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Heterogeneous Multi-Scale Methods
Bern Engquist

Department of Mathematics, University of Texas, Austin

Abstract

Continuum simulations of solids or uids for which some atonstic information
is needed are typical example of multi-scale problems witlery large ranges of scales.
For such problems it is necessary to restrict the simulatienon the micro-scale to
a smaller subset of the full computational domain. The hetegeneous multi-scale
method is a framework for developing and analyzing numericmethods that couple
computations from very di erent scales. Local micro-scalsimulations on small do-
mains supply missing data to a macro-scale simulation on thell domain. Examples
are local molecular dynamics computations that produce datto a continuum macro-
scale model, or a highly oscillatory dynamical system for wdh a local estimate of
resonances is enough to supply data for a smoother evolutiohaverages.



NCTS International Workshop on Scienti c Computing, June B{30, 2006 2
June 26 10:00{11:00

Super Fast Fourier Transforms and Sparse
Spectral Methods for Multiscale PDEs

Olof Runborg

NADA, KTH

Abstract

We discuss a recent algorithm for the discrete Fourier traferm of signals that
can be well approximated by a sparse Fourier expansion usify terms, where B
is much smaller than the signal lengthN. The algorithm is randomized with a
complexity of just O(BlogN), for xed accuracy and probability. We show how this
algorithm can be useful as the main component in a spectral thed for PDEs with
rapidly varying coe cients.
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In Search of the Optimal Coordinate System in
Computational Fluid Dynamics

Grafton W. H. Hui

Division of Mechanics, Research Centre for Applied Sciensg Academia Sinica

Abstract

It is well-known that the numerical solution to a given ow degends on the
relation between the ow and the coordinate system used to ogpute it. Animportant
issue in CFD is, therefore, the search for the \optimal” coalinate system. This paper
reviews the advantages and drawbacks of Eulerian and Lagan coordinate systems
in CFD, leading to the construction of a uni ed coordinate sgtem which combines
the advantages of these two systems and beyond. Speci calityis shown that: (a)
To write the governing equations in an arbitrary coordinatesystem as a system of
conservation partial dierential equations (PDE), it is necessary and su cient to
append the time-evolution equations of the coe cients in tke transformation (from
Cartesian to that system) to the physical conservation lawsln particular, the system
of Lagrangian gas dynamic equations is written, for the rsttime, in conservation
PDE form. (b) The uni ed coordinates, (; ; ; ), inwhich is a time variable and

and are material functions, possess the advantages of Lagraagisystem that
contact discontinuities and material interfaces (includig free surfaces) are resolved
sharply. (c) In using the unied coordinate system, there isno need to generate
a body- tted grid prior to computing ow past a body; the grid is automatically
generated by the ow. (d) In the uni ed coordinate system, the grid is orthogonal
for 2-D ow and is grid-schewness preserving in 3-D ow. Nunmzal examples are
given to con rm these properties.
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Computation of High Frequency Waves in
Heterogeneous Media

Shi Jin

Department of Mathematics, University of Wisconsin, Madison

Abstract

We introduce Eulerian methods that are e cient in computing high frequency
waves through heterogeneous media. The method is based oe tHassical Liouville
equation in phase space, with discontinous Hamiltonians r(singular coe cients)
due to the barriers or material interfaces. We provide physally relavant interface
conditions consistent with the correct transmissions anderections, and then build
the interface conditions into the numerical uxes. This mehod allows the resolu-
tion of high frequency waves without numerically resolvinghe small wave lengths,
and capture the correct transmissions and re ections at thenterface. Moreover, we
extend the method to include diraction, and quantum barrigs. Applications to
semiclassical limit of linear Schrodinger equation, geotnieal optics, elastic waves,
and semiconductor device modeling, will be discussed.
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Numerical Model for Light Interaction with
Two-Level Atoms Medium

Boniface Nkonga

MAB UMR 5466 CNRS, University of Bordeaux |, France

Abstract

Many topics of interest in nonlinear optical applications ee related to the prop-
agation of light and the interaction of the electric eld with material medium [10,1].
The regime of the laser sources (small wavelength) can makée manifestation of
guantum mechanical coupling via the optical properties ofte medium [8,2,7]. The
material medium is either a solid (crystal) [10] or an atomigas [6]. Then according
to the intensity of the laser beams, we can obtain di erent keels of linear and non-
linear interactions. Modeling and computing those behawvie are exiting and di cult
numerical challenges. The full description of the light-ntger interaction involves the
resolution of the Maxwell equation coupled to the atomic was/function which obeys
the Schredinger equations [2,8]. The numerical approact this model is only possible
for simpli ed medium with a small number of atoms. The nonlirar Maxwell-Bloch
system is a macroscopic modelisation taking into account ehquantum mechanical
coupling for a large class of medium. It contains some essahtumerical di culties.

In some cases, the full wave integration of this system is wwdable and has been
investigated in the nite di erence timedomain (FDTD) cont ext [9]. In general the
computational time needs for those applications are very pgnsive [1,4,3]. However,
we are concerned by the propagation of an quasi-monochrongabptical eld in a
dilute atomic vapor. Embedded in the medium are atoms with t& energy levels con-
nected by an electric-dipole transition. The laser beamsdguency is nearly resonant
with the atomic transition and su ciently intense to remove a signi cant fraction of
the population from the atomic ground state to the exited stee.

We assume that the envelope of the optical eld is slowly vamgg and the nonlin-
ear popolarization is a perturbation term. The polarizatio and the electric eld are
supposed to be oriented with the same xed direction so thatiey can be reduced to
scalar quantities. The Shredinger equation is formulatefbr a two-level atom medium
witching the rotating wave approximation (rwa) [2] and dipde interaction. In order
to obtain an e cient numerical scheme, a nonlinear transfamation is introduced to
reduced the derived system. This transformation is inspidefrom [5] and is one of the
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key point of this modelization. Using a set of parameters assiated to an industrial
application, we performed a scaling of the equations and iy a small parame-
ter. The asymptotic analysis is then performed and leads tdé characterization of
the important operators governing the coupling mechanismAccording to this char-
acterization, a numerical model, respecting the propertseof the main operators, is
proposed. This method is applied to a boundary condition pldem.

This is joint work with T. Colin.
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A Coupling Interface Method for Elliptic Interface
Problems

I-Liang Chern and Yu-Chen Shu

Department of Mathematics, National Taiwan University

Abstract

We propose a coupling interface method (CIM) under Cartesiagrid for solving
elliptic interface problems in arbitrary dimensions, whes the coe cients, the source
terms and the solutions may be discontinuous or singular aiss the interfaces. It is
a second-order nite di erence scheme.

In one-dimension, our method is derived based on quadratip@roximation on
each sides of the interface. The resulting scheme uses twalgfata from each sides
and two jump data on the interface. The method is extended toigh dimensions
through a dimension-by-dimension approach. To connect imfmation from each di-
mensions, a coupled equation for the principal second deatiwes uy, , is derived
through the jumps of the tangential derivatives in each codiinate directions. The
cross derivatives are approximated by one-side interpolah. This approach reduces
the number of grid point needed for one-side interpolationThe resulting stencil in-
volves 8 grid points in two dimension and 12-14 grid points ithree dimension. As
a result, it is more exible to handle complex interface prolems. Yet, there is still
a small amount of exceptional points, where a rst-order méitod is proposed which
uses only the standard & + 1 grid points in d dimensions. The resulting scheme is
still second-order due to the fact that the number of these eeptional points isO(1)
in most applications.

A comparison study with other interface methods is perfornte Algebraic multi-
grid method is employed to solve the resulting linear systenNumerical tests demon-
strate that CIM is very stable. Further, more examples in thee dimensions are
provided to show that CIM can handle complex interface probkims in three dimen-
sion. In addition to show the second-order accurate in maxahnorm for u, a second-
order method to nd gradients near interfaces is also proviel outside the exceptional
points. We emphersize that this method is simple, fast, rolst and can handle com-
plex interface problems in anyd dimension.
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Fully Consistent and Accurate Pressure Boundary
Condition for MAC Scheme on Curvilinear
Domains

Wei-Cheng Wang

Department of Mathematics, National Tsing Hua University

Abstract

We propose a novel approach for the pressure boundary conalit on curvilinear
domains in nite di erence setting. In this approach, the discrete pressure-Poisson
equation is treated purely as a Lagrangian multiplier, ingad of a discrete elliptic
PDE. The main di erence is that pressure boundary conditioris no longer required
in this setting.

The resulting matrix problem for the pressure is symmetricrad de nite. This
boundary treatment technique is an extension of the "half lpacian operator' associ-
ated with the \Jump Condition Capturing Scheme" previouslydeveloped for elliptic
interface problems.

As a corollary, we show that the standard MAC scheme on rectgalar grids
is in fact independent of the numerical Neumann boundary data for pressure. This
explains why homogeneous Neumann boundary condition workell on MAC grids
and gives second order accuracy.

This new interpretation of the pressure-Poisson equationiso leads to a very
clean and short proof ofO(h?) error estimate for the velocity eld.
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Simulation of Fluid-Solid Problems Using
Immersed Boundary Method

Ming-Chih Lai

Department of Applied Mathematics, National Chiao Tung Uni versity

Abstract

In this talk, we shall introduce several variants of immerskboundary techniques
to simulate the incompressible ows with rigid boundary. Tre IB formulation treats
the solid boundary as a singular force generator so that th@ uence of boundary
can be transmitted into the uid by this forcing term. A new interpolating forcing
procedure on the Lagrangian markers is proposed which enssirthe satisfaction of
the no-slip boundary condition on the immersed boundary inhe intermediate time
step. The numerical results are compared against with the @vious numerical and
experimental results.
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Bregman Iteration, Inverse Scale Space,
Cartoon/Texture Decomposition, Recovery of
Signal from Noise and other New Techniques in
PDE Based Image Restoration

Stanley Osher

Department of Mathematics, University of California, Los A ngeles

Abstract

In recent years there has been an explosion of activity retad to PDE and vari-
ational based methods in image processing. In this talk we liMbegin with standard
ROF BV/L2 Minimization and discuss various related and sighcant improvements,
largely provoked by Yves Meyers 2001 monograph.
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Duality-Based Iterative Methods for Total
Variation Minimization

Tony Chan

Department of Mathematics, University of California, Los A ngeles

Abstract

Regularization based on total variation, and related higheorder variants based
on curvature of level sets, have been used very successfirllymage processing. How-
ever, their non-smooth nature poses major challenge for nenical methods designed
for their iterative numerical minimization. Primal based nethods have to be regu-
larized themselves, and even then are often only linearly mgergent. Consequently,
there has been interest in developing duality-based iteriae methods for their solu-
tion. The advantage of these dual methods is that the objeet function is smooth
(often quadratic), but accompanied by many constraints, wich may or may not be
active at the solution. In this talk, I'll review some of theg developments, starting
with the PhD thesis of J. Carter, then reviewing the primal-dial method of Chan-
Golub-Mulet (related to work by Conn and Overton), to a recehmajor advance by
A. Chambolle for a all-dual formulation. I'll nish by presenting some recent work of
mine (in collaboration with J.F. Aujol, S. Esedoglu and F. P&) on extending Cham-
bolle's approach to higher order variants of TV and their aplications to computing
decomposition of images into geometric, texture and noiseraponents.
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Dynamic Generation and Depletion of Small
Scales for 3D Incompressible Flows

Thomas Y. Hou

Division of Applied Mathematics, Cal. Tech.

Abstract

Whether the 3D incompressible Euler equation can develop aite time sin-
gularity from smooth initial data has been an outstanding opn problem. Here we
review some existing computational and theoretical work opossible nite blow-up
of the 3D Euler equation. We show that there is a sharp relatiship between the
geometric properties of the vortex lament and the maximum wrtex stretching. By
exploring this local geometric property of the vorticity eld, we have obtained a global
existence of the 3D incompressible Euler equations undems® localized conditions
on the velocity and the unit vorticity vector eld. Further, we perform large scale
computations of the 3D Euler equations to re-examine the aljed nite-time blowup
of the two antiparallel vortex tubes, which has been consided as one of the most
attractive candidates for a nite-time blowup of the 3D Eule equations. Our numer-
ical studies indicate that the maximum vorticity does not gow faster than double
exponential in time. The local geometric regularity of vorex lines seems to be re-
sponsible for the dynamic depletion of vortex stretching. iRally, we will present a
new class of solutions for the 3D Euler and Navier-Stokes edions, which exhibit
very interesting dynamic growth property but have global estence for all times.
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Uni ed Hybridization of Discontinuous Galerkin,
Mixed and Continuous Galerkin Methods for
Second Order Elliptic Problems

Bernardo Cockburn

School of Mathematics, University of Minnesota

Abstract

Discontinuous Galerkin methods usually do not compare fakably in the number
of unknowns with other methods. We show how to remove this @didvantage for a class
of discontinuous Galerkin methods by a new hybridization thnique, thus making
them competitive with mixed methods. Moreover, we develop ani ed framework
by which one can at once hybridize discontinuous Galerkin, ired and continuous
Galerkin methods. The uni ed framework facilitates discogry of new methods, com-
parison between methods, and allows easy coupling of di etemethods, even across
non-matching mesh interfaces.

This is joint work with Jay Gopalakrishnan (University of Florida) and Raytcho
Lazarov (Texas A & M University).
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Discontinuous Galerkin Method based on
Non-polynomial Approximation Spaces

Chi-Wang Shu

Division of Applied Mathematics, Brown University

Abstract

We describe our recent development of discontinuous GalerkDG) methods
based on non-polynomial approximation spaces for numerigasolving time depen-
dent hyperbolic and parabolic and steady state elliptic PDE The algorithm is based
on approximation spaces consisting of non-polynomial elemtary functions such as
exponential functions, trigonometric functions, etc., vith the objective of obtaining
better approximations for speci ¢ types of PDEs and initialand boundary conditions.
It is shown that L? stability and error estimates can be obtained when the appxe
imation space is suitably selected. It is also shown with arfgonumerical examples
that a careful selection of the approximation space to t indvidual PDE and initial
and boundary conditions often provide more accurate resslithan the DG methods
based on polynomial approximation spaces of the same orddramcuracy. Prelimi-
nary results on the application of this technique to solve nitiscale problems with
oscillatory coe cients will also be shown.

This is joint work with Ling Yuan.
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High-Order Runge-Kutta Discontinuous Galerkin
Methods for Computational Electromagnetics

Min-Hung Chen

Department of Mathematics, National Cheng-Kung University

Abstract

In this talk, we implement a new Runge-Kutta Discontinuous @lerkin (RKDG)
method to solve the problem of light scattering. The new methd can achieve full
high-order convergence both in time and space while keepitite time-step propor-
tional to the spatial mesh-size. We use high order polynonigaas basis to discretize the
equations in space and integrate the resulting ordinary derential equation (ODE)
system in time with a strong stability preserving Runge-Kuta (SSP-RK) scheme
described in Gottlieb et al. [2]. The new SSP-RK scheme is mtlorder accurate,
m-stage and 3N low-storage (A 3N storage method only requirésee storage units
per ODE variable). For example, if polynomials of degree k arused in the space dis-
cretization, our RKDG method can be made to converge with ovall order m = k+1,
for any k > 0. Moreover, the RKDG method can handle complex geometrieastly
and it is another motivation to apply the RKDG method to solvethe problem of light
scattering. Exact non-re ecting boundary condition deried by Grote and Keller [3]
is employed to treat the arti cial boundary of the truncated computational domain
and we use the technique described in Chen et al. [1] to tredtd resulting inhomo-
geneous ODE system. Numerical results are presented thatnaon the predicted
convergence properties.

References
1 M.-H. Chen, B. Cockburn and F. Reitich, High-Order RKDG mehods for com-
putational electromagnetics, J. Sci. Comput. 22/23 (2005R05-226.

2 S. Gottlieb, C.-W. Shu, and E. Tadmor, Strong stability preerving high order
time discretization methods, SIAM Rev. 43 (2000), 89-112.

3 M. Grote and J. Keller, Nonre ecting boundary conditions ér Maxwell's equa-
tions, J. Comput. Phys. 139 (1998), 327-342.
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Computing Wave Functions of Nonlinear
Schiedinger Equations: A Steady-State Approach

S.-L. Chand, C.-S. Chier? and B.-W. Jengd’

aCenter for General Education, Southern Taiwan University of Technology

bDepartment of Applied Mathematics, National Chung-Hsing University

Abstract

We present a novel algorithm for computing time-dependentofutions of M-
coupled nonlinear Schredinger equations (MCNLS). First @ transform the MCNLS
to the steady state ones by using separation of variables. &@Hh.iapunov-Schmidt re-
duction is applied to study the local bifurcation behavior bthe MCNLS. We discretize
the system via centered di erence approximations. A predior-corrector continua-
tion method is exploited to trace solution curves and surfas of the MCNLS, where
the chemical potentials are treated as continuation paranters. The wave functions
can be easily obtained whenever the solution manifolds aremerically traced. The
proposed algorithm has the advantage that it is unnecessaty discretize or integrate
the partial derivatives of wave functions. Moreover, the wa functions can be com-
puted for any time scale. Our numerical computations were eguted on a unit disk.
Sample numerical results are reported.
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A Fully Mass and Volume Conserving
Implementation of a Characteristic Method for
Transport Problems

Chieh-Sen Huang

Department of Applied Mathematics, National Sun Yat-sen University

Abstract

The characteristics-mixed method considers the transponit of a single point or
uid particle, but rather the mass in an entire region of uid. This mass is transported
along the characteristic curves of the hyperbolic part of # transport equation, and
the scheme thereby produces very little numerical dispeosi, conserves mass locally,
and can use long time steps. However, since the shape of a eletaristic trace-back
region must be approximated in numerical implementation t$ volume may be incor-
rect, resulting in inaccurate concentration densities andurther, inaccurate reaction
dynamics. We present a simple modi cation to the charactestics-mixed method
that conserves both mass and volume of the transported uidegions. Our algorithm
also handles boundary conditions through a space-time ctgm of variables in the
trace-back routines, which allows the boundary to be treateas if it were interior
to the domain. Nearly point sources, such as wells, presemiesial di culties, since
characteristic trace-back curves converge in their vicityt We also present techniques
that allow one to conservatively implement wells. The techgues are illustrated in
ve numerical examples.

This is joint work with Todd Arbogast (Department of Mathematics, University
of Texas at Austin)
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Retrieving Topological Information For Interfaces
Described by Phase Field Models

Qiang Du

Department of Mathematics, Penn. State University

Abstract

Phase eld approach is a popular tool in modeling interface ation, microstru-
ture evolution and more recently the shape transformationfavesicle membrane under
elastic bending energy. While it is advantageous to employné phase eld models
in the numerical simulations to automatically handle the tpological changes in the
microstructures or the membrane con gurations, detectingopological events may
also become important for many applications. With such motations, a new quan-
tity is formulated to retrieve some topological informatiamn based on the phase eld
formulation and to capture the occurrence of topological ents. Through numerical
experiments, we demonstrate the e ectiveness and the rolinsss of the new quantity
in detecting the topology of uid bubbles and vesicle membrzes.
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An E cient Level Set Method for Wavefront
Construction inGeometrical Optics

Li-Tien Cheng

Department of mathematics, University of California, San Diego

Abstract

Recent advances in numerical methods for wavefront consution in geometrical
optics have removed traditional obstacles of handling mwtaluedness and resolution
of wavefronts. The technique, however, involves working ithe higher dimensional
phase space, bringing problems of dimensionality into theigbure. In this talk, we
present a level set method for capturing wavefronts by wonkg e ciently in phase
space. Results show fast computations of resolved, muledued wavefronts in three
dimensional space, advancing us closer to realistic applions in wave propagation.
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Finding Global Minimizers of Segmentation and
Denoising Functionals

Selim Esedoglu

Department of Mathematics, University of Michigan

Abstract

Segmentation is a fundamental procedure in computer visiorlit forms an im-
portant preliminary step whenever useful information is tde extracted from images
automatically. Given an image depicting a scene with sevdrabjects in it, its goal is
to determine which regions of the image contain distinct obfts.

Variational segmentation models, such as the Mumford-Shdhnctional and its
variants, pose segmentation as nding the minimizer of an engy. The resulting
optimization problems are often non-convex, and may have dal minima that are
not global minima, complicating their solution. We will shav that certain simpli ed
versions of the Mumford-Shah model can be given equivalentrivex formulations,
allowing us to nd global minimizers of these non-convex pldems via convex mini-
mization techniques. In particular, we will show that a recet convex duality based
algorithm due to A. Chambolle, which was originally develogd for Rudin, Osher,
and Fatemi's total variation denoising model, can be adapteto the segmentation
problem.
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Maximization of the Quality Factor of an Optical
Resonator

Fadil Santosa

Department of Mathematics, University of Minnesota

Abstract

We consider resonance phenomena for the scalar wave equaiio an inhomo-
geneous medium. Resonance is a solution to the wave equatighich is spatially
localized while its time dependence is harmonic except foechy due to radiation.
The decay rate, which is inversely proportional to the qudly factor, depends on the
material properties of the medium. In this work, the problenof designing a resonator
which has high quality factor (low loss) is considered. Theesign variable is the in-
dex of refraction of the medium. High quality resonators ardesirable in a variety of
applications, including photonic band gap devices.

Finding resonance in a linear wave equation with radiation dundary condition
involves solving a nonlinear eigenvalue problem. The magumie of the ratio between
real and imaginary part of the eigenvalue is proportional téhe quality factor Q. The
optimization we perform is nding a structure which possess an eigenvalue with
largest possibleQ. We present a numerical approach for solving this problem. He
method consists of rst nding a resonance eigenvalue andganfunction for a non-
optimal structure. The gradient of Q with respect to index of refraction at that state
is calculated. Ascent steps are taken in order to increaseeliguality factor Q. We
demonstrate how this approach can be implemented and presemmerical examples
of high Q structures.

This is joint work with Chiu-Yen Kao.
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E cient and Stable Spectral Methods for the
Helmholtz equation in Exterior Domains

Jie Shen

Department of Mathematics, Purdue University

Abstract

| shall present an e cient and stable spectral algorithm andtheir numerical
analysis for the Helmholtz equation in exterior domains. Té algorithm couples a
boundary perturbation technique with a well-conditioned pectral-Galerkin solver
based on an essentially exact Dirichlet-to-Neumann opexat The method is further
enhanced with numerical analytic continuation implemente via Pade approximation.
Error analysis as well as numerical results will be presentdo show the accuracy,
stability, and versatility of this algorithm.
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Incompressible Navier-Stokes Dynamics in
Bounded Domains{A New Approach for Analysis
and Computation

Jian-Guo Liu

Department of Mathematics, University of Maryland

Abstract

Based upon a new, sharp estimate for the commutator of the Lkgzian and
Helmholtz projection operators, we show that the pressuraadient is bounded in L2
norm by the viscosity term times a constant less than one, uptlower order terms.
By consequence, NSE can be regarded as a perturbed di usiajuation, rather than
a perturbed Stokes system. This leads to stability resultof discretization schemes
that (a) provide simple proofs of existence and uniqueness local strong solutions,
and (b) help explain the success of recently developed nunoat methods that are
fast, accurate near boundaries, and simple and exible in istcture.

This is joint work with Bob Pego and Jie Liu.
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Gas-kinetic Scheme for Continuum and Rare ed
Flow Computation

Kun Xu

Department of Mathematics, Hong Kong University of Scienceand Technology

Abstract

This talk concerns the construction of a uni ed gas-kineticscheme for continuum
and rare ed ow computation. After presenting the gas- kind¢ic scheme for the com-
pressible Navier-Stokes ow computations, we are going td\@w multi-temperature
gas-kinetic model for the simulation of near continuum owwhere the Navier-Stokes
equations are invalid. For monatomic gas, the dierent traslational temperature
in di erent spatial direction is coupled through particle ollision model. For the di-
atomic gas, besides the translational non-equilibrium, @ rotational and vibrational
non-equilibrium will also be included in the current model.In order to validate the
model, its solutions in the rare ed ow regime, such as micr@hannel ow and shock
structure, will be obtained. The numerical solutions are aopared with the DSMC
results and experimental measurements.
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Kinetic Methods for Ideal Quantum Gas Dynamics
J.Y.Yang, Y. H. Shiand T. Y. Hsieh

Center for Scienti c Computing, National Taiwan Universit y

Abstract

Kinetic numerical methods based on Bose-Einstein and FertDiirac statistics are
constructed for the ideal quantum gas dynamics by extendinifpe beam scheme and
kinetic ux vector splitting method. A BGK-type kinetic ux vector splitting is also
presented. The resulting methods turn out to be in the form ofux vector splitting
which process entropy-satisfying property thus can excledexpansion shocks. Formu-
lations from one to three space dimensions are derived. Heghorder methods based
on modern high resolution non-oscillatory interpolation ee implemented for practi-
cal calculations. Numerical examples for several one- andd-dimensional quantum
gas dynamical problems are tested to illustrate the presemhethods. The present
equilibrium solutions are the lowest order solution of a mergeneral full quantum
Boltzmann equation or quantum BGK equation. The possible é¢&nsion to higher
order transport are outlined and some potential applicatios are also given.
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On a Continuity-Preserving Segregated Solution
Algorithm for Accelerating the Incompressible
Navier-Stokes Calculation

Tony W. H. Shel?, R. K. Lin2, P. H. Chiu?, and G. L. Liu®

aDepartment of Engineering Science and Ocean Engineering, &ional Taiwan University

bShanghai Institute of Applied Mathematics and Mechanics, $ianghai University, China

Abstract

A new method for accelerating the non-oscillatory incompssible Navier-Stokes
simulation on the non-staggered grids is developed. Withithe segregated solution
framework, the divergence-free equation is theoreticallyeveloped to replace one of
the momentum equations so as to be able to rigorously preserthe discrete uid in-
compressibility. For the sake of numerical accuracy, the e-point stencil convection-
di usion-reaction scheme will be employed to obtain the naally exact solution for
this chosen momentum equation. The validity of the proposeshass-preserving segre-
gated Navier-Stokes method is justi ed by sequentially seing the working equations
for three problems which are amenable to analytical solutis. The prediction qual-
ity is shown to be much better than that of the conventional sgregated approach in
gaining an improved spatial rate of convergence.
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A Wave-Propagation Based Volume Tracking
Method for Compressible Multicomponent Flow

Keh-Ming Shyue

Department of Mathematics, National Taiwan University

Abstract

We present a simple volume-of- uid approach to interface &cking for inviscid
compressible multicomponent ow problems in two space dimeions. The algorithm
uses a uniform Cartesian grid with some grid cells subdivideby tracked interfaces,
approximately aligned with the material interfaces in the ow eld. A standard
volume-moving procedure that consists of two basic stepst)(the update of a discrete
set of volume fractions from the current time to the next, anq?2) the reconstruction
of interfaces from the resulting volume fractions, is empjed to nd the new location
of the tracked interfaces in piecewise linear form at the endf a time step. As in
the previous work by LeVeque and the speaker to front trackgibased on a surface-
moving procedure (J. Comput. Phys., 123 (1996), pp. 354-36& conservative high-
resolution wave propagation method is applied on the resuig slightly nonuniform
grid to update all the cell values, while the stability of themethod is maintained by
using a large time step idea even in the presence of small €&hd the use of a time
step with respect to the uniform grid cells. We validate our lgorithm by performing
the simulation of a Mach 122 shock wave in air over a circular R22 gas bubble, where
sensible agreement of some key ow features of the computedusions are observed
when direct comparison of our results are made with the exisg experimental and
numerical ones that appear in the literature. Other computons are also presented
that show the feasibility of the algorithm together with a miture type of the model
equations developed by the speaker (J. Comput. Phys., 1710(), pp. 678-707) for
practical multicomponent problems with general compredslie materials characterized
by a Mie-Gnaneisen form of the equation of state.

Extension of the method to problems with moving rigid boundaes will be dis-
cussed, and some preliminary results will be shown.
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A Novel Method for Solving Electromagnetic
Problems of Ax =!2x and A(! )x = ! %X

Chun-Hao Teng

Department of Mathematics, National Cheng Kung University

Abstract

A novel method for solving the eigenvalue problems of photmncrystals is devel-
oped. The methodology is demonstrated by collaborating wita high-order numerical
scheme on the calculation of band diagrams of photonic crgds.



NCTS International Workshop on Scienti c Computing, June B{30, 2006 29
June 29 17:00{17:30

Null-space free Jacobi-Davidson Method for
Maxwell's Equation

Tsung-Min Hwang

Department of Mathematics, National Taiwan Normal University

Abstract

The shape design of photonic-crystal materials involves merically computing
the eigenvalues of the Maxwell's operator. This operator idegenerate with a huge
null space. During the iteration procedure, this null spacés strongly attractive and
becomes a pitfall for the approximate eigenfunctions of theonzero eigenvalues, thus
plain iteration usually converges slowly or does not convge at all. The traditional
approach for this problem is to project the approximate eigéunctions onto the non-
zero eigenspace by solving a Poisson type equation at ea@ration. Since the Poisson
type equation needs to be solved accurately, this projectistep becomes a bottleneck
in terms of e ciency, especially for large systems.

Based on Yee's discretization of Maxwell's operator, a basof the high dimen-
sional null space and a matrix representation of the subspaR for all nonzero eigen-
values of this problem are shown in this talk. Using this remsentation, a null-space
free Jacobi-Davidson (NSFJD) algorithm is developed suclhat the correct vector in
each iteration of NSFJD is automatically belonged to the suidpaceR so that we can
bypass the projection step and signi cantly improve the e dency.
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Visibility of Point Clouds and Mapping of
Unknown Environments

Yen-Hsi Richard Tsai

Department of Mathematics, University of Texas, Austin

Abstract

We present an algorithm for interpolating the visible portons of a point cloud
that are sampled from opaque objects in the environment. Oualgorithm projects
point clouds onto a sphere centered at the an observing loa@@at and performs es-
sentially non-oscillatory (ENO) interpolation to the projected data. Curvatures of
the occluding objects can be approximated and used in many yg&a We show how
this algorithm can be incorporated into novel algorithms fo mapping an unknown
environment.
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A Geometric Method for Automatic Extraction of
Sulcal Fundi

Chiu-Yen Kao

Department of Mathematics, Ohio State University

Abstract

Sulcal fundi are 3D curves that lie in the depths of the cerell cortex and are
often used as landmarks for downstream computations in braimage processing. In
this talk, a sequence of geometric algorithms is introduce automatically extract
the sulcal fundi from magnetic resonance images (MRI) andpeesent sulcal fundi as
smooth polylines lying on the cortical surface. The automat sulcal extraction can
improve the quality and reproducibility of the process as wWeas yielding considerable
time savings. This makes the large number of high-resolutidViRI datasets available
for analysis.
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Novel Inverse Method for the Time Dependent
Di usion Tomography

Jerry Yin-Tzer Shih

Department of Mathematics, National Chung Hsing University

Abstract

Here we formulate the time dependent di usion tomography mblem as one of
coe cient recovery from incomplete boundary data in invers problem. We have
completed a new implement of Elliptic System Method by usinthe C1 Brogner-Fox-
Schmit bi-cubic elements over rectangles with a new treatmeof boundary conditions
on parts of boundary where no measured data is available. Wellvstudy on three
previously published examples using back re ected or transtted data with one or
two inclusions. The new implementation in comparison givesemarkably improved
results for inclusion recovery, all of which are achieved tout use of additional aids
such as weighting functions which have previously been thght to be essential. We
also conclude two examples illustrating the e ect of incresang levels of noise.
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Inverse Scattering Problems by Integral Equation
Method

Kun-Ming Lee

Department of Applied Mathematics, National Chiao Tung Uni versity

Abstract

In this talk we will rst survey some methods for solving invese scattering prob-
lems which base on integral equation method. A new method &k on nonlinear
integral equations will be proposed. Some numerical exameplwill be given to illus-
trate this method.
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A Model for Semiconductor Quantum Dot
Molecule Based on the Current Spin Density
Functional Theory

Jinn-Liang Liu

Department of Applied Mathematics, National University of Kaohsiung

Abstract

Based on the current spin density functional theory, a theatical model of three
vertically aligned semiconductor quantumdots is proposednd numerically studied.
This quantum dot molecule (QDM) model is treated with realiic hard-wall con-
nement potential and external magnetic eld in three-dimensional setting. Using
the eRective-mass approximation with band nonparaboligit the many-body Hamil-
tonian results in a cubic eigenvalue problem from a nite diRrence discretization.
A self-consistent algorithm for solving the SchredingeRoisson systemby using the
Jacobi-Davidson method and GMRES is given to illustrate th&Kohn-Shamorbitals
and energies of six electrons in the molecule with some matioeelds. It is shown
that the six electrons residing in the central dot at zero maggtic eld can be changed
to such that each dot contains two electrons with some feag#bmagnetic eld. The
FAorster-Dexter resonant energy transfer may therefore bgenerated by two indi-
vidual QDMs. This may motivate a new paradigm of Fermionic gbits for quantum
computing in solid-state systems.

This is joint work with Jen-Hao Chen (Department of Applied Mathematics,
National Chiao Tung University) and O. Voskoboynikov (Depatment of Eletronic
Engineering, National Chiao Tung University)
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Simulating Quantum Dot Array with Di erent
Size Dots

Weichung Wang

Department of Applied Mathematics, National University of Kaohsiung

Abstract

Aiming at simulating nano-scale quantum dot arrays (QDAS) lhat the dots sizes
are di erent, we develop numerical schemes to solve Schrogder's equations governing
the three dimensional QDA model. The numerical schemes inde a simple uniform-
meshed nite volume/di erence scheme with second order coargence rate and an
e cient large-scale eigenvalue solver. Numerical resulteeveal how di erent QDA
structures a ect the energy levels and wave functions. Anttrossing and crossing
phenomena of the wave functions are also predicted.
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Bifurcation and Computational Methods of
Multi-Component Bose-Einstein Condensates

Shih-Feng Shieh

Department of Mathematics, National Tsing Hua University

Abstract

In this talk, we rst prove that the solution curve of ground/positive bound
states of a two component Bose-Einstein condensate(BECYergoes supercritical
pitchfork bifurcations at some nite values of the inter-canponent scattering length.
The ground state solutions bifurcate into two symmetric seitions with respect to
some suitable axis on the symmetric domain, when a two-compent BEC has equal
intra-and inter-component scattering lengths. Second, wpropose a Gauss-Seidel-
type iteration(GSl)for the computation of energy states ofa multi-component BEC.
We prove that the GSI method converges locally and linearlyot a solution of a
nonlinear algebraic eigenvalue problem if and only if the ssciated minimized energy
functional problem has a strictly local minimum. Numericalexperience shows that
the GSI converges globally within 10 to 20 steps.



