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Mathematical Analysis of Human Behaviors During

Catastrophic Events

AZIZ-ALAOUI M. A
EEEBRAE. #MFZRRAFE

In this talk, our aim is to present the Panic-Control-Reflex system, which is a mathematical
model that was built in order to better understand and predict the behavioral reactions of individuals
facing a catastrophic event. The geographical background of those specific phenomena naturally
brings us to set the problem within the complex systems framework, thus we consider coupled
networks of dynamical systems, in both finite and infinite dimensional spaces. Consequently, our
work deals with complex networks of ordinary differential equations as well as partial differential
equations. We analyze the effect of behavioral evolution, emotional contagion, linear and quadratic
interactions among the population concerned with the catastrophe, and we take additionally into
account the effect of the spatial diffusion. We pay a special attention to the panic behavior which is to
be avoided and controlled, and analyze in which parameter regimes a persistence of panic can occur.
Furthermore, we explore sufficient conditions on the topology of the graph which determines the
structure of the geographical network, in order to reach a synchronization state of every node, in

correspondence with the expected return of all individuals to a normal behavior.

Title: TBA

BERTELLE Cyrille
EEERBRAE #FBRRAE

FIRRRR
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Statistical Inference in Biological Systems via Machine

Learning

Chen Zeng

George Washington University (chenz@gwu.edu)

Machine learning techniques, in particular, deep neural networks of suitable architecture have
been applied to many areas with outstanding performance. | will use three biophysics examples of
protein/RNA contact modeling, kinase inhibitor design, and single-cell metabolite detection to
introduce our research on using machine-learning methods for biological systems. I hope to illustrate
the efficiency and accuracy of machine learning and argue for its potential in providing key insights

in big spatiotemporal datasets of biological sciences.

Structure and Dynamics of Multilayer Network and Its

Application

Lu Jun-an (FBEER)
RINAZE (jalu@whu.edu.cn)

Based on eigenvalue spectra of multilayer networks, we analyze the influence of network
structures on synchronization and diffusion of multilayer networks. In particular, we focus
on synchronization of duplex star networks, the influence of interlayer couplings on dynamical
behaviors, the optimal interlayer couplings, pinning control and emergence of hyper-diffusion in
multilayer networks. Finally, we briefly introduce other recent work of our group and some further

research topics.



Proceedings of WANCSA 2018
Wuhan Textile University, Wuhan, China - June 28-July 3, 2018

Synchronization for stochastic differential equations with

nonlinear multiplicative noise in the mean square sense

Liu Jicheng (XIJ4#5R)
EhPHFKAFE (jcliu@hust.edu.cn)

We provide a clearer technique to deal with general synchronization problems for SDEs, when
the multiplicative noise appears nonlinearly. Moreover, convergence rate of synchronization is
obtained. A new method employed here is the techniques of moment estimates for general solutions
based on the transformation of multi-scales equations. As a by-product, the relationship between

general solutions and stationary solutions is constructed.

Strong solutions of two-time-scale jump-diffusion SDEs under
the non-Lipschitz coefficients: existence, unigueness, and

averaging principle

Xu Jie ($7R)
SATRFUPTERE (xujiescu@163.com)

This paper is devoted to studying the two-time-scale jump-diffusion SDEs under the
non-Lipschitz coefficients. First, the existence and uniqueness of strong solutions for a
jump-diffusion SDEs under the non-Lipschitz coefficients is established. Second, the averaging
principle for a class of two-time-scale jump-diffusion SDEs under the non-Lipschitz coefficients is
shown. Under suitable conditions, it is shown that the slow component mean-square strongly
converges to the solution of the corresponding averaging equation. As a product, the scale of the
convergence is also presented. This paper extends the result ~“Strong convergence rate for
two-time-scale jump-diffusion stochastic differential systems [SIAM J. Multi. Model. Simul. 6 (2)
(2007) 577-594.]" to the non-Lipschitz case.
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Xu Xiaoke GIF/IAT)
KEREKEKXE (xuxiaoke@foxmail.com)
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Community detection in graphs: Algorithms based on label

propagation

Li Wei (ZE%E)
hIFFEAE (liw@mail.ccnu.edu.cn)

Community structure is a prominent feature of complex networks. Designing scalable
algorithms to find communities efficiently and accurately is of great significance in network science.
In this talk, I will first introduce the community structure briefly, and then propose three dynamic
label propagation based methods for community detection. We also compare our methods to the
currently prevalent methods in the regards of performance and computation load. It turns out that

ours are especially effective in dealing with large-scale networks.
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Identifying partial topology of complex dynamical networks via

a pinning mechanism

Zhou Jin ()
EINKZE (jzhou@whu.edu.cn)

In this talk, we study the problem of identifying the partial topology of complex dynamical
networks via a pinning mechanism. By using the network synchronization theory and the adaptive
feedback controlling method, we propose a method which can greatly reduce the number of nodes
and observers in the response network. Particularly, this method can also identify the whole topology
of complex networks. A theorem is established rigorously, from which some corollaries are also
derived in order to make our method more cost-effective. Several numerical examples are provided
to verify the effectiveness of the proposed method. In the simulation, an approach is also given to

avoid possible identification failure caused by inner synchronization of the drive network.

FEERIRFRENEEITHMR

Sun Wen (Fh32)

KT KE (sunw@amss.ac.cn)

MTHEFENYIEEX UL EZNN AR, BXIRTERMERER SERIF KL
REZBAMNBKE. AT EBEXZHMAREHEPELANEBERRTERMLE L, XIFIER
HORF E A% EZE 3T Kuromoto 152, M HMEBIMARMAED. AREE X EHE
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Efficient construction of threshold networks of stock markets

Xu Xinjian CiF#E)
38K (xinjxu@shu.edu.cn)

Although the threshold network is one of the most used tools to characterize the underlying
structure of a stock market, the identification of the optimal threshold to construct a reliable stock
network remains challenging. In this paper, the concept of dynamic consistence between the
threshold network and the stock market is proposed. The optimal threshold is estimated by
maximizing the consistence function. The application of this procedure to stocks belonging to
Standard & Pool’s 500 Index from January 2006 to December 2011 yields the threshold value 0.28.
In analyzing topological characteristics of the generated network, three globally financial crises can

be distinguished well from the evolutionary perspective.

Quantitative Linguistics: Stochastic Model for Phonemes

Deng Weibing (3B 94%)
LhIfEXRE (wdeng@mail.ccnu.edu.cn)

We study rank-frequency relations for phonemes, the minimal units that still relate to linguistic
meaning. We show that these relations can be described by the Dirichlet distribution, a direct
analogue of the ideal-gas model in statistical mechanics. This description allows us to demonstrate
that the rank-frequency relations for phonemes of a text do depend on its author. The
author-dependency effect is not caused by the author’s vocabulary (common words used in different
texts), and is confirmed by several alternative means. This suggests that it can be directly related to
phonemes. These features contrast to rank-frequency relations for words, which are both author and

text independent and are governed by the Zipf’s law.
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Feng Jianwen (FEE37)

FIKE (fengjw@szu.edu.cn)
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Liu Jianguo (X)ZE)
MK (liujgo04@ustc.edu.cn)
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Li Chengging (ZE&&)
#EASF (chenggingg@qg.com)
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T4, MBERATITETXESHARGHABEN L KRR TIRERE T &M IA. .

Nonlinear commutator estimate and its application to

guasi-geostrophic equation

Chen Jianwen (BRET)
SRR (jwchen@hnuc.edu.cn)

In this talk, we will present a new commutator estimate with respect to a nonlinear convection
upper bounded by a single partial derivative component in Hilbert and Besov spaces. As an
application, regularity criteria on the supercritical quasi-geostrophic equation are obtained provided

that solution growth conditions are assumed to involve a single partial derivative component.
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Robustness of temporal networks based on spreading dynamics

Chi Liping (Gi2RR %)
EPIEKRE (chilp@mail.ccnu.edu.cn)

Temporal networks have attracted extensive investigation recently due to the availability of high
time-resolved data. In this work we study the robustness and repair mechanism of temporal networks
based on Susceptible-Infected-Recovered (SIR) spreading model. The selection and removal of a
node is according to three strategies: the static degree, the temporal degree and the spreading ability.
We measure the disruption of the temporal network by the metrics of temporal robustness, temporal
efficiency and the average spreading ability. The result indicates that the temporal robustness weighs
out in distinguishing the random failures and intelligent attacks. We also study the response of
temporal networks under the random repair mechanism in which a contact between two nodes at time
t is created with a random probability. We find that there exists an optimal time to improve the

network performance for each given temporal network.

Computational study of non-catalytic pocket for drug design

Zhao Yunjie (RRZ&&7R)
fehIfitE K% (yjzhaowh@mail.ccnu.edu.cn)

Cyclin-dependent kinases (CDKSs) are critical to the cell cycle and many other biological
processes, and as such, are considered as one of the promising targets for therapy against cancer and
other diseases. Most pan-CDK inhibitors bind to the highly conserved catalytic ATP-binding pocket
and therefore lack the specificity to prevent side effects. It is desirable to develop drugs targeting
non-catalytic pockets for specificity towards individual CDKs. Here we developed a computational
method to identify useful non-catalytic pockets and performed a systematic analysis of a region
underneath the T-loop, which we term TL pocket, for potential inhibitor development. Specifically,
we compared the TL pockets of human CDK2 and CDK7-homolog Pfmrk of Plasmodium falciparum,
a malaria-causing parasite. Molecular dynamics simulations of several short peptides revealed that
this less conserved TL pocket could be used to design potentially specific inhibitors against malaria

disease
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Wu Guocheng (RERR)
EREMEXE. PIIIMEER

(wuguocheng@gmail.com)

WEEH T EHAE LN BEMERETHNER, EXUARMER, TAT—EX2HH R
ARG K HAESSPRN A PRI ES, BABMENSHE ZEMTEIGE, BE T ZMFH Riesz
FESEMNEST, HEETHRTFIEMT BAERERR.

Divide-And-Conquer Games on Social Networks

Zhang Yichao (3k$&#8)
B3 KZ (Yichaozhang@tongji.edu)

In this talk, we mainly discuss two topics: unfavorable individuals in social gaming networks
and divide-and-conquer tournament on social networks. In the first topic, we investigate the
topological properties of unfavorable individuals in evolutionary games. The unfavorable individuals
are defined as the individuals gaining the lowest average payoff in a round of game. Since the
average payoff is normally considered as a measure of fitness, the unfavorable individuals are very
likely to be eliminated or change their strategy updating rules from a Darwinian perspective.
Considering that humans can hardly adopt a unified strategy to play with their neighbors, we propose
a divide-and-conquer game model, where individuals can interact with their neighbors in the network
with appropriate strategies. We test and compare a series of highly rational strategy updating rules. In
the tested scenarios, our analytical and simulation results surprisingly reveal that the less-connected
individuals in degree-heterogeneous networks are more likely to become the unfavorable individuals.
Our finding suggests that the connectivity of individuals as a social capital fundamentally changes
the gaming environment. In the second topic, we investigate a divide-and-conquer tournament
among 14 well-known strategies on social gaming networks. In the tournament, an individual’s
fitness is measured by accumulated and average payoff aggregated for a certain number of rounds.
On the base of their fitness, the evolution of the population follows a local learning mechanism. Our
observation indicates that the distribution of individuals adopting a strategy in degree ranking
fundamentally changes the frequency of the strategy. In the divide-and-conquer gaming networks,
our result suggests that the connectivity in social networks and strategy are two key factors that

govern the evolution of the population.
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Existence-uniqueness and stability of stochastic nonlinear

systems

Zhu Quanxin (k257
RARIFEAYE. HmIFEAE

In this talk, we are concerned with the existence-uniqueness and stability for a class of
stochastic nonlinear systems with/without delays. The systems under our investigation are highly
nonlinear not satisfying the linear growth condition, which makes the analysis difficult to ensure the
existence and uniqueness of solutions. We first introduce a set of new highly nonlinear growth
conditions with/without delays, and then we study the existence and uniqueness of solutions although
the corresponding deterministic system may explode in a finite time as well as some properties of the
solutions. Furthermore, we also discuss the stability of stochastic nonlinear systems. Finally, several

examples are given to show the effectiveness and potential of theoretic results.

B RmEa AR L RIS

Jia Zhen (R Q)
EHEB T XY (jjjzzz0@163.com)

ERMEMAREETREX, EETENTENEREEES, SMRIIEHREXE.
P48 BOABRL L A2 R I 4 AR R BB, (RFFIRIGMILE R R AR BB, ARARMLLHY
MRFM T AITER TNEEERCRIEIR R L, R T —ME M EREUHEEA L EE,
BT, RAR TIEEN AN RLEE, AR E—EBETEKXRT, RARERZERMERR,
IRIGRAMAERLIL L
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Existence and concentration of ground state solutions to

Hamiltonian elliptic systems

Zhang Jian (3<§#)
MR ERE (zhangjian433130@163.com)

In this talk, standing wave solutions of Hamiltonian elliptic systems are considered. Such
systems arise from mathematical models in nonlinear optics. We will introduce our some recent
works on the existence, concentration phenomena and exponential decay of ground state solutions to

Hamiltonian elliptic system.
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Large deviation induced phase switch in an inertial

majority-vote model

Shen Chuansheng (ERf& i)
RKRIMIEXE (csshen@mail.ustc.edu.cn)

We theoretically study noise-induced phase switch phenomena in an inertial majority-vote (IMV)
model. The IMV model generates a strong hysteresis behavior as the noise intensity f goes forward
and backward, a main characteristic of a first-order phase transition, in contrast to a second-order
phase transition in the original MV model. Using the Wentzel-Kramers-Brillouin approximation for
the master equation, we reduce the problem to finding the zero-energy trajectories in an effective
Hamiltonian system, and the mean switching time depends exponentially on the associated action
and the number of particles N. Within the hysteresis region, we find that the actions, along the
optimal forward switching path from the ordered phase (OP) to disordered phase (DP) and its
backward path show distinct variation trends with f, and intersect at f=fc that determines the
coexisting line of the OP and DP. This results in a nonmonotonic dependence of the mean switching
time between two symmetric OPs on f, with a minimum at fc for sufficiently large N. Finally, the

theoretical results are validated by Monte Carlo simulations
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Hunt for disease tipping points by landscape dynamic network

biomarkers

Liu Xiaoping (Xl /\3f)
WHEKE (xpliu@sdu.edu.cn)

Identifying the critical state or the tipping point of a complex disease with its leading genes
before disease onset is of great importance for clinical prevention and treatment of the disease.
However, in contrast to the disease state, identifying the critical state is a difficult task due to its
similarities to the normal state in terms of phenotypes and molecular expressions. In this work, we
have developed a new model-free method called landscape dynamic network biomarkers (I-DNBs),
which can identify the tipping point just before serious disease deterioration only by single-sample
omics data. In addition to the solid theoretical background, we show that I-DNBs not only provide
early-warning signals of disease deterioration on a single-sample basis but also detect the critical
genes or network biomarkers, i.e., DNB members, which lead the normal state to the disease state. To
demonstrate the predictive power, I-DNBs have been applied to real datasets of influenza symptom
and three tumors. Specifically, I-DNBs were used to predict the severe influenza symptom just before
the actual symptom appearance in 17 subjects of influenza virus infection. Then, they were also
applied to three tumors, i.e., lung adenocarcinoma, kidney renal clear cell carcinoma, and thyroid
carcinoma in TCGA datasets, for which we identified critical stages before tumor deteriorations with
individual DNBs of each patient. In addition to the tipping points, when we further used those
individual DNBs as individual biomarkers for the analyses of physiological data, two types of
biomarkers were discovered to be surprisingly effective for the prognosis of tumors as common
biomarkers, i.e., one type of DNBs for predicting the poor prognosis, and another for predicting the

good prognosis of tumor patients.
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Su Housheng (7+E i)
R A (houshengsu@qg.com)
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Wei Xiang (3548)
LI PR (Weixiangwx2003@163.com)
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Exploring transcription factors reveals crucial members and
regulatory networks involved in different abiotic stresses in

Brassica napus L

Wang Pei (Ej#)
FAIEEAY (wp0307@126.com)

Brassica napus (B. napus) encompasses diverse transcription factors (TFs), but thorough
characterization of TF families and their transcriptional responsiveness to multifarious stresses are
still not clear. Totally 2167 TFs belonging to five families were genome-widely identified in B.
napus, including 518 BnAP2/EREBPs, 252 BnbZIPs, 721 BnMYBs, 398 BnNACs and 278
BnWRKYs, which contained some novel members in comparison with existing results. Sub-genome
distributions of BnAP2/EREBPs and BnMYBs indicated that the two families might have suffered
from duplication and divergence during evolution. Synteny analysis revealed strong co-linearity
between B. napus and its two ancestors, although chromosomal rearrangements have occurred and
85 TFs were lost. About 7.6% and 9.4% TFs of the five families in  B. napus were novel genes and
conserved genes, which both showed preference on the C sub-genome. RNA-Seq revealed that more
than 80% TFs were abiotic stress inducible and 315 crucial differentially expressed genes (DEGS)
were screened out. Network analysis revealed that the 315 DEGs are highly co-expressed. The
homologous gene network in A. thaliana revealed that a considerable amount of TFs could trigger the
differential expression of many targeted genes, resulting in a complex clustered regulatory network
with clusters of genes responsible for targeted stress responsiveness.The investigations deepen our

understanding of stress tolerance in  B. napus.
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A dynamical approach to identify vertices’ centrality in

complex networks

Guo Long (38%)
hERRAXE (guolong@cug.edu.cn)

In this work, we proposed a dynamical approach to assess vertices' centrality according to the
synchronization process of the Kuramoto model. In our approach, the vertices' dynamical centrality
is calculated based on the Difference of vertices' Synchronization Abilities (DSA), which is different
from traditional centrality measurements that are related to the topological properties. Through
applying our approach to complex networks with a clear community structure, we have calculated all
vertices' dynamical centrality and found that vertices at the end of weak links have higher dynamical
centrality. Meanwhile, we analyzed the robustness and efficiency of our dynamical approach through
testing the probabilities that some known vital vertices were recognized. Finally, we applied our
dynamical approach to identify community due to its satisfactory performance in assessing
overlapping vertices. Our present work provides a new perspective and tools to understand the
crucial role of heterogeneity in revealing the interplay between the dynamics and structure of

complex networks.
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Conformal prediction based on back-propagation neural

network for the classification of Chinese liquors

Gu Jiao (&)
JIEASE (jiaogu@jiangnan.edu.cn)

This work extends the conventional back-propagation neural network to the classification of
Chinese liquors of different flavors according to their Raman spectra. Conformal prediction is
applied to assign reliable confidence measures for each prediction and support an effective
framework to make the machine learning on classification trustable. Back-propagation neural
network can be used to predict the flavors of Chinese liquors according to their Raman spectra, and a
classification rate of 89.74% can be achieved. However, this algorithm could not evaluate each
prediction. From the analysis of associations among neurons in different layers, flavors of Chinese
liquors probably depend on molecules containing the stretching vibrations of C-C and C-H. Different
from the classification algorithm based on distance judgment, a nonconformity score is defined to
generate p-value for each prediction. Moreover, the validity of conformal prediction in online mode
is discussed. The number of cumulative errors in the conformal prediction is much less than that
without conformal prediction. The relationship between the cumulative error and confidence levels
shows that a high confidence level leads to low cumulative errors, but many cumulative errors will
occur under a very high confidence level. One possible reason is that some of useful predictions with
low confidence cannot be used to predict future samples in the case of high confidence level. The
result implies that conformal prediction is a useful framework to make our predictions reliable and

valid.

Epidemic dynamics on spatial network
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Epidemic dynamics on spatial network

Hui zi (BF)
KXBTXAE (huizi0l17@qg.com)

The epidemic spreading on spatial-driven network is studied with the spatial
susceptible-infected-susceptible (SIS) model. The network is constructed by random addition of
nodes on the plan. The probability for a previous node to be connected to the new one is inversely
proportional to their spatial distance to the power a. The spreading rate between two nodes is
inversely proportional to their spatial distance. The effective spreading time increases with the
increasing of a. The proportional coefficient is found to have a a -dependent threshold with a

maximum situated in the interval 1.5< a < 2.

The formation of continuous opinion dynamics based on a

gambling mechanism and its sensitivity analysis

Zhu Yueying (%RB#)
LhIFEXRE (zhuyy@mails.ccnu.edu.cn)

The formation of continuous opinion dynamics is investigated based on a virtual gambling
mechanism where agents fight for a limited resource. Local communication happens only when the
opinion distance between corresponding agents is no larger than a pre-defined confidence threshold.
Theoretical analysis regarding special cases provides a deep understanding of the roles of both
resource allocation parameter and confidence threshold in the formation of opinion dynamics.
Numerical results also imply that consensus state is generated only when the following three
conditions are satisfied simultaneously: mindless agents are absent, the resource is concentrated in
one clique, and confidence threshold tends to a critical value. For fixed confidence threshold and
resource allocation parameter, the most chaotic steady state of the dynamics happens when the
fraction of mindless agents is about 0.7. It is also demonstrated that economic agents are more likely
to win at gambling, compared to mindless ones. Finally, the importance of three involved parameters
in establishing the uncertainty of model response is quantified in terms of Latin hypercube

sampling-based sensitivity analysis.
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Shi Yazhou (BIE#N)
BENLRAE (yzshi@wtu.edu.cn)
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AT RNA BEMEREFNERZER (FHIMBEFFEH.

Resource control of epidemic spreading through a multilayer

network
Jiang Jian GIf#)
EINGAKE (jjiang@wtu.edu.cn)

While the amount of resource is an important factor in control of contagions, outbreaks may
occur when they reach a finite fraction of the population. An unexplored issue is how much the
resource amount is invested to control this outbreak. Here we analyze a mechanic model of epidemic
spreading, which considers both resource factor and network layer. We find that there is a resource
threshold, such that a significant fraction of the total population may be infected (i.e., an outbreak
will occur) if the amount of resource is below this threshold, but the outbreak may be effectively
eradicated if it is beyond the threshold. The threshold is dependent upon both the connection strength
between the layers and their internal structure. We also find that the layer-layer connection strength
can lead to transition from the first-order phase to the continuous phase or vice versa, whereas the
internal connection can result in a different kind of phase (called as hybrid phase) apart from
first-order and continuous phases. Our results could have important implications for government

decisions on public health resources devoted to epidemic disease control.
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The previous WANCSA2016 and WANCSA2017 were held in Wuhan-China  The main topics of interest for this conference concern: Complex systems and Compls
Networks, from the mathematics and computer science points of view, with

(WTU), May 28-29, 2016, in China, and in University of Le Havre-Normandie, July 4- Applications. ..
5, 2017, in France, respectively.
Theories, C pts and Methodologi

WANCSA'ZOIS (which will be heldon the date from the 28th June to the 3rd

July, 2018) will focus on recent advances in complex systems, complex networks, and
applications in all fields of science and engineering. There will be several invited
expository addresses covering recent trends and invited lectures on problems of current
interest and important applications in various disciplines. Among surrounding areas of
modelling capable of synthesizing the complexity of the systems, networks have well

e  Complex networks based-models

e  Complex networks implementation

e  Nonlinear Dynamical Systems
ODE and PDE based modelling for complexity
Modelling , Identification, Simulation

o  Bifurcation, Synchronization and chaos

formalized mathematical bases which help in the operational effectiveness of these o Stochastic Complex Systems
models; they are also an important vector of interdisciplinary reflection so much their «  Optimization in complex systems
presence seems obvious to represent the complex interlacing of various phenomena, e Graph therory

natural, social and artificial systems. They represent naturally systems of interaction »  Nonlinear System and Control
between several parts. It is then frequent to see the emergence of collective behavior +  Hybrid Systems

stemming from these parts in interaction. Examples are many, whether it is in the +  SwarmIntelligence Methods

e Multiagent systems
e  Neural Networks
Multi-scale Systems

natural world (nervous system, immune system, chains trophiques food, ... ) or artificial
(supply chain, cloud computing, internet, network social, ...) In which particular
properties can emerge resulting from the interaction of the parts or from elements
establishing the whole. Complex networks are one of more powerful tools to describe,

Applications :
analyze and control all these natural or artificial complex systems, which are
omnipresent. To understand and analyze them, new approaches based on integrative «  Ecology and bio-systems
modellings are necessary. «  Biological networks

«  Environmental Sciences

e  Natural and Artificial Ecosystems Modelling

»  Logistics Systems

e Geographical systems and territorial Intelligence

«  Social Economy Systems

e  Natural and Technological Risk Modelling, Simulation and M:
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National Natural Science Foundation of China # i Ro?‘“
e Human-Machine Systems

«  Communication Network Systems

Location (Wuhan Textile University, Wuhan, P.R. China.)
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