
Abstracts

Sequential Behavior in Dynamical Networks
Valentin Afraimovich, Universidad Autónoma de San Luis Potosi, Mexico

(Tuesday, 5:20)

There are many systems in nature and engineering where the dynamics is accompanied by a suc-
cessive excitation of active elements or small groups of elements. A mathematical image of such a
behavior, that is called a sequential dynamics, is a motion of a representative point inside a hete-
roclinic channel. Results that are supposed to be presented in the talk are related to such channels
where metastable sets are represented, either by saddle equilibrium points or saddle limit cycles or
invariant sets of more complex origin.

Weird Behaviour Associated with Systems Involving State Dependent Delays
Aftab Ahmed, Georgia Institute of Technology, USA

(Tuesday, 6:00)

This paper focuses on the completely strange and weird behaviour associated with the systems
characterized by State Dependent-Delay Differential Equations (SD-DDEs). We consider one of
the most simple and innocently looking SD-DDEs ẋ(t) = ±x(t − x(t)). This retarded SD-DDE
brings a lot of intricacies. It looks linear but is actually a nonlinear SD-DDE in disguise. It exhibits
the phenomenon of bifurcation. Also there is a switch in the stability properties of this system.
Furthermore, its Taylor series approximation, based on truncation and partial sums, gives no idea
of the response.

Traveling Waves for a Spatial SIRS Model
Shangbing Ai, University of Alabama, Huntsville, USA

(Sunday, 2:40)

The existence of traveling wavefront solutions for a reaction-diffusion system will be discussed. The
system is derived as a diffusion approximation to a nonlocal spatial SIRS model. The main result
of the talk is: The system has a traveling wavefront solution for every wave speed c > c∗, with
c∗ given explicitly in terms of the parameters in the system. The proof of this result (based on a
shooting argument and LaSalle’s invariance principle) will be outlined. This is a joint work with
Reem Albashaireh.

Perturbation of the Domain in Eigenvalue Problems and Nonlinear Evolution PDEs
Jose M. Arrieta, Universidad Complutense de Madrid, Spain

(Tuesday, 2:00)

We will present several results on the behavior of the spectra of the Laplace operator with Neu-
mann boundary conditions when the domain undergoes a perturbation, paying special attention
to the dumbbell domain perturbation. We will also discuss the implications of these results on the
asymptotic behavior of the solutions of reaction-diffusion equations under these perturbations.

Vortex Crystals in Fluids: Exploring the Inviscid and
Weakly Viscous N-Vortex Problems

Anna Barry, Institute for Mathematics and its Applications, USA
(Tuesday, 4:00)

Vortex crystals are configurations of vortices that maintain their basic shapes for long times, while
perhaps rotating or translating rigidly in space. It is common to observe these patterns in nature
and experiments, where the underlying dynamics are governed, for example, by the two-dimensional
Euler or Navier-Stokes equations. One can often take advantage of the localized structure of vortices
to derive equations of motion that are much simpler than the original PDE. In this work, we use
a point vortex model and a “generalized” point vortex model (the latter allowing for positive core
size) to study the existence and stability of a number of inviscid and weakly viscous vortex crystals,
respectively. We complement this analysis with comparisons of our results to crystals observed
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in an electron column experiment, in hurricane eyes and related simulations, and in superfluid
experiments.

The Dynamics of Boundary Droplets Mass-Conserving Allen-Cahn
Equation With Noise

Peter Bates, Michigan State University, USA
(Saturday, 4:40)

We prove the existence of a global invariant manifold of droplet states for the deterministic mass-
conserving Allen-Cahn equation, building on earlier results by Alikakos, Chen and Fusco who
obtained an approximately invariant manifold of such states. We then consider this equation with
additive noise and examine the effect on the dynamics of the droplet as the noise strength is varied.
This is joint work with Jiayin Jin, Dimitra Antonopoulou, and Georgia Karali.

Digit Distributions in Dynamics
Arno Berger, University of Alberta, Canada

(Saturday, 5:20)

The study of numbers generated in one way or another by dynamical systems, be they continuous or
discrete, deterministic or stochastic, is a classical, multifaceted field. A notorious gem in this field is
the widespread, unexpected emergence of a particular logarithmic distribution, commonly referred
to as Benford’s Law (BL). This talk will focus on two recently established characterisations of BL
for a wide class of deterministic and stochastic processes. For example, every finite-dimensional
linear flow generically obeys BL in a very strong sense, as does, with probability one, every path of
geometric Brownian motion. Proving these results requires an intriguing combination of tools from
probability, ergodic theory, and analysis. The talk will describe the main ideas in a non-technical
manner, and also present some of the many challenges that remain.

Swarming by Nature and by Design
Andrea Bertozzi, University of California, Los Angeles, USA

(Monday, 9:05)

The cohesive movement of a biological population is a commonly observed natural phenomenon.
With the advent of platforms of unmanned vehicles, such phenomena have attracted a renewed
interest from the engineering community. This talk will cover a survey of the speaker’s research
and related work in this area ranging from aggregation models in nonlinear partial differential
equations to control algorithms and robotic testbed experiments. We conclude with a discussion of
some interesting problems for the applied mathematics community.

KAM theory for Volume-Preserving Maps
Timothy Blass, Carnegie Mellon University, USA

(Tuesday, 6:00)

We present a KAM theorem on the existence of invariant tori with a Diophantine rotation vector
for volume-preserving maps. This a posteriori result says that if there is an approximate invariant
torus that satisfies some non-degeneracy conditions, then there is a true invariant torus near the
approximate one. We do not assume that the maps are close to integrable. The method of proof
provides an efficient algorithm for numerically computing the invariant tori for volume-preserving
maps. This is joint work with R. de la Llave.

Nonlocal Conditions for First Order Differential Systems
Abdelkader Boucherif, King Fahd University of Petroleum and Minerals, Saudi Arabia

(Wednesday, 11:20)

We discuss the existence of solutions of first order differential systems subject to nonlocal conditions
of integral type. We rely on fixed point theorems to prove our main results.
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Equilibrium Solutions for Conservation Law Models of Traffic Flow
Alberto Bressan, Pennsylvania State University, USA

(Sunday, 2:00)

In connection with the Lighthill-Whitham conservation law model of traffic flow, a cost functional
can be introduced depending on the departure time and on the arrival time of each driver. Under
natural assumptions, there exists a unique globally optimal solution, minimizing the sum of the
total cost to all drivers. However, in a realistic situation, the actual traffic is better described by
the Nash equilibrium solution, where no driver can lower his individual cost by changing his own
departure time. In the case of one single road, the existence, uniqueness, and a characterization of
the Nash solution can be established. A (possibly not unique) equilibrium solution exists also in
the case of several groups of drivers, traveling on a network of roads. Asymptotic stability of this
solution w.r.t. small perturbations of the traffic pattern remains a challenging open problem.

Dynamics of a Delay Differential Equations with Two State Dependent Delays
Renato Calleja, Instituto Technológico Autónomo de México, Mexico

(Saturday, 4:00)

We present an overview of the dynamics that are present on the bifurcation diagram including Hopf
bifurcations and double-Hopf bifurcations, fold bifurcations and tori bifurcations. We also perform a
numerical exploration of the stable tori emerging from the double-Hopf bifurcations. Our numerical
findings include Arnold tongues, computation of the rotation number, 1D manifolds on the Poincare
section and torus break-up. This is joint work with A. R. Humphries and B. Krauskopf.

Parameterization Method for Computing Normally Hyperbolic
Invariant Tori and its Internal Dynamics

Marta Canadell Cano, Universitat de Barcelona, Spain
(Sunday, 2:40)

In this talk we explain a numerical algorithm for the computation of normally hyperbolic invariant
tori (NHIT). We consider the problem of numerically computing normally hyperbolic invariant tori,
its unknown internal dynamics and their stable and unstable subbundles. The framework leads to
solving invariance equations, for which one uses a Newton-like method adapted to the dynamics
and the geometry of the (invariant) manifold, the NHIT. Algorithms are inspired in current work
by A. Haro and R. de la Llave. We apply this method to continue curves of normally hyperbolic
invariant tori of a perturbed dynamical system and to explore the mechanism of breakdown of these
invariant tori.

This is joint work with Àlex Haro.

Covering Relations and the Existence of Topologically
Normally Hyperbolic Invariant Sets

Maciej Capinski, AGH University of Science and Technology, Krakow
(Sunday, 3:20)

We present a method for the detection of normally hyperbolic type invariant sets for maps. For
our method we only need topological assumptions about the dynamics. The method can thus be
applied in a more general setting than normal hyperbolicity. In particular, it can be applied in the
absence of rate conditions.

Asymptotic Behavior of Some Infinite Dimensional Non-Autonomous
Dynamical Systems

Alexandre Carvalho, Universidade de São Paulo, Brazil
(Sunday, 10:30)

In this lecture we discuss some recent results relative to the description of the asymptotic dynamics
of some non-autonomous dynamical systems. We present a general result on the non-autonomous
perturbation of gradient dynamical systems and give examples of non autonomous dynamical sys-
tems, which are not small perturbation of autonomous dynamical systems, for which we can describe
some of the dynamics.
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KAM Results for Conformally Symplectic Systems:
From Theory to Applications

Alessandra Celletti, University of Roma Tor Vergata, Italy
(Tuesday, 2:40)

We present recent results about KAM theory for conformally symplectic systems.
For systems with n degrees of freedom, which depend on n parameters, it is possible to find so-

lutions with n frequencies by adjusting the parameters. The theory can be developed under general
assumptions, namely a Diophantine condition on the frequency and a non-degeneracy requirement,
involving also a non-degeneracy on the parameters. The proof is based on an iterative quadrati-
cally convergent method and it provides also a very efficient numerical technique to determine the
breakdown value of invariant attractors.

Applications to model problems, from the standard map to the spin-orbit problem in Celestial
Mechanics, are presented. For the standard map a computer-assisted implementation of KAM the-
ory provides results in good agreement with the experimental values.

Joint work with R. Calleja and R. de la Llave.

A Primer of Time Domain Reflectometry: Modeling, Numerics, and Dynamics
Carmen Chicone, University of Missouri, USA

(Monday, 2:00)

EM waves move along a transmission line (think coaxial cable such as those used in TV cable
systems). The wave motion depends on the dielectric between the wire at the center of the cable
and the (usually braided) metal cylinder surrounding it. A common method of testing for faults
in a transmission line is called TDR (Time-domain Reflectometry). A pulse or voltage step is sent
into the line, it moves as a wave and is reflected from places along the line where the resistance
changes abruptly from the uniform resistance due to the dielectric in the line. By measuring the
time of return of the wave and with using the known transmission wave speed, the distance to a
fault is easily computed. Going a step further, a test chamber in the form of a transmission line
can be constructed so that the dielectric is some new substance, perhaps moist soil, whose electric
properties (permittivity, for example) might be measured by analyzing the shape of the returning
EM wave after it passes through the soil and is reflected by a known resistance at the end of the
test line. A typical application is the measurement of soil moisture as a function of soil depth. This
is an inverse scattering problem whose full solution is not known. Modeling the forward problem
involves the transmission line equations (which are a well known system of first-order PDEs) and
a proper choice of boundary conditions. An optimal numerical method for approximating solutions
of this system is not known. The inverse problem—recovering the coefficients of the model PDE
from the reflected wave—is ill-posed. The main (applied) mathematical features of the forward and
inverse problems along with some insight into their solutions will be discussed.

First Order Functional Differential Equations with
Anticipation and Retardation

Duane Chin-Quee, Indian River State College, USA
(Sunday, 3:20)

We study the existence and uniqueness of first order functional differential equations with antici-
pation and retardation operators. Existence and uniqueness results are established for a variety of
problems by fixed point theory. An illustrative example will be presented.

Homoclinic Orbits for NLS with Spatially-Dependent and
Unbounded Perturbations I

Shui-Nee Chow, Georgia Institute of Technology, USA
(Tuesday, 2:00)

For an integrable focusing cubic nonlinear Schródinger equation (NLS) under spatial periodic
boundary conditions, it is known that there are whiskered tori which form heteroclinic orbits
to steady states or homoclinic orbits to periodic orbits with different asymptotic phases as time
approaches plus and minus infinity. In this work, we consider the integrable NLS under diffusive
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(unbounded) perturbation and spatially dependent time periodic forcing and show (based on sin-
gular perturbation method) that there exist orbits homoclinic to some saddle points. In particular,
these orbits are formed by joining some unperturbed heteroclinic orbits and periodic orbits which
are resonant to the perturbation frequency. We note that as the normally elliptic invariant slow
manifold does not necessarily persist under the spatially-dependent forcing, we need to apply a
modified averaging technique to obtain a sufficiently accurate approximate invariant slow manifold.
Moreover, as the diffusive perturbation appears as one of the highest order derivative terms in our
perturbed NLS, its flow is non-differentiable with respect to the perturbation parameters in the
same phase space. It is interesting to note we can actually prove that certain invariant manifolds
are smooth with respect to the perturbation parameters.

This is joint work with Yi Wang and Chongchun Zeng.

A Unified Approach to Compute Foliations, Inertial Manifolds,
and Tracking Initial Conditions

Yu-Min Chung, Indiana University, Bloomington, USA
(Wednesday, 11:45)

The Hartman-Grobman Theorem provides a local foliation for an ODE near a hyperbolic point;
through all nearby points there are a pair of leaves that define a conjugacy to the linearized flow.
In the classic case one leaf passing through the hyperbolic point is its unstable manifold, the other
its stable manifold, both of which are invariant. In general the leaves are not invariant. They
can, however, be characterized by the exponential growth/decay rates of the differences between
solutions that start on them. If the gap in the spectrum of the linear part sufficiently dominates
the Lipschitz condition of the nonlinear part in a large enough neighborhood, and the spectrum
is positioned properly, the unstable manifold is an inertial manifold. Each solution is attracted at
an exponential rate to a particular “tracking” solution on the inertial manifold. We present several
algorithms for the accurate computation of the leaves in the foliation and as well as for the tracking
initial condition for a given solution. The algorithms are demonstrated on the Kuramoto-Sivashinsky
equation.

The Long Time Stability of KAM Tori for Infinite-Dimensional Hamiltonian System
Hongzi Cong, Dalian University of Technology, China

(Saturday, 4:00)

In this paper, we will study dynamical behavior of the solutions around KAM tori for infinite-
dimensional Hamiltonian system defined by partial differential equations. By the approach of
infinite-dimensional KAM technique and infinite-dimensional Birkhoff normal form technique, we
construct a partial normal form of high order around the KAM tori and show that p-tame property
survives under KAM iteration and normal form iteration. As a consequence, it is proven that the
solutions in the neighborhood of a KAM torus remain very close to the torus for a very long time.

Dynamics of Near Parallel Vortex Filaments
Walter Craig, McMaster University, Canada

(Saturday, 2:00)

Over the past decade and more, techniques have been developed for the phase space analysis of the
dynamics of many model nonlinear Hamiltonian PDEs. In this talk I will describe some extensions
of these ideas to a problem in fluid dynamics concerning the interaction of two near-parallel vortex
filaments in three dimensions. In addition, as well as generalizations of this problem, I will describe
a number of promising further applications of the techniques of Hamiltonian PDEs and nonlinear
evolution problems to other systems in fluid dynamics of physical significance.

Jack Hale and Hyperbolic Conservation Laws
Constantine Dafermos, Brown University, USA

(Saturday, 6:00)

The author will discuss, with the help of what he learned from Jack Hale, the long time behavior
of solutions of multi-space dimensional conservation laws with periodic initial data.
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Discontinuity and Global Dynamics of Pulse-Coupled Oscillators
Sarah Day, The College of William and Mary, USA

(Monday, 3:20)

Networks of pulse-coupled oscillators can be used to model systems from firing neurons to blinking
fireflies. Many previous studies have focused on numerical simulations and locating the synchronous
state of such systems. In this project, we construct a Poincare map for a system of three pulse-
coupled oscillators and use rigorous computational techniques and topological tools to study both
synchronous and asynchronous dynamics. We present sample results, including computed basins
of attraction for both synchronous and asynchronous attracting states, and gradient-like dynamics
passing through curves of discontinuities. This is joint work with M. D. LaMar, and undergraduate
research students Allison Corish and Ryan Gryder.

Global Dynamics of a Compartmental System Modeling
Ectoparasite-Borne Diseases

Attila Dénes, University of Szeged, Hungary
(Wednesday, 11:45)

We analyse a four-dimensional compartmental system that describes the spread of ectoparasites
and a disease carried by them in a population. We identify three threshold parameters that de-
termine which of the four potential equilibria exist. These parameters completely characterize the
stability properties of the equilibria and also the global behaviour of solutions. We provide a de-
tailed description of the global attractor in each possible scenario. The key mathematical tools of
the proofs are Lyapunov-LaSalle theory, persistence theory, Poincaré-Dulac criteria and unstable
manifolds. In the most complicated case, the global attractor consists of four equilibria and various
heteroclinic orbits connecting those equilibria, forming a two-dimensional manifold in the phase
space.

Neural Spike Renormalization: One Big Chaos
Bo Deng, University of Nebraska, Lincoln, USA

(Sunday, 4:00)

The bifurcations of spike bursts of a class of neuronal circuit model can be understood by a renor-
malization of the Poincare return maps of the model. We will show that the renormalization operator
has three properties: the first natural number 1 is an eigenvalue, its dynamics contains all finite
dimensional systems, and its dynamics is chaotic.

Viscous Cahn-Hilliard equation in RN

Tomasz Dlotko, University of Silesia, Poland
(Sunday, 3:20)

Solvability of Cauchy’s problem in R
N for an extended viscous Cahn-Hilliard equation will be

discussed. The problem is considered first in a standard Sobolev space H1(RN ), next a notion of
the ’H-solution’ is introduced which is well adapted to the structure of the viscous Cahn-Hilliard
equation. Several properties of an unbounded operator (−∆)−1 in R

N needed in our considerations
will be also reported.

The Cauchy problem for an extended viscous Cahn-Hilliard equation has the form:
{

(1 − ν)ut = −∆(∆u + f(x, u) − νut), t > 0, x ∈ R
N ,

u(0, x) = u0(x),
(1)

where ν ∈ [0, 1) and the nonlinear term f fulfills the required regularity and growth assumptions.

References

[1] L. A. Caffarelli, N. E. Muler, An L∞ bound for solutions of the Cahn-Hilliard equation, Arch.
Rational Mech. Anal. 133 (1995), 129–144.
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Distributed Control of Multi-Robot Systems: From Local Rules to Global Properties
Magnus Egerstedt, Georgia Institute of Technology, USA

(Tuesday, 9:05)

The last few years have seen significant progress in our understanding of how one should structure
multi-robot systems. New control, coordination, and communication strategies have emerged and,
in this talk, we summarize some of these developments. In particular, we will discuss how to go
from local control rules to global behaviors in a systematic manner in order to achieve distributed
geometric objectives, such as achieving and maintaining formations, area coverage, and swarming
behaviors. We will also investigate how users can interact with networks of mobile robots in order
to inject new information and objectives. The efficacy of these interactions depends directly on
the interaction dynamics and the structure of the underlying information-exchange network. We
will relate these network-level characteristics to controllability notions in order to produce effective
human-swarm interaction strategies.

Numerical Techniques for Exponential Dichotomy on the Real Line
Cinzia Elia, University of Bari, Italy

(Monday, 3:20)

In this talk we present techniques based on smooth matrix decompositions to detect exponential
dichotomy on the real line. We justify the techniques for linear systems of ODEs, provide numerical
details and show how they perform on some examples. This is a work done in collaboration with
Luca Dieci and Erik Van Veck.

Spectral Properties for the Quasi-Periodic Schroedinger Equation
Roberta Fabbri, Universita’ di Firenze, Italy

(Monday, 2:40)

In the talk the spectral properties for the one-dimensional quasi-periodic Schroedinger operator
and the two-dimensional Schroedinger equation are considered. In particular, we use the properties
of the rotation number for a family of linear nonautonomous Hamiltonian systems and its relations
with the exponential dichotomy concept. Information on the structure of the spectrum of the
corresponding operators are obtained.

Camassa-Holm Equations and Singular Vortexons for Axisymmetric
Poiseuille Pipe Flows

Francesco Fedele, Georgia Institute of Technology, USA
(Monday, 4:00)

We present a study on the nonlinear dynamics of a disturbance to the laminar state in non-rotating
axisymmetric Poiseuille pipe flows. We show that the associated Navier-Stokes equations can be
reduced to a set of coupled generalized Camassa-Holm equations. These support inviscid and smooth
traveling waves that are numerically computed using the Petviashvili method. In physical space
they correspond to localized/periodic toroidal vortices concentrated near the pipe boundaries (wall
vortexon) or that wrap around the pipe axis (centre vortexon) in agreement with the analytical
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soliton solutions derived by Fedele (2012) for small and long-wave disturbances. Singular vortexons
with discontinuous radial velocities are also numerically identified as associated to special traveling
waves with wedge-type singularities, viz. peakons and shocks. Further, an analytical solution of
peakons is derived for the particular case of the uncoupled wave equations. Finally, the evolution
of a perturbation is investigated using an accurate Fourier-type spectral scheme. We observe that
the initial vortical patch splits into a stable centre vortexon radiating vorticity near the wall that
can under go further splitting before viscous dissipation kicks in, leading to a proliferation of centre
vortexons. The splitting process originates from radial fluxes of azimuthal vorticity from the wall
to the pipe axis. The inviscid vortexon is similar to the nonlinear neutral structures derived by
Walton (2011) and it may be a precursor to puffs and slugs observed at transition, since most likely
it is unstable to non-axisymmetric disturbances.

Dynamical Systems Approach to Problems in Fluid Mechanics
Eduard Feireisl, Academy of Sciences of the Czech Republic, Czech Republic

(Tuesday, 3:20)

We discuss several recent results concerning the long-time behavior of solutions to the systems of
partial differential equations describing the motion of compressible, viscous, and heat conducting
fluids. In particular, we address the issue of existence of attractors and their basic properties.

Dynamics of Plant-Herbivore-Predator Interactions Influenced by Plant Toxicity
Zhilan Feng, Purdue University, USA

(Saturday, 3:20)

Earlier models of plant-herbivore interactions fail to predict a growing number of findings that im-
plicate chemical toxins as important determinants of plant-herbivore dynamics. Specifically, consid-
erable evidence suggests that toxins set upper limits on food intake for many species of herbivorous
vertebrates. Herbivores feeding on toxin-containing plants must avoid saturating their detoxifica-
tion systems. We developed mathematical models with toxin-determined functional responses to
study the effects of inter-specific plant competition, herbivory, and a plant toxic defenses against
herbivores on vegetation dynamics. The new modes exhibit much more complex dynamics including
Hopf- and homoclinic bifurcations. We used the model to estimate the effects of different manage-
ment policies such as the levels of wolf control. Simulations indicated that management reductions
in wolf densities could reduce the mean time to transition from deciduous to spruce by more than 10
years, thereby increasing landscape flammability. The integrated model can be useful in estimating
ecosystem impacts of wolf control and moose harvesting in central Alaska.

Dynamics of a Singular Damped Wave Equation Modeling MEMS
Gilberto Flores, Universidad Nacional Autónoma de México, Mexico

(Tuesday, 2:40)

The equation ǫ2utt + ut −∆u =
−λ

(1 + u)2
models electrostatically actuated MEMS. It is considered

on a smooth bounded domain in dimension 1 or 2, with Dirichlet boundary conditions and zero
or small initial conditions. There is a critical value λ∗ such that there is at least one solution for
λ < λ∗ and none for λ > λ∗. In the latter case, quenching occurs: u = −1 is achieved in finite time.
In dimension 1, it is proved that for small values of λ, solutions exist for all times and converge to
a stationary solution as t → ∞.

Platonic Polyhedra and Periodic Solutions of the Classical N-Body Problem
Giorgio Fusco, University of L’Aquila, Italy

(Saturday, 11:25)

We review some special periodic motions of the classical N -body problem that have been discovered
in the last twenty years. In particular we consider motions u∗ which, up to a relabeling of the N
particles, all with the same mass, are invariant under the rotation group R of one of the five Platonic
polyhedra. The number N coincides with the order |R| of the group. The approach is variational
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and u∗ is a minimizer of the Lagrangian action A on a suitable subset K of the T -periodic maps.
The set K is determined by imposing both topological and symmetry constraints that are defined
in terms of the rotation group R.

Rigorous Continuation of Solutions of PDEs
Marcio Gameiro, University of São Paulo at São Carlos, Brazil

(Saturday, 5:20)

We present a rigorous numerical method to compute global smooth manifolds of solutions of infinite
dimensional nonlinear problems. We use a parameter continuation method on a finite dimensional
projection to construct a simplicial approximation of the manifold. This simplicial approximation
is then used to construct local charts and an atlas of the global manifold in the infinite dimensional
space. The idea behind the construction of the smooth charts is to use the so-called radii polynomials
to verify the hypotheses of the uniform contraction principle on each simplex. The construction of
the manifold is then finalized by proving smoothness along the common lower dimensional faces
of adjacent simplices. The method is applied to compute one- and two-dimensional bifurcation
manifold of equilibria and time periodic orbits for PDEs.

Local Stability Implies Global Stability for the 2-Dimensional Ricker Map
Abel Garab, University of Szeged, Hungary

(Sunday, 5:20)

Consider the following discrete population model xk+1 = xke
α−xk−d where α is a positive parameter

and d is a nonnegative integer. The case d = 0 was introduced by W. E. Ricker in 1954. For the
delayed version d ≥ 1 of the equation S. Levin and R. May conjectured in 1976 that local stability of
the nontrivial equilibrium implies its global stability. Based on rigorous, computer-aided calculations
and analytical tools, we prove the conjecture for d = 1.

Multi-Valued Characteristics and Morse Decompositions
Tomas Gedeon, Montana State University, USA

(Sunday, 4:40)

A rapid growth of molecular and systems biology in recent years challenges mathematicians to
develop robust modeling and analytical tools for this area. We combine a theory of monotone
input-output systems with a classical theory of Morse decompositions in the context of ordinary
differential equations models of biochemical reactions. We show that a multi-valued input-output
characteristic can be used to define non-trivial Morse decompositions which provide information
about a global structure of the attractor. The previous work on input-output characteristics is
shown to apply locally to individual Morse sets and is seamlessly incorporated into our global
theory.

Almost Periodic Solutions of Second KdV Equation with External Parameters
Jiansheng Geng, Nanjing University, China

(Saturday, 2:40)

In this talk,we will present a result about almost periodic solutions of second KdV equation

ut + ∂5
xu + (Mξu + u3)x = 0, u(t, x + 2π) = u(t, x),

∫

2π

0

udx = 0.

The main ideas are,we make use of the conserved quantity
∫

2π

0
u2dx and Töplitz-Lipschitz property

of the perturbation and super-exponential decay of the amplitude.

Global Diffusion on a Tight Three-Sphere
Marian Gidea, Northeastern Illinois University, USA

(Tuesday, 3:20)

We consider an integrable Hamiltonian system weakly coupled with a pendulum-type system. On
some fixed energy level, the uncoupled system is assumed to possess a normally hyperbolic invariant
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manifold diffeomorphic to a three-sphere, on which the Hamiltonian satisfies a strict convexity
condition, and whose stable and unstable invariant manifolds coincide. The Hamiltonian flow on
the three-sphere is equivalent to the Reeb flow for the induced contact form. The strict convexity
condition implies that the contact structure on the three-sphere is tight. When a small, generic
coupling is added to the system, the normally hyperbolic invariant manifold is preserved, and its
stable and unstable manifolds split, yielding transverse intersections. We show that there exist
trajectories that sweep the whole range of frequencies of motion on the three-sphere. In this sense,
the perturbed system exhibits global diffusion on the tight three-sphere.

Diffusive Logistic Equation with Negative Density Dependent
Emigration on the Boundary

Jerome Goddard II, Auburn University Montgomery, USA
(Monday, 6:00)

We examine the structure of positive steady state solutions for a diffusive population model with
logistic growth and negative density dependent emigration on the boundary. In particular, this
class of nonlinear boundary conditions depends on both the population density and the diffusion
coefficient. In this presentation, we will discuss results obtained in the one-dimensional case.

Patterns of Phase-Shift Synchrony
Marty Golubitsky, MBI/Ohio State University, USA

(Saturday, 2:00)

A coupled cell system is a network of interacting dynamical systems. Coupled cell models assume
that the output from each cell is important and that signals from two or more cells can be compared
so that patterns of synchrony can emerge. This talk will discuss a result (motivated by quadruped
locomotion) that classifies rigid patterns of phase-shift synchrony in time-periodic solutions of
coupled cell systems and an application to binocular rivalry. This is joint work with David Romano,
Yunjiao Wang, and Casey Diekman.

Quiescent Phases, Juvenile Stages, and Delay Equations
Karl Hadeler, Universität Tübingen, Germany

(Monday, 4:40)

In biological models, introducing quiescent or inactive phases may lead to delay differential equa-
tions in various ways. Here two classes of examples are presented.

In systems of ordinary differential equations from ecology quiescent phases stabilize equilibria
against the onset of oscillations and lower the amplitudes of periodic orbits. These effects occur
when all species go quiescent with the same rates and return to activity with the same rates. If
the species differ with respect to these rates, then equilibria may be destabilized. These phenom-
ena are closely related to the Turing instability. If the holding time in the quiescent phase is not
exponentially distributed then vector-valued integral equations and delay equations result and the
stability problem is more complicated.

It is known that the model of Gurtin and MacCamy for a population with age structure can
be reduced to a neutral delay equation if there is a juvenile phase and the coefficients are constants
or delta peaks with respect to age. The blowfly equation occurs as a special case when there is
no delta peak. The length of the juvenile phase is the delay. It is plausible that delay equations
with state-dependent delays result if the length of the juvenile phase depends on total population
size. However, the correct equations with state-depending delay are rather different from those with
constant delay, and also the stability properties are different.

Stability of Traffic Network Models based on Conservation Laws
Ke Han, Pennsylvania State University, USA

(Tuesday, 4:00)

In this talk, a traffic flow model on networks expressed as a system of coupling scalar conserva-
tion laws will be presented. We will analyze several junction models and investigate the Lipschitz
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continuous dependence on the initial and boundary data. An extension of the analysis to networks
with multiple sources and destinations will also be discussed.

ω-limit Sets for a Nonlocal Dispersal Problem
Gwendolen Hines, University of Nebraska, USA

(Saturday, 2:00)

We consider the nonlocal problem ut =
∫

Ω
(u(y)β(x, y)−u(x))dy+f(u), which can describe, among

other things, the dispersal of a species. We consider the special case when β ≡ 1 and f(u) = u3 −u
and Ω = [0, 1]. We study the equilibria and their stability and ω-limit sets. We also consider

numerical results for the case when β = e|x−y|2.

Multidimensional Stability of Traveling Waves in Lattice Differential Equations
Aaron Hoffman, Olin College, USA

(Tuesday, 5:20)

We study systems of reaction diffusion equations on the lattice Z
2 which admit planar traveling

waves that connect two stable equilibria. Assume that the traveling wave is spectrally stable to
perturbations which are constant in the transverse direction. Assume in addition some further mild
spectral hypotheses. We show that the wave is nonlinearly stable to perturbations in ℓ1(Z2). The
notable difference from previous work is the PDE case is the complicating presence of anisotropy
in the lattice.

Stable Sets in Z
n-Systems with Positive Entropy

Wen Huang, University of Science and Technology of China, China
(Monday, 5:20)

In this talk, the chaoticity appearing in the Z
n
+-stable sets of a Z

n-dynamical system with positive
entropy is investigated. It is shown that in any positive entropy Z

n-system, there is a measure-
theoretically rather big set such that the Z

n-stable set of any point from the set contains a Mycielski
Li-Yorke chaotical set under Z

n
−.

Spatially Heterogeneous Invasion of Toxic Plant Mediated by Herbivory
Wenzhang Huang, University of Alabama, Huntsville, USA

(Saturday, 3:20)

Spatially homogeneous (ODE) and reaction-diffusion models for plant-herbivore interactions with
toxin-determined functional response are analyzed. The models include two plant species that
have different levels of toxicity. The plant species with a higher level of toxicity is assumed to be
less preferred by the herbivore and to have a relatively lower intrinsic growth rate than the less
toxic plant species. Two of the equilibrium points of the system representing significant ecological
interests are E1, in which only the less toxic plant is present, and E2, in which the more toxic plant
and herbivore coexist while the less toxic plant has gone to extinction. Under certain conditions it
is shown that, for the spatially homogeneous system all solutions will converge to the equilibrium
E2, whereas for the reaction-diffusion model there exist traveling wave solutions connecting E1 and
E2.

Generalized Periodic Solutions of Linear Systems of
Differential Equations with Slowly Varying Parameters

Iuliia Inozemtseva, Georgia Southern University, USA
(Monday, 4:00)

We consider the problem of finding the periodic solutions of linear systems of differential equations.
We investigate the periodic solutions by representing them in the form of trigonometric Fourier
series with real frequency. This method produces an infinite system of linear algebraic equations.
This leads to consideration of a problem of finding the approximation to the periodic solution
of that system in the form of finite sums. The matrix of that system has an interesting ribbon
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structure.
We set a next problem: to show enough conditions of existence of particular solution of the

system that is presented in a form of Fourier series with slowly varying coefficients and frequency.
The process of integration of infinite systems of linear differential equations with slowly varying
coefficients takes considerable difficulty. Use one of the well-known methods of solving these systems
- the truncation method.

There will be illustrated several methods of analyzing the nature and behavior of the eigenvalues
of given matrix. Moreover, it will be explained the importance of reducing the matrix to a diagonal
form and used the method of successive approximations to find the slowly varying solution of the
system, taking as an initial slowly varying approximation the solution of the diagonal system.

Finally, there will be given several interesting and considerable difficult examples of orders 3×3
and 5 × 5.

Steady States of Fokker-Planck Equation
Min Ji, Chinese Academy of Sciences, China

(Monday, 4:40)

We consider the Fokker-Planck PDE associated with white noise perturbations of a system of
ordinary differential equations. New existence results for the steady states of the Fokker-Planck
equation in a general domain including the whole space are obtained for both non-degenerate and
degenerate noise. Some non-existence results of the steady states are also given. This allows a
broader application to the problem of stochastic stability of invariant measures of an ODE system
subjected to noisy perturbations.

A Determining Form the 2D Navier-Stokes Equations
Michael Jolly, Indiana University, USA

(Monday, 2:00)

The determining modes for the two-dimensional incompressible Navier-Stokes equations (NSE) are
shown to satisfy an ordinary differential equation of the form dv/dt = F (v), in the Banach space, X,
of all bounded continuous functions of the variable s ∈ R with values in certain finite-dimensional
linear space. This new evolution ODE, named a determining form, induces an infinite-dimensional
dynamical system in the space X which is noteworthy for two reasons. One is that F is globally
Lipschitz from X into itself. The other is that the long-term dynamics of the determining form
contains that of the NSE; the traveling wave solutions of the determining form, i.e., those of the
form v(t, s) = v0(t + s), correspond exactly to initial data v0 that are projections of solutions of
the global attractor of the NSE onto the determining modes. The determining form is also shown
to be dissipative; an estimate for the radius of an absorbing ball is derived in terms of the number
of determining modes and the Grashof number (a dimensionless physical parameter). Finally, a
unified approach is outlined for an ODE satisfied by a variety of other determining parameters
such as nodal values, finite volumes, and finite elements.

Large Number of Particles Asymptotics of Toda Lattices
Thomas Kappeler, University of Zurich, Switzerland

(Tuesday, 4:40)

For periodic Toda lattices with a large number N of particles close to the equilibrium we obtain
asymptotics of various conserved quantities which turn out to involve a pair of KdV equations. In
particular, the Toda frequencies admit an asymptotic expansion in terms of the frequencies of the
two KdV equations. This is joint work with Dario Bambusi and Thierry Paul.

Dynamic Modeling of Chemotherapeutic Drug Metabolism
Melissa Kemp, Georgia Institute of Technology, USA

(Wednesday, 9:05)

A long-term goal of personalized medicine is the ability to rapidly screen a patient’s protein or
genetic profile and tailor therapy according to a customized prediction of efficacious drug treatment
options. This goal has been particularly pursued in cancer therapies where prediction of likely
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relapse would drastically change decisions made in chemotherapy regimens. I will discuss how we
have used our modeling investigations of drug bioactivation in the most common form of pediatric
leukemia to gain insight into patient-specific differences to chemotherapy. In particular, the counter-
intuitive cycling process we uncovered was facilitated by our system of coupled differential equations
and suggests that simple biomarker screening is not effective without knowledge of the underlying
dynamics.

Dynamics of Nonlinear Waves in Granular Crystals
Panayotis Kevrekidis, University of Massachusetts, Amherst, USA

(Sunday, 4:40)

In this talk, we will provide an overview of results in the setting of granular crystals, consist-
ing of beads interacting through Hertzian contacts. We will start from the simplest setting of
one-dimensional, monoatomic chains where highly localized traveling waves exist and we will also
examine states in the form of (dark) discrete breathers therein. We will then extend our consider-
ations to the case of diatomic chains and examine how the properties of traveling waves and also
of discrete breathers are modified in the latter setting. More highly heterogeneous chains will be
briefly examined as well. In addition to considering the purely Hamiltonian case, select examples
of the damped-driven variant of the system and its rich phenomenology, including chaotic response
and bistability/hysteresis will also be shown. Finally, the results will be extended to two-dimensions
and some prototypical examples thereof in hexagonal, as well as square chains will be provided.

Attractivity for Non-Autonomous Equations
Gabor Kiss, Durham University, United Kingdom

(Monday, 4:00)

We present existence results on pullback attractors for functional differential equations. Namely,
we establish our results for retarded and neutral equations with time varying delays. Joint work
with Tomas Caraballo.

KAM-Like Lagrangian Coherent Structures in Geophysical Flows
Huseyin Kocak, University of Miami, USA

(Saturday, 2:40)

Transport barriers in the vicinity of zonal (east-west) jets in planetary atmospheres are investigated.
Recent results relating to KAM (Kolmogorov-Arnold-Moser) theory predict that when such a flow
is perturbed, invariant tori in the vicinity of the jet core should be present and will serve as
impenetrable barriers to meridional (north-south) transport. Numerical estimates of invariant tori of
this type are referred to as KAM-like Lagrangian Coherent Structures (LCSs). Relevant theory and
numerical methods will be reviewed, and applications, including the annually recurring Antarctic
ozone hole, the unusual 2011 Arctic ozone hole, and Jupiters belts and zones, will be discussed.

Topological Computation Method for Dynamical Time Series
Analysis and Its Application

Hiroshi Kokubu, Kyoto University, Japan
(Sunday, 4:40)

We propose a new approach to the dynamical analysis of time series data generated by an unknown
dynamical system. The method is based on a recently developed topological computation method
which uses so-called Conley-Morse graphs [Z. Arai et al, SIADS 8 (2009)]. In the talk, we give a basic
idea of our method and a few theoretical results, as well as several test examples of application
that show potential usefulness and limitation of the method, including application to real data
taken from experiments of human and animal locomotion. This work is partially supported by
JST-CREST.

The Attractor of Slow Oscillation for Delayed Negative Feedback
Tibor Krisztin, University of Szeged, Hungary

(Monday, 3:20)

Let f : R
2 → R be a smooth function with D2f(x, y) < 0 for all (x; y) ∈ R

2, f(0, 0) = 0. The
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equation ẋ(t) = f(x(t), x(t−1)) generates a semiflow F on the space C([−1, 0]; R). Under additional
conditions on f , the semiflow has a global attractor A. We consider the subset B of those points in
A which are segments of globally defined bounded solutions oscillating slowly around all equilibria.
It is shown that B is a 2-dimensional invariant Lipschitz submanifold of the phase space which is
homeomorphic to the unit disk in R

2. The set B may contain stationary points, periodic, orbits,
homoclinic and heteroclinic orbits.

Approximate Controllability of Semilinear Evolution Equations
Hugo Leiva, Universidad de Los Andes, Venezuela

(Tuesday, 3:20)

In this paper we study the approximate controllability of the following semilinear evolution equation

z′ = Az + Bu(t) + F (t, z, u(t)), z ∈ Z, u ∈ U, t > 0,

where Z, U are Hilbert spaces, A : D(A) ⊂ Z −→ Z is the infinitesimal generator of strongly
continuous compact semigroup {T (t)}t≥0 in Z,B ∈ L(U,Z), the control function u belongs to
L2(0, τ ;U) and F : [0, τ ]×Z ×U −→ Z is a suitable function. As a particular case we consider the
controlled semilinear heat equation.

Rigorous Numerics for Nonlinear Differential Equations Using Chebyshev Series
Jean-Philippe Lessard, Université Laval, Canada

(Monday, 2:40)

A computational method based on Chebyshev series to rigorously compute solutions of initial and
boundary value problems of analytic nonlinear vector fields is proposed. The idea is to recast
solutions as fixed points of an operator defined on a Banach space of rapidly decaying Chebyshev
coefficients and to use the so-called radii polynomials to show the existence of a unique fixed point
nearby an approximate solution. As applications, solutions of initial value problems in the Lorenz
equations and symmetric connecting orbits in the Gray-Scott equation are rigorously computed.
The symmetric connecting orbits are obtained by solving a boundary value problem with one of
the boundary values in the stable manifold.

Global Lyapunov Functions and Flight Formation Control Problem
Michael Li, University of Alberta, Canada

(Saturday, 2:40)

We present a method of systematically constructing Lyapunov functions for large-scale, heteroge-
neous networks of multi-agent systems. We apply the method to the stability problem of a new
control protocol for the self-organization of swarms of mobile agents into hierarchical formations.
This is joint work with John Maidens.

Asymptotic Effects of Small Random Perturbations
Yao Li, Courant Institute of Mathematical Sciences, New York University, USA

(Wednesday, 11:45)

We consider the asymptotic behavior of stochastic differential equations. Instead of the tradi-
tional large-deviation approach, we study the Fokker-Planck equation on the level sets of reference
functions. Some new estimations of invariant measures for stochastic differential equations will be
presented.

Spreading Speed of the KPP Equation with Free Boundary: An Abstract Approach
Xing Liang, University of Science and Technology of China, China

(Sunday, 2:40)

In this talk, I will show how we use the approach of the abstract monotone and monostable semiflow
to study the spreading speed of the KPP equations with free boundary.
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1D Schrödinger Equation with Cβ Nonlinearities
Zhenguo Liang, Fudan University, China

(Saturday, 3:20)

In the first part we will present a KAM theorem for the defocusing NLS equation in one space
dimension with periodic boundary conditions. The novelty of our result is that it is valid not only
near the zero solution, but on the entire Sobolev space HN (T, C) with N ∈ Z≥1. In particular, the
invariant tori which persist under small Hamiltonian perturbations might be far away from the zero
potential. The H2 Symmetry (momentum) plays a very important role in the proof. In the second
part we will discuss a way to deal with the equation without the momentum conservation. We give
a new KAM method to obtain linearly stable quasi-periodic solutions for the equation:

iut − uxx + Mξu + ǫa(x)|u|2u = 0,

where a(x) ∈ Cβ(T1, R). The method has potential applications in many other equations such as
1D Defocusing NLS with general nonlinearities f(x, u, ū), nD NLS, 1D wave equations with only
Ck nonlinearity and etc.

Standing Waves for Monostable Reaction-Convection Equations in a
Large Bounded Domain with Boundary Conditions

Xiao-Biao Lin, North Carolina State University, USA
(Saturday, 5:20)

It is well-known that the standing wave u0 for the KPP type convection diffusion equation is stable
if the perturbations of the initial data are in the weighted function space proposed by Sattinger.
In a large finite domain, we cannot use weighted norms to select allowable perturbations near the
standing wave u0. Instead, we find exact boundary conditions so that in a large finite domain, there
is a unique stable standing wave u1 near u0.

Geometric Singular Perturbations of Poisson-Nernst-Planck Systems
and Applications to Ion Channel Problems

Weishi Liu, University of Kansas, USA
(Tuesday, 11:25)

In this talk, we will report our work on Poisson-Nernst-Planck (PNP) type systems, a class of
primitive continuum models for electrodiffusion, mainly in the content of ionic flow through mem-
brane channels. An important modeling feature of the PNP type systems studied is the inclusion
of hard-sphere potentials that account for ion size effect. We will focus on hard-sphere potentials
that are ion specific. This complication is critical since ions with the same charge but different sizes
could have significantly different roles on many important biological functions of living organisms.

We will present an analysis framework that relies on a combination of a general theory of geo-
metric singular perturbations and a revealing of specific nonlinear structures of PNP type systems.
Beyond existence and uniqueness problems, we are interested in obtaining more concrete informa-
tion of solutions that has direct implications to ion flow properties. A particular attention is paid
on the ion size effect to electrodiffusion and ion channel functions.

This talk is based on joint works with a number of collaborators that will be acknowledged at
relevant places in the talk.

Random Perturbations of Dynamical Systems
Zhenxin Liu, Jilin University, China

(Saturday, 6:00)

In this talk, statistic and pathwise methods for the study of random dynamics are briefly reviewed;
some of our work in these regards are introduced. We consider the Morse decomposition for random
dynamical systems, and characterize the gradient random dynamical systems by Morse decompo-
sition and random Lyapunov functions. We study the recurrent dynamics, mainly almost periodic
and almost automorphic dynamics, for stochastically perturbed equations. Random perturbations
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can also be used to study deterministic dynamical systems. We study the natural order among
the stable invariant sets of a given system via the small white noise perturbations. We are also
considering the stability under random perturbations which is a work in progress.

Evolution of Dispersal in Heterogeneous Environment
Yuan Lou, Ohio State University, USA

(Sunday, 4:40)

From habitat degradation and climate change to spatial spread of invasive species, dispersal plays
a central role in determining how organisms cope with a changing environment. How should or-
ganisms disperse “optimally” in heterogeneous environment? In this talk I will discuss some recent
development on the evolution of dispersal via reaction-diffusion-advection models.

Entropy, Chaos and Weak Horseshoe for Infinite Dimensional
Random Dynamical Systems

Kening Lu, Brigham Young University, USA
(Saturday, 5:20)

In this talk, we present an answer to the long standing problem on the implication of positive entropy
of a random dynamical system. We study C0 infinite dimensional random dynamical systems in a
Polish space, do not assume any hyperbolicity, and prove that chaos and weak horseshoe exist inside
the random invariant set when its entropy is positive. This result is new even for finite dimensional
random dynamical systems and infinite dimensional deterministic dynamical systems generated by
either parabolic PDEs or hyperbolic PDEs. We mention that in general one does not expect to
have a horseshoe without assuming hyperbolicity. For example, consider the product system of a
circle diffeomorphism with an irrational rotation number and a system with positive entropy. This
product system has positive entropy and a weak horseshoe, but has no horseshoe. This is a joint
work with Wen Huang.

Local Bifurcation at Focal Point Coupled to Elliptic Directions
Nan Lu, University of Massachusetts, Amherst, USA

(Sunday, 3:20)

We investigate local dynamics of a 4-dimensional system with small and slowly varying time pe-
riodic forcing. By assuming the unperturbed system is autonomous and has a fixed point with
eigenvalues (0, 0, i,−i), we study homoclinic, subharmonic solutions and Hopf bifurcation in a O(ǫ)
neighborhood of the fixed point, where ǫ is the perturbation parameter.

Wasserstein Distances in the Analysis of Time Series and Dynamical Systems
Sjoerd Lunel, Utrecht University, The Netherlands

(Saturday, 4:40)

A new approach based on Wasserstein distances, which are numerical costs of an optimal trans-
portation problem, allows us to analyze nonlinear phenomena in a robust manner. The long-term
behavior is reconstructed from time series, resulting in a probability distribution over phase space.
Each pair of probability distributions is then assigned a numerical distance that quantifies the dif-
ferences in their dynamical properties. From the totality of all these distances a low-dimensional
representation in a Euclidean space is derived, in which the time series can be classified and sta-
tistically analyzed. This representation shows the functional relationships between the dynamical
systems under study. It allows us to assess synchronization properties and also offers a new way of
numerical bifurcation analysis.The statistical techniques for this distance-based analysis of dynam-
ical systems are presented, filling a gap in the literature, and their application is discussed in a few
examples of datasets arising in physiology and neuroscience, and in the well-known Hénon system.

Compact Support Solutions with Sign Changing
for an Equation with a p-Laplace Operator

Raul Manasevich, Universidad de Chile, Chile
(Tuesday, 2:40)

We consider radial sign-changing solutions for the equation pu + f(u) = 0 on RN , p > 1. The
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function f is superlinear and subcritical. We are interested in solutions with a prescribe number of
zeros that have compact support.

This is a joint work with Jean Dolbeault and Marta Garcia Huidobro.

Propagating Terrace in One-Dimensional Semilinear Diffusion Equations
Hiroshi Matano, University of Tokyo, Japan

(Sunday, 2:00)

This talk is concerned with the front propagation in one-dimensional semilinear diffusion equations
of the form

ut = uxx + f(x, u) (x ∈ R),

where f is a smooth function satisfying

f(x, 0) = 0 (∀x ∈ R), f(x + L, u) = f(x, u) (∀x ∈ R, ∀u ≥ 0)

for some constant L > 0. We assume that there exists a positive stationary solution p which is
L-periodic and stable from below in a certain mild sense. Otherwise we do not assume any other
assumption on f , so it covers a large class of nonlinearities including monostable, bistable, multi-
stable and even highly degenerate nonlinearities.

Our analysis reveals some new dynamics where the profile of the propagation is not character-
ized by a single front, but by a layer of several fronts which we call a “propagating terrace”.

Early analysis of such phenomena is found in the work of Fife and McLeod (1977), who studied
the properties of propagating terraces (with a different naming) for some class of spatially homo-
geneous multistable nonlinearities. Our results show that convergence to a propagating terrace is
a universal phenomenon that occurs not only for a special class of multistable nonlinearities but
for a very large class of nonlinearities, even with spatially periodic heterogeneity. We also show the
uniqueness of the terrace for some class of multistable nonlinearities.

This is joint work with Arnaud Ducrot and Thomas Giletti.

Hammerstein-Volterra Equation in the Space of Bounded
Variation Functions: Controllability

Nelson Merentes, Universidad Central de Venezuela, Venezuela

Stability of a Hamiltonian System in a Limiting Case
Ken Meyer, University of Cincinnati, USA

(Tuesday, 2:00)

We give a fairly simple geometric proof that an equilibrium point of a Hamiltonian system of two
degrees of freedom is Liapunov stable in a degenerate case. That is the 1 : −1 resonance case where
the linearized system has double pure imaginary eigenvalues ±iω, ω 6= 0 and the Hamiltonian is
indefinite. The linear system is weakly unstable, but if a particular coefficient in the normalized
Hamiltonian is of the correct sign then Moser’s invariant curve theorem can be applied to show
that the equilibrium point is encased in invariant tori and thus it is stable.

This result implies the stability of the Lagrange equilateral triangle libration point, L4, in the
planar circular restricted three–body problem when the mass ratio parameter is equal to µR, the
critical value of Routh. (Joint work with J. Palacián and P. Yanguas.)

Oscillatory Systems Having Finite Time Dynamics
Ronald Mickens, Clark Atlanta University, USA

(Monday, 4:00)

We present the general features of dynamic systems modeled by nonlinear extensions of the har-
monic oscillator differential equation. In particular , we demonstrate that there exist damping
forces for which the oscillations go to zero in a finite time. The importance of this result and its
generalization to the Duffing oscillator will be discussed.
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Computer Assisted Analysis of Invariant Manifolds and Connecting Orbits
Jason Mireles James, Rutgers University, USA

(Saturday, 4:00)

I will discuss some constructive methods for high order approximation of smooth invariant sets such
as stable/unstable manifolds and transverse connecting orbits between equilibria. An important
component of these methods is the rigorous computer aided analysis of the truncation errors which
allows one to pass from good numerics to rigorous mathematical results. The methods I’ll discuss
are based on the idea of setting the error analysis up as the solution of a certain fixed point problem
on an appropriate Banach Space. I’ll give several example applications.

Lyapunov Functions and Exponential Dichotomies for Differential Equations
James Muldowney, University of Alberta, Canada

(Monday, 2:00)

This talk will discuss sufficient conditions, as well as necessary conditions, for a system of linear
differential equations to have an exponential dichotomy. The criteria are expressed in terms of
pairs of associated scalar functions. The approach seems to be amenable to direct analysis of the
behaviour of non-linear non-autonomous equations near an equilibrium without linearization.

Pulse Generators in Dissipative Systems
Yasumasa Nishiura, Tohoku University, Japan

(Saturday, 2:00)

Heterogeneity is one of the most important and ubiquitous types of external perturbations. We study
a spontaneous pulse generating mechanism caused by the heterogeneity of jump type. Such a pulse
generator (PG) has attracted much interest in relation to potential computational abilities of pulse
waves in physiological signal processing. We investigate firstly the conditions for the onset of PGs,
secondly we show the bifurcational origin of their complex ordered sequence of generating manners.
To explore the global bifurcation structure of heterogeneity-induced ordered patterns (HIOPs)
including PGs, we devise the numerical frameworks to trace the long-time behaviors of PGs as
periodic solutions and detect the associated terminal homoclinic orbits those are homoclinic to one
type of HIOPs, which possesses a property of hyperbolic saddle. Such our numerical approaches
clarify a candidate for the organizing center producing a variety of PGs which is closely analogous
to the unfolding of homoclinic gluing structure in vector fields.

Applications of a New Type of Continuous Separation to
Non-Autonomous Functional Differential Equations with Finite Delay

Sylvia Novo, Universidad de Valladolid, Spain
(Monday, 5:20)

We introduce a new type of continuous separation, specially designed for its application to monotone
semiflows induced by a family of non-autonomous functional differential equations with finite delay,
and based on a previous one given by Poĺıǎcik-Tereščák and Shen-Yi. Conditions for the existence
of a continuous separation of this type and its application to the uniform persistence above and
below a minimal set of the monotone semiflow are provided.

Joint work with R. Obaya and A. M. Sanz.

The Hypotheses of the Nonautonomous Yakubovich Frequency Theorem
Carmen Nunez, University of Valladolid, Spain

(Monday, 3:20)

The nonautonomous version of Yakubovich Frequency Theorem characterizes the solvability of an
infinite horizon optimization problem in terms of the validity of the Frequency and Nonoscillation
Conditions for a linear Hamiltonian system, which is defined from the coefficients of the quadratic
functional to be minimized. These conditions mean the existence of exponential dichotomy and
of the Weyl matrix associated to the solutions bounded at infinity. This paper describes those
nonautonomous linear Hamiltonian systems satisfying the required properties. Two groups appear,
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depending on the occurrence or not of an additional controllability property, traditionally assumed
in the applications of Yakubovich theorem. A suitable example shows that the second group is far
away from trivial.

This is a joint work with Russell Johnson and Rafael Obaya.

Analyticity versus Nonanalyticity for Solutions of
Analytic Functional Differential Equations

Roger Nussbaum, Rutgers University, New Brunswick, USA
(Saturday, 10:30)

Old results imply that for broad classes of “analytic,” autonomous, nonlinear functional differential
equations, bounded solutions which are defined for all time are necessarily everywhere real analytic.
Of course such solutions are always infinitely differentiable. The methods of proof do not usually
apply when state-dependent time lags are present, and extensions to the non-autonomous case
present some subtleties. We shall present theorems which show that for some nonautonomous,
analytic, linear functional differential equations, there exist periodic solutions which fail to be real
analytic at at least one point and, in some cases, at uncountably many points. Open questions will
be mentioned.

The results discussed represent joint work with John Mallet-Paret.

A Dynamical Theory for Functional Differential Equations with Infinite Delay
Rafael Obaya, University de Valladolid, Spain

(Monday, 2:40)

We describe a convenient framework to analyze the long term behaviour of the solutions of non-
autonomous functional differential equations with infinite delay. We use this approach to study the
skew-product semiflow generated by different types of neutral functional differential equations with
infinite delay and stable D-operator which are monotone for an exponential ordering. We illustrate
the applicability of the theory in the study of compartmental systems.

Liquid Film Flow Dynamics in Cylindrical Geometries
Reed Ogrosky, University of North Carolina, USA

(Sunday, 5:20)

With the application of mucus clearance in lung airways in mind, long-wave asymptotics is used
to model the flow of a high-viscosity Newtonian fluid film coating the inside of a tube (i) in the
presence of air flowing up the center of the tube, and (ii) without airflow. For each case a single
nonlinear evolution equation is derived for the location of the fluid-air interface. Using both linear
stability analysis and fully nonlinear solutions, comparisons are made between the models and
experiments performed in our lab. Excellent agreement is found for the model without airflow,
while qualitative agreement is found for the model with airflow. Next, the existence and properties
of traveling wave solutions to each PDE are examined, and in particular the flow within the liquid
film is studied through streamline bifurcations in the frame of reference moving with a wave. For
certain parameter combinations, a region of closed streamlines is found, indicating the presence of
a trapped core of fluid which rolls along the underlying film. The significance of this mass transport
phenomenon can be adjusted by tuning the parameter values, and comparisons are made between
the model with airflow and experiments in this configuration.

Delayed Feedback Control of Delay Equations
Sergio Oliva, University of São Paulo, Brazil

(Tuesday, 3:20)

We present a delay equation where we are able to stabilize an unstable periodic orbit, using a non-
invasive Pyragas control. This equation goes beyond the quantative constraint found by Fiedler(08)
in similar equations.

This is a joint work with Bernold Fiedler (Free University of Berlin).
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On a Definition of Morse-Smale Processes
Waldyr Muniz Oliva, Instituto Superior Tecnico, Portugal

(Saturday, 4:40)

Morse-Smale evolution processes in infinite dimensions are introduced mainly to cover non-autonomous
ODEs. Global bounded solutions, hyperbolic and partially hyperbolic solutions, invariant manifolds
; pullback-attractors, non-wandering curves, center manifolds and a definition of a Morse-Smale
process. Pictorial examples.

Coagulation Dynamics of Random Fronts and Branching Processes
Robert Pego, Carnegie Mellon University, USA

(Tuesday, 2:00)

Smoluchowski’s coagulation equation is related in remarkable ways to models of random domain
coarsening and the merging of ancestral trees. I’ll describe the complete classification of all scaling
limits in a pair of such models. For Smoluchowski’s equation with solvable kernel, I’ll also describe
how the dynamics on the scaling attractor (set of all limit points mod scaling) is linearized by a
Levy-Khintchine-style representation formula.

Nonlinear Waves in PT-Symmetric Lattices
Dmitry Pelinovsky, McMaster University, Canada

(Sunday, 4:00)

We illustrate, through a series of prototypical examples, that linear parity-time (PT) symmetric
lattices with spatially extended gain/loss are generically unstable, for any non-zero value of the
gain/loss coefficient. Our examples include a parabolic real potential with a linear imaginary part
and the cases of no real and piecewisely constant or linear imaginary potentials. On the other hand,
this instability can be avoided and the spectrum can be real for localized or compact PT-symmetric
potentials. Existence, stability, and nonlinear dynamics of localized waves are investigated in the
lattices with compact PT-symmetric potentials.

When is Shadowing Equivalent to Structural Stability?
Sergei Pilyugin, St. Petersburg State University, Russia

(Monday, 4:40)

We study relations between structural stability and shadowing. Our main goal is to describe the
C1-interiors of dynamical systems with various shadowing properties and to characterize systems
with Lipschitz shadowing property.

The Global Dynamics of Age-Structured Within Host Virus Mode
Sergei Pilyugin, University of Florida, USA

(Monday, 5:20)

The global dynamics of the classical within-host virus model has been well understood. Depending
on the magnitude of the basic reproduction number (R0), the solutions converge to either the trivial
(disease-free) equilibrium or to the unique positive (endemic) equilibrium. In this talk, I will show
that this dichotomy extends to the model that explicitly includes the age-since-infection structure
of the infected compartment.

Coalescence of Eigenvalues for Matrices Depending on Several Parameters
Alessandro Pugliese, University of Bari, Italy

(Monday, 5:20)

Eigenvalues’ coalescence has attracted great attention for quite some time. Besides having important
implications in Physics, Chemistry and Engineering, it is also a subject of remarkable mathematical
interest and beauty. In this talk we will overview the main results that concern eigenvalues’ coales-
cence for real symmetric and complex Hermitian matrix functions, and address the problem of how
one can numerically detect and approximate the points in parameters’ space where the coalescence
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occur. The talk will be based on joint work with Luca Dieci (Georgia Institute of Technology) and
Alessandra Papini (University of Florence).

Kupka-Smale and Morse-Smale Properties:
From Finite to Infinite Dimensional Dynamical Systems

Geneviève Raugel, CNRS and Université Paris-Sud, Orsay
(Saturday and Sunday, 9:05)

In these lectures, we generalize the classical Kupka-Smale theorem for vector fields on compact
manifolds of dimension d and the classical Morse-Smale theorem in the two-dimensional case (or
for gradient vector fields, in any dimension d) to some classes of dissipative partial differential
equations (PDE’s).

In the first lecture, after having recalled the classical theorems for the vector fields, we de-
scribe generalizations to some special classes of ordinary differential equations. Afterwards, we
state the main results in the PDE case, namely that generically with respect to the non-linearity,
the semi-flow of a scalar parabolic equation defined on a bounded domain in dimension n has the
“Kupka-Smale” property. In the one-dimensional case, the semi-flow is generically Morse-Smale,
that is, it has the Kupka-Smale property and moreover, the non-wandering set is finite and is only
composed of critical elements. In the classes of gradient parabolic equations or gradient damped
wave equations, the semi-flows are generically Morse-Smale with respect to the non-linearity. These
properties are important, since Kupka-Smale semi-flows have local stability properties under per-
turbations whereas Morse-Smale semi-flows are structurally stable under perturbations.

In the second talk, we focus on some parts of the proofs. In particular, we will explain the main
differences between the proof of the genericity of the Morse-Smale property in the gradient case
and the one of the Kupka-Smale property in the non-gradient case. But, all these proofs rest on
injectivity properties. In the proof of the Kupka-Smale theorem, one of the main ingredients is the
study of the singular nodal set of solutions of linear elliptic or parabolic equations.

These lectures are dedicated to the memory of Jack Hale.

Sturm Global Attractors for Semilinear Parabolic Equations
Carlos Rocha, Instituto Superior Técnico, Portugal

(Sunday, 2:40)

We review recent results on the characterization of global attractors for semiflows generated by
scalar reaction diffusion equations defined on an interval with either separated or periodic boundary
conditions. This is based on joint work with B. Fiedler, C. Ragazzo and M. Wolfrum.

Dynamics of a Class of ODEs more General than Almost Periodic
Hildebrando Rodrigues, University of São Paulo, Brazil

(Tuesday, 4:40)

This talk is based in the paper: P. E. Kloeden and H. M. Rodrigues Dynamics of a class of ODEs
more general than almost periodic. Nonlinear Analysis 74 (2011) 2695-2719.

Linearization Technique for Non-linear Differential Equations and Applications
Satyajit Roy, Indian Institute of Technology Madras, India

(Monday, 6:00)

Quasi-linearization method is one of the popular and powerful tools for linearization of any non-
linear differential equations. This method can be viewed as a generalization of the Newton-Raphson
approximation technique for functional equations. In fact, the non-linear boundary value problems
are solved numerically using an implicit finite difference scheme in combination with the quasi-
linearisation technique. At first, the non-linear differential equations were replaced by an itera-
tive sequence of linear differential equations following quasilinearisation technique. The resulting
sequence of linear differential equations is expressed in difference forms using central difference
scheme. In each iteration step, the difference equations are then reduced to a system of linear alge-
braic equations which is solved numerically. The detailed description of the implicit finite difference
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scheme with quasilinearisation technique and its application on convection heat transfer, thermal
and concentration diffusion processes are presented in this paper.

Existence and Asymptotics of a Class of Singularly
Perturbed ODEs with Boundary Conditions

Susmita Sadhu, Georgia College & State University, USA
(Tuesday, 4:00)

We will consider a class of singularly perturbed boundary value problems (BVPs):

εy′′ + 2y′ + f(y) = 0, y(0) = 0, y(A) = 0,

where f ∈ C2[0,∞) is a positive function satisfying certain conditions. We will prove that for
each ε > 0, there exists A(ε) > 0 such that the BVP admits two solutions if A < A(ε). We will
also discuss a rigorous uniform asymptotic expansion of the “smaller” solution using an integral
equation method, whenever the problem admits two solutions. If time permits, we will show that
A(ε) → 2

∫ ∞
0

dy/f(y) as ε → 0.

Turing Mechanisms in Diffusion Systems under Robin Boundary Conditions
Kunimochi Sakamoto, Hiroshima University, Japan

(Sunday, 4:00)

We study linear diagonal diffusion systems under linear non-diagonal Robin boundary conditions.
The boundary conditions mean that the flux of each component on the boundary depends linearly
on the values of (possibly) all components consisting of the system. Our purpose is to show how
the stability of the trivial solution depends on the eigenvalues of the mass transfer matrix which
specifies this linear dependence on the boundary, as well as on the diagonal diffusion matrix. There
are two simplifying situations where the stability and instability of the system are characterized
in rather easy ways. One is the case in which the diffusion rates are all equal, and the other is
the case in which the mass transfer matrix is symmetric. Investigations in these situations enable
us to identify stable and unstable systems by using the stability/instability of the mass transfer
matrices. Outside these two cases, the determination of the critical eigenvalues in terms of the
diffusion and mass transfer matrices is a subtle issue, and this leads to a Turing type instability. In
contrast to closed reaction-diffusion systems, our system also exhibits a phenomenon called anti-
Turing mechanism, in which originally em unstable systems for equal diffusion rates are stabilized
by biased (unequal) diffusion effects.

The Cascades Route to Chaos
Evelyn Sander, George Mason University, USA

(Tuesday, 10:30)

The appearance of infinitely-many period-doubling cascades is one of the most prominent features
observed in dynamical systems varying with a parameter. Bifurcation diagrams often reveal the in-
termingling of cascades and chaos. Our results rigorously link cascades and chaos using a one man-
ifold of periodic orbits in phase cross parameter space. Our examples include iterated maps arising
from Poincaré sections of both finite-dimensional flows and infinite-dimensional delay-differential
equations.

Dynamics of Nonlinear Waves and Applications
Bjorn Sandstede, Brown University, USA

(Monday, 10:30)

I will give an overview of the existence and stability properties of localized and nonlocalized patterns
that arise in spatially extended systems modeled by partial differential equations. Such patterns
can often be analyzed through spatial dynamical systems techniques, and I will give an overview
of this method and of the patterns that can be analysed using this approach.
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Morse Theory, Lagrange Multipliers, and Geometric Singular Perturbation Theory
Stephen Schecter, North Carolina State University, USA

(Sunday, 2:00)

Let f and µ be two smooth functions from R
n to R. We learn in calculus how to study f | µ−1(0) with

the aid of the Lagrange multiplier function F : R
n ×R → R given by (x, η) → f(x) + ηµ(x). Using

geometric singular perturbation theory, I shall explain how the Morse-Smale-Witten homology
of f | µ−1(0) is related to that of F . A second application of geometric singular perturbation
theory provides a way to compute the Morse-Smale-Witten homology of F . This is joint work with
Guangbo Xu of Princeton.

Pattern Selection in the Wake of Fronts
Arnd Scheel, University of Minnesota, USA

(Sunday, 4:00)

Motivated by precipitation patterns such as Liesegang rings, we discuss patterns formed in the wake
of moving fronts. It turns out that strikingly simple kinetic mechanisms can lead to a plethora of
patterns, from simple bands and stripes to spirals and helices. We’ll discuss a number of mathe-
matical problems that arise when one tries to predict which wavenumbers and what type of pattern
would arise in the wake of fronts. Applications include elementary chemistry, patterns in bacteria
colonies, and self-assembly of nano-scale textures.

Finite Cyclicity of hh-Graphics with a Triple Nilpotent Singularity of Codimension 4
Chunhua Shan, York University, Canada

(Tuesday, 6:00)

In 1994, Dumortier, Roussarie and Rousseau launched a program aiming at proving the finiteness
part of Hilbert’s 16th problem for the quadratic system. For the program, 121 graphics need to
be proved to have finite cyclicity. In this presentation, I will report our effort to show that some
hh-graphics through a triple nilpotent singularity of codimension 4 have finite cyclicity. This is an
ongoing joint work with professor Christiane Rousseau and professor Huaiping Zhu.

Reflection and Transmission of Elastic Waves at
Semiconductor Elastic Solid Interface

Amit Sharma, National Institute of Technology, India
(Wednesday, 11:45)

The paper concentrates on the reflection and transmission characteristics of acoustic waves at the
interface of a semiconductor half-space and elastic solid. The reflection and transmission coefficients
of reflected and transmitted waves have been obtained for quasi-longitudinal (qP ) wave incident
at the interface from semiconductor to elastic solid. The numerical computations of reflection and
transmission coefficients have been carried out with the help of Gauss elimination method by using
MATLAB programming for silicon (Si)/germanium (Ge) semiconductors. In order to interpret
and compare, the computer simulated results are plotted graphically. The study may be useful in
semiconductors, seismology in addition to surface acoustic wave (SAW) devices.

Principal Lyapunov Exponents of Random Dispersal Operators
and Traveling Waves in Diffusive Random Media

Wenxian Shen, Auburn University, USA
(Sunday, 11:25)

The current talk consists of two parts. Part I is concerned with the extension of the classical
principal eigenvalue theory for elliptic operators to random/stochastic dispersal operators. Some
general principal Lyapunov exponent theory for such operators is developed. Part II deals with
traveling waves in diffusive random media. It first introduces the concept of random traveling wave
solutions, which is the natural extension of the classical concept of traveling waves. Applying the
principal Lyapunov exponent theory for random dispersal operators, existence of random traveling

23



wave solutions of monostable evolution equations in random media is established. The talk is ended
with some remarks and open problems.

Symbolic Toolkit for Exploration of Deterministic Chaos
Andrey Shilnikov, Georgia State University, USA

(Saturday, 6:00)

Computational technique based on the symbolic description utilizing kneading invariants is pro-
posed for explorations of parametric chaos in a three exemplary systems with the Lorenz attractor:
the canonical model per se, a normal form from mathematics, and a laser model from nonlinear
optics. The technique allows for uncovering the stunning complexity and universality of the pat-
terns discovered in the bi-parametric scans of the given models and detects their organizing centers
codimension-two T-points and separating saddles.

Dynamical Systems on Graphs, Chaotic Monoid Actions and Random Delay
Stefan Siegmund, Dresden University of Technology, Germany

(Saturday, 2:40)

We present a new Lyapunov function type concept for dynamical systems on graphs, and results
on chaotic monoid actions and differential equations with random delay.

Persistence Theory and Some Applications
Hal Smith, Arizona State University, USA

(Monday, 2:00)

Persistence theory is now a widely used method in population dynamics and epidemiology. The
famous persistence theorem due to Hale and Waltman (1989) has played a significant role and
is widely used. I will briefly review persistence theory with emphasis on recent extensions of the
Hale-Waltman theorem and I will discuss several applications.

KAM Theory for Quasi-Periodic Equilibria in 1-D Quasiperiodic Media
Xifeng Su, Chinese Academy of Sciences

(Tuesday, 5:20)

We consider Frenkel-Kontorova models corresponding to 1 dimensional quasicrystals both for near-
est neighbor interactions and long-range interactions cases.

We present a KAM theory for quasi-periodic equilibria. The theorem presented has an a-
posteriori format. We show that, given an approximate solution of the equilibrium equation, which
satisfies some appropriate non-degeneracy conditions, then, there is a true solution nearby. This so-
lution is locally unique. Such a-posteriori theorems can be used to validate numerical computations
and also lead immediately to several consequences
a) Existence to all orders of perturbative expansion and their convergence
b) Bootstrap for regularity
c) An efficient method to compute the breakdown of analyticity.

Since the system does not admit an easy dynamical formulation, the method of proof is based
on developing several identities. These identities also lead to very efficient algorithms.

Dual Solutions in a Thermal Diffusive Flow over a
Stretching Sheet with Variable Thickness
Suri Venkata Subhashini, Anna University, India

(Monday, 6:00)

The development of thermal diffusive flow over a stretching sheet with variable thickness has been
investigated. Using the local similarity method, it has been shown that a set of suitable similarity
transformations reduces the non-linear coupled partial differential equations governing the flow and
thermal fields into a set of non-linear coupled ordinary differential equations. The non-linear self-
similar equations along with the boundary conditions form a two point boundary value problem and
are solved using Shooting method, by converting into an initial value problem. In this method, the
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system of equations is converted into the set of first order system which is solved by fourth-order
Runge-Kutta method. It is found that multiple solutions were obtained for certain wall thickness
parameter and velocity power index. Velocity overshoot near the wall was observed for certain
solution branches. It is found that the non-flatness of the stretching surface has significant impacts
on the boundary layer development along the wall on the velocity profiles, and on the shear stress
distribution in the fluid. When the velocity power index is less than one, the non-flatness introduces
a mass suction effect, while when it is greater than one, the non-flatness leads to a mass injection
effect. The study reveals that the dual solutions of velocity and temperature exist for certain values
of wall thickness parameter and velocity power index(m).

Mechanical Model of Pore Opening for Voltage-Gated Potassium Channels
Manuel Tejada-Wriedt, Universidad Nacional Autónoma de México, Mexico

(Wednesday, 11:20)

The electrical activity of excitable cells depends on the function of voltage-gated ion channels.
These proteins are able to sense changes in the transmembrane potential through voltage-sensing
domains (VSD). The activity of the VSDs in a voltage-gated channel is strongly coupled to the
activation gate in the pore, which opens and closes the ion conduction pathway. Several structural
regions that are necessary for this coupling have been identified, but their conformational changes
during gating, and their roles in terms of the energy required for driving the gating transitions, are
not fully understood. Based on the available structural and functional information on voltage-gated
potassium (Kv) channels, we have constructed a minimal mathematical model that can describe
the opening and closing of a channels gate as a function of the relative position of the pore-lining S6
segments and the S4-S5 linker and the lower S5 segment, which are the main determinants for the
coupling mechanism. Despite its simplicity, the model captures all the essential features of channel
gating and constitutes a fast and technologically undemanding tool to understand the fundamental
physical principles governing the strongly voltage-dependent activity of ion channels.

Transition Fronts in Dissipative Lattice Differential Equations
Erik Van Vleck, University of Kansas, USA

(Tuesday, 4:40)

In this talk we consider lattice differential equations with obstacles or inhomogeneities in the media
and present recent results on wave like solutions.

Geometry of Heteroclinic Connections for a Delay Differential Equation
Gabriella Vas, University of Szeged, Hungary

(Monday, 6:00)

This talk considers the scalar delay equation ẋ (t) = −x (t) + f (x (t − 1)), where f is strictly
increasing and continuously differentiable.

The recent paper [1] has shown that if f is “close” to a certain step function, then the equation
admits periodic orbits not only in small neighborhoods of unstable equilibria (that is between two
consecutive stable equilibria with respect to the pointwise ordering), but also has periodic orbits of
larger amplitude. It has also determined all the heteroclinic orbits connecting these large-amplitude
periodic orbits to equilibria and to small-amplitude periodic orbits of the equation.

The talk presents that the above mentioned connecting sets are C1-smooth submanifolds of
the infinite dimensional phase space C = C ([−1, 0] , R) and gives their dimension. Such results are
quite rare in the literature because one needs to understand the global dynamics of the equation
to characterize the heteroclinic connections. This is a joint work with Tibor Krisztin.
[1] Krisztin, T., Vas, G., Large-amplitude periodic solutions for a differential equation with delayed
positive feedback, Journal of Dynamics and Differential Equations 23 (2011) 4, 727–790.

Chaos via Variable Delay
Hans-Otto Walther, Universitaet Giessen, Germany

(Wednesday, 10:10)

We begin with the simplest linear differential equation for negative feedback with a constant time
lag and make the time lag state-dependent outside a neighbourhood of equilibrium in such a way
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that a homoclinic solution arises, with minimal intersection of stable and unstable manifolds along
its orbit in the solution manifold. Close to the homoclinic loop complicated motion is to be expected,
as in Shilnikov’s example of a vectorfield in dimension 4, with complex conjugate eigenvalues at
equilibrium in both halfplanes.

Spiky and Transition Layer Steady States of Chemotaxis Systems
Xuefeng Wang, Tulane University, USA

(Saturday, 4:40)

The most important phenomenon about “chemotaxis” is cell aggregation, for which we use non-
constant, especially spiky or transition-layer (step function-like) steady states to model. In the case
of 1D spatial domains, we present two methods to establish the existence of such steady states:
(i) global bifurcation theory combined with Helly’s compactness theorem and Sturm oscillation
theorem; (ii) singular perturbation method. We also prove local asymptotic stability and uniqueness
of these steady states.

Homoclinic Orbits for NLS with Spatially-Dependent and
Unbounded Perturbations II

Yi Wang, University of Science and Technology of China, China
(Tuesday, 2:40)

For an integrable focusing cubic nonlinear Schródinger equation (NLS) under spatial periodic
boundary conditions, it is known that there are whiskered tori which form heteroclinic orbits
to steady states or homoclinic orbits to periodic orbits with different asymptotic phases as time
approaches plus and minus infinity. In this work, we consider the integrable NLS under diffusive
(unbounded) perturbation and spatially dependent time periodic forcing and show (based on sin-
gular perturbation method) that there exist orbits homoclinic to some saddle points. In particular,
these orbits are formed by joining some unperturbed heteroclinic orbits and periodic orbits which
are resonant to the perturbation frequency. We note that as the normally elliptic invariant slow
manifold does not necessarily persist under the spatially-dependent forcing, we need to apply a
modified averaging technique to obtain a sufficiently accurate approximate invariant slow manifold.
Moreover, as the diffusive perturbation appears as one of the highest order derivative terms in our
perturbed NLS, its flow is non-differentiable with respect to the perturbation parameters in the
same phase space. It is interesting to note we can actually prove that certain invariant manifolds
are smooth with respect to the perturbation parameters.

This is joint work with Shui-Nee Chow and Chongchun Zeng.

Global Stability and Bistability in Systems of Coupled Chemostats
Marion Weedermann, Dominican University, USA

(Saturday, 4:00)

We study systems consisting of several chemostats, which were introduced as models for anaer-
obic digestion. We will discuss several global stability results that were proved using differential
inequalities as well as results for the bistability of equilibria and of equilibria and periodic solutions.

The Turing Bifurcation on Networks: Collective Patterns and
Single Differentiated Nodes

Matthias Wolfrum, Weierstrass Institute for Applied Analysis and Stochastics, Germany
(Monday, 2:40)

We study the emergence of patterns in a diffusively coupled network system that undergoes a
Turing bifurcation. Our main interest is in large and irregular networks. We distinguish between two
different types of patterns, which appear for different parameter regimes: Collective patterns, which
resemble the shape of the linear network modes, and patterns with a small number of differentiated
nodes. We show that large network systems display a huge number of coexisting stable stationary
states that can be explained in terms of spatial chaos. Our results are based on a bifurcation analysis
for the mean-field approximation and on numerical path-following methods for the full system.
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Some Large Time Behaviors of Surface Water Waves
Sijue Wu, University of Michigan, Ann Arbor, USA

(Monday, 11:25)

The mathematical problem of n-dimensional water wave concerns the motion of the interface sep-
arating an inviscid, incompressible, irrotational fluid, under the influence of gravity, from a region
of zero density (i.e. air) in n-dimensional space. It is assumed that the fluid region is below the air
region. Assume that the density of the fluid is 1, the gravitational field is −k, where k is the unit
vector pointing in the upward vertical direction, and at time t ≥ 0, the free interface is Σ(t), and
the fluid occupies region Ω(t). When surface tension is zero, the motion of the fluid is described by























vt + v · ∇v = −k−∇P on Ω(t), t ≥ 0,

divv = 0, curl v = 0, on Ω(t), t ≥ 0,

P = 0, on Σ(t)

(1,v) is tangent to the free surface (t,Σ(t)),

(1)

where v is the fluid velocity, P is the fluid pressure.
In this talk, we will survey results and ideas concerning the local and global wellposedness of

the Cauchy problem of equation (1), and present some recent work concerning singularities of the
solutions.

Noncollision Singularities in a Simplified Four-Body Problem
Jinxin Xue, University of Maryland, USA

(Tuesday, 4:00)

In this work we study a model of simplified four-body problem called planar two-center-two-body
problem. In the plane, we have two fixed centers Q1 = (−χ, 0), Q2 = (0, 0) of masses 1, and
two moving bodies Q3 and Q4 of masses µ ≪ 1. They interact via Newtonian potential. Q3 is
captured by Q2, and Q4 travels back and forth between two centers. Based on a model of Gerver,
we prove that there is a Cantor set of initial conditions which lead to solutions of the Hamiltonian
system whose velocities are accelerated to infinity within finite time avoiding all early collisions.
We consider this model as a simplified model for the planar four-body problem case of the Painlevé
conjecture. This is a joint work with Dmitry Dolgopyat.

Robustness of Attractors for Reversible Schnackenberg Equations
Yuncheng You, University of South Florida, USA

(Sunday, 2:00)

The existence of global attractors and random attractors for deterministic and stochastic reversible
Schnackenberg equations with multiplicative white noise is shown for this typical autocatalytic
reaction-diffusion system on a three-dimensional bounded domain. Then the robustness of the
global and random attractors with respect to the reverse reaction rate as it converges to zero is
proved through sharp estimates showing the uniform and pullback dissipative characteristics.

Competing Interactions and Traveling Wave Solutions in
Lattice Differential Equations

Aijun Zhang, University of Kansas, USA
(Wednesday, 11:20)

The existence of traveling front solutions to bistable lattice differential equations in the absence of a
comparison principle is studied. The results are in the spirit of those in Bates, Chen, and Chmaj for
TRAVELING WAVES OF BISTABLE DYNAMICS ON A LATTICE, but are applicable to vector
equations and to more general limiting systems. An abstract result on the persistence of traveling
wave solutions is obtained and is then applied to lattice differential equations with repelling first
and/or second neighbor interactions.
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Parametric Normal Forms and Further Simplification
Weinian Zhang, Sichuan University, China

(Monday, 4:40)

Given a family of vector fields parametrized by ξ in its linear part, one usually obtains its versal
unfolding by the so-called two-step approach. It is also a common practice to suspend ξ and calcu-
late normal forms of the extended system. In this work we reformulate normal forms on modules of
homogeneous polynomials over the ring of all continuous functions of ξ and give a direct computa-
tion of versal unfolding. Our procedure enables us to determine coefficients of all terms of a certain
degree in the normal form before we give a near-identity transformation of this degree. We can
give all available near-identity transformations and choose an appropriate one to eliminate more
terms of higher degree for a simpler normal form. We prove that the normal form reduced in our
procedure is the simplest and unique. We illustrate our method with systems of linear centre and
nilpotent linear parts separately.

Poisson-Nernst-Planck systems for Ion Flow with a
Local Hard-Sphere Potential for Ion Sizes

Mingji Zhang, University of Kansas, USA
(Sunday, 5:20)

A one-dimensional steady-state Poisson-Nernst-Planck type model for ionic flow through a mem-
brane channel is analyzed. We consider two ion species, one positively charged and one negatively
charged, and assume zero permanent charge. A local hard sphere potential of the excess (beyond
the ideal) component is included to account for ion size effects. The model problem can be treated
as a boundary value problem of a singularly perturbed differential system and our analysis is based
on the geometric singular perturbation theory. The existence of solutions to the boundary value
problem for small ion sizes is established and, treating the ion sizes as small parameters, we also
derive an approximation of the I-V (current-voltage) relation and identify two critical potentials
for ion size effects. Under electroneutrality conditions at the boundaries, the results on the first
order approximation in ion diameters of solutions, I-V relations and critical potentials agree with
those with a nonlocal hard-sphere potential examined by Ji and Liu [J. Dynamics and Differential
Equations 24 (2012), 955-983]. Without electroneutrality conditions, the different effects of ion sizes
separated by two critical potentials depend on other quantities in terms of boundary conditions.
Scaling laws of I-V relations and critical potentials in boundary concentrations are discussed.

The Analytic Normal Form of Diffeomorphisms on Torus and Its Applications
Xiang Zhang, Shanghai Jiao Tong University, China

(Tuesday, 5:20)

In this paper, we first study analytic normal forms of perturbed analytic diffeomorphisms on T
n

of the form A(z) = z + 2πµ + a(z) with µ ∈ (0, 1]n and a(z) being a sufficiently small analytic
perturbation. When µ is either Diophantine or rational we prove the existence of the analytic
normalization. In the Diophantine case there are some related known results, while when µ is
rational, the problem was not addressed. As an application, we obtain the existence of embedding
flows of a class of diffeomorphisms on T

n.
Second we study simultaneous almost reducibility of a family of diffeomorphisms on T

n. We
prove that the family of diffeomorphisms on T

n are either all almost reducible or not almost
reducible except for a pluripolar set. This result is an extension of the Pérez-Marco’s local results
to the diffeomorphisms on torus.

Traveling Waves for Monotone Semiflows with Weak Compactness
Xiaoqiang Zhao, Memorial University of Newfoundland, Canada

(Saturday, 6:00)

In this talk, I will report our recent research on monostable traveling waves for monotone semiflows
with weak compactness. To weaken the compactness condition imposed in previous works, we
construct a compact set in the kinetic phase space and use an abstract variant of Helly’s theorem.
The obtained result is then applied to partially degenerate cooperative reaction-diffusion systems,
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two species Lotka-Volterra competition models, and time-delayed equations with nonlocal dispersal.
It turns out that for each of these three systems, the spreading speed is also the minimal wave speed
for monostable traveling waves no matter whether the spreading speed is linearly determinate. This
talk is based on a joint work with Dr. Jian Fang.

Localization in One-Dimensional Quasi-Periodic Nonlinear Systems
Zhiyan Zhao, Nanjing University, China

(Sunday, 5:20)

To investigate localization in one-dimensional quasi-periodic nonlinear systems, we consider the
Schrödinger equation

iq̇n + ǫ(qn+1 + qn−1) + V (nα̃ + x)qn + |qn|
2qn = 0, n ∈ Z,

as a model, with V a nonconstant real-analytic function on R/Z, and α̃ satisfying a certain Dio-
phantine condition. It is shown that, if ǫ is sufficiently small, then for a.e. x ∈ R/Z, dynamical
localization is maintained for “typical” solutions in a quasi-periodic time-dependent way.

Bifurcation of Canard Cycles in Predator-Prey Systems
Huaiping Zhu, York University, Canada

(Tuesday, 4:40)

Bifurcation of limit cycles is a central topic for predator-prey systems, yet the study of canard
cycles of such systems is rather limited due to technical difficulties in dealing with the degenerate
singularities and degenerate graphics (limit periodic sets). In this talk, I will give a brief summary of
the bifurcation study of limit cycles. By using center manifold theory and the singular perturbation
theory developed by Dumortier and Roussarie and recent work of De Maesschalck and Dumortier,
I explain the canard phenomenon for predator-prey systems. Using the formula developed for com-
puting the slow divergence integrals, I will present bifurcation studies of canard cycles and their
cyclicity in predator-prey systems with different Holling types of functional response. If time per-
mits, I will introduce the connection of this study with the finiteness part of Hilbert’s 16th problem
for quadratic vector fields. This is a joint work with Chengzhi Li.

Relation Between Convergent Nonlinear Map Dynamics and
Harmlessness of Delay in Some Delay Differential Equations

Xingfu Zou, University of Western Ontario, Canada
(Saturday, 3:20)

In this talk, I will discuss the phenomenon of harmlessness of delay in some nonlinear reaction
diffusion equations with delay. I will explore three cases: (i) on a bounded domain with zero flux
boundary condition; (ii) on a bounded domain with homogeneous Dirichlet boundary condition,
and (iii) on unbounded domain. By a dynamical system approach, we are able to reveal, for each
of these three cases, a relation between harmlessness of delay and the convergent dynamics of the
nonlinear function in the equation. I will demonstrate the abstract results by considering some
important model equations from population biology, and the resulting sharp conditions for these
models show optimality of our results to certain extent.
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