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Hermite-Galerkin spectral method for nonlinear fractional-in-space dif-

ferential equations in unbounded domains

A=
In this talk, we construct the Hermite-Galerkin spectral schemes for two kinds of
nonlinear fractional-in-space differential equations with fractional Laplacian in mul-
tidimensional unbounded domains: One is the coupled Gordon-type system, the
other is the nonlinear Schrodinger equation. Applying Hermite-Galerkin spectral
method in space and finite difference method in time, we establish the linearized
fully discrete scheme for the nonlinear problems. Several numerical examples are

conducted to show the accuracy, stability, and applications of the schemes.
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In this talk, a new compact and efficient gas-kinetic scheme with fifth-order of accu-
racy in both space and time for Euler equations will be introduced. The construc-
tion includes the flux and interface values evaluations, i.e., the efficient high-order
gas-kinetic scheme (EHGKS), and the newly-developed compact reconstruction tech-
nique, the simple hermite WENO (SHWENO). EHGKS provides an alternative way
to update the cell-averaged first-order derivatives and avoid solving the additional
equations for the first-order derivatives in the original hermite WENO. We also
combine hermite WENO with simple WENO techniques to develop a new WENO
technique SHWENO, which can directly reconstruct the fifth-order polynomial to
obtain the high-order derivatives for the flux interface values evaluations simpler
than the original hermite WENO technique. Numerous numerical tests are carried
out, and the numerical results demonstrate that the proposed scheme is robust and

can be of fifth order of accuracy in both space and time.
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Energy stability and error analysis for the Chan-Hilliard-Navier-Stokes

models

A
In this talk, we shall first present a numerical scheme based on the scalar auxiliary
variable (SAV) approach in time and the MAC discretization in space for the Cahn-
Hilliard-Navier-Stokes phase field model, and carry out stability and error analysis.
We also establish second-order error estimates both in time and space for phase
field variable, chemical potential, velocity and pressure in different discrete norms.
Next we will discuss how to construct first- and second-order time discretization
schemes for the Cahn-Hilliard-Navier-Stokes system based on the MSAV approach
for gradient systems and (rotational) pressure-correction for Navier-Stokes equations.
These schemes are linear, fully decoupled, unconditionally energy stable, and only
require solving a sequence of elliptic equations with constant coefficients at each time
step. We carry out a rigorous error analysis for the first-order scheme, establishing
optimal convergence rate for all relevant functions in different norms. We also provide

numerical experiments to verify our theoretical results.
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Numerical approximation for the eigenvalue problems in photonic crystals

REMHE
In this talk, we discuss the approximation and computation for the linear and non-
linear eigenvalue problems in photonic crystals. We discretize the shifted Maxwell
operator with edge finite elements and construct a penalty term using Lagrange el-
ement space. Using the properties of the finite element spaces on discrete de Rham
complex, we prove that this penalty term can complement the kernel of the discrete
Maxwell operator. Then the discrete Maxwell eigenproblem with the penalty term
can be computed almost in the same way as Laplace eigenproblem. We prove that
the nonzero eigenpairs of the original discrete Maxwell eigenproblem are free from
the influence of the penalty term can be picked up by simple recomputation. We
extent the classical spectral approximation theory for compact and bounded opera-
tors to general linear operators, and then apply it to polynomial eigenvalue problems
(PEP). We also study the essential spectrum in PEPs, and prove that this spectrum
is stable under relatively compact perturbations. Based on this analysis, we give

some suggestions to make algorithms for solving PEPs more efficient.
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An adaptive cubic regularisation method for nonlinear equality constrained

optimization

A
The Adaptive Regularisation algorithm using Cubics (ARC) is initially proposed
for unconstrained optimization. In this paper, we extend ARC to solve nonlinear
equality constrained optimization. In each iteration of our method, the trial step
is decomposed into the sum of normal step and tan-gential step. Then a new ARC
subproblem for nonlinear equality constrained optimization is constructed based on
reduced-Hessian approach. Once the trial step is obtained, the ratio of the actual
reduction to the predicted reduction is used to determine whether the trial point
is accepted. Finally, the global convergence of the algorithm is investigated under
some mild assumptions. Preliminary numerical experiments are present to show the

performance of the proposed algorithms.
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ADMM and its application to the identification of diffusion coefficients

in elliptic equations

A
We first present an ADMM with a worst-case O(1/n?) convergence rate by applying
a rule proposed by Chambolle and Pock to iteratively update the penalty parameter.
Without strong convexity requirement on the objective function, our assumptions on
the model are mild and can be satisfied by some representative applications. Then
we consider applying the ADMM to the TV-regularized model for identifying the
discontinuous diffusion coefficient in an elliptic equation with observation data of
the gradient of the solution. The favorable nonsmoothness and convexity properties
of the model can be entirely kept. The ADMM subproblems can be well solved by
the active-set Newton method along with the Schur complement reduction and the
CNN, respectively. The resulting ADMM-Newton-CNN approach is demonstrated
to be easily implementable and very efficient even for higher-dimensional spaces with

fine mesh discretization.
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