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Social Intelligence: The Way We
Interact, The Way We Go

Fei-Yue Wang , Fellow, IEEE, Peijun Ye, Member, IEEE, and Juanjuan Li, Member, IEEE

WELCOME to the last issue of the IEEE TRANS-
ACTIONS ON COMPUTATIONAL SOCIAL SYSTEMS

(TCSS) of this year, with a special focus on “blockchain-
based secure and trusted computing for IoT.” Here, we have
18 regular articles and a brief discussion on social intelli-
gence. I would like to take this opportunity to thank and
congratulate everyone, especially our editorial board for a
great job well done. Looking forward to working with you all
in 2020!

Scanning the Issue

1. Influence Maximization From Cascade Information Traces
in Complex Networks in the Absence of Network Structure
Naimisha Kolli and Balakrishnan Narayanaswamy

This article proposes an influence maximization algorithm
based on the observed cascades, in which the subset of nodes
for influence maximization should be composed of nodes that
are not only active and strong or influential by themselves
but also independent of each other. Based on this premise,
the problem has been cast as a quadratic integer programming
problem, which is equivalent to a particular class of Max-GP
problem, namely, max-not-cut (MNC) with size k, for which
the state-of-the-art semidefinite programming (SDP) solution
techniques exist with guaranteed performance ratios. The
proposed new SDP-based method is tested on a number of
synthetic as well as real-world data sets and has been shown
to perform better than the state-of-the-art influence maxi-
mization algorithms. The results demonstrate its applicability
in applications using Twitter, Blogosphere, and other social
networks.
2. Group Influence Maximization Problem in Social Networks
Jianming Zhu, Smita Ghosh, and Weili Wu

This article studies an influence maximization (IM) problem
that focuses on the number of groups activated by some con-
cerned topic or information. Group IM (GIM) aims to select k
seed users such that the number of eventually activated groups
is maximized. They first analyze the complexity and approx-
imability of GIM and then develop an upper bound problem
and a lower bound problem whose objective functions are
submodular. After that, an algorithm based on group coverage
is proposed, and the Sandwich framework is formulated with
theoretical analysis to solve GIM. Their experiments verify the
effectiveness of the proposed method and its advantage against
other heuristic methods.
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3. Particle Subswarms Collaborative Clustering
Collins Census, Hongjun Wang, Ji Zhang, Ping Deng, and
Tianrui Li

This article proposes a framework of collaborative clustering
that does not require interaction coefficients to regulate the
effect of collaboration and adapts the framework to cluster
distributed data using crisp and fuzzy clustering algorithms.
Particle swarm optimization techniques are used to inference
the framework and, therefore, call it particle subswarms.
Moreover, collaboration increases the number of particles in
the swarm without increasing the number of clusters in the data
set. This article provides theoretical foundations of particle
subswarms and experimental results on several data sets.

4. STCS Lexicon: Spectral-Clustering-Based Topic-Specific
Chinese Sentiment Lexicon Construction for Social Networks
Bo Zhang, Duo Xu, Huan Zhang, and Meizi Li

This article proposes a method for constructing a topic-
specific sentiment lexicon comprising three models. The first
one is a filtering text model, namely, the FT model, to calculate
the text influence value and obtain topic-specific hot com-
ments as a preprocessing data set. The second is a sentiment
relationship graph model, namely, CRM model. They calculate
three factors, i.e., the base sentiment similarity, topic sentiment
similarity, and synonym sentiment similarity between each pair
of sentiment words in their data set, and obtain the factor of
final sentiment similarity by adding the three values in pro-
portion. The third one is a spectral clustering model, namely,
the SC model, to cluster the sentiment words on the basis of
a sentiment relationship graph for obtaining the topic-specific
sentiment lexicon, namely, STCS lexicon. Experiments show
that their method is simple, flexible, and efficient. It can
solve the problem of topic-related sentiment words and, thus,
improve the accuracy of the sentiment lexicon.
5. k-Context Technique: A Method for Identifying Dense
Subgraphs in a Heterogeneous Information Network
Debaditya Barman, Subhayan Bhattacharya, Ritam Sarkar,
and Nirmalya Chowdhury

This article proposes a novel approach named the k-context
technique for extracting dense subgraphs from different struc-
tural topologies of the heterogeneous information network.
The approach has been evaluated using both synthetic and
real-life data sets, and it compared the results with an
existing algorithm for finding dense subgraphs from a homo-
geneous information network. Initially, the proposed methods
have been evaluated using synthetic data sets. Finally, two
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real-life data networks, namely, the Association for Computing
Machinery (ACM) citation network and the Yelp data network
have been modeled as heterogeneous information networks
using two real-life data sets, namely, the ACM Citation data
set and the Yelp data set, respectively. The proposed k-context
methods have been applied to extract dense subgraphs from
these heterogeneous information networks. These proposed
methods are unique and novel in identifying dense and
informative structures from different types of heterogeneous
information networks.
6. Minimizing Misinformation Profit in Social Networks
Tiantian Chen, Wenjing Liu, Qizhi Fang, Jianxiong Guo, and
Ding-Zhu Du

This article proposes a novel problem, called profit min-
imization of misinformation (PMM), which is the first to
analyze the profit of activity in the MC problem. Given a
misinformation seed set, the PMM problem aims at selecting
a node set satisfying the cardinality constraint to minimize
the profit of edges starting from infected nodes but ending at
infected or protected nodes. Based on the sandwich method,
they design a data-dependent approximation scheme for the
PMM problem. They approximate the upper and lower bounds
of the objective in the equivalent problem by the reverse
influence sampling technique. Their algorithm is verified on
realistic data sets.
7. Multiobjective-Based Approach for Microblog
Summarization
Naveen Saini, Sriparna Saha, and Pushpak Bhattacharyya

In this article, the concepts of multiobjective optimiza-
tion in microblog summarization are employed to produce
good quality summaries. Different statistical quality measures,
namely, length, tf-idf score of the tweets, antiredundancy,
and measuring different aspects of summary, are optimized
simultaneously using the search capability of a multiobjective
differential evolution technique. Different types of genetic
operators, including recently developed self-organizing map
(a type of neural network)-based operator, are explored in
the proposed framework. To measure the similarity between
tweets, word mover distance is utilized, which is capable of
capturing the semantic similarity between tweets. For eval-
uation, four benchmark data sets related to disaster events
are used, and the results obtained are compared with various
state-of-the-art techniques using ROUGE measures. It has
been found that the proposed algorithm improves by 62.37%
and 5.65% in terms of ROUGE-2 and ROUGE-L scores,
respectively, over the state-of-the-art techniques.
8. A Large-Scale Study of the Twitter Follower Network to
Characterize the Spread of Prescription Drug Abuse Tweets
Ryan Sequeira, Avijit Gayen, Niloy Ganguly,
Sourav Kumar Dandapat, and Joydeep Chandra

This article performs a large-scale study of the Twitter
follower network, involving around 0.42 million users who
justify drug abuse (DA), to characterize the spreading of
DA tweets across the network. The authors identify active
cascades over the network and observe that the cascades
of DA tweets get spread over a long distance through the
engagement of several closely connected groups of users.

Moreover, a collective phenomenon is also revealed, involving
a large set of active fringe nodes along with a small set of
well-connected nonfringe nodes that work together toward
such spread, thus potentially complicating the process of
arresting such cascades. Besides, they discovered that the
engagement of the users with respect to certain drugs, such
as Vicodin, Percocet, and OxyContin, are most mentioned
in Twitter is instantaneous. Furthermore, their research indi-
cates that drug abusers engaged on Twitter remain vul-
nerable to adopting newer drugs, aggravating the problem
further.
9. An Analysis of the Internal Organization of Facebook
Groups
Andrea De Salve, Paolo Mori, Barbara Guidi, and Laura Ricci

This article studies the main properties of groups defined
in online social networks (OSNs), taking as reference use
cases 40 real Facebook groups of different categories that
account for a total of about 500 000 users. In particular,
the authors exploit interaction patterns among users and social
network analysis to uncover interesting aspects related to the
internal organization of groups. Experimental results reveal
that the majority of the collected groups exhibit an internal
structure where members can be clustered in four subgroups
according to the level of tie strength of the relations they
have. Furthermore, clusters identified on Facebook groups can
provide relevant information about the importance of users
within such groups.
10. Community Detection Based on Symbiotic Organisms
Search and Neighborhood Information
Jing Xiao, Chao Wang, and Xiao-Ke Xu

In this article, a novel community detection method is
proposed, named symbiotic organisms search community
detection (SOSCD). The bioinspired metaheuristic [symbiotic
organisms search (SOS)] is discretized and utilized as the opti-
mization strategy to improve global convergence performance
of modularity optimization. Meanwhile, by utilizing the neigh-
borhood information of each node to guide community opti-
mization, two different local search (LS) schemes are designed
to intensify exploitation, thus assisting the global search,
including the neighbor-based community modification (NCM)
and the neighbor-based LS (NLS). Their experimental results
based on both synthetic and real-world networks have vali-
dated the effectiveness and superiority of the proposed opera-
tions in SOSCD.
11. Thread Structure Learning on Online Health Forums With
Partially Labeled Data
Yunzhong Liu, Jinhe Shi, and Yi Chen

Thread structures, the reply relationships between posts,
in online forums are very important for readers to understand
the thread content, as well as for improving the effectiveness
of automated forum information retrieval, expert findings,
and so on. To learn complete thread structures from par-
tially labeled structures, this article proposes a statistical
machine learning model named thread conditional random
fields (threadCRF). Person resolution, the process of iden-
tifying the same person mentioned in different contexts,
is used together with threadCRF for thread structure learning.
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The effectiveness of the proposed approaches is empirically
verified.
12. Signs of Heritage—An Agent-Based Model of the Dynam-
ics of Heritage Categories
Rodrigo Nicolau Almeida, and Nuno David

This article conceptualizes the cultural dynamics of heritage,
designs, and analyses a dedicated computational agent-based
model of heritage engagement. They explore the role of
communicative strategies and the specific topologies of inter-
action networks and understand what role mediation can play
in producing different levels of consensus between tourists.
The results suggest that topology plays the greatest role in
generating consensus in the evolution of heritage meaning,
with different patterns emerging according to the commu-
nicative strategies employed. The results have implications
for the future direction of the study of heritage and heritage
modeling, placing emphasis on the need to analyze tourist
communication content, as well as being potentially useful
for public policy with regard to heritage management.
13. Application of Blockchain in Collaborative Internet-of-
Things Services
Li Da Xu and Wattana Viriyasitavat

In this article, a blockchain-based smart contract is pre-
sented for establishing the trust of process executions that
fits into the Internet-of-Things (IoT) environment. The authors
develop smart contract code to address trust of process execu-
tions. They also present a conceptual architecture that reduces,
or eliminates, the prejudice of the selected validators for
running consensus, suggest voting mechanism resided in the
smart contract which purposefully designed to decrease the
delay caused by prominence consensuses, and introduce a
data structure that additionally expedites the response time of
transactions being validated. In addition, the voting mechanism
provides flexibility as business partners can specify the number
of vote count per function, according to its importance, to be
validly executed. The illustration is done by an example of a
smart contract to encode a business process.
14. Topo2vec: A Novel Node Embedding Generation Based
on Network Topology for Link Prediction
Koushik Mallick, Sanghamitra Bandyopadhyay, Subhasis
Chakraborty, Rounaq Choudhuri, and Sayan Bose

This article proposes a naive and scalable approach for
generating the node samples based on the principle of
goal-oriented greedy searching. The generated node samples
have low noisy structures that can represent the relation of
edges of the network in a better way, compared to the state-
of-the-art methods. Consequently, a better representation of
feature embedding of nodes in the network is generated
from the samples. The learned feature vectors are used for
solving the link prediction problem using pairwise kernel
support vector machine (SVM) classifier. As such, the ran-
dom forest (RF) classifier with a new algebraic operation is
deployed to obtain the symmetric pairwise feature represen-
tation of a node pair. Finally, the efficacy of the proposed
Topo2vec is demonstrated by testing it against state-of-the-art
network context generation algorithms in several real-world
networks.

15. The Evolution of Turing Award Collaboration Network:
Bibliometric level and Network-level Metrics
Xiangjie Kong, Yajie Shi, Wei Wang, Kai Ma, Liangtian Wan,
and Feng Xia

This article studies the long-term evolution of the Turing
Award Collaboration Network, and it can be considered as a
microcosm of the computer science field from 1974 to 2016.
First, scholars tend to publish articles by themselves at the
early stages, and they began to focus on tight collaboration
since the late 1980s. Second, compared with the same-scale
random network, although the Turing Award Collaboration
Network has small-world properties, it is not a scale-free
network. Third, they propose a metric called the Turing
Number to measure how far a scholar is from the Turing Award
and find that the Turing Number decreases gradually over time,
and scholars prefer to gather into groups to do research with
the development of computer science. This article presents a
new way to explore the evolution of academic collaboration
network in the field of computer science by building and ana-
lyzing the Turing Award Collaboration Network for decades.
16. Effect of NO2 on O3 Using Complex Network Topology
Analysis
Qiang Zhang, Dianxiang Xu, Tianze Gao, and Zhihe Wang

In order to study the variation law of the influence
degree of air quality factors under time series, this article
selects the hourly concentration values of NO2 and O3 from
November 2017 to October 2018 in Lanzhou City as the
research object. The correlation value of hourly concentration
value is transformed into the influence degree symbol, and the
network model is constructed by using the complex network
theory to analyze the time series of NO2 and O3 influence
degree series. The results show that: 1) NO2 and O3 are
negatively correlated, and light and temperature are the main
factors; 2) in the day of the time series, the conversion of
NO2 and O3 in Lanzhou City is mainly dominated by different
degrees of negative correlation; 3) the effect of NO2 and O3
in the original sequence is less stable; and 4) the influence of
NO2 and O3 can be maintained for up to three days.
17. Behind the Mask: Understanding the Structural Forces
That Make Social Graphs Vulnerable to Deanonymization
Sameera Horawalavithana, Juan Arroyo Flores, John Skvoretz,
and Adriana Iamnitchi

This article proposes a framework that examines the
interplay between graph properties and the vulnerability to
deanonymization attacks. They demonstrate its applicability
via extensive experiments on thousands of graphs with con-
trolled properties generated from real data sets. In addition,
they show empirically that there are structural properties
that affect graph vulnerability to reidentification attacks inde-
pendent of degree distribution. Their framework fills a gap
between theoretical research and practice and provides a
unifying platform for the development of new methodolo-
gies related to graph anonymization, deanonymization, and
graph vulnerability quantification. Specifically, this frame-
work can be used to select the particular tradeoff between
acceptable vulnerability and needed utility in terms of graph
metrics.
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18. Managing QoS of Internet-of-Things Services Using
Blockchain
Wattana Viriyasitavat, Li Da Xu, Zhuming Bi,
Danupol Hoonsopon, and Nuttirudee Charoenruk

This article proposes to integrate the blockchain technolo-
gies with a multiagent approach to warrantee the trustiness of
real-time data for the measurement of quality of service (QoS)
in the Internet-of-Things (IoT) environment. The proposed
approach is verified by some demonstrative examples in
addressing the QoS specification patterns commonly found
in service-based applications, where qualitative analyses are
conducted for the evaluation of the patterns.

Social Intelligence

The virtual reality (VR), augmented reality (AR), artificial
intelligence (AI), 5G, mobile social media, and other emerging
technologies have been pushing the development of our society
faster than ever. Since almost everyone plays a terminal in the
huge network weaved by such techniques, we are driven to
elevate our capacity of perception and information processing,
to expand our scope of information access, and to speed up
our interactions with other remote citizens. This facilitation
of dissemination together with its customized content has
greatly disrupted the social process and, ultimately, results
in a faster and more volatile emergence of social choices.
Consequently, how to analyze the formation of social choices
as well as design the interactive systems that can socially
interact with human users becomes a central topic in the
research of social intelligence. Accordingly, this involves two
levels, personal and social, which are sequentially focused in
its two-phase history. In an early stage, psychological scholars
first concerned with this field, treating social intelligence as a
fundamental part of human intelligence. They referred it to the
capacity to understand others according to your own similar
experience in social contexts. Yet, in recent years, the tide
shifts to the focus on the intelligence of social collective
behaviors as a whole, where the interactions within modern
society are seamless connected.

Cognitive Facets of Social Intelligence

Social intelligence is explicitly studied as early as the
1920s when Thorndike [1] postulated his framework of human
intelligence by differentiating ideas, objects, and other people
that someone has to deal with. In such a way, he distinguished
intelligence as academic, mechanical, and social dimensions.
Social intelligence is further defined as “the ability to under-
stand and manage men and women, boys and girls, and
to act wisely in human relations.” This basic idea clearly
laid the foundation of the research scope and played as
a guideline in later studies. Unlike the distinction between
cognitive (understand others) and behavioral (act wisely in
human relations) components from Thorndike, Vernon [2]
defined social intelligence as “knowledge of social matters
and insight into the moods or personality traits of strangers”
(cognition) and as the ability to “get along with others and
ease in society” (behavior). Different from the two definitions

that involve both cognition and behavior, other studies mostly
focus on one of them, such as “the ability to get along with
others” for Moss and Hunt [3], “judge correctly the feelings,
moods, and motivation of individuals” for Wedeck [4], “ability
to judge people with respect to feelings, motives, thoughts,
intentions, attitudes, and so on” for O’Sullivan et al. [5],
and “individuals’ fund of knowledge about the social world”
for Cantor and Kihlstrom [6]. In summary, the term “social
intelligence” refers to the understanding and interpretation of
other people’s psychological state and the interaction with
them for better emotional and mental support.

Though some disputes still exist in the academic commu-
nity, social intelligence is mainly decomposed into five aspects
in traditional studies: social understanding, social memory,
social perception, social creativity, and social knowledge.
Social understanding plays a central part in the social intel-
ligence. It requires individuals to interpret given surrounded
social stimuli that are represented as the implications for the
situation and their underlying features. The point is well illus-
trated by a sample test requirement: understand correctly what
a person wants to express via verbal communications as well
as nonverbal hints. Researches mostly concentrate on measure-
ment methods, such as the Geoge Washington Social Intelli-
gence Test [7], the Chapin Social Insight Test [8], the broad
test batteries [9] and the nonverbal decoding skills [10]. Social
memory maintains both episodic and semantic memory con-
tents with one’s intention. Its performance is determined by the
conscious recall of objectively and explicitly given a variously
complex social circumstance. A representative study comes
from Kosmitzki and John [11] who discovered the factor
for names and faces in laypersons’ implicit theories. Social
perception, the ability to perceive social information in an
agile way, could determine further information processing that
is essential for social intelligence behaviors. Wong et al. [12]
selected several predesigned tasks to operationalize the mea-
sure of social perception. Their experiments also involved
interpretational demands that cannot be categorized into pure
perceptual abilities. Analogous to the perceptual speed in
models of academic intelligence, Carroll [13] further specified
the perceptual speed in social perception. Social creativity,
also called social flexibility, is the divergent production of
individual behavioral contents. It is also reflected as the
fluent production of possible interpretations of, or solutions
for, a particular social situation. For quantitative evaluation,
participant’s performance is not based on the correct answer
but on the number of diversity of ideas [14]. This measure
is able to successfully distinguish the domain of social cog-
nitive flexibility from academic intellectual abilities. Social
knowledge has been operationalized by the knowledge of good
etiquette on the one hand and by the social skills on the
other hand. The latter is a concept similar to the taxonomy
in AI, where knowledge is recognized as procedural and
declarative parts according to its contents [15]. Procedural
knowledge refers to the skills or tactics for specific tasks that
could not be taught or recalled explicitly, whereas declarative
knowledge reflects the world’s fact and state and is stored
in episodic and semantic memory. Social knowledge, in this
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sense, refers to the procedural part that is distinct from social
memory.

In general, it still needs to be studied in detail about
how these cognitive determinants interact to enable people
to exhibit socially intelligent behavior and which of them
contribute to the ultimate behavior with a greater extent. Yet,
with the latest development of AI, cognitive computation,
focusing on the human cognitive process, might provide a new
feasible direction for this basic issue [16]–[18].

Social Emergent Behaviors

As alluded earlier, social intelligence is defined at the
microindividual level in the early stage. In particular, it inves-
tigates what cognitive facets together with their measurements
that support people’s interaction to make them more popular.
One of the best summarizations might be Goleman’s famous
book that has been selling a million copies worldwide [19].
In recent years, however, academic communities turned to
analyze the collective social behavior as a whole. In this sense,
social intelligence is redefined as the rational decision-making
that emerged from the whole society [20], [21]. Since the
process stems from a bottom–up aggregation of social
members’ decisions, the macroemergent intelligence is also
grounded on one’s microcognitions as well as behaviors.
However, as most social members are self-interested and only
have access to local information, their “myopic” decisions
may not lead to the optimal choice overall. Thus, scholars
concentrate on the modeling and analyzing social behavior by
capturing individual social dynamics, the interaction between
actual social and physical systems, and the mechanism design
that can guide the maximal utility of the society.

The new definition has endowed social intelligence with
more comprehensive connotations. For modeling and ana-
lyzing, studies involve individual behaviors [22], social net-
works [23], or both of them [24]. Combined with electronic
commerce and mobile social media, user’s online behavior,
commodity recommendation, social network evolution, social
topic propagation, and so on are the most concerned issues.
For the interaction of social and physical systems, researchers
have proposed cyber–physical–social systems (CPSSs) as the
promising direction [25]. Followed by such concept, related
works have been conducted in urban transportation [26], intel-
ligent manufacturing [27], smart cities [28], blockchain [29],
and so on; we refer readers to [30] for a detailed review. The
mechanism design for an “optimal” social choice is originally
from game theory, where each member is modeled as a
“greedy” agent that maximizes his own utility. Yet, with the
increase of computational power and various social sensing
technologies, agent-based social computing is introduced for
complex problems. For instance, social trust mechanism [31],
incentive design [32], supply chain [33], and so on become
the main areas of applications.

Prescription of Social Intelligence

Game theory and mechanism design have provided us with a
prototype to analyze distributed systems from the perspectives

of the agent’s optimal strategy selection and exogenous rule-
making. For real social system, however, things could be
worse. On the one hand, even if the game or mechanism model
could be clearly established, these models involve too many
decision factors that are sensitive to initial conditions and
highly interdependent. Consequently, analysis by equilibrium
computation for a large-scale population seems impossible
in practice. On the other hand, social members are inclined
to be “bounded rational.” That is, without comparing every
other candidate accurately, they tend to choose an “acceptable”
strategy rather than the “optimal” one. Such a phenomenon
cannot be strictly explained by the game model. Therefore,
artificial society is introduced to directly simulate the systemic
equilibrium as well as the evolutionary trajectories before
reaching that equilibrium. Moving ahead, we are able to test
various management policies for the target system via com-
putational experiments and prescribe the social intelligence
by inversely influencing individual’s interaction and, thus, his
behavior at cognitive levels. In essence, the new paradigm,
called the artificial system, computational experiment, parallel
execution (ACP) approach, returns to the microsources of
social intelligence.

The ACP approach begins with building a multiagent
artificial system that computationally simulates microsocial
behaviors and individual’s interactions. This step involves
the basic population synthesis [34]–[37], which provides the
artificial system a reasonable and reliable initial state, and
the agent behavior modeling [16], [18], which endows the
system with evolutionary capacity. The second step simu-
lates complex social processes that how institutions, norms,
and group behavior emerge from microlevel agent interac-
tions based on the heterogeneous social contexts. By com-
putational experiments, statistical methods could be used
to analyze and predict the costs and benefits associated
with various strategies, policies, and decision-making meth-
ods [38], [39]. At last, the artificial system is run in
a parallel way with the actual one. Named parallel sys-
tem, such virtual-real coevolutionary system can dynami-
cally describe, predict, and prescribe the systemic intelligent
behavior [40].

The ACP paradigm has linked microcognitive decisions with
macrosocial intelligent behaviors and, thus, has converged the
two research streams as mentioned in the last two sections.
As 5G, VR/AR/AI, and other emerging technologies have been
moving us to a new era, the ACP approach will transform the
traditional psychology-based study into a new interdisciplinary
field. Deeply and systematically facilitating the people’s inter-
action and behavior prescription, ACP-based parallel systems
are bound to accelerate the evolution of the social systems
and, thus, the proper way where we go.

FEI-YUE WANG

State Key Laboratory for Management
and Control of Complex Systems
Beijing 100190, China
e-mail: feiyue.trans@gmail.com



1144 IEEE TRANSACTIONS ON COMPUTATIONAL SOCIAL SYSTEMS, VOL. 6, NO. 6, DECEMBER 2019

PEIJUN YE

Institute of Automation
Chinese Academy of Sciences
Beijing 100190, China
Qingdao Academy of Intelligent Industries
Qingdao 266109, China

JUANJUAN LI

Institute of Automation
Chinese Academy of Sciences
Beijing 100190, China
Qingdao Academy of Intelligent Industries
Qingdao 266109, China

REFERENCES

[1] E. L. Thorndike, “Intelligence and its uses,” Harper’s Mag., vol. 740,
pp. 227–235, Jan. 1920.

[2] P. E. Vernon, “Some characteristics of the good judge of personality,”
J. Social Psychol., vol. 4, no. 1, pp. 42–57, 1933.

[3] F. A. Moss and T. Hunt, “Are you socially intelligent?” Sci. Amer.,
vol. 137, no. 2, pp. 108–110, 1927.

[4] I. Wedeck, “The relationship between personality and psychological
ability,” Brit. J. Psychol., vol. 37, no. 3, pp. 133–151, 1947.

[5] M. O’Sullivan, J. P. Guilford, and R. de Mille, “The measure-
ment of social intelligence,” Psychol. Lab., Univ. Southern California,
Los Angeles, CA, USA, Tech. Rep. 34, 1965.

[6] N. Cantor and F. Kihlstrom, Personality and Social Intelligence.
Englewood Cliffs, NJ, USA: Prentice-Hall, 1987.

[7] F. A. Moss, T. Hunt, and L. G. Woodward, Social Intelligence
Test (George Washington University Series). Washington, DC, USA:
The Center for Psychological Service, 1955.

[8] F. S. Chapin, The Social Insight Test. Palo Alto, CA, USA: Consulting
Psychologists Press, 1967.

[9] M. O’Sullivan and J. P. Guilford, Four Factor Tests of Social Intelli-
gence: Manual of Instructions and Interpretations. Orange, CA, USA:
Sheridan Psychological Services, 1976.

[10] M. L. Barnes and R. J. Sternberg, “Social intelligence and decoding of
nonverbal cues,” Intelligence, vol. 13, no. 3, pp. 263–287, 1989.

[11] C. Kosmitzki and O. P. John, “The implicit use of explicit conceptions
of social intelligence,” Pers. Individual Differences, vol. 5, no. 1,
pp. 11–23, 1993.

[12] C.-M. T. Wong, J. D. Day, S. E. Maxwell, and N. M. Meara,
“A multitrait-multimethod study of academic and social intelligence in
college students,” J. Educ. Psychol., vol. 87, no. 1, pp. 117–133, 1995.

[13] J. B. Carroll, Human Cognitive Abilities: A Survey of Factor-Analytic
Studies. New York, NY, USA: Cambridge Univ. Press, 1993.

[14] J.-E. Lee, J. D. Day, N. M. Meara, and S. Maxwell, “Discrimina-
tion of social knowledge and its flexible application from creativ-
ity: A multitrait–multimethod approach,” Pers. Individual Differences,
vol. 32, no. 5, pp. 913–928, 2002.

[15] I. F. Kihlstrom and N. Cantor, “Social intelligence,” in Handbook of
Intelligence, R. J. Sternberg, Ed. New York, NY, USA: Cambridge Univ.
Press, 2000, pp. 359–379.

[16] P. J. Ye, S. Wang, and F.-Y. Wang, “A general cognitive architecture
for agent-based modeling in artificial societies,” IEEE Trans. Computat.
Social Syst., vol. 5, no. 1, pp. 176–185, Mar. 2018.

[17] L. Lu, L. Xu, B. Xu, G. Li, and H. Cai, “Fog computing approach for
music cognition system based on machine learning algorithm,” IEEE
Trans. Computat. Social Syst., vol. 5, no. 4, pp. 1142–1151, Dec. 2018.

[18] P. Ye, T. Wang, and F.-Y. Wang, “A survey of cognitive architectures in
the past 20 years,” IEEE Trans. Cybern., vol. 48, no. 12, pp. 3280–3290,
Aug. 2018.

[19] D. Goleman, Social Intelligence: The New Science of Human Relation-
ships. New York, NY, USA: Bantam, 2006.

[20] R. Dai, The Science of Social Intelligence: 33 Studies to Win
Friends, Be Magnetic, Make An Impression, and Use People’s Sub-
conscious Triggers. Shanghai, China: Shanghai Jiao Tong Univ. Press,
2006.

[21] F.-Y. Wang, K. M. Carley, D. Zeng, and W. Mao, “Social computing:
From social informatics to social intelligence,” IEEE Intell. Syst., vol. 22,
no. 2, pp. 79–83, Mar./Apr. 2007.

[22] S.-S. Zhang, X. Liang, X. Zhang, and R. Xu, “On identification of
organizational and individual users based on social content measure-
ments,” IEEE Trans. Computat. Social Syst., vol. 5, no. 4, pp. 961–972,
Dec. 2018.

[23] T. Gao, F. Li, Y. Chen, and X. Zou, “Local differential pri-
vately anonymizing online social networks under hrg-based model,”
IEEE Trans. Computat. Social Syst., vol. 5, no. 4, pp. 1009–1020,
Dec. 2018.

[24] D. Perna, R. Interdonato, and A. Tagarelli, “Identifying users with
alternate behaviors of lurking and active participation in multilayer social
networks,” IEEE Trans. Computat. Social Syst., vol. 5, no. 1, pp. 46–63,
Mar. 2018.

[25] F. Y. Wang, “The emergence of intelligent enterprises: From CPS to
CPSS,” IEEE Intell. Syst., vol. 25, no. 4, pp. 85–88, Jul./Aug. 2010.

[26] L. Chen, X. Hu, W. Tian, H. Wang, D. Cao, and F.-Y. Wang, “Parallel
planning: A new motion planning framework for autonomous driving,”
IEEE/CAA J. Automatica Sinica, vol. 6, no. 1, pp. 236–246, Jan. 2019.

[27] R. Lei and R. Ming-Lun, “The organizational model smart manufactur-
ing resources based on social information physics system,” China Sci.
Technol. Forum, vol. 2017, no. 7, pp. 118–125, 2017.

[28] C. G. Cassandras, “Intelligent city in the perspective of information
physical-social systems,” Engineering, vol. 2, no. 2, pp. 20–26, 2016.

[29] F.-Y. Wang, Y. Yuan, J. Zhang, R. Qin, and M. H. Smith,
“Blockchainized Internet of minds: A new opportunity for cyber–
physical–social systems,” IEEE Trans. Computat. Social Syst., vol. 5,
no. 4, pp. 897–906, Dec. 2018.

[30] J. J. Zhang et al., “Cyber-physical-social systems: The state of the art
and perspectives,” IEEE Trans. Computat. Social Syst., vol. 5, no. 3,
pp. 829–840, Sep. 2018.

[31] N. Sardana, R. Cohen, J. Zhang, and S. Chen, “A Bayesian multiagent
trust model for social networks,” IEEE Trans. Computat. Social Syst.,
vol. 5, no. 4, pp. 995–1008, Dec. 2018.

[32] Z. Hu and J. Zhang, “Toward general robustness evaluation of incentive
mechanism against bounded rationality,” IEEE Trans. Computat. Social
Syst., vol. 5, no. 3, pp. 698–712, Sep. 2018.

[33] H. K. Nguyen, R. Chiong, M. Chica, R. H. Middleton, and
D. T. K. Pham, “Contract farming in the mekong delta’s Rice supply
chain: Insights from an agent-based modeling study,” J. Artif. Soc. Social
Simul., vol. 22, no. 3, p. 1, 2019.

[34] P.-J. Ye, X. Wang, C. Chen, Y.-T. Lin, and F.-Y. Wang, “Hybrid
agent modeling in population simulation: Current approaches and future
directions,” J. Artif. Soc. Social Simul., vol. 19, no. 1, p. 12, 2016.

[35] P. Ye, X. Hu, Y. Yuan, and F.-Y. Wang, “Population synthesis based on
joint distribution inference without disaggregate samples,” J. Artif. Soc.
Social Simul., vol. 20, no. 4, p. 16, Jan. 2017.

[36] P. Ye and X. Wang, “Population synthesis using discrete copulas,” in
Proc. IEEE Int. Conf. Intell. Transp. Syst. (ITSC), Maui, HI, USA,
Nov. 2018, pp. 479–484.

[37] P. Ye, F. Zhu, S. Sabri, and F.-Y. Wang, “Consistent population synthesis
with multi-social relationships based on tensor decomposition,” IEEE
Trans. Intell. Transp. Syst., to be published.

[38] Y. Lv, X. Zhang, W. Kang, and Y. Duan, “Managing emergency
traffic evacuation with a partially random destination allocation
strategy: A computational-experiment-based optimization approach,”
IEEE Trans. Intell. Transp. Syst., vol. 16, no. 4, pp. 2182–2191,
Aug. 2015.

[39] P. Ye and D. Wen, “Optimal traffic sensor location for origin–destination
estimation using a compressed sensing framework,” IEEE Trans. Intell.
Transp. Syst., vol. 18, no. 7, pp. 1857–1866, Jul. 2017.

[40] P. Ye and F.-Y. Wang, “Hybrid calibration of agent-based travel model
using traffic counts and AVI data,” in Proc. IEEE Int. Conf. Intell.
Transp. Syst. (ITSC), Yokohama, Japan, Oct. 2017, pp. 457–462.



IEEE TRANSACTIONS ON COMPUTATIONAL SOCIAL SYSTEMS, VOL. 6, NO. 6, DECEMBER 2019 1145

Fei-Yue Wang (S’87–M’89–SM’94–F’03) received the Ph.D. degree in computer and systems
engineering from the Rensselaer Polytechnic Institute, Troy, NY, USA, in 1990.

He joined The University of Arizona, Tucson, AZ, USA, in 1990, where he became a Professor
and the Director of the Robotics and Automation Laboratory and the Program in Advanced
Research for Complex Systems. In 1999, he founded the Intelligent Control and Systems
Engineering Center, Institute of Automation, Chinese Academy of Sciences (CAS), Beijing,
China, through the support of the Outstanding Overseas Chinese Talents Program from the
State Planning Council and “100 Talent Program” from CAS. In 2002, he joined the Lab
of Complex Systems and Intelligence Science, CAS, as the Director, where he was the Vice
President for Research, Education, and Academic Exchanges with the Institute of Automation
from 2006 to 2010. In 2011, he was named as the State Specially Appointed Expert and
the Director of the State Key Laboratory for Management and Control of Complex Systems,
Beijing. His current research interests include methods and applications for parallel systems,

social computing, parallel intelligence, and knowledge automation.
Prof. Wang was elected as a fellow of INCOSE, IFAC, ASME, and AAAS. In 2007, he was a recipient of the National Prize in

Natural Sciences of China and was awarded the Outstanding Scientist by the Association for Computing Machinery (ACM) for
his research contributions in intelligent control and social computing. He was a recipient of the IEEE Intelligent Transportation
Systems (ITS) Outstanding Application and Research Awards in 2009, 2011, and 2015 and the IEEE SMC Norbert Wiener
Award in 2014. He has been the General Chair or the Program Chair of more than 30 IEEE, INFORMS, ACM, and ASME
conferences. He was the President of the IEEE ITS Society from 2005 to 2007, the Chinese Association for Science and
Technology, USA, in 2005, and the American Zhu Kezhen Education Foundation from 2007 to 2008. He was the Vice
President of the ACM China Council from 2010 to 2011 and the Chair of the IFAC TC on Economic and Social Systems from
2008 to 2011. He is also the President-Elect of the IEEE Council on RFID. Since 2008, he has been the Vice President and the
Secretary General of the Chinese Association of Automation. He was the Founding Editor-in-Chief (EiC) of the International
Journal of Intelligent Control and Systems from 1995 to 2000 and the IEEE ITS Magazine from 2006 to 2007. He was the EiC
of the IEEE INTELLIGENT SYSTEMS from 2009 to 2012 and the IEEE TRANSACTIONS ON ITS from 2009 to 2016. He is
also the EiC of the IEEE TRANSACTIONS ON COMPUTATIONAL SOCIAL SYSTEMS and the Founding EiC of the IEEE/CAA
JOURNAL OF AUTOMATICA SINICA and the Chinese Journal of Command and Control.

Peijun Ye (M’17) received the Ph.D. degree from the University of Chinese Academy of
Sciences, Beijing, China, in 2013.

He was a Visiting Scholar with the Department of Cognitive Science, University of California
at San Diego, La Jolla, CA, USA, from 2017 to 2018. He is currently an Assistant Research
Professor with the State Key Laboratory for Management and Control of Complex Systems,
Institute of Automation, Chinese Academy of Sciences, Beijing. He has authored/coauthored
over 30 academic articles, six invention patents, four software copyrights, and one publication.
His research interests mainly focus on multiagent systems, social simulation, artificial intelli-
gence, and intelligent transportation systems.

Dr. Ye serves as an Associate Editor of the IEEE TRANSACTIONS ON INTELLIGENT

TRANSPORTATION SYSTEMS and the IEEE TRANSACTIONS ON COMPUTATIONAL SOCIAL

SYSTEMS and the Secretary of the Social and Economic Computing ACM Chapter. He is also
an Invited Reviewer of the Journal of Artificial Societies and Social Simulation, Knowledge and

Information Systems, the IEEE/CAA JOURNAL OF AUTOMATICA SINICA, and the IEEE International Conference on Intelligent
Transportation Systems from 2011 to 2019.



1146 IEEE TRANSACTIONS ON COMPUTATIONAL SOCIAL SYSTEMS, VOL. 6, NO. 6, DECEMBER 2019

Juanjuan Li (M’17) received the B.S. and M.S. degrees in economics from the Renmin
University of China, Beijing, China, in 2008 and 2010, respectively. She is currently pursuing
the Ph.D. degree with the Beijing Institute of Technology, Beijing, China.

She is currently an Assistant Professor with the State Key Laboratory for Management and
Control of Complex Systems, Institute of Automation, Chinese Academy of Sciences, Beijing.
Her research interests include computational advertising, business intelligence, and blockchain.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Black & White)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /ArborText
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /ComicSansMS
    /ComicSansMS-Bold
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /EstrangeloEdessa
    /EuroSig
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Impact
    /KozGoPr6N-Medium
    /KozGoProVI-Medium
    /KozMinPr6N-Regular
    /KozMinProVI-Regular
    /Latha
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LucidaConsole
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /MVBoli
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Webdings
    /Wingdings-Regular
    /ZapfDingbats
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 300
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 900
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.33333
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


