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Welcome
It is our great pleasure to welcome you to the 10th International Conference on Evolution Equations
and Functional Analysis (GAFEVOL 2016) at the USACH. This year’s conference continues its tra-
dition in providing a unique platform for academicians, researchers and students to exchange their
ideas, experiences and research results in various aspects of mathematical sciences through open mind
discussions and talks. Such knowledge sharing hopefully ignites new directions for future research and
development in theories and applications of evolution equations and functional analysis.

We know that the success of this conference ultimately depends on its participants. Thus, we
would like to invite everyone to join this conference with enthusiasm. At the same time, we bring some
great global speakers from academia to share their knowledge and expertise in current trends, tech-
niques and its applications. We hope this conference will provide better networking and cooperation
opportunities for all participating people.

All of the members of the organizing committee wish you a wonderful experience and a sweet
memory conference. We thank you all for your contributions and participation.

Kind Regards

Carlos Lizama

Chairman of GAFEVOL-2016

Organizing committee
Hernán Henríquez (Universidad de Santiago de Chile, Chile)
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Marina Murillo (Basque Center for Applied Mathematics, Spain)

Rodrigo Ponce (Universidad de Talca, Chile)
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Conference site
The meeting will take place at Auditorium of the Department of Mathematics and Computer Sci-
ence, and also the Coffee Area. This building is indicated in the map on page 07 under the name
"Departamento de Matemática y Ciencia de la Computación".

Registration
The registrations will be made in the following schedule:

Wednesday, November 23rd: From 09:00hs to 10:20hs in the entrance of Auditorium. Fees:
CL$ 100.000 for conference speakers and general public. CL$ 50.000 for undergraduate and
postgraduate students. In the last case, please bring some identification card.

The payment of the registration fees includes a bag with the materials for the congress; Lunch for
the three days of the congress. It will be served at the "Casino EAO" (indicated in the map on page
07); Conference Banquet (see social events); Participation certificate.

Meeting room
Talks and research discussions between the participants of the congress can be undertaken at the
terrace of the mathematics department located at the 6th floor of the building (left side outcoming
from the elevator). There you can found whiteboards and markers.

Social events
Wednesday, November 23rd: Reception at 17:20hs in the entrance of Auditorium.

Thursday, November 24th: Photo of the meeting at 12:10hs in front of the Department of
Mathematics and Computer Science.

Friday, November 25th: Conference Banquet at 19:30hs in restaurant "Ocean Pacific" located
in Av. Ricardo Cumming 221, Santiago. Menu is available at the registration desk.

Money exchanges
We recommend the following places for money exchanges:

Santiago Airport

AFEX Mall Alameda: Mall Alameda Av. Bdo. O’ Higgins 3470 Local BZ 123. Mon-Fr: 10:00hs
to 21:00hs. / Sat. - Sun. 10:00hs to 19.00hs.

Computer and wireless LAN use
The University provides access to wireless internet connection via eduroam.
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Abstracts

On Uniform Continuity of Resolvent Families
Aldo Pereira

Universidad de Talca
Partially supported by FONDECYT Grant 11130619

e-mail: apereira@utalca.cl

In this talk, we show conditions which secure the uniform continuity of (a, k)-regularized resolvent
families R(t) for t ≥ 0. It is furthermore shown that on certain Banach spaces (e.g. L∞(S,Σ, µ)),
each exponentially bounded (a, k)-regularized resolvent family is in fact uniformly continuous for
t ≥ 0, generalizing the result in [2]. As the main result, we prove that in Hilbert spaces, the uniform
continuity of R(t) for t > 0 (or immediate norm continuity) is equivalent to the decay to zero of
k̂(λ)(I − â(λ)A)−1 along some imaginary axis, generalizing the result in [1].

References

[1] C. Lizama, A characterization of uniform continuity for Volterra equations in Hilbert spaces,
Proc. Amer. Math. Soc. 126 (1998), 3581 – 3587.

[2] H. Lotz, Uniform Convergence of Operators in L∞ and similar spaces, Math. Z. 190 (1985),
207 – 220.
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Local well-posedness for integrodifferential equations.
Arlúcio Viana

Federal University of Sergipe
e-mail: arlucioviana@ufs.br

We discuss the local well-posedness theory for partial integrodifferential equations of parabolic
type by means of the abstract approach.

1. Introduction

We shall discuss the local well-posedness theory for a variety of partial integrodifferential equations
that can be regarded as the following abstract problem

u′ = Au+

∫ t

0
g(t− s, u(s))ds+ f(t, u(t)), t > 0, (1)

u(0) = u0 ∈ X1, (2)

in a Banach space X0, where A : D(A) ⊂ X0 → X0 is a linear operator such that −A is a sectorial
operator, Xα is an interpolation scale associated to A with 0 < α ≤ 1, and f, g are certain locally
Lipschitzian functions that obey

|f(u)− f(v)| ≤ c|u− v|(|u|ρ−1 + |v|ρ−1 + 1). (3)

Equations like (1) are known as abstract Volterra integrodifferential equations. They arise fre-
quently in the study of natural phenomena where certain memory effects are taken into account,
for instance, reaction-diffusion problems with memory, wave equations with memory with or without
damping (weak or strong), and several kinds of plate equations with memory. Indeed, the technique
we apply in [2] is similar to that used in [1] and [4] to study local well-posedness for population models
in low regularity spaces.

2. Results

We will gradually present our results as they chronologically appear to the scientific community.
In fact, local existence, uniqueness and continuous dependence for the problems

ut = d1∆u+ u(1− u− kv), in Ω× (0,∞);

vt = d2∆v + v(−λ+ u)−
∫ t

0
a(t− s)v2(s)ds, in Ω× (0,∞);

∂~nu = ∂~nv = 0, in ∂Ω× (0,∞);

u(x, 0) = u0(x), v(x, 0) = v0(x), in Ω;

ut(t, x) = ∆u(t, x) + u(t, x)

[
a− b

∫ t

0
λ(t− s)(−∆)βu(s, x)ds

]
, in (0,∞)× Ω;

u = 0, on (0,∞)× ∂Ω;

u(x, 0) = u0(x), in Ω;
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and

utt = −∆2u+ µ∆ut +

∫ t

0
a(t− s)(−∆)βu(x, s)ds+ |u|ρ−1u, t > 0, x ∈ Ω;

u(0, x) = u0(x), ut(0, x) = u1(x), x ∈ Ω;

u(t, x) = ∆u(t, x) = 0, t ≥ 0, x ∈ ∂Ω;

were obtained in [4], [1] and [2], respectively. The general results on the abstract problem (1)-(2)
that are found in [2] cover the local well-posedness for the problems listed above and give even more
information about them. Finally, we will show how the abstract results in [3] complement those
contained in [2].

References

[1] A. Caicedo and A. Viana, A diffusive logistic equation with memory in Bessel potential spaces,
Bull. Aust. Math. Soc. 92 (2015), no. 2, 251–258. 1993.

[2] B. de Andrade and A. Viana, Integrodifferential equations with applications to a plate equation
with memory, Math. Nach., to appear.

[3] B. de Andrade and A. Viana, Abstract Volterra integrodifferential equations with applications
to parabolic models, Math. Annalen, to appear.

[4] A. Viana, Local well-posedness for a Lotka-Volterra system in Besov spaces, Comput. Math.
Appl. 69 (2015), no. 7, 667–674.
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Determining the distribution of ion channels from experimental
data using the Mellin transform

Carlos Conca
Department of Mathematical Engineering Center for Mathematical Modelling &

Center for Bioengineering & Biotechnology
University of Chile, Santiago, Chile

Partially supported by PFBasal-01 (CeBiB) and PFBasal-03 (CMM)
projects and by Fondecyt Grant N◦1140773

E-mail: cconca@dim.uchile.cl

In this lecture we study an integral inverse problem arising in the biology of the olfactory system.
The transduction of an odor into an electrical signal is accomplished by a depolarising influx of
ions through cyclic-nucleotide-gated (CNG for short) channels on the cilium membrane. The inverse
problem studied in this paper consists in finding the spatial distribution of the CNG channels from
the measured transduce electrical signals. The Mellin transform allows us to write an explicit formula
for its solution. Proving observability and continuity inequalities is then a question of estimating
the Mellin transform of the kernel of this integral equation on vertical lines. New estimates using
arguments in the spirit of the stationary phase method are and a numerical scheme is proposed to
reconstruct the density of CNG channels from laboratory data for an approximated model. For the
original model an identifiability and a non observability (in some weighted L2 spaces) results are
proven.
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Attractivity for functional Volterra integral equations
Edgardo Alvarez

Universidad del Norte, Barranquilla, Colombia

In this talk we show the existence of attractive and uniformly locally attractive solutions for the
following functional Volterra integral equation of convolution type

u(t) =

 φ(t0) +

∫ t

t0

a(t− s)f(s, us) ds t > t0,

φ(t) t0 − σ ≤ t ≤ t0,

where a ∈ L1
loc(R+) is an scalar kernel, φ ∈ C([t0 − σ, t0],R), f : [t0,∞)× C([−σ, 0],R)→ R and

us : [−σ, 0]→ R is defined by us(τ) := u(s+ τ) for all τ ∈ [−σ, 0]. We use methods and techniques
of fixed point theorems and properties of measure of noncompactness. We extend and generalize
results obtained by F. Chen, J.J. Nieto and Y. Zhou in [2] and J. Losada et al. in [3].

References

[1] E. Alvarez and C. Lizama, Attractivity for functional Volterra integral equations of convolution
type, J. of Comp. and Appl. Math. 301, (2016) 230-240.

[2] F. Chen and Y. Zhou, Attractivity of fractional functional differential equations, Comp. Math.
Appl. 62 (3), (2011) 1359-1369.

[3] J. Losada, J.J. Nieto and E. Pourhadi,On the attractivity of solutions for a class of multi-term
fractional functional differential equations J. of Comp. and Appl. Math. (2015) in press.
http://dx.doi.org/10.1016/j.cam.2015.07.014.
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A version of Massera’s Theorem for functions defined on time
scales

Eduard Toon*, Hernán Henríquez, Jaqueline G. Mesquita
*Federal University of Juiz de Fora

e-mail: eduard.toon@ufjf.edu.br

We prove a Massera’s type result to establish the existence of periodic solutions of a dynamic
equation on time scales defined on infinite dimensional Banach space. Also, we prove a Massera’s type
result to establish the existence of periodic solutions of a dynamic equation on time scales defined
on R. Finally, we prove that any almost periodic solution of dynamic equation on time scales is a
p-periodic solution.

References

[1] M. Bohner and A. Peterson. Dynamic equations on time scales: An introduction with applica-
tions, Birkhäuser Boston Inc., Boston, MA, 2001.

[2] M. Bohner and A. Peterson. Advances in dynamic equations on time scales, Birkhäuser Boston
Inc., Boston, MA, 2003.

[3] J. L. Massera, The existence of periodic solutions of systems of differential equations, Duke
Math. J. 17, (1950) 457-475.
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On the control of the improved Boussinesq equation
Eduardo Cerpa

Departamento de Matemática, Universidad Técnica Federico Santa María, Valparaíso, Chile
Partially supported by Fondecty 1140741

E-mail: eduardo.cerpa@usm.cl

The Boussinesq equation was introduced to describe the flow of shallow water waves with small
amplitude. In order to overcome the lack of well-posedness of this equation, it can be approached
by the Improved Boussinesq equation. In this talk we are interested in the control properties of the
latter. First, we consider a boundary control and prove that the system is approximately controllable
but not exactly controllable. Second, we introduce an internal control supported on a moving region
and prove that the system is exactly controllable. The main tools we use are spectral analysis, the
moment method and fixed-point arguments.

We will introduce the main concepts of control in order to present a self-contained talk, which is
based on [1], a work in collaboration with Emmanuelle Crépeau (Versailles, France).

References

[1] E. Cerpa and E. Crépeau. On the control of the improved Boussinesq equation. Under review.
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Dirichlet-to-Neumann semigroup with respect to a second order
eigenvalue problem
Jamil Abreu*, Érika Capelato

*Federal University of São Carlos
*Partially supported by Capes
e-mail: jamil@dm.ufscar.br

In this work we study a general Dirichlet-to-Neumann operator on L2(∂Ω) given by ϕ 7→ ∂νu
where u is a weak solution of −div (a∇u) + b · ∇u − div (cu) + du = λu on Ω subjected to the
boundary condition u|∂Ω = ϕ and ∂νu is the weak conormal derivative. Under suitable assumptions
on the coefficients, we investigate positivity, sub-Markovianity, irreducibility and domination properties
of the associated semigroups.

In a recent paper, W. Arendt and A.F.M. ter Elst [3] have extended the classical form method in
many ways. If j : V → H is a bounded linear operator with dense range and a : V × V → K is a
sesquilinear form which is j-elliptic in the sense that

Re a(u, u) + ω‖j(u)‖2H > α‖u‖2V (u ∈ V )

for some constants ω ∈ R and α > 0, then an operator A on H can be associated to a in such a way
that

x ∈ D(A) and Ax = f if, and only if
x = j(u) for some u ∈ V and a(u, v) = (f |j(v))H for all v ∈ V.

(4)

By definition, the Dirichlet-to-Neumann operator is the operator D0 acting on L2(∂Ω) with the
property that ϕ ∈ D(D0) and D0ϕ = h if, and only if there exists u ∈ H1(Ω) with ∆u = 0 on Ω,
u|∂Ω = ϕ on ∂Ω, and ∂νu = h in a weak sense. By showing that D0 is associated with a j-elliptic
form, namely, the classical Dirichlet form

a(u, v) =

∫
Ω
∇u · ∇v dx

with j : H1(Ω)→ L2(∂Ω) being the trace, Arendt & ter Elst have provided an interesting application
of their theory where a non-injective j appears in a natural way.

Our research is motivated by some results in [2]. Here, we study the Dirichlet-to-Neumann
operator, denoted by DAλ , given by ϕ 7→ ∂νu where u ∈ H1(Ω) is a weak solution of −div (a∇u) +
b · ∇u − div (cu) + du = λu on Ω subjected to the boundary condition u|∂Ω = ϕ and ∂νu is the
‘weak conormal derivative’. Clearly, such an operator should be, at best, the associated operator, in
the sense of (4), to the sesquilinear form aλ : H1(Ω)×H1(Ω)→ K defined by

aλ(u, v) =

∫
Ω
a∇u · ∇v dx+

∫
Ω

(b · ∇u)v dx+

∫
Ω
u(c · ∇v) dx+

∫
Ω
duv dx− λ

∫
Ω
uv dx. (5)

Consider the number
λD

1 (a0) := inf
u∈H1

0 (Ω),u6=0

Re a0(u, u)

‖u‖2
L2(Ω)

. (6)

Our main result is the following, where we confine ourselves to the self-adjoint case b = c.

Theorem Let Ω ⊂ RN be a bounded open set with Lipschitz boundary. Suppose the matrix-valued
function a ∈ L∞(Ω;CN×N ) is Hermitian and uniformily positive-definite in the sense that, for some
κ > 0,

(a(x)ξ|ξ) > κ|ξ|2 (ξ ∈ CN , a.e. x ∈ Ω). (7)
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Besides, suppose the vector field b ∈ C1(Ω)N satisfies div b = 0 and b · ν = 0. Let d ∈ L∞(Ω) be
real.

1. If λ < λD
1 (a0) then e−tD

A
λ is positive and irreducible.

2. If 0 6 λ < λD
1 (a0) then e−tD

A
λ is sub-Markovian.

3. If λ2 6 λ1 < λD
1 (a0) then 0 6 e

−tDAλ2 6 e
−tDAλ1 in the sense of positive operators, i.e.

0 6 e
−tDAλ2ϕ 6 e

−tDAλ1ϕ (t > 0, 0 6 ϕ ∈ L2(∂Ω)).

Moreover, if d > 0 then all the above statements hold with λD
1 (a0) replaced by κλD

1 .

References

[1] J. Abreu and É. Capelato. Dirichlet-to-Neumann semigroup with respect to a general second
order eigenvalue problem. Preprint arXiv:1606.03961.

[2] W. Arendt and R. Mazzeo. Friedlander’s eigenvalue inequalities and the Dirichlet-to-Neumann
semigroup. Commun. Pure Appl. Anal, (2012) 11(6) 2201-2212.

[3] W. Arendt and A.F.M. ter Elst. Sectorial forms and degenerate differential operators. J.
Operator Theory, (2012) 67 33-72.
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Generalized ODEs: an overview and new trends
Jaqueline Godoy Mesquita

Universidade de Brasília
e-mail: jgmesquita@unb.br

In 1957, Jaroslav Kurzweil introduced in the literature a class of integral equations called gen-
eralized ordinary differential equations (GODEs, for short). His initial motivation was to use them
to investigate results concerning continuous dependence of solutions with respect to parameters (see
[4]). However, these equations have been shown to be a powerful tool to investigate other types
of equations, such as impulsive equations, dynamic equations on time scales, measure differential
equations, functional differential equations, neutral functional differential equations, among others.
See [1,2,3,5] and the references therein.

In this talk, we provide a basic overview of generalized differential equations and summarize some
recent results in this area. Also, we present the new trends in the study of these equations.

References

[1] M. Federson; M. Frasson; J. Mesquita, P. Tacuri, Neutral measure functional differential equa-
tions as generalized ODEs, submitted.

[2] M. Federson; J. G. Mesquita; A. Slavík, Measure functional differential equations and functional
dynamic equations on time scales, J. Diff. Eq. 252 (2012), 3816-3847.

[3] M. Federson; J. G. Mesquita; A. Slavík, Basic results for functional differential and dynamic
equations involving impulses, Math. Nachr. 286(2-3) (2013), 181-204.

[4] J. Kurzweil, Generalized ordinary differential equations and continuous dependence on a pa-
rameter, Czech. Math. J. 7(82) (1957), 418-448.

[5] A.Slavík, Dynamic equations on time scales and generalized ordinary differential equations,
J. Math. Anal. Appl., 385 (2012), 534–550.
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Asymptotics of parabolic PDEs with infinite-time blow-up
Juliana F. S. Pimentel

Universidade Federal do ABC
Partially supported by FAPESP (2016/04925-7)

e-mail: juliana.pimentel@ufabc.edu.br

We consider non-dissipative dynamical systems generated by scalar reactiondiffusion equations.
In particular, we address the recently introduced class known as slowly non-dissipative systems, which
comprises those systems exhibiting blow-up only in infinite time. By extending known results, we
are able to obtain a complete decomposition of the non-compact global attractor. The existence
of unbounded trajectories on the attractor requires the introduction of some objects interpreted as
equilibria at infinity, yielding a more complex orbit structure than that appearing on dissipative systems.
Under this setting, we still manage to determine the heteroclinic connections based on the Sturm
permutation method. This is based on joint work with C. Rocha.
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Almost automorphic solutions to second order abstract differential
equations

Andréa Prokopczyk, Laura Rezzieri Gambera*
*São Paulo State University, São José do Rio Preto

*Partially supported by CAPES
e-mail: laura.rgambera@gmail.com

In this work we study the existence of an almost automorphic mild solutions to second order
abstract differential equations given by

x′′(t) = Ax(t) + f(t, x(t)), t ∈ R,

where X is a Banach space, x(t) ∈ X for all t ∈ R, A : D(A) ⊂ X → X is the infinitesimal generator
of a strongly continuous cosine family of bounded linear operators on X and f : R ×X → X is an
appropriate function.

More specifically, we use the theory of sine and cosine families of operators to obtain conditions
to guarantee the existence of an almost automorphic solution for a second order differential equation
in two cases: first, we consider the homogeneous equation and then, the semilinear problem described
above. In both cases we consider the concept of mild solution that envolves the first derivative of the
solution and we assume an exponential stability to sine and cosine families.

References

[1] T. Diagana, G. M. N’Guérékata, N. V. Minh, Almost automorphic solutions of evolution equa-
tions, Proc. Amer. Math. Soc. 132 (11), (2004) 3289-3298.

[2] T. Diagana, H. Henríquez, E. Hernández, Almost automorphic mild solutions to some partial
neutral functional-differential equations and applications, Nonlinear Anal. 69 (1), (2008) 1485-
1493.

[3] J. A. Goldstein, G. M. N’Guérékata, Almost automorphic solutions of semilinear evolutions
equations, Proc. of the American Mathem. Society 133 (8), (2005) 2401-2408.

[4] H. R. Henríquez, C. H. Vásquez, Almost Periodic Solutions of Abstract Retarded Functional
Differential Equations with Unbounded Delay, Acta Applicandae Mathematicae 57, (1999)
105-132.

[5] G. M. N’Guérékata, Topics in almost automorphy. Springer Science + Business Media, Inc.,
2005.

[6] G. M. N’Guérékata, Almost automorphic solutions to second-order semilinear evolution equa-
tions, Nonlinear Analysis 71, (2009) 432-435.

[7] R. Sakthivel, Y. Ren, H. Kim, Asymptotic stability of second-order neutral stochastic differential
equations, Journal of Mathematical Physics 51, (2010) 1-9.

[8] C. C. Travis, G. F. Webb, Second order differential equations in Banach spaces, Proceedings
on Inter. Sympos. on Nonlinear Eq. in Abstract Spaces, (1978) 331-361.
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Well-posedness of the Moore-Gibson-Thompson equation with
infinite delay

Luciano Abadias*, Carlos Lizama, M. Murillo-Arcila
*Universidad de Santiago de Chile

*Partially supported by Project POSTDOC DICYT-041633LY at the USACH
and Proyect MTM2016-77710-P, DGI-FEDER, of the MCYTS

e-mail: luciano.abadias@gmail.com

The mathematical modeling of acoustic wave propagation is a highly active field of research
recently driven by the broad range of possible applications such as the medical and industrial use
of high intensity focused ultrasound in lithotripsy, thermotherapy, ultrasound cleaning. The classical
model equations are the Kuznetsov equation and the Westervelt equation (second order in time
equations), which are particular cases of a third order in time equation, the Moore-Gibson-Thompson
equation. We characterize the well-posedness of the linearized Moore-Gibson-Thompson equation
with infinite delay in Hölder spaces, solely in terms of spectral properties concerning the data of the
problem. The proof is based in Fourier Multipliers [2] and the Carleman transform. In the case of
Hilbert spaces, our results apply for the Laplacian, among other operators of interest.
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Fractional regularity for evolutive equations
Luís Henrique de Miranda

Universidade de Brasília

In this talk we are going to discuss some results concerning the questions on the regularity of
solutions for the following degenerate equations:

α(ut)−∆pu 3 f in Q = Ω× (0, T ),

∂u

∂ν
= 0 on ∂Ω× (0, T ), (8)

u(., 0) = u0 in U,

and

ut −∆pu = f in Q = U × (0, T ),

∂u

∂ν
= 0 on ∂U × (0, T ), (9)

u(., 0) = u0 in U,

where ∆p denotes the p-Laplacian with p > 2.
This problem goes back to solidification processes of certain polymers and has been investigated

by several authors in the past years, and our interest in proving regularity results for (10) and (11)
appeared while investigating such processes.

The main difficulty of problem (10) is concentrated in handling the interaction between the p-
Laplacian and the nonlinearity α(ut), what makes of (10) a doubly nonlinear differential inclusion.
It is our aim to obtain the existence of “strong" solutions for our problem, and for this purpose we
combine the so-called Rothe Method and regularity theory on sobolev spaces of fractional order.

We are going to recall and explore regularity results for the solutions of (10)-(11) with respect
to the so-called Nikoslkii spaces in order to obtain improved C1(0, T ;W ), regularity, where W is a
intermediate dual space.

We intend to show the basic energy estimates and to discuss certain key lemmas used in the proof
of the main result.
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Solutions to Fractional Differential Equations and Sharp
Conditions to Blow Up

Paulo M. Carvalho Neto
Universidade Federal de Santa Catarina

e-mail: paulo.carvalho@ufsc.br

In this work we discuss issues regarding solutions of fractional differential equations (see [1,2,3,5]
for more details concerning this subject). Concretely, consider the following Cauchy problem{

cDα
t u(t) = f(t, u(t)), t > 0

u(0) = u0 ∈ X,
(10)

where X is a Banach space, α ∈ (0, 1), cDα
t is Caputo’s fractional derivative and f : R+ ×X → X

is a suitable function (see [4] for details of this fractional derivative).
A consistent notion of local and global solution of the above fractional Cauchy problem can be

described by the following sentences:

i) A continuous function u : [0,∞)→ X is a global solution of (10) if

u ∈ Cα([0, τ ], X) := {u ∈ C([0, τ ], X) : cDα
t u ∈ C([0, τ ], X)} (11)

for every τ > 0 and satisfies the equations of (10).

ii) If there exists 0 < τ < ∞ such that a continuous function u : [0, τ ] → X belongs to
Cα([0, τ ], X) and satisfies (10) for t ∈ [0, τ ], we say that u is a local solution to problem (10)
in the interval [0, τ ].

Bearing these definitions in mind, it is possible to analyze the existence of local solutions for
problem (10) by relating them with fixed points of an integral equation, as described in the following
lemma.

Lema 0.0.1. Assume that α ∈ (0, 1), f : [0,∞)×X → X is continuous and u0 ∈ X.

i) Let u : [0,∞)→ X be a continuous function. Then u is a global solution of (10) if, and only
if, u satisfies

u(t) = u0 +
1

Γ(α)

∫ t

0
(t− s)α−1f(s, u(s)) ds, (12)

for every t ≥ 0.

ii) Consider τ > 0 and u : [0, τ ] → X a continuous function. Then u is a local solution of (10)
in [0, τ ] if, and only if, u satisfies (12) for every t ∈ [0, τ ].

By proving a classical theorem of uniqueness and existence, its possible to study the continuation
to a maximal interval of existence and in some cases, obtains a dichotomy property concerning the
“longtime behavior” of the solution. More clearly, we can prove the following result.

Theorem 0.0.2. Let α ∈ (0, 1), X be a Banach space and f : [0,∞) × X → X a continuous
function which is locally Lipschitz and maps bounded sets onto bounded sets. Then problem (10)
has a global solution in the interval [0,∞) or there exists a value ω ∈ (0,∞) such that problem (10)
has a local solution u : [0, ω)→ X that does not admit a continuation and yet satisfies

lim sup
t→ω−

‖u(t)‖X =∞.
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Thus, it is interesting to show that in the absence of some hypothesis of Theorem 0.0.2 we can
construct a maximal local solution that is also bounded, what in other words ensures that the adopted
hypotheses are sufficiently sharp.

Theorem 0.0.3 (Sharpness of “Blow Up” Conditions). Consider α ∈ (0, 1). Then there exists
fα : R+ × X → X continuous and locally Lipschitz which does not map every bounded set into
bounded set, such that problem {

cDα
t u(t) = fα(t, u(t)), t > 0

u(0) = v1 ∈ X,

where cDα
t is the Caputo’s fractional derivative and v1 is the first element of a specific Schauder

basis, possesses a bounded maximal solution u : [0, 1)→ X.
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Nonlinear eigenvalue persistence problems for perturbed Fredholm
operators

Pierluigi Benevieri
Universidade de São Paulo

This is a joint work with A. Calamai, M. Furi, M.P. Pera. Let E,F be real Banach spaces and
consider the nonlinear eigenvalue problem

Lx+ εN(x) = λCx, x ∈ ∂Ω,

where Ω is an open subset of E with 0 ∈ Ω, ε, λ ∈ R, L : E → F is a bounded Fredholm linear
operator of index zero, C : E → F is bounded linear, N : Ω → F is a nonlinear perturbation term.
An element x ∈ ∂Ω∩KerL (corresponding to λ = 0) is said to be persistent if it is close to solutions
x ∈ ∂Ω of the above equation for small values of the parameters ε ≥ 0 and λ. In recent years R.
Chiappinelli, M. Furi and M.P. Pera have obtained persistence results in the more restrictive context of
Hilbert spaces (and self-adjoint L), or in Banach spaces with particularly restricted assumptions on N .
Here, we extend their results, giving an affrmative answer to some conjectures they did. Namely, by
a quite natural transversality condition between L and C, we prove that, if KerL has odd dimension,
then ∂Ω contains, for every small ε, at least one persistent solution x.

The approach is topological, based on a concept of oriented degree for a special class of perturbed
Fredholm maps, which generalizes the Leray-Schauder degree.

In the talk we will mention two open problems we are working on: 1. a possible extension to
a multivalued case (i.e., when N is a multimap); 2. in the framework of Hilbert spaces, the case
when L− λC is replaced by a more general path L(λ) of self-adjoint Fredholm linear operators with
nontrivial spectral flow.
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Asymptotic equilibrium in impulsive differential equations with
piecewise constant argument of generalized type
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Late in the 70’s, there was no theory for differential equations with discontinuous argument of
the form

x′(t) = f(t, x(t), x(h(t)));

where, for example, h(t) = [t] (see [6]). These equations are also called Differential Equations
with Piecewise Constant Argument (in short DEPCA). The systematic study of problems related to
such argument began early in the 80’s with the works of Cooke, Wiener and Shah (see [10]). Since
then, these equations have been deeply studied by many researchers of diverse fields like biomedicine,
biology, physics, population dynamics and mechanical engineering (see [5]).

In [2], M. Akhmet consider the equation

x′(t) = f(t, x(t), x(γ(t))),

where γ(t) is a piecewise constant argument of generalized type. That is, given (tk)k∈Z and (ζk)k∈Z
such that tk < tk+1 ∀k ∈ Z with limk→±∞ tk = ±∞, tk ≤ ζk ≤ tk+1 and γ(t) = ζk if t ∈ Ik =
[tk, tk+1) . These equations are called Differential Equations with Piecewise Constant Argument of
Generalized Type (in short DEPCAG ). They have continuous solutions, even when γ(t) is not. At
the points {tk}k∈Z they produce a recursive law, i.e, a discrete equation. That is why these equations
are called hybrids, because they combine discrete and continuous dynamics (see [8]).

In the DEPCAG case, when continuity at the endpoints of intervals Ik = [tk, tk+1) is not consid-
ered, gives rise to Impulsive Differential Equations with Piecewise Constant Argument of Generalized
Type (in short IDEPCAG )

x′(t) = f(t, x(t), x(γ(t))), t 6= tk (13)
∆x(tk) = Qk(x(t−k )), t = tk

where x(τ) = x0 (see [1,4,11]).
Set B (0, r) = {x ∈ Rn | ‖x‖ ≤ r} where ‖·‖ is any norm in Rn. We say that (13) defined in

I = [τ,∞) has an asymptotic equilibrium if:
a) There exists a real number r > 0 such that for each a ≥ τ, equation (13) with initial condition
x(a) = x0 has a solution x(t) defined in [a,∞) that satisfies

lim
t→∞

x(t) = ξ, for some ξ ∈ Rn. (14)

b) For all ξ ∈ Rn there exist a ∈ I and a solution x(t) of (13) defined in [a,∞) that satisfies (14).
(See [7,9]).

In this work we study the existence of an asymptotic equilibrium for (13), strongly based on certain
integrability conditions, a Gronwall-Bellman type inequality and the Banach’s fixed point theorem.
The result is an extension of [7] for the IDEPCAG case and generalize the work done in [3].
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Let X be a Banach space. Let A be the generator of an immediately norm continuous C0-
semigroup defined on X. We study the uniform exponential stability of solutions of the Volterra
equation u′(t) = Au(t) +

∫ t
0 a(t − s)Au(s)ds, t ≥ 0, u(0) = x, where a is a suitable kernel and

x ∈ X. Using a matrix operator, we obtain some spectral conditions on A that ensure the existence
of constants C,ω > 0 such that ‖u(t)‖ ≤ Ce−ωt‖x‖, for each x ∈ D(A) and all t ≥ 0. With these
results, we prove the existence of an uniformly exponential stable resolvent family for the integro-
differential equation with infinite delay u′(t) = Au(t) +

∫ t
−∞ a(t − s)Au(s)ds + f(t, u(t)), t ∈ R,

where f : R×X→ X is a forcing term. Finally, sufficient conditions are established for the existence
and uniqueness of bounded mild solutions.

1. Introduction

In this talk we study the problem of existence, uniqueness and regularity of solutions for equation

u′(t) = Au(t) +

∫ t

−∞
a(t− s)Au(s)ds+ f(t), t ∈ R, (15)

where a(t) := α t
µ−1

Γ(µ)e
−βt, α, β, µ ∈ R, Concretely, we prove that under appropriate assumptions on

α, β, µ,A and on the forcing function f there exists a unique mild solution to (15) which behaves in
the same way that f does. To do that, first we study the uniform exponential stability of solutions
to the Volterra equation  u′(t) = Au(t) +

∫ t

0
a(t− s)Au(s)ds, t ≥ 0

u(0) = x,
(16)

where A generates an immediately norm continuous C0-semigroup on a Banach space X and x ∈ X.
The problem of existence of uniformly exponentially stable solutions to problem (16) has been studied
by many researchers, [2,3,4,5] and the references therein.

Under appropriate assumptions on α, β, µ and A we prove that the solution u to equation (16) is
uniform exponential stable, that is, there exist C,ω > 0 such that for each x ∈ D(A), the solution
‖u(t)‖ ≤ Ce−ωt‖x‖ for all t ≥ 0. It is remarkable that the examples show that with a small changes
on the parameters α, β or µ we can loose the uniform exponential stability of solutions to Eq. (16).
With this result, we are able to prove that the equation (15) has a unique mild solution given by

u(t) =

∫ t

−∞
S(t− s)f(s)ds, t ∈ R,

where {S(t)}t≥0 ⊆ B(X) is the resolvent family generated by A, B(X) denotes the space of bounded
linear operators form X into X endowed with the operator topology. We notice here that S(t) is given
by S(t)x := u(t;x) = u(t), where u(t) is the unique solution of the problem (16).

One of the main results in this talk is the following Theorem and it is an extension of [2, Theorem
3.4].
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Theorem 0.0.4. Let α 6= 0, β > 0, µ ≥ 1 such that Re((−α)1/µ − β) < 0. Assume that
(a) A generates an immediately norm continuous C0-semigroup on a Banach space X;
(b) sup

{
Reλ, λ ∈ C : λ(λ+ β)µ((λ+ β)µ + α)−1 ∈ σ(A)

}
< 0.

Then, the solutions of the problem (16) are uniformly exponentially stable.
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In this talk, we present a modified Time-Reversal Mirror [1] Method, called Source Time Reversal
(STR), to find the spatial distribution of a seismic source induced by mining activity. For propagating
the seismic event, we consider the acoustic equation:

∂2
t u(x, t)− c2(x)∆u(x, t) = f(x)g(t) in Rn × (0,∞)

u(x, 0) = 0

∂tu(x, 0) = 0.

This methodology is based on a known full description of the temporal dependence of the source, the
Duhamel’s principle, and the time-reverse property of the wave equation. We also provide an error
estimate of the reconstruction when the measurements are acquired over the entire boundary based
on [2], and we show experimentally the influence of measuring on a subdomain of the boundary.
Numerical results indicate that the methodology is able to recover continuous and discontinuous
sources, and it remains stable for partial boundary measurements.
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Consider the dumped oscillatory differential equation with delayed control

mẍ(t) + γẋ(t) + µẋ(t− r) + kx(t) = F (t), t ≥ 0, (17)

where m, γ, k are non negative constants such that γ2 < 4mk, µ, r > 0 are positive constants
which represent control and delay respectively and F (t) is an almost automorphic function. A classic
example is given in [3].

Notice that characteristic quasi-polynomial of (17) is P (λ) = mλ2 + γλ + µe−λrλ + k. It can
be studied with some effort, due to the numerable quantity of conjugate complex with negative real
part.

We propose answers for the question, How long need to be
µ

r
for obtaining stability, instability

of (17) with F = 0? by using discrete approximation and Rouché Theorem. Then, we extend it for
F 6= 0.

Applications are given.
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This talk is devoted to the study of the optimal distributed control tracking–type problem for the
incompressible Navier–Stokes equations in two dimensions, both evolutionary and stationary problem.
We try to understand what is the relationship between the optimal solution of the nonstationary and
the stationary problem, when the times goes to infinity. Specifically, we want to know the conditions
under which the nonstationary optimal control and state converges to the stationary optimal control
and state, respectively.
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Banach spaces of linear operators and homogeneous polynomials
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The approximation property was introduced by Grothendieck [4]. Enflo [2] gave the first example
of a Banach space without the approximation property. Enflo’s counterexample is an artificially
constructed Banach space. The first naturally defined Banach space without the approximation
property was given by Szankowski [5], who proved that the space L(`2; `2) of continuous linear
operators on `2 does not have the approximation property. Later Godefroy and Saphar [3] proved
that, if LK(`2; `2) denotes the subspace of all compact members of L(`2; `2), then the quotient
L(`2; `2)/LK(`2; `2) does not have the approximation property.

Recently Dineen and Mujica [1] proved that if 1 < p ≤ q <∞, then L(`p; `q) does not have the
approximation property. They also proved that if 1 < p < ∞, then the space P(n`p) of continuous
n-homogeneous polynomials on `p does not have the approximation property for every n ≥ p.

In this event, by using the methods of Dineen and Mujica [1] and Godefroy and Saphar [3], we
present many examples of Banach spaces of linear operators and homogeneous polynomials which do
not have the approximation property. For example we show that if 1 < p ≤ q < ∞, and E and
F are closed infinite dimensional subspaces of `p and `q, respectively, then L(E;F ) does not have
the approximation property. This improves a result of Dineen and Mujica [1]. We also show that if
1 < p ≤ q < ∞, and E and F are closed infinite dimensional subspaces of `p and `q, respectively,
then the quotient L(E;F )/LK(E;F ) does not have the approximation property. This improves a
result of Godefroy and Saphar [3].

We present more examples of Banach spaces of linear operators without the approximation prop-
erty. Our examples are Banach spaces of linear operators on Pelczynski’s universal space U1, on Orlicz
sequence spaces `Mp , and on Lorentz sequence spaces d(w, p).
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