model
has large design freedom and lacks clear standards to verify
whether the designed model accurately represents the original
system. Therefore, if the computational experiment is to become
the mainstream research tool for complex systems, the problem of
model verification shall be fully solved. Moreover, the intervention
strategy involves many variables, each variable has multiple level
values, and there are interactions among variables. Hence, it is
difficult to measure the impact of each variable on the system
response. To determine the importance of each variable and the
interactions among variables and then optimize the intervention
strategy, it is necessary to design the computational experiment
properly, arrange the experiment reasonably, and analyze the
experimental data efficiently. The commonly used experimental
design methods include a randomized block design, Latin square
design, and factorial design. Through the response surface
method, the output response under the action of multiple
intervention variables is analyzed to gradually determine the
optimal intervention strategy. The guidance effect of the
experimental design in the implementation of the computational
experiment can improve the optimization speed and reliability of
the intervention strategy.

4 Research Scales: Individual, Organization, and
Society

Characterizing a service ecosystem requires understanding the
complexity of its evolution at multiple scales. To achieve this goal,
the service ecosystem supports the research from three
dimensions: “ micro individual”, “ meso structure”, and “macro
governance”. Figure 11 shows a competency matrix for assessing
the service ecosystem, including operational perception,
measurement (traceability), and intervention (control). Among
them, the check mark indicates the field in which the service
ecosystem can really make great achievements, and the question
mark indicates the field in which limited achievements can be
made while considering calm understanding.

4.1 Micro level

Over the past decade, wearable sensors, smartphones, and social
media have rapidly developed, allowing people to observe and
collect masses of personal data. With the development of
multimodal sensing technology, people’s physiological parameters
(e.g., heart rate or blood sugar level) and lifestyle (e.g., daily
activities or online social circle services) will be obtained

continuously and unobtrusively™ . In a service ecosystem, an
individual’s behavior trace includes the time that an individual
spends on each service and the traces of movements among
different services. An electronic archive of the digital self can be
created by synergies among different services. Through data
analysis and mining, personalized information about each
individual can be obtained, such as consumer preference, lifestyle,
aesthetics, and value orientation. On this basis, services can be
customized for each individual, and a service circle with the goal
of individuation can be gradually formed, thus affecting
individuals’ cognitive boundaries, living habits, and behavior
decisions.

A conflict occurs between the convenience of smart life and the
limitation of personal cognition. Hence, how to balance the two
and determine the boundaries of the affected individuals will be
the focus of future research. Collaboration, competition, and
evolution in the service ecosystem are factors that have potential
impacts on individuals, but very few people can model them well.
According to the social learning theory proposed by Bandura,
human intellectual development relies on individuals’ innate
foundation, acquired learning environment, and sociocultural
influence™. In a word, the degree of impact of an individual is the
joint result affected by individual learning, organizational learning,
and cultural influence. Such a view provides an idea for us to
analyze the impact of a service ecosystem on individuals.

Figure 12 shows a hierarchical framework of the analysis from
the aspect of social learning evolution (SLE)". The left column
indicates the level of the modeling framework, and the right
column shows the related services adopted by the level. The SLE
framework contains three evolutionary layers. The bottom layer is
the individual evolution space, which describes the phenomenon
that the individual is evolving due to influence, corresponding to
various recommendation services, navigation services, and
personal intelligent assistant services. The intermediary layer is the
organizational evolution space where individuals change their
cognition through imitation and observational learning,
corresponding to services, such as the circle of friends and other
social circle services. The top layer is the cultural space that
imitates the accelerated evolution of individual cognition
promoted by culture, corresponding to various hot spot lists and
top searches. By drawing individual information from the bottom
layer, culture is established to guide the evolution of individuals in
the bottom layer. The implementation logic of SLE is shown in
Table 3.

Impact of service
ecosystem

Operation/status
Scales of inquiry

Analysis/traceability Intervention/adjustment

Micro-level
(individual behavior)

e

Medium-level
(organizational
competitiveness)

Macro-level
(social governance
ability)

SAA

Ve
v ?
?

Fig. 11 Research scales of the service ecosystem.
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Fig. 12 SLE modeling framework.
Table3 Implementation logic of SLE.
Evoluti
Mt Evolutionary content
stage

Step 1:
Individual
evolution stage

The bottom layer is the micro-space, where individual evolution takes place. At the individual level, the reccommendation algorithm
irreversibly changes the information ecosystem. Before the recommendation system appeared, the export of information must be an
aggregation of multiple types of information, such as those from newspapers, radio, television, and web portals. Different types of
information vary in the number of audiences, but they do not vary in content. However, the recommendation system successfully
combines different types of information for comparison through indicators, such as users’ residence time, thus affecting people’s
cognitive level. Furthermore, personal Al assistants will become increasingly common and affect our decisions by observing our online
behaviors, including shopping, cooking, management of investments, management of health, and scheduling of trips.

Step 2:
Organizational
evolution stage

The middle layer is the organizational space, where individuals enhance their capability through imitation learning and
observational learning. When a social platform is associated with family members, colleagues, leaders, friends, and partners, it will
naturally generate cross-influencing of information, which will become a disguised parallel world. On one hand, what you see is what
others want you to see, and on the other hand, what you show is your best or what you want a specified person to see. The spread of
your opinion is only in certain circles. The circle will confine your thinking to the circle and make it difficult for you to empathize with
the cognition of other circles. When this topic spreads in the circle, it will naturally form an illusion that the topic is spreading around
the world, and people will be deceived by the circle. This phenomenon is called the echo chamber effect.

Step 3: Social
evolution stage

Culture is used to guide the evolution of individual cognition in the macro-space. This simulates the phenomenon in which culture
can accelerate the evolution speed of individual cognition. In addition to individual factors, there is something more special in the
process of human cognition formation, that is, social structure and social mechanism. Social tools have now become important
knowledge carriers, such as microblogs and official accounts. These tools allow one person’s cognition of the world to quickly spread to
others in the world. At the social level, all personal information is gathered to form various hot spot cultures, such as top songs, top
sellers, public opinion rankings, and top searches.

Step 4: Cyclic
feedback stage

The co-competition among services is the key driving force behind the evolution of the service ecosystem. All services continuously
learn the experiences of elites to improve their competency. Because of different initial conditions and evolution capabilities, some
elites may lag behind, and some new services with stronger capabilities will become the new examples. As a result, new services will
emerge at the individual level, and their impact on individuals is likely to be deeper than those of the other services. Finally, the
evolution of the whole ecosystem enters the next cycle.

4.2 Middlelevel

“Service ecosystem mode” vs. “Traditional service mode”

At present, service ecosystems are rapidly rising in different A Service

industrial fields, such as intelligent health, intelligent retail, New service New service ec?;gfit: m
intelligent ~ security, and intelligent  transportation™* node node Traditional
Furthermore, these intelligent services realize the convergence of service
business-oriented fields, such as epidemic prevention and control, mode
environmental protection, and social governance®®. Finally, smart New service Traditional
services cover smart homes, smart communities, and smart cities, © node service node 1

all of which are sub-ecosystems that are interconnected, ;3 Nev;’l;iglce

interdependent, and relatively independent™™. As shown in

Fig. 13, driven by value, some new smart services keep expanding, User sgrfz?geitxi]?)lzlilz
competing, and growing, and several traditional services also keep New service node

shrinking and merging and even die out in the competition. With node Traditional

the evolution of the competition and cooperation relationship Traditional | Service node 3

among services, the relationship among them can be established service node 4

or broken, strengthened or weakened. With service ecosystems,
we can make detailed analyses of the impact of smart services on a
certain industry or field.
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Fig. 13 Dimensionality reduction strikes of the service ecosystem.
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Now, whether the service ecosystem can disrupt an industry or
to what extent it can change an industry has always been a hot
topic of debate. In the seller-oriented market, the basic problem is
the contradiction between scarce resources and unlimited
demands. The key to solving this problem lies in the efficiency of
organizing and configuring resources. In the customer-oriented
market, the problem is whether the gap between supply and
demand can be removed. If a service ecosystem only acts as a tool
or accelerator of the traditional mode, it cannot solve the shortage
problem of high-quality service resources (e.g., good medical
services). On the contrary, if the service ecosystem could improve
the supply and demand matching ability to resolve their gap, it
will outrun the traditional mode®.

The researchers basically analyzed the ecosystem from four
dimensions: points, lines, planes, and spheres. The points include
service users and service providers. The lines connect the users to
services and can be generated during users’ usage of the services
and sometimes include platform service providers. On the basis of
points and lines, planes are thus formed, and the concept of planes
comes into being when service points can be connected with one
another, and a new integrated service pattern is provided. The
service points in the plane are connected to one another through
lines to form a service set. The user points are associated with
service points in the set in the process of constantly using the
service set. Finally, as there are more user points on the whole
plane, the strength of the lines is increased. In this process, the
scope of the plane is constantly expanded, and the strength of the
line determines the stability of the plane. One specific point,
whether representing a user or service, may belong to multiple
planes. As the number of planes increases, these intricate planes
eventually constitute the domain ecosystem.

The fundamental change of the domain ecosystem is the
change in point, so the sphere is not accurately described as a
static system but is constantly changing. If the business develops
in a healthy direction, there will be more and more users, followed
by services for users and service points. As the number of service
points increases, the integration foundation and mutual support
capability among different services will be stronger, thus resulting
in more planes, and the whole system will cause a continuous
expansion toward high dimensions. Generally, the capability of
the business center is the interaction degree of various planes in
the system. The high interaction degree among planes represents
the strong interrelation of various service points in the system.
Therefore, the capability of the business center to provide services
is strong.

The construction of a multidimensional collaborative domain
ecosystem is conducive to gaining a competitive advantage in a
certain business domain, which has been verified by emerging
Internet giants such as Uber, Airbnb, and Meituan"*". Taking e-
business as an example, the advantage mainly lies in three aspects:
(1) Enhancing the network effect by increasing the network
connection points: increase international buyer connection points
through a layout of export e-commerce, increase national seller
connection points through a layout of import e-commerce, and
increase domestic connection points by opening up sinking
markets. (2) Enhancing the network effect by increasing the
frequency and intensity of network connection: increase the
network intensity using the new product strategy to arouse the
retention motive of users and merchants and increase the
frequency of network connection by creating hot spots. (3)
Enriching the ecosystem by remedying the defects of the network
effect. The social tool property of the network effect is improved
through instant messaging tools, and the content property of the
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network effect is improved through different methods, such as live
broadcasts.

4.3 Macro level

The research and practice of smart societies with crowd
intelligence have been mainly dependent on the copy of
administrative management, such as the well-known smart health,
intelligent transportation, and intelligent security. From the
perspective of cybernetics, the logic of the whole smart city is
actually the cyber-physical system (CPS) transformation of the
urban space with new technological methods centering on
information and communication technology (ICT). As shown in
Fig. 14, the goal follows the basic logic of cybernetics; that is, the
information acquired based on the perception system reveals the
difference between the effect and standard, and corrective
measures are taken to stabilize the system in the predetermined
target state through cyclic feedback. Perception and intervention
are the two core links"”. However, a smart society is a complex
open system. Due to complex connections and interactions
among social elements, the change of each variable will lead to a
series of chain reactions. In addition, the randomness and
freedom of the crowd behavior lead to the weak perception and
intervention ability of the smart society at the macro level.

From the perspective of CPS or degree of control, a society can
be decomposed into three systems: natural ecological
environment, Al-built environment, and crowd behavior">".
However, people still cannot fully understand and explain, let
alone intervene, the natural ecological environment. Researchers
mainly focus on understanding the laws of pollutant production
and transmission and the discovery and tracing of sudden man-
made environmental pollution events. An Al-built environment
consists of all kinds of engineering infrastructure and buildings,
landscapes, streets, and other surface- and underground-built
environments. In theory, this is a completely controllable system.
Although the above two systems (ecological environment system,
with strong perception and weak intervention; AI-built
environment, with strong perception and strong intervention) are
closely related to human activities, human behavior often
determines only the input variables of the system. Another kind of
system is centered on human needs and behaviors (human
behavior, with strong perception and medium intervention),
including education, medical care, retail, tourism, and
government affairs. At present, the vast majority of smart city
construction projects are concentrated in this field.

In terms of smart societies with crowd intelligence, the
operation of a service ecosystem is not a simple collection and
integration of data, but it will be the basic operation logic of future
cities. The impact of the service ecosystem at the macro level is
mainly embodied in whether it can improve the level of social
governance and whether its intervention can balance the
contradiction between top-down planning and bottom-up
emergence. In terms of data privacy and profit model, the
implementation of the service ecosystem needs to coordinate the
interests of the government, enterprises, and citizens. As the
advocates and most direct beneficiaries of technology, enterprises
are always motivated to promote its implementation. The
government’s duty requires it to defend the boundary of social
equity and public interest through policies and regulations. Public
demands are relatively diverse. Therefore, although the top-down
top-level design is important, bottom-up market-oriented
innovation and extensive public participation are also
indispensable.

According to the requirements of the Law of Requisite
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Fig. 14 Loop feedback of the service ecosystem.

Variety™, to ensure effectiveness, the service ecosystem must be
as “complex” enough as the environment so that the system can
make appropriate responses to the interactions in the
environment. If the environment has 100 different behaviors that
need responses and a system can make different responses to these
different behaviors, the system is effective. However, if the system
has only ten possible behaviors, the system is not effective for the
environment. However, due to complexity, such a system cannot
be established. Therefore, we need to define the boundaries of the
service ecosystem. What we really need is not to accurately predict
the behavior of each individual or even society but to make
correct decisions. That is, even if unpredictable, wise decisions can
still be made.

To ensure the effectiveness, the service ecosystem must match
the complexity of the environment at all behavioral interaction
scales. For a service ecosystem, to increase its complexity on a
large scale, the complexity of its constituent individuals should be
reduced. For example, if the services in the service ecosystem only
have collaboration without competition, then the entire system
can run efficiently. However, an efficient and large-scale service
ecosystem is built at the expense of low-scale complexity. In the
end, such a service ecosystem will lack adaptability in the face of
the new situation of the changeable environment. The impact of
the service ecosystem on the social governance ability lies not in
data collection and processing ability but in how to balance the
intervention scale and complexity of intervention objects.
Therefore, the governance of a smart society with crowd
intelligence needs to focus on where the boundaries of the service
ecosystem are, that is, how to make rules on a reasonable scale,
rather than interfering with the autonomous behavior of each
service.
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5 OQutlook

Undeniably, our society is fully affected, transformed, and shaped
by ubiquitous, interconnected, and personalized services. We can
make reasonable and limited interventions only by capturing the
evolutionary laws and expansion boundaries of smart services in
human society. In this setting, we need a new interdisciplinary
research field: the service ecosystem. For the smooth development
of this discipline, the following issues should be given special
attention.

First, the service ecosystem involves a dynamic evolution, with
novel services continuously emerging. These novel technological
species will affect the current operating mode of society in various
ways. As the diagram of the smart society has crowd intelligence,
the service ecosystem needs to identify and predict the impact of
various new smart services on existing social systems so that our
understanding of the smart society can keep pace with the times.

Second, most scientists put emphasis just on technical aspects
of smart services, leaving apart social elements involved in it. Due
to the huge differences in social systems and local cultures, the
performance of smart services greatly varies in different
environments. Therefore, researchers should pay more attention
to the influence of localization characteristics on the evolution of
the service ecosystem. The perfect working process might lie
somewhere between local characteristics and general regulations.

Third, in the construction of smart services, a low level of
investment will be insufficient, but a high level of investment may
get its own benefit impaired a lot when it considerably improves
users’ utility. Therefore, a critical research issue of the service
ecosystem is how to find a delicate balance between social
affordability and expected benefits. Regardless of how ambitious
the target is, it should follow the principle of gradual improvement
to prevent the ratio of returns to costs from continuously
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decreasing.

Fourth, it is too early to tell whether the positive changes
wrought by smart services will outweigh the perils. The essence of
evolution is to constantly produce random “errors” in response to
unforeseen situations. The elimination of uncertainties by smart
services will enable the entire society to achieve great
developments in a short period of time, but it may be at the
expense of future changes and innovation capabilities. Therefore,
the research on service ecosystems should pay more attention to
how to implement the interventions of appropriate scales to avoid
overkill.

Fifth, the research on service ecosystems always requires
mapping relationships between the physical space and virtual
space to be accurate, comprehensive, and dynamic. Even the
trajectory of entity objects should also be included in the research.
Because these “social laboratories” may bring privacy violations,
ethical considerations should be under strict supervision.

Finally, the exploration of this discipline will require joint
efforts from related disciplines because these studies are
accompanied by challenges brought about by interdisciplinary
cooperation. Hence, it is essential to meet these challenges.
Universities, governments, and funding agencies should play an
important role in developing large-scale, equal, and credible
interdisciplinary research.

To summarize, smart services are promoting refined social
governance to an unprecedented level, which can facilitate our life
significantly and improve the utilization of social resources to a
large extent. Studying service ecosystems can support us in
examining technological and environmental sustainability
dimensions jointly with the social justice perspective.
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