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Plenary Lectures

Mathematics of Crime

Andrea Bertozzi
University of California at Los Angeles, USA
bertozzi@math.ucla.edu

There is an extensive applied mathematics literature developed for prob-
lems in the biological and physical sciences. Our understanding of social
science problems from a mathematical standpoint is less developed, but
also presents some very interesting problems. This lecture uses crime as
a case study for using applied mathematical techniques in a social science
application and covers a variety of mathematical methods that are appli-
cable to such problems. We will review recent work on agent based models,
methods in linear and nonlinear partial differential equations, variational
methods for inverse problems and statistical point process models. From
an application standpoint we will look at problems in residential burglar-

ies and gang crimes. Examples will consider both “bottom up” and “top down” approaches to understanding
the mathematics of crime, and how the two approaches could converge to a unifying theory.

Michael Dellnitz
University of Paderborn, Germany
dellnitzQuni-paderborn.de

The Computation of Invariant Sets via Newton’s Method

In connection with the understanding of complex dynamics it is crucial to
have reliable numerical tools at hand, which allow for the robust compu-
tation of invariant sets or invariant manifolds. In this talk we will give an
overview about related so-called set oriented methods, which have been
developed over the last years. In the main part we will particularly focus
on the presentation of a novel numerical approach that enables the com-
putation of general invariant sets by Newton’s method. By construction,
this technique is applicable even to (unstable) invariant sets related to
non-stationary or aperiodic behavior. Additionally it will be shown how
to utilize these set oriented methods in the context of global (multiobjec-

tive) optimization.

Dynamical systems in fluid mechanics

Eduard Feireisl
Mathematical Institute of the Academy of Sciences of the Czech Republic
feireisl@math.cas.cz

We discuss the infinite-dimensional dynamical systems arising in the the-
ory of the motion of compressible, viscous, and heat conducting fluids.
Our approach is based on the theory of weak solutions to the full Navier-
Stokes-Fourier system and the related concept of relative entropies. Weak
solutions are known to exist for any finite energy initial data and globally-
in-time.

The following topics will be discussed: the relative entropies and their
role in the study of stabilization and compactness of solutions to the full
Navier-Stokes-Fourier system; the entropy inequality and dissipation in-
equality - mathematical interpretation of Second law of thermodynamics;
stabilization to equilibirum solutions; systems driven by time-dependent
external forces, oscillations, absorbing sets, and attractors.
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e Conservation laws in mathematical biology
»d .

Avner Friedman
The Ohio State University, USA
afriedman@mbi.osu.edu

Many mathematical models in biology can be described by a system of
hyperbolic conservation laws with nonlinear and nonlocal coefficients. In
order to determine these coefficients one needs to solve auxiliary systems
of equations, for example elliptic or parabolic PDEs, which are coupled
to the hyperbolic equations. In this talk we give several examples: The
growth of tumors, the shrinking of dermal wounds, T cell differentiation,
the growth of drug resistant bacteria in hospitals, and the transport of
molecules along microtubules in axon. In these examples, the auxiliary
systems range from elliptic-parabolic free boundary problems to nonlocal
ODEs. Motivated by biological questions, we shall describe mathematical
results regarding properties of the solutions of the conservation laws. For
example, we shall determine the stability of spherical tumors and the growth of fingers; we shall discuss
conditions for shrinking of the wound; suggest how to reduce the growth of drug resistant bacteria, and
derive biologically motivated asymptotic behavior of solutions.

Dispersal in Heterogeneous Landscapes

Yuan Lou
The Ohio State University, USA
lou@math.ohio-state.edu

From habitat degradation and climate change to spatial spread of inva-
sive species, dispersal plays a central role in determining how organisms
cope with a changing environment. How should organisms disperse “opti-
mally” in heterogeneous environments? The dispersal of many organisms
depends upon local biotic and abiotic factors and as such is often biased.
In contrast with unbiased dispersal which is better understood from theo-
retical perspectives, we have fairly limited knowledge of the consequences
of biased dispersal, especially in the context of the spatial dynamics of
interacting species. In this talk I will discuss some recent development on
the evolution of biased dispersal via Lotka-Volterra two species competi-
tion models.

Lessons in Uncertainty Quantification for Turbulent Dynamical
Systems

Andrew Majda
New York University, USA
jonjon@cims.nyu.edu

The modus operandi of modern applied mathematics in developing very re-
cent mathematical strategies for uncertainty quantification in partially ob-
served high-dimensional turbulent dynamical systems is emphasized here.
The approach involves the synergy of rigorous mathematical guidelines
with a suite of physically relevant and progressively more complex test
models which are mathematically tractable while possessing such impor-
tant features as the two-way coupling between the resolved dynamics and
the turbulent fuxes, intermittency and positive Lyapunov exponents, eddy
diffusivity parameterization and turbulent spectra. A large number of
new theoretical and computational phenomena which arise in the emerg-
ing statistical-stochastic framework for quantifying and mitigating model error in imperfect predictions, such
as the existence of information barriers to model improvement, are developed and reviewed here with the
intention to introduce mathematicians, applied mathematicians, and scientists to these remarkable emerging
topics with increasing practical importance.
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Higher-order averaging and formal series for numerical integra-
tors

J M Sanz-Serna
Universidad de Valladolid, Spain
sanzsern@mac.uva.es

3 s -
We shall show how the formal power series used nowadays to analyze { ‘i’\‘; & ;
numerical integrators may be applied to perform in an explicit way high- . u y
,
5.
.

tems. The averaged systems obtained by applying this procedure are

written in terms of (i) coefficients that are universal (i.e. independent of

the system being averaged) and which therefore may be computed once )
and for all and (ii) basis functions whose structure is known a priori. We ' =
shall also illustrate the application of this technique to the derivation of
exponentially small error bounds, as those first considered by Neishtadt.
This is joint work with Ph. Chartier and A. Murua.

order averaging on oscillatory (periodic or quasiperiodic) differential sys-

.y . .

Symbolic dynamics of the N-centre problem at negative energies

Susanna Terracini
Universita di Milano Bicocca, Italy
susanna.terracini@gmail.com

It is part of the mathematical folklore that dynamical systems featuring
many nonlinear interactions should be subject to chaotic behavior and
possess complex dynamics. On the other hand, for systems appearing
in nature, this is far to be a rigorous statement and, even more, lacks a
rigorous proof, specially when we leave behind the perturbative setting.
We consider the planar N-centre problem, with a family of homogeneous
potentials including the gravitational Kepler potential. Our strategy is to
attack the problem of constructing complex trajectories problem by the
use of global variational methods. We prove the existence of infinitely
many collision-free periodic solutions with negative and small energy, for
any distribution of the centres inside a compact set. The proof is based upon topological, variational and
geometric arguments. The existence result allows to characterize the associated dynamical system with a
symbolic dynamics, where the symbols are the partitions of the N centres in two non-empty sets.

Adaptive delay and its implication for pattern storage and recog-
nition in nonlinear biological systems

Jianhong Wu
York University, Canada
wujh@mathstat.yorku.ca

Time delay has been regarded as a destabilizing factor, causing oscillation
and complicated behaviors, in many nonlinear feedback systems. Increas-
ing evidence however shows that delay adaptation (state-dependent delay)
in feedback is part of the evolutionary process of a biological system, and
the evolutionary success drives the delay to a suitable value that enables
the feedback system to exhibit desired dynamics more efficiently and ac-
curately. This talk presents a few recent studies about how to design and
compute a nonlinear feedback system with adaptive delay that performs
complex cognitive tasks such as memory storage, and pattern recognition
in high dimensional spaces.




Special Sessions

Special Session 1: Qualitative Studies of PDEs: Entire Solutions and
Asymptotic Behavior

Peter Polacik, University of Minnesota, USA
Eiji Yanagida, Tokyo Institute of Technology, Japan

The aim of this session is to discuss properties of entire solutions and asymptotic behavior of global solutions
in various types of PDEs. Topics will include Liouville-type theorems, blow-up, traveling waves, convergence,

concentration phenomena, etc.

Stability analysis of asymptotic profiles for
fast diffusion equations

Goro Akagi

Kobe University, Japan
akagi@port.kobe-u.ac.jp
Ryuji Kajikiya

Let Q be a bounded domain of RY with smooth
boundary 02. We are concerned with the Cauchy-
Dirichlet problemfor fast diffusion equations of the
form

O (|u\m72u) = Au in Q x (0, 00), (1)
u=20 on 9N x (0,00), (2)
u(-,0) = ug in Q, (3)

where 9y = 9/0t, m € (2,2%) with 2" := 2N/(N—-2)+
and up might be sign-changing.Every solution u =
u(z,t) of (1)-(3) vanishes in finite time at a power
rate. This talk is concerned with asymptotic profiles
of vanishing solutions. We first introduce the notions
of stability and instability of (possibly sign-changing)
asymptotic profiles and present some stability crite-
ria. Moreover, we also discuss annular domain cases,
which do not fall within the criteria, by developing
some perturbation method for radial symmetric func-
tions.
— 00 0 00 —

Finite Morse index solutions and asymptotics
of weighted nonlinear elliptic equations

Yihong Du
University of New England, Australia, Australia
ydu@turing.une.edu.au

We study the behavior of finite Morse index so-
lutions of the equation

—div(|z|°Vv) = |z|'|v[""'v in Q@ C RV (N >2),
(1)
where p > 1, 6,1 € R, and Q is a bounded or un-
bounded domain. Through a suitable transformation
of the form v(z) = |z|u(x), the following nonlinear
Schrédinger equation with Hardy potential

—Au = |z|*u" e+ #u inQc RY (N >3),
x
(2)
wherep > 1, a € (—00,00) and £ € (—o0, (N—2)%/4),
reduces to a special case of (1).

We demonstrate that the general form (1) is more
natural to use even if one’s main interest is in (2).

— 00000

Sharp decay estimates of LY-norms for non-
negative Schrodinger heat semigroups

Kazuhiro Ishige

Tohoku University, Japan
ishige@math.tohoku.ac.jp
Norisuke Ioku, Eiji Yanagida

Let H = —A + V be a nonnegative Schrodinger
operator on L*(R™), where N > 3 and V is a
radially symmetric nonpositive function in R de-
caying quadratically at the space infinity. For any
1 < p < ¢ < 0o, we denote by |le”*#||,,, the operator
norm of the Schrédinger heat semigroup e™*# from
LP(RM) to LY(RY). In this paper, under suitable
conditions on V', we give the exact and optimal decay
rates of |[e ™t ||,p as t = co forall 1 < p < ¢ < co.
The decay rates of ||e”*# ||, , depend whether the op-
erator H is subcritical or critical via the behavior of
the positive harmonic function for the operator H.

—> 00000

On the asymptotic behavior of solutions for
semiliear parabolic equations involving criti-
cal Sobolev exponent

Michinori Ishiwata
Fukushima University, Japan
ishiwata@sss.fukushima-u.ac.jp

In this talk, we are concerned with the asymptotic be-
havior of solutions for semilinear parabolic equations
involving crirical Sobolev exponent. Particularly, we
are interested in the behavior of threshold solutions
and we will discuss the blow up rate, blow-up limit
of such solutions.

—> 00000
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Existence and asymptotic stability of periodi-
cally growing solutions of nonlinear parabolic
equations

Ken-ichi Nakamura
Kanazawa University, Japan
k-nakamura@se.kanazawa-u.ac.jp
Toshiko Ogiwara

We study the behavior of unbounded global orbits
in a class of strongly monotone semiflows and give
a criterion for the existence of orbits with periodic
growth. We also prove the uniqueness and asymp-
totic stability of such orbits. We apply our results
to a certain class of nonlinear parabolic equations
and show the convergence of the solutions to a peri-
odically growing solution which grows up in infinite
time with time-periodic profile.

—> 0000 —

Convergence for asymptotically autonomous
parabolic equations on RV

Peter Polacik

University of Minnesota, USA
polacik@math.umn.edu

J. Foldes

We consider parabolic equation on RY whose non-
linearities are asymptotically autonomous, in both
space and time, as time approaches infinity. We will
present a convergence result for positive solutions of
such equations and discuss the key tools of its proof.

—> 00000 —

Ground state solutions of the nonlinear
Schroedinger equation with interface

Wolfgang Reichel

Karlsruhe Institute of Technology (KIT), Germany
wolfgang.reichel@kit.edu

Tomas Dohnal, Kaori Nagatou, Michael Plum,
Wolfgang Reichel

We consider the nonlinear Schroedinger equa-
tion —Au + V(z)u = T(z)u/’"'u in R™ with
V(z) = Vi(z), I'(z) = T'i(z) where 21 > 0 and
V(z) = Va(z), I'(z) = T2(z) where 21 < 0 with
functions Vi, Vo, I'1,T'2 which are periodic in each
coordinate direction. This problem describes the in-
terface of two periodic media, e.g. photonic crystals.
We study the existence of ground state solutions and
provide an existence criterion. Examples of inter-
faces satisfying these criteria are provided. In 1D
it is shown that the criteria can be reduced to con-
ditions on the linear Bloch waves of the operators

—;;—22 + Vi(z) and —% + Va(x).

—> 0000

On the number of maximum points of least
energy solutions to a two-dimensional Hénon
equation with large exponent

Futoshi Takahashi
Osaka City University, Japan
futoshi@sci.osaka-cu.ac.jp

In this talk, we prove that least energy solutions
of the two-dimensional Hénon equation

—Au = |z)**uP (z € Q), u>0(ze),

u=0 (z € 0N),

where Q is a smooth bounded domain in R? with
0 € Q, a>0is a constant and p > 1, have only
one global maximum point when a > e — 1 and the
nonlinear exponent p is sufficiently large. This an-
swers positively to a recent conjecture by C. Zhao
(preprint, 2011).

—> 00000

On Toda system:
tions

classification and applica-

Juncheng Wei

Chinese University of Hong Kong, Hong Kong
wei@math.cuhk.edu.hk

Chang-Shou Lin, Dong Ye

We give a complete classification of the solutions
to the following SU(N + 1) Toda system with a
single source:

N
Au; + Z aije"l = 4dmwy;bo

j=1

in R2. here the matrix (a;;) is the SU(N 4 1) cartan
matrix. Then we apply these classification and non-
degeneracy result to give a rigorous proof of the exis-
tence of non-topological solutions for SU(3) Chern-
Simons system.

—> 00000

Slowly traveling waves, blow-up at spatial
infinity and homoclinic orbits in nonlinear
parabolic equations of fast diffusion type

Michael Winkler
University of Paderborn, Germany
michael.winkler@mathematik.uni-paderborn.de

We consider the spatially one-dimensional nonlin-

ear diffusion equation u; = uPug, for p > 0. We

construct positive classical solutions, defined for

all negative times, which are of the form wu(z,t) =
1

(ft)_FF(x + pia ln(ft)), with arbitrary « > 0, by

solving an associated ODE for F. These ‘ancient



6 9t ATMS CONFERENCE — ABSTRACTS

slowly traveling wave solutions’ have the following
properties: 1.) If p < 2 then u blows up at time ¢t = 0
with empty blow-up set. 2.) If p > 2 then u can be
extended so as to become an entire positive classical
solution @, defined on R x R, such that u, > 0 on
R, but such that @ connects the trivial equilibrium
to itself in the sense that u(z,t) — 0 ast — +oo,
locally uniformly with respect to x € R.

—> 0000

Asymptotic behavior of singular solutions for
a semilinear parabolic equation

Eiji Yanagida

Tokyo Institute of Technology, Japan
yanagida@math.titech.ac.jp

Masaki Hoshino, Shota Sato

We consider singular solutions of a semilinear
parabolic equation with a powernonlinearity. It is
known that in some range of parameters, this equa-
tion has a family of singular steady states with a
separation property. In this case,we show the exis-
tence of time-dependent singular solutions and study
their asymptotic behavior. In particular, we prove
the convergence of solutions to the singular steady
states and give exact convergence rates.

—> 00000 —
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Special Session 2: Nonlinear Evolution PDEs and Interfaces in Applied
Sciences

Gunduz Caginalp, Universy of Pittsburgh, USA
Maurizio Grasselli, Politecnico di Milano, Italy
Alain Miranville, Universite de Poitiers, France

Applied sciences often pose problems in terms of interfaces that can be studied through nonlinear evolution

equations. Among these are phase field or diffusive interface problems, where Allen-Cahn and Cahn-Hilliard
type equations play a basic role. This session will mainly focus on such models and their mathematical
properties, namely, well-posedness, regularity, and stability and asymptotic behavior (considered here in a
broad sense). Their implications for applications will also be an issue.

Stationary free surface flows in three dimen-
sions

Frederic Abergel

Ecole Centrale Paris, France
frederic.abergel@ecp.fr
Jacques-Herbert Bailly

We consider an incompressible, viscous, free sur-
face flow down a three dimensional channel. In the
absence of surface tension, we prove the existence
of a unique stationary solution in weighted Sobolev
spaces. The result is based on a thorough study of
the pseudodifferential operator relating the normal
velocity of the fluid and the normal component of the
associated stress tensor along the free surface, and
requires the use of the Nash-Moser Implicit Func-
tion Theorem. FExtensions to other geometries are
discussed.

—> 0000

Diffuse interface Cahn-Hilliard-Ladyzhenskaya
models with singular potentials

Stefano Bosia
Politecnico di Milano, Italy
stefano.bosia@mail.polimi.it

In order to describe the evolution of a mixture
of two incompressible and (partially) immiscible
fluids, a diffuse interface model consists of the
Ladyzhenskaya-Navier-Stokes type equations for the
(average) fluid velocity coupled with a convective
Cahn-Hilliard equation with a singular (e.g., loga-
rithmic) potential. In this talk we will present some
recent results concerning such systems endowed with
no-slip boundary conditions for the velocity and no-
flux boundary conditions on the order parameter
field. We shall discuss existence of weak solutions
in dimension three, some regularity results and the
existence of a trajectory attractor both in a weak as
well in a strong topologies. Further issues and open
questions, concerning e.g. uniqueness, will also be
addressed.

—> 0000

Consistent hierarchy of Cahn-Hilliard systems

Franck Boyer

Aix-Marseille Universite, France
fboyer@cmi.univ-mrs.fr

S. Minjeaud

In this work, we investigate n-component Cahn-
Hilliard systems. Our goal is to derive models in a
consistent way: we require that a solution of the (n-
1)-component model is a solution to the n-component
model. Properties of such models are given in some
cases and numerical illustrations are proposed. We
also show that this consistency property is impor-
tant in applications, in particular in the framework
of phase-field modeling.

— 00000

Phase field models and the connection
between  microscopic and  macroscopic
anisotropy

Gunduz Caginalp
University of Pittsburgh, USA
caginalp@pitt.edu

Anisotropy at the microscopic level is manifested
at the macroscopic level that is on a vastly larger
scale. The phase field approach can facilitate our
understanding of this complex process. We use a
formulation in which we work directly with an inte-
gral equation for the phase variable. The technique
allows one to derive macroscopic conditions at the
interface from the microscopic potentials. Differen-
tial geometry and asymptotic analysis yield interface
conditions, in arbitrary spatial dimension, for inter-
actions that include anisotropy as well as non-local
potentials. The interface condition can be expressed
in various mathematical formulations, e.g., in terms
of the principal curvature directions of the inter-
face, or the second order directional derivatives of
the interface and the Hessian of the surface tension.
This work is in collaboration with X. Chen and E.
Esenturk.

—> 00000
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Long-time behavior of the Caginalp system
with singular potentials and dynamic bound-
ary conditions

Laurence Cherfils

University of La Rochelle, France
laurence.cherfils@univ-Ir.fr

S. Gatti, A. Miranville

This talk deals with the Caginalp phase-field model
equipped with both singular potentials and dynamic
boundary conditions. Classical solutions (in the sense
of distributions) are not assured in this case. Thanks
to a suitable definition of solutions, we are able to
get dissipative estimates, leading to the existence of
the global attractor with finite fractal dimension, as
well as of an exponential attractor.

—> 00000

Approximation of multivalued attractors and
applications to the Navier-Stokes equations

Michele Coti Zelati
Indiana University, USA
micotize@Qindiana.edu
Florentina Tone

We present the theory of multivalued dynamical sys-
tems, with particular emphasis on the approximation
of global attractors of continuous-time semigroups by
discrete ones. As an application, we focus on a fully
implicit time-discretization of the two-dimensional
Navier-Stokes equations, establishing new uniform
bounds on the time-step parameter. As a byproduct,
we obtain a general long-time stability result and we
prove the convergence of the discrete attractors to
the continuous one as the time-step approaches zero.

—> 0000

Congestion in cell migration models

Julien Dambrine

Universite de Poitiers, France
julien.dambrine@math.univ-poitiers.fr

B. Maury, N. Meunier, A. Roudneff-Chupin

This work concerns a class of macroscopic models for
cell migration in a saturated medium for two-species
mixtures. Those species tend to achieve some mo-
tion according to a desired velocity, and congestion
forces them to adapt their velocity. This adaptation
is modelled by a correction velocity which is chosen
minimal in a least-square sense. We are especially
interested in two situations: a single active species
moves in a passive matrix (cell migration) with a
given desired velocity, and a closed-loop Keller-Segel
type model, where the desired velocity is the gradi-
ent of a self-emitted chemoattractant. We propose
a numerical strategy to discretize the model, and

illustrate its behaviour in the case of a prescribed
velocity, and for the saturated Keller-Segel model.

—> 00000

Long-term analysis of strongly damped non-
linear wave equations

Filippo Dell’Oro
Politecnico di Milano, Italy
filippo.delloro@mail.polimi.it
Vittorino Pata

We consider the strongly damped nonlinear wave
equation

Ut — Auy — Au+ fug) + g(u) =h

with Dirichlet boundary conditions, which serves as a
model in the description of thermal evolution within
the theory of type III heat conduction. In partic-
ular, the nonlinearity f acting on u: is allowed to
be nonmonotone and to exhibit a critical growth of
polynomial order 5. The main focus is the longterm
analysis of the related solution semigroup, which is
shown to possess the global attractor in the natural
weak energy space.

—> 00000

Attractors for a Caginalp phase-field model
type on the whole space R®

Brice Doumbe

Universite de Poitiers, France
bdoumbe@math.univ-poitiers.fr
Brice Doumbé

We consider in this paper a generalization of Cagi-
nalp phase-field system derived from a generalization
of the Maxwell-Cattaneo law in an unbounded do-
main namely R® in our case; which make the analy-
sis challenging. We prove the well-posedness of the
problem and the dissipativity of the associated semi-
group. Finally, we study the long time behavior of
solutionsin terms of attractors.

—> 00000

Vlasov-Poisson system with diffuse boundary
conditions

Emre Esenturk

Pohang Mathematics Institute, Korea
emreesenturk@postech.ac.kr

Walter Strauss, Hyungju Hwang

Kinetic models play an important role in many areas
of mathematical physics. One of the branches of the
theory deals with systems whose elements interact
with each other in a conservative way through a self-
consistent field. A typical example of such systems
is the hot plasma which is governed by a collisonless
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kinetic equation (Vlasov) coupled with electrostatic
equation (Poisson).

In the last decades many important results have
been obtained for the Vlasov-Poisson system. In
most of the works the theories were developed in the
whole space. Much less is known on systems with
boundary conditions. In this talk we will present re-
sults for the nonlinear Vlasov-Poisson system with
the absorbing and non-absorbing diffuse boundary
conditions. Existence and uniqueness of solutions
will be addressed in one dimension for the finite in-
terval and the half line and in higher dimensions for
particular geometries. Some exact solutions will be
discussed for simple cases.

—> 00000

Global solutions for the 2D NS-CH model for
a two-phase flow of viscous , incompressible
fluids with mixed partial viscosity and mobil-
ity

Ciprian Gal
Florida International University, USA
cgal@fiu.edu

Whether or not global solutions of the 2DNavier-
Stokes-Cahn-Hilliard system without full viscosity
and mobility can develop finite time singularities is
a difficult issue. A major part of this talk deals with
global regularity of strong solutions for the NS-CH
system with mixed partial viscosity and mobility. In
addition, we will also discuss the 2D NS-CH sys-
tem without viscosity but with full mobility. We
prove the global existence and uniqueness of classical
solutions.
— 00 0 00 —

Stability analysis and travelling fronts in the
phase field crystal model

Peter Galenko
German Aerospace Center, Germany

peter.galenko@dlr.de
Ken Elder

The phase field crystal (PFC) model was proposed
to incorporate the physics naturally embedded on
atomic length scales for processes that occur on
diffusive time scales. The model describes a field
that is spatially periodic in a solid and constant
in metastable or unstable (liquid) phases. Using the
PFC-model, we provide a stability analysis to predict
the velocity and periodicity of a crystal front invad-
ing a uniform unstable state. Amplitude expansions
of the hyperbolic and parabolic PFC models are used
to examine a periodic solid invading a metastable lig-
uid in both slow and rapid front propagation regimes.
The analysis is applicable to systems with long-range
interactions, such as block copolymers (second order

transformation) as well as the solidification of under-
cooled liquids (first order phase transformation).

—> 00000

Attractors for weakly damped wave equations

Olivier Goubet
Universite Picardie Jules Verne, France
olivier.goubet@u-picardie.fr

This talk is devoted to the issue of the existence
and regularity for low regular solutions to weakly
damped forced equations, as Korteweg de Vries and
nonlinear Schrodinger equations.

—> 00O 00—

On thermodynamically consistent schemes for
two-phase flow with mass density contrast and
species transport

Guenther Gruen

University of Erlangen-Nuernberg, Germany
gruen@am.uni-erlangen.de

Eduard Campillo-Funollet, Fabian Klingbeil

Recently, Abels, Garcke, and Griin proposed a class
of diffuse interface models for two-phase flow with
different mass densities which allow both for energy
estimates and for solenoidal velocity fields. It differs
from earlier approaches — apparently not consistent
with thermodynamics or not frame-indifferent — by
a convective coupling of velocity field and Cahn-
Hilliard flux. We present a subtle discretization
of these terms which entails energy estimates and
existence results in the discrete setting. Numeri-
cal simulations in various settings — Rayleigh-Taylor
instability, rising droplets, species transport and
Henry’s law — are compared with those obtained by
other models.Finally, we suggest extensions of the
model to electrowetting with electrolyte solutions in
the case of general mass densities.

—> 00000

A fourth order Cahn-Hilliard type equation

Haydi Israel
Poitiers University, France
israel@math.univ-poitiers.fr

Our aim in this talk is to discuss the well-posedness
(existence and uniqueness of solutions) and the
asymptotic behavior, in terms of finite-dimensional
attractors (global and exponential attractors) for an
equation of Cahn-Hilliard type.

—> 00000
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Well-posedness of finite energy solutions ton
supersonic flow structure interactions

Irena Lasiecka

University of Virginia, USA
il2v@Qvirginia.edu

J. Webster

We shall consider a model of flow-structure inter-
action which consists of perturbed wave equation
coupled with a nonlinear plate. The interaction be-
tween two media takes place on the edge of the plate
. We shall consider supersonic case where it is known
that the static problem looses ellipticity. Existence
and uniqueness of finite energy solutions will be ad-
dressed. By using methods of microlocal analysis
Hadamard wellposednesss of finite energy solutions
will be shown.

—> 00000

The thin film equation with backwards second
order diffusion

Amy Novick-Cohen
Technion, Israel
amync@tx.technion.ac.il
A. Shishkov

We focus on the thin film equation with lower or-
der “backwards” diffusion which can describe, for
example, structure formation in biofilms and the
evolution of thin viscous films in the presence of
gravity and thermo-capillary effects. We treat in
detail the equation

ur + {un(uxxx‘F 7é Um_nux - AUM_nuac)}x = 07

where #= +1,0 < n,m < M, and 0 < A.

—> 00000

A thermodynamic format for phase-field mod-
eling

Paolo Podio-Guidugli
University of Rome TorVergata, Italy
ppg@uniroma2.it

We discuss the thermodynamic issues underlying
the phase-field modeling of phase segregation and
phase transitions by atom rearrangement in crys-
talline materials, both in the absence and in the
presence of diffusion. In particular, we contrast the
standard derivation of the classic mathematical mod-
els of Allen-Cahn (or Ginzburg-Landau, according to
[2]) and Cahn-Hilliard with the versions given by
Friedand Gurtin [1], Gurtin [2], and Podio-Guidugli
[3].

[1] E. Fried and M.E. Gurtin, Continuum theory of
thermally induced phase transition based on an order
parameter. Physica D 68(1993).

[2] M.E. Gurtin, Generalized Ginzburg-Landau and
Cahn-Hilliard equations based on a microforce bal-
ance. Physica D 92 (1996).

[3] P. Podio-Guidugli, Models of phase segregation

and diffusion ofatomic species on a lattice. Ric.
Mat., 55 (1), 105-118 (2006).

—> 0000 —
Time regularity and uniqueness of non-

Newtonian binary fluid mixtures

Dalibor Prazak
Charles University, Prague, Czech Rep

prazak@karlin.mff.cuni.cz
M. Grasselli

We consider binary mixture of incompressible non-
Newtonian fluid with diffused interfaces. More pre-
cisely, the fluid is governed by Ladyzhenskaya rate-
type model, where stress tensor is a polynomial func-
tion of |Du| and also a smooth function of the or-
der parameter, the latter being driven by convected
Cahn-Hilliard equation. We consider the 3D setting
with Dirichlet/Neumann boundary conditions. As-
suming p-coercivity of stress tensor, with p > 11/5,
we employ fractional Nikolskii spaces to establish
higher time integrability of (arbitrary) weak solu-
tion. This implies uniqueness, but also existence of
finite-dimensional attractor.

—> 00O 00

Degenerating PDE system for phase transi-
tions and damage.

Elisabetta Rocca
University of Milan, Italy
elisabetta.rocca@unimi.it
Riccarda Rossi

In the talk we propose a suitable weak notion of
solution for a PDE system coupling a weak heat and
momentum equation with a generalized principle of
virtual powers for the phase/damage parameter, par-
tially mutuated for the theory of rate-independent
damage process. In order to prove an existence result
for this weak formulation, an approximating problem
is introduced, where the elliptic degeneracy is ruled
out. First, a global-in-time existence result for the
full system consisting of the heat, displacement, and
phase/damage parameter equations is established
and well-posedness is proved. Then, the passage to
the limit to the degenerate system is performed via
suitable variational techniques.

—> 0000
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Efficient numerical methods for the Cahn-
Hilliard-Brinkman equation

Steven Wise
University of Tennessee, USA
swise@math.utk.edu

I will describe some first and second-order (in
time) convex splitting schemes for the Cahn-Hilliard-
Brinkman equation, which models two-phase flows in
porous media and related phenomena. I will present
some simulation results in 2 and 3D and discuss
some applications in modeling tumor growth, bio-
films, and lava lamps.

—> 00000

Global dynamics of a diffuse interface model
for solid tumor growth

Kun Zhao

University of Iowa, USA
kun-zhao@uiowa.edu

Edriss S. Titi, John Lowengrub

In this talk I will report recent progress on a diffuse
interface model (referred as the Cahn-Hilliard-Hele-
Shaw system) which arises in modeling of spinodal
decomposition in binary fluid in a Hele-Shaw cell,
tumor growth and cell sorting, and two phase flows
in porous media. Previous numerical simulations
showed that the model is capable of modeling all the
stages of a solid tumor growth - avascular, vascular
and metastasis. In this work, wellposedness, regular-
ity and long-time asymptotic behavior of solutions
to an initial-boundary value problem of the model
are rigorously justified.

—> 00000 —
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Special Session 3: Mathematics of Social Systems
Andrea Bertozzi, UCLA, USA

This session concerns mathematical modeling of social systems - including problems in biology involving
social interaction and problems in social science modeling. Is it the intention of the organizer to form a broad
based session that will be useful for young mathematical scientists interested in broadening their research.
The session will include work on agent based models, methods in linear and nonlinear partial differential
equations, variational methods for inverse problems, and statistical and stochastic models. Examples of
applications range from crime modeling including gang interactions and patterns in property crime to models

for social interactions of swarms in biology.

Stationary states for the aggregation equation
with power law attractive-repulsive potentials

Daniel Balagué

Universitat Autonoma de Barcelona, Spain
dbalague@mat.uab.cat

José A. Carrillo, Thomas Laurent, Gael Raoul

We analyze the stability of a uniform distribution
on a sphere as stationary solution ofthe aggregation
equation with power law attractive-repulsive poten-
tials. We give a sharp condition that establishes its
stability under radial perturbations.

—> 0000 —

Modeling social dynamics

Alethea Barbaro
UCLA Mathematics, USA
alethea@math.ucla.edu

In recent years, agent-based models have become
very popular for modeling social dynamics. This
technique has been used to model organisms as
diverse as fish, insects, birds, and even people.
Studying these models at a kinetic level opens new
mathematical perspectives into the dynamics of such
systems, raising new and interesting mathematical
questions. Here, we will present some agent-based
models for social systems, and examine the PDEs
arising from these models.

—> 00000

An adversarial evolutionary game for criminal
behavior

Maria D’Orsogna
California State University at Northridge, USA
dorsogna@csun.edu

Traditional models of human cooperation are usu-
ally cast in the form of a prisoner’s dilemma, where
although cooperation may be beneficial, players may
choose to "defect” and pursue selfish goals. In this
talk we consider an adversarial evolutionary game
developed for criminal activity where players not
only choose whether or not to cooperate for the com-
mon good but also whether or not to actively harm

others by committing crimes. This new choice gives
rise to four possible strategies among which that of
the so called ”informant”, a player who cooperates
while still committing crimes. We find two possible
equilibration regimes, a defection-dominated and an
ideal, cooperation-dominated one and show that the
number of informants is crucial in determining which
of these two regimes is achieved. Since large numbers
of informants lead to the ideal cooperative society we
also study their active recruitment from the overall
society, by considering differential recruitment costs
and benefits, via an optimal control problem where
finite resources are included. We discuss our results
in the context of extreme adversarial societies, such
as those marred by wars, insurgencies and organized
crime.

—> 00O 00—

A mathematical model for flight guidance in
honeybee swarms

Razvan Fetecau

Simon Fraser University, Canada
van@math.sfu.ca

Angela Guo

When a colony of honeybees relocates to a new
nest site, less than 5% of the bees (the scout bees)
know the location of the new nest. Nevertheless, the
small minority of informed bees manages to provide
guidance to the rest and the entire swarm is able to
fly to the new nest intact. The streaker bee hypoth-
esis, one of the several theories proposed to explain
the guidance mechanism in bee swarms, seems to
be supported by recent experimental observations.
Originally proposed by Lindauer in 1955, the theory
suggests that the informed bees make high-speed
flights through the swarm in the direction of the new
nest, hence conspicuously pointing to the desired di-
rection of travel. Once they reach the front of the
swarm, they return at low speeds to the back, by fly-
ing along the edges of the swarm, where they are less
visible to the rest of the bees. This work presents a
mathematical model of flight guidance in bee swarms
based on the streaker bee hypothesis. Numerical ex-
periments, parameter studies and comparison with
experimental data will be presented.

—> 0000



SPECIAL SESSION 3 13

Swarming on random graphs

Theodore Kolokolnikov

Dalhousie, Canada

tkolokol@gmail.com

James von Brecht, David Uminsky, Andrea
Bertozzi

We study a standard aggregation model where in-
stead of the usual assumption of all-to-all interac-
tion, we assume that two given particles interact
with probability p. We are particularly interested in
the following question: How does the connectivity of
the underlying graph affect the confinement property
of the swarm? Under certain generic assumptions on
the interaction kernel, we show that the confinement
preserved up to p=0((log n)/n), where n is the num-
ber of particles. In other words, very few edges are
needed to preserve the confinement. The results rely
on basic probability arguments and eigenvalues of
random matrices.

—> 0000

Analysis of a new PDE based model for ant
foraging

Manish Kumar

University of Cincinnati, USA
manish.kumar@uc.edu
Subramanian Ramakrishnan,
rent, Andrea Bertozzi

Thomas Lau-

The dynamics of ant foraging is of interest in un-
derstanding how local interactions lead to global
emergent behaviors in complex systems. We present
a new mathematical model, inspired by the Keller
Segel model of bacterial chemotaxis, for ant foraging
that accounts for different behaviors exhibited by
foragers in search of food and food carrying ants.
The model distinguishes between the dynamics of
food searching (foraging) ants and food carrying
ants. Numerical simulations based on the model
show trail formation in foraging ant colonies to be
an emergent phenomenon and also account for adap-
tive behavior observed in recent experiments. The
model has interesting characteristics related to the
absence of finite time singularities that emerge in the
Keller-Segel model of chemotaxis. We also discuss
preliminary steady state stability results.

—> 00000

Aggregation via Newtonian potential and ag-
gregation patches

Thomas Laurent
UCR, USA
laurent@ucr.edu
Bertozzi, Leger

We consider the motion of a density of particles
rho(x,t) by a velocity field v(x,t) obtained by con-
volving the density of particles with the gradient
of the Newtonian potential, that is v = - grad N*
rho. An important class of solutions are the ones
where the particles are uniformly distributed on a
time evolving domain. We refer to these solutions as
aggregation patches, by analogy to the vortex patch
solutions of the 2D incompressible Euler equations.
Numerical simulations as well as some exact solu-
tions show that the time evolving domain on which
the patch is supported typically collapses on a com-
plex skeleton of codimension one. We also show that
going backward in time, any bounded compactly sup-
ported solution converges as t goes to minus infinity
toward a spreading circular patch. We provide a rate
of convergence which is sharp in 2D. This is a joint
work with Bertozzi and Leger.
— 000 00 —
Rethinking network analysis:
namics and network structure

topology, dy-

Kristina Lerman
USC Information Sciences Institute, USA
lerman@jisi.edu

Many popular metrics used in social network analysis
are based on the random walk. However, the random
walk may not be appropriate for modeling and ana-
lyzing many social phenomena, including epidemics
and information diffusion, in which one node may
interact with many others at the same time, for ex-
ample, by broadcasting the virus or information to
its neighbors. To produce meaningful results, social
network analysis algorithms have to take into ac-
count the nature of interactions between the nodes.
We classify interactions as conservative (informally,
one-to-one) and non-conservative (one-to-many) and
show that while the former describes random walk
dynamics, the latter is mathematically equivalent to
epidemic dynamics. We then relate these to well-
known metrics used in network analysis: PageRank
and Alpha-Centrality. We demonstrate by ranking
nodes in an online social network used for broad-
casting information, that non-conservative Alpha-
Centrality leads to a better agreement with an em-
pirical ranking scheme than the conservative PageR-
ank.Our work unifies two areas of network analysis
— centrality and epidemic models — and leads to
insights into the relationship between dynamic pro-
cesses and network structure, specifically, the exis-
tence of an epidemic threshold for non-conservative
processes.
—> 00000
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Moderation, as an escape from a persistent
cycle of ideological revolutions

Seth Marvel

University of Michigan, USA

smarvel@umich.edu

Seth Marvel, Hyunsuk Hong, Anna Papush,
Steve Strogatz

In many interconnected social communities—for ex-
ample a well unified political party, a network of
credit-lending institutions, or a nationally bound
community of academic linguists—we often observe a
sort of punctuated equilibrium of ideas: The commu-
nity as a whole focuses on a certain topic or method-
ological approach for a while, then rapidly converts to
a new, seemingly more reasonable alternative under
sustained pressure from a small group of committed
adherents. In many cases, the new approach has as
many shortcomings as the old, but this is not fully
appreciated until it has been widely adopted. (Once
it is appreciated however, the community is ripe for
a new shift of thought, and the cycle continues.) As
a way out of these swings between ideological ex-
tremes, we might seek to encourage a more balanced
or qualified approach. Here, however, we show that
(in the context of a simplified model) doing so suc-
cessfully is surprisingly difficult—perhaps explaining
the persistence of the dramatic ideological shifts in
the first place. In particular, only one out of the
seven strategies that we analyze succeeds in expand-
ing the subcommunity of moderates without risking
its extinction.

—> 0000

Paladins as predators: invasive waves in a
spatial evolutionary adversarial game

Scott McCalla
UCLA, USA
smccalla@ucla.edu

Invasive waves are found in a novel variant of a
reaction-diffusion system used to extend an evo-
lutionary adversarial game into space wherein the
influence of various strategies is allowed to diffuse.
The waves are driven by a nonlinear instability that
enables an otherwise unstable informant state to
travel through an initially uncooperative state leav-
ing a cooperative state behind. The wave speed’s
dependence on the various diffusion parameters is
examined in one and two dimensions. Various other
phenomena, such as pinning near a diffusive inhomo-
geneity, are also explored.

—> 00000

Filtering and estimation of self-exciting Cox
processes with applications to social systems

George Mohler
Santa Clara University, USA
georgemohler@gmail.com

Self-exciting point processes have shown promise for
modeling social event patterns where the occurrence
of an event increases the likelihood of subsequent
events. However, standard models assume a Poisson
background rate for spontaneous events, an unre-
alistic assumption in many social systems. We in-
troduce a self-exciting Cox process model where the
background rate is driven by an Ornstein-Uhlenbeck
stochastic differential equation. We then develop
a methodology for simultaneous filtering and esti-
mation of the intensity. Application to crime and
security data sets are investigated.

—> 00000

Urban social dynamics: “Don’t buy the house,
buy the neighborhood”

Jean-Pierre Nadal

CNRS, France

nadal@Ilps.ens.fr

Laetita Gauvin, Annick Vignes

“Don’t buy the house, buy the neighborhood” (Rus-
sian proverb). This talk is concerned with issues
related to urban social segregation. Going beyond
the simplest models introduced by T. C. Schelling in
the 70’s, we introduce a model of housing transac-
tions between agents heterogeneous in their income,
hence in their willingness to pay. The goal is to see
how the spatial income segregation depends on both
economic constraints and social interactions. A key
feature of the model is that agents preferences for a
place are expressed in terms of a local attractiveness,
which depends on both an intrinsic attractiveness of
the location and the social characteristics of its neigh-
borhood. The demand for an asset thus depends on
its attractiveness, which in turn evolves according
to the social characteristics of the newcomers. The
resulting stationary space distribution of income is
analytically characterized and illustrated by agent-
based simulations. The main results are that, (1),
socio-spatial segregation occurs if, and only if, the
social influence is strong enough, and, (2), even so,
some social diversity is preserved at most locations.
Comparing with the Parisian housing market, the
results reproduce general trends concerning the price
distribution and the income spatial segregation.

—> 00000
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Multi-Stage complex contagions

Mason Porter

University of Oxford, England
porterm@maths.ox.ac.uk

Sergey Melnik, Jonathan A. Ward, James P.
Gleeson

The spread of ideas across a social network can be
studied using complex contagion models, in which
agents are activated by contact with multiple acti-
vated neighbors. The investigation of complex conta-
gions can provide crucial insights into social influence
and behavior-adoption cascades on networks. In this
paper, we introduce a model of a multi-stage complex
contagion on networks. Agents at different stages—
which could, for example, represent differing levels of
support for a social movement or differing levels of
commitment to a certain product or idea—exert dif-
ferent amounts of influence on their neighbors. We
demonstrate that the presence of even one additional
stage introduces novel dynamical behavior, includ-
ing interplay between multiple cascades, that cannot
occur in single-stage contagion models. We find, for
example, that cascades—and hence collective action—
can be driven not only by higher-stage influencers
but also by lower-stage influencers.

—> 0000

Hotspot invasion: traveling wave solutions to
a reaction-diffusion model for criminal behav-
ior

Nancy Rodriguez
Stanford University, USA
nrodriguez@math.stanford.edu

We study a class of reaction-diffusion models that
can be taken as basic models for the dynamics of
criminal activity. In this talk I will first discuss the
existence of steady-state solutions and discuss the
condition that determine whether there there are
one, two, or three steady-states. The latter case
corresponds to a bi-stable system and in this case
we prove the existence of traveling wave solutions
in one dimension. Physically, this correspond to the
invasion of ’hotspots’ into areas that have naturally
low crime rates. I will also discuss some numerical
results on obstruction of wave propagation.

—> 0000

Social interactions on networks: self-
excitation, third-party inhibition, and the link
with game theory

Martin Short

UCLA, USA

mbshort@math.ucla.edu

George Mohler, Jeff Brantingham,
Tita

George

We introduce a point process model for social in-
teractions on a network, including self-excitation
and third-party inhibition. Here, a coupled system
of state-dependent jump stochastic differential equa-
tions is used to model the conditional intensities
of the directed network of interactions. The model
produces a wide variety of transient or stationary
weighted network configurations and we investigate
under what conditions each type of network forms
in the continuum limit. We also explore the link
between this model and recent work on repeated
games.

—> 00000

Locust dynamics: behavioral phase change,
swarming, and nonlocal models

Chad Topaz

Macalester College, USA
chad_topaz@post.harvard.edu

Maria D’Orsogna, Leah Edelstein-Keshet, An-
drew Bernoff

Locusts exhibit two interconvertible phases, solitary
and gregarious. Solitary (gregarious) individuals are
repelled from (attracted to) others, and crowding
biases conversion towards the gregarious form. We
construct a nonlinear partial integrodifferential equa-
tion model of the interplay between phase change and
spatial dynamics leading to the formation of locust
swarms. Analysis of our model reveals conditions for
the onset of a locust plague, characterized by a large
scale transition to the gregarious phase. A model
reduction to ordinary differential equations describ-
ing the bulk dynamics of the two phases enables
quantification of the proportion of the population
that will gregarize, and of the time scale for this to
occur. Numerical simulations provide descriptions of
the swarm structure and reveal transiently traveling
clumps of gregarious insects.

—> 0000
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Pattern formation under nonlocal social in-
teraction

David Uminsky

UCLA, USA

duminsky@math.ucla.edu

James H. von Brecht, Theodore Kolokolnikov,
Andrea Bertozzi

Pairwise particle interactions arise in diverse biologi-
cal systems ranging from insect swarms and flocking,
to self-assembly of nanoparticles. Particle systems
which communicate through kernels with long-range
attraction and short-range repulsion may exhibit rich
patterns in their bound states. In this talk we present
a theory to classify the morphology of various pat-
terns in N dimensions from a given social interaction
force. We also present a method to solve the inverse
problem: Given an observed pattern, can we con-
struct a social interaction potential which exhibits
that pattern.

—> 00000

Community detection among street gangs and
gamma-convergence on graphs

Yves Van Gennip
University of California, Los Angeles, USA
yvgennip@math.ucla.edu

The goal of data clustering and community detec-
tion is to cluster nodes of a weighted graph into
groups such that the edge weights between vertices
in the same group is high and the outgroup weights
are low. Linear methods based on graph Lapla-
cians, such as spectral clustering, are popular tools
to accomplish this goal. In this talk we investigate
both linear methods and nonlinear methods based
on the Ginzburg-Landau functional to detect social
structures among street gangs. We use Gamma-
convergence to connect the nonlinear method with
the nonlocal means method (well known in im-
age processing) as well as with classical continuum
Ginzburg-Landau results.

This work has been done in collaboration with
Andrea Bertozzi, Jeff Brantingham, Blake Hunter
and others.
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Special Session 4: Nonlinear PDEs and Control Theory with Applications

Barbara Kaltenbacher, University of Alpen-Adria, Klagenfurt, Austria
Irena Lasiecka, University of Virginia, USA
Petronela Radu, University of Nebraska-Lincoln, USA
Lorena Bociu, NC State University, United States

In the large context of nonlinear evolution equations we will focus on systems of PDEs which exhibit a
hyperbolic or parabolic-hyperbolic structure. The topics of this special session will revolve around qualitative
and quantitative properties of solutions to these equations, such as existence and uniqueness, regularity of
solutions, and long time asymptotic behavior. Associated control theoretic questions such as stabilization,
controllability and optimal control will be addressed as well. Both bounded and unbounded domain problems
will be under considerations. Of special interest in our discussions are interactions involving nonlinearity and
geometry . Several methods available for investigation of such problems will be presented. We anticipate
also to discuss specific problems that arise in applications such as nonlinear acoustics, traveling waves in

elasticity and viscoelasticity, plasma dynamics, and semiconductors.

Rational decay of structural acoustic dynam-
ics

George Avalos
University of Nebraska-Lincoln, USA
gavalos@math.unl.edu

A rate of rational decay is obtained for solutions of
a PDE model which has been used in the literature
to describe structural acoustic flows. This struc-
tural acoustics PDE consists partly of a wave equa-
tion which is invoked to model the interior acoustic
flow within a given cavity. Moreover, a structurally
damped elastic equation is invoked to describe time-
evolving displacements along the flexible portion of
the cavity walls. The coupling between these two
distinct dynamics will occur across a boundary inter-
face. We obtain the uniform decay rate of this struc-
tural acoustic PDE without incorporating any ad-
ditional boundary dissipative feedback mechanisms.
By way of deriving this stability result, necessary
a priori inequalities for a certain static structural
acoustics PDE model are generated, thereby allow-
ing for an application of a recently derived resolvent
criterion for rational decay.
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Weak and regular solutions for nonlinear
waves with super-critical sources and non-
linear dissipations

Lorena Bociu
NC State University, USA
Ivbociu@ncsu.edu

We consider nonlinear wave equations characterized
by energy building, super-critical sources and non-
linear dissipation terms. We provide sharp results
on the range of parameters for damping terms and
sources that determine the exact regions for existence
and uniqueness for both weak and regular solutions,
and finite time blow-up.
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Algebraic Riccati equations with unbounded
coefficients lacking analyticity of the free dy-
namics semigroup

Francesca Bucci
Universita degli Studi di Firenze, Italy
francesca.bucciQunifi.it

The talk will report on the recent advances in the
study of the Linear-Quadratic problem on an infinite
time horizon for composite systems of evolution-
ary Partial Differential Equations which comprise
both parabolic and hyperbolic components, such
as models for thermoelastic, acoustic-structure and
fluid-solid interactions. Emphasis will be placed on
the far-reaching role of functional analytic methods
at a theoretical level, as well as of parabolic regu-
larity and microlocal analysis in order to establish
the appropriate regularity of boundary traces which
ultimately allows to ensure well-posedness of the cor-
responding algebraic Riccati equations.Most results
presented in the talk are obtained jointly with Irena
Lasiecka (Virginia) and Paolo Acquistapace (Pisa).

—> 00000

Uniform decay rates for the wave equation
with locally distributed nonlinear damping in
unbounded domains with finite measure

Marcelo Cavalcanti

State University of Maringd, Brazil
mmcavalcanti@Quem.br

Valeria Domingos Cavalcanti, Flavio R. Dias
Silva

This talk is concerned with the study of the uniform
decay rates of the energy associated with the wave
equation with locally distributed nonlinear damping

ue — Au+a(z) g(uy) =0 in Q x (0,00)

subject to Dirichlet boundary conditions, where Q2 C
R™n > 2, is an unbounded open set with finite mea-
sure and unbounded smooth boundary 92 = T". The
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function a(z), responsible for the localized effect of
the dissipative mechanism, is assumed to be nonneg-
ative, essentially bounded and, in addition,

a(x) > a0 >0 a.e. in w,

where w = w’ U {z € Q;||z|| > R} (R > 0) and «'
is a meighbourhood in Q of the closure of 02N Bg,
where Br = {z € Q;||z|| < R}.

—> 00000

Dissipative acoustic solitons

Ivan Christov
Princeton University, USA
christov@princeton.edu

Lagrangian-averaged models for compressible flow
have recently been proposed [Bhat & Fetecau,
DCDS-B 6 (2006) 979-1000]. Like their counter-
parts in turbulence, these models introduce a min-
imal (“cut-off”) length scale beyond which energy
dissipation cannot occur. When applied to weakly-
nonlinear acoustic phenomena in inviscid, lossless
single-phase fluids, the Lagrangian-averaged model
represents a higher-order dispersive regularization of
the governing equation, which exhibits nonlinear dis-
sipation as well [Keiffer et al., Wave Motion 48 (2011)
782-790]. Kink-type solitary wave solutions are de-
rived analytically, and an implicit finite-difference
scheme with internal iterations is constructed in or-
der to study their collisions. It is shown that two
kinks can interact and retain their identity after a
collision, meaning that these waves represent dis-
sipative acoustic solitons. For a different choice of
parameters, finite-time blow-up can be observed nu-
merically. Finally, while the classical equations of
nonlinear acoustics can be reduced to Burgers’ equa-
tion, we show that the present model reduces to the
Korteweg—de Vries equation.

This work is, in part, a collaboration with R.S.
Keiffer, R. McNorton and P.M. Jordan from the
Naval Research Laboratory, Stennis Space Center.
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A unified theory for damped evolutionary
equations

Valéria Domingos Cavalcanti

State University of Maringd, Brazil
vndcavalcanti@Quem.br

Marcelo Cavalcanti, Vilmos Komornik, Jose
Henrique Rodrigues

The main goal of this talk is to establish an abstract
theory which allows us to determine the exponential
decay in a certain Hilbert space H for locally damped
evolution equations. Our approach can be used for
a wide assortment of equations as, for instance, the

heat equation, Airy-Burgers equation, Schrodinger
equation, among others.

—> 00000

Partial continuity for parabolic systems

Mikil Foss
University of Nebraska-Lincoln, USA
mfoss@math.unl.edu

Consider the parabolic system

ug — divia(z, t,u, Du)] =0 in Qp :=Q x (=T,0),

where @ C R" is a bounded domain and 7' > 0.
The vector field a : Qr x RY x RY*"? 5 RV satis-
fies natural p-growth and ellipticity assumptions with
p > 2n/(n + 2). I will present partial continuity re-
sults for weak solutions to the above problem. More
precisely, the results establish that there is an open
set of full measure in Q7 in which the solution is
Holder continuous. The key assumption for the prob-
lem being considered is that the vector field a is con-
tinuous with respect to the arguments z, t and wu.
This distinguishes this result from others which as-
sume Hélder continuity of a with respect to z, ¢ and
u and provide partial continuity for the spatial gra-
dient of the solution. The talk will focus mostly on
the subquadratic setting, where 2n/(n + 2).

—> 00000

Some elliptic and parabolic problems with
boundary conditions of diffusive type

Ciprian Gal
Florida International University, USA
cgal@fiu.edu

We will mainly focus on parabolic and elliptic equa-
tions with boundary conditions of diffusive type,
which are sometimes dubbed as dynamic(al) or
Wentzell boundary-type conditions. We wish to dis-
cuss issues involving global well-posedness and regu-
larity of solutions, the asymptotic behavior as time
goes to infinity in terms of global/exponential at-
tractors. Finally, some explicit dimension estimates
are provided to show a different degree of structural
complexity of these systems when compared to the
same equations subject to the usual Dirichlet and
Neumann-Robin type of boundary conditions.

—> 00000
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The polarization in a ferroelectric thin film:
local and nonlocal limit problems

Antonio Gaudiello

Universita’ degli Studi di Cassino e del Lazio merid-
ionale, Italy

gaudiell@Qunina.it

Kamel Hamdache

In this joint work with K. Hamdache (Ecole Poly-
technique, Palaiseau, France), starting from classi-
cal non-convex and nonlocal 3D-variational model
of the electric polarization in a ferroelectric mate-
rial, via an asymptotic process we obtain a rigorous
2D-variational model for the polarization in a ferro-
electric thin film. Depending on the initial boundary
conditions, the limit problem can be either nonlo-
cal or local. Thin films of ferroelectric material are
used for the realization of “Ram” for computers and
“RFID cards ”.

—> 00000 —

The wave equation with abstract nonlinear
acoustic boundary conditions

Jameson Graber
University of Virginia, USA
pjg9g@virginia.edu

In this talk we introduce a wave equation with
“abstract” nonlinear acoustic boundary conditions,
which consists of a wave equation coupled with an ab-
stract second-order PDE where the coupling occurs
at the boundary interface. This system resembles
the original model proposed by Morse and Ingard
but is sufficiently general to cover a wide range of
problems studied in the literature. We show that
under quite general assumptions, the system gen-
erates a nonlinear semigroup, and, in the presence
of appropriately selected nonlinear boundary damp-
ing, the semigroup is uniformly stable. These results
serve to unify a number of the available studies in
the literature on PDE models of acoustic/structure
interactions. In addition, we study the effects of a
”nonlinear coupling” which arises in the case of a
porous structure.

—> 0000

Asymptotic behavior of solutions to nematic
liquid crystal models

Maurizio Grasselli
Politecnico di Milano, Italy
maurizio.grasselli@polimi.it
‘Wu Hao

We present some recent results on the longtime be-
havior of solutions to some simplified versions of the
Ericksen-Leslie model for the nematic liquid crys-
tal flow. More precisely, we consider first the one

proposed by F.-H. Lin et al. In this case the evolu-
tion system consists of the Navier-Stokes equations
coupled with a convective Ginzburg-Landau type
equation for the (vector-valued) averaged molecular
orientations. We discuss the convergence of given
trajectories to single equilibria when the Dirichlet
boundary conditions for the order parameter and the
external force acting on the flow are time dependent.
Then we introduce a more refined model proposed
by C. Liu et al. and we show that the corresponding
dynamical system in two spatial dimensions has a
finite dimensional global attractor.

—> 00000

Global attractors for von Karman plate model
with a localized damping

Pelin Guven Geredeli

Hacettepe University, Turkey
pguven@hacettepe.edu.tr

Irena Lasiecka, Justin T. Webster

In this study dynamic von Karman equations with
localized interior damping supported in a boundary
collar are considered. Hadamard well-posedness for
von Karman plates with various types of nonlinear
damping are well-known, and the long-time behavior
of nonlinear plates has been a topic of recentinterest.
Since the von Karman plate system is of "hyper-
bolictype” with critical nonlinearity (noncompact
with respect to the phase space), this latter topic is
particularly challenging in the case of geometrically
constrained and nonlinear damping. In this paper
we first show the existence of a compact global at-
tractor for finite-energy solutions, and we then prove
that the attractoris both smooth and finite dimen-
sional. Thus, the hyperbolic-like flow is stabilized
asymptotically to a smooth and finite dimensional
set.
—> 00000 —

Free liquid fibers and films

Thomas Hagen
University of Memphis, USA
thagen@memphis.edu

The mathematical description of free liquid fibers
and films poses serious analytical challenges. In the
simplest case of a highly viscous material, this de-
scription, based on a long-wave approximation of the
Navier-Stokes equations with free surface, is essen-
tially due to Matovich, Pearson and Yeow. It takes
the form of a nonlinear transport equation coupled
to an elliptic momentum equation or system of such
equations.In this presentation I will address recent
results on stability and global existence in the ab-
sence of surface tension for equations of this type.
Some reduced models will also be addressed.

—> 0000
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Non-linear plate coupled with Darcy flows for
slightly compressible fluid

Akif Ibragimov

Texas Tech University, USA
akif.ibraguimov@ttu.edu
E.Aulisa, Y.Kaya-Cekin

In this work, we consider the dynamical response of
a non-linear plate with viscous damping, perturbed
in both vertical and axial directions interacting with
a Darcy flow. We first study the problem for the
non-linear elastic body with damping coefficient. We
prove existence and uniqueness of the solution for
the steady state plate problem. We investigate the
stability of the dynamical non-linear plate problem
under some condition on the applied loads. Then
we explore the fluid structure interaction problem
with a Darcy flow in porous media. In an appro-
priate Sobolev norm, we build an energy functional
for the displacement field of the plate and the gra-
dient pressure of the fluid flow. We show that for a
class of boundary conditions the energy functional
is bounded by the flux of mass through the inlet
boundary.
— 00 0 00 —

Nonlinear poroacoustic flow in rigid porous
media

Pedro Jordan

U.S. Naval Research Laboratory, USA
pedro.jordan@nrlssc.navy.mil

J. K. Fulford

An acoustic acceleration wave is defined as a propa-
gating singular surface (i.e., wavefront) across which
the first derivatives of the velocity, pressure, or den-
sity exhibit jumps. In this talk, the temporal evolu-
tion of the amplitude and speed of such waves are in-
vestigated in the context of nonlinear, fluid-acoustic
propagation in rigid porous media, where the fluid-
solid interaction is described by the resistance law
of Darcy. It is shown that there exists a critical
value, the constant o™ (> 0), of the initial jump am-
plitude. It is then established that the acceleration
wave magnitude either goes to zero, as t — oo, or
blows-up, in finite time, depending on whether the
initial jump amplitude is less than or greater than .

Additionally, numerical solutions of an idealized
initial-boundary value problem involving sinusoidal
signaling in a fluid-saturated porous slab are used to
illustrate the finite-time transition from acceleration
to shock wave, which occurs when the initial jump
amplitude is greater than o, and comparisons with
the linearized case (i.e., the damped wave equation)
are presented whenever possible. Finally, the related
phenomenon of weakly-nonlinear poroacoustic trav-
eling waves, where an exact solution is possible in
terms of the Lambert W-function, is briefly consid-
ered and connections to second-sound (i.e., thermal

wave) phenomena are noted.
ONR funding.)

(Work supported by
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Remarks on the Fourier series method

Vilmos Komornik
University of Strasbourg, France
vilmos.komornik@math.unistra.fr

We review some recent applications of harmonic
and nonharmonic Fourier series in control theory,
including various results obtained in collaboration
with C. Baiocchi, P. Loreti, M. Mehrenberger and
A. Barhoumi. We discuss several possible general-
izations of Parseval type inequalities due to Ingham
and Beurling .

—> 00000

On the exterior problem for nonlinear wave
equations in 2D

Hideo Kubo
Tohoku University, Japan
kubo@math.is.tohoku.ac.jp

In this talk I wish to present a result on the ex-
terior problem for the nonlinear wave equations in
two space dimensions. Because the dispersive prop-
erty for the solution to the wave equation is rather
weak in 2D, it is not straightforward to get counter-
part for the Cauchy problem. Nevertheless, u Under
the geometric assumption on the obstacle, we are
able to get an almost global solution for small ini-
tial data. Moreover, if we pose the null condition
on the nonlinearity, then the solution actually exists
globally.

—> 00000

Recovering sound spend and initial data for
the wave equation by a single measurement

Shitao Liu
University of Helsinki, Finland
shitao.liu@helsinki.fi

We consider a problem of recovering the sound speed
and an initial condition for wave equations which is
motivated from the photo/thermo-acoustic imaging
model. We will also show the connection between
such a problem and the classical inverse hyperbolic
problem with a single measurement.

—> 00000



SPECIAL SESSION 4 21

Time optimal boundary controls for the heat
equation

Sorin Micu

University of Craiova, Romania
sd_micu@yahoo.com

Ionel Roventa, Marius Tucsnak

The fact that the time optimal controls for parabolic
equations have the bang-bang property has been re-
cently proved for controls distributed inside the con-
sidered domain (interior control). The main result
in this article asserts that the boundary controls for
the heat equation have the same property, at least
in rectangular domains. This result is proved by
combining methods from traditionally distinct fields:
the Lebeau-Robbiano strategy for null controllability
and estimates of the controllability cost in small time
for parabolic systems, on one side, and a Remez-type
inequality for Miintz spaces and a generalization of
Turan’s inequality, on the other side.

—> 00000

Inverse problem for the heat equation and the
Schrédinger equation on a tree

Ademir Pazoto

Federal University of Rio de Janeiro, Brazil
ademir@im.ufrj.br

Liviu Ignat, Lionel Rosier

In this paper we establish global Carleman estimates
for the heat and Schrédinger equations on a network.
The heat equation is considered on a general tree and
the Schrodinger equation on a star-shaped tree. The
Carleman inequalities are used to prove the Lips-
chitz stability for an inverse problem consisting in
retrieving a stationary potential in the heat (resp.
Schrédinger) equation from boundary measurements.

—> 00000

Instability for nonlinear evolution equations

Petronela Radu

University of Nebraska-Lincoln, USA
pradu@math.unl.edu

Stephen Pankavich

We consider steady solutions of semilinear parabolic
and hyperbolic equations; the hyperbolic equations
exhibit a sign changing damping term. We prove
that linear instability with a positive eigenfunction
gives rise to nonlinear instability by either exponen-
tial growth or finite-time blow-up. We then discuss
a few examples to which our main theorems are
immediately applicable, including equations with su-
percritical and exponential nonlinearities.
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Local and global well-posedness to a nonlin-
ear model in viscoelasticity with m-Laplacian
damping

Mohammad Rammaha
University of Nebraska-Lincoln, USA
mrammahal@math.unl.edu

Daniel Toundykov

We consider a general viscoelasticity model in a
bounded domain Q C R? with a smooth boundary I':
ue — Apu — Apug = f(u) in Qx(0,7),
subject to Dirichlét boundary condition: v = 0 on
I’ x (0,7T), or subject to p-generalized Robin bound-
ary condition. We study the local and global solv-
ability in the interesting case when p is between 2
and 3. In this case, if the interior source f(u) is of
order r (i.e., |f(u)| < clu|” for all |u| > 1), then f(u)
is locally Lipschitz from W'?(Q) into L?*(Q), only
for the values 1 < r < %. Thus, our goal is to

prove the local and global solvability of the problem

when the interior source is of supercritical order, i.e.,
3p 3p

72(371)) <r< ﬁ

— 00000

Asymptotic behavior of the wave equation
with dynamic boundary condition

Belkacem Said-Houari
KAUST university, Saudi Arabia
saidhouarib@yahoo.fr
Stephane Gerbi

In this talk, we consider a semi-linear wave equa-
tion with a dynamic boundary conditions.

We prove the local existence and uniqueness of
the solution of our problem. We use the Faedo-
Galerkin approximation coupled with the fixed point
theorem. Concerning the asymptotic behavior of the
solution of this problems we prove the following :

When the initial data are large enough and the
damping is nonlinear, then the energy solution is un-
bounded. In fact, we show that the Lp-norm of the
solutions grows as an exponential function.

We prove that in the case of linear boundary
damping, the solution blows up in finite time.

We showed also that if the initial data are in the
stable set, the solution continues to live there forever.

In addition, we show that the presence of the
strong damping forces the solution to go to zero uni-
formly and with an exponential decay rate. To obtain
our results, we combine the potential well method
with the energy method.

—> 00000
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Solutions to the Euler equation on a domain
with a moving boundary

Amjad Tuffaha
The Petroleum Institute, United Arab Emirates

Igor Kukavica

We present a new proof of local-in-time existence
and regularity of solutions to the free boundary
Euler Equation without surface tension under the
Taylor-Rayleigh condition.

—> 0000

Simultaneous controllability and stabilization
of some uncoupled wave and plate equations

Louis Tebou
Florida International University, USA
teboul@fiu.edu

First, we discuss the simultaneous controllability
of uncoupled wave equations with different speed of
propagation in a bounded domain. The control is
locally distributed, and the control region satisfies
the geometric control condition of Bardos-Lebeau-
Rauch. Thanks to the Hilbert uniqueness method
of Lions, the controllability problem is reduced to
an observability one. To solve the observability
problem, we employ a combination of the observ-
ability result of Bardos-Lebeau-Rauch for a single
wave equation, and a new uniqueness result for the
uncoupled system. Then, we address the related
stabilization problem with the help of a theorem of
Haraux and the new uniqueness result. Afterwards,
we investigate similar problems for uncoupled plate
equations with the help of the Holmgren uniqueness
theorem. Finally, we discuss some generalizations,
and some open problems.
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Carleman estimates and stabilization of hy-
perbolic systems in absence of geometric ob-
servability conditions

Daniel Toundykov

University of Nebraska-Lincoln, USA
dtoundykov2@unl.edu

Matthias Eller

The sharp sufficient conditions for observability in
control systems are formulated via geometric optics
and are linked to the structure of closed geodesics
in the underlying physical domain. However, the
necessary unique continuation property for PDEs is
an intrinsically weaker requirement and does not im-
pose such restrictions. It is, therefore, often possible
to stabilize an evolution system by placing feedback
controls on subsets of the domain that fail to satisfy

the geometric conditions. The price to pay is the
necessity to work with smoother solutions and the
stabilization rates obtained thereby are no longer
exponential.

In this work we present specialized Carleman es-
timates and a generalization of a pioneering strategy
due to G. Lebeau and L. Robbiano to prove uniform
stability (for strong solutions) of 1st-order hyperbolic
systems without reliance on the geometric observabil-
ity assumptions.

—> 00000

An inverse problem for the ultrasound equa-
tion: uniqueness and stability

Roberto Triggiani
University of Virginia, USA
rt7u@virginia.edu

We condsider a third order (in time) ultrasound
equation arising in acoustics and we recover a crit-
ical coefficient by means of boundary measurement.
More sopecifically, we obtain uniqueness and stability
of the recovery

—> 0O 00—

Min-max game problem for coupled PDE sys-
tem and an application to the fluid-structure
interaction model

Jing Zhang

University of Virginia, USA
jz4fQvirginia.edu

Irena Lasiecka, Roberto Triggiani

We consider an established hyperbolic-parabolic
fluid-structure interaction model with control and
disturbance acting at the interface between the two
media. Here, the structure (modeled by the system
of dynamic elasticity) is immersed in a fluid (mod-
eled by the linearized Navier-Stokes equations). A
game theory problem between control and distur-
bance is studied, when both act at the interface.
To this end, the main mathematical difficulty that
one encounters is the fact that such model fails to
satisfy the ”singular estimate” from, say, control to
state. This is a critical obstacle, as this is precisely
the foundational property for a full theory to include
solvability of the Differential Riccati equation in the
study of the associated min-max game theory prob-
lem. Failure of the ”singular estimate” property is
due to a mismatch between the parabolic and hy-
perbolic component of the overall coupled dynamics.
By introducing suitable observation or output opera-
tors, with incremental smoothness on the trajectory,
it is shown that the resulting system satisfies a mod-
ified singular estimate, this time from the control
to the observation space. This then allows one to
adapt the complete min-max theory to the present
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fluid-structure interaction model. More precisely,
the approach followed is based on an abstract set-
ting, of which the fluid-structure interaction model
is a canonical illustration, which enjoys a desirable
property not assumed for the abstract model.

—> 00000
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Special Session 5: Hybrid Monte Carlo

Elena Akhmatskaya, Basque Center for Applied Mathematics, Spain
J. M. Sanz-Serna, Universidad de Valladolid, Spain

The hybrid Monte Carlo (HMC) method was first introduced by Duane and his coworkers in 1987 in order
to combine the best features of two well established simulation techniques, molecular dynamics and Monte
Carlo. The HMC method proved itself to be both an efficient sampling device and an effective realization of
a stochastic thermostat. Some of its weakness are its inability to reproduced dynamical properties and its
lack of efficiency in the simulation of large systems.

An important development came in 1996, when Neal successfully applied HMC to neural network models,
thus demonstrating its suitability for statistical computations. Recent developments have aimed at increasing
the capability of simulating large molecules, retaining dynamical information and solving large dimensional

statistical problems.

The purpose of this session is to bring together researchers with interests in different application fields
in physics, chemistry and statistics, as well as in numerical and optimization techniques, to promote further

development and dissemination of the method.

Generalized shadow hybrid Monte Carlo:
from theory to useful tools

Elena Akhmatskaya

Basque Centre for Applied Mathematics (BCAM),
Spain

akhmatskaya@bcamath.org

S. Reich, B. Escribano, J.M. Asua, J.I. Mujika

Recently introduced Generalized Shadow Hybrid
Monte Carlo (GSHMC) method has found appli-
cations in areas such as atomistic simulation, par-
ticle simulation and Bayesian computation. This
required the development of four variants of the orig-
inal GSHMC technique: (1) the standard GSHMC
(a thermodynamically consistent implementation
of constant-temperature molecular dynamics); (2)
MTS-GSHMC (a multi-time stepping GSHMC); (3)
meso-GSHMC (a Metropolis corrected dissipative
particle dynamics method) and (4) the GSHmMC)
(a Generalised Shadow Hamiltonian Monte Carlo
approach employing modified Hamiltonians in the
Metropolis test). We highlight the ideas behind the
GSHMC methods, while focusing on their implemen-
tation and on the range of applications expected to
benefit most from their introduction. We describe
implementation of GSHMC and MTS-GSHMC in
two popular molecular simulation software packages,
GROMACS and PROTOMOL, aimed at high perfor-
mance computers. Performance of GSHMC methods
is analysed in some detail and illustrated by the ex-
amples of two on-going studies: dynamic modeling
of multiphase polymer morphology development and
large-scale simulations of Serum Transferrin- Alu-
minium complexes.

—> 00000 —

Constant-pH molecular dynamics using
stochastic titration: theory and applications

Antonio Baptista

Universidade Nova de Lisboa, Portugal
baptista@itgb.unl.pt

Miguel Machuqueiro, Sara R. R. Campos, Pe-
dro R. Magalhaes

Although the behavior of many biomolecules of inter-
est depends markedly on the acid/base equilibrium
of their protonatable groups, molecular dynamics
(MD) simulations are traditionally performed using
a fixed and somewhat arbitrary protonic state based
on the pK, values of those groups in solution. This
talk discusses the stochastic titration method for
constant-pH MD, where protonatable groups vary
their state along the simulation according to the pH
value of the solution, addressing its theoretical basis
and some illustrative applications.

—> 00000

Hamiltonian Monte Carlo with endogenous
splitting

Martin Burda

University of Toronto, Canada
martin.burda@utoronto.ca
John Maheu

Splitting methods for Hamiltonian Monte Carlo have
been shown to exhibit improvements in sampling
efficiency over standard Hamiltonian Monte Carlo
approaches. Splitting methods separate the Hamil-
tonian function and apply varying effective stepsizes
for the split terms. In this paper we explore Hamilto-
nian splitting determined endogenously based on the
underlying structure of the economic model. Prelim-
inary output suggests efficiency gains of the endoge-
nous split method relative to the regular HMC.

—> 0000
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Hybrid Monte Carlo for
Langevin dynamics

long timestep

Jesus Izaguirre

University of Notre Dame, USA
izaguirr@gmail.com

Haoyun Feng, Chris R. Sweet

Langevin dynamics is an efficient thermostatted form
of molecular dynamics. We have introduced the Nor-
mal Mode Langevin (NML) dynamics that accurately
integrates low frequency motions and approximates
fast frequency motions near equilibrium using Brow-
nian dynamics. This allows for long timesteps (100
fs and above) and large speedups (10x to 50x) com-
pared to plain Langevin dynamics. It is attractive
to combine Langevin dynamics with Hybrid Monte
Carlo to make sampling more rigorous. I will present
Hybrid Monte Carlo extensions of NML that can be
used for rigorous sampling of either the low or fast
frequency motions or both. These HMC extensions
will be derived using the Nonequilibrium Driven Dy-
namics approach recently introduced by Crooks and
Chodera.

—> 0000

Monte Carlo sampling of RNA 3D graphs

Namhee Kim

New York University, USA
kimnamhee@gmail.com

Christian Laing, Shereef Elmetway,
Jung, Jeremy Curuksu, Tamar Schlick

Segun

RNA structure prediction is a mathematical and
computational challenge with important biological
applications in RNA structure and function. In this
talk, I present a hierarchical Monte Carlo approach
to predict RNA helical arrangements by a coarse-
grained sampling of 3D graphs guided by knowledge-
based potentials derived from geometrical measures
based on solved structures. The coarse-grained
model using newly developed 3D RNA graphs ac-
celerate global sampling of candidate RNA topolo-
gies. Monte Carlo results are compared to reference
graphs from both solved structures and predicted
structures using current available programs. The
comparison indicates promise for our graph-based
sampling approach for characterizing 3D global he-
lical arrangements in large RNA from a given sec-
ondary structure and offer reasonable candidate for
further refinement.
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Langevin dynamics with constraints

Tony Lelievre
Ecole des Ponts ParisTech, France
lelievre@cermics.enpc.fr

We consider Langevin processes with mechanical
constraints. The latter are a fundamental tool in
molecular dynamics simulation for sampling pur-
poses and for the computation of free energy dif-
ferences. We will present three main results:(i) We
propose a simple discretization of the constrained
Langevin process based on a splitting strategy. We
show how to correct the scheme so that it samples
exactly the canonical measure restricted on a sub-
manifold, using a Metropolis-Hastings correction in
the spirit of the Generalized Hybrid Monte Carlo
(GHMO) algorithm. Moreover, we obtain, in some
limiting regime, a consistent discretization of the
overdamped Langevin dynamics on a submanifold,
also sampling exactly the correct canonical measure
with constraints. (ii) For free energy computation us-
ing thermodynamic integration, we rigorously prove
that the long time average of the Lagrange multi-
pliers of the constrained Langevin dynamics yields
the gradient of a rigid version of the free energy as-
sociated with the constraints. A second order time
discretization using the Lagrange multipliers is pro-
posed.(iii) The Jarzynski-Crooks fluctuation relation
is proved for Langevin processes with mechanical
constraints evolving in time. An original numeri-
cal discretization without time discretization error is
proposed, and its overdamped limit is studied. This
talk is based on the following reference: T. Lelivre,
M. Rousset and G. Stoltz, Langevin dynamics with
constraints and computation of free energy differ-
ences, to appear in Mathematics of Computation.
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A superconvergent method for configurational
sampling using Langevin dynamics

Charles Matthews

University of Edinburgh, Scotland
charles.matthews@ed.ac.uk

B. Leimkuhler

In Molecular Dynamics, trajectories are often treated
from a statistical perspective: we use them to sample
the overall phase space with respect to a desired sta-
tistical ensemble. In sampling the Canonical (NVT)
ensemble, typically a stochastic perturbation to New-
ton’s equations is used to generate such trajectories.
However, once such a thermostatted system has been
defined, the challenge remains to integrate the equa-
tions in an efficient and robust manner, particularly
in a Molecular Dynamics context where rugged po-
tentials and the high cost of force evaluations can
stymie such efforts. In this talk, we will present
some mathematical results on invariant measures for
methods based on splittings of Langevin Dynamics,
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and give some innovative numerical methods where
the goal is exclusively configurational sampling.This
talk describes joint work with Ben Leimkuhler.

—> 0000

Calculations of binding free energies with
molecular simulations: progress and chal-
lenges

David Mobley

University of New Orleans, USA
dmobley@gmail.com

Gabriel Rocklin, Pavel Klimovich

Calculation of binding strength, or affinity, be-
tween proteins, life’s molecular machines, and small
molecules is of substantial interest in pharmaceutical
drug discovery. Accurate techniques for such calcula-
tions could yield substantial benefits in drug discov-
ery pipelines. Here, we discuss progress calculating
binding strengths, or free energies, from molecular
simulations. We present the highlights of our calcu-
lations in several different binding sites, focusing on
what we learned as well as on sampling challenges
that can benefit from enhanced sampling techniques
such as hybrid Monte Carlo. Overall, these calcu-
lations based on physical force fields are reaching
the accuracy where they can, in favorable situations,
yield sufficient accuracy to benefit pharmaceutical
drug discovery, yet many challenges remain.

—> 00000

An application of a hybrid Monte Carlo
method in path space

Frank Pinski

University of Cincinnati, USA
frank.pinski@uc.edu

P.J. Malsom

We are investigating collections of atoms as their
positions evolve under Brownian (over-damped
Langevin) dynamics. In the cases where the collec-
tion changes conformation, an energy barrier often
exists. Such transitions are rare events when the
thermal energy is small compared to the energy bar-
rier. The understanding of such rare events is the
goal of our studies. We sample the transition paths
in a thermodynamically significant manner using a
Hybrid Monte Carlo (HMC) Method in Path Space.
The relative probability of paths is computed us-
ing expressions generated from Ito’s equation and
the Girsanov formula. In implementing the HMC,
auxiliary variables (velocities) are introduced with
the masses chosen to help equalize the time scales.
Moreover the method preserves the quadratic vari-
ation along the paths.The immediate focus of this
work is to study transitions in small Lennard-Jones
clusters. We consider a low energy transformation

in 13-atom and 14-atom clusters. The 14-atom clus-
ter consists of one atom sitting on the surface of a
close-packed structure of the others. In this cluster,
the single ”surface” atom drives into the cluster and
pushes an atom, initially on the opposite side of the
cluster, onto the surface. In the 13-atom cluster, we
investigated a similar mode.

—> 00000

Hybrid Monte Carlo on Hilbert spaces

J Sanz-Serna

University of Valladolid, Spain
sanzsern@mac.uva.es

A. Beskos, F.J. Pinski, A.M. Stuart

We define a generalized Hybrid Monte Carlo al-
gorithm which overcomes this problem for target
measures arising as finite-dimensional approxima-
tions of measures w which have density with respect
to a Gaussian measure on an infinite-dimensional
Hilbert space. The performance of the algorithm
does not deteriorate as the dimensionality of the
problem increases.

—> 0000

Mass tensor molecular dynamics and hybrid
Monte Carlo

Robert D. Skeel
Purdue University, USA
skeel@cs.purdue.edu

In hybrid Monte Carlo and for most application
of molecular dynamics, the masses are relevant only
to the extent that they enhance sampling. Back in
1975, it was proposed by C.H. Bennett that, in such
cases, the physical masses be replaced by an arbitary
positive definite symmetric mass tensor. Much more
recently, such an approach was developed indepen-
dently for statistical applications by Girolami and
Calderhead and applied with considerable success.
Building on these insights, preliminary results will
be presented concerning the possibility of applying
this methodology in a rigorous fashion to molecular
dynamics and hybrid Monte Carlo. This is joint work
with Y. Fang, M. Calvo, and J.M. Sanz-Serna.

—> 00000

Riemann manifold hybrid Monte Carlo and
alternative metrics

Vassilios Stathopoulos
University College London, England
v.stathopoulos@ucl.ac.uk

Mark Girolami

For the purposes of statistical inference taking a
geometric perspective and defining Hybrid Monte
Carlo on a differentiable manifold defined by a model
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based Metric tensor and associated connection pro-
vides a powerful Markov chain Monte Carlo (MCMC)
method. Although the Fisher Information (FI) is the
natural metric for probability density functions there
are cases where the metric can be degenerate or not
analytically defined. In this talk an overview of the
Riemann Manifold Hybrid Monte Carlo algorithm of
Girolami and Calderhead (2010) will be given and ex-
ample applications where the exact (FI) is degenerate
or not analytic will be discussed. For such degener-
ate cases we can augment the FI with the Hessian of
the prior while when the FI is not analytic we can
consider local or finite estimate approximations of
the FI. Examples will consist of a probit and logistic
regression and finite Gaussian mixture models.

—> 00000
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Special Session 6: Dispersal in Heterogeneous Landscape

Robert Stephen Cantrell, University of Miami, USA
Chris Cosner, University of Miami, USA
Yuan Lou, Ohio State University, USA
Juan Diego Davila, Universidad de Chile, Chile
Alexander Quaas, Universidad Tecnica Federico Santa Maria, Chile

This special session aims to address some recent developments in mathematical modeling and analysis of
dispersal in heterogeneous landscape. Dispersal of organisms is a key component of ecological and evolu-
tionary processes. Incorporating heterogeneity and dispersal into models for biological processes leads to
new mathematical models and brings new mathematical challenges. More generally, understanding disper-
sal in spatially and/or temporally varying environments can significantly enhance our understanding of how
diversity is maintained in complex foodwebs and how organisms can respond to global change.

A new inequality on the spectral bound of re-
solvent positive operators that unifies results
on the evolution of dispersal

Lee Altenberg
BioSystems, Elsevier Journal, USA
altenber@hawaii.edu

The spectral bound, s(aA +bV), of a combination of
a resolvent positive linear operator A and an opera-
tor of multiplication V', was shown by Kato (1982)
to be convex in b € R. Kato’s result is shown here
to imply, through an elementary “dual convexity”
lemma, that s(aA + bV) is also convex in a > 0, and
notably, s(aA+bV)/0a < s(A). Diffusions typically
have s(A) < 0, so that for diffusions with spatially
heterogeneous growth or decay rates, greater mixing
reduces growth. Models of the evolution of disper-
sal in particular have found this result when A is
a Laplacian or second-order elliptic operator, or a
nonlocal diffusion operator, implying selection for
reduced dispersal. These cases are shown here to
be part of a single, broadly general, “reduction”
phenomenon. A key open problem is to character-
ize operators B for which s(aA + bB) decreases in
a. By dual convexity, a sufficient conditions is that
(aA + bB) be convex in b.

—> 00000

Regularity for solutions of non local parabolic
equations

Hector Chang Lara

University of Texas at Austin, USA
hchang@math.utexas.edu

Gonzalo Davila

We study the regularity of solutions of parabolic
fully nonlinear nonlocal equations. We prove C*
regularity in space and time and, under different
assumptions on the kernels, C*® in space for trans-
lation invariant equations. The proofs rely on a weak
parabolic ABP in order to prove a Point Estimate
which allows to decrease the oscillation of the solu-
tion geometrically in the interior. Our results remain
uniform as s — 2 allowing us to recover most of

the classical regularity results for fully non linear
parabolic equations.

—> 00000

Evolutionary stability of ideal free dispersal
strategies: a nonlocal dispersal model

Chris Cosner

University of Miami, USA
gcc@math.miami.edu

R. S. Cantrell, Y. Lou, D. Ryan

An important problem in the study of the evolution
of dispersal is determining what kinds of dispersal
strategies are evolutionarily stable. This talk will
present results on the evolutionary stability of ideal
free dispersal strategies in the context of continuous
time nonlocal dispersal models. This work extends
recent results by Cosner et al. [1], where a class of
ideal free dispersal kernels was introduced and results
were obtained that suggested the dispersal strategies
they define should be evolutionarily stable. This
talk will describe a more general class of ideal free
dispersal kernels and give results showing that the
ideal free dispersal strategies they define are indeed
evolutionarily stable. These results also partially ex-
tend some recent work on the evolutionary stability
of ideal free dispersal for reaction-diffusion equations
and patch models to nonlocal dispersal models.

[1] C. Cosner, J. Davila and S. Martinez, Evolu-
tionary stability of ideal free nonlocal dispersal, J.
Biological Dynamics, v.6 (2012), 395-405

This research was partially supported by the NSF
grants DMS-0816068 (RSC, CC, DR) and DMS-
1021179 (YL).

—> 00000
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Recent advance in heterogeneous nonlocal
models for population dynamics

Jerome Coville
INRA, France
jerome.coville@avignon.inra.fr

to be announced

—> 00000

A Lane-Emden equation with the fractional
Laplacian

Juan Davila

Universidad de Chile, Chile
jdavila@dim.uchile.cl

Manuel del Pino, Yannick Sire

We consider the Lane-Emden equation
(—A)Y’u=u"u>0

either in entire space or a bounded domain and where
p > 1. One of the contributions is the nondegener-
acy of the bubble solution for the critical exponent,
and its application for concentration phenomena for
slightly subcritical equations. We also study the su-
percritical equation in entire space.

—> 00000

Fish biomass production and dispersal across
a seasonally flooded marsh

Donald Deangelis

University of Miami, USA

don_deangelis@Qusgs.gov

Simeon Yurek, Joel C. Trexler, Fred Jopp,
Douglas D. Donalson

Small fishes in seasonally flooded environments such
as the Everglades are capable of spreading into newly
flooded areas and building up substantial biomass.
We tested three hypothesized mechanisms for move-
ment of fish into flooding areas; (1) spread through
reaction-diffusion, (2) the refuge mechanism that
remnant populations of small fishes survive the dry
season in small permanent bodies of water, and (3)
the dynamic ideal free distribution mechanism that
a combination of expansion of habitat by flooding
and consumption of prey by the fish creates a prey
density gradient and that fish actively follow this.
We concluded that although refugia may play an
important role in recolonization by the fish popula-
tion during reflooding, active movement up the prey
gradient also seems capable of matching empirical
observations. Further studies of the fish biomass
dynamics on a seasonally varying, spatially hetero-
geneous wetland required simulations. We simulated
population dynamics (growth, mortality, predation,
movement patterns, and resource competition) of

three small fish functional groups across a grid-based
spatially-explicit, heterogeneous, two-dimensional
marsh slough landscape using hydrologic variability
as the primary driver for macro-spatial scale move-
ment. The model predicts the spatio-temporal pat-
tern of fish biomass stranded (thus easily available
for wading birds) as water levels decline.

—> 00000

Linking individual movements and population
patterns in dynamic landscapes

William Fagan

University of Maryland, USA
bfagan@Qumd.edu

Thomas Mueller, Justin Calabrese,
Fleming, Chris Cosner, Steve Cantrell

Chris

Real landscapes are dynamic in space and time,
and the scale over which such variation occurs can
determine the success of different strategies of pop-
ulation growth and movement. Real species rely
on a variety of individual-level behaviors to move
in and navigate through their landscapes. Such be-
haviors include (1) non-oriented movements based
on diffusion and kinesis in response to proximate
stimuli, (2) oriented movements utilizing perceptual
cues, and (3) memory mechanisms that assume prior
knowledge of movement targets. Species use of these
mechanisms depends on life-history traits and re-
source dynamics, which together shape population-
level patterns such as range residency, migration,
and nomadism. This talk will draw upon empiri-
cal data, remote sensing imagery, and a variety of
mathematical models to demonstrate the connections
among individual movements, landscape dynamics,
and population-level patterns. Preliminary work on
our current project using integrodifferential equa-
tions to represent non-local information gathering
will be discussed, focusing on results for bounded
domains.
— 0O 00—

Evolutionary ecology of habitat selection by
predators and prey

Samuel Flaxman

University of Colorado Boulder, USA
samuel.flaxman@colorado.edu

Yuan Lou, Francois Meyer

An essential key to explaining the mechanistic basis
of ecological patterns lies in understanding the con-
sequences of adaptive behavior for distributions and
abundances of organisms. We developed a model
that simultaneously incorporates (i) ecological dy-
namics across three trophic levels, (ii) evolution of
behaviors via the processes of mutation, selection,
and drift in populations of variable, unique individu-
als, and (iii) coevolution of traits mediating interac-
tions between predators and prey. Results from the
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model yield empirically testable predictions about
dispersal strategies, spatial distributions, and eco-
logical dynamics of predator-prey-resource systems.

—> 00000

Accelerating solutions in integro-differential
equations

Jimmy Garnier
Aix-Marseille Université, France
jimmy.garnier@avignon.inra.fr

I present the spreading properties of the solu-
tions of an integro-differential equation of the form
uy = Jxru—u+ f(u). I focus on equations with slowly
decaying dispersal kernels J(x) which correspond to
models of population dynamics with long-distance
dispersal events. 1 show that for kernels J which
decrease to 0 slower than any exponentially decaying
function, the level sets of the solution u propagate
with an infinite asymptotic speed. Moreover, I ob-
tain lower and upper bounds for the position of any
level set of u. These bounds allow me to estimate
how the solution accelerates, depending on the ker-
nel J: the slower the kernel decays, the faster the
level sets propagate. My results are in sharp con-
trast with most results on this type of equation,
where the dispersal kernels are generally assumed to
decrease exponentially fast, leading to finite propa-
gation speeds.

—> 00000

On pointwise estimates for non-local elliptic
equations

Nestor Guillen
UCLA, USA
nestor@math.ucla.edu
Russell Schwab

Convexity has played an important role in fully non-
linear equations, for instance in obtaining pointwise
bounds for viscosity solutions, as in the celebrated
Aleksandrov-Bakelman-Pucci theorem (ABP), or in
understanding the regularity of the free boundary in
the obstacle problem. In this talk I will describe the
shortcomings of convexity when dealing with non-
local problems and will discuss alternatives as well
as their applications. In particular, I will describe
a result obtained with Russell Schwab regarding
pointwise bounds (analogous tothe ABP) for weak
solutions of non-local elliptic equations which is new
even for non-local linear operators.

—> 0000

PDE vs ODE dynamics

King-Yeung Lam

Ohio State University, USA
lam.184@osu.edu

Yuan Lou

Dynamics, or behavior of solutions of a given nonlin-
ear reaction-diffusion system is deeply related to that
of its kinetic problem. In this lecture, we will use
the classical Lotka-Volterra competition model as an
example to illustrate some connections between the
two. Also, the asymptotic behavior of the principal
eigenvalue of linear cooperative elliptic systems, as
the diffusion rates approach zero, will be motivated
and studied.

—> 00000

Optimization of the persistence threshold in
spatial envirnoments with localized patches.

Alan Lindsay

University of Arizona, USA
alindsay@math.arizona.edu
M.J. Ward

Determining whether a habitat with fragmented or
concentrated resources best supports a contained
population is a natural question to ask in Ecology.
Such fragmentation may occur naturally or as a con-
sequence of human activities related to development
or conservation. In certain mathematical formula-
tions of this problem, a critical value known as the
persistence threshold indicates the boundary in pa-
rameter space for which the species either persists or
becomes extinct. By assuming simple diffusive logis-
tic dynamics for the population and accommodating
the heterogeneous nature of the landscape with a
spatially varying growth rate, a simple formulation
for the persistence threshold is afforded in terms of
an indefinite weight eigenvalue problem. In this talk
I will show that for a growth rate with strongly lo-
calized patches of favorable habitat, the persistence
threshold can be calculated implicitly and minimized
with respect to the location and fragmentation of
patches. This reveals an optimal strategy for min-
imizing the persistence threshold, thereby allowing
the species to persist for the largest range of phys-
ical parameters. The techniques developed can be
extended to study the effects of heterogeneity in a
variety of ecological models.

—> 00000
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Asymptotic behavior of a nonlocal inhomoge-
neous equation

Salome Martinez
Universidad de Chile, Chile
samartin@dim.uchile.cl

In this talk we will study the asymptotic behavior of
the solutions of

wenr= [0 (567)

with J : R — R is a nonnegative even function with
compact support such that

AJ@My=L

In this equation the dispersal is inhomogeneous in
space and the step size, g(y), of the dispersal de-
pends on the position y. We assume that g(y) > 0
in R. In particular, we will study the behavior of the
steady state solutions of this equation.

wy,t) g
dey (.12)
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Dynamics of a three species competition
model

Daniel Munther

York University, Canada
munther@mathstat.yorku.ca
Yuan Lou

We investigate the dynamics of a three species com-
petition model, in which all species have the same
population dynamics but distinct dispersal strate-
gies. Gejji et al. (Ewvolutionary convergence to ideal
free dispersal strategies and coexistence, Bull. Math.
Biol., 74 (2012), 257-299) introduced a general dis-
persal strategy for two species, termed as an ideal
free pair in this talk, which can result in the ideal
free distributions of two competing species at equi-
librium. We show that if one of the three species
adopts a dispersal strategy which produces the ideal
free distribution, then none of the other two species
can persist if they do not form an ideal free pair.
We also show that if two species form an ideal free
pair, then the third species in general can not in-
vade. When none of the three species is adopting a

dispersal strategy which can produce the ideal free
distribution, we find some class of resource func-
tions such that three species competing for the same
resource can be ecologically permanent by using dis-
tinct dispersal strategies.

—> 00000

The dynamics of resource theft in a spatially
continuous habitat

Andrew Nevai

Univerisity of Central Florida, USA
anevai@math.ucf.edu

Chris Cosner

We describe the dynamics of a producer-scrounger
system in a spatial habitat using a partial differen-
tial equation model. Both species are assumed to
increase logistically and to move randomly in their
environment. Although only producers can utilize
the resource in its raw form, they are parasitized
by nearby scroungers stealing resources from them.
‘When possible, parameter combinations which allow
producers and/or scoungers to persist either alone or
together are distinguished from those in which they
cannot.
— 0O 00—

A cross-diffusion model for avoidance behav-
ior in an intraguild predation community

Daniel Ryan
NIMBioS, University of Tennessee, USA
ryan@nimbios.org

Intraguild predation (IGP) refers to a community
module that blends competitive and predator-prey
dynamics. Although IGP is widespread in nature,
spatially homogeneous models for IGP communi-
ties predict that stable coexistence is only possible
if restrictive conditions on resource productivity,
competitive ability and predation susceptibility are
satisfied. This talk will consider the population dy-
namics of an IGP module in a spatially heterogeneous
landscape and examine how avoidance strategies de-
ployed by the intraguild prey can lead to more robust
coexistence states.

— 0O 00—
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Special Session 7: Recent Progress in the Mathematical Theory of
Compressible and Incompressible Fluid Flows

Eduard Feireisl, Mathematical Institute, Academy of Sciences, Prague, Czech Republic
Sarka Necasova, Mathematical Institute, Academy of Sciences, Prague, Czech Republic

The session is devoted to the recent development of the mathematical theory of compressible and incom-
pressible fluids in motion. The main topics include the qualitative properties of weak and strong solutions,
long-time behavior, fluids confined to special geometries, rotating fluids, among others

Decay estimates of the Oseen flow in the plane

Toshiaki Hishida
Nagoya University, Japan
hishida@math.nagoya-u.ac.jp

We consider the initial value problem for the Os-
een system in 2D exterior domains and study the
local energy decay of solutions. For 3D case the
theory was well developed by Kobayashi and Shi-
bata, while 2D case has remained open. The result
is applied to deduction of LP-L? estimates of the
Oseen semigroup. The dependence of estimates on
the Oseen parameter is also discussed.

—> 00000

Fluid mechanical models of self-organized dy-
namics

Trygve Karper

University of Maryland, USA
karper@gmail.com

Antoine Mellet, Konstantina Trivisa

In nature one can find a wide range of species ex-
hibiting self-organizing behavior. For instance, in
a school of fish, or in a flock of birds, there are no
external forces to coordinate the group, there is no
leader to guide them. Starting from individual based
models at the microscopic scale one can derive corre-
sponding kinetic models for the mesoscopic scale. In
this talk, we will rigorously study the hydrodynamic
limit of a class of such kinetic modelsand obtain ap-
propriate macroscopic models. The limiting system
will be the compressible isentropic Euler equations
with additional non-local terms modeling flock be-
havior such as attraction and alignment. We will also
discuss several open problems related to the macro-
scopic model such as existence, regularity, and, in
particular, large time behavior. The latter will be
illustrated with numerical experiments.

—> 00000

Long time behavior of solutions to nonlinear
flow-structure interactions

Irena Lasiecka
University of Virginia, USA
il2v@virginia.edu
I. Chueshov, J. Webster

We shall consider a model of flow-structure inter-
action which consists of perturbed wave equation
coupled with a nonlinear plate. The interaction be-
tween two media takes place on the edge of the plate
with the dissipation occurring in a small layer near
the edge of the plate. We shall consider both subsonic
and supersonic case. It is known that in the latter
case the static problem looses ellipticity. Questions
such as existence and uniqueness of finite energy
solutions will be addressed first . The final goal is
to determine geometric conditions for the configu-
ration of the plate which would lead to existence of
global attractors capturing solutions near the struc-
ture (wing of the airplane). Of particular interest
are dissipation mechanisms which are geometrically
constrained. It turns out that nonlinear effects in
the model are critical in proving ultimate bound-
edness of solutions. The proofs rely on weighted
energy methods with suitably constructed geometric
multipliers combined with microlocal analysis and
nonlinear elliptic theory which is degenerate.

—> 0000

Analysis and simulation of shear-dependent
non-Newtonian fluids in moving domains

Maria Lukacova

Institute of Mathematics, University Mainz, Ger-
many

lukacova@uni-mainz.de

‘We present our recent results on mathematical mod-
elling and numerical simulation of non-Newtonian
flows in compliant two-dimensional domains hav-
ing applications in hemodynamics. Two models of
the shear-thinning non-Newtonian fluids, the power
law Carreau model and the logarithmic Yeleswarapu
model, will be considered. For the structural model
the generalized string equation for radially symmetric
tubes will be generalized to stenosed vessels and ves-
sel bifurcations. The arbitrary Lagrangian-Eulerian
approach is used in order to take into account moving
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computational domains. The analytical result for the
existence of a weak solution for the shear-thickening
power-law fluid is based on the global iteration with
respect to the domain deformation, energy estimates,
compactness arguments using the semi-continuity in
time and the theory of monotone operators. We will
also present several numerical experiments for the
Carreau and the Yeleswarapu model, comparisons of
the non-Newtonian and Newtonian models and the
results for hemodynamical wall parameters; the wall
shear stress and the oscillatory shear index. Numer-
ical experiments confirm high order accuracy and
stability of new fluid-structure interaction methods.
The results have been obtained in a cooperation with
S. Necasova (Academy of Sciences, Prague) and A.
Hundertmark, G. Rusnakova (University of Mainz).

—> 0000

Modeling effective pressure interface law be-
tween a free fluid and a porous medium

Andro Mikelic

Universite Lyon 1, Institut Camille Jordan, France
mikelic@univ-lyonl.fr

Anna Marciniak-Czochra

In this talk we present rigorous justification of the
interface law describing contact between the flow in
an unconfined fluid and a porous bed. The velocity
of the free fluid dominates the filtration velocity, but
the pressures are of the same order. Main results are
the following:
1. We confirm Saffman’s form of the Beavers and
Joseph law in a new, more general, setting.
2. We show that a perturbation of the interface posi-
tion, which is an artificial mathematical boundary, of
the order O(g) implies a perturbation in the solution
of order O(e?). Consequently, there is a freedom in
fixing position of the interface. It influences the result
only at the next order of the asymptotic expansion.
3. We obtain a uniform bound on the pressure ap-
proximation. Furthermore, we prove that there is a
jump of the effective pressure on the interface and
that it is proportional to the free fluid shear at the
interface.

—> 00000 —

Some new regularity criteria for weak solu-
tions of the Navier-Stokes equations

Jiri Neustupa

Czech Academy of Sciences, Institute of Mathemat-
ics, Czech Rep

neustupa@math.cas.cz

We present two local criteria which imply that a
chosen point (x,t) in the space-time cylinder is a
regular point of solution v. One of the criteria im-
poses conditions on function v only in the exterior
of a certain space-time paraboloid with the vertex at

point (x,t). Furthermore, we present a global crite-
rion which imposes conditions on a certain spectral
projection of the associated vorticity or only on its
one component.

—> 0000

Evolution of non-isothermal nematic liquid
crystals flows

Elisabetta Rocca

University of Milan, Italy
elisabetta.rocca@unimi.it

Eduard Feireisl, Hana Petzeltova,
Schimperna, Arghir Zarnescu

Giulio

‘We discuss two models describing the time evolution
of nematic liquid crystals: one is the non-isothermal
version of a variant of the celebrated Leslie-Ericksen
model of liquid crystals, the other in the framework
of DeGennes-Landau theory, where the natural phys-
ical constraints are enforced by a singular free energy
potential proposed by J.M. Ball and A. Majumdar.
Here the thermal effects are present through the
component of the free energy that accounts for in-
termolecular interactions. The models are consistent
with the general principle of thermodynamics and
mathematically tractable. We identify the a priori
estimates for the associated system of evolutionary
partial differential equations and construct global-in-
time weak solutions for arbitrary physically relevant
initial data.

—> 00000

Fokker-Planck equations and neuroscience

Maria Schonbek

UCSC, USA

schonbek@ucsc.edu

Jose Carrillo, Maria del Mar Gonzalez, Maria
Gualdani.

I will discuss the global existence of classical so-
lutions to the initial boundary value problem for a
nonlinear parabolic equation ( Fokker-Planck type)
describing the collective behavior of an ensemble of
neurons. After some transformations the Fokker-
Planck system will be handled by methods used for
a classical Stefan problem.

—> 0000
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Regularity problems related to Navier-Stokes
equations with mass diffusion

Yongzhong Sun

Nanjing University, Peoples Rep of China
sunyz@nju.edu.cn

Xiaoyun Cai, Liao Liangwen

We discuss global in time well-posedness for the
initial-boundary value problems of some coupled
Navier-Stokes models with mass diffusion, for com-
pressible or incompressible fluids. In the case of two
dimensional space, we establish the global-in-time
existence(and uniqueness) of strong solution with
initial data of arbitrary size. In 3D case we give
some regularity criteria.

—> 00000
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Special Session 8: Propagation Phenomena Appearing in
Reaction-Diffusion Systems

Hirokazu Ninomiya, Meiji University, Japan
Masaharu Taniguchi, Tokyo Institute of Technology, Japan

This special session is concerned with mathematical analysis on propagation phenomena or pattern for-
mation appearing in reaction-diffusion systems. Related topics are traveling waves, equilibrium states and

asymptotic behavior of solutions.

Existence and uniqueness of spiral waves of a
wave front interaction model in a plane

Yan-Yu Chen

Meiji University, Taiwan
sumocat@meiji.ac.jp

Jong-Shenq Guo, Hirokazu Ninomiya

To study the spiral wave in an unbounded ex-
citable medium, we consider the wave front inter-
action model which derived by Zykov in 2007. This
model consists of two systems of ordinary differential
equations which describe the wave front and wave
back, respectively. First, we derive some properties
of the back by shooting argument and comparison
principle. Next we show the global existence of the
solution of the back. Then, we study its asymptotic
behavior at infinity. Finally, we prove the uniqueness
of the solution.

—> 0000

Monotone traveling waves of the nonlocal
Fisher-KPP equation

Jian Fang

York University, Canada
jfang@mun.ca
Xijaoqgiang Zhao

We consider traveling waves of the nonlocal Fisher-
KPP equation. It is known that narrow nonlocal
interactions do not change the monotonicity of trav-
eling waves but some wide interactions do. We
establish the critical value of the rate of nonlocal
interactions for the existence of monotone traveling
waves and further prove that such traveling wave is
unique up to translation.

—> 00000

Dynamics of traveling fronts in some hetero-
geneous diffusive media

Hideo Ikeda
University of Toyama, Japan
ikeda@sci.u-toyama.ac.jp

We consider two component reaction-diffusion sys-
tems with a specific bistable and odd symmetric
nonlinearity, which have the bifurcation structure of

pitchfork-type traveling front solutions with opposite
velocities. We introduce a spatial heterogeneity, for
example, a Heaviside-like abrupt change at the origin
in the space, into diffusion coefficients. Numerically,
the responses of traveling fronts via the heterogeneity
can be classified into four types of behaviors depend-
ing on the strength of the heterogeneity: passage,
stoppage, and two types of reflection. The goal is to
reduce the PDE dynamics to finite-dimensional ODE
systems on a center manifold and show the mathe-
matical mechanism to produce the four types of re-
sponses in the PDE systems using finite-dimensional
ODE systems. The reduced ODE systems include the
terms (referred to as heterogeneous perturbations)
originating from the interaction between traveling
front solutions and the heterogeneity, which is very
important in order to determine the dynamics of
the ODE systems. Using these results, we discuss
what play the role of separators of the four different
behaviors.

—> 00000

Stability analysis for a planar traveling wave
solution in an excitable system

Kota Tkeda
Meiji University, Japan
ikeda@isc.meiji.ac.jp

Excitable systems appear in various phenomena in
nature. The first example is the propagation of im-
pulses along a nerve axon. The second one is the
simplified chemical model, called Oregonator, of BZ
reaction. The last one is the combustion in microgra-
bity which has various spatial patterns depending on
a typical parameter. These phonomena were mod-
eled by reaction-diffusion equations which commonly
exhibit excitability and generate a traveling wave
solution with a pulse shape. On the other hand, a
diffusive coefficient in the three equations changes
widely in these three phonomena, which is crucial in
the stability of planar traveling waves. In this talk,
we show the relation between the diffusive coefficient
and the stability of a traveling wave solution with a
pulse shape.

—> 0000
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Bifurcation structure of radially symmet-
ric positive stationary solutions for a
competition-diffusion system

Yukio Kan-on
Ehime University, Japan
kanon@ed.ehime-u.ac.jp

In this talk, we consider a reaction-diffusion sys-
tem that describes the dynamics of population for
two competing species community, and investigate
the global bifurcation structure of radially symmet-
ric positive stationary solutions for the system by
assuming the habitat of the community to be a ball.
To do this, we shall treat the dimension of the habitat
and the diffusion rates of the system as bifurcation
parameters, and employ the comparison principle
and the bifurcation theory.

—> 00000

Semilinear solutions in a sector for a curva-
ture flow equation

Bendong Lou
Tongji University, Peoples Rep of China
blou@tongji.edu.cn

We study a two-point free boundary problem in
a sector for a curvature flow equation. The inho-
mogeneous boundary conditions are assumed to be
spatially and temporally ”similar” in a special way.
We prove the existence and uniqueness of an expand-
ing solution, as well as a shrinking solution, which is
selfsimilar at discrete times.

—> 00000

Planar standing front waves of the FitzHugh-
Nagumo system

Yoshihisa Morita

Ryukoku University, Japan
morita@rins.ryukoku.ac.jp
Chao-Nien Chen, Shih-Yin Kung

We are dealing with the FitzHugh-Nagmumo sys-
tem, ur = dAu + f(u) — v, v = Av — v + v,
where f(u) = u(u — B)(1 —u),f € (0,1/2), in
the whole space.We assume a balanced condition,
v = 9(26% — 58 + 2)"!.Then for d > 772 the exis-
tence of a planar standing front wave is shown by
using variational method. We also show the unique-
ness of the solution with a symmetry by the com-
parison method under an additional restriction for
B.Moreover, we can discuss the dynamical stability
of the solution in one-space dimensional setting if 8
is sufficiently close to 1/2.
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Existence of recurrent traveling waves in a
two-dimensional undulating cylinder: the vir-
tual pinning case

Ken-ichi Nakamura
Kanazawa University, Japan
k-nakamura@se.kanazawa-u.ac.jp

In this talk we study traveling wave solutions for
a curvature-driven motion of plane curves in a two-
dimensional infinite cylinder with undulating bound-
ary. Here a traveling wave in non-periodic inhomo-
geneous media is defined as a time-global solution
whose shape is “a continuous function of the cur-
rent environment”. Under suitable conditions on the
boundary undulation we show the existence of trav-
eling waves which propagates over the entire cylinder
with zero lower average speed. Such a peculiar sit-
uation called “virtual pinning” never occurs if the
boundary undulation is periodic.
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Singular limit of a damped wave equation with
bistable nonlinearity

Mitsunori Nara
Iwate University, Japan
nara@iwate-u.ac.jp
Danielle Hilhorst

We consider the interfacial phenomena and the sin-
gular limit of a damped wave equation with bistable
type nonlinearity. Under the assumption that the
damping effect is very strong, the solution will be-
have like that of parabolic equations. We estab-
lish the comparison principle for the damped wave
equation and construct suitable supersolutions and
subsolutions.
— 000 00 —

Stability and bifurcation of periodic traveling
waves in a dispersive system

Kunimochi Sakamoto
Hiroshima University, Japan
kuni@math.sci.hiroshima-u.ac.jp

Stable periodic traveling waves bifurcate from a sta-
ble branch of trivial solutions. The trivial solutions
do not change its stability (i.e., remain stable) be-
fore and after the periodic traveling waves bifurcate.
Such bifurcation naturally seems contradictory in
dissipative systems and stability is meant asymp-
totic stability. However, situation is different in
dispersive systems and the stability is meant orbital
stabiity.In this talk, an example of such bifurcations
is presented in a derivative nonlinear Schrodinger
equation with the periodic boundary condition.

—> 0000
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Front speeds in reaction-diffusion systems:
slow pushed and accelerated pulled fronts

Arnd Scheel

University of Minnesota, USA
scheel@umn.edu

Matt Holzer

We show two examples where front speeds in coupled
reaction-diffusion systems deviate from the typical
distinction between pulled (slow linear) and pushed
(fast nonlinear) predictions. In the first example,
a Lotka-Volterra system, we show that the selected
front speed is much slower than the linear prediction
and give an asymptotic expansion using geomet-
ric desingularization of the traveling-wave problem.
In the second example, we study multi-stage inva-
sion problems, arising in pattern-forming systems
(roll-hexagon competition), phase-separation prob-
lems (spinodal decomposition and coarsening fronts),
and population models. We show that a primary
front can accelerate the speed of the secondary inva-
sion process, leading to locked modes of propagation
and, more surprisingly, constant acceleration at arbi-
trary large distances. We give expansions for locked
plateaus and determine the speed of the secondary
front in the unlocked case.

—> 0000

Convergence and blow-up of solutions for
a complex-valued heat equation with a
quadratic nonlinearity

Masahiko Shimojo

Department of Mathematics, Hokkaido University,
Japan

Shimojo@math.sci.hokudai.ac.jp
Jong-Shenq Guo,Hirokazu Ninomiya,
Yanagid

Eiji

We study the Cauchy problem for a system of
parabolic equations, which is derived from a complex-
valued equation with a quadratic nonlinearity. Our
equation has a strong relation with the viscous
Constantin-Lax-Majda equation, which is a one di-
mensional model for the vorticity equation. We first
study the asymptotic behavior for global solutions.
We also construct solutions that both components of
this system blow up simultaneously, although only
the real part of the corresponding ODE blows up.

—> 00000

Precise asymptotic formulas of critical eigen-
functions for 1D bistable reaction diffusion
equations

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

In 1D bistable reaction diffusion equations with a
small diffusion paramter, it is known that a tran-
sient dynamics of solutions are characteriaced by
a super slow motion of thin interfaces connecting
two stable states. In order to understand this pat-
tern dynamics, the existence of critical eigenvalues of
the corresponding linearized operators for nontriv-
ial steady-states plays a crucial role.In this talk, we
will introduce a precise asymptotic formulas for 1 di-
mensional linearized operators for n mode stationary
solutions.

—> 0O 00—

Nonplanar traveling wave solutions in Lotka-
Volterra competition-diffusion system

Zhi-Cheng Wang

Lanzhou University, Peoples Rep of China
wangzhch@Izu.edu.cn

Wan-Tong Li, Shigui Ruan

We study the nonplanar traveling fronts of the Lotka-
Volterra competition-diffusion system

Dui(x,t) = Aui(x,t)

+ ui(x,t)[1 = wui(x,t) — krue(x,t)]
%ug(x, t) = dAuz(x,t)

+  rua(x,t) [1 —ua(x,t) — koui (x,t)],

with x € R™,t > 0.

For the bistable case, namely ki, k2 > 1, it is known
that the system admits an one-dimensional traveling
front ®(z + ct) = (P1(x + ct), P2(x + ct)) connect-
ing two stable equilibria E, = (1,0) and E, = (0, 1),
where ¢ € R is the unique wave speed. Assume ¢ > 0.
For any s > ¢ > 0, we establish the V-shaped fronts
in R?, pyramidal traveling fronts and conical travel-
ing fronts in R3. For the V-shaped fronts and pyra-
midal traveling fronts, we also prove their uniqueness
and stability. For conical traveling fronts, we show
that they locally uniformly converge to the planar
traveling front when s tends to c¢. We also show the
nonexistence of conical traveling fronts.

—> 00000
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Asymptotic behavior in a 2-allele genetic
model with population control

Hans Weinberger
University of Minnesota, USA
hfw@math.umn.edu

The standard model for the evolution of the densities
of the three genotypes aa, aA, and AA is

T[zpaa + paA]2
0 Ot — Apaa = — T
paa/ P = D lpaa + pan +paa) P
272paa + panl(2p44 + pasl
8 a at - A aA —
paa/ pad 2[paa + paa + paal

- Taapau,

r[2pa4 + paal?

0 ot — A =
paa/ paa 2[paa + paa + paal

— TAAPaas

where the parameters are constants. It has recently
been shown by Souplet and Winkler that in the het-
erozygote intermediate case Toq > TaA > TAA, Taa >
Taa the gene fraction u := [2paa + paal/{2[paa +
Paa + paal} converges to 0. However, the proof in
the biologically interesting case depends on the fact
that paa converges to infinity, which, as the authors
pointed out, makes the model unrealistic. When
[Taa + Ta4]/2 < Taa < Taa, we produce a large class
of models of the above form with the birth rate r
replaced by a suitable density-dependent function.
These models have the property that, for a reasonable
set of conditions, the density pqa + paa of those indi-
viduals which have at least one a-allele converges to
zero uniformly in every bounded set as ¢ approaches
infinity, while the total population density remains
bounded and uniformly positive.

—> 00000

Symmetric and asymmetric spikes for the two-
dimensional Schnakenberg model

Matthias Winter

Brunel University, England
matthias.winter@brunel.ac.uk
Juncheng Wei

We consider the existence and stability of symmet-
ric and asymmetric spikes for the two-dimensional
Schnakenberg model in two space dimensions. For
existence we will derive and solve an algebraic system

for the amplitudes using a nondegeneracy condition.
The positions of the spikes are then given by the non-
degenerate critical points of some Green’s function.
For stability we will investigate large eigenvalues of
order O(1) and small eigenvalues of order o(1) sepa-
rately, which are connected with the amplitudes and
positions of the spikes, respectively.

—> 0000

The existence and stability of fraveling front
solutions for some autocatalytic systems

Yaping Wu

Capital Normal University, Peoples Rep of China
yaping_wu@hotmail.com

Yi Li

In this talk we shall talk about the existence and
stability of traveling fronts for the following typical
autocatalytic chemical reaction system

Ut = Uge — uIVP,
v = dUgy + ufoP.

Forp > 1, ¢ > 1 and d > 0, it is known that
there exists a critical speed ¢*(p, ¢, d) such that for
any ¢ > ¢*(p, q) there exist travelling front solutions
(u(x — ct),v(x — ct)) connecting (0,1) and (1,0). For
the cases p > 1 or ¢ > 1, the travelling waves with
noncritical speed decay algebraically in space at +oco
or —oo.

In this talk we shall be more interested in the lin-
ear and nonlinear asymptotic stability of the waves
with noncritical speeds and with algebraic spatial de-
cay when d is near 1. We shall first talk about our
recent work on the asymptotic stability of the waves
with algebraic spatial decay in some polynomially
weighted spaces for the system when d = 1. Further
we shall introduce our recently obtained abstract re-
sults on the existence and analyticity of Evans func-
tion for the more general ODE systems with slow
algebraic decaying coefficients, and our recent work
on the linear exponential stability of waves with al-
gebraic decay in some exponentially weighted spaces
for the case p > 1 and ¢ > 1 when d is near 1. Fi-
nally for the case p > 1 and ¢ = 1 we shall prove
the nonlinear asymptotic stability of the waves with
noncritical speeds when d is near 1.

—> 00000
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Special Session 9: Mathematics for Information Processing and
Management

Jianhong Wu, York University, Canada
Zongben Xu, Xian Jiaotong University, China

ELECTRE ranking approach for benchmark-
ing analysis in marketing sector

Ai Ling Amy Poh
Meiji University, Malaysia
amypoh.al@gmail.com

The marketing mix is the lens through which the con-
temporary customer perceives value in retail stores
on 4Ps is examined. From the model, we analyze the
best practice among the four elements derived from a
consensus ranking, a ranking method to identify the
best in class. The analysis mainly depended on the
outcome of what customer perceive towards the four
marketing tactics. This paper discusses the introduc-
tion and use of a methodology for project ranking in
retail store and, in particular, illustrates the use of a
particular solution method called ELECTRE. In the
effort of avoiding the shortcomings of the traditional
methods based on the average aggregate monocrite-
rion, outranking methods make it possible to deal
with multicriteria benchmarking.

—> 00000

Discovering most collaborative teams of ex-
perts in social networks

Aijun An

York University, Canada
aan@cse.yorku.ca
Mehdi Kargar

We study the problem of discovering teams of ex-
perts from a social network. Given a project whose
completion requires a set of skills, our goal is to find
a set of experts that together have all of the required
skills and also have the minimal communication cost
among them. We present two communication cost
functions designed for two types of communication
structures. We show that the problem of finding the
team of experts that minimizes one of the proposed
cost functions is NP-hard. Thus, a 2-approximation
algorithm is designed. We introduce the problem of
finding a team of experts with a leader. The leader
is responsible for monitoring and coordinating the
project, and thus a different communication cost
function is used in this problem. To solve this prob-
lem, an exact polynomial algorithm is proposed. We
show that the total number of teams may be expo-
nential with respect to the number of required skills.
Thus, two procedures that produce top-k teams of
experts with or without a leader in polynomial delay
are proposed. Extensive experiments on real datasets

demonstrate the effectiveness and scalability of the
proposed methods.

—> 0O 00—

Time consistent multiperiod risk measure un-
der generalized convex framework

Zhiping Chen
Xi’an Jiaotong University, Peoples Rep of China
zchen@mail.xjtu.edu.cn

It is now accepted that time consistency should be a
necessary requirement for multi-period risk measures.
After investigating the relationship among different
definitions of time consistency and discussing prop-
erties that a reasonable multi-period risk measure
should possess, we propose a new class of time con-
sistent multi-period risk measures under generalized
convex framework. Basing on the new risk measure,
we construct a corresponding multi-period portfolio
selection model. Scenario technique is then used to
efficiently compute the new multi-period risk mea-
sure and solve the multi-period portfolio selection
problem. Preliminary numerical results are finally
provided to illustrate the reasonability and practi-
cality of our new multi-period risk measure and the
corresponding multi-period portfolio selection model.

—> 00O 00

Firm clustering using standard-based finan-
cial statements

Dazhi Chong

Old Dominion University, USA
dchon001@odu.edu

Dazhi Chong, Hongwei Zhu

Classification and clustering of firms can produce use-
ful insights about various aspects about the firms.
Most existing approaches to classifying businesses
only pay attention to the operation processes and
outputs of firms. In this paper, we introduce a firm
clustering method that uses firms’ financial infor-
mation. Publicly listed companies in the U.S. has
been required to use a common data standards called
the U.S. GAAP Taxonomy to submit their financial
statements to the Securities and Exchange Commis-
sion. When constructing their financial statements,
firms select data elements from the Taxonomy to tag
their financial data. In this research, we construct
the “social network” of firms using the shared data
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elements in firms’ financial statements. By imple-
menting a spectral clustering method and applying
it to the ”social network”, we identify clusters that
differ from frequently used classification schemes.
Firms within the same cluster share similar struc-
tures in their financial statements. Other firm char-
acteristics are being explored to obtain additional
insights about the clusters.

—> 00000

Network utility optimization and effect to re-
sponse time

Wenying Feng

Trent University, Canada
wfeng@trentu.ca

Christopher Johns, Kevin Mak

We study the optimization of network utilities under
the constraints of limited resources. New models
are developed and algorithms for theoretically solv-
ing the problems are presented. Particular cases are
discussed. Applying simulation techniques, we also
investigated the effects of different utility functions
on network response time when the total utilization
of the network is optimized.

—> 0000

The influence of media on social behaviour in
an influenza pandemic

Jane Heffernan

York University, Canada
jmheffer@yorku.ca
Shannon Collinson

Media reports affect social behaviour during epi-
demics and pandemics. Changes in social behaviour,
in turn, affect key epidemic measurements such as
peak magnitude, time to peak, the beginning and
end of an epidemic. The extent of this effect has
not been realized. We have developed mathematical
models of influenza spread based on a Susceptible-
Exposed-Infected-Recovered (SEIR) model including
the effects of mass media. The models are used to
evaluate different functions representing media im-
pact and how these functions affect key epidemic
measurements. We have also developed an agent
based Monte Carlo (ABMC) simulation of influenza
infection between hosts to determine variability in
key epidemic measurements.

—> 00000

Beyond traditional search: probabilistic ap-
proaches and their applications

Jimmy Huang
York University, Canada
jhuang@yorku.ca

Most of the traditional Information Retrieval mod-
els are based on the assumption that query terms
are independent of each other and a document is
represented as a bag of words. Nevertheless this as-
sumption may not hold in practice. In this talk, I
will discuss how the query terms associate with each
other and how to incorporate the term proximity in-
formation into the classical probabilistic IR models.
Through extensive experiments on standard large-
scale TREC Web collections, I will show that the
extended models are able to markedly outperform
the BM25 baseline and at least comparable to the
state-of-the-art model. The talk will conclude with
a discussion of novel challenges raised in extend-
ing probabilistic Information Retrieval and several
applications such as promoting diversity in ranking
for biomedical IR, sentiment analysis for predict-
ing sales performance and EMR data analysis for
effective health care.

—> 00000

Estimating a density in the presence of inter-
val censoring

Hanna Jankowski
York University, Canada
hkj@mathstat.yorku.ca

In this talk I will compare several methods of density
estimation, including parametric and nonparametric
approaches. I will discuss the benefits and drawbacks
of each approach. Finally, I will illustrate the var-
ious methods on data coming from the 2009 HIN1
pandemic in Ontario, Canada.

—> 00000

A divide-and-conquer approach to effective
and efficient L1 norm matrix factorization

Deyu Meng

Xi’an Jiaotong University, Peoples Rep of China
dymeng@mail.xjtu.edu.cn

Zongben Xu

The L1 norm low-rank matrix factorization has been
recently attracting much attention due to its intrinsic
robustness to outliers and missing data. However,
most of the existing algorithms suffer the problems
such as high complexity and/or low accuracy. In this
paper, we propose a novel solution, which is essen-
tially a divide-and-conquer approach, to robust L1
norm matrix factorization. The main idea is to break



SPECIAL SESSION 9 41

the original difficult problem into many pieces of sim-
ple sub-problems, each involving only one unknown
scalar parameter and having a closed-form solution.
By recursively solving these small problems without
time-consuming inner loop numerical optimization,
an efficient algorithm can be readily constructed to
tackle the original problem. The computational com-
plexity of the proposed algorithm is approximately
linear in both data size and dimensionality, mak-
ing it be able to handle large-scale L1 norm matrix
factorization problems. The extensive experimental
results validate that our method outperforms state-
of-the-arts in term of both computational time and
accuracy, especially on large-scale applications such
as face recognition and structure from motion.

—> 00000

Agent-based modelling frameworks for devel-
oping public health policies

Seyed Moghadas
York University, Canada
Moghadas@yorku.ca

Advances in Information and Communications Tech-
nologies (ICTs) during the past two decades have
provided a major conduit for knowledge exchange,
which conveys the notion of human connectivity
within a complex network. These advances, com-
bined with scientific discoveries, have had profound
impacts on many aspects of real life, and led to dra-
matic changes in approaches to addressing societal
issues. The underlying processes by which our knowl-
edge influences public policy and decision-making
involves retrieval and analysis of vast amounts of
heterogeneous and complex data collected through
the use of ICT tools. We show how an Agent-Based
Modelling framework can integrate such data, and
inform public health policies in the event of an emerg-
ing disease. We use the 2009 pandemic influenza
HI1IN1 as a case study to illustrate how intervention
strategies can be targeted to reduce the impact of
disease on the population.

—> 00000

Tensor regression model for crime prediction

Yang Mu

University of Massachusetts, USA
yangmu@cs.umb.edu

Yang Mu, Henry Lo, Wei Ding

Crime incidents are affected by both spatial and
temporal factors as well as other predictor variables.
As such, crime prediction requires that we take spa-
tiotemporal attributes into account when processing
crime data. Yet, the structure and order inherent
in space and time dimensions are not considered ad-
equately using other mathematical techniques; it is

typical for prediction models to treat each spatial
point as distinct and independent, even though in
reality variables tend to be correlated with values in
neighboring cells. In this work, we use a tensor re-
gression model to predict a crime dataset that spans
a northeastern city in last 5 years. This model aims
to minimize the Ordinary Least Square (OLS) error
and accepts tensor inputs directly. It greatly reduces
the appearance of Small Sample Size (SSS) problem,
which could easily occur in a vector based OLS case.
Tensor features are extracted and used to train a ten-
sor regression model in order to predict future crime.
The tensor-based regression model is evaluated with
comparison to a traditional point-prediction model,
which considers only historical data but no spatial
neighborhood data. Results show that the tensor
model is far more effective in predicting hotspots of
crime than the traditional model.

—> 00000

L1/2 regularization theory for sparse machine
learning

Zongben Xu (special session keynote speaker)
Xi’an Jiaotong University, Peoples Rep of China
zbxu@mail.xjtu.edu.cn

Baili Chen

Machine Learning (ML) is a fundamental tool in
data-driven information technologies, which aims at
modeling a likely existing but unknown relationship
between the input and output spaces based a given
set of samples. In applications, ML leads to ill-posed
problems and it is solved then through constraining
the solutions to be found (via regularization). The
constraints normally take the form of certain type
of norms of the solution, say, the 2-norm, reflect-
ing the expectation that the solution to be found
is as smooth as possible, or the 1-norm, expecting
the solution to be sparse and as simple as possible.
I propose to apply the 1/2 quasi-norm in this talk
in performing regularization. I develop an L(1/2)
regularization based sparse ML theory, showing that
the new regularization scheme preserves the classical
Moreau’s forward-backward splitting representation,
can be very fast solved and is capable of yielding
nearly sparest solution with good generalization per-
formance. I present also two applications to demon-
strate the powerfulness of the developed theory. The
first application is on image processing (the image
representation, denoising, impainting, restoration
and identification in particular), which shows how
the new theory can yield the state of the art tech-
niques for those problems. The second application is
on microwave imaging. In this later case I show that
the new theory underlies a new microwave imaging
principle, and furthermore, leads to a very useful,
new SAR system.

—> 0000



42 9t ATMS CONFERENCE — ABSTRACTS

Risk assessment of China’s commercial banks:
assessing data quality

Feng Xu

School of Management, Xi’an Jiaotong University,
Peoples Rep of China

xf_xjtu@foxmail.com

Tan Zhang,Yahui Li,Hongyun Zhang

This research studies the function of analytical mod-
eling in risk assessment of China’s commercial banks.
This mathematical model aims to solving the risk
assessment problems, especially in data quality (Ka-
plan et al. 1998). We will use this analytical model
as a systematic exploration from data quality per-
spective, which can be used to improve credit card
businesses of China’s commercial banks in the future.
In addition, a decision support system is suggested
so that financial regulators can use it for assessing
data quality more effectively and efficiently. This
research constructs a mathematical model and algo-
rithms that support financial regulators to determine
the target error classes as well as the minimum set
of control procedures when assessing financial risks,
which is the key to ensure high level of data quality,
especially high level of reliability.
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Delay differential equations and its applica-
tion in developmental biology

Xuguo Zhang

Xi’an Jiaotong University, Peoples Rep of China
x.zhang@mail.xjtu.edu.cn

Steven Bishop, Julian Lewis

Delay Differential Equations (DDEs) play a fun-
damental role in the various fields such as Biology,
Engineering and even Economics over recent years.
This paper, with its focus on DDEs, investigate a spe-
cific model for cellular formation in Zebrafish devel-
oped by Lewis (2003), hereafter called Lewis model
to illustrate the dynamic behaviour and the proper-
ties of Ordinary Differential Equations (ODEs) and
DDEs extracted from Lewis work (Lewis, 2003). By
using linearisation and some simple analytic skills

such as Bendixsons negative criterion and Liapunov
function, it has been showed that system without
delay cannot exhibit self-sustained oscillation. When
model involves delays, we mainly analyse and ex-
plore the form of f function (Rate of synthesis for
new mRNA molecules) extensively using Matlab and
a new f function has been found to satisfy the DDE
system. It has been showed that the amplitude of
the oscillation against delay T or the power of pro-
tein n is monotonically changing when parameters
are varied and meantime the appropriate bifurcation
diagram is showed. This investigation have made
a strong theoretical surport for Lewis experimental
work and the significant analytic skills improved the
results as well.
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An improved model of anonymous entity res-
olution in the public sector

Zhou Zhang

School of Management, Xi’an Jiaotong University,
Peoples Rep of China,

joecanoe@126.com

Jing Chen, Hongyun Zhang

Entity resolution (ER) is a body of knowledge and
practice related to the activities supporting a process
to decide whether two entity references are equiva-
lent or not equivalent; entity reference refers to a
collection of identity attribute values that describe a
particular entity. A previous model was developed
to deal with ER in the public sectors, where the in-
formation stored in different databases is prevented
from data mining by a data warehouse because of
policies and regulations (Talburt et al. 2005). In
this paper, an improved model is proposed to deal
with the problem of anonymous entity resolution in
the Intranet. In addition, the model is more effi-
cient with the use of Bloom Filter when accessing
and comparing information between different sec-
tors. Based on the improved model, this research is
anticipated to improving data quality in the public
sectors successfully.

—> 00000
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Special Session 10: Computational and Nonautonomous Dynamics

Michael Dellnitz, University of Paderborn, Germany
Oliver Junge, Technische Universitaet Muenchen, Germany
Stefan Siegmund, Technische Universitaet Dresden, Germany

Computational techniques for dynamical and control systems have grown to powerful tools beyond mere
simulation. In this session, state of the art computational methods, as well as theoretical foundations, for
the analysis and synthesis of such (non-)autonomous systems are presented, with a focus on real world
applications. One of our primary goals is to detect new links between dynamical systems resp. systems
theory and such diverse fields as graph theory, numerics, mechanics, optimization, statistics, and topology.

A computer assisted enclosure for invariant
manifolds

Gianni Arioli

Politecnico di Milano, Italy
gianni.arioli@polimi.it

Davide Ambrosi, Hans Koch

We describe a new technique to compute a very
tight enclosure for the stable and unstable manifolds
at a stationary point of an autonomous, finite dimen-
sional dynamical system. We apply the technique to
prove the existence of a traveling wave for a PDE
modeling the propagation of electric signals in bio-
logical tissues, and provide a very accurate rigorous
estimate of the wave speed.

—> 00000

Macro-state models for protein modeling

Eric Darve
Stanford, USA
darve@stanford.edu

We present and discuss various numerical algorithms
to calculate slow reaction rates in protein modeling.
These rates typically correspond to conformational
changes in protein such as folding or binding. These
rates are associated with rare transition events from
one metastable state to another metastable state.
Such rare events, by definition, are difficult to ob-
serve through direct simulation and therefore get-
ting accurate statistical information and kinetics is
challenging. We will discuss methods that attempt
to enhance the sampling and improve the accuracy
using macro-states, which form a partition of the
conformational space of the protein. By computing
statistics of transition between these macro-states,
in appropriate ways, one can reconstruct the kinetic
information of interest.

—> 0000

Multiscaling and coarse-graining for coagula-
tion processes in high dimension

Lee Deville

University of Illinois, USA
rdeville@illinois.edu

Matt West, Nicole Riemer

‘We consider particle processes where the state-space
has high dimension and pairwise events dominate
the dynamics. (A concrete example of this is com-
puting the time evolution of the multi-dimensional
size distribution of interacting aerosol particles in a
regime where coagulations dominate the cost of the
computation.) We will discuss several methods of
speeding up such particle methods when multiscal-
ing is applicable and show that this applies to several
concrete problems in atmospheric sciences.

—> 0000

Rotation number and QR based techniques
for exponential dichotomy: numerical com-
parisons

Cinzia Elia

University of Bari, Italy
elia@math.gatech.edu
Roberta Fabbri

We propose numerical techniques based on the con-
tinuous Iwasawa decomposition to compute the ro-
tation number for Hamiltonian linear systems of
dimension greater or equal than 2. The rotation
number allows us to infer whether a given system
has exponential dichotomy or not. We employ these
techniques to study the Schroedinger operator and
the Schroedinger equation in 2 dimensions. Com-
parisons with QR based techniques for exponential
dichotomy allow us to recover new information on
the spectrum of the Schroedinger operator. The talk
focuses on the numerical aspects while theoretical
results will be addressed in Roberta Fabbri’s talk.

—> 00000
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Rotation number and exponential dichotomy
for linear Hamiltonian systems: theoretical
and numerical aspects

Roberta Fabbri
Universita’ di Firenze, Italy
roberta.fabbriQunifi.it
Cinzia Elia

The talk considers the properties of the rotation
number for a family of linear nonautonomous Hamil-
tonian systems and its relation with the exponential
dichotomy concept. In particular, we relate the ro-
tation number to the presence of an exponential
dichotomy for some Hamiltonian systems perturbed
according to an Atkinson-type condition. Using the
continuous Iwasawa decomposition of a symplectic
matrix, we compute the rotation number of a linear
Hamiltonian system and we employ these techniques
to study the quasi-periodic Schroedinger operator in
one dimension and the 2-dimensional Schroedinger
equation. We refer to the talk of Cinzia Elia for the
introduction and analysis of the numerical techniques
considered.
— 000 00 —

Finite-time transport analysis for nonau-
tonomous deterministic and stochastically
perturbed systems

Gary Froyland
University of New South Wales, Australia
g.froyland@unsw.edu.au

We discuss finite-time transport for both deter-
ministic dynamical systems and those subjected to
stochastic perturbations. We will elucidate a new
theory for characterising Lagrangian coherent sets
in both deterministic and stochastic settings. The
constructions are based around singular vectors of
evolution operators (Perron-Frobenius operators).
We also discuss how small random perturbations
influence the maximal level of coherence.

—> 00000

Accelerating molecular dynamics: some ideas
from robust and risk-sensitive control

Carsten Hartmann

Institut fiir Mathematik, Freie Universitdt Berlin,
Germany

chartman@mi.fu-berlin.de

Christof Schiitte and Stefanie Winkelmann

In the talk I will present some recent developments
in robust control of bilinear systems that appear
relevant in the context of nonequilibrium molecular
dynamics and quantum control. A particular focus
is on low-rank approximation techniques that make
the calculation of an optimal control numerically
feasible.
—> 00000

Computing invariant sets with Newton-type
iterations: towards a covering approach

Mirko Hessel-von molo

University of Paderborn, Germany
mirkoh@math.upb.de

Michael Dellnitz, Ioannis G. Kevrekidis

The approximation of invariant sets is an impor-
tant task in the numerical treatment of dynamical
systems. Recent work approaches this problem by
transferring it into a Banach space setting, using the
formalism of directed sets, and employing Newton-
type iterations for its solution. This approach is
limited in the class of sets that can be approximated:
only convex sets are feasible. We will present steps
towards overcoming this limitation with a covering
approach that represents invariant sets as (subsets
of) unions of convex sets.

—> 00O 00

Characterization of pullback attractors

José A. Langa

Seville University, Spain

langa@us.es

A.N. de Carvalho, J.C. Robinson

In this talk we present some recent results on the
characterization of attractors for non-autonomous
dynamical systems. We will pay attention in the
upper and lower semicontinuity of attractors and
on Morse decomposition of these families, which de-
scribes the internal dyanamics on these sets. All our
work is made in an infinite dimensional framework,
so that specially well suited to apply to PDEs. Some
open problems and future further reseach will be also
presented.
— 000 00 —

Lazy global feedbacks for quantized nonlinear
event systems

Oliver Junge

Technische Universitaet Muenchen, Germany
0jQtum.de

Stefan Jerg

We consider nonlinear event systems with quantized
state information and design a globally stabilizing
controller from which only the minimal required
number of control value changes along the feedback
trajectory to a given initial condition is transmitted
to the plant. In addition, we present a non-optimal
heuristic approach which might reduce the number
of control value changes and requires a lower compu-
tational effort. The constructions are illustrated by
two numerical examples.

—> 0000
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Invariant manifolds in finite-time dynamics

Daniel Karrasch
TU Dresden, Germany
Daniel. Karrasch@tu-dresden.de

We present and discuss finite-time invariant man-
ifolds from two perspectives. The first perspective
is via finite-time hyperbolic trajectories and their
(inherently non-unique) finite-time stable and unsta-
ble manifolds. We show an intrinsic (i.e. without
infinite-time extensions) approach to the proof of
a finite-time Local Stable Manifold Theorem and
present a complete local description of the geometry
close to hyperbolic trajectories. The second per-
spective is from ensemble dynamics, as often applied
in the modelling of geophysical flows, for instance.
We generalize a variational approach to hyperbolic
Lagrangian Coherent Structures (LCS), recently pro-
posed by Haller [Physica D, 2011], towards LCS of
higher codimension and, second, to filtrations of em-
bedded LCS.

—> 00000

Global stability design for non-linear dynam-
ical systems

Péter Koltai

Technische Universitdt Miinchen, Germany
koltai@ma.tum.de

Alexander Volf

Given a stable non-linear system, one would like
to compute its stability region. Often, the system
depends on parameters, which should be tuned in
order to shape this region according to one’s needs.
More generally, one would like to optimize the global
stable behavior of the system; e.g. reducing transient
motions.

In this talk I introduce a fairly general framework
for doing this by approximating the dynamics by a
finite dimensional stochastic process (closely related
to the upwind scheme). Translating the desired ob-
jectives in the terms of this process enables the simple
application of many optimization algorithms. In par-
ticular, no trajectory simulation is needed during the
computation. The main advantage of the method lies
in the resulting numerical efficiency and the general
applicability for a wide range of different objectives.

—> 00000 —

Simple heteroclinic orbit examples in the

plane

Stephen Lucas

James Madison University, USA
lucassk@jmu.edu

James S Sochacki

There is much known about heteroclinic orbits in
the plane and their properties. However, there are
still open questions, and phase portraits highlighting
unique features are still being sought. We present
two classes of ODEs for the plane. The first one
is a quadratic polynomial system that has a closed
form solution, where every point is on a heteroclinic
orbit with the same limit points. We demonstrate
that this system has sensitive dependence on initial
conditions and allows spiraling from one equilibrium
to another. The second class of ODEs allows for
an infinite number of heteroclinic limit points along
arbitrary curves in the plane. We highlight an inter-
esting quadratic polynomial that has its heteroclinic
limit points defined by a single line in the plane.

—> 00000

Mesohyperbolicity and other ergodic theory
concepts in nonautonomous dynamical sys-
tems

Igor Mezic
UCSB, USA
mezic@Qengineering.ucsb.edu

We discuss the concept of mesohyperbolicity for
studying properties of non-autonomous dynamical
systems. The idea was introduced in the context
of two-dimensional, divergence free flows. We ex-
tend the analysis to higher-dimensional systems and
provide connections with other concepts such as
that of ergodic partition. We present some applica-
tions, including the study of oil and gas evolution on
the subsurface and subsurface during the Deepwater
Horizon oil spill in the Gulf of Mexico.

—> 0000

On the development and analysis of varia-
tional integrators for multirate dynamical sys-
tems

Sina Ober-Bloebaum
University of Paderborn, Germany
sinaob@math.upb.de

Sigrid Leyendecker

The use of discrete variational principles results in
symplectic and momentum preserving variational in-
tegrators that exhibit excellent long-time behavior.
In this talk variational integrators are developed for
the integration of systems with dynamics on differ-
ent time scales, for which the slow part of the system
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is integrated with a relatively large step size while
the fast part is integrated with a small time step to
save function evaluations and decrease integration
time. Based on a derivation in closed form via a
discrete variational principle on a time grid consist-
ing of macro and micro time nodes such a multirate
variational integrator can be constructed. The struc-
ture preserving properties as well as the convergence
behavior of the multirate integrator are analyzed
and its performance is demonstrated by numerical
examples.
— 00 0 00 +—

Set-oriented numerical of time-
dependent transport

analysis

Kathrin Padberg-Gehle

Technische Universitaet Dresden, Germany
kathrin.padberg@tu-dresden.de

Gary Froyland

The numerical analysis of transport processes is
central for understanding the macroscopic behav-
ior of classical dynamical systems as well as time-
dependent systems such as fluid flows. We review
different theoretical concepts and their numerical
implementation into a set-oriented framework. We
demonstrate that the geometric approach based on
invariant manifolds and Lagrangian coherent struc-
tures and the probabilistic concept which relies on
transfer operators give consistent results. Finally,
potential combinations of these techniques are dis-
cussed.
— 00 0 00 —

Rigorous connecting orbits from numerics

Ken Palmer

Providence University, Taiwan
palmer@math.ntu.edu.tw

Brian A. Coomes, Huseyin Kocak

A rigorous numerical method for establishing the
existence of an orbit connecting two hyperbolic equi-
libria of a parametrized autonomous system of or-
dinary differential equations is presented. Given a
suitable approximate connecting orbit and assuming
that a certain associated linear operator is invert-
ible, the existence of a true connecting orbit near
the approximate orbit and for a nearby parameter
value is proved. It turns out that inversion of the
operator is equivalent to the solution of a boundary
value problem for a nonautonomous inhomogeneous
linear difference equation. A numerical procedure is
given to verify the invertibility of the operator and
obtain a rigorous upper bound for the norm of its
inverse. Using this method, the existence of various
kinds of homoclinic orbits including saddle-focus ho-
moclinic orbits which imply the presence of chaos
is demonstrated on examples including the Lorenz
system.
—> 0000

The dynamics of non-autonomous Lotka-

Volterra ODEs

James Robinson

University of Warwick, England
j-c.robinson@warwick.ac.uk
Jose Langa, Antonio Suarez

Lotka-Volterra equations, coupled systems of ODEs
modelling two competing species, are a canonical
example in the qualitative theory of low-dimensional
dynamical systems. In this talk I will show how
ideas from the theory of pullback attractors for non-
autonomous dynamical systems can be used to anal-
yse the same simple models when some of the pa-
rameters are allowed to depend on time. Although
the problem and the anlaysis is relatively simple,
it provides a good demonstration of many of the
techniques that can be used in more complicated
problems, including order-preserving properties, the
existence of maximal elements of the attractor, and
perturbation results for invariant manifolds.

—> 00O 00 <

Designing scalable algorithms for complex
networks

Tuhin Sahai
United Technologies Research Center, USA
tuhin.sahai@gmail.com

Andrzej Banaszuk, Amit Surana, Alberto
Speranzon
Complex networks such as building systems,

UAV swarms and communication networks are of
paramount importance to modern day applications
and particularly challenging from an analysis per-
spective.

For scalable analysis of large networks, our ap-
proach uses a novel decentralized clustering ap-
proach, based on propagating waves in the graph.
The algorithm recovers the solution obtained from
spectral clustering without the need for expensive
eigenvalue/vector computations. We prove that, by
propagating waves through the graph, a local fast
Fourier transform yields the local component of every
eigenvector of the Laplacian matrix, thus providing
clustering information. For large graphs, the pro-
posed algorithm is orders of magnitude faster than
random walk based approaches.

We then use the above decentralized partition-
ing approach to develop polynomial chaos based
methods for uncertainty quantification in large net-
works. Polynomial chaos is used extensively for
propagating uncertainty through smooth dynamical
systems. Though useful for systems of small to
moderate dimension, the curse of dimensionality re-
stricts the applicability of these methods to high di-
mensional dynamical systems. We construct itera-
tive schemes (intrusive and non-intrusive), for scal-
able uncertainty quantification in complex networks
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that utilize “weak” interactions between clusters to
quickly compute the approximate output distribu-
tions in large networks with bounded error. We will
demonstrate these techniques on models of energy ef-
ficient buildings.

—> 0000

Towards automatic computation of the Con-
ley index over a base

Jacek Szybowski

AGH University of Science and Technology, Krakow,
Poland

szybowsk@agh.edu.pl

Pawel Pilarczyk, Kinga Stolot

We introduce an algorithmic method for the com-
putation of the Conley index over the phase space
for discrete-time semidynamical systems. This is a
considerable step forward towards the computation
of the Conley index over a base, and—to the best of
our knowledge—the first algorithmized approach to
this problem. In this talk, we recall the definition of
the homological version of the index, we introduce an
algorithm for the construction of appropriate index
pairs using uniform cubical grids, and we show some
examples in which we prove the lack of continuation
between some dynamical systems, not distinguish-
able using the regular Conley index approach. This
is joint work with P. Pilarczyk and K. Stolot.

—> 00000

Sacker-Sell spectrum and Lyapunov spectrum
for random dynamical systems

Guangwa Wang

Jiangsu Normal University, Peoples Rep of China
wanggw7653Q163.com

Yongluo Cao

The significance and importance of Sacker-Sell spec-
trum and Lyapunov spectrum for dynamical systems
is well-known. This talk is mainly concerned with
the two kinds of spectra for random dynamical sys-
tems (RDS). More precisely, in the first part, we
will establish the Sacker-Sell Spectral Decomposition
Theorem in some different frameworks of RDS: fi-
nite dimensional case, infinite dimensional case with
compactness and infinite dimensional case with some
kind of weak compactness, respectively. In the sec-
ond part, taking the ideas from Mane and Thieullen,
we will obtain the Multiplicative Ergodic Theorem
about Lyapunov exponents for a very general infinite
dimensional RDS. Moreover, in the third part, the re-
lations between Sacker-Sell spectrum and Lyapunov
spectrum in three different frameworks of RDS will
be discussed.
— 000 00 —

Multiscale time evolution for Markov jump
particle systems

Matthew West
University of Illinois at Urbana-Champaign, USA
mwest@illinois.edu

We present a new time evolution scheme for effi-
ciently generating realizations of Markov jump pro-
cesses for particle systems, which can efficiently sim-
ulate highly multiscale particle distributions and
event rates. Multiscale particle distributions are rep-
resented as weighted point samples, and time evolu-
tion occurs using a binned tau-leaping scheme with
approximate rate sampling. A convergence proof as
well as applications to aerosol particle simulation are
given.
— 00000
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Special Session 11: Advances in Classical and Geophysical Fluid
Dynamics

Madalina Petcu, Univ Poitiers, France
Roger Temam, Indiana University, USA
Shouhong Wang, Indiana University, USA

Geophysical Fluid Dynamics (GFD) came of age in the 1950s and 1960s, with the mathematically inspired
work of Charney, Lorenz, Stommel, Veronis and von Neumann, among others. In the last twenty years or so,
mathematical, statistical and numerical developments for the Navier-Stokes equations and basic geophysical

fluid dynamics models are stimulating a deepening and broadening of its central concerns.

The aim of

this special session is to bring together a number of researchers who work on diverse frontiers of GFD and
Navier-Stokes equations and their applications to climate dynamics and environmental problems to discuss
how new ideas and methods will advance the field in the next decade.

A model equation for water waves with dissipation

Jerry Bona

University of Illinois at Chicago, USA
bona@math.uic.edu

David Ambrose, David Nicholls

The well-posedness of a model for water waves with dis-
sipation put forward by Diaz, Dyachenko and Zhakharov
is considered. Some associated ill-posedness results will
also be outlined.

—r 0O 00

Invariant measures for dissipative dynamical sys-
tems: abstract results and applications

Mickael Chekroun
UCLA, USA
mchekroun@atmos.ucla.edu
Nathan Glatt-Holtz

In this talk we will study certain invariant measures
that can be associated to the time averaged observation
of a broad class of dissipative semigroups via the notion
of a generalized Banach limit. Consider an arbitrary com-
plete separable metric space X which is acted on by any
continuous semigroup {S(t)}+>0. Suppose that {S(¢)}+>0
possesses a global attractor A. We will show that, for
any generalized Banach limit ILLM and any distribution
o0

of initial conditions mg, that there exists an invariant
probability measure m, whose support is contained in A,
such that

1 T
/X Hla)dm(z) = LIM — /0 /X $(S(8)a)dmo () dt,

for all observables ¢ living in a suitable function space
of continuous mappings on X.This work is based on a
functional analytic framework simplifying and generaliz-
ing previous works in this direction.

Two examples of concrete dynamical systems where
the semigroup is known to be non-compact will be then
examined in detail. We first consider the Navier-Stokes
equations with memory in the diffusion terms. This is the
so called Jeffery’s model which describes certain classes
of viscoelastic fluids. We then consider a family of neu-
tral delay differential equations, that is equations with
delays in the time derivative terms. These systems may
arise in the study of wave propagation problems com-
ing from certain first order hyperbolic partial differen-
tial equations; for example for the study of line trans-
mission problems.For the second example the phase space
is X = C([—m,0],R"™), for some delay T > 0, so that X is
not reflexive in this case.

— 00O 00

Singular limits of geophysical fluid dynamics in
spherical and bounded domains.

Bin Cheng
Arizona State University, USA
bin.cheng@asu.edu

We study 2D geophysical fluids that are inviscid and
under strong Coriolis force. In particular, we address
the challenges of nontrivial geometry of the physical do-
mains such as on a sphere. We also consider general
(a.k.a ill-prepared) initial data. The first model is in-
compressible Euler equations on a fast rotating sphere.
Motivated by recent studies in geophysical and plane-
tary sciences, we investigate the finite-time-average of
the solution and prove that it stays close to a subspace
of longitude-independent zonal flows. The second model
is the rotating shallow water equations with solid-wall
boundary conditions. We show that in the zero-Rossby-
number limit, the solution comprises a quasi-geophysical
flow and fast gravity waves, both subject to the same
solid-wall boundary conditions.

—> 00O 00

Qualitative properties of eigenvectors related to
multivoque operators

Houssam Chrayteh
Poitiers University, France
chrayteh@math.univ-poitiers.fr

We introduce the notion of ?—multivoque Leray-Lions op-
erators that are strongly monotonic on a Banach-Sobolev
function space V' and we study the generalized eigenvalue
problem Au = AJj(u). Here 0j denotes the subdifferen-
tial in the sense of convex analysis or more generally in
the sense of H. Clarke. Connected with this problem, we
also study a minimization problem with constraint then
we give some qualitative properties of solutions by using
relative rearragement.

—> 00O 00



SPECIAL SESSION 11 49

New results for the stochastic PDEs of fluid dy-
namics

Nathan Glatt-Holtz
Indiana University, USA
negh@indiana.edu

The addition of white noise driven terms to the fun-
damental equations of physics and engineering are used
to model numerical and empirical uncertainties. In this
talk we will discuss some recent results for the Stochas-
tic Navier-Stokes and Euler Equations as well as for the
Stochastic Primitive Equations, a basic model in geo-
physical scale fluid flows. For all of the above systems our
results cover the case of a general nonlinear multiplicative
stochastic forcing.

— 00000 &

Viscous asymptotic models for water waves

Olivier Goubet
Universite Picardie Jules Verne, France
olivier.goubet@u-picardie.fr

In this talk, we discuss some issues related to various
viscous asymptotic models for water waves. These mod-
els range from Kakutani-Maatsuchi models to models
derived a decade ago independently by Dutykh and Dias,
and Liu et Orfila. We focus on the decay rate of solutions
to these models.

—> 00O 00

Time periodic solutions of the Primitive equations
of the large-scale ocean

Chun-hsiung Hsia

National Taiwan University, Taiwan
willhsia@math.ntu.edu.tw
Ming-Cheng Shiue

This is a joint work with Ming-Cheng Shiue. For sev-
eral decades, concerning the long time behavior of fluid
motion, the time periodic flows have become an important
type of flow patterns. In 1959, Serrin proposed a very
heuristic method for proving the existence of asymptotic
stable periodic solutions of the Navier-Stokes equations
with small periodic forcing terms under suitable assump-
tions. Namely, in such case, one may prove that every
small (in a suitable sense ) solution would converge to
a time periodic solution ( with the same period as the
non-trivial forcing term ). In this article, we prove the
existence of time periodic solution for the 3-D primitive
equation with suitable time periodic forcing condition.
Some related asymptotic behaviors of the solutions are
also demonstrated.

—> 00O 00—

The linearized 2D inviscid shallow water equa-
tions in a rectangle: boundary conditions and
well-posedness

Aimin Huang

Indiana University, USA
aimhuang@indiane.edu
Roger Temam

We consider the linearized 2D inviscid shallow water
equations in a rectangle. A set of boundary conditions is
proposed which make these equations well-posed. Several

different cases occur depending on the relative values of
the reference velocities (ug,vo) and reference height ¢o
(sub- or super-critical flow at each part of the boundary).

— 00000

Center manifold reduction for stochastic partial
differential equations

Honghu Liu

Indiana University, USA

liu40@indiana.edu

Mickael D. Chekroun, Shouhong Wang

We present — within the framework of random dynami-
cal systems — explicit approximation formulas for center
manifold reduction of a broad class of nonlinear stochas-
tic evolution equations with linear multiplicative white
noise. This reduction procedure allows us to derive ex-
plicit reduced equations to the corresponding random
center manifold and conduct detailed analysis on the long
term dynamics and bifurcation associated with both the
reduced and the original equations. As an application, we
analyze the bifurcation scenarios of the reduced equation
of the Rayleigh-Benard convection with linear multiplica-
tive noise. This is a joint work with Mickael D. Chekroun
and Shouhong Wang.

—> 0O 00—

Some equations with logarithmic nonlinear terms

Alain Miranville
Universite de Poitiers, France
miranv@math.univ-poitiers.fr

Our aim in this talk is to discuss the well-posedness and
the asymptotic behavior, in terms of finite-dimensional
attractors, of several equations with logarithmic nonlinear
terms. Such equations arise, e.g., in phase transition.

—> 00O 00

The two layers shallow water equations

Madalina Petcu
University of Poitiers, France
Madalina.Petcu@math.univ-poitiers.fr

The aim of this talk is to model the flow of two su-
perposed layers of fluid governed by the shallow water
equations in space dimension one. Under some suitable
hypotheses the governing equations are hyperbolic. We
propose suitable boundary conditions and establish a re-
sult of existence and uniqueness of smooth solutions for
a limited time for our model.

—> 00O 00

Lower bounds on blow-up solutions of the 3D
Navier-Stokes equations

James Robinson

University of Warwick, England
j-c.robinson@warwick.ac.uk

Ricardo Perreira da Silva & Witold Sadowski

If u(t) is a solution of the 3D Navier-Stokes equations
with a regular initial condition ug € H® with s > 1/2, it
is know that u(¢) remains bounded in H* for some short
time interval.If one assumes that the solution ”blows up”
at some time ¢ = T, then relatively simple arguments im-
ply that ||u(T —t)| g1 > ¢t~/ and such a blow up rate
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is consistent with the natural scaling of the Navier-Stokes
equations on the whole space.In this talk I will discuss
what can be said about the blow up rate of solutions in
other Sobolev spaces H® for s > 1/2.

—> 0O 00

Quasi-hydrostatic modelling in geophysical fluid
dynamics

Antoine Rousseau
Inria, France
antoine.rousseau@inria.fr
James C. McWilliams

This works deals with the derivation of the quasi-
hydrostatic quasi-geostrophic (QHQG) equations of large
scale ocean as the Rossby number goes to zero. We
follow classical techniques for the derivation of the quasi-
geostrophic (QG) equations but the primitive equations
that we consider account for all the rotating terms. In
particular, the traditional approximation on the Coriolis
force (and consequently the hydrostatic approximation)
are not made in the vertical momentum equation, which
reduces to
_ f*u + aﬁ — _Q.
oz 00

We end up with a slightly different QG model:

Dlg+ By] =0, (3)
(A—i—@z[%az})(b:q, (4)

where D = 9+ J[o, |, A = 8%—1—85, Jla,b] = azby —aybs,
9z = 0z + A9y, and A = £ cot 0.

The parameter A above measures the non-traditionnal
Coriolis effects (A = 0 in the traditional QG model). It
is actually responsible for a (slight) tilt of the vertical di-
rection (0z = 0. + AJy), which has been illustrated in
previous works using the primitive equations. This work
can be seen as a first mathematical illustration of these
papers.

— 00O 00

A numerical study of the boundary value problem
for the shallow water equations

Ming-Cheng Shiue
National Chiao Tung University, Taiwan
mingcheng.shiue@gmail.com

In geophysical fluid dynamics, Limited Area Models have
been used to achieve high resolution over a region of inter-
est. However, this forces us to face the choice of boundary
conditions since there is no physical law which can provide
natural boundary conditions at the lateral boundary. In
this talk, one-layer and two-layer shallow water equations
related to weather prediction and oceanography are con-
sidered. We will discuss the suitability of the proposed
boundary conditions and the suitability of the proposed
numerical schemes which are inspired by the semidiscrete
central-upwind method.

— 00O 00

Near-equilibrium behavior of 2-D stochastic

Navier-Stokes equations

Eric Simonnet
CNRS, France
eric.simonnet@inln.cnrs.fr

We present recent results on the near-equilibrium behav-
ior of 2-D stochastic Navier-Stokesequations in doubly-
periodic and channel flow domains and discuss its link
withthe statistical mechanics of 2-D Euler equation ob-
tained by Robert, Sommeria and Miller in the 90s.We
also discuss numerical algorithms for estimating extreme
events and large-deviation rate functionsin the context of
PDEs.
— 00000

Pullback attractors for the 2D Primitive equa-
tions of the ocean.

Theodore Tachim Medjo
Florida International University, USA
tachimt@fiu.edu

We derive a sufficient condition for the existence of a
pullback attractor for closed cocycles acting on a Banach
space, where the strong continuity is replaced by a much
weaker requirement that the cocycle be a closed map.
The proof of the existence of the attractor uses the con-
cept of measure of non-compactness and a result from
V. Pata and S. V. Zelik (2007). The result extends that
obtained by H. Song and H. Q. Wu (2007). As appli-
cation, we prove the existence of the pullback attractor
of a cocycle associated with the z-strong solutions of a
non-autonomous two-dimensional primitive equations of
the ocean.
— 00000 —

The Zakharov-Kuznetsov equation of plasma
physics: the case of a bounded domain

Roger Temam

Indiana University, USA
temam@indiana.edu

Jean-Claude Saut, Chuntian Wang

In this lecture we will present some recent results on
existence of solutions for the Zakharov-Kuznetsov equa-
tion of plasma physics (space dimension two and three).
In space dimension two the solution constructed is unique,
and more regular solutions can be also constructed. The
case considered here is the case of a bounded domain
which raises many new difficulties compared to the case
of a flow in an infinite strip considered earlier.

—> 00O 00

Fluctuation-dissipation theory with time periodic
forcing

Xiaoming Wang

Florida State University, USA
wxm@math.fsu.edu

Andrew Majda

We present a new fluctuation-dissipation theory (lin-
ear response formulas) for chaotic (stochastic) dynamical
systems with time periodic coefficients. Such time pe-
riodic systems arise naturally in climate change studies
due to the seasonal cycle. These response formulas are
developed through the mathematical interplay between
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statistical solutions for the time-periodic dynamical sys-
tems and the related skew-product system. This interplay
is utilized to develop new systematic quasi-Gaussian and
adjoint algorithms for calculating the climate response in
such time-periodic systems. New linear response formulas
are also developed here for general time-dependent statis-
tical ensembles arising in ensemble prediction including
the effects of deterministic model errors, initial ensem-
bles, and model noise perturbations simultaneously . An
information theoretic perspective is developed in calcu-
lating those model perturbations which yield the largest
information deficit for the unperturbed system both for
climate response and finite ensemble predictions. This is
a joint work with Andy Majda.

—> 00O 00

Dynamic transition theory for thermohaline cir-
culation

Shouhong Wang
Indiana University, USA
showang@indiana.edu

The main objective of this study is to derive a mathemat-
ical theory associated with the thermohaline circulations
(THC). The results derived provides a general transition
and stability theory for the Boussinesq system, governing
the motion and states of the large-scale ocean circulation.
First, it is shown that the first transition is either to mul-
tiple steady states or to oscillations (periodic solutions),
determined by the sign of a nondimensional parameter K,
depending on the geometry of the physical domain and the
thermal and saline Rayleigh numbers. Second, for both
the multiple equilibria and periodic solutions transitions,
both Type-I (continuous) and Type-II (jump) transitions
can occur, and precise criteria are derived in terms of
two computable nondimensional parameters bl and b2.
Third, a convection scale law is introduced, leading to
an introduction of proper friction terms in the model in
order to derive the correct circulation length scale. In
particular, the dynamic transitions of the model with the
derived friction terms suggest that the THC favors the
continuous transitions to stable multiple equilibria. This
is joint with Tian Ma
— 00 000

Navier-Stokes equations on the beta-plane and
the sphere

Djoko Wirosoetisno
Durham University, England
djoko.wirosoetisno@durham.ac.uk

We prove that the solution of the Navier-Stokes equations
on the beta-plane and a rotating sphere tends towards
zonal flows as the rotation rate tends to infinity. The
implications for the dimension of the global attractor is
also discussed.

— 00 000
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Special Session 12: Singular Perturbations and Boundary Layer Theory

Makram Hamouda, Indiana University, USA
Chang-Yeol Jung, UNIST, Korea
Roger Temam, Indiana University, USA

The main purpose of this workshop is to bring some new ideas and results of distinguished specialists in the

field of singular perturbations and boundary layers for PDEs. The connection between applied mathematics
with other fields constitutes a big challenge for the modern mathematics. In this direction, the studies
focusing on the interface between fluid mechanics and PDEs are of great importance in our days. It is
well-known that the convergence of the Navier-Stokes solutions to the ones of Euler on bounded domains
is one of the challenging problems in fluid mechanics; this is an outstanding open problem because of the
presence of boundary layers. The minisymposium is open both to young and established researchers and it
constitutes a good platform to exchange the future of some relevant problems in fluid mechanics which are
in connection with PDEs that develop boundary layers. It is also an opportunity to graduate students and
post-docs to present and discuss their researches in this direction.

On the boundary value problem for the
parabolic equation with a small parameter

Galina Bizhanova
Institute of Mathematics, Kazakhstan
galina_math@mail.ru

We consider the boundary value problem for the
parabolic equation with a small parameter at the
time derivative in a boundary condition. This prob-
lem is a linearized one of a Stefan type problem with
a small parameter at the velocity of a free boundary.
There are studied the properties of the solution of
the perturbed problem, the convergence of it as a
small parameter tends to zero.

—> 00000

Boundary layer problem: Navier-Stokes equa-
tions and Euler equations

Fernanda Cipriano

GFM-UL and FCT New University of Lisbon, Por-
tugal

cipriano@cii.fc.ul.pt

N.V. Chemetov

This work is concerned with the boundary layer tur-
bulence. We consider an incompressible viscous fluid
in domains with permeable walls. The permeability
is described by the Navier slip boundary conditions.
The goal is to study the fluid behavior at vanishing
viscosity. We show that the vanishing viscous limit
is a solution of the Euler equations with the Navier
slip boundary condition on the inflow region of the
boundary.

—> 00000

Boundary layers of the Navier-Stokes equa-
tions

Gung-min Gie

UC Riverside, USA

gungmin@ucr.edu

Makram Hamouda, Chang-Yeol Jung, James
Kelliher, Roger Temam

We study boundary layers of the Navier-Stokes equa-
tions at small viscosity, in a curved domain, under
various boundary conditions. In this talk, using
the curvilinear system adapted to the boundary, we
will focus on the construction of an incompressible
corrector.

—> 00000

Singular perturbations for the Primitive equa-
tions

Makram Hamouda
Indiana University, USA
mahamoud@indiana.edu

We present some convergence results related to the
Linearized Primitive Equations for which the solu-
tion develops a boundary layer as the viscosity goes
to zero. More precisely, as one of the difficulties is
related with the ill-posedness of the limit solution
with any choice of local boundary conditions, it is
necessary to choose monlocal ones. The boundary
layer analysis allows us to confirm rigourously this
choice.

— 00000



SPECIAL SESSION 12 93

Boundary layer for a class of nonlinear pipe
flow

Daozhi Han

Florida State University, USA

dhan@math.fsu.edu

Anna Mazzucato, Dongjuan Niu, Xiaoming
Wang

In this talk, we will consider a class of nonlinear
pipe flow in which the Prandtl boundary layer the-
ory can be verified in the Sobolev norm setting. In
particular, we will derive the optimal L*°(L°°) con-
vergence and the L°°(H?') convergence under certain
mild smoothness condition and compatibility condi-
tion on the data.

—> 00000

Nonpolynomial spline finite difference scheme
for nonlinear singular boundary value prob-
lems with singular perturbation and its mech-
anization

Navnit Jha

Rajiv Gandhi Institute of Petroleum Technology,
Rae Bareli, (U.P.), India

navnitjha@rgipt.ac.in

Roger Temam

A general scheme for the numerical solution of non-
linear singular perturbation problems using nonpoly-
nomial spline basis is proposed in the paper. The
special nonequidistant formulation of mesh takes
into account the boundary and interior layer struc-
tures. The proposed scheme is almost fourth order
accurate and applicable to both singular and nonsin-
gular cases. Convergence analysis of the scheme is
briefly discussed. Maple program for the generation
of difference scheme is presented. Computational
illustrations characterized by boundary and interior
layers show that-the practical order of accuracy is
close to the theoretical order of the method.

—> 00000

Singularly perturbed convection-diffusion
equations on a circle domain

Chang-Yeol Jung
UNIST, Korea
changyeoljung@gmail.com
Roger Temam

We discuss the boundary layers generated by a
convection-diffusion equation in a circle. In the
model problem that we consider two characteristic
points appear. I will present how to treat boundary
layers in a systematic way with certain simplifying
compatibility conditions. We also discuss noncom-
patible data issues and how to handle them.

—> 0000

Some recent results on an extended Navier-
Stokes system

James Kelliher

UC Riverside, USA
kelliher@math.ucr.edu
Mihaela Ignatova,
Zarnescu

Gautam Iyer, Arghir

‘We discuss recent results on the well-posedness and
numerical stability of the extended Navier-Stokes
equations. These results build on the earlier works
of Liu, Liu, and Pego and Pego, Iyer, and Zarnescu.

—> 00000

Vanishing viscosity limit for a certain class of
channel flows

Anna Mazzucato

Penn State University, USA
alm24@psu.edu

Michael Taylor

We study the vanishing viscosity limit for certain
Taylor-Couette flows in channels. We establish con-
vergence of the Navier-Stokes solution to the cor-
responding FEuler solution as viscosity vanishes in
various norms without compatibility conditions on
the data. In the process we obtain a detailed analysis
of the small-diffusion limit for a heat equation with
drift, using a parametric construction.

—> 00000

Navier-Stokes equations in critical spaces: ex-
istence and stability of steady state solutions

Tuoc Phan

University of Tennessee, USA
phan@math.utk.edu
Nguyen Cong Phuc

In this talk, we discuss our recent results on the
uniqueness existence of solutions to the stationary
Navier-Stokes equations with small singular external
forces belonging to a functional space introduced by
Mazy’a and Verbitsky. The stability of the steady
state solutions in such spaces is also obtained by
a series of sharp estimates for resolvents of a sin-
gularly perturbed operator and the corresponding
semigroup.

—> 00000



o4 9t ATMS CONFERENCE — ABSTRACTS

From vortex layers to vortex sheets

Marco Sammartino
University of Palermo, Italy
marco@math.unipa.it
R.Caflisch, M.C.Lombardo

In this talk we shall consider the case of a plane
flow with initial datum of a vortex layer type, i.e.
with vorticity concentrated around a curve. We shall
prove that, under analyticity hypotheses, the solu-
tion keeps the structure of vorticity layer, for a time
that does not depend on the thickness. Moreover,
when the thickness goes to zero, the layer moves
according to the Birkhoff-Rott equation.

—> 00000

Convection-diffusion equation with small vis-
cosity in a circle

Roger Temam
Indiana University, USA
temam@indiana.edu
Chang-Yeol Jung

In this talk we will discuss singular perturbation
problems for convection-diffusion equations in a cir-
cle when the viscosity is small. Highly singular be-
haviors can occur at the characteristic points which
render the analysis difficult. A detailed analysis of
these singularities has been conducted, and the cor-
responding boundary layers have been made explicit.
This simplified model shows how singular and in-
volved the behaviors can be in incompressible fluid
mechanics when the viscosity is small.

—> 00000
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Special Session 13: Global Dynamics in Hamiltonian Systems

Rafael de la Llave, Georgia Institute of Technology, USA
Tere.M-Seara, Univeritat Politecnica de Catalunya, Spain

This minisimposium will concentrate on global properties of Hamiltonian systems. Including the invariant
objects and the global dynamics that they produce. We plan to bring together mathematical theory about
these questions, numerical calculations and applications to realistic systems.

Zonal jets as transport barriers in the Earth’s
stratosphere

Francisco Beron-Vera

RSMAS, University of Miami, USA
fberon@rsmas.miami.edu

M. J. Olascoaga, M. G. Brown, H. Kocak

Theoretical results relating to Kolmogorov—Arnold—
Moser (KAM) theory have led to the expectation
that associated with zonal (west—east) jet streams
in the Earth’s stratosphere should be barriers which
inhibit meridional (south-north) transport. In this
talk evidence will be provided for this expectation
based on the analysis of stratospheric winds pro-
duced by a comprehensive general circulation model.
This will follow a review of the relevant KAM the-
ory results, namely, those dealing with the stability
of a degenerate one-degree-of-freedom Hamiltonian
system under a time-quasiperiodic perturbation.

—> 0000

Poincare-Birkhoff theorem in quantum me-
chanics

Florentino Borondo

Universidad Autonoma de Madrid, Spain
f.borondo@Quam.es

F.J. Arranz, R.M. Benito, D. Wisniacki, M.
Saraceno

Quantum manifestations of the dynamics around
resonant tori in perturbed Hamiltonian systems, dic-
tated by the Poincare-Birkhoff theorem, are shown to
exist. They are embedded in the interactions involv-
ing states which differ in a number of quanta equal
to the order of the classical resonance. Moreover,
the associated classical phase space structures are
mimicked in the quasiprobability density functions
and their zeros.

—> 00000

”Theory and computation of quasi-periodic
solutions of conformally symplectic systems

Renato Calleja
McGill University, Canada

calleja@math.mcgill.ca

Quasi-Periodic motions appear in many different

physical systems (e.g. celestial mechanics, solid-
state physics, non-equilibrium statistical mechanics,
etc.) I will discuss an a-posteriori KAM theory for
the existence an persistence of quasi-periodic solu-
tions. The consequences of the a-posteriori format
of KAM theory include local uniqueness, regularity
results, and the rigorous justification of a criterion
for the breakdown of analyticity. This format also
suggests and validates very efficient numerical meth-
ods to approximate quasi-periodic solutions and their
breakdown of analyticity and hyperbolicity.

—> 00000

Some topological aspects of Aubry-Mather
theory

Marian Gidea
Northeastern Illinois University, USA
mgidea@neiu.edu

We re-construct the Aubry-Mather theory in terms
of a foliation of the annulus, by expressing the twist
condition and the tilt condition in terms of such
a foliation. Then the existence of Aubry-Mather
sets and of orbits that shadow prescribed families of
Aubry-Mather sets can be proved using the diagonal
method of G. R. Hall.

A motivation for this work is the study of Hamil-
tonian flows on strictly convex energy levels in R*.
Such flows possess a system of open book decompo-
sitions whose pages are disk-like global surfaces of
sections to the flow. Each disk-like global surface of
section is foliated by the pages of the complementary
open book decomposition. The first return map to
the disk determines a symplectic homeomorphism of
an open annulus. Thus we can apply Aubry-Mather
theory via foliations to this setting, assuming that
the annulus map satisfies a twist condition or a tilt
condition. Even if such a condition is not satisfied,
some topological aspects of Aubry-Mather theory re-
main valid.

— 000 00 —

On stochastic sea of the standard map

Anton Gorodetski
UC Irvine, USA
asgor@math.uci.edu

The standard map is one of the simplest and most
famous conservative transformations that is still
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far from being completely understood. We prove
that stochastic sea (the set of orbits with non-zero
Lyapunov exponents) of the standard map has full
Hausdorff dimension for sufficiently large topologi-
cally generic parameters. In the proof we consider a
generic one-parameter unfolding of a homoclinic tan-
gency of an area preserving surface diffeomorphism,
and show that it give birth to a hyperbolic set of
large (almost full) Hausdorff dimension. The last
statement has also applications in celestial mechan-
ics (this is a joint work with V.Kaloshin), namely
can be used to show that in some versions of the
three body problem for many parameters the set of
oscillatory motions has full Hausdorff dimension.

—> 0000

Generalized KAM cuves
Hamiltonian systems

in time-aperiodic

George Haller

McGIll University, Canada
george.haller@mcgill.ca

Javier Beron-Vera, Mohammad Farazmand

I show how the recent geodesic theory of transport
barriers can be used to compute invariant regions
bounded by generalized KAM curves (elliptic trans-
port barriers) in temporally aperiodic, planar Hamil-
tonian systems. When advected by the flow map
over a finite time interval, these curves preserve both
their arclength and the area they enclose, much the
same way as KAM curves do under the iteration of
the associated Poincare map in time-periodic Hamil-
tonians. These properties render elliptic transport
barriers as ideal boundaries of coherent vortices in
fluid mechanics. I will illustrate this by applications
to geophysical flows and 2D forced turbulence.

—> 00000

Singularity theory for non-twist KAM tori: a
methodology

Alex Haro

Universitat de Barcelona, Spain
alex@maia.ub.es

Alejandra Gonzalez-Enriquez,
Llave

Rafael de la

We present a novel method to find KAM tori in de-
generate (nontwist) cases. We also require that the
tori thus constructed have a singular Birkhoff normal
form. The method provides a natural classification of
KAM tori which is based on Singularity Theory. The
method also leads to effective algorithms of compu-
tation, and we present some preliminary numerical
results.
— 00 © 00 —

On the action-minimizing triple collision or-
bits in the planar three-body problem

Hsin-yuan Huang
National Taiwan University, Taiwan
hyhuang@math.ntu.edu.tw

In this talk, we study the shape of the limiting con-
figuration of the action-minimizing triple collision
orbits in the planar Newtonian three-body problem
with arbitrary masses. For a given non-collinear
initial configuration, the minimizing triple collision
orbit iscollision-free until a simultaneous collision,
and its limiting configuration is the Lagrangian con-
figuration with the same orientation as the initial
configuration. For the collinear initial configuration,
under a certain technical assumption, there exist two
minimizing orbits. The limiting configurations of
these orbits are the two opposite Lagrangian config-
urations.

—> 00000

Extrapolation of frequencies of quasi-periodic
orbits

Alejandro Luque

Universitat de Barcelona, Spain
luque@maia.ub.es

Jordi Villanueva

Frequency analysis was introduced by Laskar to
study secular motions of the planets in the Solar
system. A significant refinement of Laskar’s method,
based in the simultaneous improvement of the fre-
quencies and the amplitudes of the signal, was given
later by G. Gomez, J.M. Mondelo and C. Simd.
On another front, a methodology to compute rota-
tion numbers of invariant curves (and more general
objects) has been introduced recently in different
works by A. Luque, T.M. Seara and J. Villanueva.
The idea is to extrapolate the rotation number (and
related quantities) from suitable averages of the iter-
ates of an orbit. The goal of this talk is to present a
methodology to compute the frequencies of a given
quasi-periodic orbit with an arbitrary number of ba-
sic frequencies. The construction is a generalization
of the mentioned averaging-extrapolation approach
to study rotation numbers. We plan to describe in-
formaly this construction, that allows us to compute
with high precision the components of the frequency
vector. The main advantage over other high preci-
sion methods is that we do not require to compute
nor to refine the amplitudes of the signal. As an illus-
tration, we will consider quasi-periodic motions close
to the point L5 in a restricted three-body problem
and also include quasi-periodic perturbations from
another bodies.

—> 00000
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Hyperbolic cylinders and KAM tori in nearly
integrable systems on A®

Jean Pierre Marco
Université Paris 6, France
marco@math.jussieu.fr

The aim of the talk is to present recent results on
Arnold diffusion for three-degree-of-freedom systems.
We will show how to construct a hyperbolic skeleton
for diffusion, namely a generalized chain of hyperbolic
cylinders connected by heteroclinic orbits, which is
asymptotically dense on an energy level when the
size of the perturbation tends to 0. All the condi-
tions for constructing orbits shadowing this chain are
fullfilled (torsion conditionon the cylinders and tame
homoclinic connections), so the existence of diffusion
orbits follows from classical shadowing lemmas.

—> 0000

Generic super-exponential stability of invari-
ant tori in Hamiltonian systems

Laurent Niederman
Université Paris Sud & Observatoire de Paris, France
laurent.niederman@math.u-psud.fr

Morbidelli and Giorgilli have proved a result of sta-
bility over super-exponentially long times if one con-
sider an analytic lagrangian torus, invariant for an
analytic hamiltonian system, with diophantine trans-
lation vector which admit a sign definite torsion.
More specifically, the solutions of the system moves
very little over times which are super-exponentially
long with respect to the inverse of the distance to
the invariant torus. The proof is in two steps: first
the construction of a Birkhoff normal form at a
high order, then the application of Nekhoroshev the-
ory. Bounemoura has shown that the second step
of this construction remains valid if the Birkhoff
normal linked to the invariant torus is in a generic
set among the formal series. This is not sufficient
to prove this kind of super-exponential stability re-
sults in a general setting. We should also establish
that most strongly non resonant invariant torus in
a Hamiltonian system admit a Birkhoff normal form
in the set introduced by Bounemoura. We show here
that this property is satisfied generically in the sense
of the measure (prevalence) through methods similar
to those developed by Kaloshin and Hunt in their
work on the growth of the number of periodic points
for prevalent diffeomorphisms.

—> 00000

Geometric control and dynamical systems

Ludovic Rifford
University of Nice, France
ludovic.rifford@math.cnrs.fr

We show several applications of geometric control
methods to Hamiltonian dynamics such as closing
lemmas and Kupka-Smale like theorems.

—> 00000

A saddle in a corner - a model of collinear
triatomic chemical reactions

Vered Rom-kedar

The Weizmann institute, Israel
vered.rom-kedar@weizmann.ac.il
L. Lerman

A geometrical model which captures the main in-
gredients governing atom-diatom collinear chemical
reactions is proposed. This model is neither near-
integrable nor hyperbolic, yet it is amenable to anal-
ysis using a combination of the recently developed
tools for studying systems with steep potentials and
the study of the phase space structure near a center-
saddle equilibrium. The nontrivial dependence of the
reaction rates on parameters, initial conditions, and
energy is thus qualitatively explained. Conditions
under which the phase space transition state theory
assumptions are satisfied and conditions under which
they fail are derived.

—> 00000

Weak integrability of Hamiltonians in the two
torus and rigidity

Rafael Ruggiero Rodriguez
PUC-Rio, Brazil
rorr@mat.puc-rio.br

Jose Barbosa Gomes

We show that a C°° k-basic Finsler metric in the
two torus T2 whose geodesic flow preserves a codi-
mension one C™F foliation is in fact flat. Although
integrable high energy levels of Hamiltonians in the
torus are not flat in general, the C*% integrability of
k-basic Finsler geodesic flows in T2 implies flatness
and in particular, C'™° integrability. We also show
that a codimension one C foliation invariant by the
geodesic flow of the k-basic Finsler metric is C*.
A consequence of the above results is that the Hopf
conjecture would be false for k-basic Finsler metrics
in the two torus if and only if there exists a C° in-
tegrable k-basic Finsler geodesic flow that is not C*
integrable.
— 000 00 —
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Dimension reduction for Hamiltonian dynam-
ics

Eli Shlizerman

University of Washington, USA
shlizee@Quw.edu

J. Nathan Kutz

We study the dimension reduction of Hamilto-
nian PDEs using Proper Orthogonal Decomposition
(POD), which allows one to project the full evolution
equations onto an optimal set of modes that deter-
mine the dynamics. The optimal set of modes is
constructed from observations of the dynamics of the
governing equations. We describe the properties of
such a reduction in the Hamiltonian framework and
show how the reduced model can be used for ana-
lytical and numerical bifurcation study. Examples of
the application of the approach to solitondynamics
described by the nonlinear Schrodinger equation and
computation of periodic surface waves will be given.

—> 0000
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Special Session 14: Mathematical Models in Biology and Medicine

Yang Kuang, Arizona State University, USA
Bingtuan Li, University of Louisville, USA
Jiaxu Li, University of Louisville, USA
Andrew Nevai, University of Central Florida, USA

This special session emphasizes the dual roles of both theory and applications of dynamical systems and
differential equations to mathematical models in biology and medicine. Recent advances within mathematical
ecology (including competition between species, predator-prey and cooperative systems, and evolutionary
theory) will be presented alongside those for mathematical models in various fields of medicine (including
immunology, epidemiology, oncology,endocrinology, and neurobiology).

The dual oscillator model for pancreatic islets

Richard Bertram
Florida State University, USA
bertram@math.fsu.edu

Insulin is a key hormone for glucose uptake and
utilization in the body. It is known to be pulsatile,
with a period of about 5 min, and this pulsatility
is altered in type 2 diabetics and their nearest rela-
tives. We describe a mathematical model that has
been developed over the past decade for the elec-
trical activity, calcium handling, and metabolism of
insulin-secreting beta-cells within pancreatic islets.
This Dual Oscillator Model consists of an oscillator
involving ionic currents and calcium feedback, and a
separate but coupled oscillator driven by oscillations
in glycolysis. The model has been used successfully
to make predictions that have been tested in the
laboratory, as we discuss in this presentation.
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Slow passage through a Hopf bifurcation in
spatially extended excitable systems: some
examples from neuroscience

Lydia Bilinsky

Arizona State University, USA
lydia@mathpost.asu.edu
Steven M. Baer

Hopf bifurcation is a common mechanism by which
a dynamical system featuring a constant parameter
p exhibits steady-state seeking behavior if p is less
than some critical value puopt, and sustained oscil-
lations if p > propr. It is known that when p is
not constant in time, but rather, slowly ramped up
through propyr, sustained oscillations do not ensue
as soon as p exceeds pHopr. How delayed the onset
of instability is depends on the exact time course
of the ramp as well as its initial value po, and can
be obtained from the WKB method of perturbation
theory. In the current work, we have investigated
the response of a spatially extended system to a slow
parameter ramp. The particular system studied is
one from neuroscience: a reaction-diffusion model of
a dendrite studded with excitable spines, into one

end of which we inject current I; here, I is the bifur-
cation parameter. It is found that the WKB method
also provides the location along the cable at which
instability first shows itself. By manipulating the
current ramp, we can choose the location along the
cable at which the approach to sustained oscillations
is first apparent.
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A  mathematical model of Imatinib and
Interferon-alpha combined treatment of
chronic myeloid leukemia

Svetlana Bunimovich

Ariel University Center, Israel
svetlanabu@ariel.ac.il

L. Berezansky, A. Domoshnitsky

We propose and analyze a mathematical model for
the treatment of chronic myelogenous (or myeloid)
leukemia (CML), a cancer of the blood. We intro-
duce combined treatment of CML based on Imatinib
therapy and Immunotherapy. Imatinib therapy is
a molecular targeted therapy that inhibits the cell
containing the oncogenic protein BCR-ABL, involved
in the chronic CML pathogenesis. Immunotherapy
based on interferon alfa-2a (IFN) effects on the can-
cer cells mortality and leads to improvement outcome
of the combined therapy. We model the interaction
between CML cancer cells in the body and effector
cells of the immune system, using a system of differ-
ential equations. The proposed model belongs to a
special class of nonlinear nonautonomous systemsof
ordinary differential equations (ODEs) with time-
varying delays in the treatment. For this system the
following results were obtained: existence of a unique
global positive solution, existence of a unique non-
trivial equilibrium, explicit local and global stability
conditions for the nontrivial equilibrium.

—> 00000
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Interpretation of the IVGTT by means of a
distributed-controller model of the endocrine
pancreas

Andrea De Gaetano

Cur Jasi BioMatLab, Italy
andrea.degaetano@biomatematica.it
Claudio Gaz, Simona Panunzi,
Palumbo, Andrea De Gaetano

Pasquale

Since the publication of the original model by Grod-
sky, a possible paradigm for the function of the
endocrine pancreas has been that of a population of
independent insulin-secreting controllers, coupled by
the circulating levels of the controlled substrate, glu-
cose. In 2009, an explicit non-reductionist stochastic-
differential model of the 1 million independent hu-
man pancreatic islets was published, showing how
the glucose threshold and recovery time distribu-
tions over the population of controllers could allow
the model to simultaneously explain observed low-
and high- frequency oscillations in the circulating
levels of insulin. The present work shows how the
model is able to replicate the observed morphol-
ogy of glycemia and insulinemia time-courses after
a standard perturbation experiment (Intra Venous
Glucose Tolerance Test, IVGTT). The analysis of
the model features necessary to faithfully reproduce
observations links the present high-detail formula-
tion with previous, much simpler delay-differential
models for the same perturbation experiment, which
were shown to achieve excellent predictive power in
clinical research. Conclusions are drawn as to the
likely essential components of the physiologic system
under investigation.
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A degenerate parabolic system

Zhaosheng Feng
University of Texas-Pan American, USA
zsfeng@utpa.edu

In this talk, we study a class of parabolic systems
which can be used as a dispersion model of bio-
logical populations. Under certain parametric con-
ditions, we apply the center manifold method and
Bendixon’s test to obtain the local behavior around a
non-hyperbolic point of codimension one in the phase
plane. Then we analyze the associated determining
system through the linearized symmetry condition.
Classical and non-classical symmetries are classified.
Nontrivial infinitesimal generators are found, and
exact solutions are established accordingly.

—> 00000

Mathematical models of the role of immune
exhaustion in Hepatitis B and delta coinfec-
tion

Jonathan Forde

Hobart and William Smith Colleges, USA
forde@hws.edu

Yaoxin Liu, Yixiao Sha

Hepatitis Delta Virus (HDV) is a dependent satel-
lite virus of the more common Hepatitis B Virus.
HDV encodes only one protein of its own, relying on
HBV to supply the additional proteins needed for
its replication cycle. Although it HDV is noncyto-
toxic and present few targets for immune reaction,
the symptoms of patients with HBV-HDV coinfec-
tion are much worse than those infected with HBV
alone. The cause of this negative outcome is not
clear. This work presents o.d.e. models for the in-
teraction of HBV, HDV and the specific immune
responses to each, and analyzes the implication of
these models for understanding patient outcomes. In
particular, the role of T cell exhaustion in chronic
HBYV is explored, and how superinfection with HDV
may actually strengthen the HBV specific immune
response, indirectly leading to the observed symp-
toms. Additionally, the role of nonspecific immune
responses is explored.
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Effects of surgery and chemotherapy on
growth of metastases in prostate cancer: evi-
dence from the natural history of the disease
reconstructed through mathematical model-
ing

Leonid Hanin
Georgia Institute of Technology, USA
hanin@isu.edu

We present a comprehensive model of cancer progres-
sion accounting for primary tumor growth, shedding
of metastases, their dormancy and growth at sec-
ondary sites. Model parameters were estimated from
the volumes of the primary tumor and bone metas-
tases collected from 12 prostate cancer patients. This
enabled estimation of various unobservable charac-
teristics of the individual natural history of cancer
and the effects of treatment. We found that for all pa-
tients: (1) inception of the first metastasis occurred
when the primary tumor was undetectable; (2) incep-
tion of all or most of the metastases occurred before
the start of treatment; (3) the rate of metastasis
shedding was essentially constant in time regardless
of the size of the primary tumor and so it was only
marginally affected by treatment; and, most impor-
tantly, (4) surgery and chemotherapy brought about
a dramatic increase in the rate of growth of metas-
tases. These conclusions agree with the findings of
numerous clinical studies, animal experiments and
epidemiological analyses conducted since the early
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1900s. Our analysis supports the notion of metas-
tasis dormancy and the existence of prostate cancer
stem cells. This is a joint work with Dr. Marco
Zaider from the Memorial Sloan-Kettering Cancer
Center.

— 000 00 —

Mathematical models of immunological toler-
ance and immune activation following prena-
tal infection with hepatitis B virus

Sarah Hews
Hampshire College, USA
shNS@hampshire.edu
Stanca Ciupe

We develop mathematical models for the role of
hepatitis B e-antigen in creating immunological tol-
erance during hepatitis B virus infection and pro-
pose mechanisms for hepatitis B e-antigen clearance,
subsequent emergence of a potent cellular immune
response, and the effect of these on liver damage. We
investigate the dynamics of virus-immune cells inter-
actions, and derive parameter regimes that allow for
viral persistence. We modify the model to account
for mechanisms responsible for hepatitis B e-antigen
loss, such as seroconversion and virus mutations that
lead to emergence of potent cellular immune response
to the mutant virus. Our models demonstrate that ei-
ther seroconversion or mutations can induce immune
activation and that instantaneous loss of e-antigen
by either mechanism is associated with least liver
damage and is therefore more beneficial for disease
outcomes.

—> 00000

A refuge-mediated
model

apparent competition

Sze-bi Hsu

National Tsing-Hua University, Taiwan
sbhsu@math.nthu.edu.tw

Lih-ing Wu Roeger

We analyze a competition model of two plant species
for a single-limited resource while the competition is
apparent: an indirect interaction where the invading
plants provide a refuge for a shared consumer, sub-
sequently increasing the consumer pressure on the
resident plant species. When there is no refuge ef-
fect, the resident species is a superior species. As the
refuge effect increases, the coexistence state appears
as a saddle point with a two-dimensional stable man-
ifold while the two extinction equilibria are locally
stable. Thus the refuge-mediated apparent compe-
tition creates an Allee effect for both the invading
and the resident species. A Lyapunov function is
found to show the global stability of the equilibrium
in which only the resident species survives.

—> 0000

Modeling the distribution of insulin in pan-
creas

Changbing Hu

University of Louisville, USA
changbing.hu@louisville.edu

Jiaxu Li, James Johnson

Maintenance of adequate pancreatic B-cell mass,
via suppression of programmed cell death and/or
sustained proliferation is critical for the prevention
or delay of diabetes mellitus. In this talk we report
a novel mathematical model to investigate the distri-
bution and concentration of insulin within pancreas
using existing physiological data and islet imaging
data. Our studies reveal that insulin concentration
along pancreas, related to glucose level, increases
nearly linearly in the fashion of increasing quicker in
tail area but slower in head area. We also showed
that the factor of small diffusion with blood is neg-
ligible since the convection of blood flux dominates.
To the best of our knowledge, our model is the first
attempt to estimate the glucose and insulin distribu-
tions in pancreas. Our model is simple, robust and
thus can be easily adopted to study more sophistic
cases.
—> 0000

Multiple attractors in intraguild predation
models with generalist/specialist predator

Yun Kang

Arizona State University, USA
yun.kang@asu.edu

Lauren Wedekin

Intraguild predation (IGP) is a combination of com-
petition and predation which is the most basic system
in food webs that contains three species where two
species that are involved in a predator/prey rela-
tionship are also competing for a shared resource or
prey. We formulate two intraguild predation (IGP:
resource, IG prey and IG predator) models: one has
a predator who is a generalist while the other one is
a specialist. Both models have Holling-Type I func-
tional response between resource-IG prey, resource-
1G predator and Holling-Type III functional response
between IG prey and IG predator. We prove suffi-
cient conditions of the persistence and extinction of
all possible scenarios for these two models, which
give us a complete picture on their global dynam-
ics. These analytical results indicate that IGP model
with generalist predator has ”"top down” regulation
while IGP model with specialist predator has ”bot-
tom up” regulation. In addition, we show that both
IGP models can have multiple interior equilibria.
Our analysis and numerical simulations suggest that
1. Both IGP models can have multiple attractors
with complicated dynamical pattern; 2. Only IGP
model with specialist predator can have both bound-
ary attractor and interior attractor: i.e., whether
the system has the extinction of one species or the
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coexistence of three species dependent on initial con-
ditions; 3. IGP model with generalist predator is
prone to have stable dynamics.

—> 0000

Age structured population model with state
dependent time delay

Nemanja Kosovalic

York University, Canada
nemanjak@mathstat.yorku.ca
Felicia Magpantay, Jianhong Wu

In this talk we consider an age structured popu-
lation model in which the age to maturity at a given
time depends on whether or not the food consumed
by the immature population within that time span
reaches a prescribed threshold value. This introduces
a state dependent delay into the model. In contrast
with other works on this problem, we consider it from
the point of view of a hyperbolic partial differential
equation with a state dependent time delay.

—> 0000

Designing optimal combined chemotherapy
and immunotherapy protocols for a model of
tumor immune interactions under drug phar-
macokinetics

Urszula Ledzewicz

Southern Illinois University, USA
uledzew@siue.edu

Mozhdeh Faraji Mosalman, Heinz Schiittler

In the design of protocols for cancer treatment vari-
ous questions need to be addressed related to dosage,
frequency and in the case of more than one drug also
their sequencing. In answering, from a more theo-
retical point of view tools of optimal control can be
of use. In this talk we present such an analysis of a
mathematical model for cancer combination therapy
as an optimal control problem. Since the treatment
involves combination of classical chemotherapy with
an immune boost, the adequate model for consid-
eration is the one that describes dynamics of the
interactions between the tumor cells and the im-
mune system. Within this framework we introduce
into the dynamics the controls representing the ac-
tion of each therapeutic agent. There exist various
approaches for choosing the objective, but based on
the dynamical behavior of the uncontrolled and fully
controlled system, we choose the one to minimize the
size of the tumor at the end of treatment while at the
same time maximizing the immune-competent cell-
densities and keeping side effects of both treatments
low. This leads to a multi-input optimal control prob-
lem with many challenging features. The complexity
of the models becomes even higher if we also take
into account the pharmacokinetics of both therapeu-
tic agents. Analytical and numerical results about

the structures of optimal controls will be presented.
Particularly the effect of the inclusion of pharma-
cokinetics of both drugs on the qualitative structure
of solutions will be discussed. Overall the presented
research is expected to provide insights into how to
optimally design protocols for the combination of
these two drugs in the sense of the scheduling the
dosages and sequencing.

—> 00000

Global bifurcation branch of a spatially het-
erogeneous cooperative system with cross-
diffusion

Wan-tong Li

Lanzhou University, Peoples Rep of China
wtli@lzu.edu.cn

Yu-Xia Wang

In this paper, we will consider the strongly cou-
pled cooperative system in a spatially heterogeneous
environment with Neumann boundary condition. We
show that the positive solution curve to form an un-
bounded fish-hook shaped continuum. Our results
deduce that the spatial heterogeneity of environ-
ments can produce multiple coexistence states.

—> 00000

Modeling impulsive injections of insulin ana-
logues: towards artificial pancreas

Jiaxu Li

University of Louisville, USA

jiaxu.li@louisville.edu

Mingzhan Huang, Xinyu Song, Hongjian Guo

We propose two novel mathematical models with im-
pulsive injection of insulin or its analogues for type
1 and type 2 diabetes mellitus. One model incor-
porates with periodic impulsive injection of insulin.
We analytically showed the existence and uniqueness
of a positive globally asymptotically stable periodic
solution for type 1 diabetes, which implies that the
perturbation due to insulininjection will not disturb
the homeostasis of plasma glucose concentration. We
also showed that the system is uniformly permanent
for type 2 diabetes, that is, the glucose concentra-
tion level is uniformly bounded above and below.
The other model has the feature that determines
the insulin injection by closely monitoring the glu-
cose level when the glucose level reaches or passes a
predefined but adjustable threshold value. We an-
alytically proved the existence and stability of the
order one periodic solution, which ensures that the
perturbation by the injection in such an automated
way can make the blood glucose concentration under
control. Our numerical analyses confirm and further
enhance the usefulness and robustness of our models.
The first model has implications in clinic that the
glucose level of a diabetic can be controlled within
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desired level by adjusting the values of two model
parameters, injection period and injection dose. The
second model is probably the first attempt to con-
quer some critical issues in the design of artificial
pancreas with closed-loop approach. For both cases,
our numerical analysis reveal that smaller but shorter
insulin delivery therapy is more efficient and effective.
This can be significant in design and development of
insulin pump and artificial pancreas.

—> 00000

Traveling wave solutions in delayed coopera-
tive systems

Bingtuan Li

University of Louisville, USA
bing.li@louisville.edu

Liang Zhang

We discuss the existence of traveling wave solutions
for delayed cooperative recursions that are allowed to
have more than two equilibria. We define an impor-
tant extended real number that isused to determine
the speeds of traveling wave solutions. The results
can be applied to a large class of delayed cooperative
reaction-diffusion models. We show that for a de-
layed Lotka-Volterra reaction-diffusion competition
model, there exists a finite positive number that can
be characterized as the slowest speed of traveling
wave solutions connecting two mono-culture equilib-
ria or connecting a mono-culture with the coexistence
equilibrium.
—> 00000 —

The relative biologic effectiveness versus lin-
ear energy transfer curve as a phenotype

Quoc Luu

Stanford Emanuel Radiation Oncology Center, USA
qluu@stanford.edu

Paul DuChateau

The magnitude of biological response varies with dif-
ferent radiation types. Using Linear Energy Transfer
(LET) to differentiate types of incident radiation
beam, the Relative Biologic Effectiveness (RBE) as
a function of LET (RBE-LET) was found to have
a peak around LET values 100-200 keV/nm. This
general feature is believed to be a property of the
incident beam. Our systems engineering model, how-
ever, suggests that the shape of the RBE-LET curve
is a property of the cells. Here, we continue systems
engineering analysis to show that the RBE-LET
curve is a phenotype. Elementary state-space block
diagram of the differential equation model suggests
a genetic network and cellular context for this phe-
notype. Analogy to man-made analog computers
suggests cell uses mathematical computations in its
decision-making when faced with an external stress.
The MRN protein complex, in particular, may per-
form addition to count the degree of DNA twisting

for the homeostatic regulation of DNA supercoiling.
The ATM protein may act as a feedback amplifier.

—> 00000

Theoretical and numerical analysis of a class
of dynamics models describing eutrophication
of Lake Guishui

Wanbiao Ma

University of Science and Technology Beijing, Peo-
ples Rep of China

wanbiao_ma@ustb.edu.cn

Zhanhui Wang, Wanbiao Ma, Hai Yan

Firstly, two classes of dynamic models describing
the growth of Microcystins (MCs) in lake are pro-
posed. Secondly, locally asymptotic stability (LAS)
of the equilibria and Hopf bifurcations of the mod-
els are analyzed by using theory of delay differential
equations. Thirdly, the models are applied to the
experimental data on eutrophication of Lake Guishui
in Beijing, and the parameters in the models are
determined. The numerical simulations suggest that
the trajectories of the model fit the experimental
data well.
— 000 00 —

Evolution of uncontrolled proliferation and
the angiogenic switch in cancer

John Nagy

Scottsdale Community College, USA
john.nagy@sccmail.maricopa.edu
Dieter Armbruster

The major goal of evolutionary oncology is to ex-
plain how malignant traits evolve to become cancer
“hallmarks.” One such hallmark—the angiogenic
switch—is difficult to explain for the same reason
altruism is difficult to explain. An angiogenic clone
is vulnerable to ‘“cheater” lineages that shunt en-
ergy from angiogenesis to proliferation, allowing the
cheater to outcompete cooperative phenotypes in
the environment built by the cooperators. Here
we show that cell- or clone-level selection explain
the angiogenic switch, but not because of direct se-
lection on angiogenesis factor secretion. We study
a multiscale mathematical model that includes an
energy management system in an evolving angio-
genic tumor. The energy management model makes
the counterintuitive prediction that ATP concentra-
tion in resting cells increases with increasing ATP
hydrolysis, as seen in other theoretical and empiri-
cal studies. As a result, increasing ATP hydrolysis
for angiogenesis can increase proliferative potential,
which is the trait directly under selection. Intrigu-
ingly, this energy dynamic allows an evolutionary
stable angiogenesis strategy, but this strategy is an
evolutionary repeller, leading to runaway selection
for extreme vascular hypo- or hyperplasia. The for-
mer case yields a tumor-on-a-tumor, or hypertumor,
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as predicted in other studies, and the latter case may
explain vascular hyperplasia in certain tumor types.

—> 00000

A PDE model for predator-prey dynamics
with a resource subsidy

Andrew Nevai

Univerisity of Central Florida, USA
anevai@math.ucf.edu

Junping Shi

The influence of a resource subsidy on predator-prey
interactions is examined using a system of partial
differential equations. The model arises from study
of a biological system involving arctic foxes (preda-
tor), lemmings (prey), and seal carcasses (subsidy).
The prey occurs in the interior of the habitat and the
subsidy occurs near the edge. Criteria for feasibility
and stability of the different equilibrium states are
studied. At small subsidy input rates, there is a min-
imum prey carrying capacity needed to support both
predator and prey. At intermediate subsidy input
rates, the predator and prey can always coexist. At
high subsidy input rates, prey persistence depends
on a variety of factors. As the predator movement
rate increases, the dynamic stability of the predator-
prey-subsidy interactions also increases.

—> 00000

Dynamically consistent discrete-time SI, SIS,
and SIR epidemic models

Lih-ing Roeger
Texas Tech University, USA
lih-ing.roeger@ttu.edu

We construct discrete-time or difference equation S7,
SIS, and SIR epidemic models such that they are
dynamically consistent with their analog continuous-
time models. The discrete-time models are con-
structed using the nonstandard finite difference dis-
cretization (NSFD) methods. All three basic stan-
dard incidence SI, SIS, and STR models without
births and deaths, with births and deaths, and with
immigrations, are considered. The continuous mod-
els possess either the conservation law that the total
population N is a constant or the total population N
satisfies N'(t) = A — uN and so that N approaches
a constant A\/u. The difference equation systems via
NSFD schemes preserve all properties including the
positivity of solutions, the conservation law, and the
local and some of the global stability of the equilib-
ria. Hence they are said to be dynamically consistent
with the continuous models. We show that the a sim-
ple criterion for choosing certain NSFD scheme such
that the positivity solutions are preserved is usually
an indication of an appropriate NSFD scheme for an
epidemic model.

—> 0000

Periodic solutions of a predator-prey system
with nonmonotonic response function and im-
pulsive harvesting

Xinyu Song

Xinyang Normal University, Peoples Rep of China
xysong88@163.com

Mingzhan Huang, Lansun Chen

In this talk, we propose a predator-prey model with
state dependent impulsive harvesting which use a
nonmonotonic response function to model the phe-
nomenon of group defense. We mainly discuss the
existence, uniqueness and stability of the order k
periodic solution by differential equation geometry
theory and the method of successor functions. More-
over, we give the parametric conditions that the
system exhibits the phenomenon of homoclinic bifur-
cation. We also explain the ecological applications of
these results at last.

—> 00000

Optimization of P. falciparum gametocyte sex
ratios via competitive and non-competitive
strategies: the evolutionary implications

Miranda Teboh-Ewungkem

Lafayette College, USA

tebohewm@lafayette.edu

Thomas Yuster, Ha Nguyen, Ryan Warrier

We analyze two distinct fitness optimization strate-
gies for sex ratio determination for P. falciparum
with varying fecundity. Initial results indicate that
no polymorphic population containing both strate-
gies is stable. The pure strategy that is the final
evolutionary state depends heavily on the composi-
tion of the initial polymorphic population.

— 0O 00—

Epidemic model as controlled switched system

Abdessamad Tridane
ASU, USA
tridane@asu.edu
Chakib Jerry

The aim of this work is to study a SIR model con-
trolled by impulsive vaccination and isolation control.
The goal is to determine an optimal impulsive con-
trols to minimize the total outbreak size over the
course of the epidemic and using necessary condition
of optimality, our goal is to draw conclusions about
the effect of the shortage of the drug treatment on
the management of strategies of control policy. In
other words, we are going to answer two questions:
What if the treatment runs out during the epidemic?
If this happens, could we still control the spread of
the disease?
—> 00000
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Integro-differential age-structured system for
the SAIQR influenza model

Ana Vivas-barber
Adams State College, USA
avbarber@adams.edu
Sunmi Lee

In this work, we present an Integro-Differential Sys-
tem to study the dynamics of an age-structured
SAIQR influenza model. The population in consider-
ation is divided into five age-dependent epidemiologi-
cal classes: S(a,t), susceptible; A(a,t), asymptomatic;
I(a,t), infectious; Q(a,t), isolated (quarantined) and
R(a,t), recovered individuals. It is assumed that
A(a,t)-individuals may be less infectious than those
in the I(a,t)-class. We assume the “proportional
mixing” property between age-groups. Existence of
equilibria and the basic reproduction number are dis-
cussed. Furthermore, a multi age-group model and
numerical simulations with influenza parameters are
presented.

—> 0000

Coexistence of the unstirred chemostat model

Jianhua Wu
Shaanxi Normal University, Peoples Rep of China

jianhuaw@snnu.edu.cn
G.Wolkowicz, H.Nie, G.H.Guo

In this talk, the coexistence of the unstirred chemo-
stat model is given, and the related result is also
surveyed if possible. The main ingredients include
global bifurcation theory, fixed point index theory,
perturbation method and simulations.

—> 00000

On latencies in malaria infections and their
impact on the disease dynamics

Yanyu Xiao

York University, Canada
yanyuxiao@gmail.com
Xingfu Zou

We modify the classic Ross-Macdonald model for
malaria disease dynamics by incorporating latencies
for both human beings and female mosquitoes. Two
general probability functions (Pi(t) and P(t)) are
introduced to reflect the fact that the latencies dif-
fer from individuals to individuals. We justify the
well-posedness of the new model, identify the basic
reproduction number Ry for the model and analyze
the dynamics of the model. When Ry < 1, Ey be-
comes unstable. When Rog > 1, we consider two
specific forms for Pi(t) and Pa(t): (i) P1(t) and Pa(t)
are both exponential functions; (ii) Pi(t) and P»(t)
are both step functions. For (i), the model reduces
to an ODE system, and for (ii), the long term disease
dynamics are governed by a DDE system. In both
cases, we are able to show that when Ro > 1 then
the disease will persist; moreover if there is no recov-
ery (y1 = 0), then all admissible positive solutions
will converge to the unique endemic equilibrium. A
significant impact of the latencies is that they re-
duce the basic reproduction number, regardless of
the forms of the distributions.

—> 00000

Infectious diseases and demographic allee ef-
fect

Abdul-Aziz Yakubu
Howard University, USA
ayakubu@howard.edu
Avner Friedman

If a healthy stable host population at the disease-
free equilibrium is subject to the Allee effect, can a
small number of infected individuals with a fatal dis-
ease cause the host population to go extinct? That
is, does the Allee effect matter at high densities? In
this talk, we use an SI epidemic model to answer
these questions.

—> 00000



66 9t ATMS CONFERENCE — ABSTRACTS

Special Session 15: Nonlinear Evolution Equations, Inclusions and
Related Topics

Mitsuharu Otani, Waseda University, Japan
Tohru Ozawa, Waseda University, Japan
N. U. Ahmed, University of Ottawa, Canada
S. Migorski, Jagiellonian University, Poland
I. I. Vrabie, Al. I. Cuza University, Romania

This session will focus on the recent developments in the theory of Nonlinear Evolution Equations and
Related Topics including the theory of abstract evolution equations in Banach spaces as well as the studies
(the existence , regularity and asymptotic behaviour of solutions) of various types of Nonlinear Partial
Differential Equations. Some new trends in both abstract linear and nonlinear evolution inclusions as well
as concrete applications in Control Theory, Partial Differential Equations, Variational Inequalities, and
mathematical models described by evolution inclusions will be disscussed. Open problems and new results
in the above mentioned areas based on a interplay between various disciplines as Multi-Valued Analysis,
Measure Theory, Fourier Analysis and Spectral Theory, will find their place within this Special Session.

Optimal feedback control for differential in-
clusions on Banach spaces

Nasir Uddin Ahmed
University of Ottawa, Canada
ahmed@site.uottawa.ca

In this paper we consider a class of partially observed
semilinear dynamic systems on infinite dimensional
Banach spaces governed by differential inclusion rep-
resenting measurement uncertainty. In the paper we
present a result on existence of an optimal operator
valued function as the feedback control law minimiz-
ing the maximum risk. We also present necessary
conditions of optimality for the feedback control law
from a class of operator valued functions defined on
finite intervals and taking values from the space of
compact operators. This is then extended to cover
systems with uncertainty in the dynamics itself. The
necessary conditions remain valid also for a class of
stochastic systems driven by Wiener martingale.

[1] N.U.Ahmed, Optimal Relaxed Controls for Sys-
tems Governed by Impulsive Differential Inclu-
sions,Nonlinear Funct. Anal. & Appl., 10(3), (2005),
427-460.

—> 00000 —

Doubly nonlinear parabolic equations with
variable exponents

Goro Akagi
Kobe University, Japan
akagi@port.kobe-u.ac.jp

This talk is concerned with doubly nonlinear
parabolic equations involving variable exponents.
Let Q be a bounded domain in R? with smooth
boundary 02. We discuss the following doubly non-

linear parabolic problem (P):

Ot (|u|m(z)72u) —Apmyu=0 in Qx(0,7),

Ju] ™20 = g

on Q x {0},
where 9y = 9/0t, T > 0, vo = vo(x) is a given initial
data and A, is the so-called p(x)-Laplacian, a typ-
ical example of nonlinearity with variable exponents,
together with either the Dirichlet condition

u=0 on 902 x(0,7T),

or the Neumann condition

|VulP®"29,u=0 on 90 x (0,T),
where 9,,u denotes the outward normal derivative of
u on Of). The existence of solutions is proved by
developing an abstract theory on doubly nonlinear
evolution equations governed by gradient operators.
In contrast to constant exponent cases, two nonlin-
ear terms have inhomogeneous growth and some dif-
ficulty may occur in establishing energy estimates.
Our method of proof relies on an efficient use of
Legendre-Fenchel transforms of convex functionals
and a modified energy method.

—> 0000

Existence for a class of nonlinear delay
reaction-diffusion systems

Monica-Dana Burlica

Alexandru Ioan Cuza University lasi & Gh. Asachi
Technical University lasi, Romania
monicaburlica@yahoo.com

Daniela Rosu

We consider an abstract nonlinear multi-valued
reaction-diffusion system with delay and, using some
compactness arguments coupled with metric fixed
point techniques, we prove some sufficient conditions
for the existence of at least one C°-solution. A global



SPECIAL SESSION 15 67

asymptotic stability result is also obtained and some
specific examples are analyzed.

Acknowledgements. Supported by a grant of
the Romanian National Authority for Scientific Re-
search, CNCS-UEFISCDI, project number PN-II-
ID-PCE-2011-3-0052.
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Dynamic analysis of a nonlinear Timoshenko
equation

Jorge Esquivel-Avila
Universidad Autonoma Metropolitana, Mexico
jaea@Qcorreo.azc.uam.mx

An initial boundary value problem in a bounded do-
main for the Timoshenko equation with a nonlinear
damping and a nonlinear source term is considered.
Exploiting an idea of a potential well under suitable
assumptions on the damping and the source terms,
we prove blow-up as well as convergence to the zero
and nonzero equilibria and we give rates of decay to
the zero equilibrium.

—> 0000

Leadership in crowd dynamics: modelling via
two-scale interactions

Joep Evers

Eindhoven University of Technology, Netherlands
j-h.m.eversQtue.nl

Adrian Muntean

We describe a two-scale model for the dynamics of a
crowd by distinguishing between a number of lead-
ers considered at the micro-scale and a large crowd
viewed macroscopically. Leaders are of particular
interest in view of crowd control. We encounter the
following fundamental questions: - How to describe
a leader in mathematical terms? - Does the presence
of a leader essentially change the macro-scale be-
haviour? - Which specific macroscopic patterns can
be caused by the leader(s)? - How can we validate
our two-scale model with experimental data? The
crowd in our model consists of two subpopulations
in a corridor, assumed to be two-dimensional. To
capture the evolution of the crowd, we use a time-
dependent mass measure for each subpopulation.
Each of the two mass measures satisfies the continu-
ity equation. Hence, their evolution is governed by
the partial velocity field, which we have to provide.
The actual modelling consists therefore in finding
the right velocity field, which we expect to depend
functionally on both mass measures. In this talk, I
explain the model we use, and the particular form
we choose for the velocity field. Furthermore I give
a flavour of the crowd-dynamical phenomena that
arise from this model.

—> 0000

Nodal and multiple constant sign solutions for
equations with the p-Laplacian

Michael Filippakis

University of Piraeus, Greece

mfilip@unipi.gr

Ravi P. Agarwal, Donal O’Regan, Nikolaos S.
Papageorgiou

We consider nonlinear elliptic equations driven by
the p-Laplacian with a nonsmooth potential (hemi-
variational inequalities). We obtain the existence of
multiple nontrivial solutions and we determine their
sign (one positive,one negative and the third nodal).
Our approach uses nonsmooth critical point theory
coupled with the method of upper-lower solutions.

—> 0000

Asymptotic behavior of blow-up solutions for
the heat equations with nonlinear boundary
conditions

Junichi Harada
Waseda University, Japan
harada-j@aoni.waseda.jp

We consider the heat equation equation on the half
space with nonlinear boundary conditions (u: = Au,
dvu = u?). Here we discuss the asymptotic behavior
of blow-up solutions for the Sobolev subcritical case.
In particular, we provide a sufficient condition on the
initial data for the single point blow-up at the origin.
Furthermore we study the spacial singularities of the
blow-up profile.

—> 0000

Pohozaev-Otani type inequalities for weak so-
lutions of some quasilinear elliptic equations
in unbounded domains

Takahiro Hashimoto
Aichi Medical University, Japan
takahi@aichi-med-u.ac.jp

In this talk, we are concerned with the following

quasilinear elliptic equations:

(E) —div {a(m)|Vu|p72Vu} =b(z)|u/?u in Q,
u =0 on 012,

where Q is a domain in RN (N > 2) with smooth
boundary, 1 < p,q < oo, a(z), b(z) > 0.

When a(z) = b(z) = 1, a complementary ex-
istence result was founded for the problem of inte-
rior, exterior and whole space. The main purpose
of this talk is to obtain the nonexistence results via
Pohozaev-Otani type inequalities for some class of
weak solutions of (E). We also discuss the existence
result for exterior problem and the regularity of so-
lutions of (E).

—> 0000
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Fractional Sobolev spaces via Riemann - Li-
ouville derivatives and some imbeddings

Dariusz Idczak
University of Lodz, Poland
idczak@math.uni.lodz.pl
Stanislaw Walczak

Using the Riemann - Liouville derivatives of test
functions we introduce fractional Sobolev spaces of
functions of one variable, defined on a bounded inter-
val. Next, we characterize elements of these spaces
with the aid of the Riemann - Liouville derivatives as
well as with the aid of some integral representations.
We also study some imbeddings of the introduced
spaces and prove their compactness.

Acknowledgements.The project was financed with
funds of National Science Centre, granted on the ba-
sis of decision DEC-2011/01/B/ST7,/03426.

—> 0000

Variational problems associated with
Trudinger-Moser inequalities in unbounded
domains

Michinori Ishiwata
Fukushima University, Japan
ishiwata@sss.fukushima-u.ac.jp

In this talk, we are concerned with the existence
and the nonexistence of maximizers for variational
problems associated with the Trudinger-Moser in-
equality in unbounded domains. Particularly, we are
interested in the variational problems for a version of
TM-typeinequality with singular weight functions.

—> 00000

Well-posedness for anisotropic degenerate
parabolic equations with non-homogeneous
boundary conditions

Kazuo Kobayasi
Waseda University, Japan
kzokoba@waseda.jp

We study the well-posedness for anisotropic degen-
erate parabolic-hyperbolic equations with initial and
non-homogeneous boundary conditions. We prove
a comparison theorem for any entropy sub- and
super-solution, which immediately deduces the L'
contractivity and therefore, uniqueness of entropy
solutions. The method used here is based upon the
kinetic formulation and the kinetic techniques devel-
oped by Lions, Perthame and Tadmor. By adapting
and modifying those methods to the case of Dirichlet
boundary problems for degenerate parabolic equa-
tions we can establish a comparison property. More-
over, in the quasi-isotropic case the existence of
entropy solutions is proved.

—> 0000

A new class of nonlinear evolution equations

Masahiro Kubo
Nagoya Institute of Technology, Japan
kubo.masahiro@nitech.ac.jp

Codifying applications of subdifferential evolution
equations to variational inequalites, we introduce a
new class of evolution equations associate with sub-
differentials depending on unknonwn functions. We
consider three kinds of evolution equations: parabolic
(I), parabolic (II) and hyperbolic evolution equa-
tions; and two types of dependence of the subdiffer-
entials on the unknown functions: local and non-local
types of dependence. We prove the existence of a so-
lution to a hyperbolic problem with a non-local type
dependence on unknown functions and study its sin-
gular limit to a solution to a parabolic (II) problem.

—> 00000

Existence and non existence of solutions to
initial boundary value problems for nonlinear
evolution equations with strong dissipation

Akisato Kubo
Fujita Health University, Japan
akikubo@fujita-hu.ac.jp

The main purpose is to investigate existence and non-
existence of global solutions of the initial Dirichlet-
boundary value problem for evolution equations with
the strong dissipation. Many authors studied classes
for which initial boundary value problems possess
global solutions. We consider a related problem and
seek global solutions and blow-up solutions of it de-
pending on whether it belongs to such classes or
not.
— 000 00 —

Existence of sliding motions for nonlinear evo-
lution equations in Banach space

Laura Levaggi
Free University of Bolzano, Italy
laura.levaggi@unibz.it

In this work the existence problem for solutions of
a class of controlled nonlinear evolution equations
in a Banach space is presented, where the consid-
ered feedback laws can depend nonlinearly on the
state variable. The proof is based on the usual
Faedo-Galerkin approximation method and the use
of techniques related to the monotonicity and coer-
civity assumptions on the evolution operator. The
result is then applied to the existence of the so-called
sliding motions for infinite dimensional systems, ei-
ther under distributed or boundary control. Sliding
mode methods are used to control finite-dimensional
systems and are based on the idea of constraining the
evolution on a manifold, designed in order to attain



SPECIAL SESSION 15 69

the control aim. The idea here is to exploit these
techniques to define a feedback control that is able
to make each Galerkin approximation fulfill approxi-
mately the sliding constraint defining the prescribed
manifold and show that the limit evolution is viable.

—> 00000

Fractional du Bois-Reymond lemma and its
applications.

Marek Majewski

University of Lodz, Poland
marmaj@math.uni.lodz.pl

Rafal Kamocki, Stanislaw Walczak

In the paper a fractional du Bois-Reymond lemma
for functions of one variable with Riemann-Liouville
derivatives of the order o € (n — %,n) with n > 1
is presented. We use this lemma to show that any
critical point of a fractional Lagrange functional is a
solution to it’s Euler-Lagrange equation. The above
technique can be apply to the problem of the ex-
istence of solutions to the fractional counterpart of
classical Dirichlet problem.

Acknowledgements.The project was financed with
funds of National Science Centre, granted on the ba-
sis of decision DEC-2011/01/B/ST7/03426.

—> 00000

Boundary control and hidden trace regularity
of a semigroup associated with a beam equa-
tion and non-dissipative boundary conditions

Richard Marchand

Slippery Rock University, USA
richard.marchand@sru.edu

Irena Lasiecka, Timothy J. McDevitt

New control-theoretic results will be presented for
second order (in time) PDE scalar equations with
non-monotone feedback boundary conditions. While
the analysis of monotone structures is based on a
suitable version of monotone semigroup theory, the
non-monotone case seems to require detailed mi-
crolocal analysis on the boundary, showing that the
underlying semigroup is of Gevrey’s class. A par-
ticular type of “hidden regularity” exhibited by the
boundary traces is instrumental for showing well-
posedness of the associated control system within a
standard finite energy space even when the controls
are not necessarily collocated. Although the analysis
is applicable to multidimensional problems, the talk
will focus on a one-dimensional Euler-Bernoulli beam
equation. Theoretical results will be complemented
by numerical simulations that illustrate the spectral
properties of the system operators.

—> 0000

Existence of time-periodic solutions for the
micropolar fluid equations with the spin-
vortex interaction boundary condition

Kei Matsuura

Waseda University, Japan
kei@kurenai.waseda.jp
Mitsuharu Otani

It will be presented that the time-periodic prob-
lem for the micropolar fluid equation in a regular
bounded domain € of R? is solvable if the norms of
external forces are sufficiently small. As the bound-
ary conditions on the velocity field v and the mi-
crorotation field w we impose the no-slip condition
ulaa = 0 on the velocity and assume that the spin
and the vorticity are proportional on the boundary,
ie,w= %curlu on 90N with some constant 6 € [0, 1].
For the existence of time-periodic solutions the small-
ness of the parameter 0 is required as well. The sta-
bility and the uniqueness of time-periodic solutions
will also be discussed.

—> 00000

Fuzzy stochastic differential equations-
different approaches and recent results.

Mariusz Michta

University of Zielona Gora and Opole University,
Poland, Poland

m.michta@wmie.uz.zgora.pl

In the talk we present different approaches to the no-
tion of fuzzy stochastic differential equations driven
by semimartingales and also to the notion of their
solutions. We also present existence and uniqueness
theorems to such equations. Presented results extend
to stochastic case possible approches known from the
theory of deterministic fuzzy differential equations.

—> 00000

Nonlinear subdifferential inclusions with ap-
plications to contact mechanics

Stanislaw Migé6rski
Jagiellonian University, Krakow, Poland
migorski@ii.uj.edu.pl

We consider two classes of nonlinear subdifferen-
tial inclusions in a framework of evolution triple of
spaces. The first class involves inclusions with a
history-dependent term for which we provide an ex-
istence and uniqueness result. In the second class,
we consider time-dependent possibly nonconvex non-
smooth functions and their Clarke subdifferentials
operating on the unknown function. We prove the
existence of a weak solution and study the asymp-
totic behavior of a sequence of solutions when a
small parameter in the inertial term tends to zero.
We prove that the limit function is a solution of a
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first order inclusion. Finally, we give applications to
quasi-static viscoelastic frictional contact problems.

Acknowledgement. Supported by the Marie
Curie International Research Staff Exchange Scheme
Fellowship within the 7th European Community
Framework Programme under Grant Agreement No.
295118.

—> 0000

Stochastic delay inclusions with noncontinu-
ous multifunctions

Jerzy Motyl
University of Zielona Gora, Poland
j.motyl@wmie.uz.zgora.pl

The talk deals with the Ito’s type delay stochastic
differential inclusion

dX(t) € F(X¢)dt + G(X)dW (t), Xo =€,

where W denotes an m-dimensional Wiener process,
Xi(s) = X(t + s) and set-valued functions F,G de-
fined on C([—r, 0], R%) take on closed and convex val-
ues. The existence of local and global solutions of the
inclusion with so-called ”"upper separated” multifunc-
tions will be discussed. Some examples of noncontin-
uous "upper separated” multifunctions will be also
presented.
— 000 00 —

Regularity and singularities of optimal convex
shapes in the plane

Arian Novruzi

University of Ottawa, Canada
novruzi@Quottawa.ca

Jimmy Lamboley, Michel Pierre

We focus here on the analysis of the regularity or
singularity of solutions 2y to shape optimization
problems among convex planar sets, namely:

J(Qo) = min{J(22), Q convex, Q € Sua},

where S,q4 is a set of 2-dimensional admissible shapes
and J : S;q — R is a shape functional.

Our main goal is to obtain qualitative proper-
ties of these optimal shapes by using first and second
order optimality conditions, including the infinite di-
mensional Lagrange multiplier due to the convexity
constraint. We prove two types of results:

i) under a suitable convexity property of the func-
tional J, we prove that Qo is a W*P-set, p € [1,00].
This result applies, for instance, with p = oo when
the shape functional can be written as J(2) = R(2)+
P(Q), where R(Q) = F(|Q|, Ef(2),A\1(Q2)) involves
the area |Q2|, the Dirichlet energy E;(€) or the first
eigenvalue of the Laplace-Dirichlet operator A1(Q),
and P() is the perimeter of 2,

ii) under a suitable concavity assumption on the
functional J, we prove that ¢ is a polygon. This
result applies, for instance, when the functional is
now written as J(Q) = R(Q) — P(Q), with the same
notations as above.

—> 0000

Splitting methods for semilinear evolution
equations with applications to nonlinear
Schrédinger equations

Masahito Ohta
Tokyo University of Science, Japan
mohta.math@gmail.com

We study splitting methods for seminear evolution
equation u’ = Au+ F(u), where A is an m-dissipative
operator in a Hilbert space X, and F': D(A) — D(A)
is a Lipschitz continuous function on bounded sub-
sets of D(A). Under appropriate assumptions on F,
we prove the second order convergence of the Strang
splitting method in X for initial data in D(A?).
This abstract result unifies several known results for
nonlinear Schrodinger equations.

— 00000

Viability of a time dependent closed set with
respect to a semilinear delay evolution inclu-
sion

Marius Popescu

Al. I. Cuza University of lasi, Romania, Romania
Marius.Popescu@ugal.ro

Mihai Necula

We prove a sufficient condition for a time-dependent
closed set to be viable with respect to a delay evo-
lution inclusion governed by a strongly-weakly u.s.c.
perturbation of an infinitesimal generatorof a Cp-
semigroup. This condition is expressed in terms of a
natural concept involving tangent sets, generalizing
tangent vectors in the sense of Bouligand and Severi.

Acknowledgements. Supported by a grant of the
Romanian National Authority for ScientificResearch,
CNCS-UEFISCDI, project number PN-II-ID-PCE-
2011-3-0052.

—> 00000

Asymptotic behavior of solutions to a coupled
system of Maxwell’s equations and a con-
trolled differential inclusion

Volker Reitmann

St. Petersburg State University, Russia
VReitmann@aol.com

Dina Kalinichenko, Sergey Skopinov

We consider the parameter-dependent coupled sys-
tem consisting of the one-dimensional Maxwell’s
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equations and the heat equation which is under-
stood as differential inclusion. This system is called
Maxwell’s equations with thermal effect introduced
by H.M. Yin. The use of a boundary control in the
inclusion guarantees the boundedness and conver-
gence of solutions and excludes the presence of a
blow-up. The techniques which are used by us are
Lyapunov functionals and multiscaling methods.

—> 00000

Global existence and exponential stability for
a nonlinear delay evolution equation with non-
local initial condition

Daniela Rosu

Alexandru Ioan Cuza University Tasi & Gh. Asachi
Technical University lasi, Romania
rosudanielal00@yahoo.com

Monica-Dana Burlica

We consider a delay evolution equation subjected
to a nonlocal initial condition and governed by a
nonlinear Lipschitz perturbation of an m-dissipative
operator. We prove some existence and asymptotic
stability results for global C°-solutions and we ex-
emplify the abstract results by a delayed porous
media equation subjected either to periodic or to
anti-periodic conditions.

Acknowledgements. Supported by a grant of
the Romanian National Authority for Scientific Re-
search, CNCS-UEFISCDI, project number PN-II-
ID-PCE-2011-3-0052.

—> 00000

Multiple positive solutions for periodic prob-
lems with concave terms

Vasile Staicu

University of Aveiro, Portugal, Portugal
vasile@Qua.pt

S. Aizicovici, N. Papageorgiou

We consider a nonlinear periodic problem (Py),
driven by the scalar p-Laplacian, with a paramet-
ric concave term A |:c|q*2 x and a Caratheodory per-
turbation f (¢,x) such that © — f(¢,z) exhibits a
(p — 1) —superlinear growth near 4oco (the convex
term). Using variational techniques, based on the
critical point theory, and suitable truncation tech-
niques we prove a bifurcation-type theorem describ-
ing the nonexistence, existence and multiplicity of
positive solutions as the parameter varies. Namely,
we show that a critical parameter value A* > 0 exists
such that: for all A € (0, \*), the problem (Py) has at
least two positive solutions; for A = A*, the problem
(Pr) has at least one positive solution, and, for all
A > A\*, the problem (Py) has no positive solutions.

—> 00O

On a nonstandard nonlinear parabolic prob-
lem for the coupling surface — deep ocean
temperatures with latent heat and coalbedo
terms.

Lourdes Tello

Universidad Politecnica de Madrid, Spain
L.tello@Qupm.es

J.I. Diaz, A. Hidalgo

We study a global climate model for the coupling of
the mean surface temperature with the deep ocean
temperature. The nonlinear model presents some
nonstandard facts: the boundary condition, repre-
senting the mean surface temperature, is not only
of dynamic type (involving the time derivative of
the trace of the solution) but also a surface diffusive
term. The model includes also some delicate nonlin-
ear terms such as the coalbedo effect and the latent
heat, which here are formulated in terms of suitable
(multivalued) maximal monotone graphs of R%. We
prove the existence of bounded weak solutions and
show some numerical experiences. Other qualitative
properties of the solutions will be also presented.

—> 00000

Robust feedback stabilization of solutions of
stochastic evolution equations with delay

Govindan Trivellore

Instituto Politecnico Nacional, Mexico
tegovindan@yahoo.com

N.U. Ahmed

In this talk, we consider the problem of state feed-
back robust stabilization against uncertainty in the
class of relatively A- bounded operators of mild so-
lutions of stochastic evolution equations with delay.
An example is included to illustrate the theory.

—> 00000

Periodic solutions of some double-diffusive
convection systems based on Brinkman-
Forchheimer equation

Shun Uchida

Waseda Universty, Japan
u-shun@suou.waseda.jp
Mitsuharu Otani

We consider the following system:

il = vAT — ail — Vp+ GT + hC + fi in Qx[0, 5],
T + @-VT = AT + f, in Qx[0, S],

9C +@-VC = AC + pAT + f3 in Qx[0, 9],

Vi =0 in Qx[0, 9],

iloq = 0; Tlaa = 0; Claa =0,
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where N = 2,3 and 2 is a bounded domain with
smooth boundary.This system describes the double-
diffusive convection between the temperature 1" and
the concentration of solute C. The first equation of
the system comes from the Brinkman-Forchheimer
equation, which describes the behavior of the fluid
velocity @ and the pressure p in some porous medium.
In this talk, we discuss the existence of a solution for
this system under the time periodic condition with
period S.
— 00 0 00 —

Nonlinear delay evolution inclusions with non-
local conditions on the initial history

TIoan Vrabie
Al I. Cuza University, Romania
ivrabie@uaic.ro

We consider a nonlinear delay evolution differential
inclusion, governed by a multi-valued perturbation
of an m-dissipative operator, subjected to a non-
local condition on the initial history. Under some
natural assumptions, allowing to handle periodic,
anti-periodic and mean-type problems with delay,
we prove the existence in the large of at least one
C%-solution. Two applications concerning nonlinear
delay parabolic problems are presented.

Acknowledgements. Supported by a grant of
the Romanian National Authority for Scientific Re-
search, CNCS-UEFISCDI, project number PN-II-ID-
PCE-2011-3-0052.

—> 00000

Uniqueness and non-degeneracy of ground
states of quasilinear Schrodinger equations

Tatsuya Watanabe
Kyoto Sangyo University, Japan
tatsuw@cc.kyoto-su.ac.jp

We consider the following quasilinear elliptic prob-
lem:

—Au — kA(Ju|)|u|* ?u = g(u) inRY

where N > 3,k > 0 and a > 1. This equation
can be obtained as a stationary problem of modified
Schrodinger equations which appear in the study of
plasma physics.

In this talk, we discuss the existence and the
variational characterization of the ground state and
present our recent results on the uniqueness and non-
degeneracy.

— 00 0 00 —

Life span of positive solutions for a semilinear
heat equation with non-decaying initial data

Yusuke Yamauchi
Waseda University, Japan
yamauchi@aoni.waseda.jp

We consider the following semilinear heat equation:

uy = Au+uP,  (z,t) € RN x (0, 00),

where p > 1, N > 1. In this talk, we discuss the
upper bound of the life span of positive solutions of
the equation for initial data having positive limit in-
ferior at space infinity. The proof is based on a slight
modification of Kaplan’s method.

—> 0000
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Special Session 16: Reaction Diffusion Equations and Applications

Jerome Goddard, Auburn University, USA
Ratnasingham Shivaji, University of North Carolina at Greensboro, USA

Recent developments in reaction diffusion equations have greatly increased their importance and usefulness
in modeling physical and biological phenomena in many disciplines. The application of reaction diffusion
is seemingly endless with their use naturally arising in areas such as biology, ecology, chemistry, geology,
physics, and engineering. Investigation of the structure of steady states for such models yields interesting
nonlinear elliptic boundary value problems of varied types. Even with the study of elliptic boundary value
problems having such a rich mathematical history dating back to the 1960s, much is still unknown about the
structure of solutions to such problems. This session will facilitate the exploration of current applications of
reaction diffusion, proof techniques, and open questions of nonlinear elliptic boundary value problems.

Existence of solutions to boundary value prob-
lems at full resonance

Kristen Abernathy
Winthrop University, USA
abernathyk@Qwinthrop.edu
Jesus Rodriguez

The focus of this talk is the study of nonlinear dif-
ferential equations of the form

xl(t) = a; (t)a:z(t) =+ fz (6, t, a:l(t), cee

with ¢ = 1,2,---
conditions

7x"(t)),

,n, subject to two-point boundary

b,ml(O) + dzl’l(l) =0,

fori=1,2,--- ,n. We formulate sufficient conditions
for the existence of solutions based on the dimension
of the solution space of the corresponding linear, ho-
mogeneous equation and the properties of the non-
linear term when € = 0. We focus on the case when
the solution space of the corresponding linear, homo-
geneous equation is n-dimensional; that is, when the
system is at full resonance. The argument we use
relies on the Lyapunov-Schmidt Procedure and the
Schauder Fixed Point Theorem.

—> 00000

On the solvability of mnonlinear Sturm-

Liouville problems

Zachary Abernathy
Winthrop University, USA
abernathyzQwinthrop.edu
Jesus Rodriguez

In this talk, we establish sufficient conditions for
the existence of solutions to the nonlinear differen-
tial equation

(p(1)2' (1)) + q(®)z(t) + ¢(x(t) = G(x(t))

subject to general non-local boundary conditions of
the form

az(0) + Bz’ (0) + m(z) = ¢1(x)

vr(1) + 0z'(1) + n2(x) = 2 ().

We will emphasize the relationship between the
eigenvalues of a related linear Sturm-Liouville prob-
lem and the rate of growth of nonlinearities present
in both the differential equation and boundary con-
ditions. This relationship will then motivate explo-
rations of singular Sturm-Liouville problems.

—> 00O 00—

Existence of alternate steady states in a phos-
phorous cycling model

Dagny Butler

Mississippi State University, USA
dg301@Qmsstate.edu

Sarath Sasi, Ratnasingham Shivaji

‘We analyze the positive solutions to the steady state
reaction diffusion equation with Dirichlet boundary
conditions of the form:

4

—Au=ANK—-u+c
x € 00.

U
1+u4]’ €
u =0,

Here Au = div(Vu) is the Laplacian of u, % is the
diffusion coefficient, K and c are positive constants,
and Q C RY is a smooth bounded region with 9 in
C?. This model describes the steady states of phos-
phorus cycling in stratified lakes. Also, it describes
the colonization of barren soils in drylands by veg-
etation. In this paper, we discuss the existence of
multiple positive solutions leading to the occurrence
of an S-shaped bifurcation curve. We prove our re-
sults by the method of sub-super solutions.

—> 00000

Evolution of dispersal and the ideal free dis-
tribution

Robert stephen Cantrell
University of Miami, USA
rsc@math.miami.edu

Chris Cosner, Yuan Lou

A general question in the study of the evolution of
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dispersal is what kind of dispersal strategies can con-
vey competitive advantages and thus will evolve. We
consider a two species competition model in which
the species are assumed to have the same population
dynamics but different dispersal strategies. Both
species disperse by random diffusion and advection
along certain gradients, with the same random dis-
persal rates but different advection coefficients. We
find a conditional dispersal strategy which results
in the ideal free distribution of species, and show
that it is a locally evolutionarily stable strategy. We
further show that this strategy is also a globally con-
vergent stable strategy under suitable assumptions,
and our results illustrate how the evolution of dis-
persal can lead to an ideal free distribution. The
underlying biological reason is that the species with
this particular dispersal strategy can perfectly match
the environmental resource, which leads to its fitness
being equilibrated across the habitat.

—> 0000

Existence and nonexistence of positive solu-
tions for a special class of elliptic systems

Maya Chhetri
UNC Greensboro, USA
maya@uncg.edu

We consider an elliptic system of the form

—Au—pAv = f(v) in Q
{ —Av—AAu=g(u) in Q
u=0=v on 99,

where A, u > 0 are parameters, €2 is a bounded do-
main in RY with smooth boundary 8. The non-
linearities f,g : [0,00) — R are C' functions that
are sublinear at infinity. We discuss existence and
nonexistence of positive solutions. We consider both
positone and semipositone reaction terms in our anal-
ysis.
—> 0000

Population models with diffusion, strong Allee
effect, and nonlinear boundary conditions

Jerome Goddard
Auburn University, USA
jgoddard@aum.edu

E. Lee, R. Shivaji

We discuss the steady state solutions of a diffu-
sive population model with strong Allee effect. In
particular, this study is focused on a population that
satisfies a certain nonlinear boundary condition and
on its persistence when constant yield harvesting is
introduced. We prove the existence of at least two
positive steady states of the model for certain param-
eter ranges. These existence results are established
by the method of sub-super solutions.

—> 0000

A reaction-diffusion problem with nonlocal
reaction

Georg Hetzer
Auburn University, USA
hetzege@auburn.edu

Incorporating a bio-feedback into an energy balance
climate model leads to a nonautonomous functional
reaction-diffusion problem with a set-valued reaction
term which depends on a nonlocal Volterra operator.
A global existence result for nonnegative solutions
and the existence of a trajectory attractor are dis-
cussed.
— 000 00 —

An existence result for an infinite semiposi-
tone problem

Lakshmi Kalappattil

Mississippi State University, USA
lk154@msstate.edu

Jerome Goddard, Eun Kyoung Lee, R. Shivaji

We consider the singular boundary value problem:

au—bu? —¢
—Ay=———

uOt

x e
on 012,

()

u =0,

where A is the Laplacian operator, 2 is a smooth
bounded domain in R™ and a, b, ¢, a are positive con-
stants where a is in (0,1). Let A; be the first
eigenvalue of —A with Dirichlet boundary conditions.
When a > A1, we prove there exists a ¢*(a,b, o, Q)
such that if ¢ < ¢*, the problem has a positive solu-
tion. We prove the existence result by the method
of sub-super solutions. We also extend our results to
the case when €2 is an exterior domain.

—> 00000

Analysis of class of elliptic equations with
nonlinear boundary condtions arising in com-
bustion theory

Eunkyung Ko

Mississippi State University, USA
ek94@msstate.edu

Peter Gordon, R. Shivaji

We study positive solutions to the boundary value
problem

{ —Au = Af(u),
n-Vu+ C(u)u =0,

r € Q,
x € 0942,

where C' : [0,00) — (0,00) is a C' non decreasing
function, A > 0, is a bounded domain in RY, N > 1
and f :[0,00) — (0,00) is a C' non decreasing func-

tion such that lim,_, .o w = 0. We establish the
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existence of a positive solution for all A > 0, and dis-
cuss the existence of multiple positive solutions and
uniqueness results for certain ranges of A when f sat-
isfies certain additional assumptions. A simple model
that satisfies all our hypotheses is f(u) = exp[ 2]
for a« > 1. We prove our existence and multiplicity
results by the method of sub-supersolutions, and our
uniqueness result by establishing apriori estimates.

—> 0000

Existence of the second positive solution for
a p-Laplacian problem

Eun Kyoung Lee
Pusan National University, Korea
eunkyoungl65@gmail.com

We investigate the existence, nonexistence, and
multiplicity of positive radial solutions for the p-
Laplacian problem with boundary parameters. For
proofs, we mainly use a combination of a fixed point
theorem, the method of upper and lower solutions
in the frame of the ordinary differential equations
(ODE) technique. This is a joint work with Chan-
Gyun Kim and Yong-Hoon Lee.

—> 00000

A balanced finite element method for singu-
larly perturbed reaction-diffusion problems

Runchang Lin

Texas A&M International University, USA
rlin@tamiu.edu

Martin Stynes

Consider the singularly perturbed linear reaction-
diffusion problem —e?Au+bu=fin QC R v =0
on 0f), where d > 1, the domain 2 is bounded with
(when d > 2) Lipschitz-continuous boundary 052,
and the parameter ¢ satisfies 0 < ¢ < 1. It is ar-
gued that for this type of problem, the standard
energy norm v — [e2|v]? + ||v]|3]*/? is too weak a
norm to measure adequately the errors in solutions
computed by finite element methods: the multiplier
¢? gives an unbalanced norm whose different compo-
nents have different orders of magnitude. A balanced
and stronger norm is introduced, then for d > 2 a
mixed finite element method is constructed whose
solution is quasi-optimal in this new norm. By a du-
ality argument it is shown that this solution attains
a higher order of convergence in the Ly norm. Error
bounds derived from these analyses are presented for
the cases d = 2,3. For a problem posed on the unit
square in R?, an error bound that is uniform in e
is proved when the new method is implemented on
a Shishkin mesh. Numerical results are presented
to show the superiority of the new method over the
standard mixed finite element method on the same
mesh for this singularly perturbed problem.

—> 0000

Strong bounded solutions for nonlinear

parabolic equations

Nsoki Mavinga
Swarthmore College, USA
mavinga@swarthmore.edu
M. Nkashama

We are concerned with the existence of bounded so-
lutions existing for all times for nonlinear parabolic
equations with nonlinear boundary conditions on a
domain that is bounded in space and unbounded
in time (the entire real line). We establish a priori
estimates for solutions to linear boundary value prob-
lems, and derive a weak maximum principle which
is valid on the entire real line in time. We then use
comparison techniques, a priori estimates, and non-
linear approximation methods to prove the existence
and, in some instances, positivity and uniqueness of
bounded solutions existing for all times.

—> 00000

A study of delayed cooperation diffusion sys-
tem with Dirichlet boundary conditions

Abdur Raheem

indian Institute of Technology, Kanpur, India
araheem@iitk.ac.in

Dhirendra Bahuguna

In this paper we study the existence and uniqueness
of strong solution of a delayed cooperation diffusion
system with Dirichlet boundary conditions using the
method of semi discretization in time.

—> 00000

Asymptotic behavior of the solutions of the
BVP governing Marangoni convection

Susmita Sadhu

Southwest Minnesota State University, USA
susmita.sadhu@smsu.edu

J. Paullet

The boundary value problem (BVP) governing the
Marangoni convection over a flat surface is given by

f///: 2k;1f/2— k_§2ff//
f(o):07 f”(o) :717 fl(oo) :07

where £ > —1 is the temperature gradient expo-
nent. It has been proved by J. Paullet that for each
k € (-1,—1/2), the BVP admits a continuum of so-
lutions. In this talk, we will consider the asymp-
totics of these solutions. We will prove that for each
k € (—1,—1/2), there exists a solution fo of the BVP
that satisfies
3(k+1)

O / fols) ds)
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as 1 — oo for some ny > 0 sufficiently large, and
a constant co > 0 that depends only on k£ and 7no.
We conjecture that the BVP has exactly one solution
that obeys the above asymptotics, i.e. its derivative
decays to zero exponentially, while the derivatives of
the other solutions decay to zero algebraically.

—> 0000

Alternate stable states in ecological systems

Sarath Sasi
Mississippi State University, USA
ss885@msstate.edu

We consider the existence of multiple positive solu-
tions to the steady state reaction diffusion equation
with Dirichlet boundary conditions of the form:

u? u?
CAu=Au— L Q
u=Au %6 Cl+u2]’ x € Q,
u=0, =z

Here Au = div (Vu) is the Laplacian of w, % is the
diffusion coefficient, K and c¢ are positive constants
and @ C RY is a smooth bounded region with 99
in C?. This model describes the steady states of
a logistic growth model with grazing in a spatially
homogeneous ecosystem. It also describes the dy-
namics of the fish population with natural preda-
tion. In this talk we discuss the existence of multiple
positive solutions leading to the occurrence of an S-
shaped bifurcation curve. We also introduce a con-
stant yield harvesting term to this model and discuss
the existence of positive solutions including the oc-
currence of a »-shaped bifurcation curve in the case
of a one-dimensional model. We prove our results by
the method of sub-super solutions and quadrature
method.
— 00 0 00 —

On radial solutions of polyharmonic equations
with power nonlinearities

Paul Schmidt

Auburn University, USA
pgs@auburn.edu
Monica Lazzo

A vast amount of literature on second-order semi-
linear elliptic equations with power-like nonlineari-
ties is concerned with the existence, uniqueness or
multiplicity, and qualitative behavior of solutions to
various types of boundary-value problems. Lacking
a maximum principle, higher-order analogues of such
problems require entirely new methods, even if ex-
pected results are similar to what is known in the
second-order case. As a first step towards a better
understanding of the higher-order case, we have been
using dynamical-systems methods to study radially
symmetric solutions of polyharmonic equations with

pure power nonlinearities. We give a survey of our
results and their implications.

—> 0O 00—

Spatiotemporal mutualistic model of mistle-
toes and birds

Junping Shi

College of William and Mary, USA

jxshix@wm.edu

Chuncheng Wang, Rongsong Liu, Carlos Mar-
tinez del Rio

A mathematical model which incorporates the spa-
tial dispersal and interaction dynamics of mistletoes
and birds is derived and studied to gain insights of
the spatial heterogeneity in abundance of mistletoes.
Fickian diffusion and chemotaxis are used to model
the random movement of birds and the aggregation of
birds due to the attraction of mistletoes respectively.
The spread of mistletoes by birds is expressed by
a convolution integral with a dispersal kernel. Two
different types of kernel functions are used to study
the model, one is Dirac delta function which reflects
one extreme case that the spread behavior is local,
and the other one is a general non-negative sym-
metric function which describes the nonlocal spread
of mistletoes. When the kernel function is taken as
the Dirac delta function, the threshold condition for
the existence of mistletoes is given and explored in
term of parameters. For the general non-negative
symmetric kernel case, we prove the existence and
stability of non-constant equilibrium solutions. Nu-
merical simulations are conducted by taking specific
forms of kernel functions. Our study shows that the
spatial heterogeneous patterns of the mistletoes are
related to the specific dispersal pattern of the birds
which carry mistletoe seeds.

—> 00000

Infinite semipositone problems with asymp-
totically linear growth forcing terms

Ratnasingham Shivaji

University of North Carolina at Greensboro, USA
shivajiQuncg.edu

Hai Dang, Lakxhmi Shankar

We study positive solutions to the singular prob-
lem

—Au=Af(u) — uia in Q,
u=0 on 09,

where ) is a positive parameter, €2 is a bounded do-
main in R",n > 1 with smooth boundary 92, 0

—> 00000
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Existence of solutions for degenerate elliptic
p(z)-Laplacian

Inbo Sim

University of Ulsan, Korea
ibsim@ulsan.ac.kr
Yun-Ho Kim

We study the following nonlinear problem
—div(w ()| Vu/P™2Vu) = Af(z,u) in Q

which is subject to Dirichlet boundary condition.
Under suitable conditions on w and f, employing the
variational method, we show the existence of solu-
tions for the above problem in the weighted variable
exponent Lebesgue-Sobolev spaces. Also we show the
positivity of the infimum eigenvalue for the problem.
This is a joint work with Yun-Ho Kim.

—> 0000

Dynamical behaviour of spatio-temporal
plankton population model

Shilpee Srivastava
Indian Institute of Technology Delhi, India
shilpee2007@rediffmail.com

We investigate the dynamical behaviour of three
dimensional plankton population model using ana-
Iytical and numerical techniques, modified by the
addition of diffusive terms to represent the effect of
random motion. A comparative study of local stabil-
ity in the presence and absence of diffusion has been
performed.
— 00 0 00 —
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Special Session 17: Singular Perturbations

Freddy Dumortier, Hasselt University, Belgium
Peter De Maesschalck, Hasselt University, Belgium
Martin Wechselberger, University of Sydney, Australia

The aim of this special session is to get informed about recent results on singular perturbations, both from
a pure, applied and numerical point of view. Besides scheduling talks from established mathematicians, we
will give opportunity to junior researchers to present their work. Topics include (non-exhaustive): (geo-
metric) singular perturbation theory, mixed-mode oscillations, canards, singularly perturbed PDE, delay in

bifurcations.

Delayed Hopf bifurcation with a focus node
transition

Eric Benoit
Université de La Rochelle, France
ebenoitQuniv-Ir.fr

The delayed Hopf bifurcation is studied by Neish-
tadt and Callot with the relief (real part of the
integral of an eigenvalue in the complex domain). A
new lemma, using fine majorations on complex paths
allows to improve the classical result. This lemma
solves the problem of delayed Hopf bifurcation when
a focus-node transition is present. With this result,
we can have a new point of view on some mixed
mode oscillations.

—> 00000

Blow-up of vector fields and Painleve equa-
tions

Hayato Chiba
Kyushu university, Japan
chiba@imi.kyushu-u.ac.jp

Painleve property is one of the most fundamental
concept in the study of ODEs in the complex plane.
In this talk, it is shown that Painleve equations are
obtained from blow-up of singularities in slow-fast
systems. Many properties of the Painleve transcen-
dents are given by means of the dynamical systems
theory.
— 000 00 —

Slow-fast cycles with singular contact points

Peter De Maesschalck
Hasselt University, Belgium
peter.demaesschalck@uhasselt.be

We consider slow-fast cycles on an orientable two-
dimensional manifold, consisting of an arbitrary (fi-
nite) number of slow and fast branches, but where
the contact points of the slow branches are either
of jump type or of singular type. Depending on the
order of the singularity of the contact points, and
depending on a so-called slow divergence integral
computed along the slow-fast cycle, we deal with

the unicity of nearby periodic orbits. This talk is a
continuation of the talk of Freddy Dumortier, and
is based on recent results obtained in collaboration
with Freddy Dumortier and Robert Roussarie.

—> 00000

Numerical continuation techniques for planar
slow-fast systems

Mathieu Desroches

INRIA Paris-Rocquencourt, France
mathieu.desroches@inria.fr

Peter De Maesschalck

Continuation techniques have been known to suc-
cessfully describe bifurcation diagrams appearing in
slow-fast systems with more than one slow variable.
In this talk we will investigate the usefulness of nu-
merical continuation techniques dealing with both
open and solved problems in the study of planar sin-
gular perturbations. More precisely, we first verify
known theoretical results (thereby showing the re-
liability of the numerical tools) on the appearance
of multiple limit cycles of relaxation-oscillation type
and on the existence of multiple critical periods in
well-chosen annuli of slow-fast periodic orbits in the
plane. We then apply the technique to study a notion
of maximal canard, in the sense of maximal period.

—> 00000

Relaxation oscillations near common slow-fast
cycles

Freddy Dumortier
Hasselt University, Belgium
freddy.dumortier@uhasselt.be

The talk deals with slow-fast cycles on orientable
two-dimensional surfaces. The slow-fast cycles are
common, in the sense that the slow curves are all
attracting or all repelling. The contact points have a
finite order, which can be arbitrary. Results are pre-
sented about the existence and unicity of relaxation
oscillations near such slow-fast cycles. Attention is
given to the proofs of the results. The talk is based
on a recent paper by P.De Maesschalck, F.Dumortier
and R. Roussarie.

—> 0000
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Gasless combustion fronts with heat loss

Anna Ghazaryan

Miami University, USA
ghazarar@muohio.edu

Stephen Schecter, Peter Simon

We consider a model of gasless combustion with
heat loss, with the heat loss from the system to the
environment modeled according to Newton’s law of
cooling. For the regime when the system contains
two small parameters, a diffusion coefficient for the
fuel and a heat loss parameter, we use geometric
singular perturbation theory to show existence of
traveling combustion fronts. We also study their
spectral and nonlinear stability.

—> 0000

Using geometric singular perturbation tech-
niques to analyse models of intracellular cal-
cium dynamics

Emily Harvey

Montana State University, USA
emily.harvey@coe.montana.edu

Vivien Kirk, James Sneyd, Martin Wechsel-
berger

Oscillations in free intracellular calcium concentra-
tion are known to act as signals in almost all cell
types, controlling a huge range of cellular processes
including muscle contraction, cellular secretion and
neuronal firing. Due to the almost universal nature
of calcium oscillations, understanding the mecha-
nisms underlying them is of great physiological im-
portance. A key feature of intracellular calcium
dynamics is that some physiological processes oc-
cur much faster than others. This leads to models
with variables evolving on very different time scales.
This separation in time scales suggests that geomet-
ric singular perturbation techniques (GSPT) may be
useful in explaining the observed dynamics, includ-
ing mixed-mode oscillations. In this talk the results
from analysing a range of representative models of
intracellular calcium dynamics using GSPT will be
presented. We will describe the important steps and
parameters in the analysis and demonstrate the use-
fulness of these techniques and their limitations in
this context.
— 00 © 00 —

Limit cycles in slow-fast codimension 3 saddle
and elliptic bifurcations

Renato Huzak

Hasselt University, Belgium
renato.huzak@uhasselt.be

Peter De Maesschalck, Freddy Dumortier

In this talk we present singular perturbation prob-

lems occuring in planar slow-fast systems

T=y
y=—xy+ e(bo + bix
+box? £ 2% + 2t + 25 H(z, /\)) + 2 G(z,y, )

where G and H are smooth, ¢ > 0 is the singular
parameter that is kept small, (bo, b1, b2) are regular
perturbation parameters close to 0 and A\ € A, with
A a compact subset of some euclidian space.

We investigate the number of limit cycles that
can appear near the origin (z,y) = (0,0). When the
sign in front of z® is positive, we deal with slow-fast
saddle bifurcation. If the sign in front of z* is neg-
ative, the slow-fast systems under consideration are
referred to as slow-fast elliptic bifurcations. In the
saddle case we encounter canard-type relaxation os-
cillations of small amplitude. Hence the limit cycles
in the saddle case are confined to small neighbour-
hood of the origin in the phase space and their size
tends to 0 for (bo,b1,b2) — (0,0,0). The slow-fast
elliptic bifurcations allow detectable limit cycles to
be present.

Using geometric singular perturbation theory, in-
cluding blow-up, both saddle end elliptic case can
be restricted to the well known jump case, slow-fast
Hopf bifurcations and slow-fast Bogdanov-Takens bi-
furcations. The most difficult problem to deal with
concerns an upper bound on the number of limit cy-
cles that appears in slow-fast Hopf case.

—> 00000

Reinjected horseshoes

Vincent Naudot

Florida Atlantic University, USA
vnaudot@fau.edu

William D.Kalies, Markus Fontaine

Horseshoes play a central role in dynamical system
and are observed in many chaotic systems. These
are invariant sets for both the forward and the back-
ward iterations of the map that defines the dynamics.
However most all the points outside this set escape
from a neighborhood of the Horseshoe after finite
iterations. In this work we construct a system that
possesses a Horseshoe together with a nearby non-
trivial attractor, i.e., this latter is transitive, stable
and possesses a positive Lyapunov exponent. This
system is obtained after reinjecting the Horseshoe
thanks to the unfolding of a degenerate double ho-
moclinic orbit.

—> 00000

’



80 9t ATMS CONFERENCE — ABSTRACTS

Interval mappings for slow-fast models of neu-
rons

Andrey Shilnikov

GSU, USA

ashilnikov@gsu.edu

Jeremy Wojcik, Alex Neiman

We present a thorough bifurcation analysis of trans-
formations of bursting activity in slow-fast models
of neurons through the computer-assisted reduction
to one and two-dimensional Poincare mappings of
an voltage interval. We were able to examine in
detail typical bifurcations that underlie the complex
activity transitions between: tonic spiking and burst-
ing, bursting and mixed-mode oscillations, including
torus breakdown in generic slow-fast models.

—> 0000

Global attractors for damped semilinear wave
equations with a Robin—acoustic boundary
perturbation

Joseph Shomberg
Providence College, USA
jshomber@providence.edu
Sergio Frigeri

Under consideration is the damped semilinear wave
equation

Ut +ur — Au+u+ f(u) =0

on a bounded domain © in R® with a perturbation
parameter £ > 0 occurring in an acoustic boundary
condition, limiting (¢ = 0) to a Robin boundary con-
dition. With minimal assumptions on the nonlinear
term f, the existence and uniqueness of global weak
solutions is shown. Also, the existence of a family
of global attractors is shown to exist. After proving
a general result concerning the robustness of a one-
parameter family of sets, the result is applied to the
family of global attractors. Because of the compli-
cated boundary conditions for the perturbed prob-
lem, fractional powers of the Laplacian are not well-
defined; moreover, because of the restrictive growth
assumptions on f, the family of global attractors is
obtained from the asymptotic compactness method
developed by J. Ball for generalized semiflows.

—> 00000

Mixed-mode oscillations in a multiple time
scale phantom bursting system

Alexandre Vidal

University of Evry, France
alexandre.vidal@univ-evry.fr
Martin Krupa, Mathieu
Frédérique Clément

Desroches,

During the past 20 years, studies have focused on
the lowest dimension dynamics (two slow and one
fast variables) that may display Mixed-Mode Oscil-
lations (MMOs). However, the complex transition
that adds a small oscillations to a periodic MMO
orbit as a parameter varies has never been studied
in detail since, in this context, one expects chaos to
be the main underlying mechanism. I will present
a new kind of MMOs in the case of a four dimen-
sional system with three different time scales. I will
show, using geometric singular perturbation theory,
that the system admits a limit cycle generating these
MMOs even during the canard-induced transition
that adds a small oscillation.

—> 0000
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Special Session 18: Qualitative Theory of Evolutionary Equation and its
Application

Xiaojie Hou, UNCW, USA
Yi Li, Wright State University and Xi’an Jiaotong University, USA
Wei-Ming Ni,ECNU and University of Minnesota, China
YuanWei Qi, UCF, USA
Yaping Wu, Capital Normal University, Peoples Rep of China

The geometric theory of the semilinear parabolic equations has seen a rapid progress and new applications
in recent years, in which the study of steady states and traveling wave solutions as well as pattern formation
has achieved fruitful results. The purpose of this special section is to provide experts a platform to exchange
ideas on new trends and developments as well as new applications of solutions (steady state and traveling
wave solutions) of evolutionary equations; to enhance interactions/collaborations, and to provide graduate
students and junior researchers opportunities to learn the frontier work in these directions and interact
with experts. In particular, the following subareas are included: existence and multiplicity of solutions of
semilinear elliptic problems; existence and stability of special solutions (steady-state, traveling solutions, etc)
of reaction-diffusion (dispersion) problems; applications to geometry, physics, and biology, medical sciences.

Limiting behavior dynamics of a two-
predator one-prey population system with
a Beddington-DeAngelis functional response

Lorna Almocera

University of the Philippines, Cebu, Philippines
Isalmocera@yahoo.com

Alexis Erich S. Almocera, Polly W. Sy

We consider a population system of two competing
predator species that exploit their consumption of a
single renewable prey. In the system, Beddington-
DeAngelis functional responses model each predator-
prey interaction. We investigate on how the pa-
rameters can determine the limiting behavior of any
solution in the given system. We solve differential in-
equalities to obtain parametric conditions that suffice
for a given predator species to independently become
extinct, hence being an “inadequate” competitor. We
also show that competitive exclusion holds whenever
the losing competitor is inadequate. Given that at
least one competitor becomes extinct, we analyze
subsystems and utilize the fluctuation lemma with
Barbalat’s Lemma, to calculate the limiting values
of the solution. In case neither competitor is inade-
quate, we establish conditions where all three species
survive. Specifically, by solving differential inequali-
ties, we find that a competitor can survive at a very
low density. In addition, we use a Lyapunov function
to establish coexistence through a global stability of
the unique interior equilibrium point.

—> 00000 —

Flat stationary solutions of the Vlasov-Poisson
system (flat galaxies)

Jurgen Batt
Munich University, Germany
batt@mathematik.uni-muenchen.de

The “flat” Vlasov-Poisson system of partial differ-
ential equations describes the evolution of an ag-
gregation of mass particles under their mutual at-
traction in the plane under the preservation of the
1/r singularity of the Newtonian potential of the
three-dimensional case. The study of existence of
flat stationary solutions leads to a nonlinear singu-
lar integral equation of convolution type on all over
R>. We present a new direct approach to the ex-
istence of its solutions beyond results of G. Rein,
Comm.Math.Phys. 1999 (joint work with E.J6rn
and Yi Li).

—> 00000

Traveling waves for nonlocal evolution sys-
tems

Fengxin Chen

University of Texas at San Antonio, USA
Fengxin.Chen@utsa.edu

P. W. Bates

The existence, uniqueness and stability of travel-
ing wave solutions for nonlocal evolution equations
with bistable nonlinearity are discussed. The spec-
trum of the operator obtained by linearizing about a
monotone traveling wave is also studied.

—> 00000
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Traveling waves in high Lewis number com-
bustion model

Anna Ghazaryan

Miami University, USA
ghazarar@muohio.edu

Stephen Schecter, Yuri Latushkin,
Humpherys, Joshua Lyttle

Jeffrey

High Lewis number combustion model is a model
that is used to describe propagation of fronts in the
process of burning of high density liquid fuels. Both
existence and stability of such fronts are important
issues in applications and, at the same time, are chal-
lenging mathematical problems. I will talk about the
existence of fronts and show that, depending on the
value of the exothermicity parameter, these fronts
can be either convectively or absolutely unstable.

—> 00000

Traveling fronts for a nonlocal reaction diffu-
sion system

Xiaojie Hou
UNCW, USA
houx@uncw.edu
Yi Li

We study the long term effect of competitions be-
tween two species with nonlocal diffusion, and the
competition is of a strong type. Using a new mono-
tone iteration scheme we derive the existence of the
front solutions. The uniqueness of the front so-
lution corresponding to each propagation speed is
proved by sliding domain method. We also derive
the asymptotics of the fronts with critical and non-
critical wave speeds. The asymptotic stability of the
fronts are shown by a new method of spectral analy-
sis in weighted Banach spaces. The results illustrate
that under certain conditions the weaker competitor
will die and the stronger one will survive in the long
run, and a small change of the initial environment
will not change the outcome of the competition.

—> 00000

Multiple solutions to an elliptic problem re-
lated to vortex pairs

Yi Li

Wright State University and Xi’an Jiaotong Univer-
sity, USA

yi.li@wright.edu

Shuangjie Peng

Let Q be a bounded domain in RY (N > 2), ¢ is
a harmonic function in €. In this paper we study
the existence of solutions to the following problem
arising in the study of vortex pairs

{ —Au=Au— w)ﬁ__l,

u =0,

x €,

() € 00,

The set Q, = {z € Q, u(z) > ¢} is called “vortex
core”. Existence of solutions whose “vortex core”
consisting of one component and asymptotic behav-
ior of “vortex core” were studied by many authors
for large A recently. Under the condition that ¢ has
k strictly local minimum points on the boundary 952,
we obtain in this paper that for A large enough, (P»)
has a solution with “vortex core” consisting of k com-
ponents by a constructive way.

—> 00000

Traveling waves of thermal diffusivity system-
existence and stability

Yuanwei Qi

UCF, USA
Yuanwei.QiQucf.edu

Xinfu Chen, Guirong Liu

In this talk, I shall discuss some of the recent re-
sults on existence and stability of Traveling Waves
to Thermal Diffusivity System with non-KPP type
of nonlinearity. In particular, we show how to get
sharp estimates on the minimum speed by using a
novel approach.

—> 00000

Spreading speed, traveling waves and linear
determinacy for STDs models

Joaquin Rivera

Colgate University, USA
jriveracruz@colgate.edu

Fernando Carreon, Carlos Castillo-Chavez

In the talk, I will discuss a Susceptible-Infected-
Susceptible (SIS) model for the spatial-spread of sex-
ually transmitted diseases (STD), in spatially mobile
heterosexually active populations. First, we will con-
sider a single strain SIS reaction-diffusion model with
density dependent recruitment rates. Then, we will
reformulate the model to include multiple competing
strains of the same pathogen. I will demonstrate the
existence of a minimal speed at which the disease
spreads to a non-infected region in the form of a
traveling wave. Finally, I will discuss a single-strain
model with multiple stages of infections.

—> 00000
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A Graph-Theoretic Approach to Global Sta-
bility Problems in Some Discrete Diffusion
Models

Zhisheng Shuai

University of Victoria, Canada
zshuai@uvic.ca

Michael Y. Li

Spatially discrete diffusion models can be regarded as
coupled systems on networks. A new graph-theoretic
approach is developed to guide the constructions of
Lyapunov functions for coupled systems on networks,
and can be applied to investigate global stability
problems for some discrete diffusion models, such as
a single-species diffusion model and a predator-prey
model with prey movement.

—> 00000 —

Turing instability in a three species food chain
model

Zhifu Xie
Virginia State University, USA
zxie@vsu.edu

In this paper, we study a strongly coupled reaction-
diffusion system describing three interacting species
in a food chain model, where the third species preys
on the second one and simultaneously the second
species preys on the first one. We first show that
the unique positive equilibrium solution is globally
asymptotically stable for the corresponding ODE
system. The positive equilibrium solution remains
linearly stable for the reaction diffusion system with-
out cross diffusion, hence it does not belong to
the classical Turing instability scheme. We fur-
ther proved that the positive equilibrium solution
is globally asymptotically stable for the reaction dif-
fusion system without cross diffusion by constructing
a Lyapunov function. But it becomes linearly un-
stable only when cross-diffusion also plays a role in
the reaction-diffusion system, hence the instability
is driven solely from the effect of cross diffusion.
Our results also exhibit some interesting combining
effects of cross-diffusion, intra-species competitions
and inter-species interactions.

—> 00000 —

Some estimates of solutions to a quasilinear
elliptic Dirichlet problem with large diffusion

Chunshan Zhao
Georgia Southern University, USA
czhao@georgiasouthern.edu

In this talk, some estimates of solutions to a quasi-
linear elliptic Dirichlet problem with large diffusion
will be presented and it will be shown that the L-
infinity norm has an algebraic growth as the diffusion
coeffient increases, which is quitely different from the
corresponding Neumann case.

—> 00000 —

Non pattern formation in a chemo-repulsion
problem

Kun Zhao
University of Iowa, USA
kun-zhao@uiowa.edu

In contrast to diffusion (random diffusion without
orientation), chemotaxis is the biased movement of
cells/particles toward the region that contains higher
concentration of beneficial or lower concentration of
unfavorable chemicals. The former often refers to
the attractive chemotaxis and latter to the repul-
sive chemotaxis. Chemotaxis has been advocated
as a leading mechanism to account for the morpho-
genesis and self-organization of a variety of biologi-
cal coherent structures such as aggregates, fruiting
bodies, clusters, spirals, spots, rings, labyrinthine
patterns and stripes, which have been observed in
experiments. In this talk, I will present some recent
development on the rigorous analysis of a partial
differential equation model arising from repulsive
chemotaxis which is a system of conservation laws
consisting of nonlinear and coupled parabolic and
hyperbolic type PDEs. In particular, global well-
posedness, large-time asymptotic behavior of clas-
sical solutions to such model are obtained which
indicate that chemorepulsion problem of this type
exhibits strong tendency against pattern formation.
The results are consistent with general results for
classical repulsive chemotaxis models.

—> 00000

Time periodic traveling wave solutions for pe-
riodic advection-reaction-diffusion systems

Guangyu Zhao

University of Connecticut, USA
gzhao@math.miami.edu
Shigui Ruan

In this presentation, we will talk about time peri-
odic traveling wave solutions to a class of periodic
advection-reaction-diffusion systems. Among the ba-
sic questions, we shall concentrate on the existence
of time periodic waves, the determination of critical
wave speed, and the stability of traveling waves. Un-
der certain conditions, we show that there exists a
maximal wave speed ¢ such that for each wave speed
¢ < ¢*, there is a time periodic traveling wave con-
necting two periodic solutions of the corresponding
kinetic system. It is shown that such a traveling wave
is unique modulo translation and is monotone with
respect to its co-moving frame coordinate. We also
show that the traveling wave solutions with wave
speed ¢ < ¢ are asymptotically stable in certain
sense.
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Special Session 19: Waves and Convection

Sam Stechmann, University of Wisconsin-Madison, USA
Leslie Smith, University of Wisconsin-Madison, USA

This special session is focused on waves, convection, and their intertwined dynamics. Mathematical as-
pects include interesting new PDEs, multiscale asymptotics, numerical modeling, and data mining, among
other topics. Applications include rotating and stratified fluid dynamics, atmospheric and oceanic science,

turbulence, and biology, to name a few.

Multi-modal dynamics in parallel and wave-
induced stratified shear layers

Roberto Camassa
UNC, USA
camassa@amath.unc.edu
Claudio Viotti

In this talk we discuss the evolution of perturba-
tions containing multiple non-normal eigenmodes in
stratified shear flows. We perform detailed analysis
of the Taylor—-Goldstein equation, the stability oper-
ator in parallel stratified shear flows, and we present
numerical observations of multi-modal dynamics aris-
ing in both parallel and non-parallel wave-induced
shear layers. We show how the Taylor—Goldstein
spectrum can be used to explain subtle aspects of
perturbations evolution that affect the instability of
internal waves beside other mechanisms, like Kelvin—
Helmholtz instability, that so far have received most
of the attention in such context.

—> 00000

Modulation of shallow water equatorial waves
due to a varying equivalent height background

Juliana Dias

PSD - ESRL/NOAA, USA
juliana.dias@noaa.gov

P. L. Silva Dias, G. N. Kiladis

The dynamics of equatorial convectively coupled
Kelvin waves (CCKWs) is analyzed in an idealized
model for the large-scale equatorial circulation. The
model is composed of a linear rotating shallow wa-
ter system with a variable equivalent depth, which
is assumed to vary in space and time. This model
is based on the hypothesis that moist convection
acts to reduce the equivalent depth of a shallow wa-
ter system. Here, asymptotic solutions are derived
in the case of a small perturbation around a con-
stant equivalent depth. The first order solutions
correspond to the free normal modes of the shal-
low water system. The second order flow satisfies
a forced shallow water system, where the forcing
(representing the convection) is proportional to the
divergence of the first order flow solution. We first
demonstrate how solutions vary depending on the
space-time behavior of the equivalent depth pertur-
bation. In particular, propagating solutions exist in
both limits where the equivalent depth oscillates fast

or slow in comparison to the first order wave scale.
However, the second order wave amplitude decays as
the period of the variable coefficient decreases. This
result implies that the overall flow is less affected by
high frequency equivalent depth oscillations. This
analytical framework is applied to the study of a
synoptic scale ( 1000 km) Kelvin wave propagating
through a background where the equivalent depth
oscillates at planetary scales ( 10000 km). The mod-
eled flow share some remarkable similarities with
observed CCKWs. First, as in observed CCKWs,
the modeled wave develops a weak secondary merid-
ional circulation. Second, not surprisingly, the phase
speed and meridional trapping scale are modulated
by changes in the equivalent depth. This modula-
tion is consistent with the fact that CCKWs tend to
propagate more slowly when they are embedded in
a larger scale convective envelope such as the Mad-
den Julian Oscillation. Based on space-time spectral
analysis of tropical convection data, CCKWs prop-
agate at speeds between 7-25 m/s. While highly
idealized, the model used here provides a mechanism
for both the variability in the observed phase speed
of CCKWs, and for changes in the longitude-latitude
structure of the observed waves in comparison to the
dry modes.
— 0000

Capturing intermittent and low-frequency
variability in high-dimensional data through
nonlinear Laplacian spectral analysis

Dimitrios Giannakis
New York University, USA
dimitris@cims.nyu.edu
Andrew J. Majda

Nonlinear Laplacian spectral analysis (NLSA) is a re-
cently developed technique for spatiotemporal anal-
ysis of high-dimensional data, which represents tem-
poral patterns via natural orthonormal basis func-
tions on the nonlinear data manifold. Through the
use of such basis functions, determined efficiently via
graph-theoretic algorithms, NLSA captures intermit-
tency, rare events, and other nonlinear dynamical fea-
tures which are not accessible via linear approaches
[e.g., singular spectrum analysis (SSA)]. Here, we
apply NLSA in a comparative study of North Pacific
SST data from extended control integrations of the
CCSM3 and ECHAMS5/MPI-OM models. Without
performing spatial coarse graining (i.e., operating
in ambient space dimensions up to 1.6 x 10° after
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lagged embedding), or seasonal cycle subtraction, the
method reveals families of periodic, low-frequency,
and intermittent spatiotemporal modes. The in-
termittent modes, which describe variability in the
Western and Eastern boundary currents, as well as
variability in the subtropical gyre with year-to-year
reemergence, are not captured by SSA, yet are likely
to have high significance in a predictive context and
utility in cross-model comparisons.

—> 0000 —

A model of convective Taylor columns in ro-
tating Rayleigh-Benard convection

Tan Grooms

New York University, USA
grooms@cims.nyu.edu

Keith Julien, Jeffrey B. Weiss,
Knobloch, Antonio M. Rubio

Edgar

Equations derived by asymptotic reduction of the ro-
tating Navier-Stokes equations in the limit of strong
rotation, weak stratification, and tall aspect ratio
are presented, their relation to the hydrostatic equa-
tions and quasigeostrophic equations is explored,
and a new multiscale interpretation of the Taylor-
Proudman theorem is given. The discussion is then
specialized to the problem of rotating Rayleigh-
Bénard convection, and the results of numerical
simulations in this setting are briefly summarized.
In certain parameter regimes the simulations exhibit
localized vortical structures termed ‘convective Tay-
lor columns’; similar structures are also observed in
laboratory experiments and in direct simulations of
the unreduced Navier-Stokes equations. The ubiqg-
uity and dominance of the net heat transport by
these structures motivates the derivation of a non-
linear, non-separable model which is an approximate
solution of the reduced equations. The model spec-
ifies the horizontal structure in terms of the real
part of a complex Hankel function, also known as a
Bessel function of the third kind, while the vertical
structure is specified by the numerical solution of a
two-point boundary value problem.

—> 00000

Minimal models for precipitating organized
convection

Gerardo Hernandez-Duenas

University of Wisconsin, USA
hernande@math.wisc.edu

Andrew J. Majda, Leslie M. Smith, Samuel
N. Stechmann

Simulations of precipitating convection are usually
carried out with cloud resolving models, which typ-
ically represent all the different phases of water:
water vapor, cloud water, rain water and ice. Here

we investigate the question: what is the minimal
possible representation of water processes that is suf-
ficient for these models? The simplified models that
we present assume fast auto conversion and neglect
ice. To test the simplified models, we present simu-
lations of squall lines and scattered convection and
show that they qualitatively capture observations
made in nature and also seen in more comprehensive
cloud resolving models, such as propagation of squall
lines with tilted profiles, cold pools, and scattered
convection.
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Low rossby number heat transport in rotating
Rayleigh-Benard convection

Keith Julien

University of Colorado at Boulder, USA
keith.julien@colorado.edu

Antonio Rubio, Ian Grooms,
Edgar Knobloch

Geoff Vasil,

Recent laboratory experiments of turbulent rotat-
ing Rayleigh-Benard convection, performed entirely
within the regime of strong rotational constraint,
have revealed a sharp transition in the scaling of
the heat transport as a function of the thermal
forcing. This is embodied by the nondimensional
Nusselt-Rayleigh scaling law, Nu o« Ra®, where a
steep scaling regime (o > 1) gives way to a com-
paratively shallower regime (o < 1/2) typical of
non-rotating turbulent convection. A crossover be-
tween the thermal and viscous boundary layers has
been proposed as the root-cause of this remarkable
result, yet a similar transition is found in the pres-
ence of stress-free boundary conditions where viscous
layer boundary layers are absent. Unfortunately, the
dynamics within the thermal boundary layer remain
poorly understood due to resolution challenges at
low Rossby number. Utilizing numerical simulations
of the asymptotically exact nonhydrostatic balanced
geostrophic equations we present an alternative ex-
planation, not reliant on the form of the mechanical
boundary conditions, but based on loss of geostrophic
balance within the thermal boundary layers as a re-
sult of vigorous vortical motions. Furthermore, in
contrast to nonrotating convection, we show prior to
loss of balance that the bottleneck to heat transport
is the turbulent interior not the boundary layers.
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The vertical structure of baroclinic turbulence
in the ocean

Shane Keating

Cournat Institute of Mathematical Science, USA
skeating@cims.nyu.edu

K. Shafer Smith

Mesoscale eddies in the ocean, which are primar-
ily driven by baroclinic instability of the mean shear
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and stratification profiles, dominate the ocean ki-
netic energy and play a crucial role in the transport
of heat, salinity and biogeochemical tracers. How-
ever, no well-accepted scaling theory for baroclinic
eddies exists, in part because of the complexity of
the full nonlinear instability problem for realistic
mean states, and this remains a critical limitation
on efforts to develop mesoscale eddy parameteriza-
tions. In this study, we exploit the observation that
the potential vorticity (PV) inversion problem for a
general mean state can be decomposed into a part
forced by surface boundary conditions and a part
forced by the interior PV distribution. This allows
for a convenient categorization of the mean state
into Charney-type — in which surface-intensified
modes interact with a background meridional PV
gradient — or Phillips-type, which is unstable when
there exists an inflection point in the mean PV pro-
file. Within this framework, we examine idealized
Charney, Phillips and mixed mean states in high-
resolution quasigeostrophic simulations with the goal
of elucidating the equilibration, vertical structure,
and transport properties of the resulting baroclinic
eddies.
—> 00000 —

A multiscale framework for analysis and sim-
ulation of the stratified wind-driven ocean
surface boundary layer

Ziemowit Malecha

University of New Hampshire, USA
ziemowitzima@gmail.com
Gregory Chini, Keith Julien

A primary challenge in physical oceanography is
to understand the interaction between small-scale
turbulent convective flows in the upper ocean, par-
ticularly wind- and surface-wave-driven Langmuir
circulation (LC), and submesoscale eddies, fronts, in-
ternal waves (IWs), and their associated instabilities.
This problem is challenging because LC is strongly
non-hydrostatic, is only indirectly affected by density
stratificationand the Earth’s rotation, and has O(50)
m length scales. In contrast, submesoscale flows are
approximately hydrostatic, are strongly affected by
density stratification and Coriolis accelerations, and
have O(10) km lateral scales. In this investigation,
we use multiscale asymptotic analysis to develop
a physically consistent and computationally efficient
model of the dynamics of the ocean surface boundary
layer. Numerical experiments with this new model
reveal novel dynamical phenomena induced by the
two-way inter-scale coupling between submesoscale
IWs and fine-scale LC: the IWs modulate the phase
and intensity of the LC, while the rectified effect of
the resulting non-uniformly distributed small-scale
convective structures modifies the IW dynamics.
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Internal solitary waves in two-layer flows with
shear.

Paul Milewski

University of Bath, England
p-a.milewski@bath.ac.uk
Anakewit Boonkasame

Internal solitary waves are ubiquitous in the ocean
and atmosphere. They often coexist with a back-
ground shear and also generate shear at their crests
or troughs. Most realistic models for these waves
are ill posed, and this ill posedness is often misinter-
preted as a consequence of the shear. Often ad-hoc
filtering must then be used to stabilize the computa-
tions. We consider the weakly dispersive long wave
limit of two layer flow in the presence of background
(and also induced) shear and present a model that
is stable as long as a depth dependent Richardson
parameter is above a threshold. Comparisons of soli-
tary waves of this model with those of other models
will be made.
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Rossby waves in rotating shallow water on the
sphere

David Muraki

Simon Fraser University, Canada
muraki@sfu.ca

Kevin Mitchell

Linear waves in the tropics are well-understood by
the equatorial beta-plane theory of Matsuno (1966).
When linearized about a quiescent background flow,
the Rossby wave dispersion relation allows for waves
at all length scales near the equator. However, it is
also well known that forclimatologically-typical zonal
shear, midlatitude Rossby waves are prevented from
crossing the tropics due to the presence of critical
latitudes where the phase speed matches that of the
background wind. These seemingly contradictory
behaviors are typically found in disjoint chapters in
the textbooks on atmospheric dynamics and the con-
sistency of their coexistence is not addressed. Based
upon the Rotating Shallow Water (RSW) equations
on thesphere, we present a unified understanding of
how both phenomena fit into a consistent picture of
the atmosphere in both the tropics and midlatitudes.
This perspective also offers clarification on the RSW
wave modes of Kasahara (1980),and observations of
global Rossby waves in the recent review by Madden
(2007).

—> 00000
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Tropical cyclogenesis and vertical shear in a
moist Boussinesq model

Leslie Smith

University of Wisconsin, Madison, USA
Ismith@math.wisc.edu

Leslie Smith, Qiang Deng, Andy Majda

Tropical cyclogenesis is studied in the context of ide-
alized three-dimensional Boussinesq dynamics with
a simple model for bulk cloud physics. With low-
altitude input of water vapor, numerical simulations
capture the formation of vortical hot towers. From
measurements of water vapor, vertical velocity, ver-
tical vorticity and rain, it is demonstrated that the
structure, strength and lifetime of the hot towers
is similar to results from models including more de-
tailed cloud microphysics. Furthermore, the idealized
model captures merger of vortical hot towers into a
larger-scale, cyclonic moist vortex. The effects of
low-altitude vertical shear are investigated by vary-
ing the initial zonal velocity profile. In the presence
of weak low-level vertical shear, the hot towers retain
the low-altitude monopole vorticity structure char-
acteristic of the zero-shear case (starting from zero
velocity). For stronger vertical shear, the individual
hot towers develop a vorticity dipole rather than a
cyclonic monopole. Linear analysis helps to explain
the transition from monopole to dipole vorticity
structure as the shear increases. The dipoles are
not as conducive to merger, and thus strong enough
low-level shear prevents the vortical-hot-tower route
to cyclogenesis.
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Nonlinear dynamics and regional variations in
the MJO skeleton

Samuel Stechmann

University of Wisconsin-Madison, USA
stechmann@wisc.edu

Andrew J. Majda

The Madden-Julian Oscillation (MJO) is a prop-
agating envelope of complex multi-scale convec-
tion/storms in the tropics. With characteristic scales
of 30-60 days and 20,000 km, it significantly affects
El Nino, monsoons, and midlatitude predictability.
Despite its importance, no theory for the MJO has
yet been generally accepted, and climate models
typically have inadequate representations of it.

In this talk, a minimial, nonlinear oscillator
model is analyzed for the MJO ”skeleton,” i.e.,
its fundamental features on intraseasonal/planetary
scales: (i) slow eastward phase speed of roughly 5
m/s, (ii) peculiar dispersion relation with group ve-
locity of roughly 0, and (iii) horizontal quadrupole
vortex structure. Originally proposed in recent work
by the authors, the fundamental mechanism involves
neutrally stable interactions between (i) planetary-
scale, lower-tropospheric moisture anomalies, and (ii)

the envelope of sub-planetary-scale, convection/wave
activity. Here, the model’s nonlinear dynamics are
analyzed in a series of numerical experments, using
either a uniform sea surface temperature (SST) or
a warm-pool SST. The results show both standing
oscillations and eastward propagation, and there are
significant variations in the number, strength, and/or
locations of MJO events. Besides these numerical ex-
periments, it is also shown that the nonlinear model
conserves a total energy that includes a contribution
from the convective activity.
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The diurnal cycle and the meridional extent
of the tropics

Esteban Tabak
New York University, Courant Institute, USA

tabak@cims.nyu.edu
Paul A. Milewski

This talk proposes an explanation for the sharp tran-
sition between tropics and extra-tropics at a latitude
of 30 degrees. This transition, at the outer edges of
the Hadley cells, is marked by a steep jump in the
height of the troposphere, from sixteen kilometers
in the tropics to nine in the mid and high latitudes.
The tropics, equatorwards of 30 degrees, are char-
acterized by easterly surface winds -the Trades- and
a strong diurnal signal in the wind, pressure and
temperature. Polewards of 30 degrees, the winds
are westerly, and the weather systems have longer
spatio-temporal scales.This change of behavior can
be explained in terms of diurnal baroclinic waves
due to solar forcing and trapped equatorwards of 30
degrees by the Coriolis effect. Their effect can be
illustrated in simple two-layer models for the merid-
ional circulation, where both convection and the
entrainment of stratospheric air into the troposphere
are represented by energy-preserving shock waves.
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Bioconvection revisited

Jean-Luc Thiffeault
University of Wisconsin, Madison, USA
jeanluc@mailaps.org

Bioconvection is convection driven by density dif-
ferences due to concentration of swimming organ-
isms. It is often driven by phototaxisor other biased
motion. Here I will discuss a related phenomenon,
where the swimming action of large swarms of mi-
croorganisms, such assome types of plankton, can
actually drive large scale flows. I will also discuss the
likelihood of observing such flows in the laboratory
or the environment.

—> 00000
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Special Session 20: Stochastic-Statistical Modeling of Climate

Dimitris Giannakis, New York University, USA
John Harlim, North Carolina State University, USA
Andrew Majda, New York University, USA

Fundamental barriers to advancing weather and climate prediction on time scales from several days to
years are limited by the capability of contemporary operational and research prediction systems (GCMs)
to represent coupled processes in the climate involving precipitating convection, atmospheric teleconnection
patterns, low-frequency modes in the ocean, and variability in the cryosphere. A grand challenge of con-
temporary applied science is to understand these patterns and their changes in a globally warming world,
as well as the impact of these changes on long range forecasting. These problems are beyond the regime
of traditional weather forecast models, and instead both effects of the initial state and the change in mean
forcing are important. In contrast to using comprehensive GCMs, it is very natural to develop stochastic-
statistical models for these patterns, as well as their interaction, for use in long-range forecasting, sensitivity,
and attribution studies. This special session aims to bring together researchers from across the spectrum of
disciplines related to statistical-stochastic modeling of climate to discuss the development and application
of emerging ideas and techniques for these important and difficult practical issues.

Quantifying uncertainty for predictions with
model error in non-Gaussian systems with in-
termittency

Michal Branicki

Courant Institute, NYU, USA
branicki@cims.nyu.edu
Andrew J. Majda

Synergy between empirical information theory and
fluctuation-dissipation theorem provides a systematic
framework for improving sensitivity and predictive
skill for imperfect models of complex natural systems.
We utilize a suite of increasingly complex nonlinear
models with intermittent hidden instabilities and
time-periodic features to illustrate the advantages
of such an approach, as well as the role of model
errors due to coarse-graining, moment closure ap-
proximations, and the memory of initial conditions
in imperfect prediction.
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Using stochastic models to diagnose the ori-
gins of leading atmospheric zonal modes

Grant Branstator
NCAR, USA

branst@ucar.edu

In terms of the meridional wind, the leading struc-
tures of interannual variability have a simple struc-
ture: to a first approximation each pattern is concen-
trated in a narrow band of latitudes and is dominated
by a single zonal wavenumber. For example zonal
wavenumber three variability is prominent at high
latitudes while zonal wavenumber five variability is
prominent in midlatitudes. Many general circula-
tion models (GCMs) are not able to reproduce this
behavior, which can affect their ability to respond
properly to an external forcing, including increasing
greenhouse gases. We have used mechanistic mod-
els generated by linearizing the governing equations

about climate mean states and driven by noise to
determine aspects of the mean state that may be
responsible for the prominent wavenumbers of vari-
ability in nature and GCMs. For example we find
that whether the mean state has a strong projection
onto zonal wavenumber three at high latitudes is a
factor in determining whether a climate system will
have prominent variability in that wavenumber in
that region. We have also used response operators
based on the fluctuation-dissipation theorem to de-
termine regions from which interannual variability in
tropical rainfall may force these prominent patterns,
thus identifying another factor that may differentiate
model behavior.

—> 00000

Stochastic subgrid-scale parameterization de-
signed for a finite-difference model discretiza-
tion

Stamen Dolaptchiev
Goethe-University Frankfurt, Germany
dolaptchiev@iau.uni-frankfurt.de

U. Achatz, I. Timofeyev

We present a new approach for the construction of
stochastic subgrid-scale parameterizations. Starting
from a high-resolution finite-difference discretization
of some model equations, the approach is based on
splitting the model variables into fast, small-scale
and slow, large-scale modes by averaging the model
discretization over neighboring grid cells. After that,
a closed form effective stochastic model for the slow
modes is derived applying a stochastic mode reduc-
tion procedure. An advantage over heretofore ap-
plications of stochastic mode reduction to spectrally
discretized models is that the resulting closure is lo-
cal and thus remains applicable even if the number
of slow variables is large. The new approach is im-
plemented for the discretized Burgers equation and
compared with other benchmark parameterizations.

—> 0000
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Quantifying long-range predictability and
model error through data clustering and in-
formation theory

Dimitrios Giannakis
New York University, USA
dimitris@cims.nyu.edu
Andrew J. Majda

We present a framework blending data clustering
and information theory to quantify long-range initial-
value predictability and forecast error with imperfect
models in complex dynamical systems. With refer-
ence to wind-driven ocean circulation, we demon-
strate that the pertinent information for long-range
forecasting can be represented via a coarse-grained
partition of the set of initial data available to a
model. A related formalism is applied to assess the
forecast skill of Markov models of ocean circulation
regimes.
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Stochastic homogenization for an energy con-
serving multi-scale toy model of the atmo-
sphere

Georg Gottwald

University of Sydney, Australia
georg.gottwald@sydney.edu.au
Jason Frank

We study a simple Hamiltonian toy model for a
Lagrangian fluid parcel in the semi-geostrophic limit
which exhibits slow and fast dynamics. We first rein-
ject unresolved fast dynamics into the deterministic
equation through stochastic parametrization which
respects the conservation of the energy of the deter-
ministic system. In a second step we use stochastic
singular perturbation theory to derive an effective
reduced stochastic differential equation for the slow
dynamics. We verify the results in numerical simu-
lations.
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Optimal filtering of complex turbulent sys-
tems with memory depth through consistency
constraints

John Harlim
North Carolina State University, USA
jharlim@ncsu.edu

We present the AR(p)-filter for assimilating weakly
chaotic dynamical systems with long memory depth.
In particular, a data-driven autoregressive stochastic
models with non-Markovian nature is used as sur-
rogate filter prior models. We will show that the
autoregressive filter is not as sensitive as standard
ensemble filtering strategies to additional intrinsic
model errors. Secondly, we will also discuss offline
mathematical conditions for optimal autoregressive

filters. In particular, we will rigorously and numer-
ically show that if the autoregressive model param-
eters are chosen to satisfy a certain subset of the
consistency conditions and absolute stability of mul-
tistep numerical discretization scheme, then the op-
timal autoregressive filtering is guaranteed. We will
also demonstrate how to apply this result to improve
signals with long memory depth: the first Fourier
coefficient of the truncated Burgers-Hopf model and
the Lorenz-96 model in weakly chaotic regime.
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A Bayesian approach to parameter estimation
and model error quantification of stochastic
models for turbulent signals

Radu Herbei

The Ohio State University, USA
herbei@stat.osu.edu

Dimitris Giannakis, Andrew J. Majda

We study the performance of Markov Chain Monte
Carlo (MCMC) algorithms for parameter estimation
and model error quantification in the setting of a
model with time-dependent stochastic parameters,
which has high skill in reproducing intermittency,
transient instability, and other important features
of turbulent signals. The test parameters of the
model are chosen to simulate two distinct regimes:
(1) frequent, short-lasting transient instabilities, and
(2) large amplitude transient instabilities. We im-
plement several state-of-art MCMC algorithms and
study their ability to correctly recover these param-
eters from partial observations. Our main focus is to
compare an adaptive MCMC approach to a particle
MCMC approach under two scenarios: (a) correctly
specified model and (b) with model error. We discuss
the benefits and drawbacks of a Bayesian approach
to this setting.
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Stochastic data assimilation methods for esti-
mating ocean eddy heat transport

Shane Keating

Cournat Institute of Mathematical Science, USA
skeating@cims.nyu.edu

Andrew J. Majda, K. Shafer Smith

The role of ocean eddies in redistributing heat from
the tropics to the poles remains a poorly constrained
feature of the global energy balance. Attempts to
diagnose eddy transport are limited by the sparse-
ness of available observations and the nonlinearity
of the underlying dynamics. In this study, a suite
of stochastic data assimilation methods are tested
in idealized two-layer simulations of oceanic turbu-
lence at high and low latitudes under a range of
observation scenarios. A novel feature is the use of
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inexpensive stochastic models to forecast the eddy
dynamics. The stochastic model parameters can
be estimated by regression fitting to climatological
energy spectra and correlation times or by adap-
tively learning these parameters “on-the-fly” from
the observations themselves. We show that, by ex-
tracting high-wavenumber information that has been
aliased into the low wavenumber band, one can derive
“stochastically superresolved” velocity fields with a
nominal resolution increase of a factor of two or more.
The filtered estimates of the upper and lower layer
streamfunctions produce time-mean poleward eddy
heat transports that are significantly closer to the
true value when compared with standard estimates
based upon optimal interpolation. Implications for
estimating poleward eddy heat transport using cur-
rent and next-generation altimeters are discussed.
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Sparse adaptive polynomial chaos representa-
tions for ocean general circulation models

Omar Knio

Duke University, USA

omar.knio@duke.edu

P. Conrad, J. Winokur, I. Sraj, A. Alexande-
rian, M. Iskandarani, A. Srinivasan, Y. Mar-
zouk, O. Knio

A database of high-resolution HYCOM simulations
of the oceanic circulation in the Gulf of Mexico is
used to conduct an a priori analysis of the perfor-
mance of adaptive refinement schemes for uncertainty
quantification. The database includes realizations
corresponding to isotropic sparse sampling of the
uncertain model inputs, namely parameterizations of
subgrid mixing and wind drag. The analysis is used
to determine performance gains due to a sparse,
adaptive, pseudospectral projection approach, and
to study the impact of different refinement crite-
ria. Predictions of adaptive refinement are validated
against results obtained using a Latin hypercube
sampling approach. Finally, the analysis is used to
explore the potential of stochastic preconditioning in
constructing sparse representations of model outputs
as well as improving the performance of adaptive
refinement schemes.
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A digital filtering framework for the local en-
semble transform Kalman filter

Eric Kostelich

Arizona State University, USA
kostelich@asu.edu

Istvan Szunyogh

Data assimilation refers to the process by which ini-
tial conditions for geophysical models are determined

from noisy observations, typically with maximum
likelihood methods. In the classical Kalman filter,
one seeks to minimize an appropriate sum of squares
that is weighted according to one’s relative confi-
dence in the observations and the model forecasts.
This talk will explore alternative formulations to in-
clude an internal digital filter as a weak constraint
within the Local Ensemble Transform Kalman Fil-
ter. Preliminary results of its application to the
Global Forecast System atmospheric model will be
described.
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How do you determine whether the earth is
warming up?

Juan Restrepo

University of Arizona, USA
restrepo@math.arizona.edu

Darin Comeau, Hermann Flaschka

How does one determine whether the extreme sum-
mer temperatures in Moscow in 2010 was an extreme
climatic fluctuation or the result of a systematic
global warming trend? It is only under exceptional
circumstances that one can determine whether a
climate signal belongs to a particular statistical dis-
tribution. In fact, climate signals are rarely ”statisti-
cal,” other than measurement errors, there is usually
no way to obtain enough field data to produce a trend
or a tendency, based upon data alone. We propose a
trend or tendency methodology that does not make
use of a parametric or statistical assumption. The
most important feature of this trend strategy is that
it is defined in very precise mathematical terms.
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Blended reduced subspace algorithms for un-
certainty quantification

Themistoklis Sapsis
New York University, USA
themis.sapsis@gmail.com
Andrew J. Majda

We study uncertainty-quantification (UQ) prop-
erties of the Quasi-linear Gaussian (QG) closure
method and we compare it with the results from
order-reduction based on dynamical orthogonality
(DO). We find that each of these approaches suffer
from disadvantages that can be overcome by combin-
ing them. Specifically, the QG method is incapable
to capture strong energy transfers among linearized
modes. On the other hand, due to the reduced order
character the DO approach is incapable to capture
the full-order effect of the linearized operator which
in many cases (e.g. skew systems) can be critical
for the correct evolution of the statistics. We formu-
late a blended approach based on these two methods
which can be further improved by adding empirical
information.
—> 00000
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A stochastic model for tropical rainfall and
extreme events

Samuel Stechmann

University of Wisconsin-Madison, USA
stechmann@wisc.edu

J. David Neelin

Recently it has been discovered that tropical rainfall
patterns, on scales of 20-200 km or larger, have statis-
tics that resemble critical phenomena from statistical
physics. Through, for instance, the power-law distri-
butions and long-range correlations in these statis-
tics, the characteristics of extreme rainfall events
can be quantified. To gain further insight into these
statistics and extreme events, a stochastic model is
designed and analyzed to reproduce the statistics
that are local in space (and evolving in time). The
model includes the interaction of a stochastic jump
process and Gaussian processes to represent differ-
ent aspects of tropical convection, a highly complex
system that, if fully resolved, involves nonlinear tur-
bulent interactions of fluid dynamics and moist ther-
modynamics. The stochastic model can be thought
of as a simplified subgrid-scale parameterization of
moist convection for atmospheric models with grid
spacings of 20-200 km.
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Sub-sampling in parametric estimation of ef-
fective stochastic models

Ilya Timofeyev
University of Houston, USA
ilya@math.uh.edu

R. Azencott, A Beri

It is often desirable to derive an effective stochas-
tic model for the physical process from observa-

tional and/or numerical data. Various techniques
exist for performing estimation of drift and diffu-
sion in stochastic differential equations from discrete
datasets. In this talk we discuss the question of
sub-sampling of the data when it is desirable to ap-
proximate statistical features of a smooth trajectory
by a stochastic differential equation. In this case
estimation of stochastic differential equations would
yield incorrect results if the dataset is too dense in
time. Therefore, the dataset has to sub-sampled (i.e.
rarefied) to ensure estimators’ consistency. Favorable
sub-sampling regime is identified from the asymp-
totic consistency of the estimators. Nevertheless, we
show that estimators are biased for any finite sub-
sampling time-step and construct new bias-corrected
estimators.
— 0000

Sampling in and out of equilibrium when the
tails matter

Jonathan Weare
University of Chicago, USA
weare@math.uchicago.edu

Analyzing and simulation rare events in stochas-
tic process is important in many areas. For example,
in the context of weather and climate, prediction
can be dramatically hampered by unlikely, but im-
portant transitions in the underlying system. The
past decade or so has seen dramatic improvements
in our ability to simulate and analyze these events.
So far this progress has come mostly in the contexts
of Chemistry and Computer Science but rare event
ideas seem ripe for application in geophysical con-
texts. I will survey a bit of my work in rare event
simulation generally as well as show some prelimi-
nary work toward geophysical applications.

—> 00000



92 9t ATMS CONFERENCE — ABSTRACTS

Special Session 21: Dynamical Systems and Spectral Theory
David Damanik, Rice University, USA

Talks in this special session will address recent results and developments in dynamical systems and/or

spectral theory.

Derivation of NLS from an interacting Bose
gas in d = 3 via Klainerman-Machedon type
spaces

Thomas Chen

University of Texas at Austin, USA
tc@math.utexas.edu

Natasa Pavlovic

The Gross-Pitaevskii (GP) hierarchy is an infinite
system of coupled linear non-homogeneous PDEs,
which appear in the derivation of the nonlinear
Schrodinger equation (NLS). In this talk we will
discuss a new derivation of the defocusing cubic GP
hierarchy in dimensions d = 2,3, from an N-body
Schrodinger equation describing a gas of interact-
ing bosons in the GP scaling, in the limit N — oo.
In particular, we prove convergence of the corre-
sponding BBGKY hierarchy to a GP hierarchy in
the spaces introduced in our previous work on the
well-posedness of the Cauchy problem for GP hier-
archies, which are inspired by solution spaces based
on space-time norms introduced by Klainerman and
Machedon. We note that in d = 3, this has been
a well-known open problem in the field. While our
results do not assume factorization of the solutions,
consideration of factorized solutions yields a new
derivation of the cubic, defocusing NLS in d = 2, 3.

—> 0000

Subshifts and low regularity potentials

David Damanik
Rice University, USA
david.damanik@yahoo.com

We discuss the spectral theory of Schrodinger op-
erators with potentials defined by low regularity
sampling functions along a suitable base transfor-
mation and approximations by subshifts over finite
alphabets.

—> 00000 —

Inverse problems for Jacobi operators

Rafael Del Rio
IIMAS-UNAM, Mexico
delriomagia@gmail.com
M. Kudryavtsev

We consider a linear finite spring mass system which
is perturbed by modifying one mass and adding one
spring. We study when masses and springs can be

recovered from the natural frequencies of the origi-
nal and the perturbed systems. This is a problem
about rank two or rank three perturbations of fi-
nite Jacobi matrices where we are able to describe
quite explicitly the associated Green’s functions. We
give necessary and sufficient conditions for two given
sets of points to be eigenvalues of the original and
modified systems respectively.

—> 00000

Spectral properties for the quasi-periodic
Schroedinger equation

Roberta Fabbri
Universita di Firenze, Italy
roberta.fabbri@Qunifi.it

We consider the spectral properties of the
quasi-periodic Schroedinger operator and the 2-
dimensional Schroedinger equation using the rela-
tion between the rotation number and the uniform
hyperbolicity of the corresponding differential sys-
tems. Using also some numerical computation (due
to Cinzia Elia), we obtain information on the struc-
ture of the spectrum of the one-dimensional operator.

— 00000

Properties of the IDS of the Fibonacci Hamil-
tonian

Anton Gorodetski
UC Irvine, USA
asgor@math.uci.edu
David Damanik

The Trace Map techniques not only allow to describe
the spectrum of the discrete Schrodinger operator
with Fibonacci potential as a set, but also provide
an insight into the properties of the integrated den-
sity of states (IDS) that turn out to be related to
the measure of maximal entropy for the Trace Map.
In particular, we show the exact dimensionality of
the IDS, and provide sharp estimates on its Holder
exponent.

— 00000
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Quasi-periodic Schrodinger operators beyond
the almost Mathieu

Alex Haro

Universitat de Barcelona, Spain
alex@maia.ub.es

Joaquim Puig

This talk is devoted to quasi-periodic Schrodinger
operators beyond the Almost Mathieu, with more
general potentials and interactions, considering the
connections between the spectral properties of these
operators and the dynamical properties of the asso-
ciated quasi-periodic linear skew-products. In par-
ticular, we present a Thouless formula and some
consequences of Aubry duality. We illustrate the
results with numerical computations.

—> 00000

Recent developments for skew-shift

Schroedinger operators

Helge Krueger
Caltech, USA
helge.krueger@gmail.com

The skew-shift is given by T : (z,y) = (z+ 2w,y +x)
where w is an irrational number. Potentials given by
evaluating a sampling function along the second co-
ordinate of an orbit have many interesting properties.
I will discuss properties related to the distribution of
eigenvalues and the structure of the spectrum.

—> 00000

Jacobi matrices with decaying oscillatory co-
efficients

Milivoje Lukic
Rice University, USA
milivoje.lukic@rice.edu

We investigate decaying oscillatory perturbations
of the free Jacobi matrix. The perturbation can, for
instance, be a quasiperiodic sequence multiplied by
£P decay. Under mild conditions, we prove preser-
vation of absolutely continuous spectrum and give
bounds on the Hausdorff dimension of the singular
part of spectral measures.

—> 0000

Analytic quasi-perodic cocycles with singular-
ities and the Lyapunov Exponent of Extended
Harper’s model

Christoph Marx

University of California, Irvine (UCI), USA
cmarx@uci.edu

S. Jitomirskaya

We show how to extend (and with what limitations)
Avila’s global theory of analytic SL(2,C) cocycles to
families of cocycles with singularities. This allows to
develop a strategy to determine the Lyapunov expo-
nent for extended Harper’s model, for all values of
parameters and all irrational frequencies. In particu-
lar, this includes the self-dual regime for which even
heuristic results did not previously exist in physics
literature. The extension of Avila’s global theory is
also shown to imply continuous behavior of the LE on
the space of analytic M(2,C)-cocycles. This includes
rational approximation of the frequency, which so far
has not been available.

—> 0000

Orthogonal polynomials on the unit circle
with almost periodic recursion coefficients

Darren Ong
Rice University, USA
darren.ong@rice.edu

Given a probability measure on the unit circle, we
perform a Gram-Schmidt orthogonalization process
on {1, z, 22, .. .} and obtain a sequence of orthogonal
polynomials with respect to that measure. These
polynomials obey a recurrence relation, and it is
of natural interest to relate properties of the recur-
rence coefficients with properties of the probability
measure. We present various results about the prob-
ability measure when the corresponding recurrence
coefficients form an almost periodic sequence. We
arrive at these conclusions by expressing the problem
in terms of dynamically defined unitary operators,
and by exploiting well-known connections between
these unitary operators and the discrete Schrodinger
Operator.
— 000 00 —

Fractals and dynamic

Tatiana Rodrigues
UNESP, Brazil
tatimi@fc.unesp.br

Let A be an alphabet over 3 letters and A* is the
set of finite words written with the alfabet A. A
substitution o is a map from A to A*. It is known
that to any substitution we can associate a shift
symbolic dynamical system. It is known that for a
large class of substitutions o, the associated dynam-
ical system is measure theoretically isomorphic to an
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exchange of pieces over a compact set o ofR?. This
set is called Rauzy Fractal and has many beautiful
properties. In particular K, induces a periodic tiling
of the plane and moreover its boundary is fractal.
In this work, we will present some geometrical and
dynamical properties of the Rauzy fractal and its
boundary.

—> 00000

Absolutely continuous spectrum and ballis-
tic behavior for the Anderson model on the
Bethe strip

Christian Sadel

University of California, Irvine, USA
csadel@math.uci.edu

Abel Klein

The Bethe strip is the cross product graph of the
Bethe lattice with a finite graph. We consider ran-
dom Schroedinger operators on such graphs such as
the Anderson model. For low disorder we find almost
surely absolutely continuous spectrum in a certain
interval. Moreover, the quantum dynamical wave
spreading is ballistic.

—> 00000

Anderson localization for non-monotone

Schroedinger operators

Mira Shamis

IAS & Princeton Univ., USA
shamis@ias.edu

A. Elgart, S. Sodin

We show how the fractional moment method of
Aizenman and Molchanov can be applied to a class
of Anderson-type models with non-monotone poten-
tials, to prove (spectral and dynamical) localization.
The main new feature of our argument is that it does
not assume any a priori Wegner-type estimate: the
(nearly optimal) regularity of the density of states is
established as a byproduct of the proof. The argu-
ment is applicable to finite-range alloy-type models
and a class of operators with matrix-valued poten-
tials.

—> 0000

Spectral applications of McMullen’s Haus-
dorff dimension algorithm

Mihai Stoiciu

Williams College, USA

mstoiciu@williams.edu

K. Gittins, N. Peyerimhoff, D. Wirosoetisno

We consider singular continuous measures on the
unit circle obtained as limit measures of groups gen-
erated by reflections in the hyperbolic plane. We
extend McMullen’s Hausdorff dimension algorithm
to approximate the moments of these measures. This
allows us to study the corresponding orthogonal poly-
nomials on the unit circle and to investigate various
spectral properties of the associated CMV matrices.

— 00000

Spectral analysis of tridiagonal Fibonacci
Hamiltonians

William Yessen
UC Irvine, USA
wnyessen@gmail.com

We consider a family of discrete Jacobi operators
on the one-dimensional integer lattice, with the di-
agonal and the off-diagonal entries given by two
sequences generated by the Fibonacci substitution
on two letters. We show that the spectrum is a
Cantor set of zero Lebesgue measure, and discuss its
fractal structure and Hausdorff dimension. We also
extend some known results on the diagonal and the
off-diagonal Fibonacci Hamiltonians.

Our methods involve dynamical properties of the
so-called Fibonacci trace map (a polynomial map
of degree two on the three-dimensional Euclidean
space).

— 000 00 —

Positive Lyapunov exponents for quasiperi-
odic Szego cocycles

Zhenghe Zhang
Northwestern University, USA
zhangzhenghel @gmail.com

I will talk about positivity of Lyapunov exponents
for quasi-periodic Szégo cocycles. 1 will use dif-
ferent methods to consider potentials of different
smooth categories: for C° ones, I will use Avila
and Damanik’s technique for genericity of singular
spectrum for Schrodinger operators; for C” case,
1 < r < oo, I will use Lai-Sang Young’s induc-
tion method, which in spirit is Benedicks-Carleson’s
method for Hénon map; for C* ones, I will use
subharmonicity and acceleration, which is recently
introduced by Avila. In particular, new examples of
analytic quasiperiodic Szégo cocycles with uniformly
positive Lyapunov exponents (uniform in energy)
will be constructed.

—> 00000
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Special Session 22: Topological and Variational Methods for Boundary
Value Problems

John R. Graef, University of Tennessee at Chattanooga, USA
Lingju Kong, University of Tennessee at Chattanooga, USA
Bo Yang, Kennesaw State University, USA

Topological methods have proved to be an important technique in the study of boundary value problems
and related topics for ordinary and partial differential equations. Recently that has been a rapidly growing
interest in applying variational methods and critical point theory to such problems. This session is devoted
to the use of these methods in the study of boundary value problems including singular problems and those

with multipoint conditions.

Existence of multiple positive solutions for p-
Laplacian multipoint boundary value problem
on time scales

Abdulkadir Dogan
Abdullah Gul University, Turkey
abdulkadir94@hotmail.com

In this paper, we consider p-Laplacian multipoint
boundary value problem on time scales. By using
fixed point theorems, we prove the existence of at
least three positive solutions to the boundary value
problem. The interesting point is that the nonlinear
term f depends on the first order derivative explicity.
As an application, an example is given to illustrate
the result.

—> 0000

A note on a third-order multi-point boundary
value problem at resonance

Zengji Du

Xuzhou Normal University, Peoples Rep of China
duzengji@163.com

Xiaojie Lin, Fanchao Meng

Based on the coincidence degree theory of Mawhin,
we prove some existence results for a third-order
multi-point boundary value problem at resonance.
In this talk, the dimension of the linear space Ker
L is equal to 2. Since all the existence results for
third-order differential equations obtained in previ-
ous papers are for the case dim Ker L = 1, our work
is new.
—> 00000

A class of decomposable nonlinear operators
and its applications in BVP

Wenying Feng

Trent University, Canada
wieng@trentu.ca
Jianhong Wu

We will introduce a class of nonlinear operators that
can be decomposed into a linear operator and a
nonlinear map. Some properties for the class are
proved. Applications to existence of solutions for

some boundary value problems are given.

—> 00000

Generalized upper and lower solutions on
fourth order Lidstone problems

Joao Fialho

CIMA - UE, Portugal
jfzero@Qgmail.com
Feliz Minhés

In this work it is considered the nonlinear fully equa-
tion

u'™ (z) + f (z,u(z),u (z),u" (z),u" (z)) = sp(z)

(1)
for z € [0,1], where f : [0,1] x R* — R and
p : [0,1] — RT are continuous functions and s a
real parameter, coupled with the Lidstone boundary
conditions,

These types of problems are known as Ambrosetti-
Prodi problems, and they provide the discussion of
existence, nonexistence and multiplicity results on
the parameter s. More precisely, sufficient conditions,
for the existence of so and s1, are obtained, such that:

e if s < 59, the problem has no solution.
e if s = sp, the problem has a solution.

e if s € ]so,s1], the problem has at least two
solutions.

In this work it is discussed how conditions in the
lower and upper definitions influence the main results
and vice-versa. This ”power shift” between the Defi-
nition and Theorem makes it possible to extend some
results to a functional version of (1)-(2). In addition
we replace the usual bilateral Nagumo condition by a
one-sided condition, allowing the nonlinearity to be
unbounded.

—> 00000
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On a notion of category depending on a func-
tional and an application to Hamiltonian sys-
tems

Marlene Frigon
University of Montreal, Canada
frigon@dms.umontreal.ca

A notion of category depending on a functional is
introduced. This notion permits to obtain a better
lower bound on the number of critical points of a
functional than the classical Lusternik-Schnirelman
category. A relation between this notion and the
linking of type splitting spheres is discussed. An ap-
plication to Hamiltonian systems is also presented.

References: [1] N. Beauchemin and M. Frigon, On a
notion of category depending on a functional. Part
II: An application to Hamiltonian systems, Nonlinear
Anal. 72 (2010) 3376-3387. [2] N. Beauchemin and
M. Frigon, On a notion of category depending on a
functional. Part I: Theory and Application to critical
point theory, Nonlinear Anal. 72 (2010) 3356-3375.
[3] C.C. Conley and E. Zehnder, The Birkhoff-Lewis
fixed point theorem and a conjecture of V.I. Arnol’d,
Invent. Math. 73 (1983), 33—49.[4] G. Fournier, D.
Lupo, M. Ramos and M. Willem, Limit relative cate-
gory and critical point theory, in Dynamics reported.
Expositions in Dynamical Systems, vol. 3, 1-24,
Springer, Berlin, 1994.[5] M. Frigon, On a new no-
tion of linking and application to elliptic problems
at resonance, J. Differential Equations, 153 (1999),
96-120.[6] A. Szulkin, A relative category and appli-
cations to critical point theory for strongly indefinite
functionals, Nonlinear Anal. 15 (1990), 725-739.
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Existence of nontrivial solutions to systems of
multi-point boundary value problems

John Graef

University of Tennessee at Chattanooga, USA
john-graef@utc.edu

Lingju Kong, Shapour Heidarkhani

The authors consider the system of n multi-point
boundary value problems

—(¢p; (ui))" = APy (z,u1, .y un), @ € (0,1),
ui(0) = 2270 ajui(z;),  wi(l) =070, bjui(xy),

for i = 1,...,n. The existence of at least one non-
trivial solution is proved using variational methods
and critical point theory.

—> 0000

Existence and multiplicity for positive solu-
tions of a system of higher-order multi-point
boundary value problems

Johnny Henderson

Baylor University, USA
Johnny_Henderson@baylor.edu
Rodica Luca

We investigate the existence and multiplicity of pos-
itive solutions of multi-point boundary value prob-
lems for systems of nonlinear higher-order ordinary
differential equations.

—> 00000

Solvability of second order three-point bound-
ary value problem at resonance

James S. W. Wong

The University of Hong Kong, Hong Kong
jsww@chinneyhonkwok.com

C. H. Ou

We are interested in existence theorems for second
order three-point boundary value problems at res-
onance. The usual method of proof is based upon
coincidence degree theory which differs from the
fixed point theorem approach for problems subject
to non-resonant boundary conditions. We introduce
an alternate method by reducing the original prob-
lem to a two-point problem with non-homogeneous
boundary condition containing a parameter pu. We
then apply fixed point theorem and shooting method
to determine the proper p which gives rise to a solu-
tion of the original three-point problem.

—> 00000

On a discrete fourth order periodic boundary
value problem

Lingju Kong

University of Tennessee at Chattanooga, USA
Lingju-Kong@utc.edu

John R. Graef, Min Wang

By using the variational method and critical point
theory, we obtain criteria for the existence of mul-
tiple solutions of the discrete fourth order periodic
boundary value problem

Atu(t —2) — aA?u(t — 1) + Bu(t) = f(t,u(t)), t € [1,T)z,

Alu(—=1) = Au(T —1), i=0,1,2,3,

where T' > 2 is an integer, [1,T]z = {1,2,...,T},
a,B > 0 are parameters, and f : [1,T]z x R = R
is a continuous function. Examples are included to
illustrate the results.

—> 0000
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A fourth-order functional problem at reso-
nance

Nickolai Kosmatov
University Of Arkansas at little Rock, USA
nxkosmatov@ualr.edu

We study the differential equation

ut(8) —w'u(t) = f(&u(t), o (1), 0" (8),u" (1)),

satisfying linear functional conditions

—> 00000

Boundary data smoothness for solutions of
nth order nonlocal boundary value problems

Jeffrey Lyons
Texas A&M University - Corpus Christi, USA
jeff.lyons@tamucc.edu

In this talk, we investigate boundary data smooth-
ness for solutions of the nonlocal boundary value

problem, y™ = f(z,y,¢/,....y" 1),y (z;) = yi;

and 3@ (21,) — Zripy(mp) = y;x. Essentially, we
p=1

show under certain conditions that partial deriva-

tives of the solution to the problem above exist with

respect to boundary conditions and solve the asso-

ciated variational equation. Lastly, there will be a

corollary and nontrivial example.

—> 00000

Two-point boundary value problems with im-
pulses.

Daniel Maroncelli

North Carolina State University, USA
dmmaronc@ncsu.edu

Jests Rodriguez

The authors look at nonlinear boundary value prob-
lems of the form

o' (t) = Atz (t) + f(t, (1)),

a(th) — x(t:) = Jilz(t:)), i=1,...k

subject to

te 0,1\ {t1, - ,tx}

Bax(0) + Dz(1) = 0.

We focus on the resonant case, that is, the case in
which the solution space of the linear homogeneous
problem is nontrivial. In particular, we use degree
theory to prove the existence of solutions when the
solution space has dimension greater than 1.

—> 0000

Existence and multiplicity of solutions in
fourth order BVPs with unbounded nonlin-
earities

Feliz Minhos

University of Evora, Portugal
fminhos@uevora.pt

J. Fialho

This work studies the Ambrosetti-Prodi fourth order
nonlinear fully equation

u® (@) + f (z,u(2) v (2) 0" (2) ,u" (2)) = s p(x)

for z € [a,b], f : [a,b] x R* = R, p: [a,b] — RT
continuous functions and s € R, with the boundary
conditions

u(a) = A, v'(b) = B, v (a) = C, v"'(b) = D.

In this work it will be presented an Ambrosetti-Prodi
type discussion on s, with some new features: the
existence part is obtained in presence of nonlineari-
ties not necessarily bounded, and in the multiplicity
result it is not assumed a speed growth condition or
an asymptotic condition, as it is usual in the litera-
ture for these type of higher order problems.

The arguments used apply lower and upper solutions
technique and topological degree theory.

An application to a continuous model of the human
spine, used in aircraft ejections, vehicle crash situa-
tions and some forms of scoliosis, will be referred.

—> 00000

Extremal points for an nth order three point
boundary value problem

Jeffrey Neugebauer
Eastern Kentucky University, USA
jeffrey.neugebauer@eku.edu

We characterize first extremal points of an nth order
three point boundary value by using a substitution
method and working with the 4th order problem.
These results are then used to find positive solutions
of the nth order nonlinear problem.

—> 00000
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Oscillation results for fourth order nonlinear
mixed neutral differential equations

Saroj Panigrahi

University of Hyderabad, India
panigrahi2008@gmail.com

A. K. Tripathy, R. Basu

Oscillatory and asymptotic behaviour of a class of
nonlinear fourth order neutral differential equations
with positive and negative coefficients of the form

(r(t)(y(t) + p(O)y(t —7))")"
+a()G(y(t — @) — () H (y(t - ) =0,

and

(E) (r(t)(y(t) + pt)y(t — 7))")"
+a(t)G(y(t — ) — (O H(y(t = B)) = f(t)

are investigated under the assumption

/Ooor(t—t)dtzoo

for various ranges of p(t). Using Scauder’s fixed point
theorem, sufficient conditions are obtained for the ex-
istence of positive bounded solutions of (E).

—> 00000

Boundary value problems governing fluid flow
and heat transfer over an unsteady stretching
sheet

Joseph Paullet
Penn State Erie, USA
jep7@psu.edu

This talk will consider two situations involving un-
steady laminar boundary layer flow due to a stretch-
ing surface in a quiescent viscous incompressible
fluid. In one configuration, the surface is imperme-
able with prescribed heat flux, and in the other, the
surface is permeable with prescribed temperature.
The boundary value problems governing a similarity
reduction for each of these situations are investigated
and existence of a solution is proved for all relevant
values of the physical parameters. Uniqueness of
the solution is also proved for some (but not all)
values of the parameters. Finally, a priori bounds
are obtained for the skin friction coefficient and local
Nusselt number.

—> 00000

Existence analysis for nonlocal Sturm-

Liouville boundary value problems

Jesus Rodriguez
North Carolina State Univerity, USA
rodrigu@ncsu.edu
Zach Abernathy

We establish conditions for the existence of solutions
to nonlinear differential equations subject to nonlo-
cal boundary conditions. The problems considered
are of the form

(p(t)2' (1)) + q(t)z(t) + ¢(x(t) = G(x(t))

subject to the global boundary condition

(1)

We assume ¢ : R — R is continuously differentiable,
p(t) > 0 and q(t) is real valued on [0,1],p,p’, q are
continuous on (0, 1), and the boundary conditions (1)
are such that o + 82 # 0, v2 + 6% # 0. Further,
G,m1,m2,¢1 , and ¢2 shall be nonlinear operators de-
fined on a function space.

—> 00000

Applications of variational methods to anti-
periodic boundary value problem for second-
order differential equations

Yu Tian

Beijing University of Posts and Telecommunications,
China; Baylor University, USA (visitor scholar), Peo-
ples Rep of China

tianyu2992@163.com

Johnny Henderson

We discuss the existence of multiple solutions to
a second-order anti-periodic boundary value prob-
lem by using variational methods and critical point
theory. Furthermore, we get the existence of periodic
solutions for corresponding second-order differential
equations. In constructing variational structure, we
prove a fundamental lemma, which plays an impor-
tant role in prove the critical point of functional is
just the solution of original problem.

—> 00000
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Fractional boundary value problems with in-
tegral boundary conditions

Min Wang

University of Tennessee at Chattanooga, USA
min-wang@utc.edu

John R. Graef, Lingju Kong, Qingkai Kong

The authors study a type of nonlinear fractional
boundary value problem with integral boundary con-
ditions. By constructing an associated Green’s func-
tion, applying spectral theory, and using fixed point
theory on cones, they obtain criteria for the existence,
multiplicity, and nonexistence of positive solutions.

—> 0000

Existence, location and approximation results
for some nonlinear boundary value problems

Guangwa Wang

Jiangsu Normal University, Peoples Rep of China
wanggw7653@163.com

Mingru Zhou, Li Sun

The significance and importance of boundary value
problems (BVPs) is well-known. The aim of this
talk is to present some results of existence, location
and approximation for some nonlinear BVPs. In our
study, the theory of differential inequalities plays a
very important role. More precisely, in the first part,
we will present the existence and location criteria
of solutions for the general nonlinear system with
the general nonlinear boundary conditions. Here, we
introduce a new concept of bounding function pair
and a method, which may be called simultaneous
modification. In the second part, using the gener-
alized quasilinearization method, we will study two
classes of second-order nonlinear BVPs with nonlocal
boundary conditions. We will establish some suffi-
cient conditions under which corresponding mono-
tone sequences converge uniformly and quadratically
to the unique solution of the problem. The interest-
ing point is that our boundary condition is nonlinear
and nonlocal.
— 00 0 00 —

New periodic solutions for N-body-type prob-
lems with prescribed energies

Pengfei Yuan

Sichuan University, Peoples Rep of China
ypixyz123@163.com

Shiqing Zhang

In this paper, we use a variant of the Benci-
Rabinowitz Theorem to study the solutions of N-
body-type problems with prescribed energies.

—> 0000
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Special Session 23: Topological and Combinatorial Dynamics

Lluis Alseda, Universitat Autonoma de Barcelona, Spain
Francisco Balibrea Gallego, Universidad de Murcia, Spain
Piotr Oprocha, AGH University, Poland

The session will be focused on the topological and combinatorial aspects of low dimensional discrete dynam-
ical systems including entropy, chaos, limit sets, sets of periods, rotation theory and the like. Applications
of this theory to Economics, Physics, Engineering, Biology and others are highly welcome. Related areas of
dynamical systems, combinatorial aspects of dynamical systems and ergodic theory are not excluded.

Simple permutations with order 4n + 2

Primitivo Acosta-Humanez
Universidad del Norte, Colombia
pacostahumanez@uninorte.edu.co
Eduardo Martinez-Castiblanco

The problem of genealogy of permutations has been
solved partially by Stefan (odd order) and Acosta-
Humaénez & Bernhardt (power of two). It is well
known that Sharkovskii’s theorem shows the rela-
tionship between the cardinal of the set of periodic
points of a continuous map, but simple permutations
will show the behavior of those periodic points. This
paper studies the structure of permutations of mixed
order 4n + 2, its properties and a way to describe its
genealogy by using Pasting and Reversing as in the
case of simple permutations with order a power of
two.

—> 00000

Topological and algebraic reducibility for pat-
terns on trees

Lluis Alseda

Universitat Autonoma de Barcelona, Spain
alseda@mat.uab.cat

David Juher, Francesc Manosas

We extend the classical notion of block structure
for periodic patterns of interval maps to the setting
of tree maps and study the algebraic properties of
the Markov matrix of a periodic tree pattern having
a block structure. We also prove a formula which
relates the topological entropy of a pattern having a
block structure with that of the underlying periodic
pattern obtained by collapsing each block to a point,
and characterize the structure of the zero entropy
patterns in terms of block structures. Finally, we
prove that an n-periodic pattern has zero (positive)
entropy if and only if all n-periodic patterns obtained
by considering the k-th iterate of the map on the in-
variant set have zero (respectively, positive) entropy,
for each k relatively prime to n.

—> 00000

Hofbauer towers and inverse limit spaces

Lori Alvin
University of West Florida, USA
lalvin@uwf.edu

We use Hofbauer towers for unimodal maps to
study the collection of endpoints of the associated
inverse limit spaces. We show that if f is a uni-
modal map for which the kneading map Q¢ (k) tends
to infinity and f|.(c) is one-to-one, then the col-
lection of endpoints of (I, f) is precisely the set
Er ={(zo,z1,...) € (I, f) | zi € w(c) for all i € N}.

—> 00000

Li-Yorke chaos in rational difference equations

Francisco Balibrea
University of Murcia, Spain
balibrea@um.es

Antonio Cascales

Given the difference equation

Trt1 = f(xx)

where f : R" — R" is differentiable, a result of
Marotto (1978) stated that if f has a snap-back
repeller, then the equation is chaotic in Li-Yorke
sense. When every component of f is a quotient
of n-variables polynomials, we have a rational difer-
ence equation. In such case f can have discontinu-
ity points. The union of such points is the forbid-
den set of the equation. In the case of rational dif-
ference equations with non-empty forbidden set, the
existence of snap-back repellers does not guarantee
Li-Yorke chaos. We will present examples on it and
talk on the general validity of Marotto’s result. In
particular we will use the additional condition on f
of having the property of compact preimage as a
tool to obtain Li-Yorke chaos. Additionally, we will
explain the obtained results using as a model the dis-

continuous rational equation zy41 = z21 1
7

—> 0000
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Omega-limit sets of quadratic maps on their
Julia sets

Andrew Barwell

University of Birmingham, England
A.Barwell@bristol.ac.uk

Brian Raines

We provide a characterization of omega-limit sets
for dendritic Julia sets of quadratic maps, using
Baldwin’s symbolic representation of these spaces as
a non-Hausdorff' itinerary space. The property of
shadowing tells us that a map is stable under small
perturbations of orbits, and internal chain transitiv-
ity tells us that pairs of points can always be linked
using arbitrarily small perturbations of orbits. We
show that the quadratic maps with dendritic Julia
sets have shadowing, and that for all such maps, a
closed set is an omega-limit set if, and only if, it has
internal chain transitivity.

—> 00000

Periods of periodic orbits for vertex maps on
graphs

Christopher Bernhardt
Fairfield University, USA
cbernhardt@fairfield.edu

Given a graph G with n vertices, a vertex map f
from G to itself is a continuous map that permutes
the vertices of G. We only consider examples for
which the n vertices form one periodic orbit. The
basic question is to classify the set of the periods of
the periodic orbits that f must have. In this setting,
Sharkovsky’s Theorem gives the answer when the
underlying graph is simply a path. The set of peri-
ods that must occur in this case is the set of positive
integers forced in the Sharkovsky order by n.

This talk will look at Sharkovsky-type orderings
for vertex maps of general graphs.

—> 00000

Aperiodic Cantor dynamics

Sergey Bezuglyi
Institute for Low Temperature Physics, Ukraine
bezuglyi@ilt.kharkov.ua

A homeomorphism 7T of a Cantor set X is called
aperiodic if for every point z € X the orbit (1" (z))
is infinite. The pair (X, T) represents a Cantor ape-
riodic dynamical system. In my talk I will first
discuss the topological properties of the set of all
aperiodic homeomorphisms considered as a subset
of Homeo(X). Every aperiodic homeomorphism ad-
mits a realization as a Vershik map acting on a path
space of a Bratteli diagram. The second part of my
talk will be focused on aperiodic homeomorphisms

whose Bratteli-Vershik models are represented by
Bratteli diagrams of the simplest form: stationary
and finite rank diagrams. For such diagrams we
can explicitly describe the set of ergodic invariant
measures.

—> 0000

Patterns, topological transitivity, and entropy

Louis Block

University of Florida, USA
block@ufl.edu

Dennis Ledis

Let f denote a continuous map of the compact inter-
val I to itself. We use the term pattern to denote an
ordered pair (P,7) where P = {z1 < 22 < -+ < Zn}
is an ordered finite subset of the real line, and
m : P — P. We say that f exhibits the pattern
(P,m) if and only if there exists a finite subset
Q ={y1 <y2 <--- <yn}of I such that f(y;) = y;
if and only if 7(x;) = x;. Given a pattern (P, 7) we
have an associated piecewise linear L(p ») sometimes
called the linearization or connect the dots map.
Suppose that f exhibits a pattern (P,7). Suppose
that f is topologically transitive. We prove that the
topological entropy of f is equal to the topological
entropy of L(p ) if and only if f is topologically
conjugate to L(p ). It is known that the topological
entropy of f is the supremum of the topological en-
tropies of the maps L(p ), where the supremum is
taken over all patterns exhibited by f. In fact, it is
sufficient to take only those patterns (P, ) such that
m is a cyclic permutation. Our theorem implies that
for topologically transitive maps the supremum is
actually a maximum if and only if f is topologically
conjugate to L(p, r), for some pattern (P, ) exhibited
by f.
—> 0O 00—

On dynamics of surface homeomorphisms
with invariant continua

Jan Boronski
Tuskegee University, USA
jan@boronski.com

Examples of homeomorphisms of S? with circle-
like continua as minimal sets, or attractors, are
well known. For example, there is the C*° area-
preserving diffeomorphism of Handel that is minimal
on the pseudo-circle. On the other end of the spec-
trum a hereditarily decomposable example was given
by Walker, by an extension of a minimal homeomor-
phism similar to the one constructed by Gottschalk
and Hedlund on a union of infinitely many copies of
the Warsaw circle. We shall discuss the dynamics
of self-homeomorphisms of hereditarily decompos-
able circle-like continua, including the existence of
homeomorphisms of type 2°°. As a tool, a charac-
terization of covering spaces of these continua will
be given. The proofs are built upon related results
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obtained by Barge&Gilette, Bellamy&Lewis, Heath,
Ingram, Minc& Transue, Mouron, and Ye. Time per-
mitting we shall also discuss some new fixed point
results for torus homeomorphisms.

—> 00000 —

Analysis of an infinite dynamical system using
substitution systems

Maria Correia

University of Evora, Portugal
mfacQuevora.pt

Carlos Ramos, Sandra Vinagre

We consider an infinite dynamical system obtained
by iteration of functions of a class of differentiable
functions, A, under m-modal maps f. If we con-
sider functions in the class A whose critical values
are periodic points for f then we define and char-
acterize a substitution system associated with the
dynamical system. With these substitution systems,
we analyze the behavior of the whole system. More-
over, we consider a new subclass of functions where
the substitution rules are independent of the initial
conditions.

—> 0000

Dynamics on tiling spaces, invariant measures
and generalized Thurston semi-norm

Francois Gautero

Université de Nice - Sophia Antipolis, France
francois.gauteroQunice.fr

Jean-Marc Gambaudo

The problem of deciding whether a given finite set of
tiles can tile the euclidean plane is known to be an
undecidable problem. An aim of this work is to trans-
late this undecidability in a purely topological and
geometrical way. When non-empty the set of tilings
of the euclidean plane constructed from a given finite
set of tiles 7 inherits a natural structure of compact
metric space: this is a compact laminated space with
transverse structure a Cantor set, equipped with an
action of R? on the leaves of the lamination. There
is then a non-empty set of invariant measures: each
one defines a certain homology-class in the second ho-
mology group of a branched surface constructed from
T. The aim of the current work is to characterize,
among all the homology classes, those coming from
invariant measures on the laminated space. This
is done by the introduction of a kind of Thurston
semi-norm: the homology-classes one is looking for
are exactly those on which this semi-norm vanishes.

—> 0000

Ergodic theory and topological intersections
as a tool to solve geometrical problems

Roland Gunesch
TU Darmstadt University, Germany
gunesch@mathematik.uni-darmstadt.de

This talk presents a method to reduce certain (very
difficult) geometrical problems to (less difficult) topo-
logical intersection problems, and reduce these again
to (even less difficult) problems in ergodic theory.
While the resulting problems are still not easy, they
can actually be solved. The talk illustrates these
methods to solve some old problems concerning dy-
namical systems arising from Riemannian geometry.

—> 00000

Maximally transitive semigroups of matrices

Mohammad Javaheri
Siena College, USA
mjavaheri@siena.edu

We discuss the problem of finding a pair of n x n
matrices that generates a topologically n-transitive
semigroup action on K", where K = R or C. Equiva-
lently, we construct dense 2-generator subsemigroups
of GL(n,K) as well as SL(n,K) for all n > 1.

—> 00000

Devaney chaos and singularities of invertible
piecewise isometric dynamics

Byungik Kahng
University of North Texas at Dallas, USA
byungik.kahng@unt.edu

It is known that piecewise isometric dynamical sys-
tems can exhibit Devaney-chaos in an appropriate in-
variant set. Clearly, the chaotic behavior comes from
singularity, because the piecewise isometric dynam-
ics is innocuous besides the singularity. However,
the clear connection between the afore-mentioned
Devaney-chaos and the properties of singularity has
never been established. This talk aims to discuss and
investigate such connection.

In general, the singularities of bounded invert-
ible piecewise isometric dynamical systems in Eu-
clidean plane can be classified as, removable, sliding
and shuffling singularities according to their geomet-
rical aspects. Furthermore, it is proved that the re-
movable singularities and the shuffling singularities
do not generate the Devaney-chaos. Thus, the pres-
ence of the sliding singularities is necessary in order
to have the chaotic dynamics. Through this talk, the
speaker will survey these results and discuss some
new results on the unsolved half, the sufficiency. If
time permits, the speaker will talk about a possible
connection between the shuffling singularity and the
ergodicity as well.

—> 0000
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Infinite-dimensional topology and the Hilbert-
Smith conjecture

James Keesling

University of Florida, USA
kees@ufl.edu

James Maissen, David Wilson

The Hilbert-Smith Conjecture states that if G is
a compact topological group acting effectively on a
connected manifold M™, then G is a Lie group. The
conjecture is false if and only if it is not possible
for any p-adic group A, to act effectively on some
manifold. There are classic results showing that the
conjecture is true for n = 1 and n = 2. It has also
been recently shown for n = 3 by John Pardon.

We present a new approach to this classic prob-
lem using the theory of compactifications. We prove
several theorems using this approach and give sev-
eral examples from infinite-dimensional topology il-
lustrating their application.

—> 00000

Bizarre topology is natural in complex dy-
namical systems

Judy Kennedy
Lamar University, USA
kennedy9905Q@gmail.com

A continuum is a closed bounded connected set.
When a dynamical system is complex the presence
of complicated continua can be expected. A much-
studied example is the Poincare map on the cylinder
determined by the forced dampled pendulum for
some parameters. In this example there are at least
three disjoint basins of attraction with the boundary
of the basins being a Lakes of Wada continuum -
a thin fractal set that has the property that each
point of the continuum is in the boundary of all
three basins. We discuss this example and a number
of others. Some of the work is joint with Miguel
Sanjuan and James Yorke and some is due to other
authors.
— 00 0 00 —

A lower bound for the maximum topological
entropy of 4k + 2-cycles

Deborah King

University of Melbourne, Australia
dmking@unimelb.edu.au

Lluis Alseda, David Juher

In recent work, we have started an investigation of
the outstanding cases for the problem of classifying
cycles with maximum topological entropy. We will
present an overview of the problem, discuss the state
of known results, and introduce our recent work. For
continuous interval maps we formulate a conjecture

on the shape of the cycles of maximum topological
entropy of period 4k + 2. We also present numerical
support for the conjecture.

—> 00000

On almost specification and average shadow-
ing properties

Dominik Kwietniak

Jagiellonian University in Krakow, Poland
dominik.kwietniak@Quj.edu.pl

Marcin Kulczycki, Piotr Oprocha

I am going to present our results describing the
properties of systems exhibiting average shadow-
ing and/or almost specification property. We have
explored recurrence properties of dynamical systems
with the average shadowing property and proved that
every dynamical system with the average shadowing
property and full invariant measure is topologically
weakly mixing. Moreover, I will present examples
showing that without the assumption on the invari-
ant measure, there is no recurrence property that is
implied by the average shadowing property. Another
theorem states that the almost specification implies
average shadowing property and that f has the aver-
age shadowing property if f restricted to the closure
of the union of all supports of invariant measures has
the average shadowing property.

—> 00000

Shadowable chain transitive sets of C'-vector
fields

Manseob Lee

Mokwon University, Korea
Imsds@mokwon.ac.kr
Keonhee Lee

Let X be a C'-vector field on a closed smooth man-
ifold M. We show that for C*-generic X, if a locally
maximal chain transitive set is shadowable for X,
then the chain transitive set is hyperbolic.

—> 0O 00—

Robust dynamics of C'-generic diffeomor-
phisms

Keonhee Lee

Chungnam National University, Korea
khlee@cnu.ac.kr

Jumi Oh

A basic problem in differentiable dynamical system
is to understand how a robust dynamical property
(meaning a property that holds for a system as well
as all C'* nearby systems) on the underlying manifold
would influence the behavior of the tangent map on
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the tangent bundle. In this talk we discuss some re-
cent and some ongoing works on the robust dynamics
of C* generic diffeomorphisms.

—> 0000

Central strips of sibling leaves in laminations
of the unit disk

John Mayer

University of Alabama at Birmingham, USA
jemayer@Quab.edu

Jeffrey Houghton, Luka Mernik, Joseph Olson

Quadratic laminations of the unit disk were intro-
duced by W. Thurston as a vehicle for understanding
the (connected) Julia sets of quadratic polynomials
and the parameter space of quadratic polynomi-
als. The “Central Strip Lemma” plays a key role in
Thurston’sclassification of gaps in quadratic lamina-
tions, and in describing the corresponding parameter
space. We generalize the notion of Central Strip to
laminations of degree d > 2 and prove a Central
Strip Lemma for degree d > 2 that may play a sim-
ilar role for higher degree laminations. We provide
an example of an application to cubic laminations.

—> 00000

Tiles in convex dynamics; error diffusion on
simplices: invariant regions, tessalations and
acuteness

Tomasz Nowicki

IBM, USA

tnowicki@Qus.ibm.com 3

R. Adler, T. Nowicki, G. Swirszcz, C.Tresser,
S. Winograd

The error diffusion algorithm can be represented
as a time dependent dynamical system, generated by
piecewise isometries, in fact by translations acting on
a partition of the phase space. Long term behaviour
of the algorithm can be deduced from the asymp-
totic properties of invariant sets, especially from the
absorbing ones. We study a special case of the trans-
lations generated by vectors from the vertices of a
simplex to its internal point. Each translation acts
on an element of partition, which in a special case
is a Voronoi partition relative to the vertices of this
simplex. Such systems arise from the error diffusion
algorithm with constant input.

We study the properties of the minimal absorbing
invariant set and prove that typically those sets are
bounded fundamental sets for a discrete lattice gen-
erated by the simplex and that the partition parts of
those sets are fundamental sets for specific derived
lattices.

Theorem A [Ergodic Inputs] For acute simplices
the minimal absorbing set for the error diffusion with
an ergodic constant input is a fundamental set for the

lattice generated by the simplex. Theorem B [Sub-
Tiles] If a bounded forward invariant set of a general-
ized (arbitrary partition) error diffusion on a simplex
is fundamental for the simplex lattice, then each part
of this invariant set (intersection with the partition)
is a fundamental for a derived lattice.
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Weak product recurrence and related proper-
ties

Piotr Oprocha
Polish Academy of Sciences, Poland
oprocha@agh.edu.pl

A point x is F-product recurrent, if it is recurrent in
pair with any point whose recurrent times belong to
family F.In this talk we will survey recent advances
on classification of product recurrence and remaining
open problems.
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Memory loss for time-dependent dynamical
systems

William Ott

University of Houston, USA
ott@math.uh.edu

Chinmaya Gupta, Andrew To6rok

We discuss recent results on memory loss for time-
dependent dynamical systems.

—> 00000

Dstributional chaos — recent progress and
open problems

Jaroslav Smital
Silesian University, Czech Rep
Jaroslav.Smital@math.slu.cz

In 1994, the notion of distributional chaos was in-
troduced for continuous maps of the interval. This
notion, now denoted as DCI, is applicable for con-
tinuous maps of a compact metric space. Later two
weaker notions, DC2 and DC3, were introduced.
Currently, there are many versions of this type of
chaos, and hundreds paper has been written on this
subject. It is known that positive topological entropy
does not imply the strongest version of distributional
chaos. The most recent, and very nice result by
Tomasz Downarowicz, that for a continuous map of
a compact metric space, positive topological entropy
implies DC2, has several consequences and yields
interesting open problems. We point out some of
them.
— 00 0 00 —

Strange chaotic triangular maps
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Marta Stefankova

Mathematical Institute of the Silesian University in
Opava, Czech Rep

marta.stefankova@math.slu.cz

We show that in the class T of the triangular maps
(z,y) — (f(x),9z(y)) of the square there is a family
of maps of type 2°° which are Li-Yorke chaotic on
a minimal set, but not distributionally chaotic in
the weaker sense, DC2. This result makes possible
to answer an open question concerning classification
of maps in 7 with zero topological entropy, and
contributes to an old problem formulated by A. N.
Sharkovsky.
— 00000

Disjunctive cuts, lattice-free sets and mixed-
integer programming

Grzegorz Swirszcz

IBM, USA

swirszcz@us.ibm.com

Sanjeeb Dash, Neil Dobbs, Oktay Gunluk,
Tomasz Nowicki

In the talk we describe the topic of mixed-integer pro-
gramming. The talk is addressed to a wide audience,
no specific knowledge of MIP algorithms is assumed.
The results are an outcome of combining forces of do-
main expert computer scientists and mathematicians
not working on MIP problems before. We discuss
how this subject is related to geometry of convex sets
by means of disjunctive cuts introduced by Li and
Richard in 2008. We present new results describing
the complexity of such algorithms which lead to inter-
esting geometric questions about lattice-free convex
bodies. By analyzing n-dimensional lattice-free sets,
we prove that every facet-defining inequality of the
convex hull of a mixed-integer polyhedral set with
n integer variables is a t-branch split cut for some

positive integer t. Moreover, this number ¢ does
not depend on the data defining the polyhedral set
and is bounded by a function of the dimension n
only. We use this result to give a finitely conver-
gent cutting-plane algorithm to solve mixed-integer
programs. We also show that the minimum value ¢,
for which all facets of polyhedral mixed-integer sets
with n integer variables can be expressed as t-branch
split cuts, grows exponentially with n. In particular,
when n = 3, we observe that not all facet-defining
inequalities are 6-branch split cuts. We analyze the
cases when n = 2 and n = 3 in detail, and show that
an explicit classification of maximal lattice-free sets
is not necessary to express facet-defining inequalities
as branching disjunctions with a small number of
atoms.

—> 00000

Nonlinearly perturbed heat equation: a sym-
bolic approach

Sandra Vinagre

University of Evora, Portugal

smv@uevora.pt

M. F. Correia, J. Machado, C. C. Ramos

We consider the linear heat equation with appro-
priate boundary conditions in order to model the
temperature on a wire with adiabatic endpoints. We
assume there is some perturbation which provokes a
change in the temperature of the wire. This pertur-
bation, which is modelled by an iterated nonlinear
map of the interval f, occurs periodically and in
this case we observe a stabilization on the number
of new critical points of heat function. We study the
parameters in order to characterize these behaviours
and its dependence on the topological invariants of
f.

—> 0000
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Special Session 24: Geometric Mechanics

Tom Mestdag, Ghent University, Belgium
Manuel de Leon, Instituto de Ciencias Matematicas (CSIC-UAM-UC3M-UCM), Spain
Frans Cantrijn, Ghent University, Belgium
Aziz Hamdouni, University of La Rochelle, France
Dina Razafindralandy, LEPTIAB, France

Mathematical modelling of dynamical systems plays an important role in many branches of science. Since
the second half of last century, differential geometry has developed into a mathematical discipline with an
ever growing impact on the construction of such models. In particular, ” geometric mechanics” has become
the common name that is given to those research activities that are devoted to the application of differential
geometry in various fields of theoretical physics such as classical mechanics (Newtonian, Lagrangian and
Hamiltonian mechanics), continuum mechanics, dynamical systems theory, control theory and quantum
mechanics.

Using the powerful tools and techniques of Riemann geometry, contact geometry, symplectic and Poisson
geometry, and exploiting the properties of Lie groups, fibre bundles, jet bundles, connections, distributions,
etc., geometric mechanics has contributed a lot to the description and analysis of the structure and properties
of mechanical systems. In addition, many of these geometrical ideas have found an extension to field theories,
classical and quantum, such as general relativity, classical and quantum gauge theories.

This session has a double goal: to promote the AIMS Journal of Geometric Mechanics by bringing
together excellent researchers in the field and to provide a scientific platform for the international partners
within the ‘Geometric Mechanics’ network (a network within Marie Curie’s International Research Staff

Exchange Scheme (IRSES) in the 7th European Framework Program).

Generalized Navier-Stokes flows

Marc Arnaudon

University of Poitiers, France
marc.arnaudon@math.univ-poitiers.fr
Ana Bela Cruzeiro

We introduce a notion of generalized Navier-Stokes
flows on manifolds, that extends to the viscous case
the one defined by Brenier. Their kinetic energy ex-
tends the kinetic energy for classical Brownian flows,
defined as the L? norm of their drift. We prove that
there exists a generalized flow which realizes the infi-
mum of kinetic energies among all generalized flows
with prescribed initial and final configuration. Fol-
lowing a method of Ocone and Pardoux we construct
generalized flows from solutions to finite variation
transport equations. They are flows with prescribed
drift, and their kinetic energy is smaller than the L2
norm of the solutions to the transport equation.

—> 0000

On the geometry of nonholonomic systems

Paula Balseiro
Universidade Federal Fluminense, Brazil
pbalseiro@vm.uff.br

As it is known, nonholonomic systems are charac-
terized by the failure of the Jacobi identity of the
bracket describing the dynamics. In this talk I will
present different (geometric) technics to deal with
the failure of the Jacobi identity and we will see
how twisted Poisson structures might appear once
we reduce the system by a group of symmetries.

—> 0000

The geometry of integrable and gradient flows
and dissipation

Anthony Bloch
University of Michgan, USA
abloch@umich.edu

In this talk I will discuss the dynamics and ge-
ometry of various integrable systems that exhibit
asymptotic stability and dissipative behavior, as well
as dissipative perturbations of integrable systems.
Examples include the finite Toda lattice, the disper-
sionless Toda partial differential equation and certain
nonholonomic systems I will describe the geometric
structures, including metric and complex structures,
that give rise to some of these flows and determine
their behavior. This includes work with P. Morrison
and T. Ratiu.
— 000 00 —

Some applications of some geometric integra-
tors

Marx Chhay
LOCIE, University of Savoie, France
marx.chhay@univ-savoie.fr

PDE’s geometric structure contains the physical in-
formations traduced by the mechanical model. One
can expect from numerical methods to preserve this
structure. We present different constructions of some
popular geometric methods. Comparisons and per-
formances are performed on illustrative examples.

—> 0000
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On the geometry of mechanical control sys-
tems on Lie groups

Leonardo Colombo
ICMAT, Spain
leo.colombo@icmat.es
David Martin de Diego

In this talk we will describe a geometric setting
for higher-order lagrangian problems on Lie groups.
Using left-trivialization of the higher-order tangent
bundle of a Lie group and an adaptation of the
classical Skinner-Rusk formalism, we will deduce an
intrinsic framework for this type of dynamical sys-
tems. Interesting applications as, for instance, a geo-
metric derivation of the higher-order Euler-Poincaré
equations, optimal control of underactuated control
systems with symmetries, etc, will be considered.

—> 0000

Stochastic Euler-Poincaré reduction on Lie
groups

Ana Bela Cruzeiro

Dep.Mathematics IST and GFMUL, Portugal
abcruz@math.ist.utl.pt

Marc Arnaudon, Xin Chen

A Euler-Poincaré reduction theorem for stochastic
processes taking values in a Lie group is presented,
as well as some examples of its application to SO(3)
and to the group of diffeomorphisms.

—> 0000

Hamilton-Jacobi theory for classical field the-
ories

Manuel de Leon
Instituto de Ciencias Matematicas, ICMAT, Spain
mdeleon@icmat.es

We will present a Hamilton-Jacobi theory for classical
field theories based on the multisymplectic formal-
ism. In addition, we will develop the corresponding
theory on the space of Cauchy data.

—> 00000

Variational integrators for hamiltonizable

nonholonomic systems

Oscar Fernandez

Wellesley College, USA
fernandez.um@gmail.com

Anthony M. Bloch, Peter J. Olver

I will discuss some new applications of the Poincaré
and Sundman time-transformations to the simula-
tion of nonholonomic mechanical systems. We will

see how the application of these transformations per-
mits the usage of variational integrators for these
non-variational mechanical systems. Two new geo-
metric integrators for nonholonomic systems known
to be Hamiltonizable (briefly, nonholonomic systems
whose constrained mechanics are Hamiltonian after
a suitable reparameterization of time) will be dis-
cussed, along with examples and numerical results
comparing the results of the new integrators to those
obtained by applying a standard nonholonomic inte-
grator.
— 000 00 —

Invariant higher-order variational problems
and computational anatomy

Francois Gay Balmaz

Ecole Normale Superieure de Paris, France
gaybalma@Imd.ens.fr

D. Holm, D, Meier, T. Ratiu, F.-X. Vialard

Motivated by applications in computational
anatomy, we consider a second-order problem in the
calculus of variations on object manifolds (or shapes)
that are acted upon by Lie groups of smooth invert-
ible transformations. This problem leads to solution
curves known as Riemannian cubics on object man-
ifolds that are endowed with normal metrics. The
prime examples of such object manifolds are the sym-
metric spaces. We characterize the class of cubics on
object manifolds that can be lifted horizontally to cu-
bics on the group of transformations. Conversely, we
show that certain types of non-horizontal geodesics
on the group of transformations project to cubics.
Finally, we apply second order Lagrange-Poincaré re-
duction to the problem of Riemannian cubics on the
group of transformations. This leads to a reduced
form of the equations that reveals the obstruction for
the projection of a cubic on a transformation group
to again be a cubicon its object manifold.

—> 00000

Lagrangian submanifolds and classical field
theories of first order on Lie algebroids

Elisa Lavinia Guzman Alonso

University of La Laguna, Spain

eguzman@Qull.es

Juan Carlos Marrero, Joris Vankerschaver

A description of classical field theories in the context
of Lie Algebroids in terms of Lagrangian submani-
folds of premultisymplectic manifolds is presented.
For this purpose, a Tulczyjew’s triple associated with
a fibration is discussed. The triple is adapted to the
extended Hamiltonian formalism. Using this triple,
we prove that FEuler-Lagrange and Hamilton equa-
tions are the local equations defining Lagrangian
submanifolds of a premultisymplectic manifold.

—> 0000
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Geometric control of electromagnetic docking

Marin Kobilarov

California Institute of Technology, USA
marin@cds.caltech.edu

Gwendolyn Johnson

The talk considers geometric control method for sta-
bilization and trajectory tracking of electromagnetic
propulsion systems. The work is motivated by the
development of robust randezvous and docking sys-
tems for small satellites. The main difficulty lies in
dealing with complex pose-dependent control vector
fields arising from the magnetic field interaction. We
will address the issue of underactuation and discuss
stability results.

—> 0000

Schroedinger problem and Ricci curvature of
graphs

Christian Leonard
Universite Paris Ouest, France
christian.leonard@u-paris10.fr

The Schroedinger problem is a statistical physics
analogue of the Monge-Kantorovich optimal trans-
port problem. Its solution is a stochastic process
with prescribed initial and final marginal probability
measures. The time-marginal flow of this optimal
process is an entropic interpolation between the end-
point marginals which is a stochastic deformation of
McCann’s interpolation. It allows both recovering
the basic results of the Bakry-Emery theory on a
Riemannian manifold and extending it to a graph
structure, suggesting a natural definition of Ricci
curvature on a graph. We also recover modified loga-
rithmic inequalities and derive transport inequalities
under the assumption that the Ricci curvature is
bounded below. This approach can be viewed as
entering a stochastic deformation of the Lott-Sturm-
Villani theory of curvature of metric measure length
spaces.
—> 00000 —

Hamilton-Jacobi theory and hamiltonian sys-
tems with respect to fiber-wise linear Poisson
structures

Juan Carlos Marrero
University of La Laguna, Spain
jcmarrer@Qull.es

It is well-known that the existence of a fiber-wise
linear Poisson structure on a vector bundle is equiv-
alent to the existence of a Lie algebroid structure on
the dual bundle. Assume that this Lie algebroid is
integrable, that is, it is the Lie algebroid AG of a
Lie groupoid G and that h : A*"G — R is a hamil-
tonian function on the dual bundle A*G. Then, in

this talk, we will see that it is possible to reconstruct
the flow of the corresponding hamiltonian vector
field from a complete solution of the time-dependent
Hamilton-Jacobi equation associated with a suitable
hamiltonian function on the cotangent bundle T*G
of the Lie groupoid G.

—> 00000

On discrete mechanics for optimal control the-
ory

David Martin de Diego
ICMAT, Spain
david.martin@icmat.es

F. Jimenez, M. Kobilarov

During this talk we will discuss numerical meth-
ods for optimal control of mechanical systems in the
Lagrangian setting. It extends the theory of discrete
mechanics to enable the solutions of optimal control
problems through the discretization of variational
principles. The key point is to solve the optimal
control problem as a variational integrator of a spe-
cially constructed higher-dimensional system. The
developed framework applies to systems on general
manifolds, Lie groups, underactuated and nonholo-
nomic systems, and can approximate either smooth
or discontinuous control inputs. The resulting meth-
ods inherit the preservation properties of variational
integrators and result in numerically robust and eas-
ily implementable algorithms. The control of an
underwater vehicle, will illustrate the application of
the proposed approach.

—> 00000

Involutive distributions and dynamical sys-
tems of second-order type

Tom Mestdag
Ghent University, Belgium
tom.mestdag@ugent.be

We investigate the existence of coordinate trans-
formations which bring a given vector field on a
manifold equipped with an involutive distribution
into the form of a second-order differential equa-
tion field with parameters. We define associated
connections and we give a coordinate-independent
criterion for determining whether the vector field is
of quadratic type. Further, we investigate the under-
lying global bundle structure of the manifold under
consideration, induced by the vector field and the
involutive distribution. We illustrate the results in
the context of so-called mechanical control systems,
and we apply them to Routh reduction of mechanical
systems with an Abelian symmetry group.

—> 00000
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An extension of the Marsden-Weinstein re-
duction process to the symplectic algebroid
setting

Edith Padron

University of La Laguna, Spain
mepadron@ull.es

J.C. Marrero, M. Rodriguez-Olmos

In this talk we will show a reduction theorem for
Lie algebroids with respect to a Lie group action by
complete lifts. This result allows to obtain a Lie
algebroid version of the classic Marsden-Weinstein
reduction theorem for symplectic manifolds. Addi-
tionally, we will apply it to the particular case of the
canonical cover of a fiberwise Poisson structure.

—> 00000

Projective symmetry in Randers spaces

Mehdi Rafie-Rad
University of Mazandaran, Iran
rafieerad@Qumz.ac.ir

A significant extent of researches in the contexts
is devoted to study symmetries in Mathematical
Physics to be applied in dynamical systems. In each
case, characterizing the maximum symmetry is of in-
terests and includes considerations on the dimension
of the transformation groups and the Lie algebra
of vector fields. A class of important symmetries
in Physics are the projective symmetries. On the
other hand, the Randers metrics are the most origi-
nal Finsler metrics in Physics. This work is to study
the projective symmetry in Randers spaces. In par-
ticular, we prove that the Randers spaces with max-
imum projective symmetry are locally projectively
flat. This extends an analogue result in Rieman-
nian geometry. Some non-Riemannian invariants
and specifically important projective symmetry are
also studied.

—> 0000

Lie goup theory in turbulence

Dina Razafindralandy
LEPTIAB, France
drazafin@univ-lIr.fr
Aziz Hamdouni

Lie group theory is used to analyse turbulent non-
isothermal fluid flows. Using the symmetry proper-
ties of the correlation equations, new scaling laws for
velocity and for temperature are computed. Next, a
symmetry-preserving turbulence model for the sub-
grid stress tensor and the subgrid heat flux is devel-
opped and numerically tested.

—> 0000

Newtonoids vector fields and conservation
laws on the Lagrangian k-symplectic formal-
ism

Modesto Salgado
Universidad de Santiago de Compostela, Spain
modesto.salgado@usc.es

In this talk we discuss symmetries, Newtonoid vector
fields, conservation laws, Noether Theorem and its
converse, in the framework of the k-symplectic for-
malism.For the k=1 case it is well known that Cartan
symmetries induce and are induced by conservation
laws, and these results are known as Noether The-
orem and its converse. For k;1, we provide a new
proof that Noether Theorem is true, and hence each
Cartan symmetry induces a conservation law. We
show that under some assumptions, the converse of
Noether Theorem is true and provide examples when
this is not. We also study the relation between dy-
namical symmetries, Newtonoid vector fields, Cartan
symmetries and conservation laws, showing when one
will imply the others. We use several examples of
partial differential equations to illustrate when these
concepts are related and when they are not.

—> 0000

Invariant metrics on Lie groups

Gerard Thompson
University of Toledo, USA
gerard.thompson@utoledo.edu

We will investigate integrability properties of left-
invariant metrics on low-dimensional Lie groups. We
will consider Killing’s equations of degree one and
higher and also Hamiltonian-Jacobi separable sys-
tems.

—> 00000

Stochastic methods for Navier-Stokes equa-
tions

Gazanfer Unal
Yeditepe University, Turkey
gunal@yeditepe.edu.tr

Using a stochastic transformation we obtain stochas-
tic Navier-Stokes equations in the sense of Ito-
Skorokhod. We seek for exact solutions to the latter
by utilizing both anticipative calculus and symmetry
methods.

—> 00000
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The geometry of multi-Dirac structures

Joris Vankerschaver

University of California, San Diego, USA
joris.vankerschaver@gmail.com

Hiroaki Yoshimura, Melvin Leok

In this talk, I will introduce the concept of a multi-
Dirac structure, which is a graded analogue of the
concept of a usual Dirac structure. After discussing
some aspects of the geometry of multi-Dirac struc-
tures, I will point out how these structures can be
used for the description of classical field theories,
and I will show how a multi-Dirac structure on a
jet bundle gives rise to an infinite-dimensional Dirac
structure on the space of fields when a 3+1 decom-
position has been selected.

—> 00000

Hamilton-Jacobi La-

grangians

theory for Singular

Miguel Vaquero

ICMAT, Spain

miguel.vaquero@icmat.es

Manuel de Leén, Juan Carlos Marrero, David
Martin de Diego

In classical mechanics regular lagrangians leads to
canonical hamiltonian formalism. For singular la-
grangians Dirac developed a theory of constrainsts
that describes the dynamics for such lagrangians.
It is well known the important role played by the
Hamilton-Jacobi theory in integrating Hamilton’s
equation when the lagrangian is regular. In this
talk, we introduce a Hamilton-Jacobi theory for al-
most regular lagrangians in the Skinner-Rusk setting.
Some examples and future developments will be also
discussed.
— 00 0 00 —

A very general Hamilton-Jacobi theorem

Luca Vitagliano
DipMat, University of Salerno, Italy
lvitagliano@unisa.it

The classical Hamilton-Jacobi theorem for an Hamil-
tonian system with Hamiltonian H = H(z,p) states
that S = S(z) is a solution of the Hamilton-
Jacobi equation iff for any solution z(t) of the ODE
dr — %—g(:v,dS(x)), (z(t),dS(z(t))) is a solution of
the Hamilton equations. Thus it may be understood
as a way of finding (some) solutions of a certain ODE

by lifting solutions of a simpler ODE. I will present a
wide, field theoretic generalization of the Hamilton-
Jacobi theorem within the geometric theory of PDEs
on jet spaces.

—> 0000

Twisted angles for central configurations
formed by two twisted regular polygons

Xiang Yu

Sichuan University, Peoples Rep of China
xiang.zhiy@gmail.com

Zhang Shiqing

In this paper, we study the necessary conditions
and sufficient conditions for the twisted angles of
the central configurations formed by two twisted
regular polygons, in particular, we prove that for
the 2N-body problem, the twisted angles must be
0 =0or 6 =mn/N. And we study also the necessary
conditions and sufficient conditions for the existence
of the central configurations formed by two twisted
regular polygons.

—> 0000

Stochastic geometric mechanics

Jean-Claude Zambrini
GFMUL, Lisbon University, Portugal
jczambrini@gmail.com

We shall describe a way to deform stochastically
the main tools of Geometric Mechanics. And, in
particular, consider various aspects of integrability
in this context.

—> 00000

Variational principles for Hamel’s equations

Dmitry Zenkov

North Carolina State University, USA
dvzenkov@ncsu.edu

Kenneth Ball, Anthony Bloch

Hamels’ equations are a generalization of the Euler-
Lagrange equations of Lagrangian mechanics ob-
tained by measuring the velocity components relative
to a frame that is not associated with system’s config-
uration coordinates. These equations often simplify
the representation of system’s dynamics. This talk
will elucidate the variational nature of Hamel’s equa-
tions.
— 000 00 —
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Special Session 25: Dynamics in Complex Biological Systems

Bijoy K. Ghosh, Texas Tech University, USA
Akif Ibraguimov, Texas Tech University, USA
Qishao Lu, Beihang University, China
Jianzhong Su, University of Texas at Arlington, USA

Many biological systems such as neuronal systems, immune systems and gene regulatory systems have
highly nonlinear elements and form complex networks that may feature nontrivial coupling(feedback) and
architectures. Experimentally, they have been observed for generating complex spatio-temporal activity
patterns. Understanding the mechanisms underlying such dynamic patterns, as well as their transient
behavior that may emerge in these networks, represents a mathematical challenge of current interest. The aim
of this special session is to survey some recent results in which dynamical systems theory or computational
and statistical methods have been developed and applied to these dynamical patterns, examples of which
include oscillation, bursting and other neuronal activities in complex neuron circuits, dynamical patterns in
complex inflammatory systems that are related to wound healing, immune reactions, and cell differentiations
in gene regulations. The common themes of these dynamics include many excitatory/inhibitory coupling
or in general positive and negative feedbacks, and their effects on the overall dynamics; the influence of
stochastic noise may be another significant contributor that are not only as act as perturbations to these
dynamics patterns, but also give rise to new dynamics altogether.

This special session offers a forum for new viewpoints and results related to this rapidly developing field.
The aim is to foster and encourage communication and interaction between researchers in these interesting
directions. The topics include mathematical models and theoretical analysis, computational and statistical
methods of dynamical systems and differential equations, as well as applications, in neurodynamics, biological
circuitry, biophysics and biochemistry, in several scales.

The topics may include but not restrict to: 1. Neuronal dynamics: Mathematical modeling and dynami-
cal analysis of biological neurons, synapses, neuronal networks and brain, especially with effects of time delay
and noise; Nervous signal generation, encoding and transduction; Cognitive information processing, learning
and memory functions in brain; Mathematical and computational analyses in artificial intelligence and other
biological and medical applications; 2. Immune dynamics: Modeling biomedical processes including tumor
growth, cardio-vascular disease, infection, and healing are mediated by immunologic mechanisms; Nonlinear
differential equations arises in immunology and medical applications; Analysis of mathematical models for
features of solutions such as instabilities, bifurcations, symmetries, and blow-up that provide insight into the
nature of the underlying bio-physical mechanisms; 3.Systems Biology: Dynamical system models in Gene
regulation, expression, identification and network; Computational evolutionary biology; Algorithms, models,
software, and tools in Bioinformatics.

A mathematical model for the origin of left-
handedness

Daniel Abrams
Northwestern University, USA
dmabrams@northwestern.edu
Mark J. Panaggio

An overwhelming majority of humans are right-
handed. Numerous explanations for individual hand-
edness have been proposed, but this population-level
handedness remains puzzling. I will present a novel
mathematical model and use it to test the idea that
population-level hand preference represents a balance
between selective costs and benefits arising from co-
operation and competition in human evolutionary
history. I will also present evidence of atypical hand-
edness distributions among elite athletes, and show
how our model can quantitatively account for these
distributions within and across many professional
sports. The model predicts strong lateralization for
social species with limited combative interaction, and
elucidates the absence of consistent population-level
“pawedness” in many animal species.

—> 0000

Investigating bacteria-immune dynamics in
premature infants

Julia Arciero

Indiana University-Purdue University Indianapolis,
USA

jarciero@math.iupui.edu

G. Bard Ermentrout, Richard Siggers, Amin
Afrazi, David Hackam, Yoram Vodovotz,
Jonathan Rubin

Necrotizing enterocolitis (NEC) is a severe disease of
the gastrointestinal tract in premature infants char-
acterized by an impaired epithelium and exaggerated
inflammatory response. Toll-like receptors-4 (TLR4)
are located on epithelial cells and function in sensing
bacteria and protecting against bacterial transloca-
tion. However, TLR4 activation can also lead to an
uncontrolled inflammatory response and has been
identified as a key contributor to the development
of NEC. Toll-like receptors-9 (TLR9) can suppress
TLR4 activation and potentially reduce inflamma-
tion, but they may also compromise the beneficial
antibacterial effects of TLR4. A mathematical model
of bacteria-immune interactions within the intestine
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is developed here to analyze conditions in which in-
hibiting TLR4 activation may regulate inflammation
and prevent tissue invasion by bacteria. The model
offers a means for exploring the competing effects of
TLR4 and TLR9 and the influence of therapeutic in-
tervention on system dynamics. In particular, model
predictions are used to suggest three interventions
for NEC: reducing bacteria in the mucus layer, ad-
ministering probiotic treatment, and blocking TLR4
activation. Situations in which the proposed treat-
ments would be most helpful or potentially harmful
are identified using the model.

—> 00000

Determining the conductance for a neuronal
cable model defined on a tree graph via a
boundary control method

Jonathan Bell
University of Maryland Baltimore County, USA
jbell@umbc.edu

Dendrites of nerve cells can be expected to have
non-uniform conductances that one would like to
determine. Can this be done by boundary measure-
ments? Motivated by this question, we solve the
inverse problem of recovering a single spatially dis-
tributed conductance parameter in a cable equation
model defined on a finite tree graph that represents
a dendritic tree of a neuron. We employ a boundary
control method that gives a unique reconstruction
and an algorithmic approach.

—> 0000

Dynamics of sleep-wake states: a stochastic

process, random graph model

Janet Best
Ohio State University, USA
jbest@math.ohio-state.edu

We pass our lives alternating behavioral states of
sleep and wakefulness. Underlying this alternation
are two interacting neuronal networks: wake-active
cells and sleep active cells. Moreover, for many mam-
mals the dynamics of the state oscillation are those of
a renewal process such that the distribution of wake
episodes is power-law distributed while the distribu-
tion of durations of sleep episodes is exponentially
distributed. In order to study how these dynamics
may arise from interacting networks, we consider a
directed random graph model consisting of excita-
tory wake- and sleep-active clusters that compete via
inhibitory inter-cluster connections. Each node (neu-
ron) can be in any of three states: basal, excited or
inhibited. Activity spreads as a stochastic process on
the full network, and the clusters alternate periods
of high activity. We apply both standard and novel
probabilistic approximations to analyze the resulting
dynamics.
—> 0000

Complex immune responses: modeling & con-
trol

Judy Day
University of Tennessee, USA
judyday@utk.edu

Host-pathogen interactions consist of a complex cas-
cade of events involving a multitude of immune cells
and molecules concentrated on the goal of eliminat-
ing the offending agent and restoring equilibrium.
The immune response cannot always restore home-
ostasis on its own, and appropriate interventions are
needed. However, the administration of therapeu-
tics helping to guide desirable outcomes is not as
precise as one might think. Tools such as Model
Predictive Control (MPC) have been suggested as a
way to systematically determine the correct timing
and amount of therapies to achieve a specified health
goal. In this talk I will give an overview of model-
ing immune event cascades to various pathogens and
introduce the MPC methodology applied to a four
dimensional ordinary differential equations model of
systemic inflammation.

—> 00000

Bursting oscillation in the pre—Bétzinger
complex

Lixia Duan

North China Univ. of Tech., Peoples Rep of China
Ixduan2002@yahoo.com.cn

Zhaide Hong

In this talk, we study and classify the bursting in a
two-cell network of excitatory neuron within thepre-
Botzinger complex of the mammalian brain stem.
We investigated the effects of different parameters
on the bursting generation and pattern transitions
in the two-cell model network with synaptic cou-
pling by the fast-slow decomposition and bifurcation
analysis approach. Comparing the firing patterns
of the uncoupled and coupled cells, we found that
the bursting patterns are the same both for a single
and two-cell model network with the parameter gy,
changed, while they are different with the parameter
grx changed. Our results show the ions Na™ and
K7 have different effects on the complex firing ac-
tivities in the network when the single cells coupled
by excitatory synapse.

—> 0O 00—
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Bifurcations and chaos in a three dimensional
discrete time Lotka-Volterra model

Yinghui Gao

BeiHang University, Peoples Rep of China
yhgao@buaa.edu.cn

Bing Liu, Wei Feng

Three dimensional discrete time competitive Lotka-
Volterra map was studied by Gardini et al.. Bischi
et al. extended their results to discrete time prey
predator model. Bischi et al. investigated some local
and global behaviors of this three dimensional map
by numerical explorations. In this paper, this three
dimensional map will be further studied from another
point of view. Specifically speaking, the conditions
of existence for flip bifurcation and Neimark-Sacker
bifurcation are derived using the center manifold
theorem and the bifurcation theory. In addition, we
prove that there exists chaotic behavior in the sense
of Marotto’s definition of chaos. And numerical sim-
ulations show the consistence with the theoretical
analysis.
— 00000

Standing and travelling patterns in a neural
field model

Yixin Guo

Drexel University, USA
yixin@math.drexel.edu
Dennis Guang Yang

We study both standing and traveling patterns in
a firing rate model with "Mexican hat’ type of synap-
tic couplings and non-saturated firing rate functions.
We present an intrinsic relationship between the un-
derlying integral equation and a system of ODEs.
Then we establish the existence of standing and
travelling solutions through the system of ODEs.
We further analyze the linear stability of the trav-
eling patterns. We also analyze the coexistence and
bifurcations of thestanding and traveling solutions.

—> 00O

Equilbria and linearization of the one-
dimensional Forchheimer equation for incom-
pressible two-phase flows

Thinh Kieu

Texas Tech University, USA
thinh.kieu@ttu.edu

Luan Hoang, Akif Ibragimov

We derive the 1-D Forchheimer equation for in-
compressible two-phase fluid flows in porous media
in the presence of capillary forces. This type of
equation is used to model dynamics of different bi-
ological system. The original problem is reduced to
an initial value problem for a non-linear system of

parabolic equations. We find six classes of equilibria
and present their qualitative analyses. We show that
for appropriate capillary forces and relative perme-
ability these equilibrium states are linearly stable.

—> 00000

Neutrophil dynamics in
chemotherapy and G-CSF

response to

Jinzhi Lei
Tsinghua University, Peoples Rep of China
jzlei@mail.tsinghua.edu.cn

We have used a mathematical model of the com-
bined dynamics of the hematopoietic stem cells and
the differentiated neutrophil progeny to examine the
effects of periodic chemotherapy in generating neu-
tropenia, and the corresponding response of this sys-
tem to granulocyte colony stimulating factor given
to counteract the neutropenia. We find that there
is a significant period of chemotherapy delivery that
induces resonance in the system (at a period twice
the average neutrophil lifespan from commitment to
death) and a corresponding neutropenia suggesting
that myelosuppressive protocols should avoid this
period to minimize hematopoietic damage. The re-
sponse to G-CSF is highly variable.

—> 0000

Bursting dynamics of pancreatic beta-cells
with electrical and chemical couplings

Qishao Lu

Beihang Univ., Peoples Rep of China
qishaolu@hotmail.com

Pan Meng, Zhuoqin Yang

Pancreatic beta-cells located in islets of Langerhans
in the pancreas are responsible for the synthesis and
secretion of insulin in response to a glucose chal-
lenge. Bursting electrical activity is also important
for pancreatic beta-cells as it leads to oscillations in
the intracellular free calcium concentration, which in
turn leads to oscillations in insulin secretion. The
minimal model for a single pancreatic beta-cell was
extended by introducing one additional ionic cur-
rent was considered. The synchronization behav-
iors of two identical pancreatic beta-cells connected
by electrical (gap-junction) and chemical (synap-
tic) couplings, respectively, are investigated based
on bifurcation analysis by extending the fast-slow
dynamics from single cell to coupled cells. Various
firing patterns are produced in coupled cells under
proper coupling strength when a single cell exhibits
tonic spiking or square-wave bursting individually,
no matter the cells are connected by electrical or
chemical coupling. The above analysis of bursting
types and the transition may provide us with better
insight into understanding the role of coupling in the
dynamic behaviors of pancreatic beta-cells.

—> 0000
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Foam cell formation in atherogenesis

Lake Ritter

Southern Polytechnic State University, USA
Iritter@spsu.edu

Shuai Zhang, Akif Ibragimov, Jay Walton

The onset of atherosclerosis is characterized by the
uptake of lipids by immune cells within the arte-
rial wall. Once lipid laden, these immune cells are
dysfunctional and runaway inflammation may oc-
cur. We consider a model of the formation of foam
cells(lipid laden macrophages) with the view that ag-
gregation corresponds to a mathematical instability.
The disease mitigating effects of anti-oxidant and
high density lipoproteins are investigated.

—> 00000

Using a mathematical model to analyze the
treatment of a wound infection with oxygen
therapy

Richard Schugart

Western Kentucky University, USA
richard.schugart@wku.edu
Tennesse Tucker Joyce

A mathematical model was developed to treat a
wound with a bacterial infection using oxygen ther-
apy. The model describes the relationship among
neutrophils, bacteria, oxygen, cytokines, and reac-
tive oxygen species. A quasi-steady-state assumption
was introduced to reduce the model down systems of
two and three equations. A mathematical analysis
on the reduced model and simulation results will be
presented in this talk.

—> 00000

1. Control of attractors in nonlinear dynami-
cal systems using external noise/ 2. Effects of
noise on synchronization phenomena

Masatoshi Shiino

Showa Pharmaceutical University, Japan
masatshiino@yahoo.co.jp

Keiji Okumura

Synchronization phenomena as a result of the occur-
rence of cooperative ones are ubiquitous in nonequi-
librium physical and biological systems and are of
vital importance in information processing in the
brain. Those systems are , in general, subjected to
various kinds of noise. While in equilibrium ther-
modynamic systems external Langevin noise is con-
sidered to play the role of heat bath in terms of
temperature, few systematic study has been con-
ducted to explore effects of noise on large degrees of
nonlinear dynamical systems exhibiting limit cycle
oscillations and chaotic motions, due to their com-
plexity. Considering nonlinear models as simple as

possible that allow rigorous analyses based on use
of nonlinear -Fokker-Planck equations, we have con-
ducted systematic studies to observe effects of noise
and changes in types of attractors with changes in
several kinds of parameters characterising mean-field
coupled oscillator and (or) excitable element ensem-
bles. The first title deals with general aspects shown
by our models and the second one specialises under-
standing of results of noise effects in terms of phase
diagrams to show the appearance and disappearance
of synchonization of limit cycle oscillations.

—> 00000

Complexity in a Leslie-Gower delayed prey-
predator model

Anuraj Singh
Graphic Era University, Dehradun, India
anurajiitr@gmail.com

The complex dynamics is explored in a prey predator
system with multiple delays. The predator dynamics
is governed by Leslie-Gower scheme. The existence of
periodic solutions via Hopf-bifurcation with respect
to delay parameters are established. To substantiate
analytical findings, numerical simulations are per-
formed. The system shows rich dynamic behavior
including chaos and limit cycles.

—> 00000

A model for foreign body and its stability
analysis

Jianzhong Su

University of Texas at Arlington, USA
su@uta.edu

A. Ibaguimov, L. Perkins, L. Tang

Implanted medical devices often trigger immuno-
logical and inflammatory reactions from surrounding
tissues. The foreign body-mediated tissue responses
may result in varying degrees of fibrotic tissue for-
mation. There is an intensive research interest in
the area of wound healing modeling, and quantita-
tive methods are proposed to systematically study
the behavior of this complex system of multiple
cells, proteins and enzymes. This paper introduces
a kinetics-based model for analyzing reactions of
various cells/proteins and biochemical processes as
well as their transient behavior during the implant
healing in 2 dimensional space. In particular, we
provide a detailed modeling study of different roles
of Macrophages (M®) and their effects on fibrotic
reactions. The main mathematical result indicates
that the stability of the chronically inflamed state
depends primarily on the reaction dynamics of the
system, spatial diffusion and chemotaxis can not
de-stabilize an equilibrium which is stable in the
reaction-only system. However if the equilibrium
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is unstable by its reaction-only system, the spa-
tial diffusion and chemotactic effects can help to
stabilize when the model is dominated by classical
and regulatory macrophages over the inflammatory
macrophages. The mathematical proof and counter
examples are given for these conclusions.

—> 0000

Mathematical modeling of immune response
to influenza infection

David Swigon
University of Pittsburgh, USA
swigon@pitt.edu

Influenza is a contagious acute respiratory disease
caused by a highly cytopathic virus attacking the ep-
ithelium cells of the respiratory tract. Human body
responds to the infection by initiating a spectrum of
immune responses, ranging from innate to adaptive
cellular and antibody, which are regulated by an in-
tricate network of signaling interactions that have
not yet been completely characterized. Although in
most cases the disease is mild and results in a full
recovery, in some cases complications may lead to
severe trauma or death. In the talk I will outline a
series of simplified models that provide qualitative
and quantitative prediction of the time course of the
disease, aid in understanding of the mechanisms of
the immune response, and have been utilized in the
study the effects of an antiviral drug treatment. Our
latest effort has been focused on ensemble models
that reflects the uncertainty about parameter values,
data sparseness, and the likely variation of the dis-
ease outcome across a population exposed to TAV.
The technique is useful when the model contains
many unknown parameters, such as reaction rate
constants of biochemical processes, which are poorly
constrained and their direct measurement in vivo is
not feasible.
—> 00000

Eye/head movement dynamics satisfying the
Donders’ law

Indika Wijayasinghe

Texas Tech University, USA
indika.wijayasinghe@ttu.edu

Eugenio Aulisa, Bijoy K. Ghosh, Akif Ibragi-

mov

The problem of head movement has been studied
in conjunction with the eye movement problem for
well over hundred years and the names of Helmholtz,
Donders and Listing are associated with it. The ba-
sic problem is that the eye and the head movement
can be looked at as a rotational dynamics on the
space SO(3) with constraints that has to do with
the axis of rotation. In general, Donders’ Law spec-
ifies that the axis of rotation has a small torsional

component that can be expressed as a function of
the horizontal and vertical components. In this re-
search, head movement dynamics is constructed by
writing down a suitable Riemannian Metric on the
constrained space of rotation matrices, together with
a suitable form of “coordinate free” potential energy
and a damping term.

—> 00000

Effect of the channel block on the spatiotem-
poral dynamics in stochastic Hodgkin-Huxley
neuronal networks

Ying Wu
Xi’an Jiaotong University, Peoples Rep of China
wying36@mail.xjtu.edu.cn

The influence of sodium and/or potassium ion chan-
nel blocking on the evolution of spiral wave is inves-
tigated in a stochastic two-dimensional network of
Hodgkin-Huxley neurons. Some interesting results
are approached. (1) With the decreasing of factor
for sodium ion channel block, the mean interspike
interval of action potential and the wave length in-
crease, and the conductive velocity keeps stable for
a lager membrane patch size, however, the evolution
trends of spiral wave are almost unchanged, for a
smaller membrane patch size. The result confirms
that the evolution of the spiral waves is dependent
on the sodium ion channel block in the neural net-
work with weak strength noise being considered.
As a result, the noise weakens the influence of the
sodium ion channel poisoning on the evolution of
spatiotemporal pattern in neural network. (2) In the
case of potassium ion channel is blocked, no matter
how large the patch sizes are, the spiral waves be-
come denser and denser with the factor of poisoning
decreasing, and mean interspike interval of action
potential of a single neuron decrease. As the factor
of poisoning decreases, the trends of the mean in-
terspike interval of action potential, the wave length
and the conductive velocity in neural network with
a lager membrane patch size are similar with the
trends in the system with a smaller membrane patch
size. In other words, the influence of potassium ion
poisoning on the evolution of spatiotemporal pattern
is independent of the strength of noise. Furthermore,
the effect of noise on the evolution of spatiotempo-
ral patterns in the neural network is analyzed by
calculating the firing possibility and the factor of
synchronization.

—> 00000
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Oscillatory dynamics induced by time delay
in an internet congestion control model with
a ring topology

Jian Xu

Tongji University, Peoples Rep of China
xujian@tongji.edu.cn

Shu Zhang, Yu Huang

Internet is one of the most complex artificial sys-
tems and congestion control is among the major
tasks of designing this system. In this paper, an
n-dimensional congestion control model with ring
topology is considered to study the oscillation in-
duced by time delay via Hopf bifurcation. Firstly,
time delay is difficult to design or estimate, there-
fore its influence is of major concern. Secondly, ring
topology can be used to model the rapidly develop-
ing Ethernet ring as well as some local and campus
area network systems, therefore it is worth atten-
tion. Then, given the assumption that the variance
of hops of all the transmissions is zero, the expression
of the possible critical delay for Hopf bifurcation is
obtained by analyzing the linear part of the system
around the equilibrium and verified by the numerical
simulation. Based on that, the method of multiple
scales is employed to obtain the quantitative relation
between the delay and the oscillation induced by it.
The analytical results agree well with those obtained
by numerical method. Furthermore, the effects of
other parameters are studied either. The discussions
reveal that excessive hops may cause the oscillation
and increasing the link capacity can control this
unexpected dynamics.

—> 0000

Multiscale analysis of bacterial chemotaxis

Chuan Xue
Ohio State University, USA
cxue@math.osu.edu

Chemotaxis is the active movement of cells or or-
ganisms in response to external chemical signals.
The chemotactic movement of bacteria such as E.
coli has been described using both continuum mod-
els and cell-based models. In continuum models,
the evolution of cell density is described by partial
differential equations (PDEs), such as the classi-
cal Patlak-Keller-Segel (PKS) chemotaxis equations.
However, these models are phenomenological and
their relation to mechanistic cellular processes such
as signal transduction and movement is not well
understood. In contrast, cell-based models can in-
tegrate great details of fundamental cellular mech-
anisms and address population behavior. However,
for problems that involve large numbers of cells, they
are computationally intensive and time-consuming.

In this talk, I will elucidate the connections be-
tween continuum/phenomenological models and cell-
based/mechanistic models of bacterial chemotaxis
in shallow and steep signal gradient. The derived
macroscopic PDEs show good agreement with the
stochastic simulations of the cell-based models.

—> 00000

Different bursting patterns in two-parameter
bifurcation plane of fast subsystem

Zhuoqin Yang
Beihang University, Peoples Rep of China
yangzhuoqin@buaa.edu.cn

Firing activities during insulin secretion in pancre-
atic islets are principally characterized by bursts of
action potentials. In view of diversities of electri-
cal bursting patterns in pancreatic §-cell, a simple
but representative Vries-Sherman model with fast
and slow time scales is considered to study different
existing regions of different bursting patterns and
transition mechanism between them by means of
two-parameter bifurcation analysis of fast subsystem
with respect to a kinetic parameter and a slow vari-
able in a varying range of the slow variable. Since
the number and types of bifurcation curves are differ-
ent in different regions in two-parameter bifurcation
plane, topological types and dynamic behaviors of
different bursting patterns in the different regions
are revealed by fast/slow analysis with respect to
the slow variable. Summarily, codimension-1 and
-2 bifurcation analysis is very important to explore
dynamic behavior of different electrical bursting and
transition mechanism between them, moreover, it
can also provide a theoretical basis for physiological
experiment design.

—> 00000

Robustness of global dynamics for reversible
Schnackenberg equations

Yuncheng You
University of South Florida, USA
you@mail.usf.edu

Schnackenberg equations originally introduced as a
simplified model for some tri-molecular autocatalytic
biochemical reactions, including pattern formations
in embryogenesis. This talk will focus on the global
dynamics of the reversible Schnackenberg equations
on a bounded 3D domain. The robustness of the
global attractors for the family of solution semiflows
with respect to the reverse reaction rate as it con-
verges to zero will be shown.

—> 0000
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Special Session 26: Qualitative Aspects of Nonlinear Boundary Value
Problems

Marta Garcia-Huidobro, Catholic University of Chile, Chile
Raul Manasevich, University of Chile, Chile
James Ward, University of Alabama at Birmingham, U.S.A.

In this session we will deal with qualitative aspects of nonlinear boundary value problems such as existence
and multiplicity of solutions, dependence upon data and parameters, bifurcation, and topological properties
of solutions and global structures. In the case of the periodic boundary value problem, qualitative aspects
include Lyapunov stability or instability of solutions. We will consider scalar as well as systems of boundary

value problems

Variational methods for nonlinear pertur-
bations of the mean curvature operator in
Minkowski space

Cristian Bereanu

Institute of Mathematics Simion Stoilow, Romania
cristian.bereanu@imar.ro

P. Jebelean, J. Mawhin

In this talk we present various existence and multi-
plicity result for Neumann boundary value problems
associated to nonlinear perturbations of the mean
curvature operator in Minkowski space. The main
tool is Szulkin’s critical point theory for smooth
perturbations of convex and lower semi-continuous
functionals.
—> 00000 —

On bound state solutions with a prescribed
number of sign changes

Carmen Cortazar

P. Universidad Catolica de Chile, Chile
ccortaza@mat.puc.cl

Marta Garcia Huidobro, Cecilia Yarur

We consider radial solutions of the problem

Au+ f(u)=0
lim u(r) =0
T— 00
with a prescribed number of sign changes. Con-

ditions on f are established that guarantee the exis-
tence and the uniqueness of such solutions.

—> 00000

On positive solutions for a class of Caffarelli-
Kohn-Nirenberg type equations

David Costa

University of Nevada Las Vegas, USA
costa@unlv.nevada.edu

J. Chabrowski

We investigate the solvability of singular equations of
Calffarelli-Kohn-Nirenberg type having a critical-like
nonlinearity with a sign-changing weight function.

We examine how the properties of the Nehari man-
ifold and the fibering maps affect the question of
existence of positive solutions.

—> 00000

Nonlocal maximum principles and applica-
tions

Ricardo Enguiga

Centro de Matematica e Aplicacoes Fundamentais,
Portugal

rroque@adm.isel.pt

Luis Sanchez

We will make some remarks about the equation

() — %u'(t) +F02u(t) = h(t), te (0,1],
considering some weighted Sobolev spaces and anal-
yse special features of the associated Green’s func-
tion. This will be used to derive some nonlocal max-
imum principles relevant in the search for solutions
between lower and upper solutions of the nonlocal
boundary value problem

{u"(t) =2t (1) = f (ut) wn [y 5" g (u(s)) ds)
' (0) = 0 = u(l).
—> 00000 —

Boundary blow up of nonnegative solutions of
some elliptic systems

Marta Garcia Huidobro
Pontificia Universidad Catolica de Chile, Chile
mgarcia@mat.puc.cl

We study the nonnegative solutions of the elliptic
system

Au = |z|"°, Av = |z|"u”,

where a,b are real numbers such thata,b >
max{—2, —N}, in the superlinear case ud > 1, which
blow up near the boundary of adomain of RY, or at
one isolated point. In the radial case wegive the pre-
cise behavior of the large solutions near the boundary
in anydimension N. We also show the existence of in-
finitely many solutions blowingup at 0. Furthermore,



118

9t ATMS CONFERENCE — ABSTRACTS

we show that there exists a global positive solutionin
RM\ {0}, large at 0, and wedescribe its behavior. We
apply the results to the sign changing solutions ofthe
biharmonic equation

APy = |z ul*.

Our results are based on a new dynamical approach
of the radial system bymeans of a quadratic system
of order 4. This talk is part of a joint work with Prof.
M. Véron and Prof. C. Yarur.

—> 00000

Solutions for a semilinear elliptic equation in
dimension two with supercritical growth.

Ignacio Guerra

Universidad de Santiago de Chile, Chile
ignacio.guerraQusach.cl

Manuel del Pino, Monica Musso

We consider the problem

—Au=ue”, u>0, in Q,
u=0 on 09,

where Q C R? and p > 2. Let A1 be the first eigen-
value of the Laplacian. For each A € (0, A1), we prove
the existence of solutions for p sufficiently close to 2.
In the case of 2 a ball, we also describe numerically
the bifurcation diagram (\,u) for p > 2.

—> 00000

Convergence versus periodicity in a dynamical
system arising in the study of a higher-order
elliptic PDE

Monica Lazzo
University of Bari, Italy
lazzo@dm.uniba.it
Paul G. Schmidt

Trying to understand the blow-up behavior of large
radial solutions of a polyharmonic PDE with power
nonlinearity, we are led to analyze the dynamics of
a parameter-dependent single-loop positive-feedback
system; the dimension of the system corresponds
to the order of the PDE. In low dimensions, we ob-
serve convergence to equilibrium; in high dimensions,
multiple periodic orbits arise via successive Hopf bi-
furcations. We discuss the dynamics of the system
and consequences for the underlying PDE.

—> 00O 00

A mean curvature type of geometric parabolic
equation

Junfang Li

University of Alabama at Birmingham, USA
jfli@uab.edu

Pengfei Guan

In this talk, we will present a parabolic PDE defined
on hypersurfaces and its fully non-linear analogue.
For any closed star-shaped smooth hypersurface,
this flow exists for all time t;0 and exponentially
converges to a round sphere. Moreover, we will show
that all the quermass integrals evolve monotonically
along this flow. Consequently, we prove a class of
isoperimetric type of inequalities including the classi-
cal isoperimetric inequality on star-shaped domains.
We will also present a fully non-linear analogue of this
flow. More specifically, we study a fully non-linear
parabolic equation of a function on the standard
sphere and discuss its long-time existence and ex-
ponential convergence. As applications, we recover
the well-known Alexandrov-Fenchel inequalities on
bounded convex domains in Euclidean space.

—> 00000

Sign changing solutions with compact support
for a nonlinear equation with a p-Laplace op-
erator

Raul Manasevich
University of Chile, Chile
manasevi@dim.uchile.cl
Jean Dolbeault

In this talk we will consider radial solutions for a
nonlinear equation with a p-Laplace operator. By
a shooting method we prove the existence of solu-
tionswith compact support that have any prescribed
number of zeros.

—> 00000

On the energy of the current vector of a com-
plex valued function in R?

Alberto Montero
P. Universidad Catdlica de Chile, Chile
amontero@mat.puc.cl

For a complex valued function v : Q C R®* — C, the
current vector is usually defined as j(u) = Im(aVu).
In this talk I will present an estimate for [, |7 (u)|?
in terms of quantities determined by a given curve I'
in Q. These estimates are valid when V x j(u) and T
are sufficiently close as functionals on vector fields.

—> 00000
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Eigenvalue-curves and nonlinear second order
elliptic equations with nonlinear boundary
conditions

M. Nkashama

University of Alabama at Birmingham, USA
nkashama@math.uab.edu

N. Mavinga

We are concerned with the existence of eigenvalue-
curves connecting the Steklov and Neumann-Robin
spectra of linear second order elliptic equations. We
then discuss nonlinear elliptic problems with non-
linear boundary conditions when the reaction and
boundary nonlinearities stay in some sense between
two consecutive eigenvalue-curves.

—> 0000

Nonlinear periodic boundary value problems
via initial value problems: generalized quasi-
linear techniques

Sudhakar Pandit

Winston-Salem State University, USA
pandits@wssu.edu

J. O. Adeyeye, D. H. Dezern

It is well known that the Monotone Iterative (MIT)
and the Generalized Quasilinear Technique (GQT)
are two important techniques for obtaining solutions,
in a constructive way, of a variety of nonlinear Initial
value Problems (IVPs) and Periodic Boundary Value
Problems (PBVPs). Whereas the rate of convergence
of the iterates in the former technique is linear, that
in the latter is quadratic, and hence more rapid. In
this talk, we present a new approach to solve non-
linear PBVPs by employing the GQT. The fact that
the iterates in our approach are solutions of (linear)
IVPs (as opposed to PBVPs, in the conventional
approach), and converge to the multiple solutions
(or the unique solution, under additional conditions)
of the given nonlinear PBVP, allows us to dispense
with many a hypothesis required in the conventional
approach. We provide graphical and numerical ex-
amples to support the results in our new approach.

—> 0000

Hyperbolic fractional Laplacian

Mariel Saez

Pontificia Universidad Catolica, Chile
mariel@mat.puc.cl

V. Banica, M.d.M. Gonzédlez, M. Saez

In this talk I will discuss an appropriate definition
for the fractional Laplacian on Hyperbolic Space. In
the spirit of the work of L. Caffarelli and L.Silvestre,
we show that we can associate an extension problem
to our definition.

—> 0000

Oscillatory entire solutions of polyharmonic
equations with subcritical growth

Paul Schmidt
Auburn University, USA
pgs@auburn.edu
Monica Lazzo

Much of the literature on entire solutions for semi-
linear elliptic equations with power nonlinearities fo-
cuses on positive solutions, whose existence requires
critical or supercritical growth. Even assuming ra-
dial symmetry, the subcritical case is completely
understood only for second-order problems. We re-
cently established the existence and uniqueness (up
to scaling) of oscillatory entire radial solutions for
subcritical fourth-order problems. We discuss the
asymptotic behavior of these solutions and possible
generalizations for higher-order problems.

—> 00000

On the nonuniqueness of positive solutions for
a class of superlinear problems

Satoshi Tanaka
Okayama University of Science, Japan
tanaka@xmath.ous.ac.jp

The following two-point boundary value problem
is considered:u” + h(z) f(u) = 0 on (—1,1); u(-1) =
u(l) = 0.Here, h € C[-1,1] U C'([-1,1]\{0}),
h(z) > 0 on [-1,1]\{0}, f € C'[0,00), f(s) > 0
for s > 0 and f(0) = 0. In addition, the superlin-
ear condition sf’(s) > f(s) on (0,00) issatisfied. In
many cases, the positive solution of this problem is
unique. Indeed, if A(z) = 1, then the problem has at
most one positive solution. However, for example, if
f(s) =P, p>1, h(z) = |z|" and | > 0 issufficiently
large, then there exist three positive solutions. In
this talk, a sufficient condition is derived for the
existence of three positive solutions.

—> 00000

On some connecting orbits for a class of sin-
gular second order Hamiltonian systems

Hossein Tehrani
UNLV, USA
tehranih@unlv.nevada.edu

We present some existence results for connecting
orbits emanating from 0 of a class of singular second
order Hamiltonian equations of the form

u” + Viu(t,u) =0, teR

where the singular potential V' (¢, u) is T periodic and
satisfies Strong-Force condition at the singularity.

—> 0000
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Special Session 27: Transport Barriers in Dynamical Systems

George Haller, McGill University, Canada
Wenbo Tang, Arizona State University, USA

Transport barriers are ubiquitous generators of coherent patterns in complex dynamical systems. In recent
years, significant advances have been made on the mathematics and computations of such barriers in tem-
porally aperiodic flows. This special session surveys recent analytic and computational techniques for the
identification of generalized transport barriers in dynamical systems, and reviews applications to geophysical

and engineering flows.

Transport barrier detection via braid theory

Michael Allshouse

MIT, USA

mra23@mit.edu

Jean-Luc Thiffeault and Thomas Peacock

The definition of transport barriers as minimally
stretching material lines has recently been estab-
lished. A detection method was developed for re-
gions where the full velocity field is known; however
this is not always the case. Our work attempts to
detect similar boundaries in situation where only
sparse trajectory information is known. We do this
through the use of tools from topology, in particular
braid theory. We will briefly review our detection
method and a proof of concept in a mixing exam-
ple. Additionally, we will analyze trajectories in the
double-gyre system to try to establish the relation-
ship between transport barriers detected using the
geodesic method and our braid based method.

—> 00000
Explicit stable and unstable manifolds in a

class of unsteady 2D and 3D flows

Sanjeeva Balasuriya
Connecticut College, USA
sanjeevabalasuriya@yahoo.com

Stable and unstable manifolds strongly govern fluid
transport in unsteady flows, yet are often difficult
to determine even numerically. This talk introduces
a class of unsteady Eulerian velocity fields in both
two- and three-dimensions, in which the time-varying
invariant manifolds can be expressed explicitly. It
is shown that exponential dichotomy conditions —
which ensure that fluid particles on these manifolds
decay exponentially to hyperbolic trajectories — are
satisfied for these flows. Methods for generating
finite-time analogues of these manifolds are also dis-
cussed; in particular, it is shown how the violation of
“infinite-timeness” can be quantified and tuned us-
ing a parameter. While there is in reality no chaotic
motion associated with this class of examples, La-
grangian trajectories which are seemingly arbitrarily
complicated can be generated. As such, these will
serve as useful testbeds for researchers developing
and improving diagnostic methods for extracting
flow barriers in genuinely time-dependent two- and
three-dimensional flows.

—> 0000

Uncovering the Lagrangian skeletons of

oceanic and atmospheric flows

Francisco Beron-Vera

RSMAS, University of Miami, USA
fberon@rsmas.miami.edu

George Haller

Haller and Beron-Vera (2012) have recently devel-
oped a geodesic theory for the objective (i.e., frame-
independent) identification of key material curves
(transport barriers) which shape global transport
patterns in unsteady 2-d flows defined over a finite-
time interval. In the geodesic theory transport bar-
riers emerge as material curves closely shadowed by
least-stretching geodesics for the Cauchy—Green ten-
sor. In the incompressible case, the geodesic theory
identifies hyperbolic (generalized stable and unstable
manifolds), elliptic (generalized eddy boundaries),
and parabolic (generalized shear jets) transport bar-
riers. Such transport barriers, which can be regarded
as generalized Lagrangian Coherent Structures or
LCSs, compose the Lagrangian skeleton of an in-
compressible 2-d flow. Here we apply the geodesic
theory to oceanic and atmospheric velocity fields in
an attempt to uncover their Lagrangian skeletons.

—> 00000

Lagrangian coherent structures, biological in-
vasions, and limits of forecasting

Amir Bozorgmagham

Virginia Tech University, USA
aebm@vt.edu

S. Ross, D. Schmale, P. Tallapragada

The language of Lagrangian coherent structures
(LCSs) provides a new means for discussion of trans-
port and mixing of pathogens that are transported
through the atmosphere, paving the way for new
modeling and management strategies for the spread
of infectious diseases affecting plants, domestic an-
imals, and humans. Our research group is investi-
gating the influence of atmospheric dynamical struc-
tures on the aeroecology of pathogen populations
collected with autonomous unmanned aerial vehi-
cles (UAVs). Recent work analyzing collections of
pathogens across multiple UAV sampling missions
has demonstrated a statistical correlation between
punctuated changes in the population structure and
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passages of LCSs over the sampling location, based
on data from archived meteorological models which
constitute our best estimate of the atmospheric flow.
If LCSs prove to be important for understanding the
atmospheric transport of invasive microbial species
into previously unexposed regions, accurate fore-
casting of LCSs could be incorporated into early
warning systems for plant pathogens. We will con-
sider the consequences of wind forecast errors on
the finite-time Lyapunov exponent (FTLE) field and
the results from proper orthogonal decomposition for
comparing forecast and pastcast LCS features. Fi-
nally, we describe stochastic FTLE fields which take
into account the uncertainty of forecasts.

—> 00000

KAM-like Lagrangian coherent structures in
geophysical flows

Michael Brown

RSMAS, University of Miami, USA
mbrown@rsmas.miami.edu

H. Kocak, F. J. Beron-Vera, M. J. Olascoaga

Transport barriers in the vicinity of zonal (east-west)
jets in planetary atmospheres are investigated. Re-
cent results relating to KAM (Kolmogorov-Arnold-
Moser) theory predict that when such a flow is per-
turbed, invariant tori in the vicinity of the jet core
should be present and will serve as impenetrable
barriers to meridional (north-south) transport. Nu-
merical estimates of invariant tori of this type are
referred to as KAM-like Lagrangian Coherent Struc-
tures (LCSs). Relevant theory and numerical meth-
ods will be reviewed, and applications, including the
annually recurring Antarctic ozone hole and Jupiter’s
belts and zones, will be discussed.

—> 0000

Escape and diffusion through small holes

Carl Dettmann

University of Bristol, England
Carl.Dettmann@bris.ac.uk

0. Georgiou, R. Klages, G. Knight

A dynamical system may be ”opened” by allow-
ing trajectories to leak out through one or more
holes, subsets of phase space. Given a distribution
of initial conditions, We can then pose questions
about the probability of surviving within the system,
as a function of time, the size and position of the
hole(s). Open billiard dynamics can be related to
a number of physical experiments and applications
involving escape of particles from a cavity. In sev-
eral geometries the leading coefficient of the survival
probability can be determined, including connections
with the Riemann Hypothesis and phenomena such
as asymmetric transport. A chain of systems linked

by their holes can also model deterministic diffu-
sion. Very recent results for escape and diffusion in
one-dimensional maps will be discussed, including
an expansion for the escape rate beyond linear or-
der in hole size, and an exact additivity formula for
diffusion coeflicients.

—> 00000

Transport in time-dependent dynamical sys-
tems: finite-time coherent sets

Gary Froyland

University of New South Wales, Australia
g.froyland@Qunsw.edu.au

Naratip Santitissadeekorn, Adam Monahan

We study the transport properties of nonautonomous
chaotic dynamical systems over a finite time inter-
val. We are particularly interested in those regions
that remain coherent and relatively nondispersive,
despite the chaotic nature of the system. We de-
tect maximally coherent transport pathways using
singular vectors of a matrix of transitions induced
by the dynamics. The methodology is illustrated on
an idealized stratospheric flow and two and three-
dimensional analyses of European Centre for Medium
Range Weather Forecasting reanalysis data.

—> 00000

Using LCS to study the transition vortex
shedding on a cylinder in cross-flow

Melissa Green
Syracuse University, USA
greenma@syr.edu

The transition from steady separation to unsteady
vortex shedding downstream of a circular cylinder in
cross-flow is examined using a Lagrangian coherent
structure analysis. Velocity data is gathered from
both 2D and 3D simulations at Reynolds numbers
close to transition (Re = 47). The LCS is compared
against common Eulerian criteria, such as vorticity,
the @ criterion, and the acceleration minima. At
transition, when flow begins to entrain into and de-
train from the cylinder wake, the wake as described
using LCS undergoes a distinct qualitative change.
This event in the evolution of the LCS will offer new
information about possible timing and location at
which to implement effective flow control to mitigate
the shedding and unsteady forces on the cylinder
body.

—> 00000
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Geodesic theory of transport barriers

George Haller

McGIll University, Canada
george.haller@mcgill.ca
Francisco Beron-Vera

I describe a unified approach to locating key material
transport barriers in unsteady flows induced by two-
dimensional, non-autonomous dynamical systems.
Seeking transport barriers as minimally stretching
material lines, one obtains that such barriers must
be shadowed by minimal geodesics under the metric
induced by the Cauchy-Green strain tensor field as-
sociated with the flow map. As a result, snapshots
of transport barriers can be explicitly computed as
trajectories of ordinary differential equations. Using
this approach, hyperbolic barriers (generalized stable
and unstable manifolds), elliptic barriers (general-
ized KAM curves) and parabolic barriers (general-
ized shear jets) can be found with high precision in
temporally aperiodic flows defined over a finite time
interval. I illustrate these results on unsteady flows
arising in mechanics and fluid dynamics. Further
applications to geophysical flows will be discussed
by Francisco Beron-Vera in another talk within this
special session.

—> 0000

Out of flatland: 3D aspects of Lagrangian co-
herent structures in oceanography

A. Kirwan

SMSP, University of Delaware, USA
adk@udel.edu

Mohamed H. Mahmoud Sulman,
Huntley, B. L. Lipphardt, Jr.

Helga S.

Since the seminal work of Haller (Chaos, 99-108,
2000) and Haller and Yuan (Physica D, 352-370,
2000) finite time Lyapunov exponents (FTLE) have
been used to identify Lagrangian coherent struc-
tures (LCS). Until very recently applications of this
methodology in oceanography have been restricted to
analyses along a few selected surfaces even though the
theory is readily extended to fully three-dimensional
flows. In rotating stratified geophysical scale fluids
LCS are 2D surfaces embedded within a finite fluid
volume so the intersections of these surfaces with
a few level surfaces clearly are inadequate descrip-
tors of true LCS. The only study that reports on
the 2D structure of LCS in oceanography that we
are aware of is Branicki and Kirwan (Int. J. Engr.
Sci., 1027-1042, 2010). In their investigation of a
large anticyclonic ring in the Gulf of Mexico they
reported that the 2D LCS were nearly vertical and
that there was entrainment into the ring near its
base and detrainment near the surface. However,
for technical reasons peculiar to most data assim-
ilating ocean and atmospheric general circulation
models they elected not to use the vertical velocity

in their analysis. Thus the question addressed in
this talk: how representative of true 2D LCS are re-
duced FTLE representations? Specifically we discuss
two strategies for computing 2D LCS from reduced
representations of the Cauchy Green tensors. Our
analysis indicates that under typical oceanographic
conditions it is important to account for the verti-
cal shear of the horizontal currents in constructing
a reduced representation of this tensor. We apply
this approach to a high-resolution data assimilating
general circulation model to report on the vertical
structure of 2D LCS in the Gulf of Mexico.

—> 00000

Transport in transitory dynamical systems

James Meiss

University of Colorado, USA
jdm@colorado.edu

B.A. Mosovsky

A transitory dynamical system is nonautonomous
only on a compact interval of time. With this partic-
ularly simple form, coherent structures can be identi-
fied with those of the “past” or “future” autonomous
vector fields, and transport is quantified by a transi-
tion map. We study Liouville dynamics in which the
incompressible vector field has a Lagrangian generat-
ing form. In this case the volume of regions bounded
by past-unstable and future-stable surfaces can be
efficiently computed using an action-like formula on
heteroclinic orbits. Three-dimensional examples us-
ing the ABC flow and a model of droplet flow in a
twisted pipe will be presented.

—> 00000

Predicting instabilities in environmental pol-
lution patterns using LCS-core analysis

Maria Olascoaga
RSMAS/UM, USA
jolascoaga@rsmas.miami.edu
G. Haller

I present a methodology to predict major short-term
changes in environmental contamination patterns,
such as oil spills in the ocean and ash clouds in the
atmosphere. The approach is based on new mathe-
matical results on the objective (frame-independent)
identification of key material surfaces that drive
tracer mixing in unsteady, finite-time flow data.
Some of these material surfaces, broadly known as
Lagrangian Coherent Structures (LCSs), turn out to
admit highly attracting cores that lead to inevitable
material instabilities even under future uncertainties
or unexpected perturbations to the observed flow.
These LCS cores have the potential to forecast im-
minent shape changes in the contamination pattern,
even before the instability builds up and brings large
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masses of water or air into motion. Exploiting this
potential, the resulting LCS-core analysis provides
a model-independent forecasting scheme that relies
only on already observed or validated flow velocities
at the time the prediction is made. The methodol-
ogy is used to obtain high-precision forecasts of two
major instabilities that occurred in the shape of the
Deepwater Horizon oil spill in the Gulf of Mexico.

—> 0000

Finite-time entropy: a probabilistic approach
for measuring nonlinear stretching in dynam-
ical systems

Kathrin Padberg-Gehle

Technische Universitaet Dresden, Germany
kathrin.padberg@tu-dresden.de

Gary Froyland

We propose an entropy-based methodology for es-
timating nonlinear stretching in dynamical systems
based on the evolution of probability densities. We
present a very efficient computational approach that
makes direct use of a discretized transfer operator.
The novel methodoloy is illustrated by several ex-
ample systems, highlighting the similarity to the
frequently used concept of finite-time Lyapunov ex-
ponents. Thus the finite-time entropy approach is
a first step towards formally linking geometric and
probabilistic methods for the numerical analysis of
transport.
— 0000 —

Inertial manifold dimensionality and finite-
time instabilities in transient turbulent flows

Themistoklis Sapsis
New York University, USA
themis.sapsis@gmail.com

We examine the geometry of the inertial manifold as-
sociated with fluid flows described by Navier-Stokes
equations and we relate its nonlinear dimensional-
ity to energy exchanges between the mean flow and
stochastic modes of the flow. Specifically, we employ
a stochastic framework based on the dynamically
orthogonal field equations to perform efficient order-
reduction in terms of time-dependent modes and
describe the inertial manifold in the reduced-order
phase space in terms of the associated probability
measure. We introduce the notion of local fractal di-
mensionality and we establish a connection with the
finite-time Lyapunov exponents of the reduced-order
dynamics. Based on this tool we illustrate in 2D
Navier-Stokesequations that the underlying mecha-
nism responsible for the finite dimensionality of the
inertial manifold is, apart from the viscous dissipa-
tion, the reverse flow of energy from the stochastic
fluctuations (containing in general smaller length-
scales) back to the mean flow (which is characterized
by larger spatial scales).

—> 0000

Investigating fluid flows via individual trajec-
tory complexity methods

Sherry Scott

Marquette University, USA
sherry.scott@mu.edu

I.I. Rypina, L.J. Pratt, M.G.Brown

We consider the analysis of flows in terms of the
complexity of the fluid particle trajectories. Two
complexity measures - the correlation dimension and
the ergodicity defect - are explored in the context
of several examples. Both measures yield structures
resembling Lagrangian coherent structures in the ex-
amples. The possible advantage of these individual
trajectory complexity methods over more traditional
approaches in the analysis of typical ocean float and
drifter data sets is discussed.

—> 00000

Maximal stretching surfaces as
platelet activation pathways

potential

Shawn Shadden
IIT, USA
shawn.shadden@iit.edu

As platelets are transported they are continuously
stretched, compressed and sheared by local gradi-
ents in the flow. Exposure to elevated gradients can
cause platelets to actively react with conformational,
chemical and enzymatic responses, i.e. becoming
activated. Omnce switched to the activated state,
platelets perform multifaceted roles to orchestrate
clotting. When one measures the activation potential
for platelets in blood flow, the measure tends to be
maximized along distinguished material surfaces that
are otherwise referred to as "LCS.” Furthermore,
comparison of these structures with data on platelet
deposition near arterial stenoses suggest that in fact,
clot formation may be strongly influenced by these
structures. Moreover, these results shed insight into
the possible synergies between force-mediated and
transport-mediated biomechanical processes, which
have previously been considered independently.

—> 00000

Mapping unstable manifolds using floats in a
Southern Ocean field campaign

Emily Shuckburgh

British Antarctic Survey, England
emsh@bas.ac.uk

J. B. Sallee, F. d’Ovidio

Ideas from dynamical systems theory have been used
in an observational field campaign in the Southern
Ocean to provide information on the transport and
mixing structure of the flow. Satellites can provide
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information concerning surface currents at a scale of
10 km or so. This information was used in near-real
time to provide an estimate of the location of stable
and unstable manifolds in the vicinity of the Antarc-
tic Circumpolar Current. As part of a large US/UK
observational field campaign (DIMES: Diapycnal
and Isopycnal Mixing Experiment in the Southern
Ocean) a number of floats were then released (at the
surface and at a depth of approximately 1km) close
to the estimated intersection of the two manifolds in
several locations with apparently different dynam-
ical characteristics. The subsequent trajectories of
the floats has allowed the unstable manifolds to be
tracked, and the relative separation of pairs of floats
has allowed an estimation of Lyapunov exponents.
The results of these deployments have given insight
into the strengths and limitations of the satellite data
which does not resolve small scales in the velocity
field, and have elucidated the transport and mixing
structure of the Southern Ocean at the surface and
at depth.
— 00 0 00 —

Topological chaos ‘stirred’
almost-cyclic sets

in systems by

Mark Stremler

Virginia Tech, USA

stremler@vt.edu

Mohsen Gheisarieha, Piyush Grover, Pankaj
Kumar, Shane D. Ross

In many dynamical systems, there are regions of
phase space that remain coherent for an extended pe-
riod of time. Identification of these coherent regions
can be accomplished by, for example, computing
the eigenvectors of the discretized Perron-Frobenius
transfer operator via a set-oriented approach. The
eigenvector(s) give the locations(s) of these regions,
known as Almost-Invariant Sets (AIS), and the cor-
responding eigenvalue(s) quantify their ‘leakiness’.
In some cases, there exist disconnected components
of a single AIS that form Almost-Cyclic Sets (ACS).
We extend this set-oriented approach by considering
the relative interaction of trajectories from within
the ACS. In certain (2+1)-dimensional systems, the
braiding of these trajectories provides a framework
for analyzing chaos in the system through applica-
tion of the Thurston-Nielsen classification theorem.
Sufficiently complex braiding patterns lead to what is
known as ‘topological chaos’, enabling predictions of
system behavior based solely on the spatio-temporal
ACS structure. This approach makes it possible
to investigate and quantify chaos in complex dy-
namical using limited information about the relative
motion of a few coherent regions. We demonstrate
this approach by considering stirring and mixing in
a two-dimensional, time-dependent fluid system.

—> 00000 —

Lagrangian coherent structures and eddy dif-
fusion

Wenbo Tang
Arizona State University, USA
Wenbo.Tang@asu.edu

Lagrangian coherent structures (LCS) are known
as the templates for chaotic mixing in nonlinear
aperiodic dynamical systems, such as geophysical
flows. In recent years, theoretical developments on
the deterministic LCS have allowed the objective
identification of mixing barriers and enhancers in
geophysical flows. Stochastic transport associated
with LCS, on the other hand, is less studied, partly
due to the inherent scale separation between coher-
ent structures and molecular diffusion. However,
sub-grid scale uncertainty of geophysical flows can-
not be neglected when one tries to quantify diffusive
transport of substances. In this talk we will discuss
some recent efforts on quantifying diffusive mixing
associated with the LCS. In particular, eddy dif-
fusivity tensors associated with advection-diffusion
are constructed based on Lagrangian measures from
LCS. Some archetypal examples will be discussed.

—> 00000

Moving walls accelerate mixing

Jean-Luc Thiffeault

University of Wisconsin, Madison, USA
jeanluc@mailaps.org

Emmanuelle Gouillart, Olivier Dauchot

Mixing in viscous fluids is challenging, but chaotic
advection in principle allows efficient mixing. In the
best possible scenario, the decay rate of the concen-
tration profile of a passive scalar should be exponen-
tial in time. In practice, several authors have found
that the no-slip boundary condition at the walls of
a vessel can slow down mixing considerably, turning
an exponential decay into a power law. This slow-
down affects the whole mixing region, and not just
the vicinity of the wall. The reason is that when the
chaotic mixing region extends to the wall, a separa-
trix connects to it. The approach to the wall along
that separatrix is polynomial in time and dominates
the long-time decay. However, if the walls are moved
or rotated, closed orbits appear, separated from the
central mixing region by a hyperbolic fixed point
with a homoclinic orbit. The long-time approach to
the fixed point is exponential, so an overall exponen-
tial decay is recovered, albeit with a thin unmixed
region near the wall.

—> 00000
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Special Session 28: Analysis and Numerics of Differential Equations and
Dynamical Systems in Mathematical Fluid Mechanics

Changbing Hu, University of Louisville, USA
Ning Ju, Oklahoma State University, USA
Theodore Tachim-Medj, Florida International University, USA

In the last decades great progresses have been made in the field of mathematical fluid mechanics both
theoretically and numerically by using theory of differential equations and dynamical systems. The aim of
this special session is to bring together researchers in this area to present most recent results, ideas and discuss
on future research directions. The topics in this special session will range from mathematical modeling,
theoretical analysis including well-posedness and asymptotic behavior with respect to small parameters and

large time, and computational methods.

Dynamics of particle settling and resuspen-
sion in viscous liquids

Andrea Bertozzi
UCLA, USA

bertozzi@math.ucla.edu

We derive and study a dynamic model for suspensions
of negatively buoyant particles on an incline. Our
theoretical model includes the settling/sedimentation
due to gravity as well as the resuspension of particles
induced by shear-induced migration,leading to differ-
ent regimes observed in the experiments. Using an
approach relying on asymptotics, we systematically
connect our dynamic model with the previously de-
veloped equilibrium theory for particle-laden flows.
We show that the resulting transport equations for
the liquid and the particles are of hyperbolic type,
and study the dilute limit, for which we compute ex-
act solutions. We also carry out asystematic exper-
imental study of the settled regime, focusing on the
motion ofthe liquid and the particle fronts. Finally,
we carry out numerical simulations of our transport
equations. We show that the model predictions agree
well with the experimental data.

—> 0000

Gevrey regularity for dissipative equations
with applications to decay.

Animikh Biswas

University of North Carolina-Charlotte, USA
abiswas@uncc.edu

Hantaek Bae

The regular solutions of a large class of dissipative
equations are well-known to be analytic in both space
and time variables. Moreover, the space analyticity
radius has an important physical interpretation. It
demarcates the length scale below which the viscous
effect dominates the (nonlinear) inertial effect. Foias
and Temam introduced an effective approach to esti-
mate space analyticity radius via the use of Gevrey
norms which, since then, has become a standard
tool for studying analyticity properties for dissipa-
tive equations. We extend this approach to a class

of (possibly nonlocal) equations with analytic non-
linearity in critical invariant spaces. As application,
we obtain large time decay of higher derivatives. Ap-
plications include the Navier-Stokes, surface quasi-
geostrophic, Burger’s and Cahn-Hilliard equations
among others. This is a joint work with Hantaek
Bae.
— 0O 00—

On a 1D alpha-patch model

Hongjie Dong

Brown University, USA
Hongjie_Dong@brown.edu
Dong Li

We consider a one-dimensional a-patch model. A
dichotomy result between the finite time blowup and
the global in time regularity is obtained. The result
is sharp in terms of the range of a.

—> 00000

Parameter estimation for nonlinear stochastic
partial differential equations

Nathan Glatt-Holtz
Indiana University, USA
negh@indiana.edu

Igor Cialenco

While the general form of a model is commonly de-
rived from the fundamental properties of a physical
process under study, frequently parameters arise in
the formulation which need to be specified or deter-
mined on the basis of empirical observation. Given
in particular the growing significance of nonlinear
stochastic partial differential equations (SPDE) in
applications there is a clear need to develop the the-
ory of parameter estimation for such systems. Under
the assumption that a phenomenon of interest follows
the dynamics of such an SPDE, and given that some
realizations of this process are measured, we wish
to find these unknown parameters appearing in the
model, such that the equations fit or predict as much
as possible this observed data. In this work we dis-
cuss some recent results concerning the estimation of
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the “drift” parameter for a general class of nonlinear
SPDE, based on the first N Fourier modes of a single
sample path observed on a finite time interval. In
particular, we exhibit specific estimators for the vis-
cosity coefficient for the 2D stochastic Navier-Stokes
equations, and study asymptotic properties of these
estimators.

—> 0000

Alternating direction second order method
for the Navier-Stokes equations

Daniel Guo
University of North Carolina Wilmington, USA
guod@uncw.edu

A fully discretized projection method is studied.
It contains a parameter operator. Depending on
this operator, we can obtain a first-order scheme,
which is appropriate for theoretical analysis, and
a second-order scheme, which is more suitable for
actual computations. In this method, the boundary
conditions of the intermediate velocity field and pres-
sure are not needed. For the comparison, we apply
the alternating direction method to the discretized
projection method for the Navier-Stokes equations.

—> 0000

Some mathematical theory of viscous

Camassa-Holm equations

Changbing Hu
University of Louisville, USA
changbing.hu@Iouisville.edu

Viscous Camassa-Holm equations, or Navier-Stokes-
alpha (NS-«v) equations were introduced as a natural
mathematical generalization of the integrable invis-
cid 1D Camassa-Holm equation through a variation
formulation. Mathematical theory, including well-
posedness, and the existence of global attractors and
their Hausdorff and fractal dimension, of viscous
Camassa-Holm equations has been established by
Foias, Holm and Titi. In this talk we address some
further topics regarding the viscous Camassa-Holm
equations, including the Gevrey regularity of the so-
lutions, some bifurcation results and lower bounds of
the global attractor.

—> 0000

Bounded vorticity, bounded velocity (Serfati)
solutions to 2D Euler equations

James Kelliher

UC Riverside, USA

kelliher@math.ucr.edu

David Ambrose, Helena Nussenzveig Lopes,
Milton Lopes Filho

In a short note in 1995, Philippe Serfati established
the existence and uniqueness of solutions to the 2D
Euler equations in the whole plane when the ini-
tial vorticity and initial velocity are bounded. We
describe an extension of this result to an external
domain in the plane, and discuss related issues of
stability.
— 0000 —

On the arrow of time

Y. Charles Li

University of Missouri, USA
liyan@missouri.edu

Hong Yang

We propose a Theory to resolve the problem of the
Arrow of Time. The Theory is composed of three
ingredients: 1. The equations of the dynamics of gas
molecules, 2. Chaotic instability of the equations of
the dynamics, 3. unavoidable perturbations to the
gas molecules. Numerical simulations on the Theory
are conducted.

—> 00000

Determination of viscosity in an incompress-
ible fluid

Xiaosheng Li
Florida International University, USA
xli@fiu.edu

In this talk we study the inverse boundary value
problems in fluid mechanics. We present the unique
determination of the viscosity function in an incom-
pressible fluid by boundary measurements of the
velocity and the force.

—> 00000

Invariant manifolds of Euler equations

Zhiwu Lin
Georgia Institute of Technology, USA
zlin@math.gatech.edu

We consider a linearly unstable steady flow wvg of
the Euler equation in a fixed bounded domain in
R". By rewriting the Euler equation as an ODE on
an infinite dimensional manifold of volume preserving
mapping in H* (k> 1+ %), the unstable and stable
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manifolds of v is constructed under certain spectral
gap condition which is verified for both 2D and 3D
examples. This implies the nonlinear instability of v
in the sense that arbitrarilly small H* perturbations
can lead to L? derivation of the solutions.

—> 00000

Effective viscosity in dilute suspensions

Anna Mazzucato

Penn State University, USA
alm24@psu.edu

Brian Haines

We give a rigorous derivation of Einstein’s formula
for the effective viscosity of a dilute suspension of
spheres in a finite-size container. The spheres are
arranged in a cubic lattice . We employ boundary
integral equations for the Stokes operator and include
boundary effects. Our proof admits a generalization
to other particle shapes and the inclusion of point
forces to model self-propelled particles.

—> 000

On the exponential decay of the power spec-
trum and the finite dimensionality for the
solutions of the three dimensional primitive
equations

Madalina Petcu
University of Poitiers, France
Madalina.Petcu@math.univ-poitiers.fr

In this talk we study the three dimensional prim-
itive equations, describing the motion of the oceans
and of the atmosphere. More exactly, we prove the
exponential decay of the spatial power spectrum for
the solutions, as well as the finite dimensionality of
the flow described by our model.

—> 0000

On the long-time stability of the implicit Euler
scheme for the 2d thermohydraulics equations

Florentina Tone
University of West Florida, USA
ftone@Quwf.edu

In this article we consider the two-dimensional ther-
mohydraulics equations, we discretize these equa-
tions in time using the implicit Euler scheme and
with the aid of the classical and uniform discrete
Gronwall lemmas, we prove that the scheme is H1-
uniformly stable in time.

—> 00000

A high order WENO scheme for detonation
waves

Wei Wang

Florida International University, USA
weiwangl@fiu.edu

Chi-Wang Shu, Helen Yee, Bjorn Sjogreen

We propose a high order finite difference WENO
method with Harten’s ENO subcell resolution idea
for the chemical reactive flows. In the reaction prob-
lems, when the reaction time scale is very small, e.g.,
orders of magnitude smaller than the fluid dynam-
ics time scales, the problems will become very stiff.
Wrong propagation of discontinuity occurs due to the
underresolved numerical solutions in both the space
and time. The proposed method is a modified frac-
tional step method which solves the convection step
and reaction step separately. A fifth-order WENO
is used in convection step. In the reaction step, a
modified ODE solver is applied but with the flow
variables in the discontinuity region modified by the
subcell resolution idea.

—> 00000

A level set approach for dilute non-collisional
fluid-particle flows

Zhongming Wang

Florida International University, USA
zwang6@fiu.edu

Hailiang Liu, Rodney Fox

Gas-particle and other dispersed-phase flows can
be described by a kinetic equation containing terms
for spatial transport, acceleration, and particle pro-
cesses (such as evaporation or collisions). However,
computing the dispersed velocity is a challenging
task due to the large number of independent vari-
ables. A level set approach for computing dilute
non-collisional fluid-particle flows is presented. We
will consider the sprays governed by the Williams
kinetic equation subject to initial distributions away
from equilibrium of the form SN | pi(2)8(€ — u;(x)).
The dispersed velocity is described as the zero level
set of a smooth function, which satisfies a trans-
port equation. This together with the density weight
recovers the particle distribution at any time. Mo-
ments of any desired order can be evaluated by a
quadrature formula involving the level set function
and the density weight. It is shown that the method
can successfully handle highly non-equilibrium flows
(e.g. impinging particle jets, jet crossing, particle
rebound off walls, finite Stokes number flows).

—> 00000
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Global regularity results for 2D generalized
MHD equations

Xinwei Yu

University of Alberta, Canada
xinwei.yu@gmail.com

Chuong V. Tran, Zhichun Zhai

In this talk I will present several recent results on
the global regularity for the 2D generalized MHD
equations, where the dissipation terms in the usual
MHD system are replaced by fractional powers of
the Laplacian. I will also discuss some new criteria
for global regularity of 2D and 3D generalized MHD
system. This is joint work with Prof. Chuong V.
Tran of University of St. Andrews, and Dr. Zhichun
Zhai.

—> 0000
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Special Session 29: Self-Organized Behavior of Nonlinear Elliptic
Equations and Pattern Formation of Strongly Interacting Systems

Susanna Terracini, University of Milano-Bicocca, Italy
Jun-cheng Wei, Chinese University of Hong Kong, Hong Kong

Several phenomena can be described by a number of densities (of mass, population, probability, ...) dis-
tributed in a domain and subject to diffusion, reaction, and either cooperative or competitive interaction.
Whenever the interaction is the prevailing mechanism, one can reasonably expect pattern formation and, in
the competitive case, that the several densities can not coexist and tend to segregate hence determining a
partition of the domain.

We focus on the analysis of the qualitative properties of solutions of systems of semilinear elliptic equations,
whenever the interaction is not negligible with respect to diffusion (e.g. when the parameter describing the
competition diverges to infinity). Prototype of variational systems are those of Gross-Pitaevski equations,
describing the motion of a Bose-Einstein condensated quantum gas with different spin states. Strong com-
petition appears in association with diverging interspecific scattering lengths. The limiting behaviour is
known for the ground state stationary solutions and solitary waves: the wave amplitudes segregate, that is,
their supports tend to be disjoint (phase separation). Of course, the partition becomes the main object of
investigation both from the analytical point of view than from the geometric, with emphasis on the mul-
tiple points of multiple intersection. When the system possesses a variational structure, one can associate
an optimal partition problem with the ground states. Conversely, one can regard at optimal partitions re-
lated to linear or nonlinear eigenvalues as limits of competing systems as the competition parameter diverges.

A key role is played by the entire solutions to systems, with polynomial interactions. In the case of an eigen-
value, the variational properties of the nodal partition associated with an eigenfunction is deeply connected
to the number of nodal domains it is possible to link the minimizing property of the nodal partition to that
of being sharp with respect to the Courant’s nodal Theorem.

On a prescribed mean curvature equation in
modeling MEMS

Nicholas Brubaker

University of Delaware, USA
brubaker@math.udel.edu

Alan E. Lindsay, John A. Pelesko

Mathematical models of the form Mu = f(u;N),
where 91 is the nonparametric mean curvature oper-
ator and A is a nonlinear eigenvalue, have been stud-
ied since the early 1800s, beginning with the work of
Thomas Young and Pierre-Simon Laplace. Recently,
it has been shown that when f(u;\) = A1 4+ u) 2
the aforementioned model describes the shape of an
electrostatically deflected thin, elastic membrane. In
this talk, we look at the contrast between this par-
ticular prescribed mean curvature equation and its
standard approximation Au = f(u).

—> 00000

Solutions with point singularities for a MEMS
equation with fringing field

Juan Davila
Universidad de Chile, Chile
jdavila@dim.uchile.cl

We construct solutions of the equation

_ A1+ |Vul?)
Au = TR 0

—> 00000

Singularity of eigenfunctions at the junction
of shrinking tubes

Veronica Felli

University of Milano-Bicocca, Italy
veronica.felliQunimib.it

Susanna Terracini

Consider two domains connected by a thin tube:
it can be shown that, generically, the mass of a given
eigenfunction of the Dirichlet Laplacian concentrates
in only one of them. The restriction to the other do-
main, when suitably normalized, develops a singular-
ity at the junction of the tube, as the channel section
tends to zero. Our main result states that, under
a nondegeneracy condition, the normalized limiting
profile has a singularity of order N — 1, where N is
the space dimension. We give a precise description
of the asymptotic behavior of eigenfunctions at the
singular junction, which provides us with some im-
portant information about its sign near the tunnel
entrance. More precisely, the solution is shown to be
one-sign in a neighborhood of the singular junction.
In other words, we prove that the nodal set does not
enter inside the channel.

—> 00000
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Solutions for a semilinear elliptic equations
involving critical exponents.

Ignacio Guerra

Universidad de Santiago de Chile, Chile
ignacio.guerra@usach.cl

Juncheng Wei

Let Q be a bounded domain in RY. We consider
the problem

—Au=uP + u? wu>0 in Q

u=0 in 09,

where p = (N + 2)/(N — 2). We describe large so-
lutions for this problem, and we obtain precise esti-
mates for A = A(c) where ¢ := maxu and tends to

infinity. This depends strongly in the dimension N
and the value of ¢q. The case ¢ = 1 is the well know
Brezis-Nirenberg problem. We also study a charac-
terization of the point in 2 where solution concen-
trates as ¢ — oo.

—> 00000 —

Hot-spot solutions in a model of crime

Theodore Kolokolnikov
Dalhousie, Canada
tkolokol@gmail.com

Michael Ward, Juncheng Wei

We study a model of crime developed recently by
Short and collaborators at UCLA. This model ex-
hibits hot-spots of crime — localized areas of high
criminal activity. In a certain asymptotic limit, we
use singular perturbation theory to construct the
profile of these hot-spots and then study their sta-
bility.
—> 00000 —

Concentration behaviour in biharmonic equa-
tions of MEMS.

Alan Lindsay

University of Arizona, USA
alindsay@math.arizona.edu

J. Lega, M.J. Ward, K.B. Glasner

A Micro electro-mechanical systems (MEMS) capac-
itor is a microscopic device consisting of two plates
held opposite one other. The lower plate is immobile
while the upper plate is fixed along its edges but
free to deflect in the presence of an electric poten-
tial towards the lower plate. The deflecting upper
plate may reach a stable equilibrium, however, if the
applied potential exceeds a threshold, known as the
pull-in voltage, the upper plate will touchdown on
the lower plate. When certain physical assumptions
are applied, the deflection of the upper surface can
be modeled as a fourth order PDE with a singular

non-linearity. It is shown that the model captures
the pull-in instability of the device and provides a
prediction of the pull-in voltage. When the pull-in
voltage is exceeded, the equations develop a finite
time singularity (FTS) and it is demonstrated that
this FTS forms on multiple isolated points or on a
continuous set of points. The touchdown set is pre-
dicted for certain domains by means of asymptotic
expansions. We also illustrate a new model which
regularizes the infinite electric field and allows the
dynamics to be continued beyond the initial FTS.

—> 00000

The effects of alliances in competing species
models

Julian Lopez-Gomez

Complutense University of Madrid, Spain
Lopez_Gomez@mat.ucm.es

M. Molina-Meyer

We analyze the effects of spatial refuges in hetero-
geneous competing species systems as well as the
effects of strategic alliances in competitive environ-
ments. The spatial refuges under strong competition
enhance segregation and, hence, diversity. The facil-
itative effects increase dramatically the stability of
the ecosystems.

—> 00000

Triple-junctions in a strong interaction limit
of a three-component system

Hideki Murakawa

Kyushu University, Japan
murakawa@math.kyushu-u.ac.jp
Hirokazu Ninomiya

We consider a three-component reaction-diffusion
system with a reaction rate parameter, and investi-
gate its singular limit as the reaction rate tends to
infinity. The limit problem is described by a nonlin-
ear cross-diffusion system. The system is regarded
as a weak form of a free boundary problem which
possesses three types of free boundaries. Triple junc-
tion points appear at the intersection of the three
interfaces. Furthermore, the dynamics is governed
by a system of equations in each region separated by
the free boundaries.

—> 00000
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Convergence of minimax and continuation of
critical points for singularly perturbed sys-
tems

Benedetta Noris

Universita’ degli Studi di Milano-Bicocca, Italy
benedettanoris@gmail.com

Hugo Tavares, Susanna Terracini, Gianmaria
Verzini

In the recent literature, the phenomenon of phase
separation for binary mixtures of Bose-Einstein con-
densates can be understood, from a mathematical
point of view, as governed by the asymptotic limit of
the stationary Gross—Pitaevskii system

—Au + u3 + Buv? = Mu
—Av 403 4 guiv = o
u,v € HY(Q), u,v >0,

as the interspecies scattering length 3 goes to +oo.
For this system we consider the associated energy
functionals Jg, 8 € (0,400), with L?*-mass con-
straints, which limit Jo (as 8 — +4o00) is strongly
irregular. For such functionals, we construct multi-
ple critical points via a common minimax structure,
and prove convergence of critical levels and optimal
sets. Moreover we study the asymptotics of the crit-
ical points.
— 000 00 —

Nonnegative solutions of elliptic equations
and their nodal structure

Peter Polacik
University of Minnesota, USA
polacik@math.umn.edu

We consider the Dirichlet problem for a of class
nonlinear elliptic equations on reflectionally symmet-
ric bounded domains. We are mainly interested in
nonnegative, nonzero solution which are not strictly
positive. We will discuss the existence of such solu-
tions and their symmetry properties, including the
symmetry of their nodal set.

—> 0000

A double bubble solution in a ternary system
with long range interaction

Xijaofeng Ren

George Washington Unviersity, USA
ren@Qgwu.edu

Juncheng Wei

We consider a ternary system of three constituents,
a model motivated by the triblock copolymer theory.
The free energy of the system consists of two parts:
an interfacial energy coming from the boundaries
separating the three constituents, and a longer range

interaction energy that functions as an inhibitor to
limit micro domain growth. We show that a per-
turbed double bubble exists as a stable solution of
the system. Each bubble is occupied by one con-
stituent. The third constituent fills the complement
of the double bubble. The location of the double
bubble is determined by the Green’s function of the
Laplace operator on the sample domain.

—> 00000

Optimal partition problems involving Lapla-
cian eigenvalues

Hugo Tavares

University of Lisbon, Portugal
hugorntavares@gmail.com
Susanna Terracini

Given a bounded domain Q CRY, N > 2, and a
positive integer m € N, consider the following opti-
mal partition problem:

inf{z Ak(wi) : ws C Q open Vi,
i=1

w; Nw; = () whenever i # j},

where Ap(w) denotes the k-th eigenvalue of —A in
Hg(w). Approximating this problem by a system of
elliptic equations with competition terms, we show
the existence of regular optimal partitions. More-
over, multiplicity of sign-changing solutions for the
approximating system is obtained.

—> 00000

Extremality conditions for optimal partitions

Susanna Terracini
University of Milano-Bicocca, Italy
susanna.terraciniQunimib.it

We deal with the free boundary problem associated
with optimal partitions related with linear and non-
linear eigenvalues. We are concerned with extremal-
ity conditions and the regularity of the interfaces.
These properties are then linked with extremality
conditions of the nodal set of eigenfunctions and the
number of their nodal components.

—> 00000
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Natural constraints in variational methods
and superlinear Schroedinger systems

Gianmaria Verzini
Politecnico di Milano, Italy
gianmaria.verzini@polimi.it
B. Noris

For a C2-functional J defined on a Hilbert space
X, we consider the set

N ={z € A: proj,, VJ(z) =0},

where A C X is open and V, C X is a closed lin-
ear subspace, possibly depending on x € A. We
study sufficient conditions for a constrained criti-
cal point of J restricted to A to be a free critical
point of J, providing a unified approach to differ-
ent natural constraints known in the literature, such
as the Birkhoff-Hestenes natural isoperimetric condi-
tions and the Nehari manifold. As an application,
we prove multiplicity of solutions to a class of super-
linear Schroedinger systems on singularly perturbed
domains.
— 00 0 00 —

Qualitative properties and existence results
for an nonlinear elliptic system

Juncheng Wei

Chinese University of Hong Kong, Hong Kong
wei@math.cuhk.edu.hk

H. Berestycki, TC Lin, S. Terracini, Kelei
Wang, CY Zhao

We consider the following nonlinear ellitpic system
AU =UV? AV =VU?* U,V >0in R"

We first prove the existence, asymmetry, stability
and local uniqueness of the one-dimensional solution.
Then we prove the two-dimensional De Giorgi Con-
jecture and Stability Conjecture, under some growth
condition. Finally we construct solutions with any
polynomial growth at +oo.
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Spiky patterns in a consumer chain model

Matthias Winter

Brunel University, England
matthias.winter@brunel.ac.uk
Juncheng Wei

We study a consumer chain model which is based
on Schnakenberg type kinetics. This model is re-
alistic in a predator-prey context if cooperation of
predators is prevalent in the system. The system
also serves as a model for a sequence of irreversible
autocatalytic reactions in a container which is in

contact with a well-stirred reservoir. In this model
there is a middle predator feeding on the prey and a
final predator feeding on the middle predator. This
means that the middle predator plays a hybrid role:
it acts as both predator and prey. We will consider
two cases: (i) Final predator has smaller diffusiv-
ity than the rest. (ii) Middle predator has smaller
diffusivity than the rest.

We will rigorously prove the existence of spiky
patterns for this system. We will also study their
stability properties.

The analytical results are confirmed by numerical
computations. Biological applications are discussed.
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Monge-Ampere equations on exterior do-
mains

Lei Zhang

University of Florida, USA
leizhang@ufl.edu

Jiguang Bao, Haigang Li

We  consider the Monge-Ampere equation
det(D?u) = f where f is a positive continuous func-
tion in R™ and is a perturbation of a positive con-
stant at infinity. First we prove that every globally
defined solution is close to a parabola plus a loga-
rithmic term in two dimensional spaces and is close
to a parabola in higher dimensional spaces. Then
we show that given any prescribed asymptotic be-
havior mentioned above, there exists a unique global
solution corresponding to it. Finally we solve the ex-
terior Dirichlet problem with given function on the
boundary of a bounded convex set and a prescribed
asymptotic behavior at infinity.

—> 00000

Regularity results for boundary partition
problems

Alessandro Zilio

Politecnico di Milano, Italy
alessandro.zilio@mail.polimi.it

Susanna Terracini, Gianmaria Verzini

We analyze the regularity of solutions to bound-
ary partition problems. In particular, we consider
a system of elliptic equations arising as constrained
minima of a certain energy functional, under the
condition that the solutions have traces with disjoint
support on some portion of the boundary. Thanks to
the link between boundary dynamics and fractional
diffusion processes, our results extend also to segre-
gation problems involving fractional powers of the
laplace operator.
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Special Session 30: Recent Developments on Turbulence

Eleftherios Gkioulekas, University of Texas-Pan American, USA
Michael Jolly, Indiana University, USA

Turbulence is often referred to as the last open problem of classical mechanics. It is a problem of both
fundamental importance, posing unique mathematical challenges, and with a wide range of applications, in
earth and atmospheric science, plasma physics, aerospace engineering, and many other areas. Despite nearly
a century of efforts by the best minds, many questions remain open, and considerable progress has only
been achieved for some idealized situations, such as homogeneous and isotropic turbulence. The goal of the
session is to bring together specialists from various areas of turbulence research.

Non-linear cascades in
Boussinesq flows

rotating stratified

Hussein Aluie
Los Alamos National Lab, USA
hussein@jhu.edu
Susan Kurien

We use high-resolution simulations of Boussinesq
flows, forced in the large-scales, with fixed rotation
and stable stratification along the vertical axis, to
study the downscale cascades of energy and potential
enstrophy in three different regimes of stratification
and rotation. In addition, we analyze the spatial
distribution of the cascades using a coarse-graining
approach which allows simultaneous resolution of
the dynamics in scale and in space.(1) For strongly
stratified flows with moderate rotation, we observe
anisotropic fluxes of energy and potential enstrophy
into Fourier modes with large vertical component
k., predominantly due to a highly non-local trans-
fer from the large-scales directly to the smallest
scales. The energy cascade is predominantly due
to three vortical-mode interactions.(2) For strongly
rotating flow with moderate stratification, there are
anisotropic fluxes to modes with large kn, due to
a “diffusely” local transfer much like in isotropic
Navier-Stokes turbulence. The energy cascade is
primarily due to three vortical-mode interactions,
as in the strongly stratified case, although wave-
vortical-wave and vortical-wave-vortical interactions
also make a noticeable contribution.(3) In the third
case of equally strong rotation and stratification,
there are only slightly anisotropic fluxes, mostly to
modes with large kj,, due to an ultra-local transfer in
which the energy gained by an inertial scale comes
almost exclusively from the adjacent larger scales.
We confirm that the cascades in the third regime are
primarily due to wave-vortical-wave interactions, in
agreement with previous work.

—> 0000

Maximal spatial analyticity radius for the
Navier-Stokes equations

Animikh Biswas

University of North Carolina-Charlotte, USA
abiswas@uncc.edu

C. Foias, M. Jolly

The regular solutions of the Navier-Stokes equations
(NSE) are well-known to be analytic in both space
and time variables. Moreover, the space analyticity
radius has an important physical interpretation. It
demarcates the length scale below which the viscous
effect dominates the (nonlinear) inertial effect. Foias
and Temam introduced an effective approach to esti-
mate space analyticity radius via the use of Gevrey
norms which, since then, has becomea standard tool
for studying analyticity properties for dissipative
equations. Using this approach, we study the max-
imal space analyticity radius of solutions of the 2D
and 3D NSE as a function of time. Our main tool is
an ODE associated to the NSE which can be solved
on a maximal domain. The upper boundary of this
domain is the maximal analyticity radius of the solu-
tion to the NSE. The main objective is to study the
connection between (topological) features of this do-
main and physical phenomena such as intermittency,
energy and estrophy cascades. This is a jointwork
with Professors C. Foias and M. Jolly.

—> 00000

Analytical approach to intermittency in tur-
bulence

Alexey Cheskidov

University of Illinois at Chicago, USA
acheskid@math.uic.edu

Roman Svydkoy

We introduce in precise mathematical terms some
of the empirical concepts used to describe intermit-
tency in fully developed turbulence. We give defini-
tions of the active turbulent region, volume, eddies,
energy dissipation set, and derive rigorously some
power laws of turbulence. In particular, the formula
for the Hausdorff dimension of the energy dissipation
set will be justified, and upper/lower bounds on the
energy spectrum will be obtained.

—> 0000
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Geodesic detection of coherent vortices in
two-dimensional turbulence

Mohammad Farazmand
McGill University, Canada
faraz@math.mcgill.ca
George Haller

We study the evolution of vortices in two-dimensional
turbulence through the recently developed geodesic
theory of transport barriers [Haller & Beron-Vera
(2012)]. First, we review the main results of the the-
ory and its numerical implementation. We then
use the theory to locate hyperbolic and elliptic
Lagrangian Coherent Structures (LCSs) in two-
dimensional turbulence. The hyperbolic LCSs corre-
spond to generalized stable and unstable manifolds
while the elliptic LCSs correspond to the cores of
Lagrangian vortices. In addition, we use these struc-
tures to explore the Lagrangian signature of vortex
merger.
— 00 0 00 —

Energy and potential enstrophy flux con-
straints in the two-layer quasi-geostrophic
model

Eleftherios Gkioulekas
University of Texas-Pan American, USA
gkioulekase@utpa.edu

We investigate an inequality constraining the en-
ergy and potential enstrophy flux in the two-layer
quasi-geostrophic model. This flux inequality is un-
conditionally satisfied for the case of two-dimensional
Navier-stokes turbulence. However, it is not obvious
that it remains valid under the multi-layer quasi-
geostrophic model. We derive the general form of
the energy and potential enstrophy dissipation rate
spectra for a generalized multi-layer model. We then
specialize these results for the case of the two-layer
quasi-geostrophic model under dissipation configura-
tions in which the dissipation terms for each layer
are dependent only on the streamfunction or po-
tential vorticity of that layer. We derive sufficient
conditions for satisfying the flux inequality and dis-
cuss the possibility of violating it under different
conditions.
— 00 0 00 —

Bounds on energy, enstrophy for the 2D NSE
with single mode forcing

Michael Jolly

Indiana University, USA
msjolly@indiana.edu

C. Foias, Ming Yang

We examine how the global attractor of the 2-D
periodic Navier-Stokes equations projects in the
energy-enstrophy-plane when the force is an eigen-
vector of the Stokes operator. We prove the existence

semi-integral curves, which form the upper bound-
ary. Along the way we find regions of the plane in
which the energy and enstrophy must decrease, and
calculate the curvature of the projected solution at
certain initial data. Finally, we obtain restrictions
on solutions that project onto a single point in the
plane.
— 000 00 —

Recent numerical results for the 3D MHD-
Voigt model and related models

Adam Larios

Texas A&M University, USA
alarios@math.tamu.edu

Evelyn Lunasin, Edriss S. Titi

Recently, the Voigt-regularization, which is related
to the alpha-models of turbulent flows, has been
investigated as a regularization of various fluid mod-
els. It overcomes many of the problems present in
other alpha-models; for example, it is well-posed in
bounded domains, and its global bounds in the rele-
vant spaces are independent of viscosity. Moreover,
in studying the limit as the regularization parame-
ter tends to zero, a new criterion for the finite-time
blow-up of the original equations arises. I will dis-
cuss recent analytical and numerical work on the
Voigt-regularization in the context of the 3D MHD
equations and, given time, the 2D Boussinesq equa-
tions.
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Optimal stirring strategies with fixed energy,
fixed power or fixed palenstrophy constraint

Evelyn Lunasin

University of Michigan, USA

lunasin@umich.edu

Zhi Lin, Alexei Novikov, Anna Mazzucato,
Charles Doering

‘We consider passive scalar mixing by a prescribed
divergence-free velocity vector field in a periodic box
and address the following question: Starting from a
given initial inhomogeneous distribution of passive
tracers, and given a certain energy budget, power
budget or finite palenstrophy budget, what incom-
pressible flow field best mixes the scalar quantity?
We adopt the optimal stirring strategy recently pro-
posed by Lin, Thiffeault and Doering which subse-
quently determine the flow field that instantaneously
optimizes the depletion of the H ! mix-norm. In this
work we bridge some of the gap in the best available
a priort analysis and the simulation results. We
recall some previously derived rigorous analysis and
then present a new explicit analytical example estab-
lishing finite-time perfect mixing with finite energy
constraint. On the other hand, using techniques
pioneered by Yudovich in proving uniqueness of so-
lutions to the 2-d Euler equations, we establish that
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if the flow is constrained to have constant palenstro-
phy P := ||Aul|%2, then the H~' mix-norm decays

at most ~ e~ F". That is, finite-time perfect mixing

is certainly ruled out when too much cost is incurred
by small scale structures in the stirring. As observed
from direct numerical simulations, we discuss the
impossibility of finite-time perfect mixing for flows
with fixed power constraint and conjecture an expo-
nential lower bound on the H ! mix-norm. Interest-
ingly, we discuss results about some related problems
from other areas of analysis which are quantitatively
equivalent or similarly suggestive of an exponential
lower bound for the H~! mix-norm.
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Dissipative length scales of the Navier-Stokes
equations

Vincent Martinez
Indiana University-Bloomington, USA
vinmarti@Qumail.iu.edu

The radius of analyticity of the Navier-Stokes equa-
tions indicates a length scale below which viscous
effects dominate the inertial ones, and in the context
of turbulence can be couched in terms of the so-called
Kolmogorov length-scale, the unique length scale de-
termined by the viscosity and energy dissipation rate
alone. This talk will address a semigroup method
initiated by [Biswas-Swanson ’07] for obtaining a
lower bound on this radius in terms of the Gevrey
norm of the initial data. While this approach does
not improve the best known estimate obtained by
[Kukavica ’98] it does recover and generalize the es-
timate made by [Doering-Titi '95], as well as identify
a Kolomogorov-type length scale based on a quantity
formally analogous to the energy dissipation rate.
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A new instability that breaks the spatial ho-
mogeneity symmetry in wave turbulence

Benno Rumpf

Southern Methodist University, USA
brumpf@mail.smu.edu

Alan C. Newell, Vladimir E. Zakharov

Spatial homogeneity, the symmetry property that
all statistical moments are functions only of the rel-
ative geometry of any configuration of points, can
be spontaneously broken by the instability of the
finite flux Kolmogorov-Zakharov spectrum in certain
(usually one dimensional) situations. As a result, the
nature of the statistical attractor changes dramati-
cally, from a sea of resonantly interacting dispersive
waves to an ensemble of coherent radiating pulses.
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Characterizing the layer thickness in unit- and
small-aspect-ratio rotating Boussinesq turbu-
lence

Leslie Smith

University of Wisconsin, Madison, USA
Ismith@math.wisc.edu

Susan Kurien

High-resolution simulations are used to quantify
how small domain aspect ratio conspires with strong
stratification to set the dynamical vertical length
scale of ‘pancake’ structures in strongly stratified
Boussinesq flow. All simulations are in an asymp-
totic parameter regime defined by quadratic potential
enstrophy. The relevant parameters of the problem
are the buoyancy frequency N, the Coriolis param-
eter f, the domain height H, the domain length and
width L, and the Burger number NH/(fL). There are
two sets of calculations with (i) Burger number fixed
at unity and decreasing domain aspect ratio H/L =
1, 1/4, 1/8 and 1/16, and (ii) increasing N/f = 4,
8, 16 and aspect ratio H/L fixed at unity. The first
set of calculations is relevant for mid-latitude atmo-
sphere/ocean dynamics with Burger number close to
unity.
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Phase transitions in optical turbulence

Natalia Vladimirova
University of New Mexico, USA
nvladimi@math.unm.edu
Gregory Falkovich

We consider turbulence in the Gross-Pitaevsky model
and study the creation of a coherent condensate
via an inverse cascade originated at small scales.
The growth of the condensate leads to a sponta-
neous breakdown of symmetries of small-scale over-
condensate fluctuations: first, statistical isotropy is
broken, then series of phase transitions mark the
change of symmetry from the two-fold to three-fold
to four-fold. At the highest condensate level reached,
we observe a short-range positional and long-range
orientational order (similar to a hexatic phase in
the condensed matter physics). In other words, the
longer one pumps the system the more ordered it be-
comes. We show that these phase transitions happen
when the driving term corresponds to an instability
but not when the system is pumped by a random
force. Thus we demonstrate non-universality of the
inverse-cascade turbulence.

—> 00000
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Fractal contours of scalar in smooth flows

Marija Vucelja

Courant Institute of Mathematical Sciences, USA
vucelja@cims.nyu.edu

Gregory Falkovich, Konstantin Turitsyn

A passive scalar field was studied under the action
of pumping, diffusion and advection by a smooth
flow with a Lagrangian chaos. We present theoret-
ical arguments showing that scalar statistics is not
conformal invariant and formulate a new effective
semi-analytic algorithm to model scalar turbulence.
We then carry out massive numerics of scalar tur-
bulence focusing on nodal lines. The distribution
of contours over sizes and perimeters is shown to
depend neither on the flow realization nor on the
resolution (diffusion) scale for scales exceeding this
scale. The scalar isolines are found fractal/smooth at
the scales larger /smaller than the pumping scale. We
characterize the statistics of bending of a long isoline
by the driving function of the Loewner map, show
that it behaves like diffusion with diffusivity indepen-
dent of resolution yet, most surprisingly, dependent
on the velocity realization and time (beyond the time
on which the statistics of the scalar is stabilized).

—> 00000
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Special Session 31: Mathematical Models of Cancer and Cancer Therapy

Yangjin Kim, KonKuk University, Korea

Cancer is a complex, multiscale process, in which genetic mutations occurring at a sub-cellular level man-

ifest themselves as functional changes at the cellular and tissue scale. The main aim of this session is to
discuss current development and challenges in modeling tumor growth and cancer therapy. Specific goals
of the session are to bring together (both computational and analytical) solutions to challenges in math-
ematical modeling, laboratory experimentation, and clinical diagnosis, and to improve our understanding
of fundamental mechanism of tumor development leading to better clinical outcomes. Both the immediate
microenvironment (cell-cell or cell-matrix interactions) and the extended microenvironment (e.g. vascular
bed) are considered to play crucial roles in tumour progression as well as suppression. Stroma is known
to control tumor growth and invasion to surrounding tissue. However, it also prohibits therapeutics from
accessing the tumor cells, thus causing drug resistance. Therefore, a thorough understanding of the mi-
croenvironment would provide a foundation to generate new strategies in therapeutic drug development. At
the cellular level, cell migration is a key step for metastasis and further development of cancer in a given
microenvironment. Thus, understanding of cell motility under the control of signal transduction pathways
would improve technical advances in cancer therapy by targeting the specific pathways that are associated
with the diseases. Analysis of mathematical models would identify fundamental (abstract) structure of the
model system and shed a light on our understanding of tumor growth in the specific host tissue environment
and interactions between players in cancer progression. More comprehensive multi-scale (hybrid) models
can be used to meet the needs of developing patient-specific drugs. The focus of this session is threefold: (a)
to present mathematical models of tumor growth and analysis of the models, (b) to discuss many aspects of
(patient specific) drug development, (c) to showcase mathematical models incorporating mechanical aspects
of movement and growth of cancerous cells and tissues.

An agent based of

prostate cancer

evolutionary model the development of these tumors. By using a com-
bination of numerical and analytical techniques, we
will show how these models provide insights into the

David Basanta dynamics of avascular glioma growth and capture in

H. Lee Moffitt Cancer Center & Research Institute,
USA
david@CancerEvo.org

Heterogeneity in prostate cancer is the driving force
in somatic evolution which explains the emergence of
resistance to therapies and relapse. We will show a
computational agent based model of prostate cancer
where tumour cells can adapt to the microenviron-
ment and show how this evolutionary process is re-
sponsible and exploits the heterogeneity that makes
prostate tumours so difficult to treat.
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Cell migration features in glioma growth and
invasion: mathematical modeling and analysis

Arnaud Chauviere
University of New Mexico, USA
AChauviere@salud.unm.edu

Gliomas are very aggressive brain tumors, in which
tumor cells gain the ability to penetrate the sur-
rounding normal tissue. The invasion mechanisms
of this type of tumors are not yet fully understood.
In a first part, we will present mathematical ap-
proaches to model and investigate one particular
mechanism, the migration/proliferation dichotomy,
i.e. the antagonistic migratory and proliferating cel-
lular behaviors in a glioma cell population, which
has been hypothesized as playing a central role in

vitro observations. In a second part, and based on
recent in vivo data, we will present preliminary anal-
ysis of the effect of vascularization on glioma growth,
which is known to be a major component of in vivo
development.
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Hypoxia inducible factors mediate the inhibi-
tion of cancer by GM-CSF: a mathematical
model

Duan Chen

Mathematical Biosciences Institute, USA
chen.906@mbi.osu.edu

Julie M. Roda, Clay B. Marsh, Timothy D.
Eubank, Avner Friedman

Under hypoxia, tumor cells and tumor-associated
macrophages produce VEGF (vascular endothelial
growth factor), a signaling molecule that induces an-
giogenesis. The same macrophages, when treated
with GM-CSF (granulocyte/macrophage colony-
stimulating factor), produce sVEGFR-1 (soluble
VEGF receptor-1), a soluble protein that binds
with VEGF and inactivates it. The production
of VEGF by macrophages is regulated by HIF-1
(hypoxia inducible factor-1), and the production
of sVEGFR-1 is mediated by HIF-2. Recent ex-
periments were conducted to measure the effect of
inhibiting tumor growth by GM-CSF treatment in
mice with HIF-1-deficient macrophages or HIF-2-
deficient macrophages. In the present work we rep-
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resent these experiments by a mathematical model
based on a system of partial differential equations.
We show that the model simulations agree with the
above experiments. The model can then be used to
suggest strategies for inhibiting tumor growth. For
example, the model quantifies the extent to which
GM-CSF treatment in combination with a small
molecule inhibitor that stabilizes HIF-2 will reduce
tumor volume and angiogenesis.
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Stochastic differential of tumor

spheroid growth

models

Andrea De Gaetano

Cur Iasi BioMatLab, Italy
andrea.degaetano@biomatematica.it
Simona Panunzi, Andrea De Gaetano

The mathematical modeling of tumor growth has
become an important avenue for understanding can-
cer biology and eventually controlling neoplastic dis-
eases. Tumor spheroids represent a simplified bio-
logical situation, in which a cluster of tumor cells
is allowed to replicate and grow in vitro, subject to
varying substrate and oxygen concentrations, allow-
ing the experimenter to obtain serial measurements of
the attained size. Models for these data have ranged
from simple Gompertz growth to complex spatial
PDE descriptions taking into account nutrient diffu-
sion and local cell replication. The goal of the present
work is to propose a simple Stochastic Differential
model of tumor spheroid growth and to estimate its
parameters from series of historical tumor spheroid
growth data. The model is able to account for both
the overall trend in tumor expansion (dependent on
predictors such as oxygen and nutrient availability)
and for its random fluctuations. Implications of the
assessment of tumor growth volatility on the clinical
management of cancer patients are discussed.
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Mechanistic modeling of myoferlin effects on
cancer cell invasion

Marisa Eisenberg

Ohio State University, USA
meisenberg@mbi.osu.edu

Yangjin Kim, Ruth Li, William E. Ackerman,
Douglas A. Kniss, Avner Friedman

Myoferlin is a member of the evolutionarily con-
served ferlin family of proteins, noted for their roles
in a variety of membrane processes, including mem-
brane fusion and repair, vesicle transport, receptor
recycling and stability, and cell motility. Thus, one
might expect the ferlin family to be strong candi-
dates for cancer proteins, although they have not
previously been investigated in this capacity. In this

talk, I will discuss our recent work showing that my-
oferlin plays a previously unrecognized role in cancer
cell invasion, using a combination of mathematical
modeling and in vitro experiments. Using a real-
time impedance-based invasion assay, we have shown
that lentiviral-based knockdown of myoferlin sig-
nificantly reduced invasion of MDA-MB-231 breast
cancer cells. Based on these experimental data, we
developed a partial differential equation model of
myoferlin effects on cancer cell invasion which we
used to generate mechanistic hypotheses. Our model
predictions revealed that matrix metalloproteinases
(MMPs) may play a key role in modulating this
invasive property, which was supported by experi-
mental data using gRT-PCR screens. These results
suggest that MYOF may be a promising new target
for biomarkers or drug target for metastatic cancer
diagnosis and therapy, perhaps mediated through
MMPs.
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Non-stem cancer cell kinetics modulate solid
tumor progression

Heiko Enderling

Tufts University School of Medicine, USA
heiko.enderling@tufts.edu

Charles I Morton, Lynn Hlatky, Philip Hahn-
feldt

Solid tumors are heterogeneous in composition. Can-
cer stem cells (CSCs) are believed to drive tumor
progression, but the relative frequencies of CSCs
versus non- stem cancer cells span wide ranges even
within tumors arising from the same tissue type. Tu-
mor growth kinetics and composition can be studied
through an agent-based cellular automaton model
using minimal sets of biological assumptions and
parameters. Herein we describe a pivotal role for
the generational life span of non-stem cancer cells
in modulating solid tumor progression in silico. We
demonstrate that although CSCs are necessary for
progression, their expansion and consequently tu-
mor growth kinetics are surprisingly modulated by
the dynamics of the non-stem cancer cells. Sim-
ulations reveal that slight variations in non- stem
cancer cell proliferative capacity can result in tumors
with distinctly different growth kinetics. Longer
generational life spans yield self-inhibited tumors,
as the emerging population of non-stem cancer cells
spatially impedes expansion of the CSC compart-
ment. Conversely, shorter generational life spans
yield persistence-limited tumors, with symmetric di-
vision frequency of CSCs determining tumor growth
rate. We show that the CSC fraction of a tumor pop-
ulation can vary by multiple orders of magnitude as a
function of the generational life span of the non-stem
cancer cells. Our study suggests that variability in
the growth rate and CSC content of solid tumors may
be, in part, attributable to the proliferative capacity
of the non-stem cancer cell population that arises
during asymmetric division of CSCs. In our model,
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intermediate proliferative capacities give rise to the
fastest-growing tumors, resulting in self-metastatic
expansion driven by a balance between symmetric
CSC division and expansion of the non-stem cancer
population. Our results highlight the importance of
non-stem cancer cell dynamics in the CSC hypothe-
sis, and may offer a novel explanation for the large
variations in CSC fractions reported in vivo.
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Are more Ccmplicated tumor control proba-
bility models better?

Thomas Hillen

University of Alberta, Canada
thillen@ualberta.ca

J. Gong, M.M. dos Santos, C. Finlay

Mathematical models for the tumor control probabil-
ity (TCP) are used to estimate the expected success
of radiation treatment protocols of cancer. There are
several mathematical models in the literature and
we made the experience that simple and complex
models often make the same predictions. Here we
compare six of these TCP models: the Poisson TCP,
the Zaider-Minerbo TCP, a Monte Carlo TCP, and
their corresponding cell cycle (two-compartment)
models. Several clinical non-uniform treatment pro-
tocols for prostate cancer are employed to evaluate
these models. These include fractionated external
beam radiotherapies, and high and low dose rate
brachytherapies. We find that in realistic treatment
scenarios, all one-compartment models and all two-
compartment models give basically the same results.
A difference occurs between one compartment and
two compartment models due to reduced radiosensi-
tivity of quiescent cells. Based on our results, we can
recommend the use of the Poissonian TCP for every
day treatment planning. More complicated models
should only be used when absolutely necessary.
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Modeling the effects of drug binding on the
dynamic instability of microtubules

Peter Hinow

University of Wisconsin - Milwaukee, USA
hinow@uwm.edu

Vahid Rezania , Jack Tuszynski, Manu Lopus,
Mary Ann Jordan)

We propose a stochastic model that accounts for the
growth, catastrophe and rescue processes of steady
state microtubules assembled from MAP-free tubu-
lin in the possible presence of a microtubule associ-
ated drug. As an example for the latter, we both
experimentally and theoretically study the perturba-
tion of microtubule dynamic instability by S-methyl-
D-DM1, a synthetic derivative of the microtubule-
targeted agent maytansine and a potential anticancer

agent. We find that among drugs that act locally at
the microtubule tip, primary inhibition of the loss
of GDP tubulin results in stronger damping of mi-
crotubule dynamics than inhibition of GTP tubulin
addition. On the other hand, drugs whose action
occurs in the interior of the microtubule need to be
present in much higher concentrations to have visible
effects.
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PDE tumor models - mathematical analysis
and numerical method

Bei Hu

University of Notre Dame, USA

blhu@nd.edu

Avner Friedman, Andrew Sommese, Wenrui
Hao, Jon Hauenstein

We shall discuss the recent progress (joint work with
many others) on the PDE tumor models, the stability
of the tumor, the bifurcation diagram near the bifur-
cation point, the numerical methods and simulations,
the bifurcation diam extensions, and the method for
finding other possible stationary solutions.
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A model of prostate cancer progression under
androgen ablation therapy

Harsh Jain

Mathematical Biosciences Institute, USA
harshvj@gmail.com
Arvinder Bhinder,
Friedman

Steven Clinton, Avner

Due to its dependence on androgens, metastatic
prostate cancer is treated with the elimination of
testosterone. However, such interventions are not
curative because cancer cells evolve via multiple
mechanisms to a castrate-resistant state, allowing
progression to a lethal outcome. It is hypothesized
that administration of anti-androgen therapy in an
intermittent, as opposed to continuous, manner may
bestow improved disease control. In this talk, I
will present a biochemically motivated mathematical
model of anti-androgen therapy that can be tested
prospectively as a predictive tool. The model in-
cludes ’personalized’ parameters, which address the
heterogeneity in the predicted course of the dis-
ease under various androgen-deprivation schedules.
Model simulations are able to capture a variety of
clinically observed outcomes for ’average’ patient
data under different intermittent schedules. The
model predicts that in the absence of a competi-
tive advantage of androgen-dependent cancer cells
over castration-resistant cancer cells, intermittent
scheduling can lead to more rapid treatment fail-
ure as compared to continuous treatment. However,
increasing a competitive advantage for hormone-
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sensitive cells swings the balance in favor of intermit-
tent scheduling. Given the near universal prevalence
of anti-androgen treatment failure in the absence of
competing mortality, such modeling has the potential
of developing into a useful tool for incorporation into
clinical research trials and ultimately as a prognostic
tool for individual patients.
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Multiscale study of from

molecule to tissue

angiogenesis

Yi Jiang
Georgia State University, USA
yijianglanl@gmail.com

Angiogenesis, growth of new blood vessels from ex-
isting ones, is an important process in cancer de-
velopment. Anti-angiogenesis approach is still being
intensively studied as a potential cancer therapy.
To understand angiogenesis in cancer, we need to
first understand normal angiogenesis, e.g. in de-
velopment. In close connection with experiments,
we have developed two cell-based multiscale models
of angiogenesis, in retina and tumor, respectively.
Our models consider intracellular signaling pathways
(VEGF and Notch/Delta), cell dynamics, cell-cell
and cell-environment interactions. The models re-
produced sprouting morphology and dynamics. The
simulations showed that 1) diffusible and matrix-
bound VEGF isoforms result in distinctively different
morphology, 2) VEGF and Notch/Delta pathways
determine the vascular network patterns through dy-
namic regulation of endothelial phenotypes, and 3)
extracellular matrix not only guides the collective
migration of endothelial cells, but also participates
in cell phenotype regulation. These results highlight
the important role of extracellular environment, both
biochemical and biomechanical, in sprouting mor-
phogenesis, and suggest new hypotheses to be tested
in experiments.
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Signal transduction pathways in the growth
and invasion of glioblastoma: a mathematical
model

Yangjin Kim

KonKuk University, Korea
ahyouhappy@gmail.com

Soyeon Roh, Avner Friedman, Sean Lawler

Glioblastoma is a highly invasive brain tumor. This
invasive behavior of tumor cells is responsible for low
survival rates. Microenvironment plays an impor-
tant role in the active migration and steady growth
of glioma cells. A thorough understanding of the mi-
croenvironment would provide a foundation to gener-
ate new strategies in therapeutic drug development.

Recently, miR451 and its counterpart AMPK com-
plex were recognized as key regulators of a balance
between the migratory phase and proliferation mode.
We developed a mathematical model of this signaling
pathway to investigate the role of changing environ-
mental factors such as fluctuating glucose levels in
creating different invasion and growth patterns. We
then analyze the growth behaviors of glioma cells in
response to various challenges in the media and show
that the various patterns observed in experiments
can be obtained by simulating the model with tight
regulation of this miR451-AMPK pathway. Using a
hybrid model, we also develop several strategies to
kill cancerous cells hidden in the microenvironment
in addition to surgical resection of the main tumor
core, leading to better clinical outcomes.
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A clinical data validated mathematical model
of prostate cancer growth with hormone ther-
apy

Yang Kuang

Arizona State University, USA
kuang@asu.edu

Travis Portz, John D. Nagy

Prostate cancer is commonly treated by a form of
hormone therapy called androgen suppression. This
form of treatment, while successful at reducing the
cancer cell population, affects quality of life and ac-
celerates a recurrence of the cancer in an androgen-
independent form. Intermittent androgen suppres-
sion (IAS) aims to alleviate some of these problems
by cycling the patient on and off-treatment. Clinical
studies have suggested that intermittent therapy is
capable of maintaining androgen dependence over
more treatment cycles while increasing quality of
life during off-treatment periods. We presents a
mathematical model of prostate cancer to study the
dynamics of androgen suppression therapy and the
production of prostate specific antigen (PSA), a clin-
ical marker for prostate cancer. Preliminary mod-
els were based on the assumption of an androgen-
independent (AI) cell population with constant net
growth rate. These models gave poor accuracy when
fitting clinical data during simulation. The final
model presented hypothesizes an AI population with
increased sensitivity to low levels of androgen. It
also hypothesizes that PSA production is heavily
dependent on androgen. The high level of accuracy
in fitting clinical data with this final model strongly
support these hypotheses, which are also consistent
with biological evidences.
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Robustness and sensitivity of optimal proto-
cols for mathematical models for multi-drug
cancer treatments

Urszula Ledzewicz

Southern Illinois University, USA
uledzew@siue.edu

Heinz Schiittler

In this talk we review some results and outline chal-
lenges one encounters in analyzing various models for
cancer treatments as optimal control problems. The
resulting optimal controlled trajectories, represent-
ing cancer treatments along with the corresponding
response of the system, exhibit various levels of ro-
bustness and sensitivity. These are not only related
to what is commonly understood and routinely tested
when constructing the models which is the sensitiv-
ity to the values of the parameters. We also want
to discuss how variations in the model assumptions,
like the choice of the growth function for the cells,
or moving from simpler to more complicated models,
like adding more precise aspects such as pharmacoki-
netics of the drugs, drug resistance or cell cycle speci-
ficity, effect the solutions to the problem. We will
illustrate it on various models for cancer treatment
including models for cell cycle specific chemotherapy,
antiangiogenic treatments alone and in combination
with chemotherapy and radiotherapy as well as com-
binations of chemo- and immunotherapy. Examples
of both very robust and very sensitive behaviors will
be given and the effect of it on the qualitative and
quan