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Theoretical analysis for rising bubble in Hele-Shaw cell

IIAES
FEFIHERF-FBR SRR A EH R
In this talk, we calculate the shape and the velocity of a bubble rising in an infinitely
large and closed Hele-Shaw cell using Park and Homsy's boundary condition which
accounts for the change of the three-dimensional structure in the perimeter zone.

Seismic Tomography with frozen Gaussian approximation
ML
THHR S

Seismic tomography solves high-dimensional optimization problems to image
subsurface structures of Earth. In this talk, we propose to use random batch methods to
construct the gradient used for iterations in seismic tomography. Specifically, we use
the frozen Gaussian approximation to compute seismic wave propagation, and then
construct stochastic gradients by random batch methods. We also provide a rigorous
convergence analysis for the inverse problems of acoustic wave propagation arising
from seismic tomography.

Inverse scattering with multi-frequency sparse data
=8
JERE TR
In this talk, we will introduce a direct sampling method for inverse scattering problems,
which uses multi-frequency backscattering far field data taken at sparse directions. The
underlying object could be point-like scatterers, small scatterers, or extended
inhomogeneities and obstacles. Both the theoretical basis and numerical simulations
will be presented



A Fast Maxwell Solver Based on Exact Discrete Eigen-Decompositions
FXTT
Hh E R B R AT ST

In this paper, we propose a fast solver for the Maxwell's equation in two dimensions.
We first discretize the simplified Maxwell's eigenvalue problem by employing the
lowest-order rectangular Nedelec elements and derive the discrete eigen-solutions
explicitly. Based on the exact eigen-decomposition, we further design a fast solver for
the Maxwell's source problem by using the fast discrete sine transform, with
computational time reduced from $O(n"2)$ by other direct solvers to $0(n”2 \log n)$,
where $n$ is the partition size in each direction. It is also utilized to perform an efficient
preconditioning for solving Maxwell's source problem with variable coefficients.
Finally, numerical experiments are carried out to illustrate the effectiveness of the
proposed fast solver.

PML and high-accuracy boundary integral equation solver for wave scattering
by a locally defected periodic surface
£
WAL K

In this talk, we shall study the perfectly-matched-layer (PML) method for wave
scattering in a half space of homogeneous medium bounded by a two-dimensional,
perfectly conducting, and locally defected periodic surface, and develops a high-
accuracy boundary-integral-equation (BIE) solver. Along the vertical direction, we
place a PML to truncate the unbounded domain onto a strip and prove that the PML
solution converges to the true solution in the physical subregion of the strip with an
error bounded by the reciprocal PML thickness. Laterally, we divide the unbounded
strip into three regions: a region containing the defect and two semi-waveguide regions,
separated by two vertical line segments. In both semi-waveguides, we prove the well-
posedness of an associated scattering problem so as to well define a Neumann-to-
Dirichlet (NtD) operator on the associated vertical segment. The two NtD operators,
serving as exact lateral boundary conditions, reformulate the unbounded strip problem
as a boundary value problem over the defected region. Due to the periodicity of the
semi-waveguides, both NtD operators turn out to be closely related to a Neumann-
marching operator, governed by a nonlinear Riccati equation. It is proved that the
Neumann-marching operators are contracting, so that the PML solution decays
exponentially fast along both lateral directions. The consequences culminate in two
opposite aspects. Negatively, the PML solution cannot converge exponentially to the
true solution in the whole physical region of the strip. Positively, from a numerical
perspective, the Riccati equations can now be efficiently solved by a recursive doubling
procedure and a high-accuracy PML-based BIE method so that the boundary value
problem on the defected region can be solved efficiently and accurately. Numerical
experiments demonstrate that the PML solution converges exponentially fast to the true
solution in any compact subdomain of the strip.
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Generalized SAV-exponential integrator schemes for Allen-Cahn type
gradient flows
FrH4E

FWE TR
The energy dissipation law and the maximum bound principle (MBP) are two important
physical features of the well-known Allen-Cahn equation. While some commonly-used
first-order time stepping schemes have turned out to preserve unconditionally both
energy dissipation law and MBP for the equation, restrictions on the time step size are
still needed for existing second-order or even higher-order schemes in order to have
such simultaneous preservation. In this paper, we develop and analyze novel first- and
second-order linear numerical schemes for a class of Allen-Cahn type gradient flows.
Our schemes combine the generalized scalar auxiliary variable (SAV) approach and the
exponential time integrator with a stabilization term, while the standard central
difference stencil is used for discretization of the spatial differential operator. We not
only prove their unconditional preservation of the energy dissipation law and the MBP
in the discrete setting, but also derive their optimal temporal error estimates under fixed
spatial mesh. Some experiments are also carried out to numerically illustrate the
properties and performance of the proposed schemes.

Positivity/bound preserving schemes for complex nonlinear systems
)73
R K

Solutions for a large class of partial differential equations (PDEs) arising from sciences
and engineering applications are required to be positive to be positive or within a
specified bound. It is of critical importance that their numerical approximations
preserve the positivity/bound at the discrete level, as violation of the positivity/bound
preserving may render the discrete problems ill posed. I will review existing approaches
for constructing positivity/bound preserving schemes, and then present several efficient
and accurate approaches which are relative easy to implement and can be combined
with most spatial discretization.

Deep Learning for Multiscale Molecular Modelling
Ei&
RN AR ST EREE AT

We introduce a series of deep learning-based methods for molecular modeling at
different scales. We discuss this topic in two aspects: model construction and data
generation. In terms of model construction, we introduce the Deep Kohn-Sham, the
Deep Potential, Deep coarse-graining schemes. They are proposed to accurately
represent the energy functional, the many-body interatomic potential, and the coarse-
grained potential, respectively, and share the common idea of preserving the
extensibility and symmetries of the system. In terms of data generation, we present a
concurrent learning approach, which automatically generates the most compact training
dataset without compromising the accuracy of the model. In the last part of the talk, we
present the Reinforced Dynamics (RiD) scheme that efficiently explores the
configuration space and high-dimensional free energy landscapes. As a demonstrative
example, we present a protein structure refinement protocol based on RiD, which gives
rise to an overall improvement of 14.6 units over the initial GDT-HA score.
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Numerical Analysis of Some PDEs with Logarithmic Nonlinearity
ESRYA:7S
BTN RE B TR

The presence of logarithmic nonlinear term of the form f(u)=u log(|u|) in parabolic
PDEs or Schrodinger’s equations brings out significant challenges in both numerical
discretization and analysis. The nonlinear term is non-differentiable but Holder
continuous at u=0, and the underlying energy does not have a definite sign. Such PDEs
exhibit interesting dynamics that may not possess for general smooth nonlinearity. In
this talk, we shall present our recent attempts for such problems and introduce some
new tools for the analysis.
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Regularization methods for inverse problems of the sub-diffusion equations
HEJE
BEIIR
In this talk T will discuss about inverse problems for the time-fractional diffusion
equation, which have been known to be ill-posed problems. Several regularization
methods are presented and compared. In particular, a regularized problem with L2 and
TV regularization is proposed and analyzed for the inverse source problem. The
regularized problem is then approximated by a fully discrete scheme. The convergence
rate of the discrete solution with respect to the target source and the convergence of the
regularized solution with respect to the noise level will be provided. A series of
numerical examples will be given to demonstrate the accuracy of the proposed methods.
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Nucleation of Quasicrystals
E
JER K

Despite the fact that tremendous efforts have been made on the study of quasicrystals
since their discovery in 1984, nucleation of quasicrystals—the emergence of a
quasicrystal from a crystalline phase—still presents an unsolved problem. The
difficulties lie in that quasicrystals and crystals are incommensurate structures in
general, so there are no obvious epitaxial relations between them. We solved this
problem by applying an efficient numerical method to Landau theory of phase
transitions and obtained the accurate critical nuclei and transition pathways connecting
crystalline and quasicrystalline phases. The proposed computational methodology not
only reveals the mechanism of nucleation of quasicrystals, but also paves the way to
investigate a wide range of physical problems undergoing the first-order phase
transitions.

C1-conforming Petrov-Galerkin methods for 2nd-order elliptic problems and
superconvergence
KER
A ERE T A O
In some applications, due to regularity restriction, 2"%-order elliptic problems have no
divergent forms, and therefore we need to discretize the 2"-order derivatives directly.
In this work, we construct a new Petrov-Galerkin method by using Cl-conforming
finite element for the trial space and L2-discontinuous element for the test space. We
prove that the numerical solution by the new method converges to the exact solution
with $2k-1$-rate ($k§ is the polynomial degree) at the nodal points for both function
value and gradient under rectangular mesh.

A positivity-preserving stabilized finite element method for quantum drift-
diffusion model
PG E
E R B S RARHERT AR

As the size of modern semiconductor devices goes to sub-nanometers, quantum
mechanical phenomena become prominent and must be considered in numerical
simulations. In 1989, Ancona and lafrate derived a macroscopic model, called quantum
drift-diffusion (QDD) model, which generalizes the classical DD model by
incorporating a quantum correction to the electric potential. We derive an equivalent
QDD model by expressing carrier densities with potential functions. The finite element
method for the new model is positivity-preserving in the sense that discrete carrier
densities are always positive. We propose a modified Newton iterative method to solve
the nonlinear discrete problem. Numerical experiments for a FinFet device show that
the iterative method is convergent for the source-drain bias voltage up to 15V and the
source-gate bias voltage up to 5V.
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Efficient Sampling of Thermal Averages of Interacting Quantum Particle
Systems: simulation with random batches and error analysis
A2t
JER K
An efficient sampling method, the pmmLang+RBM, is proposed to compute the
quantum thermal average in the interacting quantum particle system. Benefiting from
the random batch method (RBM), the pmmLang+RBM reduces the complexity due to
the interaction forces per timestep from O(NP”2) to O(NP), where N is the number of
beads and P is the number of particles. We also propose an extension of the
pmmLang+RBM, which is based on the splitting Monte Carlo method and is applicable
when the interacting potential contains a singular part. Besides, we discuss the long
time behavior of the random batch dynamics, and show how the convergence to the
equilibrium can be leveraged to quantify the error due to the use of random batches.
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