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Prefacio

Al cumplir 7 años alcanzamos ya una estatura promedio, con una musculatura (cien-
tífica) lo suficientemente fuerte como para desarrollar ciertas actividades que antes eran
difíciles. Nuestra coordinación ha mostrado un crecimiento importante, mejorando en gran
medida el equilibrio (de los temas que se exponen). Aumentamos también la precisión en
la ejecución y hemos disminuido el tiempo de reacción. Fuente: Características del niño de
7 años: http://www.buenastareas.com/ensayos.

Las ecuaciones de evolución (diferenciales e integrales) han tenido en las últimas dos
décadas un desarrollo significativo debido, principalmente, a sus aplicaciones en diversos
fenómenos de la física-matemática, biología e ingeniería, entre otros. Algunos ejemplos
concretos de tales aplicaciones incluyen al estudio de la conducción del calor en materi-
ales con memoria, la viscoelasticidad, reacciones bioquímicas, modelos poblacionales y el
procesamiento de imágenes. En el estudio de estas ecuaciones, aparecen de manera natural
y con diversos enfoques, las herramientas del análisis funcional.

Este VII Congreso de Análisis Funcional y Ecuaciones de Evolución nos encuentra, como
grupo de investigación, en una etapa de crecimiento. Así lo demuestran, el número cada vez
mayor de expositores nacionales y extranjeros participantes en el congreso, la formación
de estudiantes de postgrado vinculados al grupo de investigación y el reconocimiento de la
comunidad científica al aporte que hacemos como equipo. Sin embargo, tal como el niño
de 7 años, debemos continuar por la senda de crecimiento y continuar madurando para
alcanzar en los próximos años la estatura suficiente para consolidar nuestro desarrollo como
grupo de investigación.

Estas actas contienen un resumen del material que se expone en este VII Congreso, con
una duración inédita: 4 días. Incluimos además en este Congreso dos cursillos, en un tema
que es recurrente: El Problema de Cauchy. Se aborda desde el punto de vista clásico, en
primer y segundo orden, como así también desde el punto de vista fraccionario, donde la
conexión con ecuaciones integrales y problemas de viscoelasticidad se hace evidente.

Agradecemos muy sinceramente a todos los expositores por su tiempo para participar
de este Congreso que, esperamos, les sea de mucho provecho y utilidad tanto para sus
investigaciones como para establecer nuevos contactos de colaboración mutua.

Comité Organizador
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8 Some methods in the identification of immersed obstacles in a fluid

Some methods in the identification of immersed obstacles in
a fluid.

Carlos Conca

Abstract

In this lecture we consider the mathematical inverse problem of localizing an immersed
solid body D and in recovering some of its main features (volume, shape, position, and so
on), measuring the velocity field of the fluid flow and its internal forces on a given part of
the external boundary. We will mainly focused in establishing identifiability and stability
results under different assumptions on the physical characteristic properties of the fluid.

Departamento de Ingeniería Matemática (DIM) and Centro de Modelamiento Matemático
(CMM), Universidad de Chile (UMI CNRS 2807), Casilla 170-3, Correo 3, Santiago, Chile, e-mail:
cconca@dim.uchile.cl
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Separación de especies en resonancia magnética en el
dominio de Fourier.

Pablo Irarrázaval* and José Luis Honorato

Abstract

En resonancia magnética, la frecuencia de resonancia del hidrógeno se ve influida por el
entorno molecular, por lo que la frecuencia de resonancia (frecuencias de cada uno de
los peaks) de las especies difieren entre sí. Este hecho es la base de la espectroscopía, que
permite separar las especies. Sin embargo, las adquisiciones espectroscópicas son raramente
empleadas en un contexto clínico, principalemente por el largo tiempo de adquisición. Una
alternativa para diferenciar especies químicas es adquirir imágenes con distintos tiempos
de eco, de manera que la fase adquirida por cada especie difiera. A este tipo de secuencia,
que son cientos de veces más rápidas que la espectroscopía, se las conoce como separación
de especies. La técnica más conocida es two-point Dixon (que adquiere imágenes “en fase”y
“fuera de fase”).

En esta presentación haré una introducción a las técnicas empleadas en resonancia
magnética para adquirir imágenes que diferencian especies, e introduciré una técnica nueva
de separación de especies que reconstruye las imágenes directamente en el dominio de
Fourier, y que simultáneamente estima el mapa de campo y la relajación T ∗

2 [1].
La separación de especies en el dominio de la imagen introducen varias distorsiones.

Algunas de ellas son una acentuamiento exagerado de los bordes y distorsiones geométricas
debido a las inhomoegeneidades de campo. Estos errores provienen de despreciar el tiempo
transcurrido durante la adquisición de cada eco. Nuestro método emplea el mapa de tiempo
para modelar la adquisición de fase debido al mapa de campo y la caída en amplitud debido
a la relajación T ∗

2 .

Bibliografía

[1] Honorato, Parot, Tejos, Uribe, Irarrazaval Chemical species separation in MRI with
simultaneous estimation of field map and T2* using a k-space formulation. Magnetic
Resonance in Medicine 68:400–408 (2012)

Partially supported by ACT-79, Centro de Imágenes Biomédicas, Departamento de Ingeniería Eléctrica,
Pontificia Universidad Católica de Chile, Santiago, Chile, e-mail: pim@ing.puc.cl
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Inverse Problems for evolution partial differential equations.

Alberto Mercado Saucedo

Abstract

In this talk we will introduce some inverse problems for evolution PDE‘s. We will
present some classical results concerning the wave and Schrodinger equations, concerning
the inverse problem of recovering the potential from boundary measurements. We will focus
in the case where the observability zone is a small part of the boundary. We will present
some known necessary conditions for the wave equations and recent results and some open
problems for the Schrodinger equation.

Bibliografía

[1] L Baudouin, A. Mercado, Carleman estimates for Schrödinger equations with dis-
continuous coefficients. Appl. Anal. 87 (2008), no. 10-11, 1145Ð1165.

[2] L Baudouin, A. Mercado, A.Osses, A global Carleman estimate in a transmis-
sion wave equation and application to a one-measurement inverse problem. Inverse
Problems 23 (2007) 257-278.

[3] L. Baudouin , J.-P.Puel, Uniqueness and stability in an inverse problem for the
Schrödinger equation, Inverse Problems 18 (2002) 1537-1554.

[4] A. Mercado, A. Osses and L. Rosier. Inverse problems for the Schrödinger equation
via Carleman inequalities with degenerate weights. Inverse Problems 24 (2008) 015017.

Partially supported by FONDECYT No 1120610, Departamento de Matemática, Universidad Técnica
Federico Santa María, Valparaíso, Chile, e-mail: alberto.mercado@usm.cl
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Analysis of the Brinkman flow equation with Bore-Like data.

Michel Molina Del Sol

Abstract

In this work we deal with the Cauchy problem associated to the Brinkman flow with Bore
Like-data. We establish local solutions in Hs(R), s > 3

2 and a L2-global estimate for the
solution; using the technique of parabolic regularization.

Bibliografía

[1] R. J. Iorio. and W. V. Leite Nuñez, “Introdução as equações de evolução não lineares”,
18◦ Coloq. Bras. Mat.,1991.

[2] M. Molina, E. A. Alarcón, R.J. Iorio Jr, On the Cauchy problem associated to the
Brinkman Flow in Rn, Appl. Anal. Discrete Math. 6 (2012), 214-237.

[3] R. J. Iorio Jr, Felipe Linares, Marcia A. G. Scialom, KDV and BO equations with
Bore-Like data, Differential Integral Equations. 11, No.6(1998), 895-915.

Department of Mathematics, Northern Catholic University, Antofagasta, Chile, e-mail: mmoli-
na01@ucn.cl

Joint work with:
Dr. Eduardo Arbieto Alarcon, Institute of Mathematics and Statistics (IME), Federal University of
Goiás, Goiania, Brazil.
Dr. Rafael José Iorio Junior, Institute of Pure and Applied Mathematics (IMPA), Rio de Janeiro,
Brazil.
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Sobre funciones Z-casi automórficas y sus aplicaciones.

Alan Chávez* and Manuel Pinto

Abstract

En la presente charla se introducirán las funciones Z-casi automórficas, las que generalizan
a las funciones casi automórficas introducidas por S. Bochner. Se explicarán algunas de sus
propiedades más importantes. Estas funciones las emplearemos para estudiar ecuaciones
diferenciales con argumento constante a trozos, como también, para caracterizar a las
sucesiones casi automórficas a través de funciones casi automórficas. Naturalmente, lo
último entrega un método para ejemplificar funciones casi automórficas uniformemente
continuas que no son casi periódicas.

Bibliografía

[1] E. Ait Dads and L. Lhachimi: Pseudo almost periodic solutions for equations with
piecewise constant argument, J. Math. Anal. Appl., 371 (2010), 842-854.

[2] D. Araya, R. Castro, C. Lizama: Almost automorphic solutions of difference equations,
Adv. Difference Eq., (2009), article id 591380, 1-15.

[3] S. Bochner: Curvature and Betti numbers in real and complex vector bundles, Univer-
sitá e Politecnico de Torino, Rendiconti del Seminario Matematico, 15 (1955-1956),
225-253.

[4] A. Chávez, M. Pinto: Discontinuous almost automorphic functions and almost au-
tomorphic solutions of differential equations with piecewise constant argument, In
progress.

Partially supported by Fondecyt 1120709, A. Chávez agradece la hospitalidad de Álvaro Corvalán
Azagra., Departamento de Matemática, Facultad de Ciencias, Universidad de Chile, Santiago, Chile, e-
mail: alancallayuc@gmail.com; pintoj.uchile@gmail.com
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Bounded solutions for semilinear functional difference
equations with infinite delay.

Claudio Cuevas

Abstract

We obtain boundedness and asymptotic behavior of solutions for semilinear functional
difference equations with infinite delay.

Bibliografía

[1] R.P. Agarwal, C. Cuevas and M. Frasson. Semilinear functional difference equations
with infinite delay, Mathematical and Computer Modelling 55 (3-4), (2012), 1083-
1105.

Partially supported by Programa Atracción e Inserción (PAI-MEC) Grant 80112008 (CONICYT-
CHILE), Departamento de Matemática, Universidade Federal de Pernambuco, Recife, Brasil, e-mail:
cch@dmat.ufpe.br
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The maximal subspace for generation of (a, k)−regularized
families.

Edgardo Alvarez* and Carlos Lizama

Abstract

Let A be a linear operator in a Banach space X. We define a subspace of X and a norm
such that the part of A in such subspace generates an (a, k)−regularized resolvent family.
This space is maximal-unique in a suitable sense and non-trivial, under certain conditions
on the kernels a and k.

Facultad de Ciencias Básicas, Universidad Tecnológica de Bolivar, Cartagena de Indias, Colombia,
e-mail: ealvarez@unitecnologica.edu.co; C. Lizama: Departamento de Matemática, Facultad de Ciencias,
Universidad de Santiago de Chile, Santiago, Chile. Email: carlos.lizama@usach.cl.
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A second-order dynamical approach to inertial
forward-backward algorithms for convex minimization

problems.

Juan Peypouquet

Abstract

We introduce a new class of forward-backward algorithms for structured convex mini-
mization problems in Hilbert spaces. Our approach relies on the time discretization of a
second-order differential system with two potentials and Hessian-driven damping, which
can be equivalently written as a first-order system in time and space, where each of the
two constitutive equations involves one of the two potentials. Time discretization naturally
leads to the introduction of forward-backward splitting algorithms with inertial features.
Based on a Liapunov analysis, we show the convergence of the algorithm under conditions
which improve the classical step size limitation. Then, we specialize our results to gradient-
projection algorithms, and give some illustrations.

Joint work with H. Attouch & P. Redont, from Université Montpellier II.

Departament of Mathematics, Universidad Técnica Federico Santa María, Valparaíso, Chile, e-mail:
juan.peypouquet@usm.cl
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Existence of asymptotically almost automorphic solutions for
a third order differential equation.

Daniela Araya* and Carlos Lizama

Abstract

In this talk we will discuss results on existense of asymptotically almost automorphic
solutions for a third order in time abstract differential equation which model, on one side,
high intensity ultrasound in acoustic wave propagation, while on the other side, vibrations
of flexible structures possessing internal material damping.

In the first part of this talk we show the existence of asymptotically almost automorphic
strong solutions to the linear equation

u′′(t) + αu′′′(t) = βAu(t) + γAu′(t) + f(t), (1)

with α, β, γ ∈ (0,∞) and initial conditions u(0) = x, u′(0) = y, u′′′(0) = z, where A is the
generator of a (α, β, γ)−regularized family R(t). By a strong solution of (1) we understand
a function u ∈ C(R+;D(A)) ∩ C3(R+;D(A)) and verify (1).

Under the following assumptions for the initial conditions and resolvent family:
(ED) There are constants M > 0 and ω > 0 such that ||R′(t)||+ ||R(t)|| ≤ Me−ωt, t ≥ 0
and
(ED)* There are constants M > 0 and ω > 0 such that ||R′′(t)|| + ||R′(t)|| + ||R(t)|| ≤
Me−ωt, t ≥ 0,
we prove that equation (1) has a unique strong solution in AAA(X).
In the second part of this work, we study the following semilinear version of equation (1),{

u′′(t) + αu′′′(t) = βAu(t) + γAu′(t) + f(t, u(t)), t ≥ 0
u(0) = 0, u′(0) = y, u′′(0) = z,

(2)

where α, β, γ ∈ (0,∞), A is the generator of a (α, β, γ)-regularized family R(t), that satisfies
assumption (ED), f ∈ AAA(R+×X,X) and satisfies a Lipschitz type condition. By use of

D. Araya: Facultad de Educación, Universidad San Sebastián, Santiago, Chile. E-mail:
daniela.araya@uss.cl; C. Lizama: Departamento de Matemática, Facultad de Ciencias, Universidad de San-
tiago de Chile, Santiago, Chile. Email: carlos.lizama@usach.cl. Partially supported by Proyecto FONDE-
CYT 1110090.
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the Banach fixed point theorem, we prove that equation (2) has an unique asymptotically
automorphic mild solution. In similar way we prove an analogous result for the equation{

u′′(t) + αu′′′(t) = βAu(t) + γAu′(t) + f(t, u(t), u′′(t)), t ≥ 0
u(0) = 0, u′(0) = y, u′′(0) = z,

(3)

where α, β, γ ∈ (0,∞), A is the generator of a (α, β, γ)-regularized family R(t), that satisfies
assumption (ED) or (ED)* , and f ∈ AAA(R+ ×X ×X,X). We show that the equation
(3) has an unique differentiable asymptotically automorphic mild solution.
Finally, we show that our abstract results apply to the equation (3) in case of A = ∆, the
Laplacian.

Bibliografía

[1] D. Araya and C. Lizama, Almost automorphic mild solutions to fractional diferential
equations. Nonlinear Anal. 69 (11) (2008), 3692-3705.

[2] B. De Andrade, C. Lizama. Existence of asymptotically almost periodic solutions for
damped wave equations. J. Math. Anal. Appl., 382 (2011), 761-771.

[3] G.M. N’Guérékata. Topics in Almost Automorphy. Springer Verlag, New York, 2005.

[4] G.M. N’Guerekata. Almost Automorphic and Almost Periodic Functions in Abstract
Spaces. Kluwer Acad/Plenum, New York-Boston-Moscow-London, 2001.

[5] C. Lizama. On approximation and representation of k-regularized resolvent families.
Integral Equations Operator Theory 41 (2), (2001), 223-229.

[6] G.M. Mophou, G.M. N’Guérékata, On some classes of almost automorphic functions
and applications to fractional differential equations. Comput. Math. Appl. 59 (3)
(2010), 1310–1317

[7] T. Zhu, C. Song, G. Li. Existence of mild solutions for abstract semilinear evolution
equations in Banach spaces. Nonlinear Analysis 75 (2012), 177-181.
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Existence results for a new class of abstract impulsive
differential equations with delay.

Katia A. G. Azevedo* and Maria Aparecida Bená

Abstract

We discuss the existence of mild solutions for a new class of abstract impulsive differential
equations with delay for which the impulses are not instantaneous. Specifically, we study
the existence of mild solutions for a impulsive problem of the form

u′(t) = Au(t) + f(t, ut), t ∈ (si, ti+1], i = 0, . . . , N,

u(t) = gi(t, u(t)), t ∈ (ti, si], i = 1, . . . , N,

u0 = ϕ ∈ B,

where A : D(A) ⊂ X → X is the generator of a compact C0- semigroup of bounded linear
operators (T (t))t≥0 defined on a Banach space (X, ∥ · ∥), the functions xt : [−r, 0] → X are
defined as usual (xt(θ) = x(t + θ), with −r ≤ θ ≤ 0) and belong to some abstract phase
space B defined axiomatically, 0 = t0 = s0 < t1 ≤ s1 ≤ t2 ≤ . . . ≤ tN ≤ sn ≤ tN+1 = a
are pre-fixed numbers, gi ∈ C((ti, si] ×X;X) for all i = 1, . . . , N e f : [0, a] ×B → X is
a appropriate function. An example involving a reaction-diffusion equation with delay is
presented.

Bibliografía

[1] E. Hernández, M. Pierri and G. Gonçalves, Existence Results for an Impulsive Abstract
Partial Differential Equation with State-Dependent Delay, Computers and Mathemat-
ics with Applications 52, (2006) 411-420.

[2] E. Hernández and D. O’Regan, On a New Class of Abstract Impulsive Differential
Equations, Proceedings of the American Mathematical Society (2012), to appear.

Departament of Computation and Mathematics - FFCLRP, University of São Paulo, Ribeirão Preto,
Brazil, e-mail: kandreia@ffclrp.usp.br; bena@ffclrp.usp.br
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Functional dynamic equations on time scales.

M. Federson, J. G. Mesquita* and A. Slavík

Abstract

Functional dynamic equations on time scales are usually given by

x∆(t) = f(xt, t), t ∈ [t0, t0 + σ]T, (1)

An advantage to study these equations comes from the fact that they encompass the
discrete and continuous cases, depending on the chosen time-scale.

In this work, we prove that these equations represent a special type of measure func-
tional differential equations, which are given by

Dx = f(xt, t)Dg, t ∈ [t0, t0 + σ], (2)

where Dx and Dg denote the distributional derivatives of the functions x and g in the
sense of L. Schwartz. As explained in [1], the equation (2) is equivalent to the integral form

x(t) = x(t0) +

∫ t

t0

f(xs, s) dg(s), t ∈ [t0, t0 + σ].

Using this correspondence between measure functional differential equations and func-
tional dynamic equations on time scales, we are able to prove results on the existence and
uniqueness of a solution, continuous dependence of a solution on a parameter, periodic and
non-periodic averaging theorems and stability results for functional dynamic equations on
time scales.

Partially supported by FAPESP grant 2010/09139-3 and CNPq grant 304646/2008-3, Instituto de
Ciências Matemáticas e de Computação, University of São Paulo, São Carlos, Brazil, e-mail: feder-
son@icmc.usp.br; Partially supported by FAPESP grant 2010/12673-1 and CAPES grant 6829-10-4,
Instituto de Ciências Matemáticas e de Computação, University of São Paulo, São Carlos, Brazil,
e-mail:jaquebg@icmc.usp.br; Partially supported by grant MSM 0021620839 of the Czech Ministry
of Education, Faculty of Mathematics and Physics, Charles University, Prague, Czech Republic, e-
mail:slavik@karlin.mff.cuni.cz
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Mild solutions of non–autonomous second order problems
with non–local conditions.

Hernán Henríquez, Verónica Poblete and Juan Carlos Pozo*

Abstract

In this work we establish the existence of mild solutions for a non–autonomous abstract
semi–linear second order differential equation submitted to non–local initial conditions.
Our approach relies on the existence of a evolution operator for the corresponding linear
equation and the properties of the Hausdorff measure of non–compactness.

This work is devoted to study the existence of mild solutions to the problems described
by the non–autonomous abstract semi-linear second-order differential equation with non-
local conditions

u′′(t) = A(t)u(t) + f(t,N(t)(u)), t ∈ [0, a],
u(0) = g(u),
u′(0) = h(u).

 (1)

In the equation (1), we assume that for each t ∈ [0, a] the map A(t) : D(A(t)) ⊆ X → X
is a linear closed operator defined in a Banach space X. Furthermore, we suppose that
D(A(t)) = D for all t ∈ [0, a].

We will denote by C([0, a];X) to the space of all continuous functions from [0, a] into
X provided with the norm of uniform convergence.

As general conditions, we always assume that g, h,N(t) : C([0, a];X) → X are con-
tinuous maps, the function t 7→ N(t)(u) is continuous for each u ∈ C([0, a];X), and
f : [0, a]×X → X is a function that satisfies Carathéodory type conditions.

The study of non–autonomous second order abstract Cauchy problem has also received
some attention in recent years due their applications in various fields. Specially, some
authors have studied the abstract Cauchy problem

u′′(t) = A(t)u(t) + f(t), t ∈ [0, a],
u(s) = x,
u′(s) = y.

 (2)
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We refer the reader to [1, 3, 2, 6, 7] for information about this topic. In particular, as
we have already mentioned, the existence of solutions of problem (2) is related with the
existence of the evolution operator {S(t, s)}t,s∈[0,a] for the homogeneous equation

u′′(t) = A(t)u(t), t ∈ [0, a],
u(s) = x,
u′(s) = y.

 (3)

Assuming that f : [0, a] → X is an integrable function, Kozak [2] has proved that the
function u : [0, a] → X given by

u(t) = − ∂

∂s
S(t, s)x+ S(t, s)y +

∫ t

s
S(t, ξ)f(ξ)dξ,

is a mild solution of the equation (2). Motivated by this result, we establish the following
notion.

Definition 1 A continuous function u : [0, a] → X is said to be a mild solution of problem
(1) if the equation

u(t) = − ∂

∂s
S(t, 0)g(u) + S(t, 0)h(u) +

∫ t

0
S(t, ξ)f(ξ,N(ξ)(u))dξ, t ∈ [0, a],

is verified

By using some fixed–point theorems related with Hausdorff measure of non–compactness
([4, 5]) we guarantee the existence of mild solutions of the equation (1). Moreover, we apply
our abstract results to concrete examples.
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On a class of abstract neutral differential equations.

Eduardo Hernández

Abstract

We consider the problem of the existence of solutions for a class of abstract neutral func-
tional differential equations of the form

u′(t) = Au(t) + f(t, ut, u
′
t),

u0 = φ ∈ B,

where A : D ⊂ X → X is the infinitesimal generator of an analytic semigroup of bounded
linear operator (T (t))t≥0 defined on a Banach space X, u′t denotes the derivative at t of
the function s → us and f : [0, a]× B × B → X is a suitable function.

Bibliografía

[1] Hernández, Eduardo., O’Regan, Donal. On a New Class of Abstract Neutral Differen-
tial Equations. J. Functional Analysis. 261 (2011), 12, 3457-3481.

Partially supported by Fapesp, Grand 2011-17832-3, Departamento de Computação e Matemática,
Faculdade de Filosofia Ciências e Letras de Ribeirão Preto, Universidade de São Paulo, São Paulo, Brazil,
e-mail: lalohm@ffclrp.usp.br



VII Congreso de Análisis Funcional y Ecuaciones de Evolución 25

Estabilidad Uniforme de familias (a, k)-regularizadas.

Carlos Lizama, Pedro J. Miana and Felipe Poblete*

Abstract

En este trabajo estudiaremos la estabilidad uniforme de una familia (a, k)-regularizada
{S(t)}t≥0 generada por el operador A. Daremos condiciones suficientes, sobre los núcleos
escalares a, k y el operador A, para asegurar la estabilidad uniforme de la familia {S(t)}t≥0

en un espacio de Hilbert. Nuestro principal resultado es una generalización del [4, Teorema
1] sobre la estabilidad uniforme de una familia resolvente, este resultado, también puede ser
visto como una generalización del [1, Theorem V.1.11], de los autores Gearhart-Greiner-
Prüss, sobre la caracterización de estabilidad exponencial para familias de semigrupos
fuertemente continuas en un espacio de Hilbert.

Sea A un operador cerrado con dominio D(A) definido en un espacio de Banach com-
plejo X; y B(X) el conjunto de operadores lineales acotados sobre el espacio de Banach
X. Sea a ∈ L1

loc(R+), k ∈ C(R+). Diremos que {S(t)}t≥0 es una familia (a, k)-regularizada
generada por el operador A, si {S(t)}t≥0 ⊂ B(X) y es una familia fuertemente continua
que satisface las siguientes condiciones:

(i) S(0) = k(0)I;

(ii) S(t)x ∈ D(A) y R(t)Ax = AR(t)x para todo x ∈ D(A) y t ≥ 0;

(iii) S(t)x = k(t)x+

∫ t

0
a(t− s)AR(s)xds, t ≥ 0, x ∈ D(A).

Esta definición generaliza las teorías de C0-semigrupos, semigrupos r-veces-integrados,
semigrupos k-convoluidos, familias coseno r-veces integradas y familias resolventes, entre
otras. Observamos que la existencia como algunas propiedades estructurales de las familias
(a, k)-regularizadas, han sido estudiadas por diferentes autores en los recientes años (ver
[2, 5] y las referencia incluidas).

Por otra parte, para una amplia clase de ecuaciones de evolución la existencia y unicidad
como también propiedades cualitativas de sus soluciones han sido asociadas a familias

Partially supported by FONDECYT 1100485; Partially supported by Ministerio de Educación y Cien-
cia DGI-FEDER (MTM 2010-16679) y el proyecto DGA Departamento de Matemáticas I.U.M.A., Uni-
versidad de Zaragoza, Zaragoza, España; Departamento de Matemáticas, Universidad de Chile, Santiago,
Chile, e-mail: carlos.lizama@usach.cl; pjmiana@unizar.es; fepobletg@ug.uchile.cl



26 Estabilidad Uniforme de familias (a, k)-regularizadas

(a, k)-regularizadas. Por ejemplo, el problema de Cauchy abstracto de primer y segundo
orden, ecuaciones de Volterra del tipo

u(t) =

∫ t

0
a(t− s)Au(s)ds+ f(t),

y ecuaciones de orden fraccionario, entre otros, ver por ejemplo [3, 2]. Recalcamos que
existe una larga lista de resultados referentes a C0-semigrupos, familias resolventes, semi-
grupos convoluidos y familias coseno que pueden ser vistos en un contexto más amplio y
unificados mediante la teoría de familias (a, k)-regularizadas. Sin embargo el estudio sobre
estabilidad uniforme en este ámbito general no ha sido tratada en la literatura. Es por
este motivo, que en este trabajo estudiaremos la estabilidad uniforme de familias (a, k)-
regularizadas. Hacemos notar que la teoría sobre estabilidad uniforme es importante debido
a que algunas familias (a, k)-regularizadas, uniforme estables, se corresponden de manera
única con ecuaciones lineales, bien planteadas, con solución estable.

Para asegurar la estabilidad uniforme de una familia (a, k)-regularizada en un espacio
de Hilbert daremos condiciones suficientes sobre los núcleos a, k y su generador. De manera
más precisa.

Supongamos que a, k son núcleos 1-regulares subexponencialmente acotados y existe un
número real positvo M tal que sup

ρ∈R\[−1,1]

{
1

|ρk(iρ)|

}
< M . Asuma que A genera una familia

(a, k)-regularizada {S(t)}t≥0 exponencialmente acotada en un espacio de Hilbert H y que
además se cumplen las siguientes condiciones:

(H1) 1
â(λ) ∈ ρ(A) para todo ℜ(λ) ≥ 0, λ ̸= 0.

(H2) Para todo x ∈ H, ĺım
λ→0

k̂(λ)
â(λ)(

1
â(λ) −A)−1x = Bx existe y define un operador acotado.

(H3) sup
ℜλ>0

∥ k̂(λ)
â(λ)(

1
â(λ) −A)−1∥ < ∞.

Entonces {S(t)}t≥0 es uniforme estable.
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On the stabilization of the Korteweg-de Vries equation.

Eduardo Cerpa

Abstract

This talk deals with the stabilization problem for the Korteweg-de Vries equation posed
on a bounded interval. The control acts on the left Dirichlet boundary condition. At the
right end-point, Dirichlet and Neumann homogeneous boundary conditions are considered.
The proposed feedback law forces the exponential decay of the system under a smallness
condition on the initial data [1]. Moreover, the decay rate can be tuned to be as large as
desired. The feedback control law is designed by using the backstepping method [2].
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Some results of evolutions equations with pseudo almost
periodic coeficients.

Claudio Cuevas, Alex Sepúlveda and Herme Soto*

Abstract

In this work, we study sufficient conditions for the existence of almost periodic mild so-
lutions to autonomous fractional differential equation, where the fractional derivative is
understood in the Riemann-Liouville sense:

Dα
t u (t) = Au (t) +Dα−1

t f (t, u (t)) , t ∈ R, (1)

with 1 < α < 2, A : D (A) ⊆ X → X is a linear densely defined operator of sectorial
type on a Banach space X. We study both cases, when f : R×X → X is Stepanov almost
periodic and when is Stepanov pseudo almost periodic in t ∈ R uniformly for x ∈ X.
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Almost automorphic nature of solutions of hyperbolic
evolution equations.

Bruno de Andrade, Claudio Cuevas and Erwin Henriquez Lagos*

Abstract

We deals with almost automorphic behavior of solutions of a class of semilinear evolution
equations described in the form:

u′(t) = Au(t) + f(t, u(t)), t ∈ R,

with A : D(A) ⊂ X → X a sectorial operator and f : R×Xα → X a suitable continuous
function, where for α ∈ (0, 1), Xα is an intermediate space between D(A) and X. To
achieve our goal we use interpolation theory and fixed point theory. Specifically, we will
ensure sufficient conditions for existence and uniqueness to this problem when A is the
generator of a hyperbolic semigroup.
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On almost periodic mild solutions to integro-differential
equation with Stepanov almost periodic coefficients.

Claudio Cuevas, Alex Sepúlveda* and Herme Soto

Abstract

We study sufficient conditions for the existence of almost periodic mild solutions to an
integro-differential equation.

Introduction

In this work, we study sufficient conditions for the existence of almost periodic mild
solutions to the following integro-differential equation:

u′ (t) = Au (t) +

∫ t

−∞
a (t− s)Au (s) ds+ f (t, u (t)) , t ∈ R, (0.1)

where A is a closed linear operator defined on a Banach space X, a ∈ L1
loc (R+) is an

scalar-valued kernel and f : R×X → X is Stepanov almost periodic in t ∈ R uniformly for
x ∈ X (see Definition 2).

Preliminaries

Definition 1 The space BSp(X) of all Stepanov functions, with the exponent p ∈ [1,∞),
consists of all measurable functions f on R with values in X such that

∥f∥Sp := sup
t∈R

(∫ t+1

t
∥f (τ)∥p dτ

) 1
p

< +∞.

Definition 2 (a) A function f ∈ BSp(X) is called Stepanov almost periodic if for each
ϵ > 0, there is a relatively dense set P (ϵ, f) ⊆ R such that:

sup
t∈R

(∫ 1

0
∥f (t+ s+ τ)− f (t+ s)∥p ds

) 1
p

< ϵ, ∀τ ∈ P (ϵ, f) .

We denote by APSp (X).
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(b) A function f : R× X → X with f (t, ·) ∈ C (R,X) and f (·, x) ∈ BSp (R,X) for each
x ∈ X, is said to be Stepanov almost periodic in t ∈ R uniformly for x ∈ X if for each
ϵ > 0 and each compact set K ⊆ X, there is a relatively dense set P (ϵ, f,K) ⊆ R

such that sup
t∈R

(∫ 1
0 ∥f (t+ s+ τ, x)− f (t+ s, x)∥p ds

) 1
p
< ϵ, for each τ ∈ P (ϵ, f,K)

and each x ∈ K. We denote by APSp (R× X,X).

Lemma 1 ([3]) Assume that p > 2 and that the following conditions hold:

1. Let f ∈ APSp (R× X,X) be Sp-Lipschitzian in the second variable, that is, there is
a function L ∈ BSp (X) such that

∥f (t, u)− f (t, v)∥ ≤ L (t) ∥u− v∥ , ∀ t ∈ R, ∀ u, v ∈ X. (0.2)

2. x ∈ APSp (X), and there is a set E ⊆ R with mes (E) = 0 such that K = {x (t) : t ∈ R \ E}
is compact in X.

Then f(·, x(·)) ∈ APS
p
2 (X).

Main Results

We introduce the following hypothesis:

(H) A generates an (1, 1 + (1 ∗ a))−regularized family {S (t)}t≥0 on the Banach space X
such that ∥S (t)∥ ≤ ϕ (t), ∀t ≥ 0, where ϕ : R+ → R+ is a decreasing function such that

ϕ0 =
∞∑

m=0
ϕ (m) < +∞.

Theorem 1 Assume that A satisfies (H). If f is Stepanov almost periodic with exponent
p > 1, then the equation:

u′ (t) = Au (t) +

∫ t

−∞
a (t− s)Au (s) ds+ f (t) , t ∈ R,

has a unique almost periodic mild solution.

Theorem 2 Assume that A satisfies (H). Let f ∈ APSp (R× X,X) with p > 2 and that
there is a function L ∈ BSp (X) such that (0.2) holds. If ϕ0 ∥L∥Sp < 1, then the equation
(0.1) has a unique almost periodic mild solution.
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Soluciones del tipo casi periódico de ecuaciones diferenciales
forzada.

Christopher Maulén* y Manuel Pinto

Abstract

En este trabajo consideraremos ecuaciones diferenciales de la forma

y′ = A (t) y + f (t) + ϵg (t, y (t) , y (t− τ))

y perturbaciones de sistemas no lineales:

y′ = f (t, y) + ϵg (t, y (t) , y (t− τ)) .

Usando el principio de contracción, dicotomía exponencial, algúnas técnicas del análisis y
algúnas condiciones suficientes obtendremos la existencia y unicidad de soluciones del tipo
Bohr-casi periódico para estos sistemas y su límite cuando ϵ → 0. Veremos la importancia
y necesidad de la condición de bi-casi periodicidad, del correspondiente nucléo de Green
en la obtención de las soluciones, generalizando y corrigiendo resultados existentes en la
literatura. Varias funciones del tipo casi-periódico pueden también ser estudiadas.
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Quasi-linear elliptic and elliptic-parabolic equations with
nonlinear general Wentzell boundary conditions and L1-data.

Mahamadi Warma

Description of the problem

Let Ω ⊂ RN be a bounded domain (open and connected) with Lipschitz continuous
boundary ∂Ω and let α and β be maximal monotone graphs in R2 with 0 ∈ α(0) and
0 ∈ β(0).

In the first part of this talk, given f ∈ L1(Ω), g ∈ L1(∂Ω), we consider the quasi-linear
elliptic problem

Ep(f, g, α, β)

{
−∆pu+ α(u) ∋ f in Ω,

−∆p,Γu+ |∇u|p−2∂νu+ β(u) ∋ g on ∂Ω.

Here, ∆pu = div(|∇u|p−2∇u) is the p-Laplace operator, ∆p,Γu := div(|∇Γu|p−2∇Γu) is
the p-Laplace Beltrami operator on the boundary ∂Ω, whereas ∇Γu := (∂τ1u, . . . , ∂τN−1u)
denotes the tangential gradient at the boundary ∂Ω and ∂νu := ∇u · ν⃗ is the normal deriva-
tive of the function u in direction of the outer normal vector ν⃗. Without any restriction
we assume that δ ∈ {0, 1}. The main concern in this first part is to establish a necessary
and sufficient conditions for existence of weak solutions to problem Ep(f, g, α, β). For this,
we need first to define what we mean by weak solutions.

The functional setup

For p ∈ [1,∞], we endow the Sobolev space

W 1,p(Ω̄) := {U := (u, u|Γ), u ∈ W 1,p(Ω), u|Γ ∈ W 1,p(∂Ω)},

with the norm

∥U∥W 1,p(Ω̄) :=
(
∥u∥p

W 1,p(Ω)
+ ∥u∥p

W 1,p(∂Ω)

)1/p
, if p ∈ [1,∞),
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and
∥U∥W 1,∞(Ω̄) := ∥u∥W 1,∞(Ω) + ∥u∥W 1,∞(∂Ω).

Weak solutions of the elliptic problem

Throughout the following the real number p0 := 2− 1/N .

Definition 1 Let p ∈ (p0,∞) and (f, g) ∈ X1(Ω̄). A weak solution of Ep(f, g, α, β) is
defined to be a triple of functions [U, v, w] ∈ W 1,p(Ω̄)× L1(Ω)× L1(∂Ω) such that,

v ∈ α(u) a.e. in Ω, w ∈ β(u) σ − a.e. on ∂Ω,

and for every (φ,φ|Γ) ∈ W 1,p(Ω̄) ∩ (L∞(Ω)× L∞(∂Ω)),∫
Ω
|∇u|p−2∇u · ∇φ dx+

∫
Ω
vφ dx+

∫
∂Ω

|∇Γu|p−2∇Γu · ∇Γφ dσ +

∫
∂Ω

wφ dσ

=

∫
Ω
fφ dx+

∫
∂Ω

gφ dσ.

Let

Bα,β
− := |Ω| ı́nf(R(α)) + [∂Ω] ı́nf(R(β)) and Bα,β

+ := |Ω| sup(R(α)) + [∂Ω] sup(R(β)),

where |Ω| is the N -dimensional Lebesgue measure of Ω, [∂Ω] is the surface measure of ∂Ω,
and R(α),R(β) denote the range of α and β, respectively. Our first main result reads as
follows.

Theorem 1 Assume that Bα,β
− < Bα,β

+ , let (f, g) ∈ X1(Ω̄) and p ∈ (p0,∞). Then the
problem Ep(f, g, α, β) has a weak solution if and only if

Bα,β
− <

∫
Ω
f dx+

∫
∂Ω

g dσ < Bα,β
+ .

The elliptic-parabolic problem

In the second part of the talk, we consider the elliptic-parabolic problem with the
dynamic boundary conditions

Pp(v0, w0, h1, h2, α, β)


vt −∆pu = h1, v ∈ α(u), in ΩT := (0, T )× Ω,

wt −∆p,Γu+ |∇u|p−2∂νu = h2, w ∈ β(u), on ∂ΩT := (0, T )× ∂Ω,

v(0) = v0 in Ω, w(0) = w0 in ∂Ω,
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where (v0, w0) ∈ Xq(Ω̄), h1 ∈ Lq((0, T );Lq(Ω)) and h2 ∈ Lq((0, T );Lq(∂Ω)), for some
q ∈ [1,∞], are given.

This problem includes the well-known porous medium equation and appears in various
phenomena with changes of phase like the multiphase Stefan problem and in some prob-
lems in Mechanics and Physics.

We show that Pp(v0, w0, h1, h2, α, β) can be rewritten as an abstract Cauchy problem
in L1(Ω)× L1(∂Ω)

(ACP )(v0, w0, h1, h2)


dV

dt
+Aα,βV ∋ (h1, h2), on (0, T )

V (0) = (v0, w0),

where Aα,β is a suitable (possible) multi-valued operator in L1(Ω)× L1(∂Ω).
The second main result is the following.

Theorem 2 Let p ∈ (p0,∞). Then, the operator Aα,β generates a nonlinear semigroup
(Sα,β(t))t≥0 of contraction in L1(Ω) × L1(∂Ω). Moreover, for every T > 0 and for every

(v0, w0) ∈ D(Aα,β)
L1(Ω)×L1(∂Ω)

, h1 ∈ L1[(0, T );L1(Ω)], h2 ∈ L1[(0, T );L1(∂Ω)] satisfying

Bα,β
− <

∫
Ω
v0 dx+

∫
∂Ω

w0 dσ+

∫ t

0

(∫
Ω
h1(s, x) dx+

∫
∂Ω

h2(s, x) dσ

)
ds < Bα,β

+ ,∀ t ∈ [0, T ],

(0.0.3)
the first order Cauchy problem (ACP )(v0, w0, h1, h2) has a unique mild solution V .

Definition 2 A weak solution of problem Pp(v0, w0, h1, h2, α, β) is a couple (v, w) such
that the functions v ∈ C([0, T ];Lq(Ω)), w ∈ C([0, T ];Lq(∂Ω)), v(0) = v0, w(0) = w0 and
there exists U ∈ L1((0, T );W 1,p(Ω̄)) such that v ∈ α(u) a.e. in ΩT , w ∈ β(u) a.e. on ∂ΩT

and for every φ ∈ C1(Ω̄),
d

dt

∫
Ω

v(t)φ dx+
d

dt

∫
∂Ω

w(t)φ dσ +

∫
Ω

|∇u(t)|p−2∇u(t)∇φ dx+

∫
∂Ω

|∇Γu(t)|p−2∇Γu(t)∇Γφ dx

=

∫
Ω

h1(t)φ dx+

∫
∂Ω

h2(t)φ dσ in D′(0, T )

The third main result is the following theorem.

Theorem 3 Let T > 0 and p ∈ (p0,∞). Let (v0, w0) ∈ D(Aα,β)
X1(Ω̄)

∩ Xp′(Ω̄) and h1 ∈
Lp′ [(0, T );Lp′(Ω̄)], h2 ∈ Lp′ [(0, T );Lp′(∂Ω)] satisfy (0.0.3). Assume also that∫

Ω
Λ1(v0) dx+

∫
∂Ω

Λ2(w0) dσ < ∞.

Let (v(t), w(t)) be the mild solution of the first order Cauchy problem (ACP )(v0, w0, h1, h2).
Then (v(t), w(t)) is a weak solution of the elliptic-parabolic problem Pp(v0, w0, h1, h2, α, β).



38 On pseudo S-asymptotically periodic functions

On pseudo S-asymptotically periodic functions.

Vanessa Rolnik* and Michelle Pierri

Abstract

A bounded continuous function f : [0,∞) 7→ X is called pseudo S-asymptotically periodic
if exists ω > 0 such that

ĺım
l→∞

1

l

∫ l

0
∥ f(s+ ω)− f(s) ∥ ds = 0.

In this work we introduce the concept of pseudo S-asymptotically periodic function,
establish some qualitative properties of this type of functions and study the existence of
pseudo S-asymptotically periodic mild solutions for a class of abstract neutral differential
equations of the form

d

dt
(u(t)− F (t, ut)) = Au(t) +G(t, ut), t ≥ 0,

u0 = φ ∈ C,

where A is the generator of an uniformly exponentially stable semigroup of bounded linear
operators (T (t))t≥0 defined on Banach space (X, ∥ · ∥), the history ut belongs to C =
C([−r, 0];X) and F,G : [0,∞)× C 7→ X are suitable functions.
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Impulsive neural network models with a general piecewise
constant argument.

Kuo-Shou Chiu

Abstract

In the past decades, neural network architectures [9,10] have been extensively studied
in past years and found many applications in different areas such as pattern recognition,
associative memory, and combinatorial optimization. Such applications heavily depend on
the dynamical behaviors. It is well known that studies on neural dynamical systems not
only involve discussion of stability property, but also involve other dynamics behaviors such
as periodic solution, bifurcation, chaos et al. Recently, the properties of periodic oscillatory
solutions are of great interest because one has been found many network such as human
brain are often in periodic oscillatory or even chaotic state. Many results for the existence
of their periodic solutions and the exponential convergence properties for cellular neural
networks have been reported in the literatures. See, for instance, Refs. [2,7,8,11,12,15] and
references cited therein.

Most neural networks can be classified into two types, continuous or discrete. However,
many real world systems and natural processes cannot be categorized into one of them.
They display characteristics both continuous and discrete styles. For instance, some biolog-
ical neural networks in biology, bursting rhythm models in pathology and optimal control
models in economics are characterized by abrupt changes of state. These are the familiar
impulsive phenomena.

Other examples can also be found in information science, electronics, automatic control
systems, computer networking, artificial intelligence, robotics, and telecommunications,
etc. Such a kind of phenomena, in which sudden and sharp changes often occur in a
continuous process, which cannot be well described by pure continuous or pure discrete
models. Therefore, it is important and, in effect, necessary to study a new type of neural
networks - impulsive neural networks with piecewise constant arguments - as an appropriate
description of these phenomena. See, for instance, Refs. [1,6] and references cited therein.

Impulsive differential equations with piecewise constant arguments (briefly IDEPCA)
arise in an attempt to extend the theory of functional differential equations with continuous

Partially supported by FONDOVRID-UPV 010012A58 and FIBE 01-12 DIUMCE, Facultad de Cien-
cias Básicas, Universidad Metropolitana de Ciencias de la Educación, José Pedro Alessandri 774, Santiago,
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arguments to differential equations with discontinuous arguments. This task is of consid-
erable applied interest, because IDEPCA can be seen in many of the phenomena in the
real world. These phenomena may often be modeled by piecewise constant systems with
corresponding differential equations containing piecewise constant arguments and impulse
effects.

Let Z, N and R be the set of all integer, natural and real numbers, respectively. Fix
two real-valued sequences ti, γi, i ∈ N, is a strictly ordered sequence of real number, such
that ti ≤ γi ≤ ti+1, ti → ∞ as i → ∞. Let γ : [0,∞) → [0,∞) be a step function given by
γ(t) = γi for t ∈ Ii = [ti, ti+1) and consider IDEPCA with this general γ. In this case we
speak of IDEPCA of general type, in short IDEPCAG. The theory of IDEPCAG without
impulse effects has been developed by few authors [3-6,13,14].

To the best of our knowledge, there have been no results on the dynamical behavior
of impulsive neural network models with piecewise alternately advanced and retarded ar-
gument of generalized type. Motivated by the above discussions, the main purpose in this
talk is to study stability of periodic solutions for hybrid neural networks with IDEPCAG:ẋi(t) = −ai(t)xi(t) +

n∑
j=1

{bij(t)fj(xj(t)) + cij(t)gj(xj(γ(t)))}+ Ii(t),

∆xi |t=tk = Jk(xi(t
−
k )), i = 1, 2, ..., n, k ∈ N,

where n denotes the number of neurons in the network, xi(t) corresponds to the state of
the i–th unit at time t; fj(xj(t)) and gj(xj(γ(t))) denote, respectively, the measures of
activation to its incoming potentials of the unit j at time t and at discrete-time tk, k ∈ N;
ai denotes the rate with which the unit i resets its potential to the resting state when
isolated from other units and inputs; bij denotes the synaptic connection weight of the
unit j on the unit i at time t, cij denotes the synaptic connection weight of the unit j on
the unit i at discrete-time tk, k ∈ N, Ii is the input from outside the network to the unit i.
Moreover, ∆xi denotes xi(tk)−xi(t

−
k ) = Jk(xi(t

−
k )), where Jk(xi) is an activation function

and xi(t
−
k ) = ĺım

h→0−
xi(ti + h).

By using a fixed point theorem combined with Green’s function and some analysis
techniques, some new sufficient conditions are obtained ensuring existence, uniqueness and
global exponential stability of periodic solution of impulsive nonautonomous cellular neural
networks with piecewise alternately advanced and retarded argument of generalized type.
The results given here extend and improve the earlier publication [1] and the theoretical
analysis is verified by numerical simulations.
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Slowly oscillating traveling fronts of the KPP-Fisher delayed
equation.

Karel Hasik and Sergei Trofimchuk*

Abstract

We are concerned with the semi-wavefronts (i.e. bounded solutions u = ϕ(x · ν + ct) > 0,
|ν| = 1, satisfying ϕ(−∞) = 0) to the delayed KPP-Fisher equation [1, 2, 3]

ut(t, x) = ∆u(t, x) + u(t, x)(1− u(t− τ, x)), u ≥ 0, x ∈ Rm. (∗)

First, we show that each semi-wavefront should be either monotone or slowly oscillating.
Then a complete solution to the problem of existence of semi-wavefronts is provided. We
prove next that the semi-wavefronts are in fact wavefronts (i.e. additionally ϕ(+∞) = 1) if
c ≥ 2 and τ ≤ 1; our proof uses dynamical properties of an auxiliary one-dimensional map
with the negative Schwarzian. The analysis of the fronts’ asymptotic expansions at infinity
is another key ingredient of our approach. It allows to indicate the maximal domain Dn

of (τ, c) where the existence of non-monotone wavefronts can be expected. Here we show
that the problem of wavefront’s existence is closely related to the Wright’s global stability
conjecture.
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On the existence of semi-wavefronts for a nonlinear
convolution equation.

Carlos Gómez

Abstract

We are concerned with a scalar nonlinear convolution equation which appears naturally
in the theory of traveling waves for monostable evolution models. First, we prove that
each bounded positive solution of the convolution equation should either be asymptoti-
cally separated from zero or it should converge (exponentially) to zero. This dichotomy
principle is then used to establish a general theorem guaranteeing the uniform persistence
and existence of semi-wavefronts solutions to the convolution equation. Finally, we apply
our abstract result to several classes of evolution equations [1, 2] with asymmetric non-local
and non-monotone response.
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Comportamiento asintotico de la solucion de una ecuacion no
local de difusion en dominios con hoyos.

C. Cortázar, M. Elgueta*, F. Quirós and N. Wolanski

Abstract

Sea H ⊂ RN , N ≥ 3, una region abierta con frontera suave. Sea Ω = RN \ H. En
este trabajo estudiamos el comportamiento asintotico de las soluciones del la ecuacion no
local del calor en el dominio exterior Ω, con condicion de Dirichlet nula en la frontera. Mas
precisamente, soluciones de el problema

∂tu(x, t) =

∫
RN

J(x− y)
(
u(y, t)− u(x, t)

)
dy en Ω× (0,∞),

u(x, t) = 0en H× (0,∞),
u(x, 0) = u0(x)en RN .

En cuanto al nucleo J : RN → R supondremos que es una funcion continua, no negativa,
radialmente simetrica, soportada en la bola unitaria y tal que

∫
J(s)ds = 1.

En cuanto a la condicion inicial supondremos que u0 es no negativa, acotada, integrable
e identicamente cero en H. Sin perdida de la generalidad supondremos que 0 ∈ H.
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