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. Introduction

Over past decade, the developments of Web  3.0, Web  4.0 and
cience 2.0 have become critical network infrastructure and knowl-
dge platform for all socially organized participating entities (man,
achine, group, and even brain-like computer) for exchanging,

haring, contributing a great amount of data, information, knowl-
dge. Meanwhile, the popularity of online social networks tools,
latforms, applications and services spurs much more interactions
nd collaboration at larger scale than ever before. The better lever-
ge of those social big data for improving social network services
epends on new computing paradigms and analytics methodolo-
ies to a great extent, such as social-sensed multimedia computing,
ware computing and situation analytics, and so on. In addition,
arious forms of attacks constantly occur, including identity theft,
ocial fishing, impersonation attack, hijack, image retrieval and
nalysis, fake requests, and Sybil and other malicious software
ttacks [1]. Malicious attacks also came from social bots [2]. Resolv-
ng of all the challenging issue does need more effective and
fficient computing and analysis methods.

. Applicable computing paradigms and special issue

Recent two years, some scientists and researchers pay more
ttention to computing paradigms for social networks and service
omputing. Cui et al. presented two kinds of gaps, i.e., semantics
ap and need gap in multimedia systems and applications nowa-
ays [3]. Especially for the need gap, there needs more works
owards understanding, analyzing and predicting user’s interests
nd intents. For thus, they proposed social-sensed multimedia
omputing to handle the essential requirement based on more
ocial knowledge about user-media interactions through social
ensing. In 2014, Chang and Schilit [4] proposed a new con-
ept of aware computing, which is from the various cutting-edge
echnologies enabling rich sensing of the environment. Both of
hem highlighted that the next wave of aware computing—driven
y more diverse sensors and richer data—is still emerging from
cademic and corporate research centers [4]. Followed by the
ware computing, Chang presented situation analytics (abbr. Situ)
ramework as a new paradigm of software engineering in human

ominance era [5]. Situ is a featured fundamental for computational
ethods of user mental and intention analysis based on three-tuple

equences Situ(t) like (Environment, Action, Desire)t with the tem-
oral feature. Based on Chang’s Situ, Zhang et al. further proposed

ttps://doi.org/10.1016/j.jocs.2018.04.007
877-7503/© 2018 Published by Elsevier B.V.
Socialsitu, which a novel method for social behavior pattern ana-
lytics, to explore the user situation and context in social domain
[6].

Besides, in order to explore the structure and organization of
online social networks, as well as improve OSNs services and user
quality of experiments, some researchers made many valuable and
applicable research works. Luo et al. proposes a novel model for
detecting missing links in social networks by using the utility func-
tion computation and logistic regression estimating the parameters
of the proposed algorithm [7]. To resolve a drawback that crucial
nodes are misclassified as the most popular nodes, Kaur et al. pro-
poses a method for ranking based comparative analysis of graph
centrality measures to detect negative nodes for large-scale net-
works through graphs as well as computational statistical measures
[8]. Eirinaki et al. made a comprehensive survey on recommender
systems for large-scale social networks, including context-aware
recommender systems, community-aware or social recommender
systems, and so on. Some challenging issues and related solutions
were also presented in detail in the survey [9]. Another interesting
paper focused on information dissemination by through defining
several types of tweets as i) information provision (IF), ii) advertise-
ment (AD), and iii) both (IFAD), and exploring and understanding
customer experience diffusion based on big data analytics [10].

To the best of our knowledge, this is the first special issue
discussing new computing paradigms and social big data analyt-
ics for OSNs. The special issue attempts to collect high-quality
survey paper and original research articles closely related to the
recommended topics, and bring together computational science,
social media networks and big data-oriented academic researchers,
engineers and administrators resorting to the state-of-the-art tech-
nologies and ideas to adopt both advanced computing paradigms
and big data analytics for OSN, with a result of an in-depth user
behavior analytics as well as an resolution of security and trust
issues, etc. The special issue encourages more practical, validated
computational theories and big data analytics techniques in a real-
world social media networks, not focused on pure and simple
conceptual model, framework and building blocks descriptions.
Some valuable works were solicited for this special issue with a
consideration on the following aspects:
• Advanced computing paradigms and computational theories out-
reach applicable for social media big data analytics

• Aware computing methodologies for social media and recom-
mendation system

https://doi.org/10.1016/j.jocs.2018.04.007
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Situational analytics for social media big data mining and appli-
cations
User behavior analytics for social-sensed multimedia computing
New computing paradigms performance metrics and bench-
marks in the process of big data
Computational technologies-employed security, trust manage-
ment and assessment, as well as social-factor considerations in
social media ecosystem
Social media prototypes and empirical studies together with new
computing paradigms

This special issue finally contains seven papers which were
elected after rigorous review process to deal with different aspects
f social media ecosystems. There includes the cyber-physical sym-
iotic social networks modeling, computational model and analysis
or general OSNs platform, machine learning, deep learning, rec-
mmendation, optimization and evolution algorithm for social
etwork and natural language processing, etc.

. Advance on social computational and big data analytics

The first article entitled, “Pokémon GO in Melbourne CBD: A case
tudy of the cyber-physical symbiotic social networks”, authored
y Derek Wang et al., models the formation of the symbiotic
ocial networks in both physical world and cyber world, as well
s interactions between players and Pokémon GO elements [11].
inally, they reveal the relatively weak correlation between the
ormation processes of the two networks. Interestingly, the paper
oints out that from an economic perspective, the study of cyber-
hysical symbiotic social network formation could provide insight

nto mechanisms of social capital creation and social influence
eneration compared with purely physical or virtual/cyber social
etworks.

The second article entitled, “A novel crowd evaluation method
or security and trustworthiness of online social networks plat-
orms based on signaling theory”, authored by Zhang et al. [1],
lassifies and formalizes the security and trust-critical signals
f generic OSNs platform, and proposes a comprehensive com-
utational model for security and trustworthiness measurement

nspired by crowd computing, after signals weights were yielded
ased on Fuzzy Analytic Hierarchy Process Comprehensive Evalua-
ion Zhang et al. [6,12]. Finally, a case study is done on a multimedia
ocial network platform called CyVOD.

The third article entitled, “HotML: A DSM-based machine learn-
ng system for social networks”, authored by Yangyang Zhang et al.,
roposes HotML, which is designed in the parameter server (PS)
rchitecture where the servers manage the globally shared param-
ters organized in tabular structure, and the workers compute the
ataset in parallel and update the global parameters [13]. Besides,
he authors presents in their conclusive remarks that HotML has
lready been integrated into RING, an online event detection plat-
orm for social networks, as the fundamental machine learning
ystem.

The forth article entitled, “A hybrid optimizer based on firefly
lgorithm and particle swarm optimization algorithm”, authored
y Xuewen Xia et al., proposes HotML, which is designed in the
arameter server (PS) architecture where the servers manage the
lobally shared parameters organized in tabular structure, and the
orkers compute the dataset in parallel and update the global
arameters [14]. Besides, the authors presents in their conclusive
emarks that HotML has already been integrated into RING, an

nline event detection platform for social networks, as the fun-
amental machine learning system.

The fifth article entitled, “Enhancing differential evolution with
andom neighbors based strategy”, authored by Hu Peng et al., pro-
r online social networks / Journal of Computational Science 26 (2018) 453–455

poses a random neighbor based mutation strategy (DE/neighbor/1)
to cope with the perplexing question about balancing between
the global and local search and improve the optimization per-
formance of differential evolution algorithms [15]. Experimental
studies are simulated using a set of well-known benchmark func-
tions. Comprehensive experiments demonstrate the effectiveness
and efficiency of the proposed algorithm.

The sixth article entitled, “Micro-blog topic recommendation
based on knowledge flow and user selection”, authored by Shunx-
iang Zhang et al., presents a novel algorithm of micro-blog topic
recommendation based on knowledge flow and user selection
in this paper to improve the accuracy and efficiency of micro-
blog topic recommendation, aiming at the problem of micro-blog
topic information overload [16]. As discussed by the authors, in
the future, the algorithm can be optimized in the organization of
knowledge flow to generate more reasonable knowledge flow of
micro-blog topic.

The seventh survey paper entitled, “Deep learning for Arabic
NLP: A survey”, authored by Mahmoud Al-Ayyouba, et al., makes
a survey of related works on using deep learning techniques for
natural language processing, especially for Arabic language, consid-
ering that NLP techniques can help in addressing many interesting
problems in OSN such as geo-location identification, public opinion
mining, sentiment/emotion analysis, trend analysis, event extrac-
tion, controversy detection, crowd monitoring, and so on [17].

4. Conclusion

This special issue focuses on the emerging computing paradigms
and big data analytics methods for online social networks, including
computational model, algorithm, application and use case study.
In essential, the related works are originated from big data, and
are stepping for smarter systems and applications. Note that the
situation analytics, as a new computing and software engineering
paradigm, is very suitable for social network domain. The future
works on social situation analysis and computational science are
more attracted and investigated by researcher, engineering and
policy-makers in social network fields.

Acknowledgements

The above seven papers were selected after several rounds of
strict peer reviewing based on their originality, relevance, technical
clarity and presentation. Here, all invited reviewers are appreciated
for their reviewing, comments and suggestions for authors. Besides,
I would like to give special thanks to Peter Sloot, Cmohammed
Samiullah, and Chitra Krishnamoorthy of the journal of Journal of
Computational Science, for their great help and efforts for the on-
time and successful publication of this special issue. Also, I would
like to show my gratitude to the other three co-guest editors, for
their collaborations on this special issue on the valuable discussions
of social computing and social big data analytics. The related works
was sponsored by National Natural Science Foundation of China
Grant No. 61772174 and 61370220, Plan for Scientific Innovation
Talent of Henan Province Grant No. 174200510011. Finally, we  also
thank all the authors for positively contributing and improving
their highlighted works. With the above all efforts, we are cheerful
that the special issue would be formally published in one and half
years.
References

[1] Zhiyong Zhang, Brij B. Gupta, Social media security and trustworthiness:
overview and new direction, Future Gener. Comput. Syst. (2016), http://dx.
doi.org/10.1016/j.future.2016.10.007.

dx.doi.org/10.1016/j.future.2016.10.007
dx.doi.org/10.1016/j.future.2016.10.007
dx.doi.org/10.1016/j.future.2016.10.007
dx.doi.org/10.1016/j.future.2016.10.007
dx.doi.org/10.1016/j.future.2016.10.007
dx.doi.org/10.1016/j.future.2016.10.007
dx.doi.org/10.1016/j.future.2016.10.007
dx.doi.org/10.1016/j.future.2016.10.007
dx.doi.org/10.1016/j.future.2016.10.007
dx.doi.org/10.1016/j.future.2016.10.007
dx.doi.org/10.1016/j.future.2016.10.007


gies fo

[

[

[

[

[

[

[

[

p
I
i
N
g
a
o
A
L
p
I
a
o
I

∗ Corresponding author.
The convergence of new computing paradigms and big data analytics methodolo

[2] Emilio Ferrara, Onur Varol, Clayton Davis, et al., The rise of social bots,
Commun. ACM 59 (7) (2016) 96–104.

[3] Peng Cui, Wenwu  Zhu, Tat-Seng Chua, et al., Social-sensed multimedia
computing, IEEE Multimed. 23 (1) (2016) 92–96.

[4] Carl K. Chang, Bill N. Schilit, Aware computing, IEEE Comput. 47 (4) (2014)
20–21.

[5] Carl K. Chang, Situation analytics: a foundation for a new software
engineering paradigm, IEEE Comput. 59 (1) (2016) 24–33.

[6] Zhiyon Zhang, Ranran Sun, Xiaoxue Wang, et al., A situational analytic
method for user behavior pattern in multimedia social networks, IEEE Trans.
Big  Data (2017), http://dx.doi.org/10.1109/TBDATA.2017.2657623.

[7] Peng Luo, Yongli Li, Chong Wu,  et al., Detecting the missing links in social
networks based on utility analysis, J. Comput. Sci. 16 (2016) 51–58.

[8] Mankirat Kaur, Sarbjeet Singh, Ranking based comparative analysis of graph
centrality measures to detect negative nodes in online social networks, J.
Comput. Sci. 23 (2017) 91–108.

[9] Magdalini Eirinaki, Jerry Gao, Iraklis Varlamis, et al., Recommender systems
for large-scale social networks: a review of challenges and solutions, Future
Gener. Comput. Syst. 78 (2018) 413–418.

10] Francesco Piccialli, Jai E. Jung, Understanding customer experience diffusion
on social networking services by big data analytics, Mobile Netw. Appl. 22 (4)
(2016) 605–612, http://dx.doi.org/10.1007/s11036-016-0803-8.

11]  Derek Wang, Tingmin Wu,  Sheng Wen, et al., Pokémon GO in Melbourne CBD:
A  case study of the cyber-physical symbiotic social networks, J. Comput. Sci.
26 (2018) 456–467, http://dx.doi.org/10.1016/j.jocs.2017.06.009.

12] Zhiyong Zhang, Jing Wen, Xiaoxue Wang, et al., A novel crowd evaluation
method for security and trustworthiness of online social networks platforms
based on signaling theory, J. Comput. Sci. 26 (2018) 468–477, http://dx.doi.
org/10.1016/j.jocs.2017.05.018.

13] Yangyang Zhang, Jianxin Li, Chenggen Sun, et al., HotML: A DSM-based
machine learning system for social networks, J. Comput. Sci. 26 (2018)
478–487, http://dx.doi.org/10.1016/j.jocs.2017.09.006.

14] Xuewen Xia, Ling Gui, Guoliang He, et al., A hybrid optimizer based on firefly
algorithm and particle swarm optimization algorithm, J. Comput. Sci. 26
(2018) 488–500, http://dx.doi.org/10.1016/j.jocs.2017.07.009.

15] Hu Peng, Zhaolu Guo, Changshou Deng, et al., Enhancing differential evolution
with random neighbors based strategy, J. Comput. Sci. 26 (2018) 501–511,
http://dx.doi.org/10.1016/j.jocs.2017.07.010.

16] Shunxiang Zhang, Wenjuan Liu, Xiaolu Deng, et al., Micro-blog topic
recommendation based on knowledge flow and user selection, J. Comput. Sci.
26  (2018) 512–521, http://dx.doi.org/10.1016/j.jocs.2017.10.021.

17] Mahmoud Al-Ayyouba, Aya Nuseir, Kholoud Alsmearat, et al., Deep learning
for arabic NLP: a survey, J. Comput. Sci. 26 (2018) 522–531, http://dx.doi.org/
10.1016/j.jocs.2017.11.011.

Zhiyong Zhang received the Ph.D. degree in Computer
Science from Xidian University, P. R. China. He was ever
post-doctoral fellowship at School of Management, Xi’an
Jiaotong University, China, and visiting professor of Com-
puter Science Department of Iowa State University, USA.
Nowadays, he is a full-time Henan Province Distinguished
Professor and Dean with Department of Computer Sci-
ence, Information Engineering College, Henan University
of  Science & Technology. His research interests include
multimedia social networks, digital rights management,
trusted computing and usage control. Recent years, he has
published over 120 scientific papers and edited 6 books
in the above research fields, and also holds 8 authorized

atents. He is IEEE Senior Member (06′M,  11′S), ACM Senior Member (08′M,  13′S),
EEE  Systems, Man, Cybermetics Society Technical Committee on Soft Comput-
ng, World Federation on Soft Computing Young Researchers Committee, China
ational Audio, Video, Multimedia System and Device Standardization Technolo-
ies Committeeman. And also, he is Editorial Board Member of Multimedia Tools
nd Applications (Springer, SCI), Neural Network World (Czech Republic), Journal
n  Big Data (Springer) and EURASIP Journal on Information Security (Springer),
ssociate Editor of Human-centric Computing and Information Sciences (Springer),
eading Guest Editor/Co-Guest Editor of Applied Soft Computing (Elsevier), Com-

uter Journal (Oxford), Future Generation Computer Systems (Elsevier), as well as

nternational Advisory Board Member of International Journal of Cloud Applications
nd Computing (IGI Global). Besides, he made outstanding efforts and contributions
n many academic services, including Proceedings Publication Chair/Co-Chair of
EEE COMPSAC 2016 and COMPSAC 2017, Chair/Co-Chair for numerous Interna-
r online social networks / Journal of Computational Science 26 (2018) 453–455 455

tional Workshops/Sessions on Digital Rights Management, as well as TPC Member
of  numerous international conferences on multimedia and computing security.

Kim-Kwang Raymond Choo received the Ph.D. in Infor-
mation Security in 2006 from Queensland University of
Technology, Australia. He currently holds the Cloud Tech-
nology Endowed Professorship at The University of Texas
at  San Antonio. He serves on the editorial board of Com-
puters & Electrical Engineering, Cluster Computing, Digital
Investigation, IEEE Access, IEEE Cloud Computing, IEEE
Communications Magazine, Future Generation Computer
Systems, Journal of Network and Computer Applications,
PLoS ONE, Soft Computing, etc. He also serves as the Spe-
cial  Issue Guest Editor of ACM Transactions on Embedded
Computing Systems (2017), ACM Transactions on Internet
Technology (2016), Computers & Electrical Engineering

(2017), Digital Investigation (2016), Future Generation Computer Systems (2016,
2018), IEEE Cloud Computing (2015), IEEE Network (2016), IEEE Transactions on
Cloud Computing (2017), IEEE Transactions on Dependable and Secure Comput-
ing (2017), Journal of Computer and System Sciences (2017), Multimedia Tools
and  Applications (2017), Personal and Ubiquitous Computing (2017), Pervasive
and Mobile Computing (2016), Wireless Personal Communications (2017), etc. In
2016, he was named the Cybersecurity Educator of the Year – APAC (Cybersecu-
rity  Excellence Awards are produced in cooperation with the Information Security
Community on LinkedIn), and in 2015 he and his team won the Digital Forensics
Research Challenge organized by Germany’s University of Erlangen-Nuremberg. He
is  the recipient of ESORICS 2015 Best Paper Award, 2014 Highly Commended Award
by  the Australia New Zealand Policing Advisory Agency, Fulbright Scholarship in
2009, 2008 Australia Day Achievement Medallion, and British Computer Society’s
Wilkes Award in 2008. He is also a Fellow of the Australian Computer Society.

Brij B. Gupta received PhD degree from Indian Institute
of  Technology Roorkee, India in the area of Information
and Cyber Security. In 2009, he was selected for Canadian
Commonwealth Scholarship and awarded by Govern-
ment of Canada Award ($10,000). He spent more than six
months in University of Saskatchewan (UofS), Canada to
complete a portion of his research work. He  has published
more than 80 research papers (including 02 book and
14 chapters) in International Journals and Conferences of
high repute including IEEE, Elsevier, ACM, Springer, Wiley
Inderscience, etc. He has visited several countries, i.e.
Canada, Japan, China, Malaysia, Hong-Kong, etc to present
his research work. His biography was selected and pub-

lishes in the 30th Edition of Marquis Who’s Who  in the World, 2012. He is also serving
as  guest editor of various Journals. He was also visiting researcher with Yamaguchi
University, Japan in 2015 and with Guangzhou University, China in 2016, respec-
tively. At present, Dr. Gupta is working as Assistant Professor in the Department
of  Computer Engineering, National Institute of Technology Kurukshetra, India. His
research interest includes Information security, Cyber Security, Mobile/Smartphone,
Cloud Computing, Web  security, Intrusion detection, Computer networks and Phish-
ing.

Zhiyong Zhang ∗

Kim-Kwang Raymond Choo
Brij B. Gupta

Information Engineering College, Henan University of
Science and Technology, China

Department of Information Systems and Cyber
Security, University of Texas at San Antonio, USA

National Institute of Technology, Kurukshetra, India
E-mail address: xidianzzy@126.com (Z. Zhang)

Available online 6 April 2018

http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0010
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0010
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0010
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0010
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0010
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0010
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0010
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0010
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0010
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0010
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0010
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0010
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0010
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0010
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0010
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0010
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0010
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0010
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0010
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0010
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0010
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0015
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0015
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0015
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0015
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0015
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0015
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0015
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0015
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0015
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0015
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0015
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0015
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0015
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0015
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0015
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0015
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0015
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0015
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0015
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0020
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0020
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0020
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0020
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0020
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0020
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0020
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0020
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0020
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0020
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0020
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0020
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0020
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0020
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0020
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0020
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0025
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0025
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0025
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0025
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0025
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0025
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0025
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0025
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0025
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0025
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0025
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0025
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0025
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0025
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0025
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0025
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0025
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0025
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0025
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0025
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0025
dx.doi.org/10.1109/TBDATA.2017.2657623
dx.doi.org/10.1109/TBDATA.2017.2657623
dx.doi.org/10.1109/TBDATA.2017.2657623
dx.doi.org/10.1109/TBDATA.2017.2657623
dx.doi.org/10.1109/TBDATA.2017.2657623
dx.doi.org/10.1109/TBDATA.2017.2657623
dx.doi.org/10.1109/TBDATA.2017.2657623
dx.doi.org/10.1109/TBDATA.2017.2657623
dx.doi.org/10.1109/TBDATA.2017.2657623
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0035
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0035
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0035
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0035
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0035
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0035
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0035
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0035
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0035
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0035
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0035
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0035
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0035
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0035
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0035
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0035
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0035
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0035
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0035
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0035
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0035
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0035
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0035
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0035
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0035
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0035
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0035
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0040
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0040
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0040
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0040
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0040
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0040
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0040
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0040
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0040
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0040
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0040
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0040
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0040
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0040
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0040
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0040
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0040
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0040
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0040
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0040
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0040
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0040
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0040
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0040
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0040
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0040
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0040
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0040
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0045
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0045
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0045
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0045
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0045
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0045
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0045
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0045
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0045
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0045
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0045
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0045
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0045
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0045
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0045
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0045
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0045
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0045
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0045
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0045
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0045
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0045
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0045
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0045
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0045
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0045
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0045
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0045
http://refhub.elsevier.com/S1877-7503(18)30357-0/sbref0045
dx.doi.org/10.1007/s11036-016-0803-8
dx.doi.org/10.1007/s11036-016-0803-8
dx.doi.org/10.1007/s11036-016-0803-8
dx.doi.org/10.1007/s11036-016-0803-8
dx.doi.org/10.1007/s11036-016-0803-8
dx.doi.org/10.1007/s11036-016-0803-8
dx.doi.org/10.1007/s11036-016-0803-8
dx.doi.org/10.1007/s11036-016-0803-8
dx.doi.org/10.1007/s11036-016-0803-8
dx.doi.org/10.1007/s11036-016-0803-8
dx.doi.org/10.1016/j.jocs.2017.06.009
dx.doi.org/10.1016/j.jocs.2017.06.009
dx.doi.org/10.1016/j.jocs.2017.06.009
dx.doi.org/10.1016/j.jocs.2017.06.009
dx.doi.org/10.1016/j.jocs.2017.06.009
dx.doi.org/10.1016/j.jocs.2017.06.009
dx.doi.org/10.1016/j.jocs.2017.06.009
dx.doi.org/10.1016/j.jocs.2017.06.009
dx.doi.org/10.1016/j.jocs.2017.06.009
dx.doi.org/10.1016/j.jocs.2017.06.009
dx.doi.org/10.1016/j.jocs.2017.06.009
dx.doi.org/10.1016/j.jocs.2017.05.018
dx.doi.org/10.1016/j.jocs.2017.05.018
dx.doi.org/10.1016/j.jocs.2017.05.018
dx.doi.org/10.1016/j.jocs.2017.05.018
dx.doi.org/10.1016/j.jocs.2017.05.018
dx.doi.org/10.1016/j.jocs.2017.05.018
dx.doi.org/10.1016/j.jocs.2017.05.018
dx.doi.org/10.1016/j.jocs.2017.05.018
dx.doi.org/10.1016/j.jocs.2017.05.018
dx.doi.org/10.1016/j.jocs.2017.05.018
dx.doi.org/10.1016/j.jocs.2017.05.018
dx.doi.org/10.1016/j.jocs.2017.09.006
dx.doi.org/10.1016/j.jocs.2017.09.006
dx.doi.org/10.1016/j.jocs.2017.09.006
dx.doi.org/10.1016/j.jocs.2017.09.006
dx.doi.org/10.1016/j.jocs.2017.09.006
dx.doi.org/10.1016/j.jocs.2017.09.006
dx.doi.org/10.1016/j.jocs.2017.09.006
dx.doi.org/10.1016/j.jocs.2017.09.006
dx.doi.org/10.1016/j.jocs.2017.09.006
dx.doi.org/10.1016/j.jocs.2017.09.006
dx.doi.org/10.1016/j.jocs.2017.09.006
dx.doi.org/10.1016/j.jocs.2017.07.009
dx.doi.org/10.1016/j.jocs.2017.07.009
dx.doi.org/10.1016/j.jocs.2017.07.009
dx.doi.org/10.1016/j.jocs.2017.07.009
dx.doi.org/10.1016/j.jocs.2017.07.009
dx.doi.org/10.1016/j.jocs.2017.07.009
dx.doi.org/10.1016/j.jocs.2017.07.009
dx.doi.org/10.1016/j.jocs.2017.07.009
dx.doi.org/10.1016/j.jocs.2017.07.009
dx.doi.org/10.1016/j.jocs.2017.07.009
dx.doi.org/10.1016/j.jocs.2017.07.009
dx.doi.org/10.1016/j.jocs.2017.07.010
dx.doi.org/10.1016/j.jocs.2017.07.010
dx.doi.org/10.1016/j.jocs.2017.07.010
dx.doi.org/10.1016/j.jocs.2017.07.010
dx.doi.org/10.1016/j.jocs.2017.07.010
dx.doi.org/10.1016/j.jocs.2017.07.010
dx.doi.org/10.1016/j.jocs.2017.07.010
dx.doi.org/10.1016/j.jocs.2017.07.010
dx.doi.org/10.1016/j.jocs.2017.07.010
dx.doi.org/10.1016/j.jocs.2017.07.010
dx.doi.org/10.1016/j.jocs.2017.07.010
dx.doi.org/10.1016/j.jocs.2017.10.021
dx.doi.org/10.1016/j.jocs.2017.10.021
dx.doi.org/10.1016/j.jocs.2017.10.021
dx.doi.org/10.1016/j.jocs.2017.10.021
dx.doi.org/10.1016/j.jocs.2017.10.021
dx.doi.org/10.1016/j.jocs.2017.10.021
dx.doi.org/10.1016/j.jocs.2017.10.021
dx.doi.org/10.1016/j.jocs.2017.10.021
dx.doi.org/10.1016/j.jocs.2017.10.021
dx.doi.org/10.1016/j.jocs.2017.10.021
dx.doi.org/10.1016/j.jocs.2017.10.021
dx.doi.org/10.1016/j.jocs.2017.11.011
dx.doi.org/10.1016/j.jocs.2017.11.011
dx.doi.org/10.1016/j.jocs.2017.11.011
dx.doi.org/10.1016/j.jocs.2017.11.011
dx.doi.org/10.1016/j.jocs.2017.11.011
dx.doi.org/10.1016/j.jocs.2017.11.011
dx.doi.org/10.1016/j.jocs.2017.11.011
dx.doi.org/10.1016/j.jocs.2017.11.011
dx.doi.org/10.1016/j.jocs.2017.11.011
dx.doi.org/10.1016/j.jocs.2017.11.011
dx.doi.org/10.1016/j.jocs.2017.11.011
mailto:xidianzzy@126.com



