
    

 

2025 计算数学前沿论坛 

 

会议手册 

 

 

2025.11.07 - 2025.11.10 

上海，华东师范大学 



2025 计算数学前沿论坛 

会议日程 

地点：华东师范大学（闵行校区）数学楼 102 报告厅 

时间：2025 年 11 月 7 日-11 月 10 日 

2025 年 11 月 7 日（周五） 

会议报到注册（上海闵行白金汉爵大酒店） 

2025 年 11 月 8 日（周六） 

数学楼 102 报告厅 

时 间 报告人 题目 主持人 

8:30 – 8:40 开幕式（吕长虹致辞） 羊丹平 

8:40 – 8:50 集体合影 

8:50 – 9:20 许学军 
Dirichlet-Neumann learning algorithm for diffusion 

problem with high-contrast coefficients 

程    晋 9:20 – 9:50 黄建国 
A robust C0 interior penalty method for a GEKP 

model 

9:50 – 10:20 周栋焯 大尺度神经元网络的数值建模与快速模拟方法 

10:20 – 10:50 茶歇 

10:50 – 11:20 程    晋 

An accurate and efficient operator learning method 

for high frequency Helmholtz equations with mixed 

boundary conditions 徐立伟 

11:20 – 11:50 应文俊 融合神经网络的可压缩流数值方法 

11:50 – 14:30 午餐（万怡酒店） 

14:30 – 15:00 黄忠亿 
Asymptotic analysis and numerical method for 

singularly perturbed eigenvalue problems 

陈艳萍 15:00 – 15:30 赖    俊 
Shape Taylor expansions for wave scattering 

problems: theory and computation 

15:30 – 16:00 李义宝 3D 打印加工成型的多物理场孪生计算 



16:00 – 16:30 茶歇 

16:30 – 17:00 陆    帅 
Function spaces for neural networks and their 

applications 

郑伟英 17:00 – 17:30 胡    丹 Non-uniform random walk for adaptive sampling 

17:30 – 18:00 陈    刚 
Optimal L2 error estimates for non-symmetric 

Nitsche’s methods 

18:00 – 20:00 晚餐（白金汉爵酒店） 

2025 年 11 月 9 日（周日） 

数学楼 102 报告厅 

时 间 报告人 题目 主持人 

8:30 – 9:00 谢资清 
Nehari manifold optimization method for finding 

unstable solutions of semilinear elliptic problems 

龚    伟 9:00 – 9:30 蔡勇勇 
Computation and analysis for the long time dynamics 

of nonlinear Schrodinger equations 

9:30 – 10:00 沈晓芹 
Numerical method for thermoelasticity problems of 

elliptic membrane shell 

10:00 – 10:30 茶歇 

10:30 – 11:00 李松挺 大脑动力学建模计算与脑启发 AI 算法设计 

朱升峰 

11:00 – 11:30 马楚雯 
Quantum preconditioning algorithms for large linear 

systems via Schrödingerization 

11:30 – 14:30 午餐（客缘初见餐馆） 

14:30 – 17:30 自由讨论 

18:00 – 20:00 晚餐 

2025 年 11 月 10 日（周一） 

全天 离会 

 



2025 计算数学前沿论坛 

报告题目与摘要 

Dirichlet-Neumann Learning Algorithm for Diffusion Problem with  

High-contrast Coefficients 

许学军（同济大学） 

In this talk, we shall revisit some nonoverlapping domain decomposition methods for 

solving diffusion problems with discontinuous coefficients. We discover an interesting 

phenomenon, that is, the convergence rate of Dirichlet-Neumann algorithm may make 

full use of the ratio of coefficients. Based on this observation, an efficient Dirichlet-

Neumann learning algorithm is designed for the interface problem. 

A robust C0 interior penalty method for a GEKP model 

黄建国（上海交通大学） 

In this talk, we are devoted to proposing and analyzing a robust C0 interior penalty 

method for a gradient-elastic Kirchhoff plate (GEKP) model over a polygonal domain. 

The numerical method is obtained by combining the triangular Hermite element and a 

C0 interior penalty method, which can avoid the use of higher order shape functions or 

macro-elements. Next, a robust regularity estimate is established for the GEKP model 

based on our earlier result for a triharmonic equation on a convex polygon. Furthermore, 

some local lower bound estimates of the a posteriori error analysis are established. 

These together with an enriching operator and its error estimates lead to a Cea-like 

lemma. Thereby, the optimal error estimates are achieved, which are also robust with 

respect to the small size parameter. In addition, it is proved that this numerical method 

is convergent without any additional regularity assumption for the exact solution. Some 

numerical experiments are performed to verify the theoretical findings. This talk is 

based on a joint work with Mingqing Chen and Xuehai Huang. 

大尺度神经元网络的数值建模与快速模拟方法 

周栋焯（上海交通大学） 

随着神经科学实验技术的迅速发展，大量神经元活动数据和现象被不断积

累，为建立大尺度、具生物真实性的神经网络模型提供了丰富的实验约束。然

而，神经元的电活动源于离子通道的非线性动力过程，使其系统普遍具有强刚

性；若进一步考虑树突的空间结构，模型将演化为时间刚性的非线性偏微分方

程组，从而给大尺度网络的数值模拟带来显著挑战。本报告基于神经元动力学

的多尺度特征与信息整合规律，发展了一系列快速数值算法，使得针对特定脑

区、以实验数据为约束的大尺度模拟计算成为可能。这些方法为深入解析模拟

结果、揭示神经系统动力学机制奠定了基础。 



An Accurate and Efficient Operator Learning Method for High Frequency 

Helmholtz Equations with Mixed Boundary Conditions 

 程晋（ 复旦大学） 

众所周知，高波数问题是微分方程数值解中的一个具有挑战性的问题。从

实际问题角度来看，混合边界条件也是一个有难度的问题。当今 AI 技术的快速

发展为解决这类问题提供了一些新的想法。在本报告中，我们提出了一类基于

学习的微分方程数值解法（LbNM）。用已有的解作为数据，学习解算子，进

而快速得到高精度的数值解。特别是，我们可以利用偏微分方程关于解在不同

边界条件交接点出的细致分析结果，提出讲一类具有一定奇性的解作为学习数

据，大大地加快了算法的精度和速度。 

 

融合神经网络的可压缩流数值方法 

应文俊（上海交通大学） 

我们将介绍可压缩流体计算的两个基于神经网络的数值方法。一个通过神

经网络实现高分辨率低耗散重构，另外一个建立了物理信息与数据融合的空化

模型（状态方程）。低耗散重构根据归一化的数据自动识别当前单元该选择

MUSCL 格式重构还是用 THINC 格式重构，保证格式的边界变差不增性质，最

大程度避免数值振荡与降低数值耗散。融合物理信息与数据的空化模型通过对

神经网络的输入和输出端分别使用对数函数与指数函数消除系统刚性，实现状

态方程压力输出的保正性。在报告中我们将给出空间二维、三维区域上的一些

典型可压缩流计算算例，展示两个基于神经网络的方法的有效性和可靠性。 

 

Asymptotic analysis and numerical method for  

singularly perturbed eigenvalue problems 

黄忠亿（清华大学） 

We study the asymptotic analysis and numerical method for singularly perturbed 

eigenvalue problems (SPEPs), which arises in describing the semiclassical limit of the 

spectrum for the Schrödinger operator. We first make a close asymptotic analysis of the 

SPEP and prove that, for piecewise smooth potential functions , the eigenvalues  

converge to the minimum value of the potential functions, and the eigenfunctions are 

concentrated in the immediate vicinity of the minimal points of the potential functions 

as ε→0. Then we propose some new schemes based on the tailored finite point method 

(TFPM) for numerical solutions of SPEPs with higher accuracy. Our numerical 

examples verify our theory and show the feasibility and efficiency of our TFPM. 

 



Shape Taylor expansions for wave scattering problems: theory and computation 

赖俊（浙江大学） 

Shape derivative is an important analytical tool for studying wave scattering problems 

involving perturbations in scatterers. Many applications, including inverse scattering, 

optimal design, and uncertainty quantification, are based on shape derivatives. However, 

computing high order shape derivatives is challenging due to the complexity of shape 

calculus. In this talk, we will introduce a comprehensive method for computing shape 

Taylor expansions using exterior calculus and recurrence formulas. The approach is 

applicable to both the acoustic and Maxwell equations under Dirichlet, Neumann, 

impedance, and transmission boundary conditions. Additionally, we apply the shape 

Taylor expansion to uncertainty quantification in wave scattering, enabling high order 

moment estimation for the scattered field under random boundary perturbations.  

 

 

3D 打印加工成型的多物理场孪生计算 

李义宝（西安交通大学） 

本报告将介绍 3D打印加工成型过程中的热固、热力、液固耦合的机理，描

述宏观-介观-微观耦合的加工成型的模型和计算方法，模型参数与初值重构的

算法，数据与模型耦合修正方法。系统地分享 3D打印加工成型的多物理场孪生

的建模与计算成果。 

 

 

Function spaces for neural networks and their applications 

陆帅（复旦大学） 

We revisit several neural network-derived norm spaces, encompassing (extended) 

Barron spaces, variation spaces, Radon-BV spaces, and spectral Barron spaces. We 

systematically investigate the properties of these spaces and explore their applications 

within regularization schemes and inverse problems in partial differential equations. It 

is joint work with Yuanyuan Li (Fudan), Peter Mathé (WIAS) and Sergei Pereverzev 

(RICAM). 

 

 

 



Non-Uniform Random walk for adaptive sampling 

胡丹 （上海交通大学） 

Deep learning has achieved wide success in solving Partial Differential Equations 

(PDEs), with particular strength in handling high dimensional problems and problems 

with irregular geometries. In this work, we report a non-uniform random walk to 

generate adaptive samples (Nurwas) for solving PDEs with low-regularity solutions. In 

Nurwas, the adaptive samples are obtained without additional computational cost and 

without an explicit representation of the desired probability density function. Our 

numerical results demonstrate that Nurwas can dramatically enhance the accuracy of 

solutions. 

 

 

Optimal L2 error estimates for non-symmetric Nitsche' s methods 

陈刚（四川大学） 

We establish optimal L2-error estimates for the non-symmetric Nitsche method. 

Existing analyses yield only suboptimal L2 convergence, in contrast to consistently 

optimal numerical results. We resolve this discrepancy by introducing a specially 

constructed dual problem that restores adjoint consistency. Our analysis covers both 

super-penalty and penalty-free variants on quasi-uniform meshes, as well as the 

practically important case on general shape-regular meshes without quasi-uniformity. 

Numerical experiments in two and three dimensions confirm the sharpness of our 

theoretical results. 

 

 

Nehari manifold optimization method for finding unstable solutions of  

semilinear elliptic problems 

谢资清（湖南师范大学） 

We introduce a Nehari manifold optimization method (NMOM) for finding 1-saddles 

(i.e., saddle points with Morse index 1) of a generic nonlinear functional in Hilbert 

space. Actually, it is based on the variational characterization that 1-saddles of this 

functional are local minimizers of the same functional restricted on the associated 

Nehari manifold. The framework contains two important ingredients: one is the 

retraction mapping to make the iterative points always lie on the Nehari manifold; the 

other is the tangential search direction to decrease the functional with suitable step-size 

search rules. Particularly, the global convergence is rigorously established by 



overcoming difficulties in the infinite-dimensional setting. In practice, combining with 

an easy-to-implement Nehari retraction and the negative Riemannian gradient direction, 

the NMOM is successfully applied to compute the unstable ground-state solutions of a 

class of typical semilinear elliptic problems, such as the stationary nonlinear 

Schrödinger equation and the Hénon equation. 

 

 

Computation and analysis for the long time dynamics of  

nonlinear Schrodinger equations 

蔡勇勇 （北京师范大学） 

Dispersive PDEs, such as linear/nonlinear Schrodinger equation (NLSE), nonlinear 

Klein-Gordon equation, nonlinear Dirac equation arise from many different areas, e.g. 

computational chemistry, plasma physics, quantum mechanics. Recently, the long-time 

dynamics of such dispersive equations have received much attention. The long time 

NLSE with small initial data is equivalent to an oscillatory NLSE with O(1) initial data, 

and such oscillatory PDE is computational expensive. Here we report recent advances 

on the numerical methods and analysis for the long time NLSE. In particular, an 

improved uniform error bound for the time-splitting methods for the long-time NLSE 

is established. Extensions to other dispersive PDEs will be presented. 

 

 

Numerical method for thermoelasticity problems of  

elliptic membrane shell model 

沈晓芹（西安理工大学） 

In this talk, we introduce a novel computational framework for approximating the 

dynamics of an elliptic membrane shell model coupled with heat conduction equations. 

The proposed algorithm efficiently captures the coupling between displacement and 

temperature fields while significantly reducing computational complexity. Spatial 

discretization is performed using the finite element method, and time discretization is 

based on a combined Newmark–Crank–Nicolson scheme. Through numerical 

experiments on parts of elliptic and spherical shells, we systematically analyze the 

corresponding errors for different values of the Newmark parameters, spatial steps, and 

material parameters. 

 

 



大脑动力学建模计算与脑启发 AI 算法设计 

李松挺（上海交通大学） 

本报告将介绍我们在大脑动力学数学建模与计算方面的最新进展。我们以

单神经元计算为例，通过数学建模、理论分析和数值计算，揭示了神经元信息

整合的一个双线性法则，并基于该法则发展了神经元动力学模拟的快速算法。

进一步探讨将神经科学原理融入人工智能算法，提升学习效率与计算性能。特

别地，我们提出了受神经元信息整合法则启发的双线性神经网络，其在多类任

务中均表现出优于经典人工神经网络的性能。我们的工作表明应用数学与计算

神经科学的结合可为高效人工智能系统的设计提供新的思路与方法。 

 

 

Quantum Preconditioning Algorithms for Large Linear Systems  

via Schrödingerization 

马楚雯（华东师范大学） 

We present a quantum computational framework for solving linear algebra systems 

arising from iterative solvers. The framework combines the Schrödingerization 

technique [S. Jin, N. Liu, and Y. Yu, Phys. Rev. Lett. 133, 230602 (2024)] with 

preconditioning strategies to achieve near-optimal complexity. Schrödingerization 

transforms linear differential equations into Schrödinger-type systems with unitary 

evolution in a higher dimension, making them suitable for quantum computation. In 

particular, the BPX preconditioner is integrated with Schrödingerization to obtain near-

optimal complexity for elliptic problems. Building on this, we extend the method to the 

Helmholtz equation, incorporating dispersion correction and tailored preconditioning 

to efficiently address indefiniteness. These results show that quantum preconditioning 

provides a scalable pathway from well-conditioned systems to challenging wave 

problems. 



序号 姓名 单位 序号 姓名 单位 

1 蔡勇勇 北京师范大学 25 沈晓芹 西安理工大学 

2 陈刚 四川大学 26 沈玥 西安建筑科技大学 

3 陈艳萍 南京邮电大学 27 盛长滔 上海财经大学 

4 程晋 复旦大学 28 谭志裕 厦门大学 

5 戴萍飞 杭州师范大学 29 汪曦露 安徽大学 

6 杜洁 华东师范大学 30 王官杰 
上海立信会计金融

学院 

7 冯方 南京理工大学 31 谢资清 湖南师范大学 

8 龚禾林 上海交通大学 32 熊云丰 北京师范大学 

9 龚荣芳 南京航空航天大学 33 徐立伟 电子科技大学 

10 龚伟 
中国科学院数学与

系统科学研究院 
34 徐一峰 上海师范大学 

11 郭学萍 华东师范大学 35 许鹏博 华东师范大学 

12 胡丹 上海交通大学 36 许学军 同济大学 

13 黄建国 上海交通大学 37 羊丹平 华东师范大学 

14 黄忠亿 清华大学 38 杨志国 上海交通大学 

15 赖俊 浙江大学 39 应文俊 上海交通大学 

16 李磊 上海交通大学 40 袁达明 江西师范大学 

17 李松挺 上海交通大学 41 张向韵 华东师范大学 

18 李义宝 西安交通大学 42 张郑芳 杭州电子科技大学 

19 李雨晴 华东师范大学 43 郑海标 华东师范大学 

20 李政 上海交通大学 44 郑伟英 
中国科学院数学与

系统科学研究院 

21 刘晓星 中山大学 45 周栋焯 上海交通大学 

22 陆帅 复旦大学 46 周圣高 上海交通大学 

23 吕长虹 华东师范大学 47 朱升峰 华东师范大学 

24 马楚雯 华东师范大学    
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