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Domination in graphs
BT EFTHN

A vertex subset S of a graph G is called a dominating set of G if each vertex of G
either belongs to S or is adjacent to an element of S in G. The domination number of
G is the cardinality of a minimum dominating set of G. In this talk we will report
some recent results on domination in graphs.

Some recent development in superconvergence of discontinuous Galerkin
methods for time-dependent partial differential equations

FIFEKRSE &M%

In this talk, we briefly review some recent development in superconvergence of
three types of DG methods for time-dependent partial differential equations, including
the standard discontinuous Galerkin (DG) method, the local discontinuous Galerkin
(LDG) method and the direct discontinuous Galerkin (DDG) method. A survey of
our own works on superconvergence results for various time-dependent partial
differential equations is presented, and superconvergence phenomena of
aforementioned three types of DG solutions at some special points (including the
function value and derivative value approximation), as well as the cell average error
and supercloseness results, are all discussed.

Locality of the reduced Hartree-Fock model with Yukawa potential
AFIFEKRF HRER

We establish a locality estimate for the reduced Hartree-Fock model with
Yukawa potential. Based on the locality result, we demonstrate the thermodynamic
limit of this model for lattice systems with local defects. We also discuss the
application to QM/MM coupling schemes for crystalline defects.

A direct sampling method for inverse electromagnetic scattering problem
ARRE HRF

I will talk about a direct imaging method based on reverse time migration
algorithm for imaging extended targets using electromagnetic waves at a fixed
frequency in free space and rectangular waveguide. The imaging functional is defined
as the imaginary part of the cross-correlation of the Green function for Helmholtz
equation and the back-propagated electromagnetic field. The resolution of our RTM
method for penetrable extended targets is studied by virtue of Helmholtz-Kirchhoff
identity, which implies that the imaging functional always peaks in the target.



Modeling and simulations of continuum dislocation array dynamics
RXKF RBH

We first present a simulation method for the dynamics of dislocation arrays. In
this numerical method, dislocation arrays are considered as continuous surfaces in 3D,
and the level set representation is used for these dislocation array surfaces. The
driving force of the dislocation array surfaces comes from both the long-range
interaction and their local curvature effect. Simulations are performed for dislocation
arrays bypassing different particles under applied stress. We also consider systems of
parallel straight dislocation walls and develop continuum descriptions for the
short-range interactions of dislocations by using asymptotic analysis. The short-range
interaction terms ensure strong stability property of the continuum model that is

possessed by the discrete dislocation dynamics model. The model is validated by
comparisons with the discrete dislocation simulation results.

Complete weight distribution and MacWilliams identities for asymmetric
quantum codes

ARKRF PR

In 1997, Shor and Laflamme defined the weight enumerators for quantum
error-correcting codes and derived a MacWilliams identity. We extend their work by
introducing our double weight enumerators and complete weight enumerators. The
MacWilliams identities for these enumerators can be obtained similarly. With the help
of MacWilliams identities, we obtain various bounds for asymmetric quantum codes.

A second order stable scheme for tensor model of liquid crystal polymers flow
AFIFEKRE 2%

The hydrodynamic Q-tensor model has been used for studying flows of liquid
crystals polymers. It can be derived from a variational approach together with the
generalized Onsager principle, in which the total energy decreases in time. In this
paper, we derive a linear, second order semi-discrete scheme in time for the model.
The scheme is developed following the “Scalar auxiliary variable (SAV)” strategy, we
prove that the scheme is unconditionally energy stable, uniquely solvable. The
numerical simulations show the 2nd order convergence in time and energy decreasing,
which agreed with our theoretical analysis.

On the homogenization of Dirichlet problems in perforated domain
AEKF HLF
We consider the homogenization of Dirichlet problems for the Laplace operator in
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perforated domains, and present a unified approach adaptive to the ratio between the
sizes of the perforating holes and the typical cells. For finite hole-cell size ratios, we
adopt the standard oscillating test function method; for vanishing hole-cell size ratios,
we add in the asymptotic behaviors of a properly rescaled cell problem. When the
hole-cell size ratio is critically small, our method recovers “the strange term from
nowhere” due to Cioranescu and Tartar; the method also reveals how this critical case
intrinsically relates to the case of relatively larger holes, where the limiting equation
becomes algebraic, and to the case of smaller holes, where the limiting equation
ignores the holes. I will comment on quantitative estimates and on the random
settings.

Two-stage fourth-order gas-kinetic scheme Euler and Navier-Stokes solutions
ARFEKRFE &2

For the one-stage third-order gas-kinetic scheme (GKS), successful applications
have been achieved for the three-dimensional compressible flows. The high-order
accuracy of the scheme is obtained by integrating a multidimensional time-accurate
gas distribution function over the cell interface within a time step without using
Gaussian quadrature points and Runge-Kutta time-stepping technique. However, to
the further increase of the order of the scheme, such as the fourth-order one, the one
step formulation becomes very complicated for the multidimensional flow. Recently,
a two-stage fourth-order GKS with high efficiency has been constructed for
two-dimensional inviscid and viscous flow computations and the scheme uses the
time accurate flux function and its time derivatives. In this paper, a fourth-order GKS
is developed for the three-dimensional flows under the two-stage framework. Based
on the three-dimensional WENO reconstruction and flux evaluation at Gaussian
quadrature points on a cell interface, the high-order accuracy in space is achieved first.
Then, the two-stage time stepping method provides the high accuracy in time. In
comparison with the formal third-order GKS the current fourth-order method not only
improves the accuracy of the scheme, but also reduces the complexity of the
gas-kinetic flux solver greatly. More importantly, the fourth-order GKS has the same
robustness as the second-order shock capturing scheme. Numerical results validate the
outstanding reliability and applicability of the scheme for three-dimensional flows,
such as the cases related to turbulent simulations.

PDE-based methods in learning manifold

AERT XHAE



Manifold is very powerful to model the low dimensional structure hidden in high
dimensional data. In this talk, I will introduce several PDE-based models to study the
manifolds in image processing and data analysis. We will reveal the close connections
between PDEs and some deep neural networks. Theoretical analysis and numerical
simulations show that PDEs on manifold provide a powerful tool to understand high
dimensional data.

Iterative methods in penalty finite element discretization for the
steady MHD equations

FRKF R

This paper characterizes one penalty finite element method for the incompressible
MHD equations. The method is an interesting combination of the classic iterative
schemes (Stokes, Newton and Oseen iterations) with two different finite element pairs
P1b-P1-P1b and P1-P0O-P1. Moreover, the rigorous analysis of stability and error
estimate for the proposed methods are given. Finally, the applicability and
effectiveness of the presented schemes
are illustrated in several numerical experiments.

On connectivity keeping subtrees in k-connected graphs
HEXF AEF

In [W. Mader, Connectivity keeping paths in $kS$-connected graphs, J. Graph
Theory 65 (2010) 61-69.], Mader conjectured that for every positive integer $k$ and
every finite tree $T$ with order $m$, every $k$-connected, finite graph $G$ with
$\delta(G)\geq \Ifloor\frac {3} {2} k\rfloor+m-1$ contains a subtree $T'$ isomorphic to
$T$ such that $G-V(T")$ is $k$-connected. In the same paper, Mader proved that the
conjecture is true when $T$ is a path. Diwan and Tholiya [A.A. Diwan, N.P. Tholiya,
Non-separating trees in connected graphs, Discrete Math. 309 (2009) 5235-5237.]
verified the conjecture when $k=13$. In this talk, we will verify Mader's conjecture
for stars, double-stars and two classes of trees when $k=2§.

For digraphs, Mader [J. Graph Theory 69 (2012) 324-329] conjectured that every
$k$-connected digraph $D$ with minimum semi-degree
$\delta(D)=min\{\delta"+(D),\delta”-(D)\}\geq 2k+m-1$ for a positive integer
$m$ has a dipath $P$ of order $m$  with $\kappa(D-V(P))\geq k$. The conjecture
has only been verified for the dipath with $m=1$, and the dipath with $m=2$ and
$k=18. In this talk, we will prove that every strongly connected digraph with
minimum semi-degree $\delta(D)=min\{\delta"+(D),\delta”-(D)\}\geq m+1$ contains
an oriented tree $T$ isomorphic to some given oriented stars or double-stars with
order $m$ such that $D-V(T)$ is still strongly connected.
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Distributed consensus for multi-agent systems via directed spanning tree based
adaptive control

KT FIEK

The leader-following and leaderless consensus problems of multi-agent systems
with linear and nonlinear dynamics are studied. In order to overcome the drawback
that the spectrum of the Laplacian matrix must be known a prior for the design of
control gains, a new distributed consensus protocol, updating the weights of the
directed spanning tree, is developed. A scheme for reordering the nodes is proposed,
and by using this scheme, an equivalent lemma for achieving consensus is given.
Applying the developed method, and Lyapunov stability theory, some distributed
adaptive laws are designed on the coupling weights in a directed network. It is found
that the consensus can be reached by randomly choosing directed spanning tree and
using the developed distributed adaptive laws. Furthermore, by reordering the nodes
and using the proposed adaptive laws, one obtains that the leader-following consensus
can be reached by pinning a small fraction of nodes if the leader node is the root of
the directed spanning tree. For both with the leader and leaderless cases, it is also
found that the weight of the directed spanning tree depends on the position of the head
node in the directed spanning tree.
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A parasitism-mutualism-predation model consisting of crows, cuckoos and
cats with stage-structure and maturation delays on crows and cuckoos

HERF KL

In this paper, a parasitism—mutualism—predation model is proposed to investigate
the dynamics of multi- interactions among cuckoos, crows and cats with
stage-structure and maturation time delays on cuckoos and crows. The crows permit
the cuckoos to parasitize their nestlings (eggs) on the crow chicks (eggs). In return,
the cuckoo nestlings produce a malodorous cloacal secretion to protect the crow
chicks from predation by the cats, which is apparently beneficial to both the crow and
cuckoo population. The multi- interactions, i.e., parasitism and mutualism between
the cuckoos (nestlings) and crows (chicks), predation between the cats and crow
chicks are modeled both by Holling-type II and Beddington—DeAngelis-type
functional responses. The existence of positive equilibria of three subsystems of the
model are discussed. The criteria for the global stability of the trivial equilibrium are
established by the Krein—Rutman theorem and other analysis methods. Moreover, the
threshold dynamics for the coexistence and weak persistence of the model are
obtained, and we show, both analytically and numerically, that the stabilities of the
interior equilibria may change with the increasing maturation time delays. We find
there exists an evident difference in the dynamical properties of the
parasitism—mutualism—predation model based on whether or not we consider the
effects of stage-structure and maturation time delays on cuckoos and crows. Inclusion
of stage structure results in many varied dynamical complexities which are difficult to
encompass without this inclusion.

A vertex-centered and positivity-preserving scheme for anisotropic diffusion
problems on arbitrary polygonal grids

AXKFE KRF

We suggest a new positivity-preserving finite volume scheme for anisotropic
diffusion problems on arbitrary polygonal grids. The scheme has vertex-centered,
edge-midpoint and cell-centered unknowns. The vertex-centered unknowns are
primary and have finite volume equations associated with them. The edge-midpoint
and cell-centered unknowns are treated as auxiliary ones and are interpolated by the
primary unknowns, which makes the final scheme a pure vertex-centered one. Unlike
most existing positivity-preserving schemes, the construction of the scheme is based
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on a special nonlinear two-point flux approximation that has a fixed stencil and does
not require the convex decomposition of the co-normal. In order to solve efficiently
the nonlinear systems resulting from the nonlinear scheme, Picard method and its
Anderson acceleration are discussed. Numerical experiments demonstrate the
second-order accuracy and well positivity of the solution for heterogeneous and
anisotropic problems on severely distorted grids. The high efficiency of the Anderson
acceleration is also shown on reduction of the number of nonlinear iterations.

11



