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1. BPXE  FEKXEF

BB : Localized resonance and its applications in imaging and cloaking

#GEE: In this talk, we shall introduce the notions of localized resonances. Usually these
problems are related to the spectral of the Neumann-Poincare operators in different
models. As an example, we provide a mathematical framework for localized plasmon
resonance of nanoparticles. Using layer potential techniques associated with the full
Maxwell equations, we derive small-volume expansions for the electro-magnetic fields,
which are uniformly valid with respect to the nanoparticle’s bulk electron relaxation
rate. Then, we discuss the scattering and absorption enhancements by plasmon resonant
nanoparticles. Finally, we show the applications of localized resonance in imaging and
cloaking.

2. 2R FIIWEKXEF

#H: Onalocal geometric property of the generalized elastic transmission
eigenfunctions and application

$HZE: Consider the nonlinear and completely continuous scattering map
sS(@apnu)=ur@. zesv,

which sends an inhomogeneous elastic scatterer (Q;A,u,V) to its far-field
pattern u{° due to an incident wave field u’ via the Lamé system. Here, (1,1, V)
signifies the medium configuration of an elastic scatterer that is compactly supported
in Q. In this talk, we are concerned with the intrinsic geometric structure of the kernel
space of S, which is of fundamental importance to the theory of inverse scattering and
invisibility cloaking for elastic waves and has received considerable attention recently.
It turns out that the study is contained in analysing the geometric properties of a certain
non-selfadjoint and non-elliptic transmission eigenvalue problem. We propose a
generalized elastic transmission eigenvalue problem and prove that the transmission
eigenfunctions vanish locally around a corner of dQ under generic regularity criteria.
The regularity criteria are characterized by the Holder continuity or a certain Fourier
extension property of the transmission eigenfunctions. As an interesting and significant
application, we apply the local geometric property to derive several novel unique
identifiability results for a longstanding inverse elastic problem by a single far-field
measurement.



3. EMFE FTHKE

#H: Inverse obstacle scattering for acoustic waves in the time domain

#ZE: This talk concerns an inverse acoustic scattering problem which is to determine
the location and shape of a rigid obstacle from time domain scattered field data. An
efficient convolution quadrature method combined with nonlinear integral equation
method is proposed to solve the inverse problem. In particular, replacing the classic
Fourier transform with the convolution quadrature method for time discretization, the
boundary integral equations for the Helmholtz equation with complex wave numbers
can be obtained to guarantee the numerically approximate causality property of the
scattered field under some condition. Numerical experiments are presented to
demonstrate the effectiveness and robustness of the proposed method.

4. BEFE  BTHEXE

# B : Conditional stability for the Cauchy problem of the Ginzburg-Landau
equation

$# 2 : The Ginzburg-Landau equation lies in the heart of the general theory of
superconductors and is studied extensively. In this talk, we focus on the problem of
determining the solution of the equation by measurement on a subset the boundary of
the domain where the equation evolved. This is not studied in the literature. We employ
a global Carleman to solve that problem. The main difficulty comes from the cubic
nonlinear term in the equation, which cannot be handled by linearized method.

5. BiZk  FHIIMEXRE

#H: Electromagnetic field enhancement in a subwavelength rectangular
open cavity

HEZE : Consider the transverse magnetic polarization of the electromagnetic scattering
of a plane wave by a perfectly conducting plane surface, which contains a two-
dimensional subwavelength rectangular cavity. The enhancement is investigated fully
for the electric and magnetic fields arising in such an interaction. The cavity wall is
assumed to be a perfect electric conductor, while the cavity bottom is allowed to be
either a perfect electric conductor or a perfect magnetic conductor. We show that the
significant field enhancement may be achieved in both nonresonant and resonant
regimes. The proofs are based on variational approaches, layer potential techniques,
boundary integral equations, and asymptotic analysis. Numerical experiments are also



presented to confirm the theoretical findings.

6. REHE ARIXEKE

# B : Stein variational gradient descent (SVGD) for functions and
applications to statistical inverse problems

$ZE : For solving Bayesian inverse problems governed by large-scale forward
problems, we present an infinite-dimensional version of the Stein variational gradient
descent (ISVGD) method, which has the ability to generate approximate samples from
the posteriors efficiently. Specifically, we introduce the concept of the operator-valued
kernel and the corresponding function- valued reproducing kernel Hilbert space
(RKHS). Through the properties of RKHS, we give an explicit meaning of the infinite-
dimensional objects (e.g., the Stein operator) and prove that the infinite-dimensional
objects are indeed the limit of finite-dimensional items. Furthermore, by generalizing
the change of variables formula, we construct iISVGD with preconditioning operators,
yielding more efficient iSVGD. During these generalizations, we introduce a regularity
parameter s € [0,1]. Our analysis shows that the intuitive trivial version (i.e., by
directly taking finite-dimensional objects as infinite-dimensional items) of iSVGD with
preconditioning operators (s=0) will yield inaccurate estimates, and the parameter s
should be chosen larger than 0 and smaller than 0.5. Finally, the proposed algorithms
are applied to an inverse problem governed by the Helmholtz equation. Numerical
results confirm the correctness of our theoretical findings and demonstrate the potential
usefulness of the proposed approach in the posterior sampling of large-scale nonlinear
statistical inverse problems.
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9. FRIA HMAMNEKXE

@ H: Determining a random Schrodinger operator: both potential and
source are random

$&ZE: We present an inverse scattering problem associated with a Schrédinger system
where both the potential and source terms are random and unknown. The well-
posedness of the forward scattering problem is first established in a proper sense. We
then derive two unique recovery results in determining the rough strengths of the
random source and the random potential, by using the corresponding far-field data. The
first recovery result shows that a single realization of the passive scattering
measurements uniquely recovers the rough strength of the random source. The second
one shows that, by a single realization of the backscattering data, the rough strength of
the random potential can be recovered. The ergodicity is used to establish the single
realization recovery. The asymptotic arguments in our study are based on techniques
from theory of pseudodifferential operators and microlocal analysis.

10. XAk EEMEXEF

#H: A free boundary problem modeling the ductal carcinoma in situ

. In this talk, we consider a nonlinear free boundary system for the nutrient
concentration, which comes from the mathematical model of ductal carcinoma in situ
(DCIS). The motion of the free boundary is given by an integro-differential equation.
We will show the uniqueness and numerical methods for the forward problem.
Moreover, some related inverse problems would be presented.

1. B & HIXE

#H: Forward and inverse scattering from axisymmetric objects based on
integral equations



2. Fast, high-accuracy algorithms for electromagnetic and elastic scattering from
axisymmetric objects are of great importance for modeling physical phenomena in
optics, materials science (e.g. meta-materials), and many other fields of applied science.
In this talk, we develop an FFT-accelerated separation of variables solver that can be
used to efficiently invert integral equation formulations of Maxwell's equations and
Navier equations for scattering from axisymmetric bodies. The solver is also extended
to geometries with non-smooth generating curves and large cavities. In the end, we also
discuss the application of the fast and high-order solver in the inverse scattering to
recover the objects with axis-symmetry.
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13. Ei5RK  FEAXE

#H: Domain sampling methods for inverse boundary value problems

2 Inthis talk, | will discuss the range test (RT) and no-response test (NRT) for
the inverse boundary value problem for the Laplace equation. These testing methods
are domain sampling methods to estimate the location of the obstacle $D$ using test
domains and the associated indicator functions. We will show the duality between these
two methods in terms of the equivalence of the pre-indicator functions associated to
their indicator functions. We will also give each of these reconstructions without using
the duality if the Dirichlet data of the Cauchy data is not identically zero and the solution
to the associated forward problem does not have any analytic extension across the
boundary of the unknown target. Moreover, we will show that these methods can still
give the reconstruction of $D$ if $D$ is a convex polygon and satisfies some specified
conditions.

14. #% M WHiIXE

#H: Inverse spectral problems based on trace formulas

10



$EE: In this talk, we will discuss some recent progress on numerical algorithm for
inverse spectral problem for the Sturm-Liouville, Euler-Bernoulli and damped wave
operator. Instead of inverting the map from spectral data to unknown coefficients
directly, we propose a novel method to reconstruct the coefficients based on inverting
a sequence of trace formulas which bridge the spectral and geometry information
clearly in terms of a series of nonlinear Fredholm integral equations. Numerical
experiments are presented to verify the validity and effectiveness of the proposed
numerical algorithm. The impact of different parameters involved in the algorithm is
also discussed.

15. I & HFEXE
@B : Adaptive surrogate modeling based on deep neural networks for
Bayesian inverse problems

#EE . Surrogate models are often constructed to speed up the computational procedure
of the Bayesian inverse problems(BIPs), as the forward models can be very expensive
to evaluate. However, due to the curse of dimensionality and the nonlinear
concentration of the posterior, traditional surrogate approaches are still not feasible for
large scale problems. This talk will survey our recent works in designing surrogate
models using deep learning techniques. Several fast and efficient algorithms based on
deep neural networks (DNN) to solve BIPs will be covered, including adaptive multi-
fidelity surrogate modeling and local approximations. Numerical examples are
presented to confirm that new approaches can obtain accurate posterior information
with a limited number of forward simulations.

16. BZHRE HEARXEXF

#H: On recovery of the interface between the fluid and piezoelectric
material

FGZE : This talk is concerned with an inverse scattering problem for the interaction
between the fluid and piezoelectric material. We show that the piezo-ceramic elastic
body can be uniquely determined by the acoustic far-field pattern at a fixed frequency.
The factorization method is then justified for the corresponding inverse interaction
problem. Finally, we investigate the associated interior transmission eigenvalue
problem. It is shown that there exist at most countable eigenvalues under some
assumption on the parameters.

17. 3K & BRIXE

#H: Analysis and calculation for the scattering and inverse problems in
complex backgrounds

11



$ZE : In this talk, we mainly focus on the mathematical analysis and numerical
calculation for the acoustic and electromagnetic wave scattering and inverse problems
in complex backgrounds. Based on the boundary integral equation and variation method,
we prove the composite scattering problem's well-posedness. We presented a numerical
method for the boundary integral equation and analyzed its convergence. Furthermore,
we show some results for the inverse problems. Finally, we will introduce our ongoing
research work.

18. #iEX  HFEMNFERBFSREGRNFEMRKR

#H: Near-field imaging of an unbounded elastic rough surface with a
direct imaging method

$ZE : This talk is concerned with the inverse scattering problem of time-harmonic
elastic waves by an unbounded rigid rough surface. A direct imaging method is
developed to reconstruct the unbounded rough surface from the elastic scattered near-
field Cauchy data generated by point sources. A Helmholtz-Kirchhoft-type identity is
derived and then used to provide a theoretical analysis of the direct imaging algorithm.
Numerical experiments are presented to show that the direct imaging algorithm is fast,
accurate and robust with respect to noise in the data.

19. #BkE¥E  HEEKE

BiH: Reaction coefficient inversion in nonlocal diffusion

#ZE: Nonlocal diffusion model are widely applied in many fields, such as continuum
mechanics, biology, jump process, graph theory, image analyses, machine learning, and
phase transitions. In this talk, we discuss reaction coefficient inversion problem (RCIP)
in three kinds of nonlocal diffusion model. The uniqueness theorems are established.
Because of the ill-posedness, nonlinearity and singularity of RCIP in nonlocal diffusion.
Some hybrid algorithms (such as variational regularization + Laplace approximation,
variational Bayesian) are presented to recover the reaction coefficient, and capture the
statistics information of the reaction coefficient. Finally, we give some numerical
examples to show the effectiveness and reliability of the proposed algorithms.
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