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Titles and Abstracts

Plenary Speakers:

High Order Approximation of Compressible Flows: Some New

Results

Remi Abgrall

Abstract: In this talk, | will describe a class of methods for the simulation of compressible
flows (perfect gases, or complex with phase transition). It uses a high order finite element like
method with hybrid meshes. It can satisfy, besides local conservation, satisfy several
constraints like entropy conservation (if needed), local conservation of the kinetic momentum,
etc. The method will be illustrated by several examples, including with more complex physics.
This is a joint work with P. Bacigaluppi (UZH), Svetlana Tokareva (Los Alamos) and Julien
Carlier (ENSTA, Paris France)

Inverse Scattering Problems in Wave Propagation
Gang Bao

Abstract: Inverse scattering problems arise in diverse application areas, such as geophysical
prospecting, submarine detection, near-field and nano optical imaging, and medical imaging.
For a given wave incident on a medium enclosed by a bounded domain, the scattering (direct)
problem is to determine the scattered field or the energy distribution for the known scatterer.
The inverse problem is to determine the scatterer from the boundary measurements of the
fields. Although significant recent progress has been made for solving the inverse problem,
many challenging mathematical and computational issues remain unresolved. In particular,
the severe ill-posedness has thus far limited the scope of inverse problem methods in practical
applications. In this talk, the speaker will first introduce several inverse scattering problems of
broad interest and discuss recent developments in the mathematical and computational studies
of the problems. Based on multi-frequency data, effective computational and mathematical
approaches will be presented for overcoming the ill-posedness of the inverse problems.
Selected mathematical and computational results will be discussed. Our most recent results on
stability for the multifrequency inverse medium problems and inverse problems in elasticity

will also be highlighted.



Invariant Domain Preserving Approximation of Hyperbolic Systems:

Beyond Second-order Accuracy in Space

Jean-Luc Guermond and Bojan Popov
Abstract: The talk is concerned with the approximation of hyperbolic systems in

conservation form with a source term:

du+ Vi(u) = S(u), for(x,t) € DxRy,
u(x,0) = ug(z), forx € R4,
(D

using finite elements of degree two and higher. A general technique to achieve this purpose
has been described in a serie of papers by [5], [7], [6], [8], [9]. The main idea consists of
combining two methods in the spirit of the flux transport corrected methodology of [4] and
[11]: a low-order method that it is invariant domain preserving (i.e., every convex invariant
domain of the system in invariant by the method under an appropriate CFL condition) serves
as gate keeper to limit a high-order method which may not be invariant domain preserving but
is entropy consistent. Since the scalar technique used in [11] cannot handle systems of
conservation equation, the high-order method is made invariant domain preserving by using a
convex limiting technique introduced in [8], [9]. One key property of this method is that it is
invariant domain preserving (i.e., every convex invariant domain of the system can be made
invariant for the method). Another important property is that nowhere in the theory there is an
explicit limit on the polynomial degree; that is, in principle, the method can be implemented
with any polynomial degree. This is indeed true, but as observed in the theses of [2, § 3.3.2.1]
and [10, §4.2.2], the low-order invariant domain preserving method, which is the gate
keeper of the technique, is not robust with respect to the polynomial degree; that is, the CFL
number that is required to maintain the invariant domain property decreases very fast as the
polynomial degree increases, and the method becom@es more and more diffusive as the
polynomial degree increases. This phenomenon is also reported in [3, § 3.3]. We have
worked on this problem since the observations made in Alrashed [2] and Quezada De Luna
[10], but the main roadblock on the way that made progresses very slow was to have the
low-order method and the high-order method to preserve exactly the same mass. The
objective of the talk is to present a general solution to this problem. We propose a technique
that is robust with respect to the polynomial degree and is exactly mass preserving. The key
idea is to make the low-order method depend only on the next neighbor interactions and

slightly modify the fluxes of the low-order method (in the spirit of the so-called residual



distribution technique by [1]) so that it carries exactly the same mass as the high order while
still being conservative and consistent.

References:
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finite element method for the transport equation. J. Comput. Phys., 334:102-124, 2017.
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[4] J.P.Borisand D. L. Book. Flux-corrected transport. I. SHASTA, a fluid trans- port
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135(2):170-186, 1997.

Random Batch Methods for Interacting Particle Systems
Shi Jin
Abstract: We develop random batch methods for interacting particle systems with large
number of particles. These methods use small but random batches for particle interactions,
thus the computational cost is reduced from O(N”2) per time step to O(N), for a system with
N particles with binary interactions. On one hand, these methods are efficient
Asymptotic-Preserving schemes for the underlying particle systems, allowing N-independent
time steps and also capture, in the N \to \infty limit, the solution of the mean field limit which
are nonlinear Fokker-Planck equations; on the other hand, the stochastic processes generated
by the algorithms can also be regarded as new models for the underlying problems. For one of
the methods, we give a particle number independent error estimate under some special
interactions. Then, we apply these methods to some representative problems in mathematics,
physics, social and data sciences, including the Dyson Brownian motion from random matrix
theory, Thomson's problem, distribution of wealth, opinion dynamics and clustering.
Numerical results show that the methods can capture both the transient solutions and the
9



global equilibrium in these problems. This is a joint work with Lei Li (Shanghai Jiao Tong

University) and Jian-Guo Liu (Duke University)

Strong Stability of Explicit Runge-Kutta Time Discretizations for

Semi-Negative Linear Systems

Chi-Wang Shu
Abstract: We study the strong stability property of explicit Runge-Kutta time discretizations
of linear semi-discrete schemes which have semi-negative stability. It is well known that the
three stage, third order Runge-Kutta method is strongly stable for semi-negative linear
systems, however we show by a simple counter example that the classical four stage, fourth
order Runge-Kutta method is not strongly stable, and we also show the (somewhat surprising)
result that after two time steps the fourth order Runge-Kutta method is strongly stable.
Furthermore, we present a general framework on analyzing the strong stability of explicit
Runge-Kutta time discretizations for semi-negative autonomous linear systems. The analysis
is based on the energy method and can be performed with the aid of a computer. Strong
stability of various Runge-Kutta methods, including a sixteen-stage embedded pair of order
nine and eight, has been examined under this framework. Based on numerous numerical
observations, we further characterize the features of strongly stable schemes. A both
necessary and sufficient condition is given for the strong stability of Runge-Kutta methods of

odd linear order. This is joint work with Zheng Sun.

Coupling and Decoupling of Free Flow and Porous Media Flow
Xiaoming Wang
Abstract: Many natural and engineering processes such as flows in karst aquifer, filtration
process, hyporheic zone, sea water intrusion all involve the coupling of free flow with flows
in porous media. In this talk, we present recent results on three interrelated important issues:
(1) How does the free flow couple with the flow in porous media? (2) Are there efficient and
accurate numerical algorithms that decouples the two sub systems? (3) Are there physically
relevant regimes where the two systems decouple naturally. Both analytical, asymptotic and

numerical results will be presented.

10



Invited Speakers:

An intrinsic Proper Generalized Decomposition for parametric

symmetric elliptic problems
Mejdi Azaiez
Abstract: We presentin this talk a technique for the reduced order approximation of
parametric symmetric elliptic partial differential equations. For any given dimension, we
prove the existence of an optimal subspace of at most that dimension which realizes the best
approximation in mean of the error with respect to the parameter in the quadratic norm
associated to the elliptic operator between the exact solution and the Galerkin solution
calculated on the subspace. This is analogous to the best approximation property of the Proper
Orthogonal Decomposition. (POD) subspaces, excepting that in our case the norm is
parameter-depending, and then the POD optimal sub-spaces cannot be characterized by means
of a spectral problem. We apply a deflation technique to build a series of approximating
solutions on finite-dimensional optimal subspaces, directly in the on-line step. We prove that
the partial sums converge to the continuous solutions in mean quadratic elliptic norm. We end

the talk by several numerical experiments.

Positivity-Preserving and Symmetry-Preserving Conservative

Lagrangian Schemes for Compressible Multi-Material Fluid Flows
Juan Cheng

Abstract: In applications such as astrophysics and inertial confinement fusion, there are
many three-dimensional cylindrical-symmetric multi-material problems which are usually
simulated by Lagrangian schemes in the two-dimensional cylindrical coordinates. For this
type of simulation, the critical issues for the schemes include keeping positivity of physically
positive variables such as density and internal energy and keeping spherical symmetry in the
cylindrical coordinate system if the original physical problem has this symmetry. In this talk,
we will introduce our recent work on high order positivity-preserving and
symmetry-preserving Lagrangian schemes solving compressible Euler equations. The
properties of positivity-preserving and symmetry-preserving are proven rigorously. One- and
two-dimensional numerical results are provided to verify the designed characteristics of these

schemes. This is a joint work with Dan Ling and Chi-Wang Shu.
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Maximum-principle-preserving Third-order Local Discontinuous
Galerkin Method for Convection-diffusion Equations on Overlapping

Meshes
Jie Du

Abstract: Local discontinuous Galerkin (LDG) methods are popular for convection-diffusion
equations. In LDG methods, we introduce an auxiliary variable p to represent the derivative of
the primary variable u, and solve them on the same mesh. It is well known that the
maximum-principle-preserving (MPP) LDG method is only available up to second-order
accuracy. Recently, we introduced a new algorithm, and solve u and p on different meshes,
and obtained stability and optimal error estimates. In this talk, we will introduce this approach
and construct MPP third-order LDG methods for convection- diffusion equations on
overlapping meshes. The new algorithm is more flexible and does not increase any
computational cost. Numerical evidence will be given to demonstrate the accuracy and good
performance of the third-order MPP LDG method.

An Efficient Multi-modes Monte Carlo Method for Wave Scattering

in Random Media
Xiaobing Feng (Henry)

Abstract: In this talk | shall present a newly developed reduced sampling Monte Carlo
approach for wave scattering in random media (and for general random PDEs as well as
stochastic PDES). The approach is based on a multi-modes representation of the solution of
the random PDE, as a result, the original random PDE is reduced to a finite number
of almost deterministic PDEs with random source terms. Efficient numerical methods and
solvers can be formulated for solving the reduced problems. The random Helmholtz equation
and the random elastic Helmholtz equations, which govern respectively acoustic and elastic
wave scattering in random media, will be discussed in detail to explain the main ideas of the
proposed approach. Convergence analysis and numerical experiments will be presented to
demonstrate the potential advantages of the proposed approach. If time permits, extension to
random Maxwell equations and random diffusion equations will also be discussed. This is a
joint work with Junshan Lin of Auburn University and Cody Lorton of University of West
Florida, U.S.A.
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Asymptotic-preserving and Positivity-preserving Numerical Methods

for a Class of Stiff Kinetic Equations
Jingwei Hu
Abstract: Kinetic equations play an important role in multiscale modeling hierarchy. It serves
as a basic building block that connects the microscopic particle models and macroscopic
continuum models. Numerically approximating kinetic equations presents several difficulties:
1) high dimensionality (the equation is in phase space); 2) nonlinearity and stiffness of the
collision/interaction terms; 3) positivity of the solution (the unknown is a probability density
function); 4) consistency to the limiting fluid models; etc. | will start with a brief overview of
the kinetic equations including the Boltzmann equation and the Fokker-Planck equation, and
then discuss in particular our recent effort of constructing efficient and robust numerical

methods for these equations, overcoming some of the aforementioned difficulties.

Virtual Element Methods for Elliptic VVariational Inequalities of the
Second Kind

Jianguo Huang
Abstract: In this talk, we are concerned with virtual element methods for solving elliptic
variational inequalities (EVIs) of the second kind. First, a general framework is offered for the
numerical solution of the EVIs and for its error analysis. Then, two virtual element methods
are applied to solve two representative EVIs: a simplified friction problem and a frictional
contact problem, respectively. Optimal order error estimates are derived for the virtual
element solutions of the two EVIs, including the effects of numerical integration for the
non-smooth term in the EVIs. A fast solver is introduced to solve the discrete problems.
Several numerical examples are included to show the numerical performance of the proposed
methods. This is a joint work with Fang Feng from Shanghai Jiao Tong University and

Weimin Han from University of lowa.

A Splitting Method for Stochastic Nonlinear Schroedinger Equation
Jialin Hong

Abstract: In this talk we present a splitting method for numerically solving stochastic

nonlinear Schroedinger (NLS) equation. Based on the stability and exponential integrability

of the equation, we give strong and week convergence analysis of the splitting method (In

collaboration with Dr. Jianbo Cui, Dr. Liying Sun).
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Energy Stable Discontinuous Galerkin Methods for Maxwell’s

Equations in One Dimension

Yan Jiang
Abstract: In this talk, we consider electromagnetic (EM) wave propagation in optical media
in one spatial dimension. We model the EM wave propagation by the time dependent
Maxwell’s equations coupled with a system of ordinary differential equations (ODEs) for the
response of the medium. To design efficient, accurate, and stable computational methods, we
apply high order discontinuous Galerkin discretizations in space to the hybrid PDE-ODE
Maxwell system with several choices of numerical fluxes, and the resulting semi-discrete
methods are shown to be energy stable. When we turn to fully discrete methods, the
second-order leap-frog and implicit trapezoidal time integrators are used to achieve provable
stability. Furthermore, dispersion analysis will be given for the semi-discrete and fully

discrete schemes.

A Weak Galerkin Spectral Element Method for Second Order
Elliptic Equations

Jiajia Pan and Huiyuan Li
Abstract: A weak Galerkin spectral element method is proposed to solve second order partial
differential equations on triangular and quadrilateral meshes. Following the idea of the weak
Galerkin finite element method, this method introduces for the unknown solution a weak
functions consisting of one component on each element together with one component on each
edge, and replaces derivatives in the standard variational form with weak derivatives defined
on the space of weak functions on each element. As in a classic spectral element method,
approximation spaces for weak functions on each triangular or quadrilateral element are
defined from orthogonal polynomials on the reference domain through an affine or bilinear
mapping, and approximation spaces for weak derivatives are then established via the Piola
transform after an insight investigation of the weak gradient and the discrete weak gradient.
To eliminate the effect of the possible nullity of the discrete weak gradient and guarantee the
wellposedness of the resulted algebraic system, a penalty term defined on the edges is
supplemented into the Galerkin approximation scheme. Error estimates for both the source
problem and the eigenvalue problem are obtained in the sequel, which are optimal in the mesh
size and only suboptimal by one-half order with respect to the polynomial degree. Numerical
experiments for the eigenvalue problems are performed on both the typical square domain and
L-shaped domain, which illustrate the effectiveness and high accuracy of our penalized weak

Galerkin spectral element method and validate our theoretical predictions.
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Analysis and Application of Some Numerical Methods for Maxwell’s

Equations with Random Inputs
Jichun Li

Abstract: In this talk, we will present our recent development and analysis of some numerical
methods proposed for solving the time-dependent Maxwell's equations with random
coefficients and subject to random initial conditions. We provide a rigorous regularity
analysis of the solution with respect to the random variables. Stochastic collocation method
and generalized polynomial chaos (gPC) approach and their theoretical analysis will be
discussed. Finally, numerical results confirming the theoretical analysis will be presented. The
talk is based on the following major references. J. Li, Z. Fang, G. Lin, Regularity analysis of
metamaterial Maxwell’s equations with random coefficients and initial conditions, Compute.
Methods Appl. Mech. Engrg. 335 (2018) 24-51. Z. Fang, J. Li, T. Tang, T. Zhou, Efficient
stochastic Galerkin methods for Maxwell's equations with random inputs, Journal of

Scientific Computing (in press).

A FD/FE Method for Anisotropic Elliptic Interface Problems
Zhilin Li
Abstract: Anisotropic elliptic interface problems are important but hard to solve numerically.
There is limited literature on numerical methods based on structured meshes. Finite element
methods are often preferred but the average error estimates cannot guarantee accuracy of the
solution near or at the interface. Using a finite difference discretization, the coefficient matrix
of the resulting linear system of equations is neither an SPD nor an M-matrix. In this work,
we combine a finite element discretization at regular grid points whose coefficient part matrix
is an SPD, while at irregular grid points, a finite difference discretization based on the
maximum principle preserving method whose coefficient part matrix is an M-matrix. A
multigrid method based a nine-point stencil is employed to solve the linear system of
equations. A scaling strategy along the interface is proposed along with the discretization.
Error analysis and numerical examples will also be presented. This is a joint work with

Baiying Dong and Xiufang Feng from Ningxia University.

Spatial Fourth-order and Temporal Second-order Conservative

Characteristic Method for Environmental Modelling
Dong Liang
Abstract: Modeling atmospheric environment is a difficult problem. The temporal and spatial
variation of aerosols are influenced by numerous physical and chemical processes, such as

emission, aerosol chemistry, aerosol dynamics, and spatial convection and diffusion,
15



etc. Aerosol transport computation may be carried out at continental or global scales for long
term simulations. In this talk, we present our new development of a spatial fourth-order and
temporal second-order conservative characteristic finite volume method for solving
atmospheric pollution convection diffusion problems. While the characteristics tracking is
applied to treat the convection term, we use conservative high-order interpolation to treat the
adjective integrals over the irregular tracking volume cells at the previous time level. A
temporal discretization by averaging along the characteristics is proposed for the diffusion
term, where the diffusion fluxes are approximated by fourth-order spatial discrete operators
that provide continuity of the discrete fluxes cross the edges of volume cells and tracking
volume cells. Numerical experiments verify the temporal and spatial accuracies as well as
mass conservative property. Realistic pollution problems are simulated by the developed
algorithm.

Fast Convolutional Encoder-decoder Networks with Quantified
Uncertainty for Heterogeneous Elliptic Partial Differential Equations

on Varied Domains

Guang Lin, Nick Winovich, Karthik Ramani
Abstract: In this talk, we introduce a framework for constructing light-weight numerical
solvers for partial differential equations (PDEs) using convolutional neural networks. A
theoretical justification for the neural network approximation to partial differential equation
solvers on varied domains is established based on the existence and properties of Green's
functions. These solvers are able to effectively reduce the computational demands of
traditional numerical methods into a single forward-pass of a convolutional network. The
network architecture is also designed to predict pointwise Gaussian posterior distributions,
with weights trained to minimize the associated negative log-likelihood of the observed
solutions. This setup facilitates simultaneous training and uncertainty quantification for the
network's solutions, allowing the solver to provide pointwise uncertainties for its predictions.
The associated training procedure avoids the computationally expensive Bayesian inference
steps used by other state-of-the-art uncertainty models and allows training to be scaled to the
large data sets required for learning on varied problem domains. The performance of the
framework is demonstrated on three distinct classes of PDEs consisting of two linear elliptic
problem setups and a nonlinear Poisson problem. After a single offline training procedure for
each class, the proposed networks are capable of accurately predicting the solutions to linear
and nonlinear elliptic problems with heterogeneous source terms defined on any specified

two-dimensional domain using just a single forward-pass of a convolutional neural network.
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Additionally, an analysis of the predicted pointwise uncertainties is presented with
experimental evidence establishing the validity of the network's uncertainty quantification

schema.

Back and Forth Error Compensation and Correction Methods

(BFECC) for Solving the Maxwell's Equations
Yingjie Liu
Abstract: This talk is based on a recent joint work with Dr. Xin Wang. We have developed
new, simple and efficient second order finite difference methods for solving Maxwell's
equations on non-staggered unstructured meshes with large CFL numbers (greater than 1 in
1D or 2D). The methods don't need to compute the local characteristic information for the
hyperbolic system and are easy to implement on unstructured meshes. The schemes can be
naturally adapted to the perfectly matched layers (PML) for absorbing boundaries. BFECC
had been applied to schemes for scalar advection equations to improve their stability and
order of accuracy. In this work, we obtain similar theoretical results for systems. We apply
BFECC to the central difference scheme (unstable if used along), Lax-Friedrichs scheme and
a combination of them for the Maxwell's equations and obtain second order accurate schemes
with large CFL numbers. The method is further applied to schemes based on the least-squares
linear interpolation on non-orthogonal unstructured grids to obtain second order stabilized

versions. Numerical examples are given to demonstrate the robustness of the new schemes.

Precessing Rapidly Rotating Cylinder Flow: From Triadic

Resonances to Nonlinear and Detuning Effects

Juan Lopez
Abstract: Experiments in a rapidly rotating cylinder flow undergoing precession have found
that for specific combinations precession rate, aspect ratio and tilt angle, sudden catastrophic
transitions to turbulence occur. Even for precessional forcing that is not too strong, there are
intermittent recurrences between a laminar state and small-scale chaotic flow. When both the
precessional forcing and viscous effects are small, weakly nonlinear models and experimental
observations suggest that triadic resonances are at play. Here, we use direct numerical
simulations of the full Navier-Stokes equations, in a narrow region of parameter space where
triadic resonance is expected, to reveal the complex dynamics associated with weak
precessional forcing, involving symmetry-breaking, hysteresis and heteroclinic cycles

between states that are quasiperiodic, with two or three independent frequencies.
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Shenfun- A Spectral Galerkin Computing Platform in Python

Mikael Mortensen
Abstract: Shenfun (named in tribute to Prof Jie Shen) is a high performance computing
platform for solving partial differential equations (PDEs) by the spectral Galerkin method.
The user interface to shenfun is very similar to FEniCS, but applications are limited to
multidimensional tensor product grids. Shenfun enables fast development of efficient and
accurate PDE solvers (spectral order and accuracy), in the comfortable high-level Python
language. The spectral accuracy is ensured by using high-order global orthogonal basis
functions (Fourier, Legendre, Chebyshev, Laguerre and Hermite), as opposed to finite
element codes that are using low-order local basis functions. PDEs are represented through
weak variational forms and solved using efficient, order optimal direct solvers, that are made
possible by exploiting the structure of the operators (e.g., tri-/penta-diagonality and upper
Hessenberg), that arise from clever choices of modified Chebyshev or Legendre bases.
Efficiency is also ensured through vectorization (Numpy), parallelization (mpi4py) and by
moving critical routines to Cython or Numba. Shenfun has been used to run turbulence
simulations (Direct Numerical Simulations) using thousands of processors on
high-performance supercomputers. This talk will give a demonstration of current capabilities
and highlight Python as the powerful language it is for high performance scientific

computing.

Recent Developments of Semi-Lagrangian Discontinuous Galerkin

Method

Jingmei Qiu
Abstract: We will discuss a few recent developments of semi-Lagrangian discontinuous
Galerkin method. These include use exponential Range-Kutta method for handling
nonlinearity, coupling with implicit Runge-Kutta method for handling diffusion and stiff

relaxation terms. We will also highlight some recent theoretical results.

Computing Committor Functions for the Study of Rare Events Using

Deep Learning
Weiging Ren
Abstract: The committor function is a central object in understanding transitions between
metastable states in complex systems. It has a very simple mathematical description — it

satisfies the backward Kolmogorov equation. However, computing the committor function for
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realistic systems at low temperature is a challenging task, due to the curse of dimensionality
and the scarcity of transition data. In this talk, | will present a computational approach that
overcomes these issues and achieves good performance on complex benchmark problems
with rough energy landscapes. The new approach combines deep learning, importance
sampling and feature engineering techniques. This establishes an alternative practical method
for studying rare transition events among metastable states of complex, high dimensional
systems. The work was supported by Singapore MOE AcRF grants and NSFC (N0.11871365,
NUSRI(Suzhou)).

A New Operator Splitting Method for Euler’s Elastica Model

Liang-Jian Deng Roland Glowinski
Xue-Cheng Tai
Abstract: Euler’s elastica model has a wide range of applications in Image Processing and
Computer Vision. However, the non-convexity, the non-smoothness and the nonlinearity of
the associated energy functional make its minimization a challenging task, further complicated
by the presence of high order derivatives in the model. In this article we propose a new
operator- splitting algorithm to minimize the Euler elastica functional. This algorithm is
obtained by applying an operator-splitting based time discretization scheme to an initial value
problem (dynamical flow) associated with the optimality system (a system of multivalued
equations). The sub-problems associated with the three fractional steps of the splitting scheme
have either closed form solutions or can be handled by fast dedicated solvers. Compared with
earlier ap-proaches relying on ADMM (Alternating Direction Method of Multipliers), the new
method has, essentially, only the time discretization step as free parameter to choose,
resulting in a very robust and stable algorithm. The simplicity of the sub-problems and its
modularity make this algorithm quite efficient. Applications to the numerical solution of
smoothing test problems demonstrate the efficiency and robustness of the proposed

methodology.

Two-stage Fourth-order Accurate Time Discretizations for 1D and 2D

Special Relativistic Hydrodynamics
Huazhong Tang

Abstract: This paper studies the two-stage fourth-order accurate time discretization [2] and
applies it to special relativistic hydrodynamical equations. It is shown that new two-stage
fourth-order accurate time discretizations can be proposed. With the aid of the direct Eulerian
GRP (generalized Riemann problem) methods and the analytical resolution of the local \quasi

1D" GRP, the two-stage fourth-order accurate time discretizations are successfully
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implemented for the 1D and 2D special relativistic hydrodynamical equations. Several
numerical experiments demonstrate the performance and accuracy as well as robustness of
our schemes.

References:

[1] Y.H. Yuan and H.Z. Tang, Two-stage fourth-order accurate time discretizations for 1D
and 2D special relativistic hydrodynamics, Dec. 15, 2017. arXiv:1712.05546.

[2] J.Q. Li and ZF. Du, A two-stage fourth order time-accurate discretization for
Lax-Wendroff type flow solvers I. Hyperbolic conservation laws, SIAM J. Sci. Comput.,
38(2016), A3046-A3069.

An Efficient Numerical Method to Compute the Ground State of

Rotating Dipolar Bose-Einstein Condensates
Qinglin Tang
Abstract: In this talk, we will present an efficient numerical method for computing the
ground state of the rotating dipolar Bose-Einstein Condensates (BEC). The method consists
two main merits: (i) efficient and accurate numerical methods will be proposed to evaluate the
nonlocal dipole-dipole interaction. (ii). a nonlinear conjugate gradient method, accelerated
by some well-adapted preconditioners, will be developed to compute the ground states. This
work is realized in collaboration with Xavier ANTOINE (IECL, Lorraine, France), Antoine
LEVITT (Inria, Paris, France) and Yong ZHANG (Tianjin University, Tianjin, China).

Discontinuous Galerkin Methods for Short Pulse Type Equations via

Hodograph Transformations

Yinhua Xia
Abstract: In this talk, we consider the discontinuous Galerkin (DG) methods for solving short
pulse (SP) type equations. The short pulse equation has been shown to be completely
integrable, which admits the loop-soliton, cuspon-soliton solutions as well as smooth-soliton
solutions. Through hodograph transformations, these nonclassical solutions can be profiled as
the smooth solutions of the coupled dispersionless (CD) system or the sine-Gordon equation.
Thus, DG methods can be developed for the CD system or the sine-Gordon equation to
simulate the loop-soliton or cuspon-soliton solutions of the SP equation. The conservativeness
or dissipation of the Hamiltonian or momentum for the semi-discrete DG schemes can be
proved. Also we modify the above DG schemes and obtain an integration DG scheme.
Theoretically the a-priori error estimates have been provided for the momentum conserved
DG scheme and the integration DG scheme. We also propose the DG scheme and the

integration DG scheme for the sine-Gordon equation, in case the SP equation cannot be
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transformed to the CD system. All these DG schemes can be adopted to the generalized or
modified SP type equations. Numerical experiments are provided to illustrate the optimal

order of accuracy and capability of these DG schemes.

Efficient Spectral Methods for PDEs Involving Integral Fractional

Laplacian in Multiple Dimensions

Lilian Wang
Abstract: The anomalous diffusion governed by PDEs involving fractional Laplacian in
multi dimensions poses significant challenges in numerical solutions. In particular, the
integral fractional Laplacian presents even more notorious numerical difficulties among
several different definitions of fractional Laplacian. The numerics actually lags behind the
PDE theory and even the numerical analysis. In this talk, we shall report very efficient
spectral methods using Hermite functions and rational spectral approximations for such PDEs
in unbounded domains and also our recent attempts and results (some of them are preliminary)
on spectral and $hp$ methods on rectangular domains. The key is to compute the stiffness
matrix in the Fourier domains, where the explicit form of the Fourier transforms of spectral

and FEM basis can be derived explicitly.

A High-order Multiscale Discontinuous Galerkin Method for the

One-dimensional Stationary Schrodinger Equation
Wei Wang

Abstract: In this talk, we extend our previous work on the second-order multiscale
discontinuous Galerkin (DG) method for one-dimensional stationary Schrodinger equations
with oscillating solutions to high order. We propose two types of high-order multiscale finite
element spaces, and prove that the resulting DG methods with these spaces converge
optimally with respect to the mesh size h in L2 norm when his small enough. Numerically we
observe that these two multiscale DG methods achieve at least the second-order convergence
without any resonance errors when h >epsilon and optimal high-order convergence when
h<epsilon, where epsilon is the scale of the wave length. We also demonstrate their ability to
capture highly oscillating solutions of the Schrodinger equation in the application of the

resonant tunneling diode (RTD) model.
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Discontinuous Galerkin Methods for the Shallow Water Equations

with ADER-DT Local Time Stepping

Yulong Xing

Abstract: Shallow water equations (SWEs) with a non-flat bottom topography have been
widely used to model flows in rivers and coastal areas. In this presentation, we will talk about
high-order discontinuous Galerkin methods with ADER-differential transform temporal
discretizations for this system. We will show that the proposed methods are well-balanced and
preserve the still water steady state exactly. Local time stepping of the ADER methods will
also be studied to allows elements of different sizes to use different time steps. Some
numerical tests are performed to verify the well-balanced property, high-order accuracy, and
good resolution for general solutions.

Numerical Simulation of the Coupled System of Maxwell Equations

and Gas Dynamic Model
Liwei Xu
Abstract: It is known that both linear and nonlinear optical phenomena can be produced as
the motion of electronics in metallic nanostructures is excited by the external electromagnetic
waves. The nonlinear Drude model has been reported in literatures to be a valid model to
simulate such nonlinear optical phenomena as high order harmonic generation. Meanwhile, its
corresponding nonlocal Drude model has been documented for simulations of such linear
optical phenomena as the nonlocal effects. In this talk, we report our recent work on
numerical solution of a modified nonlinear Drude model which includes effects of both bound
electrons and quantum pressure. We design a high order discontinuous Galerkin method for
its numerical solutions, successfully producing the high order harmonic waves and the

nonlocal effects in a uniform framework of numerical model and numerical schemes.

Robin-type Domain Decomposition Methods: Optimal or Not
optimal?
Xuejun Xu
Abstract: In this talk, we shall answer a long-standing open problem: Is it true that the
convergence rate of the Lion's Robin-type nonoverlapping domain decomposition method can

be optimal, independent of the mesh size? Furthermore, we shall consider the convergence

behavior of the Robin-type domain decomposition for the Helmholtz equation.
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Arbitrary Lagrangian-Eulerian Discontinuous Galerkin Methods

for the Shallow Water Equations

Yan Xu
Abstract: The shallow water equations are a set of hyperbolic partial differential equations
that describe the flow below a pressure surface in a fluid. These equations can admit steady
sate solutions where the fluxes and source terms balance each other. Well-balanced meth-
ods have been introduced to maintain this balance and performed well in many numerical
tests. In this paper, we develop well-balanced arbitrary Lagrangian-Eulerian discontinu- ous
Galerkin (ALE-DG) methods for the shallow water equations, which preserve not only the
still water at rest steady state, but also the moving water equilibrium. Since the ALE- DG
methods have different fluxes compared with DG methods, the original well-balanced DG
schemes don’t work. We need construct the new numerical fluxes. The key idea is the
approximation of the numerical fluxes based on a generalized hydrostatic reconstruction, a
different approximation of the source term, and the change from conservative variables to
equilibrium variables. We will introduce our methods in one dimension, and then ex- tend to

two dimensions. Numerical examples are provided at the end to verify the good properties.

An Analysis of Time-Fractional Allen-Cahn Equations
Jiang Yang
Abstract: In this work, we consider a time-fractional Allen-Cahn equation, where the
conventional time derivative is replaced with a Caputo fractional derivative with order. First,
the well-posedness and (limited) smoothing property are systematically analyzed. Second,
after discretizing the fractional derivative by backward Euler convolution quadrature, we
develop several unconditionally solvable and stable time stepping schemes, i.e., convex
splitting (CS) scheme, weighted convex splitting (WCS) scheme and linear weighted
stabilized (LWS) scheme. Meanwhile, we study the discrete energy dissipation property (in a
weighted average sense), which is important for gradient flow type models, for the two
weighted schemes. Finally, we prove that the convergence rates of those time-stepping
schemes are $O(\tauMalpha) $ without any extra regularity assumption on the solution. We

also present extensive numerical results to support our theoretical findings.

Efficient Schemes with Unconditionally Energy Stabilities for

Anisotropic Phase Field Models
XiaoFeng Yang

Abstract: We consider numerical approximations for anisotropic phase field models, by

taking the anisotropic Cahn-Hilliard/Allen-Cahn equations with their applications to the
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faceted pyramids on nanoscale crystal surfaces and the dendritic crystal growth problems, as
special examples. The main challenge of constructing numerical schemes with unconditional
energy stabilities for these type of models is how to design proper temporal discretizations for
the nonlinear terms with the strong anisotropy. We combine the recently developed IEQ/SAV
approach with the stabilization technique, where some linear stabilization terms are added,
which are shown to be crucial to remove the oscillations caused by the anisotropic
coefficients, numerically. The novelty of the proposed schemes is that all nonlinear terms can
be treated semi-explicitly, and one only needs to solve some coupled/decoupled, but linear
equations at each time step. We further prove the unconditional energy stabilities rigorously,
and present various 2D and 3D numerical simulations to demonstrate the stability and
accuracy.

High-order Bound-preserving Discontinuous Galerkin Methods for

Stiff Multispecies Detonation
Yang Yang

Abstract: In this talk, we develop high-order bound-preserving discontinuous Galerkin (DG)
methods for multispecies and multireaction chemical reactive flows. In this problem, density
and pressure are nonnegative, and the mass fraction for each species, should be between 0 and
1, where M is the total number of species. There are three main difficulties. First of all, most
of the previous bound-preserving techniques were based on Euler forward time discretization.
Therefore, for problems with stiff source, the time step will be significantly limited. Secondly,
the mass fraction does not satisfy a maximum-principle, and most of the previous technigques
cannot be applied. Thirdly, in most of the previous works for gaseous denotation, the
algorithm relies on the second-order Strang splitting methods where the flux and stiff source
terms can be solved separately, and the extension to high-order time discretization seems to
be complicated. In this paper, we will solve all the three problems given above. The
high-order time integration does not depend on the Strang splitting, i.e. we do not split the
flux and the stiff source terms. Moreover, the time discretization is explicit and can handle the
stiff source with large time step. Numerical experiments will be given to demonstrate the
good performance of the bound-preserving technique and the stability of the scheme for

problems with stiff source terms.

Second Order Linear Stable Schemes for Phase-Field Gradient Flows
Haijun Yu

Abstract: Efficient and stable high order time marching schemes are very important but not

easy to construct for the study of nonlinear phase dynamics. In this talk, we discuss several

second order stabilized semi-implicit schemes for the phase-field gradient flows governed by
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the Allen-Cahn equation and the Cahn-Hilliard equation. In those schemes, the nonlinear bulk
forces are treated explicitly with second-order linear stabilization terms. This treatment leads
to linear equations with constant coefficients, thus robust and efficient solution procedures are
guaranteed. Moreover, those schemes are unconditionally stable. Rigorous error analysis
show that, when the time step-size is small enough, the schemes are second order accurate in
time with a prefactor controlled by some lower degree polynomial of the inverse of interface

thickness parameter. Numerical results and applications will also be presented.

The Design of Artificial Boundary Conditions for Nonlocal Models
Jiwei Zhang

Abstract: The numerical solutions of nonlocal models such as nonlocal heat and wave
equations on unbounded domains are considered. Differing from local models, the nonlocal
effect makes the design of absorbing boundary conditions (ABCs) more difficulty since it
breaks up the symmetry of the operator and requires an artificial layer to limit the bounded
computational domain of interest. In this talk, we will report the recent progress on this topic.
These works are jointed with Prof. Qiang Du, Prof. Houde Han and Prof. Chunxiong Zheng,
Xiang Ma, Jiashun Hu and Jihong Wang and so on.

The L2-norm Stability Analysis of Runge-Kutta Discontinuous

Galerkin Methods for Linear Hyperbolic Equations
Qiang Zhang
Abstract: In this talk we propose a simple and unified framework to investigate the
L2-norm stability of the explicit Runge-Kutta discontinuous Galerkin (RKDG) methods
with the upwind-biased numerical fluxes, when solving the linear constant-coefficient
hyperbolic equations. Two key ingredients in the energy analysis are the temporal
differences of numerical solutions in different Runge-Kutta stages, and a matrix
transferring process. Many popular RKDG (s, r, k) schemes are discussed to show that the
presented technique is flexible and useful. Here s > r and r < 12 are respectively the
numbers of stages and order of the used time-marching, and k is the degree of piece- wise
polynomials in the finite element space. Different performances in the L2-norm stability of
different RKDG schemes are carefully investigated. For some lower-degree piecewise
polynomials, the monotonicity stability under the usual CFL condition is always achieved
as long as the stability mechanism can be provided in the semi-discrete scheme. Some

numerical examples are also given.
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The Weak Galerkin Finite Element Method for Eigenvalue Problems

Ran Zhang
Abstract: This talk is devoted to studying eigenvalue problem by the weak Galerkin (WG)
finite element method with an emphasis on obtaining lower bounds. The WG method uses
discontinuous polynomials on polygonal or polyhedral finite element partitions. As such it is
more robust and flexible in solving eigenvalue problems since it finds eigenvalue as a
min-max of Rayleigh quotient in a larger finite element space. We demonstrate that the WG
methods can achieve arbitrary high order convergence. This is in contrast with classical
nonconforming finite element methods which can only provide the lower bound
approximation by linear elements with only the second order convergence. Numerical results

are presented to demonstrate the efficiency and accuracy of the WG method.

Theoretical and Numerical Study for Flow Separation and Sound

Generation of Cavity Flow

Shuhai Zhang
Abstract: This talk contains our study on the cavity flow including both the unsteady
separation and the generation of aerodynamic noise. Through analysing the dynamic system
that describes the fluid particles near the wall, unsteady flow separation is studied in
Lagrangian frame. A criterion for two dimensional periodic separations is proposed. It is that
the finite time Lyapunov exponent(FTLE) on the no-slip wall equals to zero. A two
dimensional top driven cavity is simulated by high order WENO scheme. The numerical
results verified our criteria for two dimensional periodic flow separation. The relation
between different time scales of the Finite-time Lyapunov Exponent (FTLE) and the acoustic
wave is studied. We extend Gonzalez's proposition that the joint FTLE equals to dilatation
which measures the aeroacoustic waves. A rigorous mathematical proof is provided for two
dimensional case. This relation is verified through numerical simulation to two dimensional
open cavity flows. Three dimensional cavity including opening door is studied for the flow
separation as well as the mechanism of sound generation. The comparison between numerical

results and experiments are satisfied.

Monotonicity and Discrete Maximum Principle in High Order

Accurate Schemes for Diffusion Operators
Xiangxiong Zhang
Abstract: In many applications modelling diffusion, it is desired for numerical schemes to

have discrete maximum principle and bound-preserving (or positivity preserving) properties.
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Monotonicity of numerical schemes is a convenient tool to ensure these properties. For
instance, it is well-known that second order centered difference and piecewise linear finite
element method on triangular meshes for the Laplacian operator has a monotone stiffness
matrix, i.e., the inverse of the stiffness matrix has non-negative entries because the stiffness
matrix is an M-matrix. Most high order accurate schemes simply do not satisfy the discrete
maximum principle. In this talk, | will first review a few known high order schemes satisfying
monotonicity for the Laplacian in the literature then present a new result: the finite difference
implementation of continuous finite element method with tensor product of quadratic
polynomial basis is monotone thus satisfies the discrete maximum principle for the variable
coefficient Poisson equation. Such a scheme can be proven to be fourth order accurate. This is
the first time that a high order accurate scheme that is proven to satisfy the discrete maximum
principle for a variable coefficient diffusion operator. Applications including compressible
Navier-Stokes equations will also be discussed.

Sparse Grid WENO Schemes for High Spatial Dimension Hyperbolic

and Convection-diffusion Equations
Yongtao Zhang

Abstract: In recent years, sparse grid techniques have been used broadly as an efficient
approximation tool for high-dimensional problems in many scientific and engineering
applications. In this talk, I will present our recent results on designing sparse grid weighted
essentially non-oscillatory (WENO) schemes for solving high spatial dimension
convection-diffusion equations and hyperbolic PDEs. Our goal is to apply sparse grid
techniques in high order schemes to achieve more efficient computations than that in their
regular performance in solving multidimensional PDEs. A challenge is how to design the
schemes on sparse grids such that comparable high order accuracy of the schemes in smooth
regions of the solutions can still be achieved as that for computations on regular single grids.
For problems with discontinuous solutions, additional challenge is that essentially
non-oscillatory stability in non-smooth regions of the solutions needs to be preserved in the
sparse grid schemes. We apply sparse-grid combination approach to overcome these
difficulties. To deal with discontinuous solutions, we apply WENO interpolation for the
prolongation part in sparse-grid combination techniques. Two dimensional (2D), three
dimensional (3D) and four dimensional (4D) numerical examples with smooth or non-smooth
solutions are presented. It is shown that significant computational times are saved especially
for higher dimensional problems, while both accuracy and stability of the original schemes

are maintained well for numerical simulations on refined sparse grids.
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Adaptive Multi-Fidelity Surrogate Modeling for Bayesian

Inference in Inverse Problems

Tao Zhou
Abstract: The polynomial chaos expansion is widely used as a surrogate model in the
Bayesian inference to speed up the Markov chain Monte Carlo calculations. However, the use
of such a surrogate introduces modeling errors that may severely distort the estimate of the
posterior distribution. In this talk, we present an adaptive procedure to construct a
multi-fidelity polynomial surrogate. More precisely, the new strategy starts with a low-fidelity
surrogate model, and this surrogate will be adaptively corrected using online high-fidelity
data. The key idea is to construct and refine the multi-fidelity surrogate over a sequence of
samples adaptively determined from data so that the approximation can eventually
concentrate to the posterior distribution. We also introduce a multi-fidelity surrogate based on
the deep neural networksto deal with problems with high dimensional parameters. The

performance of the proposed strategy is illustrated through two nonlinear inverse problems.

A New Type of Multi-resolution WENO Schemes with Increasingly

Higher Order of Accuracy on Structured Meshes

Jun Zhu
Abstract: In this presentation, a new type of high-order finite difference and finite volume
multi-resolution weighted essentially non-oscillatory (WENO) schemes is presented for
solving hyperbolic conservation laws. We only use the information defined on a hierarchy of
nested central spatial stencils and do not introduce any equivalent multi-resolution
representation. These new WENO schemes use the same large stencils as the classical WENO
schemes, could obtain the optimal order of accuracy in smooth regions, and could
simultaneously suppress spurious oscillations near discontinuities. The linear weights of such
WENO schemes can be any positive numbers on the condition that their sum equals one. This
is the first time that a series of unequal-sized hierarchical central spatial stencils are used in
designing high-order finite difference and finite volume WENO schemes. These new WENO
schemes are simple to construct and can be easily implemented to arbitrary high order of
accuracy and in higher dimensions. Benchmark examples are given to demonstrate the

robustness and good performance of these new WENO schemes.
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An efficient Solver for Cumulative Density Function-based Solutions

of Uncertain Kinematic Wave Models
Xinghui Zhong
Abstract: We develop a numerical framework to implement the cumulative density function
(CDF) method for obtaining the probability distribution of the system state described by a
kinematic wave model. The approach relies on Monte Carlo Simulations (MCS) of the
fine-grained CDF equation of system state, as derived by the CDF method. This fine-grained
CDF equation is solved via the method of characteristics. Each method of characteristics
solution is far more computationally efficient than direct solution of the kinematic wave
model, and the MCS estimator of the CDF converges relatively quickly. We verify the
accuracy and robustness of our procedure via comparison with direct MCS of a particular

kinematic wave system, the Saint-Venant equation.

Numerical Methods for Some Nonlinear Transport Equations in

Biology

Zhennan Zhou
Abstract: In the first part, we first introduce a semi-discrete scheme for 2D Keller-Segel
equations based on a symmetrization reformation, which is equivalent to the convex splitting
method and is free of any nonlinear solver. We show that, this new scheme is stable as long as
the initial condition does not exceed certain threshold, and it asymptotically preserves the
quasi-static limit in the transient regime. Furthermore, we show that the fully discrete scheme
is conservative and positivity preserving, which makes it ideal for simulations. In the second
part, we propose a positivity preserving scheme for a class of Fokker Planck equations for
neurons networks: the nonlinear noisy integrate & fire neuron models. We show that the
semi-discrete scheme satisfies the relative entropy estimates, which matches the few known

results from PDE analysis.
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Short Course on Shenfun, a High Performance Software Package for
Spectral Methods

May 28, 2pm-5pm

Instructor: Professor Mikael Mortensen, University of Oslo, Norway

Course Description:

This will be a hands-on short course. Please bring your own laptop with linux or Mac
OS. Some knowledge on scientific programming in Python is preferable. Shenfun can

be installed through Anaconda Python (https://www.anaconda.com). Installation on

linux or Mac OS is a one-liner and usually trouble-free.

Shenfun is a high performance computing platform for solving partial differential equations
(PDEs) by the spectral Galerkin method. The user interface to shenfun is very similar
to FEnICS, but applications are limited to multidimensional tensor product grids. The code is
parallelized with MPI through the mpidpy-fft package.

Shenfun enables fast development of efficient and accurate PDE solvers (spectral order and
accuracy), in the comfortable high-level Python language. The spectral accuracy is ensured by
using high-order global orthogonal basis functions (Fourier, Legendre, Chebyshev, Laguerre
and Hermite), as opposed to finite element codes that are using low-order local basis
functions. Efficiency is ensured through vectorization (Numpy), parallelization (mpi4py) and

by moving critical routines to Cython or Numba. Shenfun has been used to run turbulence

simulations (Direct Numerical Simulations) on thousands of processors on high-performance

supercomputers, see the spectral DNS repository.
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61 Shan Li University of Shanghai for Science Technology

62 Liu Liu University of Texas at Austin

63 Guoxi Ni Institute of thaléﬁazzfgziﬁ%nputational

64 Yonghui Qin Xiangtan University

65 ROSQSNHkA'Al‘JXKhﬁ'AN Shanghai Jiao Tong University

66 Ruiwen Shu University of Maryland, College Park

67 Yijia Tang Shanghai Jiao Tong University

68 Wenyi Tian Tianjin University

69 BinWang Qufu Normal University

70 Lin Wang Beijing Computatci:(;rr\]?érScience Research

71 Xiaofeng Wang Minnan Normal University

72 Zhifeng Weng Huagiao University

73 Wei Wang Beijing Computag(;?]?LrScience Research

74 Manting Xie Tianjin University

75 Yantong Xie Peking University

76 Fei Xu Beijing University of Technology

77 Xiao Xu Institute of Appl\l/iIZ?hFe)m;tiiccss Computational

78 Yun Yan

79 Di Yang Institute of Applied P.hysics"C.:omputationaI
Mathematics, Beijing

80 Xiaogiang Yue Xiangtan University

81 Jiansong Zhang China University of Petroleum

82 Qian Zhang University of Science Technology of China

83 Weijie Zhang University of Science and Technology of China

84 Guozhong Zhao Baotou Teachers College
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85 Han Zhou Hebei University of Technology
86 Zhengjian Bai Xiamen University
87 Huangxin Chen Xiamen University
88 Hongtao Chen Xiamen University
89 Kui Du Xiamen University
90 Can Huang Xiamen University
91 Wen Huang Xiamen University
92 Qun Lin Xiamen University
93 Yumin Lin Xiamen University
94 Jianxian Qiu Xiamen University
95 Jie Shen Xiamen University
96 Congmin Wu Xiamen University
97 Tao Xiong Xiamen University
98 Chuanju Xu Xiamen University
99 Zhi Gao Xiamen University
100 Meng Han Xiamen University
101 Dianming Hou Xiamen University
102 Jianfang Lin Xiamen University
103 Yupeng Ren Xiamen University
104 Yanrong Zhang Xiamen University
105 Zhuang Zhao Xiamen University
106 Xiaolan Zhou Xiamen University
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Transportation

Routemap of Hotel, Restaurant and Conference Venue
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Note: You are allowed to enter or exit Xiamen University with your
name tag during the conference.
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