Tianyuan Mathematics Research Center

g ARRBREEFRSRARR

TY-2026-C-050

RIS HRIOEL S ERHN S

Workshop on Theory & Computation of PDEs

=X TFf

Conference Program

20265E10825H-31H
October 25-31, 2026

F[E- 288 Kunming, China

BE A / Organizers

#iX%EF Hanchun Yang
ZREIAZ  Yunnan University

B Weizhu Bao
FTINEEIIKZE  National University of Singapore

RO RWER / AWAR / REGEREE



REHD HEMEL5THERITR TY-2026-C-050

RITEF EFR IR D E T

About Tianyuan Mathematics Research Center

RUEHFEFRRFD (A FEMFOD”) RIIT2023F78 , AFERZER. EREABZEEERZR
2. PEHFSR. PTERZERBZSRABREAFIR , UREATEXRIBIIHEAZFRZNBAFERIXH
ERnNE, SERERZREBFRNAMNENZAREES , BEABRERZRZEMARKE , AR
— IR ERBSSERART D,

PO TFREIAMERBESGHKEEX , =mEIAL, —@EIGK , IMEMRE , BIKRLYIT00K, FEKKE
FRIZLI90 R E (FRRLILSNE ) |, BEMARKLZ0QE , BAS MREL202E,

LB BINERLI000FEFT K |, IRBEAMET (AIBWI0OA , BESBLEDE ) . REZIWEIE.
INBAZRAYEEA(R], WA/ TAF=210E. EBFEKEELE, WHIT1E, ¥RERBS0RBEEMEMRKRE. o
HARBXFRE IR,

LB ML : http://tianyuan.amss.ac.cn/

Introduction to Tianyuan Mathematics Research Center

The Tianyuan Mathematics Research Center (established in July 2023) is jointly supported by the Chinese Academy
of Sciences, the National Natural Science Foundation of China, the Chinese Mathematical Society, the Academy of
Mathematics and Systems Science of the Chinese Academy of Sciences, and relevant departments of Kunming City. It
aims to build a platform for academic exchange in mathematics and interdisciplinary applications, enhance China’s
overall mathematical research level, and become a world-class center for mathematical exchange and collaborative

research.

It is located in the national-level public welfare forest in the Chaishitan Reservoir area of Yiliang, Kunming, Yunnan
Province, surrounded by mountains on three sides and facing water on one side. The center has a total land area of about
27,000 square meters, with three two-story main buildings, namely the Research Building, the Expert Building and the
Logistics Building, which can accommodate nearly 200 people for academic activities, and are equipped with a library

and reading room, a restaurant and a certain number of offices and guest rooms.

The center has a total construction area of approximately 6,000 square meters. It features a main lecture hall
(capacity: 100 people, equipped with an HD LED screen), one medium-sized seminar room, four small meeting rooms,
21 seminar/workshop rooms, one library and reading room, and one café. The Expert Building is equipped with 56

guest rooms, as well as supporting facilities such as a self-service laundry room and a public lounge.

Official website: http://tianyuan.amss.ac.cn/
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Titles and Abstracts

Computational methods for the dynamics of the nonlinear Schroedinger/Gross-Pitaevskii
equations

Bao Weizhu
National University of Singapore

Abstract. In this talk, I begin with the (nonlinear) Schroedinger/Gross-Pitaevskii equations (NLSE/GPE) for mod-
eling Bose-Einstein condensation (BEC), nonlinear optics, quantum physics and chemistry, etc., and review some
dynamical properties of NLSE/GPE including conserved quantities, dispersion relation, center-of-mass dynamics,
soliton solutions and semiclassical limits. Different numerical methods will be presented including finite difference
time domain (FDTD) methods and time-splitting spectral (TSSP) method, and their error estimates and comparison
will be discussed. Extensions to NLSE/GPE with an angular momentum rotation term, non-local dipole-dipole
interaction, multi-component and logarithmic nonlinearity will be presented. Applications to soliton interactions,
collapse and explosion of BEC, quantum transport and quantized vortex interaction will be investigated. Finally,
I report our very recent results of energy regularization methods for NLSE with logarithmic nonlinearity and
improved uniform error bounds on TSSP for the long-time dynamics of NLSE by using the regularization compen-
sation oscillatory (RCO) technique as well as error estimates on numerical methods for NLSE with low regularity
potential and nonlinearity.

Multiscale methods and analysis for the highly oscillatory nonlinear Klein-Gordon equation

Bao Weizhu
National University of Singapore

Abstract. In this talk, I will review our recent works on numerical methods and analysis for solving the highly
oscillatory nonlinear Klein-Gordon equation (NKGE) including the nonrelativistic regime, involving a small di-
mensionless parameter which is inversely proportional to the speed of light. In this regime, the solution is highly
oscillating in time and the energy becomes unbounded, which bring significant difficulty in analysis and heavy
burden in numerical computation. We begin with four frequently used finite difference time domain (FDTD)
methods and obtain their rigorous error estimates in the nonrelativistic regime by paying particularly attention
to how error bounds depend explicitly on mesh size and time step as well as the small parameter. Then we
consider a numerical method by using spectral method for spatial derivatives combined with an exponential wave
integrator (EWI) in the Gautschi-type for temporal derivatives to discretize the NKGE. Rigorous error estimates
show that the EWTI spectral method show much better temporal resolution than the FDTD methods for the NKGE
in the nonrelativistic regime. In order to design a multiscale method for the NKGE, we establish error estimates
of FDTD and EWI spectral methods for the nonlinear Schroedinger equation perturbed with a wave operator.
Based on a large-small amplitude wave decomposition to the solution of the NKGE, a multiscale time integrator
(MTTI) is presented for discretizing the NKGE in the nonrelativistic regime. Rigorous error estimates show that this
multiscale method converges uniformly in spatial/temporal discretization with respect to the small parameter for
the NKGE in the nonrelativistic regime. Extension to the long-time dynamics of the NKGE with weak nonlinearity
is discussed and improved uniform error bounds on time-splitting spectral method are presented based on a new
technique — regularity compensation oscillation. Finally, applications to several high oscillatory dispersive partial
differential equations will be discussed. This is based on joint works with Yongyong Cai, Yue Feng, Yong Lu,
Chunmei Su, Wenfan Yi, Jia Yin, Zhifei Zhang and Xiaofei Zhao.

Fast Spectral Methods and Accelerated Iterations for the Boltzmann Equation
Cai Zhenning
National University of Singapore
Abstract. The numerical solution of the Boltzmann equation remains computationally challenging due to the high
dimensionality of the collision operator and the slow convergence of conventional iterative methods, particularly
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in the near-continuum regime. In this talk, I will present several recent developments aimed at improving the
efficiency of numerical solvers for both classical and quantum Boltzmann equations.

We first introduce a fast Fourier spectral method for evaluating the classical Boltzmann collision operator
linearized around a local Maxwellian. By exploiting the structure of the equilibrium distribution, the method
achieves a computational complexity of O(N*log N), where N is the number of velocity modes in each direction,
eliminating the angular quadrature factor required by conventional methods. This efficient evaluation enables the
development of a modified Newton method for solving the steady-state Boltzmann equation, in which the full
nonlinear collision operator is retained in the residual while the linearized operator is used to compute Newton
corrections. To further accelerate convergence in the near-continuum regime, we introduce a macroscopic synthetic
system based on the Chapman—Enskog expansion.

Finally, we extend the fast spectral approach to the quantum Boltzmann equation for Bose and Fermi gases
by constructing an effective linear collision operator that preserves the fundamental conservation laws and sat-
isfies a linearized H-theorem. The resulting approximation can also serve as an efficient Jacobian in a modified
Newton solver for the full quantum Boltzmann equation. Numerical experiments demonstrate the accuracy and
computational efficiency of these methods in various rarefied gas flow problems.

Two-dimensional Riemann problems for hyperbolic conservation laws
BRUE
Yunnan University

Abstract. We consider a hyperbolic system of nonlinear conservation laws, that is, the pressure system inde-
pendent of density and energy from the Liou—Steffen flux-splitting scheme on the compressible Euler equations.
First, the one-dimensional Riemann problem is solved with eight kinds of structures. Second, the two-dimensional
Riemann problem is discussed; the solution reveals a variety of geometric structures; by the generalized charac-
teristic analysis method and studying the pointwise interactions of waves, we construct 29 kinds of structures of
solution consisting of shocks, rarefaction waves and contact discontinuities; the theoretical analysis is confirmed
by numerical simulations.

Well-posedness of 2D F. John’s floating body problem with fixed objects
BRtE

Yunnan University

Abstract. We consider the well-posedness of 2D F. John’s floating body problem for fixed objects in one horizontal
dimension with a potentially emerging bottom. This problem describes the interactions of waves with a partially
immersed object using the linearized Bernoulli equations. The fluid domain therefore has corners where the object
meets the free surface, which consists of various connected components. We also characterize the associated trace
space within the Beppo-Levi space H 1(Q), revealing non-local coupling between surface components. This is a
joint work with D. Lannes.

Contact Line Dynamics on Elastic Sheets
Weiqing Ren
National University of Singapore
Abstract. Moving contact lines arise when one fluid displaces another on a solid substrate. While their modelling
and simulation have been widely studied, most previous work has focused on rigid substrates. In this talk, we
investigate the case of highly deformable elastic sheets. We first consider the capillary folding of thin elastic sheets
with pinned contact lines. Using a three-dimensional model that combines interfacial energy with nonlinear shell
elasticity, we study the relaxation dynamics and equilibrium shapes, and obtain numerical results that capture a
range of experimentally observed folding behaviours. In the second part, we consider the motion of a thin liquid
film on a highly bendable elastic sheet. Under lubrication approximation, we derive coupled evolution equations
for the fluid interface and the sheet deformation. A matched asymptotic analysis in the limit of vanishing slip length
yields an extended Cox-Voinov relation linking contact line speed to apparent contact angle. The results show that
substrate deformability significantly influences wetting dynamics.
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Two-dimensional Riemann problem: from scalar conservation laws to compressible Euler
equations

BRI
Shanghai University

Abstract. In this talk, by introducing the generalized characteristic analysis theory of the two-dimensional Rie-
mann problem, we review related works on two-dimensional Riemann problems for hyperbolic conservation laws,
mainly those related to the compressible Euler equations in gas dynamics. It contains five sections: 1. Historical
review. 2. Scalar conservation laws. 3. Euler equations and its simplified models. 4. Generalized characteristic
analysis method. 5. Some related research topics and results.

A Convergent Minimal-Deformation-Rate Method for Mean Curvature Flow
Tang Rong
National University of Singapore

Abstract. Artificial tangential motion helps maintain mesh quality in computations of evolving surfaces, but it
also makes convergence analysis difficult. In this talk, I will present a fully discrete parametric finite element
method for mean curvature flow of closed surfaces in three dimensions, based on the minimal-deformation-rate
(MDR) approach. The normal velocity follows mean curvature flow, while the tangential component minimizes
the deformation-rate energy.

The scheme uses an L2-projected averaged normal and is linear at each time step, without auxiliary evolution
equations for curvature or the normal vector. The analysis uses closest-point projection to compare the computed
and exact surfaces without matching their parametrizations. For sufficiently smooth flows, we establish error
estimates for finite elements of degree at least three under a suitable time-step restriction. Numerical examples
demonstrate good mesh quality without remeshing.

I will also discuss possible extensions of the MDR framework to other moving-interface models. This is joint
work with Tiantian Huang and Buyang Li.
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Arbitrarily High-Order Structure-Preserving Parametric Finite Element Methods for
Geometric Flows

Wang Dongmin
National University of Singapore

Abstract. In this talk, I will present a framework for high-order structure-preserving parametric finite element
methods (PFEMs) for geometric flows. We first review the Barrett—Garcke—Niirnberg (BGN) formulation and
discuss the challenges arising in its high-order time discretization. Motivated by these observations, we introduce
a new weak formulation based on local pullback flow maps, which reformulates the geometric evolution on a
fixed reference manifold over each time interval. Based on this formulation, we construct high-order Runge—
Kutta PFEMs and establish their energy stability, first for planar curves and then for evolving surfaces. Structure-
preserving discretizations on the exact preservation of enclosed area or volume and further extensions will also be
discussed.

A higher-order WKB-based Fourier spectral method for Schrodinger-Poisson equation in
the semi-classical limit
EXX
Yunnan University of Finance and Economics
Abstract. For the semi-classical Schrodinger-Poisson (SP) equation with some e-dependent initial data, we first
reformulate the SP equation into a new system based on WKB, then conduct asymptotic analysis with the multi-
scale expansion and get the leading-order system, first-order system and so on, finally apply Fourier spectral method
to solve the resultant leading-order system and first-order system and obtain a higher-order WKB-based Fourier
spectral method for the Schrodinger-Poisson equation in the semi-classical limit, respectively. Numerical results in
1d and 2d show that the method is uniformly accurate and asymptotic preserving in the density level. Numerical
analysis are also presented to confirm this observation.
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Shock Theory for Riemann Problems of Fluid Mechanics Equations
ER

Yunnan University

Abstract. Fluid mechanics is an important branch of mechanics, which greatly affects people’s daily life and the
progress of science and technology. Shock wave is a very significant phenomenon in fluid mechanics. In this talk,
we will first introduce the history research of the Riemann problem of one-dimensional fluid mechanics equations,
and then present the latest research progress of the shock wave theory in the two-dimensional Riemann problem,
including the shock regular reflection and general four shocks intersection problems.
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Error Estimate of an Exponential Wave Integrator for the Nonlinear Schrodinger Equation
with Spatial White Noise Potential

Zhang Zhuohan
National University of Singapore

Abstract. Nonlinear Schrodinger equations with rough potentials are important models for quantum dynamics
in disordered media and Anderson localization. Recent works by Bao and Wang have analyzed the error estimate
under L°° and LP for 1 < p < 2 potential using discrete Strichartz estimate. In this talk, we consider a filtered EWI
for the one-dimensional periodic cubic Schrodinger equation with spatial white noise potential. The distributional
nature of white noise prevents a direct extension of existing integrability-based stability arguments. We address
this difficulty through resolvent estimates and Riesz spectral projections, obtaining discrete linear stability with
an arbitrarily small regularity loss. Combining this stability mechanism with Bony paraproduct estimates for
consistency, we establish pathwise L? convergence of every order strictly below 1/2. This provides a framework
for analyzing exponential integrators beyond function-valued potentials.
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