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New properties of Melnikov functions and limit cycle bifurcations in analytic systems
FRE LA AF
Abstract: In this paper, we investigate Poincare, Hopf, homoclinic and heteroclinic bifurcations of limit cycles
for near-Hamiltonian systems by using the first order Melnikov function defined on an open interval. We
establish new theory for obtaining upper bounds of the maximum number of limit cycles in these kinds of
bifurcations. We discover a new property of the Melnikov function regarding the number of zeros near the
endpoints of the interval when it is expressed as a linear combination of independent functions. This property
provides the first explicit bounds for Hopf, homoclinic and heteroclinic bifurcations. As an application, we
consider a Lienard system, obtaining sharp bounds for the maximum number of limit cycles in Poincare, Hopf

and heteroclinic bifurcations.

On the geographic spread of Chikungunya between Brazil and Florida: A multi-patch model with time delay
ftt+%  University of Miami
Abstract: Chikungunya (CHIK) is a viral disease transmitted to humans through the bites of Aedes mosquitoes
infected with the chikungunya virus (CHIKV). CHIKYV has been imported annually to Florida in the last decade
due to Miami's crucial location as a hub for international travel, particularly from Central and South America
including Brazil, where CHIK is endemic. This work addresses to the geographic spread of CHIK,
incorporating factors such as human movement, temperature dependency, as well as vertical transmission, and
incubation periods, for different patches. Central to the model is the integration of a multi-patch framework, and
in the numerical analysis it is considered human movement between endemic Brazilian states and Florida. We
establish crucial correlations between the mosquito reproduction number R_m and the disease reproduction
number R_0 with the disease dynamics in a multi-patch environment, encompassing not only a numerical
analysis but also from a theoretical perspective. Through numerical simulations, validated with real population
and temperature data, it is possible to understand the disease dynamics under many different scenarios and
make future projections, offering insights for potential effective control strategies, as well as addressing the

timing for these strategies to be adopted.
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Dynamics of wavefronts to a coarse-grained model with volume filling cell invasion
k¥ LEREAF
Abstract: In this talk, we introduce our recent results on stability of the traveling waves, obtained by Crossley
et al. in 2023, to a coarse-grained model with small extracellular matrix degradation rate in the slow-fast setting.
Since the information provided in the original proof is not enough to investigate stability, we present a new
approach via geometric singular perturbation theory, which exhibits not only the structure but also an
asymptotic expression of the waves. Then we show that the waves are spectrally instable in the Banach space
formed by the bounded and uniformly continuous functions, and that the waves are spectrally stable in some

exponential weight space.

New results on traveling wave solutions for a Keller-Segel system with nonlinear chemical gradient
¥ ¥ University of Alabama in Huntsville
Abstract: We investigate the existence of traveling wave solutions for a Keller-Segel system with nonlinear
chemical gradient and two parameters >0 and > O that relate to the diffusion coefficients of the chemical
and cells. This system has a family of equilibria ( : J_,) with ; < < ,. We establish the following result.

Thereis o ( 1, ) suchthatif ;< < g, then forevery >0, >0 and sufficiently small > 0, the

system has a unique traveling wave solution ( (=), (- )) that connects ( , i) at — == oo;
if o< < ,,then there exists > 0 such that for every > , >0 and sufficiently small >0 such a
solution exists, while for every 0 < <  and sufficiently small > 0 such a solution exists only for ina

disconnected set of (0, o) which includes two connected components (0, )and ( ,),where0 < < <

o, is strictly increasing and  is strictly decreasingin >0, lim = 5 >0and lim = oco. This result
4}0+ 4’0+
generalizes the existing results for the system in a special case = . The talk is based on a joint work with

Jianhe Shen.
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Stability and bifurcation analysis in a single population model with delay
RAA  HMIFTAF
Abstract: In this talk, we focus on the dynamics of the single population model with delay. We first review
delay-induced Hopf bifurcation for the scalar equation with/without diffusion. Then, we show the new
mechanism for occurrence of patterns for single population model with nonlocal effects. Finally, we investigate
the joint influence of the nonlocal advection and delay on the dynamics of the single population model with top-

hat kernel and delay.

Cyclicity of slow-fast cycles and applications
mHLT EFERAF
Abstract: In this talk, we first study the cyclicity of some new slow-fast cycles with one self-intersection point
and one (or two) nilpotent contact point(s) by studying the corresponding difference maps. Secondly, we
provide a criterion for the existence, stability and upper bounds of relaxation oscillations produced by slow-fast
cycles in a class of predator-prey systems with piecewise smooth functional responses and small predator’s

death rates. Finally, we apply the main results to some well-known models.

Weak separability and partial Fermi isospectrality of discrete periodic Schrodinger operators
g ki AT A ¥
Abstract: We consider the discrete periodic Schrodinger operators. By introducing a notion of weak
separability, we prove that two generalized partially Fermi isospectral potentials have the same weak

separability. We also study the isospectrality of the components of two generalized Fermi isospectral potentials.

The existence of three-dimensional multi-hump gravity-capillary surface waves on water of finite depth
WEAE  HEHEARF
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Abstract: The talk considers three-dimensional traveling surface waves on water of finite depth under the

forces of gravity and surface tension using the exact governing equations, also called Euler equations. It was

known that

when two non-dimensional constants and , which are related to the surface-tension coefficient and the
traveling wave speed, respectively, near a critical curve in the ( , )-plane, the Euler equations have a three-
dimensional (3D) solution that has one hump at the center, approaches nonzero oscillations at infinity in the
propagation direction, and is periodic in the transverse direction. We prove that in this parameter region, the
Euler equations also have a 3D two-hump solution with similar properties. These two humps in the propagation
direction are far apart and connected by small oscillations in the middle. The result obtained here is the first
rigorous proof on the existence of 3D multi-hump water waves. The main idea of the proof is to find appropriate
free constants and derive the necessary estimates of the solutions for the Euler equations in terms of those free
constants so that two 3D one-hump solutions that are far apart can be successfully matched in the middle to
form a 3D two-hump solution if some values of those constants are specified from matching conditions. The

idea may also be applied to study the existence of 3D 2 -hump water-waves.

Analytical integrability of nilpotent singular point
Z#% A%
Abstract: In this talk, analytical integrability is considered for the vector fields with nilpotent singular
points.The normal forms of a system with an analytical integral singular point are simplified and derived.
Moreover, a method to prove the sufficiency condition of analytical integrability is given, whereas the inverse
integrating factor method is developed for the computation of analytical integrability values which are used to
determine their desired vector fields. Finally, a series method is given to solve analytical integrability problem
for a class of ,-symmetric nilpotent vector fields. However, as an application, a novel method is applied to
classify the analytical integrability conditions for a class of quintic-order systems having four analytical

integrability conditions associated with their corresponding nilpotent center and nilpotent saddle, respectively.

Compactification and forced waves of the Fisher-KPP equation with a slowly-varying parameter heterogeneity
PR AR IR RS

Abstract: In this paper, we investigate forced waves in the Fisher-KPP equation with a slowly-varying

parameter heterogeneity. Using the smooth compactification method, we transform the forced wave system, a

nonautonomous system with autonomous limits, into a slow-fast autonomous system. We then construct forced

10
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waves as heteroclinic orbits by tracking the stable and unstable manifolds for two hyperbolic equilibria of the

compactified system in a blow-up coordinate and verify their intersection. Finally, we rigorously establish the
existence of forced waves via the Fenichel theory, fold points and phase-plane analysis. Our work not only
develops an analytic framework for studying forced waves in the slowly-varying heterogeneity through the

geometric singular perturbation theory, but also provides a positive answer to Hamel's problem in this context.

Sliding bifurcations in planar Filippov systems
FH WEMEAF
Abstract: Sliding bifurcations are triggered by the perturbations of a tangential periodic orbit and constitute an
important class of discontinuity-induced bifurcations. In this talk, I will introduce some advances in the study of
sliding bifurcations in planar Filippov systems, covering low codimension scenarios, periodically perturbed

cases,and systems with Z2-symmetry.

Asymptotic expansions of characteristic orbits of planar real analytic vector fields
KE  RHEIA¥
Abstract: The well-known Newton-Puiseux Theorem states that each real branch of a planar real analytic curve
admits a Puiseux expansion. We generalize this result to characteristic orbit of an isolated singularity of a planar

real analytic vector field and prove that each characteristic orbit has a power-log' expansion.

Hilbert’s 16th problem for regularized piecewise polynomial systems
Renato Huzak  Hasselt University
Abstract: The main goal of this talk is to show that the number of limit cycles of linear/nonlinear regularization
of piecewise linear/nonlinear systems using monotonic/non-monotonic transition functions is unbounded,

except for the Sotomayor-Teixeira regularization of piecewise linear systems.

BZ W5 4R 3 & S AT WA B 5l 71 5 1 TR
HEE  LHEEAF
Abstract: A EE XA A 2 RE R, FAZ/LTTREDERHAT BZ LF R R TATHHENF
EMEE— 1, THENE, HAEURRTEFHAFER
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On entropy, pressure and equilibrium state for noninvertible maps
KER EBEIIAF
Abstract: For noninvertible dynamical systems including continuous and smooth cases, the entropy and
pressure via the preimage structure are considered. For continuous maps the pointwise preimage entropy is
considered, and for partially hyperbolic endomorphisms the stable entropy (pressure) and unstable entropy
(pressure) are considered. Several versions of variational principles are established. Moreover, the uniqueness

and robustness of equilibrium states for certain partially hyperbolic endomorphisms are considered.

Spreading dynamics for a time-periodic Lotka-Volterra system with weak competition
~ER WZRETHEAF
Abstract: We study the spreading dynamics of a class of time-periodic Lotka-Volterra competition systems
with nonlocal dispersal and weak competition. First, we investigate the asymptotic spreading properties of the
corresponding Cauchy problem with compactly supported initial data. Specifically, we provide a bound
estimation for the spreading speed of the slower species and demonstrate that the faster species spreads at its
Fisher-KPP speed. This result indicates that interspecific competition does not affect the spreading speed of the
faster species but slows down the spreading speed of the slower species and decreases the population densities
of both species in their coexistence domain. Next, we establish the existence of critical and non-critical periodic
traveling one-sided waves and further show that these periodic traveling one-sided waves connect to the unique

coexistence state.

Bifurcation and geometric singular perturbation in multiscale dynamics
--- from canards to early-warning geometry
&M York University
Abstract: Multiple structure is ubiquitous in ecology, epidemiology and freshwater systems: fast behavioral or
biogeochemical process interact with slow demography, immunity, or mixing, producing dynamics that
classical bifurcation analysis along cannot explain. In this talk, I will integrate bifurcation theory with
geometric singular perturbation to reveal the organizing role of critical manifolds, folded singularities, and

canard trajectories in predator-prey, vector-borne epidemic, and shallow-lake models. I will explain how slow

12
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passage through the Hopf, saddle-node, Bogdanov-Takens, and nilpotent bifurcations generate delays, rate-

induced tipping, and mixed-mode oscillations, derive scaling laws and parameters range for these complex
dynamics, and outline geometry informed numerical workflows (Fenichel manifolds, blow-up near folded

singularities, return maps,

normal forms, Deep Learning). The case studies yield actionable insights: tuning resources, behavioral vigilance
or habitat productivity to avoid outbreaking cycles; pacing interventions to prevent rate- and state induced
epidemic surges; and managing nutrient ramp rates to forestall eutrophication and to recover water quality. The
take homemessage is that geometry organizes dynamics, and combining bifurcation with geometric singular
perturbation turns that geometry into practical tools for prediction and early-warning in multiscale dynamical

systems.

R s 2R &N
EAME  fhlAF
Abstract: & & BN BB = o — B Rt R URE 2 B EENF FEE LA .

The persistence of multiple periodic solutions
AKEKR ERAF
Abstract: Consider an autonomous ordinary differential equation in that has a homoclinic solution
asymptotic to a hyperbolic equilibrium. The homoclinic solution is degenerate in the sense that the linear
variational equation has d bounded, linearly independent solutions. We study bifurcation of the homoclinic
solution under periodic perturbations. Using exponential dichotomies and Lyapunov-Schmidt reduction, we
obtain general conditions under which the perturbed system can have transverse homoclinic solutions and

nearby periodic or chaotic solutions.

Stability of interfacial energies under Gradient flows
% JE %  Ohio University
Abstract: We present a systematic derivation of the gradient flows associated to a broad class of inter- facial
energies, emphasizing the relation between intrinsic and extrinsic variations of the interface. We show that the
intrinsic variables formulation brings the gradient flow into alignment with the traditional analysis of quasi-

steady dynamical systems defined on a stationary domain. Gradient flows are derived for model systems which
13
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exhibit quasi-steady pattern formation including coarsening among faceted interfaces and nonlocal interactions

that model membrane self-adhesion and self-avoidance.

Shock-fronted travelling waves in two types of cell population models
F—%  mREILVAF
Abstract: In this talk, I will first introduce a single population model based on diffusion and reaction
mechanisms of cells. The corresponding singular perturbation problem leads to various travelling waves. In
particular, there exists shock-fronted travelling waves where the profile of shocks depends on the form of
perturbation terms. Next, I will introduce an advection-reaction-diffusion model reflecting the interactions
between tumour cells and extracellular matrix. This model also exists various travelling waves including shock-

fronted travelling waves.
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