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Abstract

Over the past two decades, Web Intelligence (WI) has emerged as a key field driving
the evolution of Al in the connected world, addressing the demands of a future intel-
ligent society. This paper provides a comprehensive review of WI’s contributions since
its inception in 2000, spanning three distinct phases: Wisdom World Wide Web (WI 1.0,
2000-2009), Wisdom Web of Things (WI 2.0, 2010-2017), and Wisdom Web of Every-
thing (WI 3.0, since 2018). For each phase, we examine key advancements, challenges,
and future directions from the perspectives of both intelligent machines and human ex-
perts, highlighting significant societal impacts. To advance WI research, we propose a
large language model-based learning framework for topic analysis and trend prediction.
Moving beyond single-perspective approaches, we emphasize the Connected Intelligence
Ecosystem defined by the HIGHS5 scheme comprising one goal, two twins, three funda-
mentals, four functions, and five services that are realized through WI 3.0. This vision
serves as a bridge from localized models to a global reference framework for addressing
sustainability challenges in future societies. To illustrate the real-world implications of
WI 3.0, we present case studies focusing on brain-inspired research, particularly in the
intersection of brain intelligence, brain health, and brainternet-fostering interdisciplinary
collaboration across diverse research communities.

Keywords Web Intelligence (WI) - Artificial Intelligence (AI) - Brain Intelligence -
Connectedness - Wisdom Web of Everything (W2E) - Future Intelligent Society

1 Introduction

Shaping a more intelligent society remains a shared aspiration of all human beings, with
its definition evolving alongside advancements in science and technology. One perspective
aligns with the concept of Smart City, where intelligence is embedded into urban spaces to
enhance human cognitive capacities, optimize resource utilization, and foster innovation
through the integration of information and communication technologies. Another perspec-
tive corresponds to Industry 4.0, that is the fourth industrial revolution, characterized by
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cyber-physical systems (CPS) and production processes driven by heterogeneous data and
knowledge integration (Lu 2017). From a human-centric standpoint, an intelligent society
is envisioned as one where the deep fusion of social, cyber and physical spaces that enables
a balance between economic progress and social well-being. This vision emphasizes the
delivery of highly personalized goods and services that address diverse potential needs,
regardless of locale, age, gender, or language (Deguchi 2020; Jeste 2020).

Despite these varied definitions, interaction and communication still play fundamental
roles, requiring advanced connectivity techniques and methodologies. Over the past two
decades, Web Intelligence (WI) has pioneered a novel paradigm from the perspective of “Al
in the Connected World”, laying the groundwork for the emergence of a future intelligent
society while shaping its evolving themes and definitions:

WI 1.0: 2000~-2009% Wisdom World Wide Web

“Web Intelligence 1.0 laid out the blueprint for scientific research and development that
explores the fundamental roles as well as practical impacts of Artificial Intelligence (AI)
and advanced Information Technology (IT) on the next generation of Internet and World
Wide Web (WWW)-empowered products, systems, services, and activities.” (Zhong et
al. 2000; Yao et al. 2001; Liu et al. 2003; Zhong et al. 2003; Zhong et al. 2007). The
main research tracks include Intelligent Web-Based Business; Knowledge Networks
and Management; Ubiquitous Computing and Social Intelligence; Intelligent Human-
Web Interaction; Web Information Management; Web Information Retrieval, Web
Agents; Web Mining and Farming; and Emerging Web Technology and Infrastructure.

WI 2.0: 2010~-2017% Wisdom Web of Things

“Web Intelligence 2.0 put forward a holistic intelligence methodology and a practical techno-
logical way to realize the harmonious symbiosis of humans, computers and things in the
hyper social-cyber-physical spaces, through embracing WWW, Web/Internet of Things
(W/1oT), as well Information and Communications Technology (ICT)” (Zhong 2013,
2015; Zhong et al. 2016). The main research tracks include Web of People; Web of
Trust; Web of Things; Web of Data; Web of Agents; and Emerging Web in Health and
Smart Living.

WI 3.0: 2018~ Onwards Wisdom Web of Everything

“Web Intelligence 3.0 creates a new vision to build upon thinking-supported techniques and
methods used above the social-cyber-physical space, featured by integrated investiga-
tions of Al and brain intelligence with big data, a new way from the systematic brain-
machine intelligence research to a new wisdom service chain for connected everything”
(Kuai et al. 2020; Kuai and Zhong 2020; Kuai et al. 2022). The main research tracks
are enriched and extended as Web of People; Web of Trust; Web of Things; Web of
Data; Web of Agents; Web in Industry, Society, Health and Smart Living; and Fairness,
Accountability, Transparency, and Al Generated Content (AIGC).

It can be seen that the evolution of WI is synchronous with the most advanced achieve-
ment in these changing times, under a number of thematic and cross-cutting areas, such as
Al, data science, computing abilities, web popular degrees, information and communica-
tions technology. To gain a better understanding of the WI field, Fig. 1 provides a com-

@ Springer



Web Intelligence (WI) 3.0: in search of a better-connected world to...

Page 3 of 50 265

WI 3.0
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Fig. 1 A 25-year journey of Web Intelligence through the periods of WI 1.0 (Wisdom World Wide Web),
WI 2.0 (Wisdom Web of Things), and WI 3.0 (Wisdom Web of Everything)
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prehensive overview of representative events of WI from 2000 to future, throughout three
stages of WI 1.0, WI 2.0, and WI 3.0.

As any occurrence of new technology and methodology depends on the impact of past
era, along with the eager requirements for current and future moment, this paper conducts
a comprehensive review of W1, presenting an overview of the content, scopes, and findings
on WI by examining existing studies in all databases within the Google Scholar database.
Altogether, over 10,000 snippets of papers related to WI are grouped into various research
tracks and are analyzed by different pre-trained large language model techniques. Looking
ahead, this paper presents the paradigm of WI 3.0 to help build a future intelligent society,
revealing the high degree of integration of cyber and physical spaces, the new technology
of wisdom services in the connected world promoted by the interconnected symbiosis of
“human—machine—thing”, new consumption and production patterns, as well as new indus-
tries and formats of innovative service-oriented society. Specifically, five research questions
(RQs) will be addressed in this study.

RQI What are studies and practices related to the scopes of WI 1.0, W1 2.0, and WI 3.0?
RQ2 How can natural language processing and word embedding techniques be inte-
grated to determine the time scale of research trend shifts?

RQ3 How can generative techniques, such as large language models, be applied to ex-
plore potential research pathways across different domains and scopes?

RQO4 What are the core schemes of future intelligent society from the WI perspective?
RQOS5 How can WI research be integrated into the development of a future intelligent
society?

The key contributions of this study are summarized as follows: (1) introduction to WI
research, a rapidly evolving field to Al in the connected world, along with a comprehensive
review of representative works across WI 1.0, WI 2.0, and WI 3.0; (2) a general framework
for analyzing the temporal evolution of research trends, leveraging natural language pro-
cessing and word embedding techniques combined with similarity measures across mul-
tiple time scales; (3) a predictive framework for identifying future research directions by
extending past and current topics from both temporal and domain perspectives, integrating
generative models and prompt-based analysis; (4) a roadmap outlining prevalent research
topics and potential future pathways within the WI ecosystem; (5) an exploration of critical
challenges and interoperability issues in WI 3.0, developed in collaboration with research-
ers from diverse backgrounds; and (6) a series of emerging paradigms within a conceptual
framework regarding the interconnected ecosystem towards future intelligent society. Fig-
ure 2 illustrates the organization of this paper.

In the rest of the paper, we firstly explore the Wl-related studies during different periods,
starting from the background to key topics and their relevant works at the end. The time
spanned over twenty years, from 2000 to 2025, during which the three periods are reviewed
in Sects. 2 and 3, respectively. Challenges and directions for future research are predicted
and introduced by combining foundation models in Sect. 4. An ecosystem of interoperabil-
ity for future intelligent society is proposed as well in Sect. 5. Section 6 summarizes and
concludes this paper.
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Web Intelligence (WI)
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In Search of a Better-Connected World to Create a Future Intelligent Society

Fig. 2 The organization of this paper

2 WI 1.0: Wisdom World Wide Web-W4

The field of Web Intelligence in the first decade of the 21st century boldly ventured along
several major methodological dimensions, as we can readily note in our retrospective
research snapshots.

Intelligent Web-Based Business: Levin and Zahavi discussed the effects of data mining
on targeting applications from three types of targeting models, including continuous-
choice, discrete-choice and in-market timing models (Zhong et al. 2004). Niu et al.
(2007) developed a Web-based cognitive business intelligence system through inte-
grating the executive’s situation awareness, mental models, and other past experience.
Baumgartner et al. (2005) described a solution to retrieve and normalize data from pub-
lic information sources to structure formats automatically, and further supporting WI
applications. The authors developed a WebCompare system to mine the unexpected
information from company Web sites (Liu et al. 2003).

Knowledge Networks and Management: The semantic similarity measures were studied
in Liu et al. (2007), focusing on named entities in information retrieval and knowl-
edge management. Ontologies, as an important knowledge management tool, have been
widely integrated into different web applications, such as ontological user profiles rep-
resentation (Sieg et al. 2007), product data semantics interoperability (Abdul-Ghafour
et al. 2007), text summarization (Hennig et al. 2008), personalized web information
gathering (Tao et al. 2010), on-line news recommendation (Cantador et al. 2008), semi-
automatic OWL ontology refinement (Volker et al. 2008), taxonomic relation mining
from the Web (Maedche et al. 2002), and ontological representation and construction
(Zhong 2002). Martin systematically summarized various projects concerning knowl-
edge representation, sharing, and retrieval on the Web, as well as their details require-
ments (Martin et al. 2003).

Ubiquitous Computing and Social Intelligence: In community detection and its extend-
ed scenarios, some solutions and viewpoints were proposed, such as the density-based
graph clustering algorithm (Falkowski et al. 2007), mutual awareness expansion based
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thematic communities analysis (Lin et al. 2007), and joint learning of both positive
within-group relations and negative between-group relations in signed social network
(Yang et al. 2007). Nishida (2007) introduced the concept of social intelligence design
and its technical aspects to support from different groups and teams to the entire society,
as well as their communications. A review was given by Borgatti et al. (2009), focusing
on network analysis in the social sciences. Thelwall (2005) introduced scientific Web to
realize academic hyperlink analysis from university’s Web sites to reveal interconnec-
tions between research fields. The similar viewpoint was observed by Fu et al. (2007),
which proposed an algorithm to discover experts using social network analysis.

o [ntelligent Human-Web Interaction: Liu et al. (2003) introduced an adaptive user in-
terface to improve user experience through personalized learning. Xu et al. (2008)
proposed a framework from analyzing sequenced web pages to web recommendation
using Latent Dirichlet Allocation. Emotion and opinion play a very important role in
human—machine interaction processes, and further derive a series of studies, such as
identification of opinion leaders (Zhai et al. 2008), quotations analysis (Balahur et al.
2009), emotion classification (Lin et al. 2008). Takama introduced the concept of huma-
tronics with the purposes of establishing the symmetric interaction between human and
electronic systems within advanced computer networks (Takama and Saeed 2007). In
addition, the satisfied and accepted degrees have impact on the human-Web interactions,
which are studied in Liu et al. (2002) and Bradshaw et al. (2004).

o Web Information Management: Yang et al. (2003) proposed a Web information-extrac-
tion system, namely XTROS, combining the effectiveness of domain knowledge with
wrapper induction. Rigutini et al. (2005) proposed an Expectation-Maximization based
learning algorithm to organize and manage documents in a multilingual environment.
Domingues et al. (2007) proposed a data warehouse for the purposes of managing the
services and content available, and making the site dynamically adequate to user’s
needs. Zorrilla et al. (2005) designed a data e-learning Web-house to support e-learning
personalized systems. Tan (2002) described a system, namely Flexible Organizer for
Competitive Intelligence, transforming raw URLs returned by internet search engines
into personalized information portfolios. Furthermore, fuzzy logic and hybrid approach-
es were discussed to Web-based intelligence gathering and information management
(Berkan and Trubatch 2002). To manage complex information, the details of graph da-
tabase models were discussed in Angles and Gutierrez (2008), including data structures,
query languages, and integrity constraints.

® Web Information Retrieval: Speretta et al. (2005) studied the personalized search meth-
ods through analyzing individual search activities. Massa et al. (2005) proposed a Page-
reRank method to provide more trust and precise Web. The topics of Web image
retrieval were focused in Lin et al. (2003) using a relevance model. Machine learning
approaches were used to rank Web pages, such as graph neural network (Yong et al.
2008). Nie et al. proposed their concerns about cross-language information retrieval
(Nie et al. 2002). Stronge et al. explored the effects of strategy use and age on search
success (Stronge et al. 2006). Lu et al. (2008) proposed a deep Web crawling method
to optimize retrieval satisfies at a low cost. Hoeber gave a systematic summary on the
key issues, challenges, and opportunities in Web information retrieval support systems
research (Hoeber et al. 2008). The rough set techniques were used to Web search result
clustering (Ngo et al. 2005). To an information retrieval issue, some researchers not only
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focused on the algorithms themselves, but also the performance evaluation methods
(Zhou and Yao 2010).

® Web Agents: Liu et al. (2003) characterized user behavior from recorded Web log data
through an information foraging agent-based approach based on Web regularities. Some
authors studied the different characteristics of autonomous agents and multi-agent sys-
tems, such as learning, self-organization, collaboration, and adaptive computation (Liu
2001; Liu et al. 2004). Bryson et al. (2003) introduced agent-based composite services
within a Web service ontology, supporting us to design a behavior-oriented intelligent
semantic Web. Johnson described a way to improve the quality of Web-based education
using agent technology (Johnson et al. 2003). Tan et al. developed methods to detect
camouflaging and previously unknown Web robots, not the creation of a robot itself
(Zhong et al. 2004).

e Web Mining and Farming: Han et al. considered how to bring intelligence into Web in-
teractions through uncovering and cataloging the authoritative links, traversal patterns,
semantic structures, the semistructured HTML, XML, and database-service-engine in-
formation stored on the Web (Han and Chang 2002). Li et al. (2006) introduced imple-
mentations and examples of network thinking and network intelligence from different
viewpoints of particular nodes, topological measures, structures, static and dynamic
properties. Chikhi et al. (2007) comprehensively compared different dimensionality re-
duction techniques for web structure mining. Alam et al. (2008) described a particle
swarm optimization algorithm for the clustering of Web user sessions. Inui et al. (2008)
developed an application and database to mine instances of personal experiences and
opinions from user-generated contents, such as Weblog and forum posts. Zhong et al.
(1999) presented a theoretical framework for peculiarity-oriented mining to mine inter-
esting rules and patterns from multiple databases. Granular and grid computing strate-
gies were widely used in the processes of data mining and knowledge discovery (Yao
2000).

o Emerging Web Technology and Infrastructure: Zhong et al. (2007) highlighted the
potential of WIl-centered intelligent information technologies on living, working and
playing, opening a road towards the next generation information technology society.
Bodorik et al. (2008) designed a Web services platform with mechanisms to support
privacy policies in the agent-based enterprise information technology infrastructure.
Kalles et al. (2003) systematically discussed the algorithms of a Web-based intelligent
system spanning from site design to user walk-through and extended user-input analy-
sis. Cercone et al. discussed the effects of computational intelligence on Web’s intelli-
gence in some topics of machine translation, machine learning and user interface design
(Cercone 2002). Personalization was considered at the levels of systems (Castellano et
al. 2008) and content (Tan et al. 2004).

In addition, the important aspects of WI were also discussed in education research, such
as the combinations of ontologies, adaptivity, personalization and agents (Devedzi¢ 2004;
Butz et al. 2006). The WI and intelligent agent technology were also used in complex urban
environments, restaurants, and immunology. In the later stage of WI 1.0, the interplay of
ideas between WI and other fields became more frequent, for example bioinformatics and
brain informatics, which added a new dimension for the next era of WI.
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3 WI 2.0: Wisdom Web of Things-W2T

From 2010 to 2017, more and more results have been presented that enrich the theme of
Wl in its 2.0 era. Here, we review various endeavors that have studied Web Intelligence and
potential applications from these five topics of the Web of People, the Web of Data, the Web
of Things, the Web of Trust and the Web of Agents, each of which lists several subtopics.

® Web of People: Faraj et al. (2011) proposed the concept of the fluctuations in tensions
of a dynamic flow of resources in identities, which supports knowledge collaboration
in online communities. Guzdial (2013) introduced a viewpoint of human-centered com-
puting in education by combining computing and psychology. Yuan et al. (2013) de-
veloped an online search program for homebuyers-oriented recommendations, improv-
ing real estate searches using search behaviors, case-based reasoning and ontological
techniques. Different techniques and methods were discussed to sentiment analysis and
opinion mining, such as statistics and information fusion, from different levels of docu-
ment, sentence, aspect, comparative analysis and lexicon acquisition (Feldman 2013;
Balazs and Velasquez 2016). Becker et al. (2017) presented theoretical predictions and
experimental findings on social influence from social network dynamics. Kassak et al.
(2018) gave a survey related to acquisition and modelling of user behavior on the Web
from the long- and short-term perspectives.

® Web of Data: Data provenance and semantic techniques played an important role on big
data integration processes (Tomazela et al. 2013; Knoblock and Szekely 2015; Herschel
et al. 2017). For big data analytics, Kambatla et al. (2014) and Tsai et al. (2015) pro-
vided an overview of the hardware, software, and application landscape, as well as the
future directions. Dhar highlighted the view of predictive modeling in data science to
cope with increasingly heterogeneous and unstructured contents generated by humans
and computers (Dhar 2013). Jordan and Mitchell (2015) gave future trends, perspec-
tives and prospects of machine learning on algorithms and theory at the core of Al and
data science. The data-driven services and applications were studied to assist situational
development, such as service computing and the description of service data correlations
(Gu et al. 2010; Liu 2014).

e Web of Things: Atzori et al. (2010) discussed different paradigms of Internet of Things
from “Things-"oriented versions, “Internet-"oriented versions, and “Semantic-"oriented
versions, as well as their combination. Yan et al. (2012) gave a survey on smart grad
communication infrastructures to serve as more and more entities, with the goal of
addressing emerging distributed challenges. Steen et al. comprehensively introduced
distributed systems from decentralized computers, machines and mobile devices, with
two characteristic features from collection of autonomous computing elements to sin-
gle coherent system (van Steen and Tanenbaum 2016). In this stage, different types of
computing modes were further utilized and refined to cope with online data and physical
objects, such as cloud computing (Armbrust 2010), ubiquitous computing (Friedewald
and Raabe 2011), mobile edge computing (Mao et al. 2017), and transparent comput-
ing (Ren et al. 2017). Furthermore, on the basis of W4, the concept of “Things” was
highlighted to extend the boundary of “network” wisdom, opening a new era on W2T
(Zhong 2013; Chen 2014; Zhong 2015; Zhong et al. 2016), gaining attention to develop
techniques, methods and applications around a cycle of “from things to data, informa-
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tion, knowledge, wisdom, services, humans, and then back to things”.

® Web of Trust: Bannister et al. discussed the benefits of information and communications
technology to enhance transparency, with the emergence of e-government (Bannister
and Connolly 2011). Meanwhile, many studies had focused on trust management, com-
putational trust and reputation models for open multi-agent systems (Pinyol and Sabat-
er-Mir 2013; Yu et al. 2013). Faroukhi et al. (2016) provided a comprehensive review
of value creation, data value, and big data value chains to support data monetization
services and applications with potential requirements of data security. Yang et al. (2016)
proposed a social collaborative filtering algorithm based on trust for recommendations,
specifically for sparse data and cold-start users. Ding et al. gave a review on multivariate
public-key cryptosystems and multivariate schemes in digital signatures and public-key
encryption as well as their security (Ding and Petzoldt 2017).

® Web of Agents: Liu et al. (2011) proposed a decentralized, self-organized algorithm,
simulated by autonomous multi-entity systems, for solving combinatorial optimization
problems. McRorie et al. (2012) discussed the development and evaluation of virtual
agents based on sound psychological principles, and the effects of personality on agents’
behaviors and productions. Local and global interactions in agent networks were studied
to sequential state estimation and small-world social network generation with dynamics
(Hlinka et al. 2013). For agent-based modelling and simulation, Macal (2016) gave a
systematic review.

In this stage, a track of “Emerging Web in Health and Smart Living” starts paying more
attention for scientists from different backgrounds, owing to closer integration of life sci-
ence and Al. A series of works were proposed to improve the effects of Web and Internet in
the scenarios of health and smart living. For example, Yang et al. (2016) proposed an epi-
demic-model-based tensor deconvolution framework to analyze the spatiotemporal patterns
of social contact for understanding and predicting the prevalence of infectious diseases.
Vlacheas et al. (2013) proposed a cognitive management framework for IoT to substantially
support sustainable development of future smart cities. For the elderly and disabled people,
Hussain and Rafferty et al. developed health and emergency-care platform, as well as the
intention recognition approaches (Hussain et al. 2015; Rafferty et al. 2017). Facing the
increasing big data resource, Pramanik et al. (2017) proposed a conceptual model on big
data enabled smart healthcare system framework.

4 WI 3.0: Wisdom Web of Everything-W2E
4.1 Investigative strategies and views

As the continuation of WI 1.0 and WI 2.0, WI 3.0 extends and enriches their topics, fostering
new meanings. To systematically reveal the WI’s journal during the past twenty years and
give its future trending prediction, a corpus was constructed firstly. It includes the focused
fields-centric text selected from different sources, where the searched phrase is “Web Intel-
ligence” that is observed by the Google Scholar engine, between 2000 and 2023. Further-
more, we screened the satisfactory text data from the corpus, followed by the PRISMA
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guidelines (Page 2021). A detailed text selection pipeline is given in Fig. 3, containing the
Wil-related text data that are used in this paper.

Coupled with these selected texts, a foundation models-fused learning framework
(Fu3ML) is proposed to achieve the functions of automatic domain review and quantitative
trending predictions in Fig. 4, including the following three components:

o the entity recognition component (EnRC) is constructed to extract keywords from un-
structured text, which can be perceived as evidence to help us clarify a field’s develop-
ment;

o the content generating component (CoGC) is constructed to create new content based
on prompts, which can be identified as inspirations and cues for the future works;

o the embedding learning component (EmLC) is constructed to learn text representa-
tions, which can be used to execute text similarity evaluation and topic cluster learning

Identification of studies via databases, registers, and
other methods from various sources

'

Records identified from:
Google Scholar (n = 72427)
With the keyword N

Records selected before screening:
Automatically extracted records via
interfaces with the maximum of 1000 in

“Web Intelligence” each year, sorted by relevance with the

From 2000 to 2023. “Web Intelligence”.

Identification

v

Records screened (n = 20873) =P Records excluded (n = 51554)

Snippets of papers sought for retrieval (n = 20873)

v

Reports assessed for eligibility:
screened records that only include English (n = 20216)
screened records that include snippets of abstracts (n = 18962)
screened records that the duplication items are removed (n = 17902)

* ................................... ;

Total text snippets of papers included AA
Included in WI trend review and prediction (n = 17902) ]
& J

Screening

Fig. 3 Flow diagram obtained from the PRISMA guidelines for text selection and corpus construction
(Page 2021)
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From Foundation Models to Recent Developments and Open Issues

Corpora e Y g O R S S S i S . S Future
2000-2009

Corpora
2010-2017

Topics Shifting Point
Check
Sampling by Information II’ ‘Topics Brpwser

Text Data p o bl .
‘ex. ?a' Time Frame Extraction

senenesne ||’ Topics Extension :
Topics Visualizer -

Fig. 4 The topic learning framework based on pre-trained language models and a topic switching point-
oriented detection and prediction method

for obtaining a more representative trend,

where such foundation models with different characteristics can be systematically integrated
in an unified learning framework, namely Fu3ML, such as a BERT model (Mohammed and
Ali 2021) used in the entity recognition component, a GPT model (Liu et al. 2023) used in
the content generating component, and a ConSERT framework (Yan et al. 2021) used in the
embedding learning component. Through making full use of their respective advantages,
Fu3ML can flexibly exchange and integrate different pre-trained foundation models, and
further supports downstream developments and complex open issues.

As a typical downstream application, the EnRC in Fu3ML is used to recognize the enti-
ties from the selected Wl-related text, the results of which are counted to analyze research
activities during a given time period and the future trends. In particular, we investigate the
Wil-related field’s history and future from the time evolution and domain views. On the one
hand, the automatically recognized entities are separated to different groups on the basis
of different time periods. For example, the word clouds are created corresponding to the
three stages of WI 1.0 (2000-2009), WI 2.0 (2010-2017) and WI 3.0 (since 2018) in Fig.
Sa, respectively. It can be found that the degree of interest changes throughout the whole
development stage of WI research, such as the system related directions with a sustained
focus while the data and user related directions with an increased focus. On the other hand,
the hand-crafted entities are created with different tracks and topics as shown in the “Evo-
Iution of WI Tracks and Topics” sections of Appendix 1. Therefore, both of them can be
compared and verified within and between solutions. Facing an open issue of predicting the
future directions and trends in W1, the CoGC in Fu3ML helps us generate new contents with
respective to different time steps and tracks through prompts-based technologies. Herein,
the prompts are constructed with time and scope characteristics from the Wl-related enti-
ties created by both manual and automated configuration modes. Furthermore, the EmLC in
Fu3ML is used to encode collected topics as vectors, and then helps us identify the represen-
tative topics throughout the whole above-mentioned operations, with detailed experiment
settings in Appendix 3. Consequently, the results of trend summarization are obtained as
shown in Figs. 8,9, 10, 11, 12, 13, 14 of Appendix 4; the results of the trend shift degrees are
obtained as shown in Fig. 15 of Appendix 4; and the results of trend prediction are obtained
as shown in Figs. 16 and 17 of Appendix 4. In the next subsections, Fu3ML will be used to
explore WI 3.0 from temporal and domain views.
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4.2 Exploring the WI 3.0 from the temporal view

Similar as three waves of Al evolution with significantly different research trends, some
changes also can be observed during progress of WI. One of the most interesting viewpoints
is how to get the switching points of trend changes via automatic text mining methods. To be
honest, it is difficult to give clear boundaries to obviously split different phases, because the
development of technology and methodology is smooth with the continuous and overlap-
ping characteristics. It means that the task of capturing the finer and temporal research topic
changes is not easy, but we believe it is worth to pay more attention and make additional
efforts. For this purpose, we propose a topic switching point-oriented detection and predic-
tion method to identify and trace the topic development and changes in Appendix 2, with a
short name of TSPDP.

Accordingly, the topic trend prediction results are given from the incremental view with
the time window of four years in Fig. 5b, where the time window is calculated in Algorithm
1 of Appendix 2 and is identified in Fig. 15 of Appendix 4. It can be found that the size of
topic diversity indicates the periodic characteristic, through observing the intensity of key-
words in word clouds. In particular, the topic diversities at step—1, -3, —5 and —7 are bigger
than those of diversities at step—2, —4, —6 and —8, where the former implies more research
directions than the latter. It is consistent with the law of scientific development, growing in
fluctuations. Furthermore, the Web-related fields remain play a major role in the early stage,
while the human intelligence and cognition-related subjects are observed with increasing
weightings in the near future, through observing the detailed topic distributions in Fig. 16 of
Appendix 4. It responds to the future trends toward embodied Al. On the basis of the current
results, it suggests us to put more efforts on the Al fields such as adaptive agents, autono-
mous systems, semantic informatics, coupled with the brain intelligence fields on cognition,
thinking, reasoning, learning, decision, emotion, and so forth.

4.3 Exploring the WI 3.0 from the domain view

In this part, the research trends of WI are predicted from different domain views. Differ-
ent the trend prediction from the temporal view, depending on the multiple iteration learn-
ing and automatic collected topics, multiple research trends are extended once at different
smaller domains in this section, where the prompts include the hand-crafted topics that are
created by experts. Therefore, the breadth of WI is explored from the seven domains with
respect to the following seven tracks.

Track-1: Web of People;

Track-2: Web of Data;

Track-3: Web of Things;

Track-4: Web of Trust;

Track-5: Web of Agents;

Track-6: Web in Industry, Society, Health and Smart Living; and

Track-7: Fairness, Accountability, Transparency, and Al Generated Content.

In details, the CoGC in Fu3ML is used to perform the task via Algorithm 2 of Appendix 2,

extending new contents based on the given keywords (see the “Tracks and Topics of W1 3.0”
section of Appendix 1).
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As a result, the core extended topic trends are summarized corresponding to the given
seven tracks as follows, which are also visualized by word clouds in Fig. 5c. It can be found
that the diversities of extended topics in different tracks changes, depending on the size of
prompts. Meanwhile, these new generated topics demonstrate relatively clear boundaries.
Furthermore, the detailed statistics of topic distributions are given in Fig. 17 of Appendix 4:
for Track-1, these topics are highlighted such as collective intelligence, human computing,
human behavioral analysis, user interfaces, and cognitive social research; for Track-2, these
topics are highlighted such as data mining, knowledge representation, information extrac-
tion, natural language processing and generation, and big data studies; for Track-3, these
topics are highlighted such as interconnected network, Web, sensor and things, coupled
with cloud, edge and quantum computing; for Track-4, these topics are highlighted such as
trust, security, verification, reputation, identity, risk, and privacy; for Track-5, these topics
are highlighted such as autonomous agents, intelligent systems, symbolic agents, cognitive
agents, reinforcement learning agents, decision support systems, and evolutionary agents;
for Track-6, these topics are highlighted such as automation in industry, intelligent logistics,
data-driven smart cities and utilities, virtualized society, wearable and digital health; for
Track-7, these topics are highlighted such as the Al research on autonomy, interoperability,
accountability, traceability, explainability, ethics, transparency, bias, governance, and risk
awareness and regulation.

As demonstrated above, several open research issues have been identified to put forward
for the further evolution of WI 3.0, Al in the connected world. We believe that these findings
will stimulate future research, bridging the cross-cutting areas of Al, brain intelligence and
connectedness, by raising awareness of each other and pushing forward new topics to create
in future research endeavors.

4.4 Embracing different domains with Wi 3.0

Facing the development of future WI 3.0, we first collect and summary the research works
distributed in different tracks, in collaboration with scientists from different backgrounds
such as Al cognitive science, behavior science, brain informatics, as well internet and com-
munication technology.

e Web of People: Gao et al. (2019) discussed the information diffusion of community
structure in social networks. Camacho et al. (2020) proposed a set of new metrics for so-
cial network analysis from four dimensions, including pattern and knowledge discovery,
information fusion and integration, scalability, and visualization. Koukaras et al. (2020)
proposed and evaluated a taxonomy of social media types using a hypothesis-based data
driven methodology, which could help us capture emerging services in social, entertain-
ment and profiling networks. The authors discussed a diverse range of social groups
centered on network structures (Ritchie 2020). In 2017, the Turing Award winner, Prof.
Raj Reddy, gave an interview of the effects of Web Intelligence on computational social
science (Zhong et al. 2018).

® Web of Data: Lnenicka et al. discussed the theoretical background and essential el-
ements in big and open linked data analytics ecosystem (Lnenicka and Komarkova
2019). Heath and Bizer (2022) introduced the concepts and techniques in the field of
linked data, evolving the web into a global data space. Ji et al. (2021) gave a survey on
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knowledge graphs related to representation, acquisition, and applications. Zhang (2023)
and Xia et al. (2024) investigated and discussed the multi-scale data fusion and multi-
granularity data computing problems. In the field of information retrieval, Keyvan and
Huang (2023) gave a survey of techniques, approaches, and tools to approach ambigu-
ous queries. Huang and his colleagues also focused on individual issues, such as build-
ing a topic-graph probabilistic model for web search personalization (Zhao et al. 2022).
Some product search models were constructed to assist users in locating desirable items
via representation learning (Zou et al. 2023; Bassani and Pasi 2022). The visualization
issues based on interactive Web were considered in Sievert (2020) and Postma and
Goedhart (2019).

® Web of Things: Yue et al. gave a comprehensive survey on the reliability of mobile wire-
less sensor networks, with the development and popularization of mobile terminal tech-
nology (Yue and He 2018). Mahmud et al. (2018) highlighted the effects of fog comput-
ing to support the computational demand of real-time latency-sensitive applications of
largely geo-distributed IoT devices/sensors. Cao (2022) discussed the conceptual map,
research issues, and technical opportunities of decentralized Al and edge intelligence,
and their impact on smart blockchain, Web3, metaverse and decentralized science.

® Web of Trust: From the technology-oriented trust perspective, Zheng et al. (2018) dis-
cussed the challenges and opportunities on the blockchain applications. Haghighi et al.
(2020) provided a trust-based public key management solution for linking edge devices
in a fog architecture. From the content-oriented trust perspective, Tolosana et al. (2020)
reviewed the technology and history of Deepfakes, and its applications on face manipu-
lation and fake detection. Cheng et al. (2019) investigated the social commerce from
an integrated view of particularized trust. Kong et al. (2020) examined the effect of
social and technical enablers on consumer trust in the context of sharing commerce. To
promote responsible trust in Al, Liao et al. (2022) developed a conceptual model called
MATCH with a use case and future directions.

® Web of Agents: Self-driving vehicles can be regarded as the agents organized into the
perception system and the decision-making system in real world, which are explored in
Badue (2021). Elshan et al. (2022) conducted a systematic literature review to interpret
the combination of empirical knowledge on user interaction with intelligent agents. Xi
et al. (2023) discussed the potential of large language model based agents related to
brain, perception, and action. In the book, Lugrin et al. (2022) provided a comprehen-
sive overview of the research fields of embodied conversational agents, intelligent vir-
tual agents, and social robotics.

With the increasing of requirements, the tracks of WI are further expended with some
new directions of “Web in Industry, Society, Health and Smart Living” and “FaccT and
AIGC”. For example, under those tracks, Sisinni et al. (2018) gave a systematic review
of the challenges, opportunities, and directions on industrial Internet of Things. Qu pro-
posed a blockchained federated learning framework through mixing blockchain technol-
ogy with cognitive computing, as well integrating the thought pattern of the human mind
in industry network (Qu et al. 2020). Tao et al. (2020, 2021) studied health risk predic-
tion through knowledge graph techniques and the radio frequency identification technology
with machine learning for remote patient monitoring. Yao introduced a conceptual model
and concept learning paradigm to help interpret granular computing in the cognitive era,
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empowering to push forward the progress of society by constructing a symbols-meaning-
value space and applying the principles of three-way decision (Yao 2018, 2022). The authors
reviewed the developments and challenges of contact tracing technologies for epidemic
prevention and control from both “static and dynamic” and “individual and group” perspec-
tives, especially for data-driven strategies and methods (Chen et al. 2018). The influence of
advanced machine learning and deep learning was discussed to provide powerful solutions
in various healthcare scenarios (Yu et al. 2021; Chen 2024). The advanced information and
communications technology, represented by 5G technology, has begun with a new wave
of “pervasive connected world” (Saghezchi et al. 2015). Furthermore, the emerging brain
computing techniques and methods accelerate the process of making everything intelligent
interconnections and interactions in the connected world, such as brain-oriented analysis,
brain-inspired approach, and brain-computer interfaces (Gao et al. 2021; Mehonic and Ken-
yon 2022; Wang 2024). Meanwhile, the ethical issues have been studied in the development
and use of brain-inspired Al (Farisco 2024; Ortega-Bolafios 2024). It is worth noting that
the interconnections of those techniques and methods mentioned above can strengthen or
substitute human peripheral working capacity, and motivate potential applications in vari-
ous scenarios of living, learning and clinical towards future intelligence society.

5 HIGH5: a WI 3.0 scheme for the future intelligent society
5.1 Emerging paradigms for an intelligent society

Imagine a human-centric society empowered by advanced intelligence, defined as: “An
intelligent society is a human-centric, data-driven, and innovative service-oriented society,
realized through human-machine co-intelligence, collaborative evolution, and intercon-
nected symbiosis within a connected world.”. It includes various carriers of city, community
and people with different intelligent elements under the social-cyber-physical space. From
the vision of a future intelligent city, it integrates digital and intelligent twins technology to
optimize city services and connect to all societal elements. However, from the vision of an
intelligent community, it further strengthens social connection, supporting rich and mean-
ingful cultures as well. Meanwhile, the human beings in the future society will experience
the enhanced quality, performance, and interactivity of living services, with reduced costs
and resource consumption.

To meet the requirements of creating an intelligent society and make the most of prospec-
tive opportunities, we propose a comprehensive scheme, namely HIGHS5 with “one goal,
two twins, three fundamentals, four functions and five services” along with the WI 3.0 era.
Specifically, one goal is in search of better-connected world to create a future intelligent
society. Two twins are digital twin and intelligent twin, fusing brain-machine intelligence
via the extensional representation of brain intelligence with big data. Three fundamentals
are Artificial Intelligence, Brain Intelligence, and Connectedness, namely ABC. Four func-
tions in WI 3.0 are recognition, decision-making, discovery, and generation. Five services
are provided, such as system as a service, content as a service, wisdom as a service, model
as a service, entity as a service in the connected world. Next, more details will be given.

Paradigm one: An intelligent society is aspired that individuals, things and systems are
all connected in cyberspace and optimal results obtained by Al exceeding the capabilities of
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humans are fed back to physical space. One significant feature is a human-centered society
that balances economic advancement with the resolution of social problems by a system that
highly integrates cyberspace and physical space.

Paradigm two: Two-dimensional twins on digit and intelligence pursue techniques and
methods of digital transformation and intelligent decoding and encoding. At the basic level,
physical objects in real environments are copied with digital objects in virtual environ-
ments. At the higher level, intelligent mechanisms are decoded in physical space, and
encoded in cyberspace, achieving the wisdom’s transformation. For example, intelligence is
transformed from systematic brain-machine intelligence research to new Al industry chain
in the connected world.

Paradigm three: Pushing forward three fundamentals of the future intelligent society
based on the ABC paradigm, named by three first letters of Al brain intelligence and con-
nectedness. For example, Al is boomed on generative techniques and methods, machine
learning, natural language processing, and so forth. Brain intelligence is processed by Brain
Informatics, big brain data science, brain-inspired computing, and so forth. Connectedness
focuses on Web of everything, social-cyber-physical spaces, interaction and interface, as
well as human—machine symbiosis in a connected world.

Paradigm four: The four major functions are tracking, including recognition, decision-
making, discovery, and generation. Through the recognition ability, Al systems can recog-
nize patterns, objects, or data within various forms of input, such as images, text, or speech.
The recognition ability is used in image recognition, speech recognition, and conversational
scenarios. Through the decision-making ability, Al systems can make informed decisions
based on data analysis and predefined rules. In applications like autonomous vehicles and
recommendation systems, Al aids in decision-making by processing real-time information.
Through the discovery ability, Al is employed to discover hidden insights or trends within
vast datasets. Machine learning and data analysis techniques uncover valuable information,
aiding in research, business intelligence, and scientific discoveries. Through the generation
ability, Al is capable of generating content, such as text, images, music, and videos. Genera-
tive Al models like GPT series can create human-like multimedia content and have applica-
tions in content creation and creative industries.

Paradigm five: Human-oriented services are provided through executing satisfactory
request-response actions interacted with the appropriate objects at a suitable time and con-
text. Those services include, but not limited to, system-as-a-service (such as software, plat-
form, and infrastructure), content-as-a-service (such as data, information, and knowledge),
and other viewpoints such as wisdom, model, health, robot, agent, thinking, and entity.
Those services are provided in response to the whole lifecycle of human, systems, and
things in both virtual and real world.

Coupled with the five paradigms of HIGHS, various societal elements can be allocated
and integrated to provide personalized services and meet personalized requirements within
an intelligent ecosystem, systematically and purposefully.

5.2 Future society empowered by intelligence ecosystem
An intelligent ecosystem was constructed to align with the above paradigms on creating

such a future society with advanced intelligence and sustainability in the connected human—
machine—things world. As shown in Fig. 6, it mainly includes seven layers: the base layer,
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the resource layer, the driver layer, the technique layer, the protocol layer, the innovation
layer and the service layer. The following attempts to provide a complete solution with
respect to different layers.

At the base layer, all objects from physical world are aligned with the theoretical con-
cepts with profile and characteristics specified in society, individually or collectively. Such
objects are classified into different working fields, such as people, living, economy, envi-
ronment, governance, and mobility. Meanwhile, some key factors need to be concerned in
response to these fields, such as: the people’s factors of social and ethnic plurality, flexibil-
ity, creativity, open-mindedness, and participation in individual and public life; the living
factors of culture, health conditions, safety, housing quality, education and entertainment;
the economic factors of innovation, entrepreneurship, trademarks, productivity, marketing
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and international cooperation; the governance’s factors of decision-making, public services,
transparent scale, political strategies and perspectives; the environmental factors of natu-
ral conditions, pollution reduction, sustainable resource management, and protection; the
mobility’s factors of local and global accessibility, information and communication infra-
structure, and safe transportation.

At the resource layer, the generated rate of resources from human, machine and things
in real and virtual world are increasing with accelerating trends at different scales of data,
information and knowledge. On the one hand, behavior and activities of objects in the natu-
ral world are captured and stored in techniques with stronger digital and perpetual abilities,
from which huge number of primary sources are obtained. On the other hand, supported by
generative technologies, huge number of machine-generated contents will be posted more
and more. Facing these resources, the capabilities of effectively discriminating fake and
generated contents should be built firstly. The former focuses on whether one resource can
be used or not, while the latter focuses on whether one resource is valuable to be used or
not. Furthermore, these resources are systematically organized into a unified one (such as
knowledge graph, symbolic representation, and ontology) for ensuring efficiently resource
access and computing, where any resource object can know itself and interacts others easily
when they are used.

At the driver layer, thinking space is constructed at the top of the resource layer to give
wisdom actions, where methods, systems and models are developed via intelligently inte-
grating different resources and techniques. In particular, the following four capacities are
developed, including recognition, decision-making, discovery and generation. The thinking
is already discussed in an intelligent model, namely Data-Brain, mastering never-ending
learning and human-in-the-loop mechanisms that are driven by a loop depended on a three-
tier architecture of data, information, and knowledge.

At the technique layer, the means and tools are clustered around three focused topics of
Al, brain intelligence and connectedness. For example, the Al part focuses on techniques,
such as methods of deep, machine, generative and reinforcement learning, data storage and
mining, cloud-edge-fog computing, as well as natural language processing and computer
vision. The brain intelligence-related techniques include brain-inspired computing and
chips, neuromorphic engineering, as well as smart health and living etc. The connectedness
part focuses on resource interoperability and sharing, network and mobile communication,
distributed/federated learning, user interactivity, extended reality, social cognition, con-
nected vehicles, interactive interfaces, IoT and robotics, and so forth.

At the protocol layer, the principles guide us to form a better social-cyber-physical space
from meta, general and specific views, serving the future intelligence society. First, these
protocols are formulated at different social-cyber-physical sides, respectively, with respect
to perceptual and intelligent requirements. The entities from both physical and cyber sides
are connected through the digital and intelligent twins. Both of them share the similar
characteristics, such as construction of object’s profiles, belonging to the mirror relations.
Meanwhile, they also have subtle differences, for example, giving greater consideration
to hardware techniques in the physical side and virtual techniques in the cyber side. In the
social side, the interactive interfaces of human, systems, and things are constructed with
(un/uni/bi/multi)directional, (on/off)line, dynamic, realtime, random, and regular character-
istics. In addition, these points should be focused in everywhere, such as security, privacy,
trust and accountability.

@ Springer



265 Page 20 of 50 H. Kuai et al.

At the service layer, the requirements of personal services are increasing to balance
distribution of resources and improve the satisfaction of all participants for providers and
users. For example, scientists require personal data, information and knowledge services in
the resource side, as well as personal infrastructure, platform, and software services in the
computing side from cloud-based providers; factories require the better services from intel-
ligence manufacturing abilities; and all of them are integrated to provide thinking-supported
wisdom services for users.

At the innovation layer, a way is explored to catalyze new products, ideas, and even
ways of life from a network of actors, activities, and artifacts, such as individuals, entities,
resources, and structures. The innovation is created through different national, regional,
and sectoral modes during processes of interaction, cooperation, competition, and selection.

5.3 Aroadmap from intelligence research to future intelligence society

Although it is difficult to give a solid definition for the nature of intelligence so far, many
attempts have been executed to interpret it from different views of multiscale brain comput-
ing, especially for systematic methods like omics. In the few past year, a systems-centric
methodology, namely Brain Informatics, is proposed to handle human brain-centric macro-
meso-micro big data, individually or integratedly. Brain Informatics treats human brain as
an information processing system with big data to perform systematic studies in the full
scale data of human brain in vivo with cognitive tasks. The ultimate goal is to seek a com-
plete comprehension of the human consciousness and intelligence.

Inspired by the Brain Informatics methodology, an Wl-centric intelligent health technol-
ogy, namely Data-Brain based general intelligence model, is studied to assist systematic
investigation of complex brain science problems (Kuai and Zhong 2020). Data-Brain is con-
structed in the thinking space to integrate multi-task, multi-modal, multi-scale brain big data
as extensional representation of brain intelligence, meeting the requirements of systematic
design of cognitive experiments, systematic data management and organization, and sys-
tematic data analysis/simulation. The model is a never-ending learning (NEL) agent driven
by the data-information-knowledge-wisdom loop with rule-based reasoning and evidence
combination with fusion computing (Kuai 2021, 2024). Apart from supporting the study
of brain intelligence, such a model has been discussed in the directions of brain health and
brainternet from previous studies (Kuai et al. 2022). As a representative case, Fig. 7 gives a
specific view of Data-Brain acting on the smart living scenario.

In Fig. 7, a generalized root node of Data-Brain is built in the basic layer, organized by
the joint units of data, algorithm and computility. From the data units, the multimodal and
multiscale brain big data are systematically collected and managed in a data center, together
with multi-granularity information and multidimensional knowledge representation; from
the algorithm units, the autonomous and never-ending learning methods are activated to
extract enormous information and knowledge from the data continuously; from the com-
putility units, the new computer architecture and systems are developed to meet the per-
sonal requirements from the data and algorithms, such as cognitive, molecular, and quantum
computers. Facing a specific application requirement on the integration of “health-medi-
cal-welfare”, domain knowledge is reorganized from the generalized root node to various
personalized service nodes, like the major diseases (such as cancer, heart disease, mental
illness, and cerebrovascular disease) in the world. For example, personalized services can
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occur in the nodes of health management, medicine plans, prevention, diagnosis, and treat-
ment to realize such a systematic response by enhanced and more effective use of connected
Data-Brain network for coordination and cooperation.

During the practical process, the findings from the brain intelligence study can acceler-
ate the progress of intelligent health technology of WI. As a control object, the results of
the brain intelligence study can be regards as a reference object to help us decode abnormal
mechanisms of brain and mental disorders. Reversely, the abnormal brain studies also can
help us resolve the brain information processing mechanisms more in depth, corresponding
to different cognitive conditions. Brainternet focuses on the closer combination of brain
and web to provide personal services. By meeting Web Intelligence and Brain Informatics
(WImeetsBI), the convergence of brain intelligence, brain health and brainternet is one of
most important roads towards the future intelligence society. In particular, during the pro-
cess of creating a future intelligent society, the following open issues and directions have
been highlighted, when combining within the ABC paradigm of HIGHS.

First of all, bringing together the needs of next-generation Al and society, it will stimu-
late a constant endeavor to overcome theoretical and practical difficulties as follows:

o What are the key breakthroughs and applications of generative AI?

o What ethical considerations should be taken into account when deploying generative
Al systems?
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o How can generative Al be harnessed for positive societal impact while mitigating po-
tential risks?

e What role does regulation play in shaping the responsible use of generative AI?
How can the research community and industry collaborate to ensure the responsible
development and deployment of generative Al technologies?

e How can generative Al transform education?
How can generative Al empower WI to create the future intelligent society?

Furthermore, from the brain intelligence view, the following issues are eager to be resolved,
which are considered from other related directions of smart health:

e How can we understand brain intelligence in depth, supported by the investigations of
healthy and abnormal brains?

e How can we explore neural mechanisms of cognition, emotion and disease, as well as
their biomarkers?

e How can we investigate the disease progression across the whole cycle with respect to
the prevention, diagnosis, evaluation, treatment, prognosis and rehabilitation?

In addition, from the connectedness perspective of intelligence and network, the following
issues are addressed to promote smart living and brainternet:

o How can we understand brain from neural microcircuits to macroscale intelligence sys-
tems, supported by connecting network and brain with big data?

e How can we utilize the power of human brains and man-made networks to create a
better-connected world in the 5G era?

e How can we realize human-level collective intelligence as a big data sharing mind on
the WI 3.0 by developing brain inspired intelligent technologies to provide wisdom
services?

Through the joint methods of qualitative and quantitative evaluation used in this study,
WI has demonstrated a path in search of a better-connected world to create a future intel-
ligent society. In particular, the related issues have been discussed during the three signifi-
cant stages of WI 1.0, WI 2.0, and WI 3.0. Their studies and practices related to different
WI scopes have been given corresponding to RQ1, which provide the strategies to face
challenges in different fields. A four year-surrounded topic trend switching scale has been
identified in the WI field, which meets the rapid development rates on current digital era cor-
responding to RQ2 and RQ3. It is noteworthy that the algorithm for identifying topic trend
switching scale is not limited to the study of WI field. Instead, it can be expanded and used
widely to other fields with super, sub, and same levels, such as Al, brain, and computational
science. Driven by the practices of WI, we formalize the HIGHS scheme, depicting general
characteristics of the future intelligent society corresponding to RQ4. In details, we design
a connected intelligence ecosystem framework to empower the progress of the intelligent
society, bridging the gaps between intelligence research and intelligence practices corre-
sponding to RQS5.
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6 Conclusions

Entering the WI 3.0 era, the Web Intelligence field continues to serve as a hub for the
cutting-edge research and innovation of Al in the connected world to create a future intel-
ligent society. Especially, the rapid advancements in generative capability and the creativ-
ity study in the brain have unlocked a multitude of opportunities, from enhancing creative
processes and content generation to addressing complex real-world challenges in industry,
finance, culture, education, healthcare, smart city, and more. With these remarkable points,
Al Generated Content sheds light on such critical aspects and offer a balanced perspective
on Generative Al as well as insights into its capabilities, ethical considerations, and poten-
tial societal impacts. In particular, it is necessary to comply with any ethical principle in
developing the techniques and methods of WI 3.0, including ethics, moral awareness, con-
sciousness, the problem of opacity, singularity and value alignment, autonomous systems,
and other debates.

Generally, the major ethical issues for human societies Al poses are presented in bias,
gender, social, racist and sexist, with the goal of regulating an agent’s behaviors by develop-
ing an ethical dimension. Meanwhile, the moral status of intelligent machines is increasing
the discussion of moral and legal rights, containing the sub-discipline technologies of robot
and computer ethics. For this, a WI practitioner should align a system with human moral
decisions through a theory-driven top-down approach, a bottom-up approach shaped by
evolution and learning, and their mixed approaches, inspired by autonomy, indirect duties
and social relation. When machines become more and more sophisticated and intelligent,
a conscious and living machine is developed by scientists, experiencing pleasure and pain
with minds. Along with the intelligence explosion, technological singularity will arrive by
creating self-replicating and super-intelligent AI machines to realize the value alignment,
and being concerned with humanity as well. To understand the underlying reasons for sorts
of decisions, a WI practitioner should follow the principles of explainability, interpretabil-
ity, and acceptability to create a machine. In addition, to avoid a risk of harm to human
life from an autonomous system, researchers need to formulate a theory of how to allocate
responsibility for outcomes produced by functionally autonomous Al technologies, like
autonomous vehicles and autonomous weapons.

In the connected world, Wl-related research and development will eventually enter into
the “one” era. It means everything in WI would like to work at one mode, being integrated
into and contributing to one social-cyber-physical space, and the one produces three ways
of the ABC, and the three motivate the unlimited potential with the future of everything.
A detailed case is introduced through integrating the HIGH5 scheme into the road of con-
structing the future intelligence society, which encourages us to embrace each other as ones,
not singles. WI 3.0 should take the responsibility to better benefit humankind, making it
possible to accurately promote the creation of sci-tech innovation, and applying smoothly
them with the considerations such as trustworthy, reliability, and explainability.
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Appendix 1: evolution of WI tracks and topics
Evolution of tracks and topics from WI 1.0 to WI 3.0 is given from the expert’s viewpoints.
Tracks and topics of Wi 1.0

What are issues and research topics on WI 1.0? In order to study advanced Web technology
systematically, and develop advanced Web-based intelligent information systems, we give
an overview of WI related topics and list several major subtopics in each topic below.

Intelligent Web-Based Business: Business Intelligence; Customer Relationship Manage-
ment; Electronic Commerce and Electronic Business; Measuring and Analyzing Web Mer-
chandising; Price Dynamics and Pricing Algorithms; Targeted Marketing; Web-Based EDI;
Web Marketing; Web Publishing; Web Services.

Knowledge Networks and Management: Electronic Library; Information and Knowledge
Markets; Network Community Formation and Support; Ontology Engineering; Semantic
Web; Visualization of Information and Knowledge; Web-Based Decision Support; Web
Regularities and Models.

Ubiquitous Computing and Social Intelligence: Competitive Dynamics of Web Sites;
Computational Societies and Markets; Dynamics of Information Sources; Reputation
Mechanisms; Social Networks; Theories of the Small-World Web; Ubiquitous Learning
Systems; Ubiquitous Web Access; Web-Based Cooperative Work; Web Security, Integrity,
Privacy and Trust; Wireless Web Intelligence.

Intelligent Human-Web Interaction: Adaptive Web Interfaces; Multimodal Data Process-
ing; Multimedia Representation; Science and Art of Web Design.

Web Information Management: Data Models for the Web; Internet and Web-Based Data
Management; Multi-Dimensional Web Databases and OLAP; Multimedia Information
Management; Object-Oriented Web Information Management; Personalized Information
Management; Semistructured Data Management; Use and Management of Metadata; Web-
Based Distributed Information Systems.

Web Information Retrieval: Automatic Cataloging and Indexing; Conceptual Informa-
tion Extraction; Multimodal Information Retrieval, Multilinguistic Information Retrieval;
Multimedia Retrieval; Ontology-Based Information Retrieval; Information Retrieval Sup-
port Systems.

Web Agents: Conversational Systems; E-mail Filtering and Automatic Handling; Global
Information Foraging; Information Filtering; Navigation Guides; Recommender Systems;
Resource Intermediary and Coordination Mechanisms; Remembrance Agents; Semantic
Web Agents.

Web Mining and Farming: Data Mining and Knowledge Discovery for WI; Learning
User Profiles; Multimedia Data Mining; Text Mining; Web-Based Ontology Learning;
Web-Based Reverse Engineering; Web Farming; Text Categorization; Web-Content Min-
ing; Web-Log Mining; Web-Structure Mining; Web Warehousing.

Emerging Web Technology and Infrastructure: Grid Computing; New Web Information
Description and Query Languages; Peer-to-Peer Computing; Problem Solver Markup Lan-
guage (PSML); Soft Computing (including neural networks, fuzzy logic, evolutionary com-
putation, rough sets, and granular computing) and Uncertainty Management for WI; Web
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Document Prefetching; Web Inference Engine; Web Intelligence Development Tools; Web
Protocols; Wisdom Web.

Tracks and topics of W1 2.0

What are issues and research topics on WI 2.0? In order to study advanced Web technology
systematically, and develop advanced Web-based intelligent information systems, we give
an overview of WI related topics and list several major subtopics in each topic below.

Web of People: Crowdsourcing and Social Data Mining; Human Centric Comput-
ing; Information Diffusion; Knowledge Community Support; Modelling Crowdsourcing;
Opinion Mining; People Oriented Applications and Services; Recommendation Engines;
Sentiment Analysis; Situational Awareness Social Network Analysis; Social Groups and
Dynamics; Social Media and Dynamics; Social Networks Analytics; User and Behavioural
Modelling.

Web of Data: Algorithms and Knowledge Management; Autonomy-Oriented Computing
(AOC); Big Data Analytics; Big Data and Human Brain Complex Systems; Cognitive Mod-
els; Computational Models; Data Driven Services and Applications; Data Integration and
Data Provenance; Data Science and Machine Learning; Graph Isomorphism; Graph Theory;
Information Search and Retrieval; Knowledge Graph; Knowledge Graph and Semantic Net-
works; Linked Data Management and Analytics; Self-Organizing Networks; Semantic Net-
works; Sensor Networks; Web Science.

Web of Things: Complex Networks; Distributed Systems and Devices; Dynamics of
Networks; Industrial Multi-domain Web; Intelligent Ubiquitous Web of Things; IoT Data
Analytics; Location and Time Awareness; Open Autonomous Systems; Streaming Data
Analysis; Web Infrastructures and Devices Mobile Web.

Web of Trust: Blockchain Analytics and Technologies; Fake Content and Fraud Detec-
tion; Hidden Web Analytics; Monetization Services and Applications; Trust Models for
Agents; Ubiquitous Computing; Web Cryptography; Web Safety and Openness; Web-scale
Security, Integrity, Privacy and Trust.

Web of Agents: Agent Networks; Autonomy Remembrance Agents; Autonomy-oriented
Computing; Behavior Modelling; Distributed Problem-Solving Global Brain; Edge Com-
puting; Individual-based Modelling Knowledge; Information Agents; Local-global Behav-
ioral Interactions; Mechanism Design; Multi-Agent Systems; Network Autonomy Remem-
brance Agents; Self-adaptive Evolutionary Systems; Self-organizing Systems; Social
Groups and Dynamics.

Emerging Web in Health and Smart Living: Big Data in Medicine; City Brain and
Global Brain; Digital Ecosystems; Digital Epidemiology; Health Data Exchange and Shar-
ing; Healthcare and Medical Applications and Services; Omics Research and Trends; Per-
sonalized Health Management and Analytics; Smart City Applications and Services; Time
Awareness and Location Awareness Smart City; Wellbeing and Healthcare in the 5 G Era.

Tracks and topics of Wi 3.0
Facing the development of future W1, we first collect and summary the expert-viewed topics

distributed in different tracks from scientists within different domains such as Al, cognitive
science, behavior science, as well internet and communication technology.
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Web of People: Cognitive Modeling and Computing; Conversational Search and Dialog
Systems; Crowdsourcing and Social Computing; Human Centric Computing and Services;
Human Creativity and Decision-making Support; Human-level Collective Intelligence;
Human-machine Co-intelligence in the Connected World; Information Diffusion Modeling
and Analysis; Opinion Mining and Sentiment Analysis; Recommendation Systems; Situa-
tion and Personality Awareness; Social Media and Social Networks; User and Behavioral
Modelling; Wisdom Services.

Web of Data: Artificial Intelligence Generated Content (AIGC); Big Data Analytics and
Deep Learning; Big Data and Human Brain Complex Systems; Cognitive Models and Com-
putational Models; Data Driven Services and Applications; Data Integration and Data Prov-
enance; Data-Knowledge-Wisdom Hierarchy; Data Science and Machine Learning; Few-
shot Learning and Transfer Learning; Graph Isomorphism and Graph Theory; Information
Search and Retrieval; Knowledge Graph and Semantic Networks; Linked Data Manage-
ment and Analytics; Multimodal Data Fusion; Pre-trained Language Models and Applica-
tions; Representation Learning.

Web of Things: Distributed Systems and Devices; Dynamics of Networks; Industrial
Multi-domain Web; Intelligent Ubiquitous Web of Things; IoT Data Analytics; Location
and Time Awareness; Open Autonomous Systems; Sensor Networks; Streaming Data Anal-
ysis; Web Infrastructures and Devices Mobile Web; Wisdom Web of Things.

Web of Trust: Blockchain Analytics and Technologies; De-Platforming and No-plat-
forming; Decentralization of Internet; Fake Content and Fraud Detection; Hidden Web
Analytics; Monetization Services and Applications; Trust Models for Agents; Ubiquitous
Computing; Web Cryptography; Web Safety and Openness; Web-scale Security, Integrity,
Privacy and Trust.

Web of Agents: Agent Networks and Multi-Agent Systems; Autonomy Remembrance
Agents; Autonomy-oriented Computing; Behavior Modelling and Individual-based Model-
ling; Chatbot and Intelligent Agent; Computational Social Science; Deep Reinforcement
Learning; Distributed Problem-Solving and Reasoning; Edge Computing and Cloud Com-
puting; Local-global Behavioral Interactions; Mechanism Design; Network Autonomy
Remembrance Agents; Self-adaptive and Self-organizing Evolutionary Systems; Social-
cyber-physical Systems; Symbols-Meaning-Value Space.

Web in Industry, Society, Health and Smart Living, and the Web of Everything: AIGC
in Industry, Finance, Culture, Tourism, Education and Healthcare; Data Brain, City Brain
and Global Brain; Data-driven Service Industry; Data-driven Innovative Service-oriented
Society; Digital Ecosystems and Digital Epidemiology; Digital Transformation and Digital
Twin; Generative Al and the Web of Everything; Human—machine Symbiosis in a Con-
nected World; Web3, Metaverse and Smart Living; Wellbeing and Healthcare in the 5 G Era.

FAccT and AIGC: Fairness, Accountability, and Transparency; Generative Al; Explain-
ability and Interpretability; Responsible Al; Metric and Evaluation; Applications and Use
Cases; Impact on Society; Robustness and Security.
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Appendix 2: topic trend analysis method

For an original topic corpus {o.} with the temporal characteristic, it can be divided to
different subsets {OTg,,...,0Tg,,...,OQTg,,...} = OTS depending on predefined
parameters of a starting point X, a end point Z, a step size ), and a time window W
as initialization firstly, corresponding to original records. Each subset OTg, includes the
records {ox+iy,---,0xriyviwli € Z5, X +iY + W < Z}, where the selected records
from {o0.} are related to different time ranges of [X + i), X + i) + W]. Meanwhile,
the CoGC in Fu3ML can be used to generate new content {7} on the basis of prompts
created by the EnRC in Fu3ML and the manual methods from individuals. Herein, the
prompt is the keywords from each subset OTg,, generating the corresponding extended
subset PTs, € PTS = {PTs,,...,PTs,,...,PTs,,...}. Such generative contents can be
regarded as an extension of investigative topics during a phase, which can be regarded as
the next-phase prediction corresponding to the future investigative trends at the same time.

Furthermore, the embeddings of original contents and their predictions are calculated
by text encoding methods for OT, and PTs,, generating EOTg, = TextEncoder(OTsg,)
and EPTg, = TextEncoder(PTg,), respectively. Next, we integrate three strategies to
measure the topic switching degree ¢ = A + A5 + Agy through measuring the seman-
tic similarity Func SSM(-,-) of identified topics distributed in different parametric
spaces, where the sum of Ay, As and Aj is 1. Such three strategies can be formulated by
the following equations:

a; = Func_SSM(EOTg,,EOTg,,, ),
Bi = Func_SSM(EPTs,, EPTg, ., ), (B.1)
v = Func_SSM(EPTgs,, EOTg, )

where the different parameters and operations for topic learning within and among differ-
ent time windows can impact the size of topic shifting degrees ¢; = Ay, + AsfB; + Asy;
with the scales of 0 < &;, v, 85,7 < 1, and then help us understand topic switching points.

It can be found that the smaller a shifting degree ¢; is, the bigger the topic switching is.
Such processes iterate from the start time-points to end time-points with predefined param-
eters. Then, the calculated ¢; values are averaged to £ under different conditions correspond-
ing to each predefined time window. Finally, we can identify the balanced quantitative value
from all £ values like Moore’s Law to measure the time switching scale of investigative
topics, through the comparison of all time windows. Detailed workflows are given in Algo-
rithm 1 of Appendix 2.
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Input: An original topic corpus {0e} built by the EnRC' in
Fu3ML; A starting point X'; A end point Z;
A step size YV; A time window W;
The weights of Ay, Ay, and Ags;
The size of inspired contents 717
The size of extended contents @;
Output: The set of topic switching degrees ¢ = {g;} corresponding to the current
parameters; The topic switching degree £ calculated by mean of the € at current

time scale.

L Lete=0,a=0;,8=0;,7v=2;1=0;

2: Let EOTS = ; D> The set of embeddings on original topics

3. Let EPTS = ; > The set of embeddings on extended topics

4 if X+ (i+1)Y+W—-1< Z then

5:  while X +iY+W—-1< Z do

6: select OTg, with the size of 7" from {o0.} in [X + iV, X +iY + W), and add
it into OTS;

7: extend OTg, to PTg, with the size of @, and add it into PTS;

8: compute the embeddings of inspired contents, EOTg, = EmLC(QOTyg,), and
add it into EOTS;

9: compute the embeddings of extended contents, EPTg, = EmLC(PTg,), and
add it into EPTS;

10: 1=1 + 1;

11:  end while

122 K = the length of EOQTS;

13:  for i=0to K do

14: a; = Func_ SSM(EOTg,, EOQTg,, , );

15: Bi = Func_.SSM(EPTg,, EPTg,_, );
16: ¥i = Func.SSM(EPTs,,EOTg, , , );
17: g = Ara; + Ao + Az

18: add ¢; into €;

19: end for

20:  compute £ from ¢;

21: end if

22: Save the aligned (OTS, PTS, EOTS, EPTS);
23: Return the ¢ and €.

Algorithm 1 Topic Switching Point-oriented Detection and Prediction (TSPDP)

Furthermore, the future trends of WI 3.0 can be predicted by using generative Al models,
combining with TSPDP and FDETSD defined in Algorithm 2 of Appendix 2. Overall of
pipeline is given as follows:

e calculating the averaged topic-oriented time switching degrees [ in W] learned by
Algorithm 1 of Appendix 2 under various W corresponding to different parameters X,
Y, and Z;

e sclecting the parameters X, V, Z, W corresponding to a £, considering the balance of
time windows and jumping scales;

e predicting the future research trends via Algorithm 2 of Appendix 2 with the selected
parameters, combining with the CoGC in Fu3ML.
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Input: The original topic corpus {0e} built by the EnRC' in
Fu3ML; The scale of extended steps vp € Z7T;
D> for the trend prediction from the temporal view
The inspired topic corpus {re}; The scale of extended
tracks v € Zt;
D> for the trend prediction from the scope view
The X, Y, Z and W corresponding to a £ via balancing
multiple ) and W results learned by Algorithm 1 of Appendix B;
The size of inspired topics T7;
The size of extended contents &;
Output: The set of extended topics at each step ETS = {ET'S[i] | i =1,2,...,v0};
The set of extended topics at each track ETT = {ETTi] | i =1,2,...,vr}.

/ *** Future Directions Extended in Temporal Domains *** /

1: Let ETS = g

2: Identify the topic clusters from {0s} to {o; | i = 1,2,...} based on X, Y, Z and
W

: Count the length of {0;}, K;

: Generate increasing K numbers, {0;|i = 1,..., K}, where their sum is 1;

: Calculate Int(9; x 7);

: for i =1 to vp do

extract the current topics CTT from {o;} with the size of Int(9; * T');

generate the future topics ET'S[i] with the size of @ based on CTT via the

CoGC in FudML;

9: add ETS[i] into ETS and {o;};

10:  delete the first cluster from {o;};

11: end for

12: Return the ETS.

/ *** Future Directions Extended in Spatial Domains *** /
: Let ETT = o;
. Identify the topic clusters from {re} to {r; | i =1,...,vr};
for i =1 to v do
extract the current topics CTT from {r;} with the size of 1’
generate the future topics ETT[i] with the size of @ based on CTT via the
CoGC in FudML;
6: add ETTI[i into ETT;
7. end for
8: Return the ETT.

BN N e

Algorithm 2 Future Directions Extended by Topics within Temporal and Scope Domains (FDETSD)

Appendix 3: experimental details

The corpus is constructed by the flow diagram obtained from PRISMA guidelines Page
(2021), as shown in Fig. 3 with the number of selected snippets in abstracts at different
years. In this paper, the snippets of abstracts are extracted from the studies containing the
keyword “Web Intelligence”, where the searching engine is based on Google Scholar for
relevant publications, including journal, conference, and patents. All records of identified
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publications were screened by human beings for eligibility. Records had to meet the follow-
ing inclusion criteria: (1) records had to include titles that indicate the topics of studies; and
(2) records had to include snippets of abstracts, such as the first sentence of abstract that
indicates the background of studies, these two aspects of which can give a global view for
highlighted trends during different time periods at different tracks. Records were excluded
based on the following criteria: (1) studies written in non English and error code; (2) failure
to obtain snippets of abstracts simultaneously; and (3) the duplicate records. In the initial
phase, a total of 72427 records are identified from Google Scholar via the GoogleSchol-
arly interface. Depending on the standard of maximum relevance, top 1000 records are
extracted for each year, including any language and any type of papers. Then, we remove
non-English, duplicate, and empty records, the sizes of eligible paper are given in Table 1
of Appendix 3. Finally, a total of 17902 records (including the papers’ snippets in abstracts)
are selected to the next analytical phase.

During the analysis processes in practice, the screened snippets (usually including the
first two sentences of abstracts) are used to decode and predict trends with topics for WI,
which contain sufficient text with background and direction information. On the basis of the
corpus, several experiments are performed by combining the following pre-trained founda-
tion models:

Table 1 Overview of the publica-  yEAR Proc
;er(;rrxnsgglgoottz)\Z;:;);ntelhgence Proc! Proc? Proc? Proc* Proc®
2000 [FULL] 44 42 42 35 31
2001 [...] 172 170 169 153 140
2002 [...] 173 170 164 144 130
2003 [...] 595 590 570 484 449
2004 [...] 933 926 905 826 770
2005 [...] 1270 999 960 874 813
2006 ...] 1590 998 957 866 838
2007 [...] 1880 1000 957 879 845
2008 [...] 2450 1000 981 904 890
2009 [...] 2760 1000 977 919 899
The number of original records 2010 [...] 3560 999 986 900 884
returned from the Google 2011 [...] 3510 999 976 896 871
Scholar database through 2012[...] 3820 999 973 866 848
}gfefﬁaggﬁgfyword web 2013 [..] 4010 998 968 897 883
The number of extracted 2014 [...] 4430 1000 966 895 876
records via interfaces with the 2015 [...] 4560 1000 963 894 876
maximum of 1000 in each year, 2016 [...] 4320 999 961 914 890
sorted by relevance 2017 [...] 4390 1000 962 920 888
3The number of screened 2018 [...] 4600 998 961 939 830
records that only includes 2019[...] 4680 995 948 923 799
English 20201..] 4900 1000 968 951 778
The number of screened 2021 [...] 5150 996 976 966 851
Z;‘;ﬁi::}j:;efzz;;::;y 20221..] 5100 997 968 963 892
mber ¢ ed 2023 [FULL] 3530 998 958 954 931
records in which duplication has
Total 72427 20873 20216 18962 17902

been removed
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e To obtain the entity information, the BERT base model (cased), that is the pre-trained
“bert-base-cased” model in the Python environment, is trained to tag the properties of
words in sentences via a entity annotated corpus from “bookcorpus” and “wikipedia” in
a named entity recognition task, where the words with the none property are extracted
to represent points of interest in a text;

e To obtain the significant entities, the ConSERT framework is firstly used to compute
embeddings of identified entities by combining the pre-trained “text2vec-base-multilin-
gual” model via the “text2vec” library, and then the “KMeans” method is executed to
decode the centered keywords from different clusters in the “scikit-learn” environment
of Python, where the selected centered keywords are demonstrated as highlights of a
text;

e To predict the future directions, the GPT interface is called by combining the pre-trained
“text-davinci-003” model with the prompts of from the OpenAl team, where k is 10 that
controls the extended scale for each entity from foc_class, the foc_class is a set organ-
ized by the manually and/or automatically obtained entities with the preset sampled
size, with respect to different time windows and tracks.

prompt =
These are < foc_class > entity names.
Generate k new < foc_class > entity names.

”

Through combining the above three sets of parameters, the entities are reviewed and
extended from the time evolution and domain views. In particular, from the time view, the
original corpus is split up into different subsets with the time window property of yearly
basis from different time intervals of [1, 2, 3, 4, 5, 6, 7, 8, 9, 10]. Then the original entities
are respectively extracted and then are extended to obtain new entities. Therefore, the topic
switching degrees are detected by Algorithm 1 with respect to the different time windows
and jumping scales, using original entities and extended entities. The jumping scale is from
[1, 2, 3, 4, 5], which represents the gap size of time windows between the original entities
and the extended entities. Through balancing the size of the time windows and the jumping
scales, the topic switching point is detected to demonstrate the updated and iterated scales
of WI research. Furthermore, the limited entities are sampled within a fixed time window
based on the selected topic switching point, where the size of sampled entities in each time
window is increased from past to recent through running the numpy.linspace() function, the
sum of which is 300. With the generation of new entities, the entities in the left time window
are deleted at the earliest, and the new entities are appended to the right side at the same time,
where the processes are iterated with eight times corresponding to [step — 1,. .., step — §],
respectively. The extended entities followed by different time steps can inspire our next-
stage works. Meanwhile, from the domain view, the future trends of WI are predicted under
the different tracks in the WI 3.0 era corresponding to [track — 1,. .., track — 7, respec-
tively. Herein, all topics are organized as prompts under different tracks, running with the
GPT interface. To observe the key points and strengthen the flexibility of visualization,
the entities’ embeddings are computed and then are clustered to observe the highlighted
research activities within different time windows and tracks. Herein, the sizes of clusters
are designed to “six” during the reviewing processes and “fifteen” during the predicting
processes.
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Appendix 4: experimental results

From Figs. 8 to 14, the odd rows represent the original entities with the sign of O and the
even rows represent their corresponding extended entities with the sign of P, with respect
to Web Intelligence-related studies from 2000 to 2023. The comparison of the original and
extended entities is illustrated in the following figures:

e InFig. 8 of Appendix 4, the top-6 topics corresponding to the center of different clusters
are visualized annually;

e InFig. 9 of Appendix 4, the top-6 topics corresponding to the center of different clusters
are visualized every 2 years, without the overlapping windows;

e In Fig. 10 of Appendix 4, the top-6 topics corresponding to the center of different clus-
ters are visualized every 3 years;

e In Fig. 11 of Appendix 4, the top-6 topics corresponding to the center of different clus-
ters are visualized every 4 years from one to four rows, and every 5 years from five to
eight rows;

e In Fig. 12 of Appendix 4, the top-6 topics corresponding to the center of different clus-
ters are visualized every 6 years from one to four rows, and every 7 years from five to
eight rows;

e In Fig. 13 of Appendix 4, the top-6 topics corresponding to the center of different clus-
ters are visualized every 8 years from one to four rows, and every 9 years from five to
eight rows;

e In Fig. 14 of Appendix 4, the top-6 topics corresponding to the center of different clus-
ters are visualized with the time window of 10 years.

With the increasing of time windows, the occasional nature of original entities that are
sampled becomes higher, which further increases the diversity of extended entities. For
example, corresponding to two sets of similar original entities, their extended results exhibit
relative higher similarity in smaller time windows such as the three years’ window in Fig. 10
than that of bigger time windows such as the ten years’ window in Fig. 14.

In Fig. 15 of Appendix 4, the trend shift degrees are given at the different time windows
from 1 to 10 years and the different jumping scales from 0 to 4 years. Whether the time win-
dow or the jumping scale, the trend shift degrees become smaller and smaller as the values
grows, which indicate the trend shift becomes bigger and bigger. In particular, three critical
turning points appear in the time windows of 3 years, 4 years, and 5 years. Taken together,
adapted to both settings of time windows and jumping scales, it can be found that the sig-
nificant iteration and updating in the WI field can be achieved every 4 years.

In Fig. 16 of Appendix 4, the fifteen core topics are created with the sequencing attribute
from clustered results that are obtained by the embedded and extended entities from Step-1
to Step-8, along with the moving of time windows from early to recent.

In Fig. 17 of Appendix 4, the fifteen core topics are created with the scope attribute from
clustered results that are obtained by the embedded and extended entities corresponding to
different tracks from track-1 to track-7, inspired by the experts’ opinions, respectively.
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Fig. 8 The centric entities are identified annually from 2000 to 2023. The original entities are at the odd
rows and their corresponding extended entities are at the even rows
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Figure 8 (continued)
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Fig. 9 The centric entities are identified every 2 years from 2000 to 2023.

odd rows and their corresponding extended entities are at the even rows

The original entities are at the
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Fig. 10 The centric entities are identified every 3 years from 2000 to 2023. The original entities are at the

odd rows and their corresponding extended entities are at the even rows
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Fig. 11 The centric entities are identified every 4 years from one to four rows and every 5 years from five
to eight rows. The original entities are at the odd rows and their corresponding extended entities are at

the even rows
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Fig. 12 The centric entities are identified every 6 years from one to four rows and every 7 years from five
to eight rows. The original entities are at the odd rows and their corresponding extended entities are at

the even rows
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Fig. 13 The centric entities are identified every 8 years from one to four rows and every 9 years from five
to eight rows. The original entities are at the odd rows and their corresponding extended entities are at

the even rows
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Fig. 14 The centric entities are identified every 10 years from 2000 to 2023. The original entities are at the
odd rows and their corresponding extended entities are at the even rows
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Fig. 15 Review of trend shift degrees in WI from 2000 to 2023, with respect to the different time windows
from 1 to 10 years and the jumping scales from 0 to 4 years
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Fig. 17 Extension of topics corresponding to the seven tracks in WI from track-1 to track-7. track-1: Web
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