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Efficient threshold dynamics methods for topology optimization for fluids and 
heat transfer problems 

陈黄鑫 
厦门大学 

In this talk, we will introduce an efficient threshold dynamics method for topol-

ogy optimization for fluids modeled with the Stokes equation. A one-domain approach 

is applied to solve the problem in the whole domain and the minimization problem 

can be solved with an iterative scheme. The total energy decaying property of the iter-

ative algorithm can be obtained. The extensions of the iterative thresholding method 

will also be introduced for topology optimization for the Navier-Stokes flow and the 

heat transfer problems.  

 

 

A numerical method for elliptic equations based on sample solutions 
陈瑜 

上海财经大学 

A learning based method for elliptic equations is considered. Based on Runge's 

approximation, it can be proved that when the solution can be continued outside the 

computational domain, using circularly distributed fundamental solutions as learning 

samples is sufficient to obtain the solution mapping with generates spectral accuracy. 

However, for complex geometries such as corners, this approximation may only have 

logarithmic convergence due to regularity issues, which is computationally impracti-

cable. In this work, we will investigate how to choose learning samples so as to essen-

tially ensure the generalizability of the method. Error analysis and numerical exam-

ples illustrate the flexibility and high-accuracy features. 

 

 
准二维带电库伦多体系统分子动力学模拟的 O（N）算法 

干则成 
香港科技大学（广州） 

科学工程问题中大量的软物质、材料以及生物系统，如胶体单层、二维材料、

细胞膜等，都可以理解为带有库伦相互作用的准二维多体系统。通过分子动力学

模拟理解这类系统的集体动力学以及平衡态性质非常重要。我们将介绍一系列相

关的算法，用于高效模拟在准二维限制（quasi-2D confinement）条件下具有静电

相互作用的粒子系统。主要用到的技术包括 Ewald分解，核函数的指数求和估计，

随机分批重要性采样方法等。我们的算法可以在线性时间内计算粒子间的两两长

程相互作用，从而可以在单核上进行百万粒子规模的分子动力学模拟。 
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Numerical analysis of the hemivariational inequalities governed by fluid-fluid 
coupled flow 

荆菲菲 
西北工业大学 

In this work, we explore the well-posedness and conduct numerical analysis of 

hemivariational inequalities for the coupled stationary Navier-Stokes/Navier-Stokes 

system. The interface condition involves the Clark subgradient and serves as a gener-

alization of various interface interaction relations, including nonlinear transmission 

conditions and friction-type conditions. We present an existence and uniqueness result 

for a solution of the continuous model. We propose a domain decomposition approach 

to solve the coupled system and examine the convergence of iterations. Moreover, we 

use the finite element approximation to discretize the hemivariational inequality and 

derive error estimates. Numerical results are reported to illustrate the theoretical anal-

ysis. 

 

 

Newton's method and its hybrid with machine learning for Navier-Stokes Darcy 
Models discretized by mixed element methods 

彭辉 
上海交通大学 

In this talk, we focus on discussing Newton's method and its hybrid with ma-

chine learning for the steady state Navier-Stokes Darcy model discretized by mixed 

element methods. First, a Newton iterative method is introduced for solving the rela-

tive discretized problem. It is proved technically that this method converges quadrati-

cally with the convergence rate independent of the mixed element mesh size, under 

certain standard conditions. Later on, a deep learning algorithm is proposed for solv-
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神经网络求解椭圆方程：算法、分析及其改进 
应金勇 

中南大学 
在报告中，我们主要介绍神经网络求解椭圆界面问题的算法设计和分析，证

明方法具有和维度无关的收敛结果。同时，基于误差分析，我们给出两种不同的

自适应算法，并给出相应的误差分析和数值验证。最后，为了效率和精度上的进

一步改进，我们提出了随机神经网络的改进算法和求解非线性问题的多层神经网

络算法，而且针对随机神经网络给出求解线形椭圆问题的简化分析。 

 

 

Optimal transportation for the freeform reflector problem 
张一萱 

北京大学 

The inverse reflector problem aims to design a freeform reflecting surface that 

can direct the light from a specified source to produce the desired illumination in the 

target area. Mathematically, it can be regarded as an optimization problem, which is 

exactly the optimal transportation problem if the target is in the far field. A Sobolev 

gradient descent method is proposed to solve the corresponding optimization problem 

for both the far-field and the near-field cases under the finite element framework.  

 

 

Some AI methods with normalized DNN for stationary and evolutional problems 
赵晓飞 

武汉大学 
报告将首先回顾现有基于深度神经网络求解微分方程的几类机器学习方法，

它们基本都是从方程到优化，而第一型原理通常可直接给出优化问题。基于此，

我们将介绍两类基于归一化深度网络的算法，分别应用于薛定谔方程的稳态求解

与波动方程的初终值问题上，旨在规避方程得到从物理到优化的直接实现。 

 

 
 

 
 
 
 


