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Title: Controllability of dynamical systems and application in
identifying drug targets in complex diseases

Abstract: In this talk, | introduce a new concept of the domain
control for nonlinear dynamical systems. Its theoretical proof is
given and the effectiveness of our theory and approaches is proved
by wusing several realistic disease-related networks: the
epithelial-mesenchymal transition (EMT) core network, the T helper
(Th) differentiation cellular network and the cancer network. These
results not only offer a practical control scheme for nonlinear
dynamical networks but also identify new drug targets for complex
diseases.
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Title: Nonequilibrium thermodynamics of chemical reaction
kinetics

Abstract: Nonequilibrium thermodynamics and statistical physics in
terms of stochastic models entered a stage of vigorous
development since 1970s, which well fit the development of
advanced experimental techniques in modern physical chemistry
and biochemistry. | will discuss our recent stochastic approaches to
investigate the nonequilibrium thermodynamics of chemical
reaction systems. We show that the entropy production rate can be
decomposed into the housekeeping heat and the decreasing rate of
relative entropy, both of which are nonnegative, followed by a more
stronger version of Clausius inequality. We further proved that in
the macroscopic limit by merely allowing the molecular numbers to
infinite, a generalized macroscopic free energy and its balance
equation emerge. The balance equation is valid generally in
isothermal driven systems. A general fluctuation dissipation
theorem for stochastic reaction kinetics is also proved. Such an
emergent “law" is independent of underlying kinetic details. The
mathematical theory illustrates how a novel macroscopic dynamic
law can emerge from the mesoscopic kinetics in a multi-scale
system.

e (LEXE

Title: Epidemic spreading on adaptively weighted scale-free
networks

Abstract: In this talk, based on some more reasonable hypotheses,
we propose three modified SIS models on scale-free networks that
take into account variable population size, nonlinear infectivity,
adaptive weights, behavior inertia and time delay, so as to better
characterize the actual spread of epidemics. We develop new
mathematical methods and techniques to study the dynamics of the
models, including the basic reproduction number, and the global
asymptotic stability of the disease-free and endemic equilibria. We
find that Hopf bifurcation along the disease-free equilibrium will not
happen. We further analyze the effects of local information of
diseases and various immunization schemes on epidemic dynamics.
We also perform some stochastic network simulations which yield
guantitative agreement with the deterministic mean-field approach.
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Title: Contagion on complex networks with persuasion

Abstract: The threshold model has been widely adopted as a classic
model for studying contagion processes on social networks. We
consider asymmetric individual interactions in social networks and
introduce a persuasion mechanism into the threshold model.
Specifically, we study a combination of adoption and persuasion in
cascading processes on complex networks. It is found that with the
introduction of the persuasion mechanism, the system may become
more vulnerable to global cascades, and the effects of persuasion
tend to be more significant in heterogeneous networks than those
in homogeneous networks: a comparison between heterogeneous
and homogeneous networks shows that under weak persuasion,
heterogeneous networks tend to be more robust against random
shocks than homogeneous networks; whereas under strong
persuasion, homogeneous networks are more stable. Finally, we
study the effects of adoption and persuasion threshold
heterogeneity on systemic stability. Though both heterogeneities
give rise to global cascades, the adoption heterogeneity has an
overwhelmingly stronger impact than the persuasion heterogeneity
when the network connectivity is sufficiently dense.

R CEME TR

B B —RRBHAEGIRERIE %0

W OB BT NSRS LRGN, R T RAARE
B E M) FI BRI AL GO AR R 2R 5 ia H 58 —AUE ROE
B TRARB)  EA B ARNRIEN, MR EME T RS
HIAH IS EIIRAIE B 1 00 P4 L I 5P i AP R AP AE
Ve R R ARa e Ve, JFXS A v ) S B AT U E R R B A . BRJE
R AE AL IR 1 IX A5 R IR0 o BRI T AR T i) 45 2%
T R 425 1] % L = ) A% R FAT B EL 48 3 e



N FrHL LT BF PO

MEERE (AP RERE)

Title : Structure and Dynamics of ER: Minimal Networks and
Biophysical Constraints.

Abstract : The endoplasmic reticulum (ER) in live cells is a highly
mobile network whose structure dynamically changes on a number
of timescales. The role of such drastic changes in any system is
unclear, although there are correlations with ER function. A better
understanding of the fundamental biophysical constraints on the
system will allow biologists to determine the effects of molecular
factors on ER dynamics. Previous studies have identified potential
static elements that the ER may remodel around. Here, we use
these structural elements to assess biophysical principles behind
the network dynamics. By analyzing imaging data of tobacco leaf
epidermal cells under two different conditions, i.e., native state
(control) and latrunculin B (treated), we show that the geometric
structure and dynamics of ER networks can be understood in terms
of minimal networks. Our results show that the ER network is well
modeled as a locally minimal-length network between the static
elements that potentially anchor the ER to the cell cortex over
longer timescales; this network is perturbed by a mixture of random
and deterministic forces. The network need not have globally
minimum length; we observe cases where the local topology may
change dynamically between different Euclidean Steiner network
topologies. The networks in the treated cells are easier to quantify,
because they are less dynamic (the treatment suppresses actin
dynamics), but the same general features are found in control cells.
Using a Langevin approach, we model the dynamics of the
nonpersistent nodes and use this to show that the images can be
used to estimate both local viscoelastic behavior of the cytoplasm
and filament tension in the ER network. This means we can explain
several aspects of the ER geometry in terms of biophysical
principles.
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Title: Relationship between promoter sequence and its strength in
gene expression

Abstract: Promoter strength, or activity, is important in genetic
engineering and synthetic biology. A constitutive promoter with a
certain strength for one given RNA can often be reused for other
RNAs. Therefore, the strength of one promoter is mainly
determined by its nucleotide sequence. One of the main difficulties
in genetic engineering and synthetic biology is how to control the
expression of a certain protein at a given level. One usually used
way to achieve this goal is to choose one promoter with a suitable
strength which can be employed to regulate the rate of
transcription, which then leads to the required level of protein
expression. For this purpose, so far, many promoter libraries have
been established experimentally. However, theoretical methods to
predict the strength of one promoter from its nucleotide sequence
are desirable. Such methods are not only valuable in the design of
promoter with specified strength, but also meaningful to
understand the mechanism of promoter in gene transcription. In
this study, through various tests, a theoretical model is presented to
describe the relationship between promoter strength and
nucleotide sequence. Our analysis shows that promoter strength is
greatly influenced by nucleotide groups with three adjacent
nucleotides in their sequences. Meanwhile, nucleotides in different
regions of promoter sequence have different effects on promoter
strength. Based on experimental data for E. coli promoters, our
calculations indicate that nucleotides in the -10 region, the -35
region, and the discriminator region of a promoter sequence are
more important for determining promoter strength than those in
the spacing region. With model parameter values obtained by fitting
to experimental data, four promoter libraries are theoretically built
for the corresponding experimental environments under which data
for promoter strength in gene expression has been measured
previously.

11
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Title: The mutation mechanisms of human breast cancer

Abstract: In this talk, we investigate the mutation mechanisms of
human breast cancer by modeling of the data of the surveillance,
epidemiology, and end results (SEER) registry and have found that
there are 2-14 hits in the genome of the breast stem cells, in which
one of them becomes a malignant cell leading to clinical detection.
The data are age-specific incidence rates of breast cancer of females
in USA. In order to estimate the age-specific incidence rates, we
consider a stochastic multistage model, in which normal breast
stem cells are deterministic in the carcinogenesis by solving several
coupled ordinary differential equations derived from the
kolmogorov backward equations. Our results suggest that the
genetic network of human breast cancer should consist of at least
two genes and at most fourteen genes.
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Title: Global stability results on the Euler-Poisson system arising
from plasma physics

Abstract: Euler-Poisson system can be derived from two-fluid model
by ignoring the effect of magnetic field and regarding the ions being
immobile. In this talk, we will introduce the recent developments on
the global stability results for this system in dimensions 1d-3d.

ek (TEMEBIERF)

Title: Kinetic solutions for nonlocal scalar conservation laws
Abstract: We are concerned with the uniqueness and existence of
kinetic solutions for a class of fractional scalar gonservation laws:
0.0(t, x) + divKp) + v(-A)’p = 0

Our proof for uniqueness is based upon the analysis on a
microscopic contraction functional and the existence is enabled by a
parabolic approximation. As an illustration, we obtain the existence
and uniqueness of kinetic solutions for the generalized fractional
Burgers-Fisher type equations. Moreover, we demonstrate the
kinetic solutions' Lipschitz continuity in time, and continuous
dependence on nonlinearities and Levy measures.

EF ERMEXRS)

Title: A stochastic SIRS epidemic model with infectious force under
intervention strategies

Abstract: In this talk, we extend a classical SIRS epidemic model
with the infectious forces under intervention strategies from a
deterministic framework to a stochastic differential equation (SDE)
one through introducing random fluctuations. The value of our
study lies in two aspects. Mathematically, by using the Markov
semigroups theory, we prove that the reproduction number R;
can be used to govern the stochastic dynamics of SDE model. If R;
<1, under mild extra conditions, the SDE system has a disease-free
absorbing set which means the extinction of disease with
probability one. If R;>1, under mild extra conditions, it has an
endemic stationary distribution which leads to the stochastic
persistence of the disease. Epidemiologically, we find that random
fluctuations can suppress disease outbreak, which can provide us
some useful control strategies to regulate disease dynamics.
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Title: A New Variational Method for Bias Correction and its
Applications to Rodent Brain Extraction

Abstract: Brain extraction is an important preprocessing step for
further analysis of brain MR images. Serious intensity
inhomogeneity can be observed in rodent brain images due to the
high-field MRI technique. Unlike most existing brain extraction
methods requiring to perform on the bias corrected MRI, we
present a high-order and LO regularized variational model for bias
correction and brain extraction. The model is composed of a data
fitting term, a piecewise constant regularization and a smooth
regularization, which is constructed on a 3-D formulation for
medical images with anisotropic voxel sizes. We propose an efficient
multi-resolution algorithm for fast computation. At each resolution
layer, we solve an alternating direction scheme, all subproblems of
which have the closed-form solutions. The method is tested on
three T2 weighted acquisition configurations comprising a total of
50 rodent brain volumes, which are with the acquisition field
strengths of 4.7 Tesla, 9.4 Tesla and 17.6 Tesla, respectively. On one
hand, we compare the results of bias correction with N3 and N4 in
terms of the coefficient of variations on 20 different tissues of
rodent brain. On the other hand, the results of brain extraction are
compared against manually

segmented gold standards, BET, BSE and 3-D PCNN based on a
number of metrics. With the high accuracy and efficiency, our
proposed method can facilitate automatic processing of large-scale
brain studies.

14
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Title: Low dimensional manifold model for image processing
Abstract: In this talk, | will present a novel low dimensional
manifold model for some image processing problem. This model is
based on the observation that for many natural images, the patch
manifold usually has low dimension structure. Then, we use the
dimension of the patch manifold as a regularization to recover the
original image. Using some formula in differential geometry, this
problem is reduced to solve Laplace-Beltrami equation on manifold.
The Laplace-Beltrami equation is solved by the point integral
method. Numerical tests show that this method gives very good
results in image inpainting, denoising and super-resolution
problem.

Bl B (IEKE)

Title: BMO Estimate for SPDEs with Levy noise

Abstract: In this talk, we first give the BMO estimate for singular
integral operator, and then apply this result to SPDEs with Levy
noise.

ZRE (FEIBRKS)

Title: Computation of local ISS Lyapunov functions for
discrete-time systems via linear programming

Abstract: This paper presents a numerical algorithm for computing
ISS Lyapunov functions for discrete-time systems which are
input-to-state stable (ISS) on compact subsets of the state space.
The algorithm relies on solving a linear optimisationproblem and
delivers a continuous and piecewise affine ISS Lyapunov function on
a suitable triangulation covering the given compact set excluding a
small neighbourhood of the origin. The objective of the linear
optimisationproblem is to minimisethe ISS gain. It is shown that for
every ISS system there existsa suitable triangulation such that the
proposed algorithm terminates successfully.
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