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Plenary Talks

Wave motion around 2D viscous shock profile
Shih-Hsien Yu (% ## ), National University of Singapore

Abstract

In this talk we will introduce a qualitative and quantitative approach to
study the perturbations of a viscous shock profile global in the space-time
domain.

Finding real roots of Eisenstein series of weight one by Painlevé equation VI

Chang-Shou Lin (}+ & &),
National Taiwan University & National Sun Yat-sen University

Abstract

For any (r,s) € C?\ 1Z2, we define p,,(t) € C by

& (r+st7)

M r+s70)— rm(D) +sm(@)] T

(prs(T)]7) = @(r +s7]7) +

The Hitchin theorem says that p,(7) is a solution of a Painlevé VI equation.
Remarkably, the denominator {(r+ st|7) — rn;(7) —sn2(7) is the Eisenstein
series of weight one if (r,s) is an N-torsion point.

Set Z,(7) = zeta(r + st|t) — rni(t) —sn2(7). Then Z,(7) has another
link with geometric and PDE aspects. Any zero T of Z,;(7) for some real pair
(r,s) € C*\ $Z?, the PDE (mean field equation)

Au+e"=8n6(0) in Ex,

has a solution, where E; is the torus C\ A, A¢ is the lattice generated by 1
and 7, and §(0) is the Dirac measure at lattice points. In this talk, I will give a
survey about the story about the connection among such subjects: mean field
equations, Painlevé VI, and modular forms. The center of these connections
are Green functions and Lame equations.



Some thoughts on partial differential equations
Tai-Ping Liu (%] = -T'), Academia Sinica

Abstract

After Hadamard, the standard research goal in the study of partial differ-
ential equations has been to study the well-posedness problem. There are also
the issue of large time behavior and regularity of solutions. However, it be-
comes increasingly clear that these should not be the only issues, in fact may
not even be the main issues. For one thing, many of the main equations seem
to be not well-posed. Besides, the questions in science where these equa-
tions originated often address other concerns. In many cases, it seems more
relevant to seek for particular solutions or to interpret the equations in approx-
imate sense. The goal can be to understand in which way the given equations
can offer for the natural phenomena in hand. We plan to give these issues a
thought and offer some examples for illustration.

Some boundary value problems arising from electro-diffusion theory
Man-kam Kwong (&% < 4# ), Hong Kong Polytechnic University

Abstract

A Neumann two-point boundary value problem arising in an electro-diffusion
model is studied. Existence criteria, in terms of the various physical param-
eters involved in the equation, are sought. The problem is unconventional
because the differential equation itself involves a parameter that depends on
the not-yet-determined boundary values of the solution. Partial existence re-
sults have previously been obtained using the technique of upper and lower
solutions. The results are improved by first transforming the problem into an
equivalent one and then by using a two-dimensional shooting argument and
topological index technique. In another paper, a related nonlinear boundary
value problem is studied, this time with a Robin boundary condition. Exis-
tence and multiplicity results are obtained using a variational approach. These
are joint work with P. Amster and C. Rogers.



Invited Talks

Well-posedness and adiabatic limit for quantum Zakharov system
Yung-Fu Fang (* X § ), National Cheng Kung University

Abstract

For a Quantum Zakharov system, we investigate the LWP and GWP in
1D, adiabatic limit, silton waves, and least energy solution.

For multilinear estimates of (QZ), we characterize the dependence of the
quantum parameter within the constants.

We obtain the adiabatic limit for (QZ) to a quantum modified NLS. We
also prove the existence of homoclinic solutions with the least energy.

Future study for (QZ) : LWP in 2D and 3D, Ill-posedness, classical limit,
subsonic limit, ground state, soliton waves, asymptotic behavior, and scatter-
ing problem.

(joint work with Tsai-Jung Chen, Hung-Wen Kuo Jun-Ichi Segata, Hsi-
Wei Shih, Kuan-Hsiang Wang, Tsung-fang Wu)

A PDE system modeling the dengue transmission with nonlocal infections and
crowding effects

Feng-Bin Wang (2 # ), Chang Gung University

Abstract

Dengue fever is a disease endemic in the subtropical and tropical regions
of the world. The control of the spread of dengue fever is an important issue
in the public health due to its high infection rate and high death rate of its
severe form dengue hemorrhagic fever. In order to understand the influences
of the spatial heterogeneity, crowding effect and non-local infection caused
by the movements of the latent mosquitoes on the dynamics of dengue trans-
mission, we modify an existing model to obtain a nonlocal and time-delayed
reaction-diffusion system with the Neumann condition on the boundary. Then
we define the basic reproduction number Ry for the model system, and show
that the global threshold dynamics of the model system can be determined by
Ro.



Time-asymptotic behavior of scalar viscous rarefaction wave
Hai-Tao Wang (2 /% ;%), Academia Sinica

Abstract

The stability of viscous rarefaction wave is a classical problem and the
standard approach for it is energy method. We are more interested in the
quantitative behavior. In this talk, I will show how to obtain the point-wise
structure of the solution through Green’s function approach. Specifically, we
use viscous Burgers solution as an approximation and construct the Green’s
function by linear Hopf-Cole transformation. Then by proposing appropriate
Ansatz and delicate analysis, we can obtain the desired result.

Boltzmann collision operator for the infinite range potential
Jin-Cheng Jiang (7T £ 33 ), National Tsing Hua University

Abstract

The conventional Boltzmann collision operator for the infinite range in-
verse power law model was derived by Maxwell by adopting a kernel which
is a limit of that for the finite range model under the assumption that glancing
angles can be ignored. The purpose of this paper is to clarify the physical
meaning of this collision operator. We first prove that it is legitimate to ignore
glancing angles under suitable conditions. Furthermore we prove that taking
limit to collision operator with finite range potential directly will lead to the
conventional one. The analysis depends on a new method to estimate the up-
per bound of collision operator. This new method is required since the analysis
must show how the upper bound varies with the range of potential. The core of
analysis turns out relying on the study of a specific kind of Radon transforms,
which are of independent interest. The rich structure of these transforms are
explored; each of it can expressed as the summation of a pseudo differential
operator, Fourier integral operators, their transforms and degenerates. Each
Radon transform as a whole satisfies the diffusion estimates in Sobolev space.
The structural description of these transforms suggests the norm spaces to dis-
cuss the problem and enables us to see how the upper bound varies from finite
range to infinite range in the suitable Sobolev spaces.



A pipeline for 3D image morphing based on geodesic spline landmark
matching

Chin-Tien Wu (£ £ £ ), National Chiao Tung University

Abstract

In this talk, we will introduce some of our recent works on 3D images
obtained from 3D scanner. Brief reviews on global parametrization using con-
formal mapping, object extraction and model merging will be shown. One of
the major challenge on 3D animation is to efficiently manage huge amount
of data generated by scanner. To overcome this difficulty, recently, Gu and
Yau propose to compress the data using mean curvature H and conformal fac-
tor A. In this work, we follow Gu and Yau’s idea and further apply it to 3D
surface morphing where matching landmark points on parametric domains,
interpolating (H,A) for generating remaining frames, and reconstructing 3D
geometry and texture are essential. The corner stones in our frame works in-
clude (i) a robust two phase quasi-implicit Euler method recently developed
by Lin and Huang for building the Riemann map (ii) Finite element method
combined with multigrid method for multi-resolution surface reconstruction
and (iii) Geodesic spline landmark matching using discrete Green function.
We shall briefly address the above key steps and show some of our numerical
results.

Nonlinear stability of the 1D-Boltzmann Equation in a periodic box

Kung-Chien Wu (£ % &),
National Cheng Kung University & National Sun Yat-sen University

Abstract

We study the nonlinear stability of the Boltzmann equation in the 1D pe-
riodic box with size 1/€, where 0 < € << 1 is the Knudsen number. The
convergence rate is algebraic for small time region and exponential for large
time region. The algebraic rate is optimal and the exponential rate depends on
the size of the domain (Knudsen number). This problem is highly nonlinear
and hence one can not treat the nonlinear term as a perturbation of the linear
problem.



The inverse scattering problem of integrable systems
Der-Chyi Wu (£ 4¢3 ), Academia Sinica

Abstract

The talk will start with an introduction on the inverse scattering theory
of the KdV equation. Then I will discuss the progress of the inverse scat-
tering theory of the multi-dimensional integrable systems, in particular, the
Kadomtsev-Petviashvili-II (KPII) equation which describes shallow water wave
and is a 2+ 1 analogue of the KdV equation.

Unique continuation property for anomalous slow diffusion equation
Ching-Lung Lin (++# f4), National Cheng Kung University

Abstract

A Carleman estimate and the unique continuation of solutions for an anoma-
lous diffusion equation with fractional time derivative of order 0 < ot < 1 are
given. The estimate is derived via some subelliptic estimate for an opera-
tor associated to the anomalous diffusion equation using calculus of pseudo-
differential operators.



Entropy of free shifts of finite type
Jung-Chao Ban (¥7.% 47), National Dong Hwa University

Abstract

This talk studies the entropy of tree shifts of Onite type with and without
boundary conditions. We demonstrate that computing the entropy of a tree
shift of Onite type is equivalent to solving a system of nonlinear recurrence
equations. Furthermore, the entropy of binary Markov tree shifts deOned on
two symbols is either 0 or In 2. Meanwhile, the realization of entropy of
one-dimensional shifts of Onite type is elaborated, which indicates that tree
shifts are capable of rich phenomena. Considering the induence of three diS-
erent types of boundary conditions, say, the periodic, Dirichlet, and Neumann
boundary conditions, the necessary and succient condition for the coincidence
of entropy with and without boundary condition are addressed.

A survey on a two-component Ginzburg Landau model
Qi Gao (% 3% ), National Taiwan University

Abstract

In this talk, firstly I will give a brief introduction to Ginzburg-Landau
equations, then I will focus on a two-component Ginzburg-Landau model in
the following two settings: 1. For the model without magnetic field, existence,
uniqueness, asymptotic behavior of solutions at infinity, monotonicity and sta-
bility will be presented. 2. For the model with magnetic field, we recently
prove the breakdown of superconductivity in the presence of large magnetic
field. This is a joint work with Tien-Tsan Shieh.



Mean field equation, isomonodromic deformation and Painlevé VI equation
Ting-Jung Guo (3% #=4% ), National Taiwan University

Abstract

In literature, it is known that any solution of Painlevé VI equation governs
the isomonodromic deformation of a second order linear Fuchsian ODE. A
solution is called real if its associated monodromy representation to the cor-
responding generalized Lamé equation is unitary. In this talk, we will talk
about the surprising connection of real solutions to Painlevé VI with bubbling
solutions of the mean field equation. This connection provides us a geometric
interpretation of real solutions to Painlevé VI. By employing the PDE result
in the theory of the mean field equation, we are able to prove that any real
solution 2 (¢) of PVI(3, %, %,3) and its Béicklund transformations A~ (z),
(1—A()) " and (r—A(¢))"" are smooth for € R\ {0,1} which seems not
easy to be proved from Painlevé VI point of view.

Traveling wave solutions for a discrete diffusive epidemic model
Jong-Shenq Guo (3% & %), Tamkang University

Abstract

We study the traveling wave solutions for a discrete diffusive epidemic
model. The traveling wave is a mixed of front and pulse types. We derive the
existence and non-existence of traveling wave solutions of this model. The
proof of existence is based on constructing a suitable pair of upper and lower
solutions and the application of Schauder’s fixed point theorem. By passing
to the limit for a sequence of truncated problems, we are able to derive the
existence of traveling waves by a delicate analysis of wave tails. Some open
problems are also addressed.

This is a joint work with S.-C. Fu and C.-C. Wu.



Asymptotic expansion for Rayleigh’s problem according to kinetic theory
Hung-Wen Kuo (3874 < ), National Cheng Kung University

Abstract

We investigate Rayleigh’s problem at small Mach numbers in rarefied gas
dynamics. The linearized BGK model equation is used to describe intermolec-
ular collisions. The asymptotic expansions are given for the microscopic den-
sity function and the macroscopic velocity. In particular, the long time behav-
ior is investigated.

Asymptotic properties of stationary Navier-Stokes flows in the setting of
hyperbolic spaces

Chi-Hin Chan (f# + #¥), National Chiao Tung University

Abstract

In this talk, I will present a piece of recent joint work with Che-Kai Chen
and Magdalena Czubak. In this work, we consider a given stationary Navier-
Stokes flow which passes a circular-shape obstacle in a 2-dimensional hyper-
bolic space. We suppose that the stationary Navier-Stokes flow under our con-
sideration satisfies the finite Dirichlet norm property. Under this assumption
alone, we show that the velocity field itself will decay to zero at infinity, and
that we can obtain exponential decay of the associated vorticity of the flow in
the far range. The material which will be reported in this talk is a preliminary
version of a piece of unpublished recent joint work with Che-Kai Chen and
Magdalena Czubak. During the talk, I will also mention the relations between
this piece of work with the standard working knowledge in the classical the-
ory of stationary Navier-Stokes flows passing an obstacle in the 2D Euclidean
setting.



On the uniqueness and structure of solutions to the system arising from
Maxwell-Chern-Simons U(1) model

Zhi-You Chen (ft & 3 ), National Changhua University of Education

Abstract

In this talk, we prove the uniqueness of topological multivortex solutions
for the self-dual Maxwell-Chern-Simons U (1) model if the Chern-Simons
coupling parameter is sufficiently large and the charge of electron is suffi-
ciently small or large. On the other hand, we also establish the sharp region of
the flux for non-topological solutions and provide the classification of radial
solutions of all types in the case of one vortex point.

A generalization of the Hitchin theorem on Painlevé VI equation and
applications

Zhijie Chen (Ft & #.), National Taiwan University

Abstract

In 1995, Hitchin obtained his famous formula to express generic solutions
of Painlevé VI equation with parameter (%, %1, é, %) In this talk, I will intro-
duce our generalization of Hitchin’s formula to Painlevé VI with parameters
(%(n + %)2, %1, é, %) for all n > 1. As applications, we prove that any pre-
modular form obtained by Chai, Lin and Wang has simple zeros only. Fur-
thermore, we prove Dahmen Conjecture concerning integral Lamé equations.

This is a joint work with Professors Ting-Jung Kuo and Chang-Shou Lin.



A new maximum principle for diffusive Lotka-Volterra systems of two
competing species

Chiun-Chuan Chen (Ff& % 2), National Taiwan University

Abstract

Using an elementary approach, we establish a new maximum principle
for the diffusive Lotka-Volterra system of two competing species. This max-
imum principle gives apriori estimates for the total mass of the two species.
Moreover, applying it to the system of three competing species leads to a
nonexistence theorem of traveling wave solutions.

On the inverse interior-exterior transmission problem
in scattering theory

Lung-Hui Chen (f# 4 %), National Chung Cheng University

Abstract

In this talk, we study the inverse scattering problem in the following interior-
exterior transmission problem.

Aw 4 En(x)w =0, in D;

Av+k%y = 0, in D;

w=y, on dD;

% = ‘9—5, on dD; )
lim, o0 [ 22 — ikw] = 0;

lim, 0 1[92 — ikv] = 0,

where Vv is the unit outer normal and D is a starlike domain in R? containing
the origin. The index of refraction is a bounded perturbation to the constant
background, which we assume to be 1. However, the support of 1 —n may
not be contained in D. The inhomogeneity n € €*(R?) and n(x) > 0 for all
x € R3. The equation(1) is called the interior-exterior transmission eigenvalue
problem. The interior-exterior transmission problem happens naturally when
the plane waves are perturbed in the exterior of the cavity D surrounded by
certain inhomogeneity defined by the index of refraction. The signal is placed
in the cavity and we study the inverse scattering problem by the measurements
in the far-fields.



Multistability for delayed neural networks via sequential contracting
Jui-Pin Tseng (% % #2), National Chengchi University

Abstract

In this talk, we explore a variety of new multistability scenarios in the gen-
eral delayed neural network system. Geometric structure embedded in equa-
tions is exploited and incorporated into the analysis to elucidate the underly-
ing dynamics. Criteria derived from different geometric configurations lead
to disparate numbers of equilibria. A new approach named sequential con-
tracting is applied to conclude the global convergence to multiple equilibrium
points of the system. The formulation accommodates both smooth sigmoidal
and piecewise- linear activation functions. Several numerical examples illus-
trate the present analytic theory. This is a joint work with Chang-Yuan Cheng
(NPTU), Kuang-Hui Lin (NCTU), and Chih-Wen Shih (NCTU).

The semi-Lagrangian finite difference WENO method for hyperbolic
conservation laws and its application to Vlasov equation

Chieh-Sen Huang (% 7. #), National Sun Yat-sen University

Abstract

In this talk, we propose a semi-Lagrangian Finite difference formulation
for approximating conservative form of advection equations with general vari-
able coefficients. In 2011, Qiu and Shu developed the first semi-Lagrangian
finite difference WENO methods. However, in their schemes “linear weights”
fail to exist when advection is not constant. For variable advection, Qiu and
Shu used “empirical” linear weights to circumvent this problem. Our goal
is to develop a semi-Lagrangian finite difference scheme with exact “linear
weights” forvariable advection problems. We also extend this SL-WENO fi-
nite difference scheme to the scalar hyperbolic conservation laws and also
apply the new scheme to Vlasov equation.



The domain geometry and the bubbling phenomenon of rank two Gauge
theory

Hsin-Yuan Huang (§ 3 -*), National Sun Yat-sen University

Abstract

Let © be a flat torus and G be the green’s function of —A on Q. One
intriguing mystery of G is how the number of its critical points is related to
blowup solutions of certain PDEs. In this article we prove that for the follow-
ing equation that describes a Chern-Simons model in Gauge theory:

A Loz — pm1) =
{ Uy + e (1 —e") =815y, in Q, p;—psisahalfperiod, (2)

Auy + e (1 —e2) = 875y,

if fully bubbling solutions of Liouville type exist, G has exactly three critical
points. In addition we establish necessary conditions for the existence of fully
bubbling solutions with multiple bubbles. This is a joint work with Lei Zhang.

Global transonic solutions of planetary atmospheric escape model in
hydrodynamic region

Bo-Chih Huang (5 & *#), National Central University

Abstract

Spacecraft exploration of the planets in our solar system and the discovery
of exoplanets has been raised a great interest in atmospheric escape from plan-
etary objects. The hydrodynamic escape problem (HEP) is significant on the
study of the evolution of planetary atmospheres. In this talk, we establish the
global transonic solutions for hydrodynamic escape problem (HEP), which is
characterized by a free boundary value problem of Euler equation with grav-
ity and heat. The global existence of transonic solutions to HEP is established
by the generalized Glimm’s method. The range of the hydrodynamic escape
region in planetary atmospheres will also be discussed.



Classification of bifurcation curves for a multiparameter diffusive logistic
problem with Holling type-III functional response

Tzung-Shin Yeh (¥ 7 £ ), National University of Tainan

Abstract

We study exact multiplicity and bifurcation curves of positive solutions for
a multiparameter diffusive logistic problem with Holling type-III functional
response. Under some hypotheses, we give a classification of three quali-
tatively different bifurcation curves: an S-shaped curve, a broken S-shaped
curve, and a monotone increasing curve.

Connection preserving approach to q-difference equations
Chuan-Tsung Chan (% & = ), Tunghai University

Abstract

In a seminal work, Jimbo and Sakai derived the g-Difference Painleve VI
equation based on the connection preserving deformation (CDP) approach.
Such an approach is closely related to the isomonodromy deformation ap-
proach in the study of continuous Painleve equations and leads to algebraic
expressions which allows geometric analysis and classifications. In this talk, I
shall introduce some basic ideas behind this approach and study the general-
ized cases of the Lax pairs with non-diagonalizable leading matrices.



Diffeomorphisms with prescribed Jacobian and boundary data
Ching-hsiao Cheng (35 % 4% ), National Central University

Abstract

In this talk we consider the problem of finding diffeomorphisms whose
Jacobian and boundary data are of Sobolev class and the domain under consid-
eration is also of Sobolev class; that is, finding a diffeomorphism y between
two Sobolev class domains Q; and Q, satisfying

det(Vy)=f in Q,
y=g on 0JQ,

where f and g are given functions possessing Sobolev class regularity. The
result for the case that f, g and Q; possess classical regularity is well-known;
however, such kind of results appear to undergo loss of regularity in the sense
that when Q is of class CKt3:% and the forcing are of class Ck% the solution is
of class CK*1:%. Our result show that when studying this problem on Sobolev
class domain with Sobolev class forcing, there exists a solution to the equation
above satisfying

IV ey < C I llar@,) + gllaeosagy)

for some generic constant C depending on the H**!-regularity of Q. There-
fore, no loss of regularity is encountered.

Ground state patterns and phase transitions of spin-1 Bose-Einstein
condensates via I'-convergence theory

Tien-Tsan Shieh (3% * £ ), National Center for Theoretical Sciences

Abstract

We develop an analytic theory for the ground state patterns and their phase
transitions for spin-1 Bose-Einstein condensates on a bounded domain in the
presence of a uniform magnetic field. Within the Thomas-Fermi approxima-
tion, these ground state patterns are composed of four basic states: magnetic
state, nematic state, two-component state and three-component state, sepa-
rated by interfaces. A complete phase diagram of the ground state patterns are
found analytically with different quadratic Zeeman energy ¢ and total mag-
netization M for both ferromagnetic and antiferromagnetic systems. Using
the I'-convergence technique, it is found that the semi-classical limits of these
ground states minimize an energy functional which consists of interior inter-
face energy plus a boundary contact energy. As a consequence, the interface
between two different basic states has constant mean curvature, and the con-
tact angle between the interface and the boundary obeys Young’s relation.



Strong unique continuation property for the Lamé system in two dimension
Ru-Lin Guan (& 7 5#%), National Center for Theoretical Sciences

Abstract

There are many researches on strong unique continuation property for the
Lamé system. So far the best result of them is that the Lamé coefficients yt and
A satisfy u € C%! and A € L™. In our recent work, we reduce the regularity
assumption to & € W'? and A € L™, for p sufficiently large. However, our
method only can work in two dimension.



Contributed Talks

The star mean curvature flow on a 3-manifold
Hsiao-Fan Liu (%] %% ), Academia Sinica

Abstract

Let g be a Riemannian or Lorentzian metric on a 3-dimension manifold
N. We consider the following curve flow on the space of immersed curves in
N,
% ==y (H(y(A1))),

where x,(,) is the Hodge star operator on the normal plane v (), and H(Y(A,?))
is the mean curvature vector for (A, ). For example, the x-MCF on R? is the
vortex filament equation (VFE), which is related to the nonlinear Schrédinger
equation(NLS). In this talk, we will explain the connections between the -
MCF on N and the NLS.

Competition and coexistence for one nutrient with internal storage and
predation

Yi-hui Ho (# i~ £), National Tsing Hua University

Abstract

In this talk, we investigate a mathematical model of two species competing
in a chemostat for one resource that is stored internally, where one of the
species can act as an intraguild predator that also feeds on the other species.
We utilize theory of uniform persistence to prove that coexistence is possible
under some suitable conditions, and our numerical simulations also confirm
theoretical results. It is worth noting that Smith and Waltman proved that
competitive exclusion holds for the classical model without predation, that
is, the species that can grow at the lowest nutrient concentration will win the
competition. From our study, intraguild predation may promote the possibility
of coexistence.

This is a joint work with Drs. Sze-Bi Hsu and Feng-Bin Wang.
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