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This workshop aims to bring together domestic scholars and researchers in the field of theoretical, applied and
computational mathematics, and share the latest research progress and prospects in the relevant research areas. The
Faculty of Computational Mathematics and Cybernetics, Shenzhen MSU-BIT University will host "The Second
MSU-BIT Workshop on Analysis and Computation" from Nov 24th to 26th, 2023.
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=. 21 HB%2 (Program Schedule)

#— X (Day 1): Nov 24, 2023

14:00-17:30 Registration

17:30-19:30 Dinner&discussion

28— X (Day 2): Nov 25, 2023

Chair: Ye Zhang

08:45-09:00 HHEREKREKFIE (Opening Speech by SMBU Rector)
Chair: Meiyue Jiang
09:00-09:30 . . g#ﬁﬁ )
Equivalence of different solutions to double phase equations
&3]
09:30-10:00 Well-posedness of 3D Navier-Stokes and MHD equations with partial
hyper-dissipation
10:00-10:20 Tea break
Chair: Zhian Wang
EPmFiE
10:20-10:50 Global W"{2,p} estimates for elliptic equations in
non-divergence form
R
10:50-11:20 On the long time behavior and decaying property of nonlinear dispersive
equations

Afternoon Session

Chair: Zhengjian Bai

REH

Event-triggered control problems of stochastic nonlinear delay systems

14:00-14:30

RO
14:30-15:00 | Stability of the isotropic conductivity reconstruction using magnetic resonance
electrical impedance tomography (MREIT)




ER

15:00-15:30 . . )
Invariant Gibbs measures for 2D NLS and 3D cubic NLW
15:30-15:50 Tea break
Chair: Rongfang Gong
EAC
15:50-16:20 Estimates for stress concentration between two adjacent rigid inclusions in
Stokes flow
16:20-16:50 . AR L .
On sharp discrete Hardy-Rellich inequalities
Chair: Wei Jiang
BEEMN
16:50-17:20 | The electromagnetic waves generated by a cluster of nanoparticles with high
refractive indices and corresponding effective medium
o Ex3
17:20-17:50 KR -
Image Segmentation with Shape Compactness Regularization
8 =X (Day 3): Nov 26, 2023
Chair: Wei Xiang
£S5
09:00-09:30 | Optimisation of total population in logistic model with nonlocal dispersals and
heterogeneous environments
AN
09:30-10:00 Uniqueness of Transonic Shock Solutions for Two-Dimensional Steady
Compressible Euler Flows in an Expanding Nozzle
10:00-10:20 Tea break
Chair: Huajun Gong
=
10:20-10:50 . . il . .
Mathematical theory for the interface mode in 2D photonic structure
X BT =F
10:50-11:20 : JE_T—. . . .
A Fourier Approach to Parameter Identification for Gaussian Mixtures
k4
11:20-11:50 Long time behavior of the focusing NLS on RdTm via the
semivirial-vanishing geometry
Chair: Hongyu Liu
11:50-12:00 AE
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F. E5HEZE (Abstracts)
(1%t 2 B FRHUFHER)

The electromagnetic waves generated by a cluster of nanoparticles with
high refractive indices and corresponding effective medium theory

Xinlin Cao
The Hong Kong Polytechnic University

Abstract: We estimate the electromagnetic fields generated by a cluster of dielectric
nanoparticles which are small scaled but enjoy high contrast of their relative
permittivity, embedded into a background made of a vacuum. Under certain ratio
between their size and contrast, these nanoparticles generate resonances, called
all-dielectric resonances. We first characterize the dominant field generated by a
cluster of such dielectric-resonating nanoparticles. In this point-interaction
approximation, the nanoparticles can be distributed to occupy volume-like domains or
low dimensional hypersurfaces where periodicity is not required. Then we investigate
the corresponding effective electromagnetic medium with periodic distribution under
some mild assumptions. We show that even though the dielectric nanoparticles are
merely generated by the contrasts of their permittivity (and not their permeability), the
effective medium is a perturbation of the permeability and not the permittivity. Both of
the cases for the effective permeability being positive definite and negative definite are
studied.

Uniqueness of Transonic Shock Solutions for Two-Dimensional Steady
Compressible Euler Flows in an Expanding Nozzle

Xin Gao
City University of Hong Kong

Abstract: In this talk, we consider the uniqueness of transonic shock solutions in an
expanding nozzle, with given nonuniform upcoming supersonic flows on the entrance
of the nozzle and appropriate pressure on the exit of the nozzle. One of the key
difficulties is to establish the a priori estimates for the subsonic solutions behind the
shock front without the assumption that the flow behind the shock front is a small
perturbation of a uniform subsonic solution. Another difficulty is to prove the
uniqueness of the positions of intersection points between the shock fronts and the
walls of the nozzle. Furthermore, the uniqueness of shock positions as well as the
transonic shock solutions can be established via contraction arguments. This is a joint
work with Prof. Beixiang Fang and Prof. Wei Xiang.



On sharp discrete Hardy-Rellich inequalities

Xia Huang
East China Normal University

Abstract: Although the history of Hardy inequalities found its origin somehow in the
discrete setting, the discrete Hardy-Rellich inequalities are much less understood
comparing to the continuous situation. We will show discrete Hardy-Rellich

inequalities on N with A% and optimal constants, for any k=1 Our approach is to
establish some sharp first order Hardy inequalities using weighted equality, and then to
handle the higher order cases by iteration. We provide also a first order Leray type
inequality on N with the same constants as the continuous setting. The main idea to get
weighted equalities works also for general graphs. This is a joint work with Professor
Dong Ye at ECNU.

Optimisation of total population in logistic model with nonlocal dispersals
and heterogeneous environments

Fang Li
Sun Yat-sen University

Abstract: In this talk, we consider a single species model with nonlocal dispersal
strategy and investigate how the dispersal rate of the species and the distribution of
resources affect the total population. First, we show that the upper bound for the ratio
between total population and total resource is of order $\sqrt{d}$. More importantly,
we provide an optimal condition on the distribution of resources such that the above
ratio is of order $\squr{d}$. Some applications will be discussed. These results reveal
essential discrepancies between local and nonlocal dispersal strategies.

Effective boundary conditions for the heat equation on a domain with
thin layer

Jingyu Li
Northeast Normal University

Abstract: To protect a body from overheating, engineers usually coat the body with a
thin thermal insulator (such as turbine engine blades painted by an insulator). In cell
biology, some chemical substances do not react in the bulk region of the cell, but react
(and diffuse) very fast in the membrane, which results in cell polarization. The
dynamic of a population could be very complex in the presence of a geometrical
barrier. These phenomena can all be modeled by a diffusion equation on a body
containing a thin layer (coated outside or included inside), where the diffusion rates in



the thin layer could be very different from that in the bulk body. Mathematically, this
is a multiscale problem. In numerical simulation, it is also time-consuming to simulate
this problem. An effective strategy is to identify the effective approximate problems
on the bulk domain excluding the behavior of the solution on the thin layer. This will
result in the so-called effective boundary or effective transmission condition (EBC or
ETC). In this talk, we present some results and methods of how to characterize these
conditions as the thickness of the thin layer shrinks. One can find that not only the
usual Dirichlet, Neumann and Robin EBC can be derived, but also some exotic EBC
and even dynamical EBC and bulk-surface equation can be derived. We will also
discuss the lifespan of such EBC. Various ETC can be also derived using our strategy
if the thin layer is included inside.

Well-posedness of 3D Navier-Stokes and MHD equations with partial
hyper-dissipation

Li Li
Ningbo University

Abstract: It is well-known that if one replaces standard velocity and magnetic
dissipation by hyper-dissipations, the magnetohydrodynamic equations are well-posed.
This paper considers the 3D Navier-Stokes and magnetohydrodynamic equations with
partial fractional hyper-dissipation. It is proved that when each component of the
velocity and magnetic field lacks dissipation along some direction, the existence and
conditional uniqueness of the solution still hold. This paper extends the previous
results in (Yang, Jiu and Wu J. Differential Equations 266(1): 630-652, 2019) to a
more general case.

A Fourier Approach to Parameter Identification for Gaussian Mixtures

Xinyu Liu

Hong Kong University of Science and Technology

Abstract: This talk discusses how to learn parameters from Fourier measurements of
one-dimensional Gaussian mixture models. We will review related methods and
introduce our algorithm, which utilizes the Hankel structure of Fourier data. We show
that a separation condition for variances is necessary to stably recover all components

under certain noise levels. Our method can also be applied to high dimensional cases.



Long time behavior of the focusing NLS on RdTm via the
semivirial-vanishing geometry

Yongming Luo
Shenzhen MSU-BIT University

Abstract: In this talk, we present some recent results concerning the long time
behavior of the focusing nonlinear Schrodinger equation (NLS) on the semiperiodic
spaces RdTm. The main new tool is a general framework based on the so-called
semivirial-vanishing geometry, with whose help we are able to establish results such
as existence of ground states, large data scattering and blow-up for the underlying
model.

Mathematical theory for the interface mode in 2D photonic structure

Jiayu Qiu

Hong Kong University of Science and Technology

Abstract: In this talk, we present our recent results of the interface mode in 2D
photonic structures. In the first work, we prove the existence and uniqueness of the
interface modes in a two-dimensional photonic waveguide. When we apply a
perturbation to the original structure, the interface mode is bifurcated from the Dirac
point.It should be pointed out that the spectral no-fold assumption is essential for our
results. Our second work illustrates its importance, where we construct a resonant
mode when the spectral no-fold assumption fails. The difference between the resonant
mode and interface mode is shown by the negative imaginary part of the eigenvalue.
Finally, we extend the idea of our works to a 2D photonic graphene with a sharp
interface, where we discuss the interface modes along either a zigzag- or
armchair-type interface.

Global WA {2,p} estimates for elliptic equations in non-divergence form

Weifeng Qiu
City University of Hong Kong

Abstract: This presentation is devoted to establishing global W2,p estimate for strong
solutions to the Dirichlet problem of uniformly elliptic equations in the
non-divergence form where the domain is a Lipschitz polyhedra.



Stability of the isotropic conductivity reconstruction using magnetic
resonance electrical impedance tomography (MREIT)

Yizhuang Song

Shandong Normal University

Abstract: Magnetic resonance electrical impedance tomography (MREIT) is a
high-resolution imaging modality that aims to reconstruct the objects' conductivity
distributions at low frequency using the measurable $z$-th component of the magnetic
flux density obtained from an MRI scanner. Traditional reconstruction algorithms in
MREIT use two data subject to two linearly independent current densities. However,
the temporal resolution of such a MREIT image is relatively low. Recently, a single
current harmonic $B_z$ algorithm has been proposed to improve the temporal
resolution. Even though a series of reconstruction algorithms have been proposed in
the last two decades, the theoretical studies of MREIT are still quite limited. This talk
presents the stability theorems for two datum and a single data-based isotropic
conductivity reconstruction using MREIT. Using the regularity theory of elliptic
partial differential equations, we prove that the only instability in the inverse problem
of MREIT comes from taking the second-order derivative of the measured data $B_z$,
the $z$-th component of the magnetic flux density. To get a stable reconstruction from
the noisy $B_z$ data, we note that the edge structure of $\nabla B_z$ reveals the edge
features in the unknown conductivity and provides an edge-preserving denoising
approach for the $\nabla B_z$ data. We use a modified Shepp-Logan phantom model
to validate the proposed theory and the denoising approach.

Estimates for stress concentration between two adjacent rigid inclusions
in Stokes flow

Longjuan Xu

Capital normal university

Abstract: It is important in material sciences and fluid mechanics to study the field

enhancements in the narrow region between two inclusions. Complex fluids including
particle suspensions usually result in complicated flow behavior. This talk concerns
estimates for stress concentration between two adjacent rigid inclusions in Stokes flow.
We establish the pointwise upper bounds of the gradient and the second-order partial
derivatives for Stokes flow in the presence of two closely located strictly convex
inclusions in dimensions two and three. Moreover, the lower bounds of the gradient
estimates at the narrowest place of the narrow region show the optimality of the
blow-up rate. =~ We also show the optimal blow-up rate of Cauchy stress tensor. In
dimensions greater than three, the upper bounds of the gradient are established.



Invariant Gibbs measures for 2D NLS and 3D cubic NLW

Haitian Yue
ShanghaiTech University

Abstract: In this talk, we'll present our results about invariant Gibbs measures for the
periodic nonlinear Schrodinger equation (NLS) in 2D, for any (defocusing and
renormalized) odd power nonlinearity, and for cubic NLW in 3D. This is joint work
with Bjoern Bringmann (IAS), Yu Deng (USC) and Andrea Nahmod (UMass
Ambherst).

Equivalence of different solutions to double phase equations

Chao Zhang

Harbin Institute of Technology

Abstract: Double phase functionals were first introduced by V. V. Zhikov in 1980s to
characterize the features of the strongly anisotropic materials, homogenization and
Lavrentiev phenomenon. Since M. Colombo and G. Mingione solved the basic
regularity issue on such functionals in 2015, the relevant theory on this kind of
problems has made rapid progress from the variational point of view, but, in sharp
contrast, viscosity theory is rarely explored. In this talk we present the regularity of
viscosity solutions to double phase equations, together with the inner relationship
between such solutions and the weak solutions in Musielak-Orlicz-Sobolev space.

Image Segmentation with Shape Compactness Regularization

Kehui Zhang
Hong Kong Baptist University

Abstract: We propose two algorithms to solve a high-order segmentation model that
incorporates a compactness term involving pairwise potentials. Existing algorithms
suffer from computational inefficiency and difficulty in reaching a local minimum due
to the need for fine-tuning numerous parameters. To address these issues, we employ
the Fenchel-Legendre transformation to reformulate the model as a min-max problem.
We introduce a simple primal-dual optimization algorithm, PD-TD, to solve this
reformulated model. Additionally, we relax the solution constraint and propose another
algorithm, PD-STD, which achieves superior performance.

Based on the variational explanation of softmax layer, the PD-STD algorithm can be
integrated with DCNNs to incorporate spatial priors and ensure compact-shaped
outputs. Our methods demonstrate improved efficiency and effectiveness, as
evidenced through various image segmentation experiments. Specifically, we apply



our methods to the popular DeepLabV3 and IrisParseNet image segmentation
networks, and our results showcase higher mloU, dice, and compactness metrics on
noisy Iris datasets. Notably, when tested on a noisy dataset with a higher noise level
than the training dataset, our method significantly improves mloU by 20\%.

On the long time behavior and decaying property of nonlinear dispersive
equations

Zehua Zhao
Beijing Institute of Technology

Abstract: In this talk, we discuss the long time behavior and decaying property of
nonlinear dispersive equations. We will see that for many typical defocusing models,
the linear behavior dominates in the long run. We will use NLS as an example model.
This talk is mainly based on the joint works with C. Fan (AMSS, CAS) and G.
Staffilani (MIT), together with some very recent progress and generalizations.

Event-triggered control problems of stochastic nonlinear delay systems

Quanxin Zhu
Hunan Normal University

Abstract: In this report, we introduce the the event-triggered feedback control problem
of stochastic nonlinear delay systems with exogenous disturbances. By introducing the
notation of input-to-state practical stability and an event-triggered strategy, we
establish the input-to-state practically exponential mean-square stability of the
suggested system. Moreover, we investigate the stabilization result by designing the
feedback gain matrix and the eventtriggered feedback controller, which is expressed in
terms of linear matrix inequalities. Also, the lower bounds of inter-execution times by
the proposed event-triggered control method are obtained. Finally, an example is given
to show the effectiveness of the proposed method. Compared with large number of
results for discrete-time stochastic systems, only a few results have appeared on the
event-triggered control for continuous-time stochastic systems. In particular, there has
been no published papers on the event-triggered control for continuous-time stochastic
delay systems. Our work is a first try to fill the gap on the topic.
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