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Splitting methods have been used for solving a broad spectrum of prob-
lems in scientific applications. They are designed for the numerical solutions
to not only differential equations, but also optimization and machine learning
procedures. A splitting method decomposes an original problem to several sub-
problems, computes separately the solution of each of them, and then combines
all sub-solutions to form an approximation of the solution to the original prob-
lem. Motivations of different splitting methods are inspired by problems with
multiple operators in natural ways. In all cases, the computational advantage
is that it is faster to compute the solution of the split components separately,
than to compute the solution directly when they are treated together. However,
this comes at the cost of an error introduced by the splitting, so strategies must
be devised for controlling the error. This talk studies splitting mechanisms via
operator formulations. A survey will be conducted in global error estimates of
popular exponential splitting strategies. Adaptive splitting, a highly effective
decomposition collaborating with mesh adaptations, will also be briefly elabo-
rated.
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Developing an accurate and reliable computational tool for traffic flow pre-
diction has always been an active research topic in transportation engineering
and planning. In general, the available predictive tools are falls into three
categories, i.e., parametric methods, nonparametric methods, and PDE-based
simulations. In particular, the machine learning methods, such as the k-nearest
neighbor (K-NN) method and the long short term memory networks (LSTM)
belong to the nonparametric methods, while the Autoregressive integrated mov-
ing average (ARIMA) and its variants are the most representative parametric
methods. In this work, we propose the data assimilation technique with the
long short term memory networks (LSTM) for predicting the highway traffic
flows. The proposed method is developed based on the framework of the Kar-
man filtering algorithm, which consists of two key components: the prediction
step and the correction step. The predicted value is obtained by performing
numerical simulation and then corrected by Karman filtering with real data. As
the numerical simulator, which is a kernel component of the predictive tool, we
use an explicit Godunov’s method to discretize the Lighthill-Whitham-Richards
model, where the MacNicholas formulation is used as the fundamental relation
between the velocity and density. Since the data at the upstream boundary
point in the future period is not available. The pseudo-predicted values ob-
tained by using LSTM are used for setting boundary conditions. In this study,
we use Seasonal ARIMA (SARIMA), LSTM methods as baseline methods and
compare them with our proposed method. The numerical results show that our
method outperforms SARIMA and LSTM. This is joint work with Chia-Ming
Chang (NCU, Math) and Chia-Hui Chang (NCU, CSIE).
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Partial differential equations on surfaces have wild applications in many
areas, such as material science, surfactant problems, image processing and bi-
ology. These PDEs usually originate from minimizing energy functions defined
on surfaces. This work targets applications that use implicit or non-parametric
representations of closed surfaces or curves and require numerical solution for
minimization problems defined on the surfaces.

Our framework showed that the energy function defined on surfaces can be
extended to the energy function defined on the nearby tubular neighborhood
that gives the same energy when input the constant-along-normal extension.
Furthermore, the extended energy function gives the same minimizer as which
the original energy function gives in the sense of restriction on the surface.
This new approach connects the original energy function to an extended energy
function and provides a good framework to solve PEDs numerically on Carte-
sian grids. In this talk, we introduce the framework and the related problems
have been solved by the proposed method, such as Laplace-Beltrami operator,
TV-denoising and obstacle problems defined on surfaces. Recently, under this
framework, we develop a modified level-set method to solve interface problem
on Cartesian grids. This is a joint work with Professors Richard Tsai and Ming-
Chih Lai.
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The graph Laplacian eigenvalue problem is an important model for solving
the problems of clustering or dimensionality reduction. To this end, computing
some smallest eigenvalues and corresponding eigenvectors of a graph Laplacian
matrix is often of interest. However, due to the graph Laplacian matrix is
positive semi-definite, its singularity makes the classical eigensolvers, such as
the inverse power method or the Lanczos methods, inefficient since we need to
solve related linear systems.

In this talk, we will introduce structured numerical algorithms for deal-
ing with the graph Laplacian eigenvalue problem. We propose the numerical
algorithms according to the properties and structures of the graph Laplacian
matrix obtained by different models. Numerical experiments demonstrate that
the structured eigensolvers outperform classical methods.
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Ion channels are pore-forming trans-membrane proteins that allow ions to
enter/leave cell. There are many important cell functions involving ion chan-
nel, e.g., establishing and regulating action potential in neurons and myocytes.
The average time for an ion passing through ion channel is in the order of ms,
which is infeasible for molecular dynamics simulation so far. Continuum model
like Poisson-Boltzmann equation (PB) and Poisson-Nernst-Planck (PNP) equa-
tions are popular to describe ion channel in equilibrium and non-equilibrium
situations. KcsA potassium channel is chosen to be studied here, since it is
one of few ion channels having X-ray crystallographic structure. 3D PB and
PNP simulations of KcsA channel have been a challenging task, since (1) geom-
etry is complicated especially the narrow selectivity filter (SF) part requiring
high resolution over there when generating meshes; (2) mathematical models
are complicated since classical PB/PNP needs to be further modified to con-
sider both finite-size effect of ions and solvation energy; (3) macroscopic physical
parameters such as dielectric constant and diffusion coefficient at SF are gener-
ally unknown. Here, Bikerman model, a modified PB/PNP model considering
finite-size effect of ions, is employed and modified to study this KcsA potassium
channel. The basic idea of Bikerman model is to include entropy of water when
ionic concentration is no more dilute. This will cause potassium to saturate at
SF where negative carbonyl oxygen charges pose very strong electric field to
attract potassium. For computation, Poisson equation in governing equations is
extended to be pseudo-time-dependent with the steady-state solution being our
only interest. Governing equations are semi-discretized in space by 2nd order
finite volume method under Cartesian grids with the cell edge value to cope
with interface and boundary conditions. Runge-Kutta method is then utilized
to do the time integration. GPU parallel computation is applied to accelerate
this large-scale computation. From simulation results, we found potassium is
saturated inside SF and it reveals binding sites in agreement with molecular
dynamics simulation. Additional pile-ups of potassium right outside SF are
also found to help achieving electro-neutrality, which is identified as additional
binding sites in potassium channels.
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A manifold parameterization is a homeomorphism that maps the manifold
onto the domain of a canonical shape. The mapping induces a coordinate system
on the manifold, which can be used to simplify the issues arising from geometry
processing and computer graphics. In this talk, I will introduce some related
theoretical backgrounds and my recent works on computational algorithms for
parameterizations of surfaces and 3-manifolds. Applications on computer graph-
ics will be demonstrated thereafter.
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