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新进展研讨会
Conference on Advances in Numerical Methods for Hyperbolic PDEs





主办单位：深圳北理莫斯科大学
计算数学与控制研究中心
                  协办单位：南方科技大学数学系


   2025年11月7-10日·深圳 
一．会议组织(Organization)

（1） 会议目标（Objectives）
The conference aims to bring together experts and researchers for a focused discussion on the latest developments and prospects, fostering interdisciplinary collaboration in the field of numerical methods for hyperbolic PDEs. The Joint Research Centre on Computational Mathematics and Control, Shenzhen MSU-BIT University will host the conference on “Advances in Numerical Methods for Hyperbolic PDEs” from November 7 to 10, 2025.

（2） 组织委员会（Organizing Committee）
Alexander Kurganov   
南方科技大学数学系   alexander@sustech.edu.cn
曹阳阳(Yangyang Cao）
深圳北理莫斯科大学计算数学与研究控制中心
caoyangyang@smbu.edu.cn  13161196995


二．会议信息(Quick Information)
（一）会议时间（Time）：2025年11月7日-11月10日
	日   期
	日程
	地点

	11月7日
	会议报到
	深圳雅邦朗悦国际酒店

	11月8日
	会议报到、会议开幕式、
会议主题报告、讨论交流
	深圳北理莫斯科大学
主楼1306报告厅

	11月9日
	会议主题报告、交流讨论
	深圳北理莫斯科大学
主楼1306报告厅

	11月10日
	自由讨论、离会
	深圳北理莫斯科大学主楼三楼


[bookmark: _Toc529449465]备注：具体安排见“会议日程”。
（2） 会议地点（Conference Venue）
[bookmark: _Toc529449466]深圳北理莫斯科大学主楼1306报告厅
会议注册(Registration): 11月7日 14:00-20:30 深圳雅邦朗悦国际酒店
（3） 会议餐饮（Meals）
深圳北理莫斯科大学一食堂三楼/奥林宾馆
[bookmark: _Toc529449467]
（4） 会议住宿(Accommodation)

11月7日-11月9日：深圳雅邦朗悦国际酒店
 
（5） 交通路线（Traffic routes）

深圳北理莫斯科大学地址：广东省深圳市龙岗区大运新城国际大学园路1号
深圳雅邦朗悦国际酒店：深圳市龙岗区中心城吉祥中路588号
三、会议日程(Program Schedule)
	第一天(Day 1): November 7, 2025

	14:00-20:30
	Registration

	18:00-20:30
	晚餐Dinner 自由讨论Discussion


	第二天(Day 2): November 8, 2025

	Morning Session  

	Chair: Alexander Kurganov

	9:00-9:10
	开幕式 Opening Ceremony 

	9:10-9:50
	              汤华中Huazhong Tang
High-order accurate well-balanced energy stable adaptive moving mesh methods for shallow water system

	9:50-10:30
	              徐岩Yan Xu
Well-balanced nodal finite volume WENO scheme with flux localization for hyperbolic balance laws

	10:30-10:50
	Tea break

	Chair: 曹阳阳Yangyang Cao

	10:50-11:30 
	熊涛Tao Xiong 
High order asymptotic preserving methods for kinetic transport equations with low-rank approximation

	11:30-12:00
	谷亚光Yaguang Gu
Bound-preserving flux limiter with its applications

	12:00-12:10
	合影Group Photo

	12:10-14:00
	Lunch 

	   Afternoon Session    

	Chair: 吴开亮Kailiang Wu

	14:00-14:40
	      邹青松 Qingsong Zou
HyDFVM: Deep Finite Volume Method for Hyperbolic Conservation Laws with Discontinuities

	14:40-15:10
	                 袁才友 Caiyou Yuan
Oscillation-Eliminating Central DG Schemes on Cartesian Meshes for Hyperbolic Conservation Laws

	15:10-15:40
	Tea break

	Chair: 熊涛Tao Xiong

	15:40-16:20
	吴开亮Kailiang Wu 
Structure-Preserving Schemes and Theory for Hyperbolic System

	16:20-16:50
	              孟雄 Xiong Meng
Discontinuous Galerkin methods with generalized numerical fluxes for several time dependent convection-dominated PDEs

	16:50-17:20
	              崔书墨 Shumo Cui
On Optimal Cell Average Decomposition for High-Order Bound-Preserving Schemes of Hyperbolic Conservation Laws

	17:30-20:30
	Dinner 





	第三天(Day 3): November 9, 2025

	Morning Session

	Chair: 徐岩 Yan Xu

	9:00-9:40
	张强 Qiang Zhang
Optimal error estimate of a discontinuous Galerkin method for one-dimensional linear hyperbolic equation with degenerate points moving              along space-time curves

	9:40-10:20
	陈国贤GuoXian Chen
A generalized Riemann problem method based on relaxation model

	10:20-10:50
	Tea break

	Chair: 陈国贤GuoXian Chen

	10:50-11:20
	              蒋琰 Yan Jiang
High-order inverse Lax-Wendroff procedure for compressible fluid-structure interaction problems

	11:20-11:50
	仲杏慧 Xinghui Zhong
A learned conservative semi-Lagrangian finite volume scheme for transport simulations

	12:00-14:00
	Lunch 

	Afternoon Session

	Chair: 崔书墨 Shumo Cui 

	14:00-14:30
	权超禹 Chaoyu Quan
Maximum bound principle and original energy dissipation of arbitrarily high-order ETD Runge–Kutta schemes for Allen–Cahn equations

	14:30-15:00
	王陈希 Chenxi Wang
Magnetohydrodynamic Thermal Rotating Shallow Water Systems

	15:00-17:30
	自由讨论 Discussion

	17:30-20:00
	[bookmark: _GoBack]Dinner

	第四天(Day 4): November 10, 2025

	Morning Session

	9:00-12:00
	自由讨论 Discussion，离会



















































4、 报告摘要(Abstracts)
                   (按姓名首字母顺序排序)

A generalized Riemann problem method based on relaxation model

陈国贤（Guoxian Chen）
Wuhan University

Abstract: In this talk, we address the generalized Riemann problem associated with the relaxation models for (original) hyperbolic conservation laws. The solver we propose will serve as a fundamental component in constructing a space-time discrete numerical flux to solve the original system. We evaluate the accuracy of the resulting numerical schemes and find that achieving the desired accuracy order necessitates the appropriate selection of both the relaxation model and its corresponding parameters. Several numerical examples are presented to validate our conclusions and demonstrate the scheme's satisfactory resolution capabilities.

On Optimal Cell Average Decomposition for High-Order Bound-Preserving Schemes of Hyperbolic Conservation Laws

崔书墨（Shumo Cui）
Southern University of Science and Technology

Abstract: Cell average decomposition (CAD) plays a critical role in constructing bound-preserving (BP) high-order discontinuous Galerkin and finite volume methods for hyperbolic conservation laws. Seeking optimal CAD (OCAD) that attains the mildest BP CFL condition is highly desirable and is a fundamentally important yet difficult problem. The classic CAD, proposed in 2010 by Zhang and Shu using the Gauss-Lobatto quadrature, has been widely used over the past decade. Zhang and Shu only checked, for the 1D P2 and P3 spaces, that their classic CAD is optimal. However, we recently discovered that the classic CAD is generally not optimal for the multidimensional P2 and P3 spaces. Yet, it remained unknown for a decade what CAD is optimal for higher-degree polynomial spaces, especially in multiple dimensions. In this talk, I will present the first systematic analysis and establish the general theory on the OCAD problem, which lays a foundation for designing more efficient BP schemes. The analysis is very nontrivial and involves novel techniques from several branches of mathematics, including the Carathéodory's theorem from convex geometry, and the invariant theory of symmetric group in abstract algebra. Most notably, we discover that the OCAD problem is closely related to polynomial optimization of a positive linear functional on the positive polynomial cone, thereby establishing four useful criteria for examining the optimality of a feasible CAD. Using the established theory, we rigorously prove that the classic CAD is optimal for general 1D Pk spaces and general 2D Qk spaces of an arbitrary k. For the widely used 2D Pk spaces, the classic CAD is, however, not optimal, and we develop a generic approach to find out the genuine OCAD and propose a more practical quasi-optimal CAD, both of which provide much milder BP CFL conditions.


Bound-preserving flux limiter with its applications

谷亚光（Yaguang Gu）
South China University of Technology

Abstract: In this talk, we introduce a simple bound-preserving (BP) flux limiter on moving meshes.Focusing on a fully conservative scalar equation, we rewrite the conventional high‑order discretisation as a convex combination of sub-cell schemes. The bound-preserving property is then enforced for each sub-cell scheme by blending it with its first-order counterpart, which is mathematically equivalent to introducing a BP flux limiter. Such a limiter is inexpensive to evaluate, with a feature that BP CFL conditions depend only on the first-order sub-cell schemes. Furthermore, we derive a mild CFL restriction under which the spatial accuracy is retained after blending. The idea is subsequently extended to the Euler equations and the five-equation transport model of two-medium flows. Numerical experiments validate the theoretical analysis and demonstrate the robustness and effectiveness of the proposed bound‑preserving adaptive moving-mesh methods.

High-order inverse Lax-Wendroff procedure for compressible fluid-structure interaction problems

蒋琰（Yan Jiang）
University of Science and Technology of China

Abstract: In this talk, we will introduce a global high-order approach for fluid-structure interaction (FSI) problems involving compressible inviscid flows and deformable elastic solids. A partitioned coupling strategy is employed to solve the fluid and solid equations. The compressible Euler equations in the fluid domain are solved using a high-order finite difference weighted essentially non-oscillatory (WENO) method on fixed Cartesian Eulerian grids. In the solid domain, the linear elastodynamic equations are discretized via the Lagrangian discontinuous Galerkin (DG) finite element method on unstructured meshes. To handle the moving interface between the fluid and solid domains, we develop a high-order treatment derived from the inverse Lax-Wendroff (ILW) boundary scheme. This approach avoids the need for mesh generation and sub-iterations at each time step, simplifying implementation. Furthermore, the specialized interface treatment ensures stability in challenging cases, such as those involving light solids coupled with heavy fluids. Stability analysis for linear systems further demonstrates the robustness of the method. We validate the proposed approach through numerical tests on one- and two-dimensional problems. The results demonstrate that our method could achieve third-order accuracy for smooth solutions, handle shock induced FSI problems without oscillation, and remain stable across a wide range of material parameters.


 Discontinuous Galerkin methods with generalized numerical fluxes for several time dependent convection-dominated PDEs

孟雄（Xiong Meng）
Harbin Institute of Technology

Abstract: In this talk, we first consider the discontinuous Galerkin method using generalized numerical fluxes for linearized KdV equations. We are able to choose a downwind-biased flux in possession of the anti-dissipation property for the convection term to compensate the numerical dissipation of the dispersion term. This is beneficial to obtain a lower growth of the error and to accurately capture the exact solution without phase errors for long time simulations. By establishing relationships of different numerical viscosity coefficients, a uniform stability is shown. Moreover, a suitable numerical initial condition is chosen. By using generalized Gauss-Radau projections, optimal error estimates are derived. Extensions of discontinuous Galerkin methods with generalized fluxes for nonlinear convection-diffusion systems, nonlinear Schrödinger equations and nonlinear hyperbolic conservation laws are also given. Numerical experiments are provided to confirm the theoretical results.

Maximum bound principle and original energy dissipation of arbitrarily high-order ETD Runge-Kutta schemes for Allen-Cahn equations

权超禹 （Chaoyu Quan）
The Chinese University of Hong Kong (Shenzhen)


Abstract: The energy dissipation law and the maximum bound principle are two fundamental physical properties of the Allen–Cahn equations. While many existing time-stepping methods are known to preserve the energy dissipation law most of them apply to a modified form of energy. In this work we show that, when the nonlinear term of the Allen–Cahn equation is Lipschitz continuous, a class of arbitrarily high-order exponential time differencing Runge–Kutta schemes with the linear stabilization technique preserves the original energy dissipation property under some step-size constraint. To ensure the Lipschitz condition on the nonlinear term we introduce a rescaling post-processing technique, which guarantees that the numerical solution unconditionally satisfies the maximum bound principle. As a result, our proposed schemes simultaneously maintain both the original energy dissipation law and the maximum bound principle while achieving arbitrarily high-order accuracy. We also establish the optimal error estimate for the proposed schemes. Numerical experiments fully confirm the convergence rates, the preservation of the maximum bound principle and the original energy dissipation property, as well as the high efficiency of the high-order schemes for long-time simulations.

High-order accurate well-balanced energy stable adaptive moving mesh methods for shallow water system

汤华中（Huazhong Tang）
Peking University

Abstract: We propose high-order accurate well-balanced (WB) energy stable (ES) adaptive moving mesh finite difference schemes for the shallow water equations (SWEs) with non-flat bottom topography. To enable the construction of the ES schemes on moving meshes, a reformulation of the SWEs is introduced, with the bottom topography as an additional conservative variable that evolves in time. The corresponding energy inequality is derived based on a modified energy function, then the reformulated SWEs and energy inequality are transformed into curvilinear coordinates. A two-point energy conservative (EC) flux is constructed, and high-order EC schemes based on such a flux are proved to be WB that they preserve the lake at rest. Then high-order ES schemes are derived by adding suitable dissipation terms to the EC schemes, which are newly designed to maintain the WB and ES properties simultaneously. The adaptive moving mesh strategy is performed by iteratively solving the Euler-Lagrangian equations of a mesh adaptation functional. The fully-discrete schemes are obtained by using the explicit strong-stability preserving third-order Runge-Kutta method. Several numerical tests are conducted to validate the accuracy,WB and ES properties, shock-capturing ability, and high efficiency of the schemes.


Magnetohydrodynamic Thermal Rotating Shallow Water Systems
             
王陈希 （Chenxi wang）
Haerbin Institute of Technology (Shenzhen)

Abstract: We introduce the Magnetohydrodynamic Thermal Rotating Shallow Water (MTRSW) model as a framework to study magnetized rotating fluids influenced by thermal gradients and stratification. The model is derived  from the full magnetohydrodynamic equations incorporating Coriolis forces, magnetic induction, and thermal  effects. To extend its applicability to small-scale magnetic dynamics, Hall MTRSW corrections are included. The proposed MTRSW systems are particularly applicable for thin, magnetized, rotating stratified layers, such as the solar tachocline, neutron star oceans, and accretion disks with shallow vertical extent. Numerical simulations confirm that thermal and magnetic coupling substantially impacts the stability and evolution of vortices, with 18 nontrivial temperature gradients fostering prolonged instabilities.


Structure-Preserving Schemes and Theory for Hyperbolic Systems

吴开亮（Kailiang Wu）
Southern University of Science and Technology

Abstract: Solutions to many partial differential equations (PDEs) obey intrinsic structures or constraints. In fluid dynamics, for example, density and pressure must remain positive; in relativistic settings, fluid velocity cannot exceed the speed of light. Designing numerical methods that preserve such structure is therefore essential. Recent years have seen growing interest in provably structure-preserving schemes, yet significant challenges remain—especially for systems with nonlinear constraints. In this talk, I will present our recent progress on structure-preserving schemes and fundamental theory for hyperbolic PDEs, including but not limited to MHD equations and relativistic hydrodynamical equations.


High order asymptotic preserving methods for kinetic transport
equations with low-rank approximation

熊涛（Tao Xiong）
University of Science and Technology of China

Abstract: Kinetic equations are widely used in plasma physics, astrophysics and confinement fusion. Numerical simulation is challenging due to the high dimensionality and multiscale properties. In this work, we try to address these challenges by developing an asymptotic preserving method with low-rank approximation. The method is based on a step-and-truncation approach, which can naturally couple with high order temporal and spatial discretizations. Numerical experiments demonstrate the computational efficiency of the low-rank approach as compared to a full-rank scheme.


Well-balanced nodal finite volume WENO scheme with flux localization for hyperbolic balance laws

徐岩（Yan Xu）
University of Science and Technology of China

Abstract: In this paper, we develop a general framework for constructing arbitrarily high-order well-balanced ``nodal" finite volume weighted essentially non-oscillatory (WENO) schemes, specifically tailored for hyperbolic balance laws. To handle complex systems involving nonconservative products and steady-state solutions with global integral quantities, we introduce a flux localization technique. This technique defines the numerical fluxes, incorporating the entire source term and nonconservative products, locally within each computational cell. By exactly preserving the nodal equilibrium state, the method avoids both reference-state reconstruction and the use of ODE solvers.  The well-balanced property is achieved by performing high-order WENO reconstruction and employing a linear segment path in terms of equilibrium variables, rather than conservative ones. A rigorous theoretical analysis confirms that the scheme exactly preserves all stationary solutions. The effectiveness and versatility of the proposed method are demonstrated through a series of numerical experiments on various systems of hyperbolic balance laws.

Oscillation-Eliminating Central DG Schemes on Cartesian Meshes for Hyperbolic Conservation Laws

袁才友（Caiyou Yuan）
Southern University of Science and Technology

Abstract: We proposes and analyzes the OECDG method, a novel central discontinuous Galerkin (CDG) scheme that integrates the strengths of the oscillation-eliminating (OE) approach [M. Peng, Z. Sun, and K. Wu, Math. Comp., 94 (2025), pp. 1147–1198] within the CDG framework for general hyperbolic conservation laws. The OECDG method incorporates a new OE procedure, along with an innovative dual damping mechanism, to enhance oscillation control in CDG schemes. Unlike OE procedures in standard DG methods that use inter-cell jumps as a modal filter, our new OE mechanism draws inspiration from CDG-based numerical dissipation and employs a convex blending strategy, leveraging overlapping solutions to enhance stencil compactness and resolution without characteristic decomposition. We rigorously derive optimal error estimates for the fully discrete OECDG method through several key theoretical advancements, filling a gap in the error analysis of fully discrete CDG schemes, including original linear CDG methods without oscillation control. First, we establish the approximate skew-symmetry and weak boundedness of the CDG spatial discretization, which underpins the fully discrete stability analysis. Utilizing these properties, we then prove the linear stability of CDG methods coupled with Runge–Kutta time discretization via matrix transfer techniques. These foundational results enable us to derive fully discrete optimal error estimates for the OECDG method—a challenging task due to the method’s nonlinear nature, even for linear advection equations. Extensive numerical experiments validate the theoretical findings and demonstrate the efficacy of the OECDG method across a variety of hyperbolic conservation laws, including linear and nonlinear problems such as the convection equation, Burgers equation, a traffic flow model, and Euler equations. The results confirm the OECDG method’s ability to achieve optimal convergence rates, robustly eliminate spurious oscillations, and accurately capture complex wave structures across diverse test cases.

Optimal error estimate of a discontinuous Galerkin method for one-dimensional linear
hyperbolic equation with degenerate points moving along space-time curves

张强（Qiang Zhang）
Nanjing University 

Abstract: In this paper we consider a discontinuous Galerkin method with purely upwind numerical flux to solve one-dimensional linear variable-coefficient hyperbolic equation, where the flow speed has different positive and negative signs when passing through the degenerate points. Our purpose is to give a rigorous proof of the optimal -norm error estimate when the degenerate points move along smooth curves depending on both space and time. The main difficulty is how to deal with the signs change of the flow speed regarding time. To this end, we propose a novel analysis framework with the help of a time-dependent projection based on the hybrid application of Gauss-Radau projections. First of all, we give a mesh-dependent subdivision of the computational domain and elaborately determine the space-time distribution of troubled locations, in which the type of Gauss-Radau projections suddenly switch with respect to the time variable. Then, we propose a union of bilinear forms (UBFs) with jump conditions to reflect the jumps along the time direction on troubled locations, for which a sharp boundedness concerning the accumulation of all involved jumps is proved. Finally, the optimal convergence order is derived by using the approximation properties of the time-dependent projection and the sharp boundedness for the UBFs. Numerical experiments are also given to validate the optimal order of accuracy.

A learned conservative semi-Lagrangian finite volume scheme for transport simulations

仲杏慧（Xionghui Zhong）
Zhejiang University 

Abstract: Semi-Lagrangian (SL) schemes are known as a major numerical tool for solving transport equations with many advantages and have been widely deployed in the fields of computational fluid dynamics, plasma physics modeling, numerical weather prediction, among others. In this work, we develop a novel machine learning-assisted approach to accelerate the conventional SL finite volume (FV) schemes. The proposed scheme avoids the expensive tracking of upstream cells but attempts to learn the SL discretization from the data by incorporating specific inductive biases in the neural network, significantly simplifying the algorithm implementation and leading to improved efficiency. In addition, the method delivers sharp shock transitions and a level of accuracy that would typically require a much finer grid with traditional transport solvers. Numerical tests demonstrate the effectiveness and efficiency of the proposed method.

HyDFVM: Deep Finite Volume Method for Hyperbolic Conservation Laws with Discontinuities

邹青松（Qingsong Zou）
Sun Yat-sen University 

Abstract: We present HyDFVM, a region-aware hybrid learning framework for hyperbolic conservation laws with discontinuities. HyDFVM couples a spatio-temporal control-volume weak residual (tDFVM) that eliminates explicit derivatives and remains well-posed across shocks with a gradient-weighted strong-form residual (gwPINNs) that enforces differential constraints in smooth regions. In addition, an adaptive resampling strategy further concentrates training points near non-smooth features. Across eight 1D benchmarks (Burgers and Euler), HyDFVM sharply captures shocks and contact discontinuities without spurious oscillations and achieves substantially lower relativeerrors than prior neural PDE solvers, with improvements of up to three orders of magnitude on Burgers problems and 59–78% on Euler cases, while maintaining competitive training costs and stable performance across multiple random seeds. The approach is mesh-free, avoids artificial viscosity, entropy or total-variation penalization, and does not require prior solution structure. These results indicate that combining weak and strong physics residuals with region awareness yields accurate, robust, and efficient shock-capturing in learning-based solvers, and provide a practical path toward scalable extensions to higher dimensions and complex geometries.
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