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Some recent progress on the phase-field-based lattice Boltzmann method for
multiphase flows
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Multiphase flow is not only ubiquitous in nature, industry and everyday life, but also a
profound problem of interest to a wide range of engineering, geophysical, and
environmental applications. In this talk, we will first give a brief introduction to the
phase-field theory for the multiphase flows, including the Cahn-Hilliard
equation/conservative Allen-Cahn equations for phase field and the Navier-Stokes
equations for flow field. Then we present some fundamentals of the mesoscopic
lattice Boltzmann method (LBM), and mainly focus on how to develop the
phase-field-based lattice Boltzmann method (PF-LBM) for multiphase flows. Finally,
some physical problems are adopted to test the robustness of the PF-LBM in the study
of the complex multiphase flows.
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Mean square stability of stochastic theta method for stochastic differential
equations driven by fractional Brownian motion

BRI
University of Alberta

| will present a result on the mean square stability of the solution and its stochastic
theta scheme for the linear stochastic differential equations drive by fractional
Brownian motion with Hurst parameter 1/2<H<1.

Nonpolynomial collocation for weakly singular Volterra integro-differential
equations

)
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In this talk, we propose an hp-version fractional collocation method for solving
second kind \olterra integro-differential equations with weakly singular kernels. We
derive hp-version error estimates in a weighted H1-norm for the method on arbitrary
meshes. The results show that for any given mesh partition, exponential rates of
convergence can be achieved for certain weakly singular solutions by linearly
increasing the degrees of piecewise fractional polynomials. The results also imply that
in the case of uniform mesh, the method has no (h-version) order barrier for weakly
singular solutions, which is different from classical polynomial collocation methods.
This talk is based on the joint work with Dr. Zheng Ma.
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What can we learn when fitting complex gene expression models to a simple
telegraph model?
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Gene expression is a stochastic process supported by fluctuations of mRNA and
protein copy numbers in single cells within an isogenic cell population. One of
classical stochastic gene expression models is telegraph model. We reveal three
uniform rules when fitting complex gene expression models to the simple telegraph
model. These rules provide theoretical basis for using extensive results of telegraph
model to analyze complex models on distribution modality, parameter estimation and
gene regulation scenarios.

Implicit-explicit relaxation Runge-Kutta methods: construction, analysis and
applications
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Spatial discretizations of time-dependent partial differential equations usually result in
a large system of semi-linear and stiff ordinary differential equations. Taking the
structures into account, we develop a family of linearly implicit and high order
accurate schemes for the time discretization, using the idea of implicit-explicit
Runge-Kutta methods and the relaxation techniques. The proposed schemes are
monotonicity-preserving/conservative for the original problems, while the previous
linearized methods are usually not. We also discuss the linear stability and strong
stability preserving (SSP) property of the new relaxation methods. Numerical
experiments on several typical models are presented to confirm the effectiveness of
the proposed methods.
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Statistical inference for rough volatility

Yanghui Liu
City University of New York, Baruch College

In recent years, there has been substantive empirical evidence that volatility is
“rough”. In other words, the local behavior of volatility is much more irregular than
semi-martingales and resembles that of a fractional Brownian motion with Hurst
parameter $H < 0.5$. An intriguing question is then whether we can estimate the
roughness "indicator” $HS, and if so with which accuracy? In this talk, we derive a
consistent and asymptotically mixed normal estimator of $H$ based on
high-frequency price observations. In contrast to previous works, we work in a
nonparametric setting and do not assume a priori relationship between volatility
estimators and true volatility. Our estimator attains a rate of convergence $1/(4H+2)$,
which is known to be optimal in a minimax sense in parametric rough volatility
models. This talk is based on a joint work with Chong, Hoffmann, Rosenbaum and
Szymanski.

Computational technology in flow instability and heat transfer enhancement in
electroconvection
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The flow motion driven by the Coulomb force exerted by the electric field on free
space charges is fundamental problems in Electro-Hydro-Dynamics (EHD). Such
flow plays an important role in a wide range of applications in industrial processes,
such as EHD pumps, EHD turbulent mixer and electrostatic precipitators. In general,
flow control and heat transfer enhancement with electricity-based techniques has
some unique advantages, such as no moving mechanical parts, rapid and smart control,
and low power consumption and noise. In this talk, I will review our last five years
numerical works on EHD of our group, including the theoretical analysis of rich linear
and nonlinear instabilities in EHD, lattice Boltzmann simulation of EHD, Cellular
flow patterns and their subcritical bifurcation phenomena of EHD, solid-liquid and
solid-gas two phase EHD problems, electro-thermo-convection in non-Newtonian
dielectric liquid.



Mesoscopic numerical methods for partial differential equations: modeling,
analysis, and elements
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Transport processes such as flow, heat and mass transfer are common basic problems
in many fields including energy, environment and chemical industry. They are widely
used in oil and gas exploitation, greenhouse gas storage and utilization, fuel cell
design and optimization, microfluidics, and other fields. The basic mathematical
models for describing such problems are Navier-Stokes equations (NSEs) and
convection-diffusion equation (CDE). However, this kind of problem often has the
multi-scale, multi-physics and nonlinear characteristics, and its transport mechanism
is very complex. Both the micro molecular simulation method and the macro
traditional numerical method are limited in studying this kind of problem. The
Mesoscopic Numerical Method (MNM) based on the kinetic theory provides an
advanced and feasible solution for the study of these complex problems. MNM is a
bottom-up modeling method, which has solid physical basis and computational
advantages. It can directly describe the interaction between fluid and fluid (different
phases and different components) and between fluid and solid, and is easy to treat
various complex boundaries. It is suitable for simulating multiphase/multicomponent
flows, fluid flows in porous media, and hemodynamics, etc. Its algorithm is simple,
universal, efficient, and has natural parallelism, which makes it suitable for running
on GPU and massively parallel computers.

This talk will focus on the lattice Boltzmann method (LBM), a popular MNM for
solving NSEs and CDE and their coupled systems, and introduce the modeling
principle, basic model, basic theory and key elements of LBM in combination with
some works of our group in recent years. The main contents can be summarized as
follows: Two objects, one basis, two distributions, two spaces, two paths, two
analyses. The partial differential equations involved mainly include: Navier-Stokes
Equations, nonlinear Schrd&linger equations, complex Ginzburg-Landau equation,
nonlinear Dirac equation, generalized Zakharov system, Burgers-Fisher equation,
nonlinear heat conduction equation, Cahn-Hilliard equation, reaction-diffusion system,
etc.

Pattern dynamics and optimal control of networked reaction-diffusion systems
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Pattern dynamics is one of the main research contents of nonlinear dynamics, which is

widely used in mathematics, physics, chemistry, biology, ecology, computer science

and other fields. At present, the research on the pattern of reaction-diffusion systems
7
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focuses on the reaction-diffusion equations based on standard Brownian motion in
continuous space. However, the discreteness of population distribution, the
heterogeneity of diffusion, and the large scale and long distance do not conform to the
standard Brownian motion, so it is not suitable to use reaction diffusion equations to
model such reaction diffusion processes. Complex networks usually have the
characteristics of small world and heterogeneity. Networked reaction-diffusion system
makes it possible to describe the reaction-diffusion process more accurately. This talk
first discusses Turing pattern of network reaction diffusion system, and gives the
qualitative and quantitative relationship between network average degree and pattern
structure. Then, based on the differential equation optimal control theory, the optimal
control strategy of pattern structure is discussed.
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Immersed boundary-discrete unified gas kinetic scheme for complex multi-scale
fluid-solid flows

By sC
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Pulverized coal combustion, nano particle preparation, haze, etc. are fluid-solid
two-phase flows that exist widely in nature and energy-chemical fields. In recent
years, remarkable scale effects in those fluid-solid systems, for example interfacial
velocity slip, temperature jump, thermal creep flow, abnormal Fourier heat transfer
and other phenomena of micro/nano particles, as well as complex micro gas-solid
interaction, have attracted extensive attention, and also brought great challenges to
understanding such problems. Starting from Boltzmann equation, this report
introduces the application of a typical mesoscopic method lattice Boltzmann (LBM)
in micro scale fluid-solid two-phase flows, and then presents the development of
immersed boundary-discrete unified gas kinetic scheme (DUGKS, a new multi-scale
mesoscopic numerical method) in handling complex fluid-solid two-phase flow. The
results indicate the initially establishment of a direct numerical simulation tool for
complex multi-scale fluid-solid flows.

Approximation of invariant measures of a class of backward Euler-Maruyama
scheme for stochastic functional differential equations
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This paper is concerned with the approximations of invariant probability measures for
stochastic functional differential equations (SFDEs) using a backward Euler-
Maruyama (BEM) scheme under one-sided Lipschitz condition on the drift coefficient.
Firstly, the strong convergence of ““segment process" associated with the BEM
scheme is established on finite time interval [0,T] with the help of a
Forward-Backward Euler-Maruyama (FBEM) scheme. Then, it is demonstrated that
the segment process for BEM scheme is a Markov process and the corresponding
discrete-time semigroup admits a unique numerical invariant probability measure.
Finally, based on the strong convergence result, we reveal that the numerical invariant
probability measure converges in the Wasserstein distance to the underlying one.



A review on several monotonely descent local minimax methods

for finding saddle points and an application
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In this talk, we will introduce three monotonely descent local minimax methods for
finding saddle points of PDES based on different search rules. The feasibility and
gobal convergence wil be verified. Finally as an application, the LMM is used to
compute the multiple solutions of a singularly perturbed semi-linear Neumann
problems and the so-called critical perturbed value is found and then proved strictly.

Compatible L? norm convergence of the variable-step L1 energy stable
scheme for the time-fractional MBE model
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The convergence of the variable-step L1 schemes are studied for the time-fractional
molecular beam epitaxy (MBE) model with or without slope selection. By taking
advantage of the convex splitting of nonlinear bulk, a novel asymptotically
compatible L? norm error estimates of the variable-step L1 schemes are established
under a convergence-solvability-stability (CSS)-consistent time-step constraint. Just
as the backward Euler scheme can maintain the physical properties of the MBE
equation, the variable-step L1 scheme can also preserve the corresponding properties
of the time-fractional MBE model, including the volume conservation, variational
energy dissipation law and 1?2 norm boundedness. Numerical experiments are
presented to support our theoretical results.

Absorbing boundary and interface conditions for MD

PR
N
In this talk, I will illustrate the model reduction techniques through typical examples
to address the issues of boundary and interface conditions between different domains

or models. I will introduce an efficient and easy to implement boundary condition for
molecular dynamics simulations.
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A class of one-parameter ADI methods for 2D wave equations with discrete and
distributed time-variable delays

SRIBkLZ
R RS
For solving the IBVPs of 2D wave equations with discrete and distributed
time-variable delays, in the present talk, we first construct a class of basic
one-parameter methods. In order to raise the computational efficiency of this class
methods, we remold the methods as one-parameter alternating direction implicit (ADI)
methods. Under the suitable conditions, the remolded methods are proved to be stable
and convergent of second order in both of time and space. With several numerical
experiments, the computational effectiveness and theoretical exactness of the methods
are confirmed. Moreover, it is illustrated that the proposed one-parameter ADI method
has the better advantage in computational efficiency than the basic one-parameter
methods.
Network design principle for biological dual functions
ik
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Biological systems are capable of performing complex functions with a remarkable
degree of accuracy, reliability, and robustness. We postulate that behind the
celebrated diversity of the biological world lie “universal” principles that emerge at
various levels of organization. For example, many signaling systems execute
adaptation under noisy circumstances, and transcriptional regulatory networks can
robustly achieve accurate oscillation in the presence of biological noise. In this talk,
we will explore two dual functions: one is adaptation and noise attenuation, and the
other one is oscillation and noise attenuation. By analyzing and computing three-node
or four-node networks, we reveal essential network design principles for biological
dual functions, which can be utilized in synthetic biology.
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