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Special Session 38: Bifurcations and Asymptotic Analysis of Solutions of
Nonlinear Models

Jann-Long Chern, Central University, Taiwan
Yoshio Yamada, Waseda University, Japan
Shoji Yotsutani, Ryukoku University, Japan

The aim of this special session is to exchange recent results, ideas and techniques on bifurcation and asymp-
totic analysis described by nonlinear elliptic and parabolic PDE models from various fields. In particular, we
are interested in the global bifurcation structure for such models. Combinations of numerical simulation and
theoretical approach with asymptotic analysis will be very useful to understand the nonlinear phenomena
together with underlying structure of solutions. We will give opportunity to both established and junior
researchers working in the related area to present their recent results.

On positive solutions of semilinear elliptic
equations with supercritical exponent

Soohyun Bae
Hanbat National University, Korea
shbae@hanbat.ac.kr

I will discuss the existence and the asymptotic behav-
ior of positive solutions of semilinear elliptic equa-
tions with supercritical exponent. When coe�cient
function has some monotonicity, solutions may pos-
sess stability property. Slowly decaying solutions
appear naturally in semilinear equations with super-
critical exponent. I will explain the existence of such
solutions and present related questions.
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Asymptotic behavior of solutions of epidemic
models with delays

Yoichi Enatsu
Waseda University, Japan
yo1.gc-rw.docomo@akane.waseda.jp
Yukihiko Nakata, Yoshiaki Muroya, Huaixing
Li

We consider a global dynamics of epidemic models
with delays, in which an immunity loss of infectious
diseases of recovered individuals is incorporated.
By applying Lyapunov functional techniques in Mc-
Cluskey (2010) and monotone iterative techniques,
we establish new su�cient conditions under which
the positive equilibrium is globally asymptotically
stable for any delay. Some applications of our ap-
proach are also o↵ered. Moreover, for a delayed SIR
epidemic model governed by a logistic growth of sus-
ceptible individuals in the absence of diseases, we
identify a threshold parameter with respect to the
basic reproduction number such that the positive
equilibrium loses its local stability as the length of
the delay increases past a critical value.
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Dynamical bifurcation of the two dimensional
Swift-Hohenberg equation with odd periodic
condition

Chun-hsiung Hsia
National Taiwan University, Taiwan
willhsia@math.ntu.edu.tw
Jongmin Han

In this paper, we study the stability and dynamic
bifurcation for the two dimensional Swift-Hohenberg
equation with an odd periodic condition. It is shown
that an attractor bifurcates from the trivial solution
as the control parameter crosses the critical value.
The bifurcated attractor consists of finite number of
singular points and their connecting orbits. Using
the center manifold theory, we verify the nondegen-
eracy and the stability of the singular points.
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Global existence in sub-critical cases for 1-D
quasilinear degenerate Keller-Segel systems

Sachiko Ishida
Tokyo University of Science, Japan
kosactibi914@hotmail.co.jp
Tomomi Yokota

We consider the one-dimensional quasilinear degen-
erate Keller-Segel systems of power type. When the
spatial dimension is greater than or equal to 2, the
global existence of weak solutions to the systems is
shown by Ishida-Yokota (2012) via a slightly compli-
cated approximation. In this talk we derive the same
result on the global existence for “1-D” case by using
a “simple” approximation.
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Structures of positive solutions to nonlinear
elliptic equations on the hyperbolic space

Yoshitsugu Kabeya
Osaka Prefecture University, Japan
kabeya@ms.osakafu-u.ac.jp

We consider nonlinear elliptic equations on the hy-
perbolic space and investigate the structures of pos-
itive solutions to them. We use a transformation to
reduce the equations to the Matukuma type ones on
an Euclidean space. This transformation gives us a
simple view to the problem. A part of this talk is
based on the joint work with C. Bandle (University
of Basel).
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Free boundary problems modeling the spread-
ing of species in symmetric domains

Yuki Kaneko
Waseda University, Japan
kaneko.y5oda@toki.waseda.jp
Yoshio Yamada

We consider free boundary problems modeling the
spreading of species, where unknown functions are
population density and spreading front of the species.
Moreover, the dynamical behavior of the free bound-
ary is determined by Stefan-like condition. Such
model was first proposed by Du and Lin (2010) and
large time behaviors of solutions (spreading and van-
ishing of species) are completely understood. In this
talk, we discuss free boundary problems for reaction-
di↵usion equations with general nonlinearity in sym-
metric domains.
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Non-symmetric low-index solutions for sym-
metric boundary value problems

Hans Koch
The University of Texas at Austin, USA
koch@math.utexas.edu
Gianni Arioli

We consider a semilinear boundary value problem
that is invariant under a nontrivial group of Eu-
clidean symmetries. While earlier work has focused
on conditions under which solutions inherit some of
the symmetries (a common numerical observation),
our goal was to find solutions that have no symme-
tries at all. In the case where the domain is a square,
we give a computer-assisted proof for the existence of
a non-symmetric index 2 solution. Some numerical
results for the disk will be described as well.
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Bifurcation structure of steady-states to a
reaction-di↵usion-advection system in surface
chemistry

Kousuke Kuto
University of Electro-Communications, Japan
kuto@e-one.uec.ac.jp
Tohru Tsujikawa

Hildebrand et al. (1999) have proposed a reaction-
di↵usion-advection model for pattern formations in
the catalytic CO-oxidation on Pt-surface. We con-
sider the stationary problem of the chemical model
to give a universal bound for every solution and a
su�cient condition for the existence of nonconstant
solutions. Furthermore, we obtain the global bifurca-
tion structure of steady-states for a related shadow
system. This structure implies that nonconstant
steady-states can form a (spontaneous) bifurcation
curve connecting boundary-layer states with internal-
layer states.
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On a dynamics of solution with a transition
layer to some bistable reaction di↵usion equa-
tion

Hiroshi Matsuzawa
Numazu National College of Technology, Japan
hmatsu@numazu-ct.ac.jp

In this talk, we study a dynamics of solution with a
sharp transition layer of a bistable reaction di↵usion
equation. In particular, we consider the case where
bistable nonlinearity in the equation has spatial het-
erogeneity. If this heterogeneity degenerates on an
interval, the dynamics of the transition layer on this
interval becomes so called very slow dynamics.
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Structure and blow up phenomena for plane
closed elastic curves

Minoru Murai
Ryukoku University, Japan
a96249@mail.ryukoku.ac.jp
Waichiro Matsumoto, Shoji Yotsutani

Let � be plane closed elastic curve with length 2⇡.
We denote arc-length and curvature by s and (s),
respectively. Let M be the signed area of the domain
bounded by �. We consider the variational problem:

Find a curve � such that minimize
1
2

Z 2⇡

0

(s)2ds

subject to M < ⇡, and !M 6= ⇡, where ! is the
rotation number.

In this talk, we will discuss the structure and the
blow up phenomena of the solution (s) to the Euler-
Lagrange equation for the above variational problem.
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The jamming of camphor boats in a circular
water channel

Masaharu Nagayama
Kanazawa university, Japan
nagayama@se.kanazawa-u.ac.jp
Nobuhiko J. Suematsu, Tadashi Ataka

The jamming of camphor boats similar to the tra�c
jam in a highway was observed in the experiment in
a circular water channel. We reproduce the jamming
of camphor boats using the mathematical model, and
show the occurrence of jamming is Hopf bifurcation.
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Coexistence problem for a prey-predator
model with a protection zone

Kazuhiro Oeda
Waseda University, Japan
k-oeda@aoni.waseda.jp

We consider a prey-predator model with a protec-
tion zone for the prey. We give a necessary and
su�cient condition for the existence of positive sta-
tionary solutions by using the bifurcation theory. We
also discuss the asymptotic behavior of positive sta-
tionary solutions as the intrinsic growth rate of the
predator goes to infinity. Our results show that the
environment inside the protection zone is important
for the prey.
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Bifurcation analysis for the superconduct-
ing/normal phase transition of the Ginzburg-
Landau system

Tien-Tsan Shieh
National Chiao-Tung University, Taiwan
tshieh@math.nctu.edu.tw

In the talk, I will shortly introduce the Ginzburg-
Landau system of superconductivity. When lowering
the temperature, superconductors become the super-
conducting state from the normal state. In order to
study this phase transition phenomena, we present
a bifurcation and stability analysis on the Ginzburg-
Landau system of superconductivity with an applied
magnetic field and the de Gennes boundary condi-
tion. It is proved there are two di↵erent kinds of
phase transition from the normal state to the su-
perconducting state: one is jump transition and the
other is continuous transition. In particular, we anal-
yse the behavior of solution when the domain is a
cylinder and the applied field is parallel to the axis.
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On a generalized Jacobian elliptic function
associated with p-Laplacian

Shingo Takeuchi
Shibaura Institute of Technology, Japan
shingo@shibaura-it.ac.jp

We generalize the Jacobian elliptic function sn(x, k)
and apply it to a bifurcation problem associ-
ated with p-Laplacian. If the modulus k equals
zero, then the novel function snpq(x, k) coincides
with the p-trigonometric function sinp x or the
(p, q)-trigonometric function sinpq x developed by
P.Lindqvist, J.Peetre, P.Drabek and R.Manasevich.
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Structural analysis of solutions to nonlinear
systems of elliptic partial di↵erential equa-
tions

Yong-Li Tang
National Center for Theoretical Sciences, Taiwan
yltang@math.cts.nthu.edu.tw

In this talk, we deal with some nonlinear elliptic
systems, including sublinear systems, a coupled sys-
tem in Hamiltonian type, Liouville-type system and
simplified Bennett-type system with singular data.
Some qualitative properties and complete structures
of solutions will be provided by applying the bifur-
cation theory and linearization approach.
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On the sharp constant for the weighted
Trudinger-Moser type inequality of the scal-
ing invariant form

Hidemitsu Wadade
Gifu University, Japan
hidemitsuwadade@gmail.com
Michinori Ishiwata, Makoto Nakamura

We establish the weighted Trudinger-Moser inequal-
ity of the scaling invariant form including its best
constant and prove the existence of a maximizer
for the associated variational problem. The non-
singular case was treated by Adachi-Tanaka and
the existence of the maximizer is a new result even
for the non-singular case. We also discuss the re-
lation between the best constants of the weighted
Trudinger-Moser inequality and the Ca↵arelli-Kohn-
Nirenberg inequality in the asymptotic sense.
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Exact solutions for bifurcation problems of
some reaction di↵usion systems

Tohru Wakasa
Kyushu Institute of Technology, Japan
wakasa@mns.kyutech.ac.jp

For various nonlinear evolutional PDEs it is one
of central problems to study the global bifurcation
structure of stationary/periodic solutions. Various
numerical results on global bifurcation diagrams usu-
ally shows us a di�culty of theoretical understand-
ing for bifurcation phenomena. In this talk we will
introduce some global bifurcation results on some
reaction-di↵usion systems with use of exact solutions,
and will investigate, both theoreticall and numeri-
cally, the property of the corresponding linearized
operators associated with nontrivial stationary solu-
tions.
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Structure and stability of stationary solutions
to a cross-di↵usion equation

Shoji Yotsutani
Ryukoku University, Japan
shoji@math.ryukoku.ac.jp
Yuan Lou, Wei-Ming Ni

We are interested in a cross-di↵usion equation pro-
posed by Shigesada-Kawasaki-Teramoto in 1979.
Limiting equations and their analysis by Lou - Ni
(JDE 1996, 1999) play crucial roles. One of the
limiting equations is very important to obtain seg-
regated solutions. Lou-Ni-Yotsutani (DCDS, 2004)
almost revealed the structure of it. We show the
complete structure of it, and also investigate stabil-
ity problems.
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