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MONDAY

Analysis

—- Hernan Javier Cabana
Universidad Complutense de Madrid
- Title: Universality of sequences of operators related to Taylor series
- Abstract: In this note, the universality of a sequence of operators associated
to the partial sums of the Taylor series of a holomorphic function is investi-
gated. The emphasis is put on the fact that the Taylor series are evaluated at a
prescribed point and the variable is the center of the expansion. The dynamics
of the sequence of operators linked to the partial sums of a power series that is
not generated by an entire function is also studied.

—- Daniel L. Rodŕıguez Vidanes
Universidad Complutense de Madrid
- Title: Cardinal invariants and algebraic genericity of Darboux like functions
-Abstract: The class Ext of all extendable functions from R to R is the smallest
among all Darboux-like classes of functions, which constitute different natural
generalizations of the class of usual continuous functions.
We shall present two different, although closely related, notions: A cardinal
invariant known as additivity and the concept of lineability. We shall discuss
them, their relation and how to apply it to several classes of Darboux-like func-
tions. We also present several recent joint results with Profs. Ciesielski and
Seoane-Sepúlveda.
References.

Ciesielski, K. C.; Rodŕıguez-Vidanes, D. L.; Seoane-Sepúlveda, J. B. Alge-
bras of measurable extendable functions of maximal cardinality. Linear Algebra
Appl. 565 (2019), 258-266.

— Maria Luisa Castillo Godoy
Universidad de Granada
- Title: Orthogonally additive polynomials on non-commutative Lp-spaces
- Abstract: Let M be a von Neumann algebra with a normal semifinite faithful
trace τ . We prove that every continuous m-homogeneous polynomial P from
Lp(M, τ), with 0 < p < ∞, into each topological linear space X with the
property that P (x+y) = P (x)+P (y) whenever x and y are mutually orthogonal
positive elements of Lp(M, τ) can be represented in the form P (x) = Φ(xm)
(x ∈ Lp(M, τ)) for some continuous linear map Φ from Lp/m(M, τ) into X .
This result is an extension of the result published by Sundaresan in 1991, which
gave a representation for polynomials on Lp[0, 1] or ℓp, with 1 ≤ p < ∞. Our
result is much more general since we not only ensure representation in non-
commutative Lp-spaces, but we also contemplate the cases in which the spaces
are not Banach spaces.
This is a joint work with J. Alaminos and A. R. Villena.

— Javier Canto
Basque Center for Applied Mathematics
- Title: Quantitative Cp estimates for Calderón-Zygmund operators
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- Abstract: Let T be a Calderón-Zygmund operator and w a weight in the
Muckenhoput class A∞. A famous inequality by R. Coifman and C. Fefferman
states that for any exponent p¿1, the singular integral operator associated to T is
controlled by the Hardy-Littlewood maximal operator in norm on the weighted
Lebesgue space with weight w.
In the beginning of the ’80s, B. Muckenhoupt and E. Sawyer showed that the
condition A∞ on the weight is not necessary for the norm inequality to hold
between those two operators. They introduced the Cp condition, which is the
correct necessary condition. Moreover, Sawyer proved that condition Cq with
q¿p is sufficient, and it is still not known if Cp is sufficient.
The aim of this talk is to present a way of quantifying the inequality in terms
of the Cp class of weights. In order to do that, we introduce a quantitative
constant in that class, with similarities to the constant [w]A∞

. We will also give
a quantitative reverse Hölder type inequality for these weights.

— Adrián Llinares
Universidad Autónoma de Madrid
- Title: Norms of inclusions between some classical function spaces
- Abstract: It is well known that an arbitrary analytic (conformally invariant)
Besov space Bp is contained in the Bloch space B of all analytic functions in
the disk with bounded invariant derivative. Also, it is well known that the
Bloch space is contained in every Bergman space Ap of p-integrable analytic
functions with respect to Lebesgue area measure, where 1 <= p and p finite.
Moreover, all these inclusions are compact operators. In this joint work with
D. Vukotic, we compute the exact values of the norm of the inclusion operator
from Bp, 1 < p, into the Bloch space. The norm of the inclusion of B into Ap is
a more delicate question: we show that it is exactly one when 1 <= p < p0 for
some p0 > 2 but it blows up as p tends to infinity. We address the questions
of precise asymptotic order of the norm for large values of p and the accurate
value of p0.

— Rafael Chiclana Vega
Universidad de Granada
- Title: Strongly norm attaining Lipschitz maps
- Abstract: The study of the density of norm attaining linear operators has its
root in the classical Bishop-Phelps theorem, which states that the set NA(X,R)
of those linear functionals T from a Banach space X to R which attain their
norm (i.e there exists x in the unit sphere of X such that |T (x)| = ‖T ‖) is
norm dense in the dual space of X . As a nonlinear generalisation of the norm
attaining linear operators theory, we may study under what conditions the set
SA(M,Y ) of those Lipschitz maps from a metric space M to a Banach space
Y which attain their Lipschitz constant is norm dense in the Lipschitz space
Lip(M,Y ). In order to get a general idea about the current situation of this
new theory, we pretend to show the latest results which have appeared, giving
some metric spaces M such that SA(M,R) is not norm dense in the Lipschitz
space Lip(M,Y ) and conditions which are sufficient to provide this norm density.

Statistics
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— Luis Alberto Rodŕıguez Ramı́rez
Universidad Autónoma de Madrid
- Title: Directional differentiability for supremum-type functionals: Statistical
applications
-Abstract: The Plug-in principle is one of the most used methods of estimation
in statistics. One of these situations is the following: Suppose we want to
estimate ϕ(q) where q ∈ ℓ∞(X), the space of bounded functions f : X −→ R

with X a non-empty set, and ϕ : ℓ∞(X) −→ R. Assume q can be estimated, in
other words, there exist sequences {Qn}n∈N

⊆ ℓ∞(X) and {rn}n∈N
⊆ R such

that rn −→ ∞ and
rn (Qn − q) Q,

as n −→ ∞, where  denotes convergence in distribution and Q is a tight
element of ℓ∞(X). Then we estimate ϕ(q) by ϕ (Qn).
The aim of this work is to study whether or not ϕ(q) can be estimated by
ϕ (Qn), that is, to deal with the asymptotics of

Dn(ϕ) = rn (ϕ (Qn)− ϕ(q)) ,

in the special cases where ϕ ∈ {σ, δ} with

σ(f) = sup
x∈X

(f(x)), δ(f) = ‖f‖∞ = sup
x∈X

(|f(x)|), f ∈ ℓ∞(X).

The approach to the problem developed in collaboration with Javier Cárcamo
Urtiaga and Antonio Cuevas González is using a first order approximation or, as
it is called in statistics, Delta Method (see [3] and references therein). In order
to do that, it is necessary a deep analysis of the differentiability of functionals,
more precisely, the Hadamard directional differentibility. Hadamard directional
differentiability is, in some sense, the most general notion of differentiability in
order to apply the Delta Method.
Particular examples of applications of this theory are the extension of results in
[2] and the answer of open question about Berk-Jones statistics [1][Question 2,
p.329], among others.
Bibliography:

[1] Jager, L., and Wellner, J.A. (2004). On the “Poisson boundaries“ of the
family of weighted Kolmogorov statistics. In A festschrift for Herman Rubin,
Institute of Mathematical Statistics, 319–331.

[2] Raghavachari, M. (1973) Limiting distributions of Kolmogorov-Smirnov
type statistics under the alternative. Ann. Statist., 1(1), pp. 67–73.

[3] Shapiro, A. (1991). Asymptotic analysis of stochastic programs. Annals
of Operations Research, 30(1), 169–186.

— David Mart́ınez-Rubio
University of Oxford
- Title: Decentralized Cooperative Stochastic Multi-armed Bandits
- Abstract: The multi-armed bandit problem is one of the most widely stud-
ied problems in online learning. In the most basic setting of this problem, an
agent has to pull one among a finite set of arms, and they receive a reward that
depends on the chosen action. This process is repeated over T time steps and
the goal is to get a cumulative reward as close as possible to the reward they
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could have obtained by committing to the best fixed action in hindsight. In
the stochastic version, each action yields a reward that is drawn from a fixed
unknown distribution, possibly different for each arm.
We consider a stochastic multi-armed bandit problem in a decentralized set-
ting, in which all the nodes of the network play the same bandit problem and
communicate with their neighbors to minimize future regret, measured as the
sum of the regrets of each node. Using an approximate and delayed upper con-
fidence bound algorithm and the averaging problem in decentralized networks
we are able to propose an algorithm that improves the state of the art both
theoretically and empirically. The algorithm assumes very little global informa-
tion about the network and the regret scales naturally when the spectral gap
decreases. At the same time, the asymptotic dependence of the regret on time
does not worsen with respect to an optimal centralized algorithm. We provide
lower bounds that show that the gap between the upper bound defined by our
algorithm and the lower bound, although not optimal, is narrow. This is joint
work with Varun Kanade and Patrick Rebeschini.

– Andrea Trucchia
Basque Center for Applied Mathematics
- Title: Uncertainty Quantification and Sensitivity Analysis for bacterial inva-
sion in biofilm modeling
- Abstract: In both natural and artificial environments microorganisms often
exist in an organized form known as a biofilm. Microbial biofilms are highly
structured habitats consisting of surface-associated microorganisms enclosed in
an exopolysaccharide matrix and organized into microcolonies.
In this talk, we present a probabilistic analysis of a detailed one-dimensional
biofilm model based on continuum mechanics, that explicitly accounts for plank-
tonic bacterial invasion in a multi-species biofilm. The objective is 1) to quantify
and understand how the uncertainty in the parameters of the invasion submodel
impacts the biofilm model predictions (here the microbial species volume frac-
tions); and 2) to spot which parameters are the most important in enhancing
the biofilm model response. A surrogate model of the biofilm model is trained
using a limited experimental design of size and corresponding to a Halton’s
low-discrepancy sequence in order to optimally cover the parameter space (cor-
responding to the three scalar parameters newly introduced in the invasion sub-
model). A comparison of different types of emulator (generalized Polynomial
Chaos expansion ? gPC, Gaussian process model ? GP) is carried out. Results
show that the best performance (measured in terms of the Q2 predictive coeffi-
cient) is obtained using a Least-Angle Regression (LAR) gPC-type expansion,
where a sparse polynomial basis is constructed to reduce the problem size and
where the basis coordinates are computed using a regularized least-square min-
imization. The resulting LAR gPC-expansion is found to capture the growth
in complexity of the biofilm structure due to niche formation. Sobol? sensi-
tivity indices show the relative prevalence of the maximum colonization rate
of autotrophic bacteria on biofilm composition in the invasion submodel. They
provide guidelines for orienting future sensitivity analysis including more sources
of variability, as well as further biofilm model developments.

— Jorge González Ortega
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ICMAT
- Title: An Adversarial Risk Analysis Approach for Differential Games: A Bot-
net Defense Model
- Abstract: We consider Differential Games (DGs) corresponding to conflict
situations in which players choose strategies over time. In this context, typical
applications include defense, counter-terrorism and finance. Attempts to solve
DGs have focused mostly on Game Theory (GT) based on variants of Nash
equilibria, but this is not satisfactory in many of the above applications since
beliefs and preferences of adversaries will not be readily available, frequently
violating GT common knowledge assumptions. Alternatively, Adversarial Risk
Analysis (ARA) supports one of the players (defender), minimising her subjec-
tive expected costs, treating the adversaries‘ (attackers‘) decisions as random
variables. To do so, ARA models the attackers‘ decision-making problems and,
under assumptions about their rationality, tries to assess their probabilities and
utilities, acknowledging uncertainty, to predict their (random) optimal actions.
Our approach is illustrated through a botnet defen se example with an under-
lying SIS epidemic model (Bensoussan et al., 2010), in which we compare both
the GT and ARA solutions.

— Florian Heinrichs
Ruhr-University Bochum
- Title: A new approach to detect changes in the mean of a time series
- Abstract: When investigating the classic change point problem of one single
change point, the CUSUM principle is a good choice. The basic idea is to
compare the empirical mean of the first observations with the empirical mean
of the remaining ones. If the difference is big at some time instance, we would
derive that the mean changes over time.
Tests based on the CUSUM principle have been proven to be consistent against
a broad range of alternatives. For example, this kind of tests are consistent
against smooth and abrupt changes under certain conditions. Contrarily to the
theoretic result of consistency, in applications with finite samples, the CUSUM
principle may lead to little power under some alternatives, like an oscillating
mean function.
In this talk, a new approach to detect changes in the mean function of a time
series is introduced that is suspected to avoid the aforementioned problem.

— Pedro Garćıa-Segador
Instituto Nacional de Estad́ıstica
- Title: Combinatorial structure of the polytope of 2-additive measures
- Abstract: In this talk we study the polytope of 2-additive measures, an
important subpolytope of the polytope of fuzzy measures. For this polytope,
we obtain its combinatorial structure, namely the adjacency structure and the
structure of 2-dimensional faces, 3-dimensional faces, and so on. Basing on
this information, we build a triangulation of this polytope satisfying that all
simplices in the triangulation have the same volume. As a consequence, this
allows a very simple and appealing way to generate points in a random way in
this polytope, an interesting problem arising in the practical identification of
2-additive measures. Finally, we also derive the volume, the centroid, and some
properties concerning the adjacency graph of this polytope.
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Algebra

— Andoni De Arriba De La Hera
ICMAT
- Title: Introduction to SUSY vertex algebras theory
- Abstract: A vertex algebra is an algebraic structure introduced 33 years ago,
by Richard Borcherds, that served him to prove the Monstrous Moonshine Con-
jecture, that establishes a relation between the monster group and the modular
forms, in 1992; thanks to which he was awarded with the Fields Medal six years
later. Vertex algebras play an outstanding role in physics, concretely, in string
and conformal field theory; and, moreover, they can be seen as a mathematical
formalism of the so-called chiral symmetry algebras. In conclusion, a vertex
algebra provides a natural starting point of view to these physical theories for
a mathematician.
In the recent years, vertex algebras have been taking a fundamental role in var-
ious areas of pure mathematics. It should be noted contributions to the study
of sporadic groups and representations of Lie algebras with infinite dimension.
Nevertheless, recently, these have had a strong impact on algebraic topology
and geometry. For example, to construct invariants, such as the elliptic genus,
that requires the very important construction called Chiral De Rham Complex,
a vertex algebras sheaf over a manifold (in the categories differentiable, analytic
or holomorphic) that allows us to calculate the cohomology; or to attack the ge-
ometric Langlands correspondence, in which work together Alexander Beilinson
and Vladimir Drinfeld introducing a geometric approach for these structures
called Chiral Algebras.
The aim of this talk will be introducing the supersymmetric formalism to the
vertex algebras from a mathematical point of view, showing the basic defini-
tions and results necessary for the correct understanding of one of the most
relevant example, the so-called superaffinization; that is constructed starting
from a quadratic Lie algebra, taking the central extension of the associated su-
perloop algebra by a one dimensional even center. These examples are very
important because we can give embeddings from the Neveu-Schwartz algebra
(the N=1 supersymmetry) to these vertex algebras. The relevance of this is
that, when we work with the Chiral De Rham Complex, for example, over a
differential manifold, we can construct from the Riemannian metric the gener-
ator for the Neveu-Schwartz algebra and, if we have more structure over the
manifold (complex, Kähler, Calabi-Yau), we can obtain more supersymmetries.
In this moment, in my thesis work, we have started working with Courant Al-
gebroi ds (grosso modo, a family of quadratic Lie algebras) and quantization to
apply these theories; so, depending how advanced the work is, I can comment
something about it.
Some of the basic bibliography for this talk will be the following:

[1] Vertex Algebras for Beginners: - Second edition, Victor G. Kac.

[2] Supersymmetric Vertex Algebras: - arxiv 0603633v1, Reimundo Heluani
and Victor G. Kac.

[3] Álgebras de Vértices y la Construcción de Segal-Sugawara, TFM, Andoni
De Arriba.

— Josué Tonelli-Cueto
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Technische Universität Berlin
- Title: How many zeros does a random fewnomial system have?
- Abstract: A fewnomial system in n variables with t terms is a polynomial
system f1(x) = 0, . . . , fn(x) = 0 of equations where each polynomial fi in the
system has a prescribed set of monomials described by a set A ⊆ Nn of cardi-
nality t. In 1980, Khovanskii proved that such a system with real coefficients
has at most

2(
t−1

2 )(n+ 1)t−1

nondegenerate positive real solutions. It is important to note that this bound
does not depend on the degrees of the polynomials. It is conjectured that this
bound can be improved to be polynomial in t. However, all existing improve-
ments are still exponential in t.
In this talk, we consider a probabilistic version of this conjecture. We show
that the expected number of nondegenerate positive real solutions of a random
fewnomial system in n variables with t terms is bounded by

2

(

t

n

)

,

which is polynomial in t. This is the biggest evidence to the truth of the deter-
ministic conjecture.
This is joint work with Peter Bürgisser and Alperen A. Ergür.

— Daniel Gil Muñoz
Universitat Politècnica de Catalunya
- Title: Integral Hopf Galois module structure of degree 2p dihedral extensions
of local fields
- Abstract: Hopf Galois theory is a generalization of Galois theory which
consists in attaching to an extension of fields or rings a Hopf algebra instead
of a group, or more concretely, a pair formed by a Hopf algebra and an action
of it over the extension respecting the structures, which is what we call a Hopf
Galois structure. This approach can be used to broaden the information about
the integral Galois module structure of extensions of local fields, giving rise
to a local Hopf Galois module theory. The Hopf Galois module structure of
such an extension presents a strong dependence on its ramification, being the
techniques very different when the extension is tamely ramified or not. We
study the Hopf Galois module structure of dihedral degree 2p extensions of local
fields, combining the information of its quadratic subextension (tame case) and
its degree p subextension (wild case). This is a joint work with Anna Rio Doval.

— David Méndez
Universidad de Málaga
- Title: Realisability problem in arrow categories
- Abstract: Whenever an algebraic structure arises in any mathematical con-
text, it is natural to ask how to characterise the algebraic objects that may
appear in that context. For instance, given any category, we may ask ourselves
which groups can appear as automorphism groups of objects in that category.
The Kahn realisation problem goes in that direction: it asks which groups may
appear as the group of self-homotopy equivalences (that is, the automorphism
group in HoTop) of a space X. A partial solution was attained by Costoya-Viruel
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in 2014, showing that every finite group arises as self-homotopy equivalences of
a space (which is in fact rational).
In this talk we consider the more general problem of realising groups in arrow
categories of a given category C, Arr(C). In Arr(C), objects are arrows in C and
morphisms between two arrows are commutative squares, thus given by two
arrows in C. In this context, we ask: Given G1, G2 groups and H a subgroup
of G1xG2, is there an arrow f : X1− > X2 in C such that Aut(Xi)=Gi and
Aut(f)=H? We build a solution in the category of Graphs and show how to
translate it to spaces, by means of algebraic models of rational homotopy types
of spaces.

— Diego Mart́ınez
Universidad Carlos III de Madrid-ICMAT
- Title: Coarse geometry and inverse semigroups
- Abstract: Coarse geometry studies metric spaces ”from far away” instead of
studying them locally (as one would normally do). This point of view has been
fundamental in several branches of mathematics, such as dynamics or operator
algebras. In this talk, we present a detailed study of inverse semigroups from
this coarse point of view.

— Juan de Dios Dı́az-Ramı́rez
Universidad de Cádiz
- Title: On some properties of C-semigroups.
- Abstract: Joint work with J.I. Garc̀ıa-Garc̀ıa, D. Mar̀ın-Aragòn and A.
Vigneron-Tenorio.
Let C ⊂ Q

p
+ be a rational cone. An affine semigroup S ⊂ C is called a C-

semigroup if the set (C\S) ∩ Np is finite. These kind of semigroups have been
introduced in [Garc̀ıa-Garc̀ıa, J.I.; Mar̀ın-Aragòn, D.; Vigneron-Tenorio, A. An
extension of Wilf‘s conjecture to affine semigroups. Semigroup Forum Vol. 96,
Issue 2, 396-408 (2018)], as a natural generalization of the concept of numeri-
cal semigroup. On C-semigroups, several invariants with similar properties to
certain invariants on numerical semigroups can be defined. For example, the
Frobenius vector and pseudo-Frobenius vectors of a C-semigroup have a simi-
lar roll to the Frobenius number and pseudo-Frobenius numbers of a numerical
semigroup. Moreover, some conjectures on numerical semigroups can be studied
and generalized to C-semigroups. Recently, it has been proved that the algebra
associated to a C-semigroup has the maximal possible projective dimension.
In this communication, we introduce some results that allow us to improve the
knowledge of C-semigroups.

TUESDAY

Analysis + PDEs

— Daniel Cao Labora
Universidade de Santiago de Compostela
- Title: When Fractional Calculus can be reduced to Integer Calculus



10

- Abstract: Fractional Calculus has been a topic of great development in Math-
ematics, specially, during the last decade. It has been known, since 30 years
ago, with the appearance of Bagley-Torvik’s equation, the deep connection be-
tween Fractional Calculus and some diffusive processes. Since that time, the
mathematical theory and applications linked to Fractional Calculus have been
developed in two main directions. On the one hand, the Fractional Laplacian
has acquired an important role in PDEs to describe the diffusion of a fluid in
porous media in higher dimensions (n > 1). On the other hand, some authors
have studied how to model different non-diffusive and one-dimensional phenom-
enae via Fractional Calculus. In this second case, it is common to arrive to
Fractional Integral (or Differential) Equations in one variable. When possible,
these equations are solved or studied by applying suitable integral transforms
(mainly Laplace).
The goal of this talk is to expose the audience how to solve some of these equa-
tions, avoiding the tedious computation of integral transforms. The main idea,
for a Fractional Integral Equation (FIE) with rational orders, consists in defin-
ing a complementary operator that turns the FIE into a similar one, but with
integer orders. For each equation, the construction of this operator is equiva-
lent to solve a similar problem inside the algebra of polynomials. Moreover, the
validity of this idea can be extended to the case of irrational orders, Fractional
Differential Equations or even to give estimates for the solution to problems
that we are not able to solve analytically.
Finally, it will be sketched how the previous techniques can be used to solve an,
a priori complicated, fluids problem.

— Imran Talib
Virtual University of Pakistan
- Title: Existence of positive solution of system of nonlinear boundary value
problems
- Abstract: Problems with nonlinear boundary conditions (BCs) have been fo-
cus of many studies not only because of a theoretical interest but also they
have rich applications in mathematical biology, chemical systems, engineer-
ing, and life sciences. Systems with nonlinear BCs are used in the study of
Lotka-Volterra models, reaction diffusion phenomena, interaction problems, and
Sturm-Liouville problems. The main purpose of this talk is to investigate the
existence of positive solution of system of non-linear ordinary boundary value
problems at resonance for nonlinear boundary conditions. For this purpose, the
fixed point operator will be constructed with the support of the shift argument.
The sufficient conditions to ensure the existence of at least one positive solution
will be developed employing the monotone method coupled with the method of
lower and upper solutions. The validity of our developed results will be ensured
by some illustrated examples.

— Eduardo Muñoz-Hernández
Universidad Complutense de Madrid
- Title: Subharmonics behaviour for a predator-prey model and Hamiltonian
systems
- Abstract: In this talk, we will discuss some relevant features on a non-spatial
periodic predator-prey model introduced in [5] and deeply analyzed in [3]. In a
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recent joint work with J. López-Gómez [4], we have been able to ascertain the
global topological structure of the set of subharmonics of arbitrary order of this
model. Namely, by constructing the iterates of the Poincaré map of this system,
it is shown that it admits subharmonics of all orders for the appropriate ranges
of values of the parameters involved in its formulation. Furthermore, some sharp
results of topological nature in global bifurcation theory provide us with the fine
topological structure of the components of subharmonics emanating from the
equilibrium.
Although from a dynamical point of view, this model, which can be regarded as
a prototype of Hamiltonian Dynamical System, provides us with very detailed
and sharp information, it turns out that our prototype does not fit within the
setting of the celebrated Poincaré-Birkhoff theorem. Thus, introducing some
substantial differences of behaviour with respect to those analyzed, very recently,
by T. Dondè and F. Zanolin [2]. These differences prompted us to analyze a
perturbed associated model to ascertain the sharp behaviour of the original
prototype introduced in [5] and its eventual connections with the Poincaré-
Birkhoff theorem.
References:

1. T. Ding, F. Zanolin, Periodic solutions and subharmonic solutions for
a class of planar systems of Lotka-Volterra type, Proc. First World Congress
Nonlin. Anal. (1996), pp. 395-406.

2. T. Dondè and Fabio Zanolin, Multiple periodic solutions for one-sided sub-
linear systems: A refinement of the Poncaré-Birkhoff approach, arXiv: 1901.09406v1,
preprint (2019).

3. J. López-Gómez, A bridge between Operator Theory and Mathematical
Biology, Fields Inst. Comm. 25 (2000), pp. 383-397.

4. J. López-Gómez and E. Muñoz-Hernández, Global structure of subhar-
monics in a class of periodic predator-prey models, preprint (2018).

5. J. López-Gómez, R. Ortega and A. Tineo, The periodic predator-prey
Lotka-Volterra model, Adv. Diff. Eqns. 1 (1996), pp. 403-423.

6. M. Pireddu and F. Zanolin, Chaotic dynamics in the Volterra predator-
prey model via linked twisted maps, Opus. Math. 28 (2008), pp. 567-592.

— Anas Ouzizi
University Mohammed V
- Title: Dynamic Analysis of Beams on Viscoelastic Foundation Subject to a
Multiple Moving Loads
- Abstract: In this Abstract, viscoelastic model for a beam subjected to moving
harmonic loads has been developed and studied numerically. Numerical time
scheme coupled with the Galerkin method is elaborated to study the dynamical
behavior of beams with viscoelastic foundation, subjected to multiple moving
loads and with a constant speed. The obtained numerical results are well com-
pared with the analytical and numerical results available in the literature, also
serve to study the effects of different system parameters, including, the load
magnitude frequency and the number of moving loads.

— Juan José Maŕın
ICMAT
- Title: Elliptic boundary value problems in unbounded SKT domains
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- Abstract: We develop the theory of layer potentials to study boundary value
problems in unbounded δ-SKT domains (with SKT acronym for Semmes-Kenig-
Toro), a class of domains whose key feature is that the BMO semi-norm of its
outward unit normal is controlled by δ ∈ (0, 1), which is assumed to be small.
In this context, we prove that if δ is sufficiently small then the operator norm of
Calderòn-Zygmund singular integrals whose kernels exhibit a certain algebraic
structure is O(δ) as δ → 0+ in the context of Muckenhoupt weighted Lebesgue
and Sobolev spaces. We also establish estimates in the opposite direction, quan-
tifying the flatness of a “surface” by estimating the BMO semi-norm of its unit
normal in terms of the operator norms of certain singular integrals associated
with the given surface. Ultimately, this shows that the two-way bridge between
geometry and analysis constructed here is in the nature of best possible.
Significantly, the operator norm estimates described in the previous paragraph
permit us to invert the boundary double layer potentials associated with certain
class of weakly elliptic second-order homogeneous constant complex coefficient
PDE (which includes the Laplacian, any scalar homogeneous constant complex
coefficient second-order operator which is weakly elliptic when n ≥ 3 or strongly
elliptic in any dimension, and the Lamè system of elasticity), acting on a large
variety of function spaces considered on the boundary of a δ-SKT domain with
δ ∈ (0, 1) suitably small. These invertibility results allow us to establish solv-
ability for boundary value problems in this context, with boundary data from
certain function spaces, such as Muckenhoupt weighted Lebesgue and Sobolev
spaces.
This complements previous work by S. Hofmann, M. Mitrea and M. Taylor
for bounded domains and extends previously known well-posedness results for
boundary value problems in the upper half-space, which is the simplest example
of unbounded SKT domain. This is joint work with J.M. Martell, D. Mitrea, I.
Mitrea, and M. Mitrea.

Statistics

— Julia Codas
University of São Paulo
- Title: The distribution of the first possible return
- Abstract: We consider the set of infinite sequences y∞0 taking values on a
finite or countable alphabet C and we use a product probability measure with
identically distributed marginals over C. For a given finite sequence xn−1

0 in Cn,
the first hitting time of a realization y∞0 of the process to xn−1

0 is defined by

τxn−1

0

(y∞0 ) = inf{t ≥ 1 ; yt+n−1
t = xn−1

0
} (1)

(and infinite otherwise). This is a classical well studied quantity.
Recent results show that its statistical characteristics depend on a structural

property called the first possible return of xn−1

0 , which depends only on xn−1

0

and not on y∞0 , and is defined by

Tn(x
n−1

0 ) = inf
y∞

0
: yn−1

0
=xn−1

0

τxn−1

0

(y∞0 ). (2)

That is, Tn is the function defined over Cn and taking values on {1, · · · , n}
which returns the number of shifts necessary to occur the first overlap of a
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given sequence with a translated copy of itself. In this work, we present new
results concerning the distribution function of this quantity Tn(x

n−1

0 ).

— Meryeme Boumahdi
Abdelmalek Essaadi University
- Title: A comparative study of machine learning supervised algorithms applied
on weather forecasting
- Abstract: In this work, we consider a comparison between the statistical
model and machine learning models. We consider a dataset of more than 10
years of recording. We have developed 3 forecasting models based on the arti-
ficial neural network to predict the temperature in a given location. The first
statistical model used was polynomial regression, it is based on modeling the
relationship between x parameter and y as an nth degree polynomial in x, choos-
ing the coefficients that provide the less mean squared error. Then we employ
three supervised machine learning (ML) algorithms, Artificial neural network,
decision trees and support vector machines, for the prediction of the tempera-
ture. The algorithms were developed with Python using Tensorflow and Matlab.
The results were based on the Mean squared error and the optimal global and
local minimum using partial differential equations.

— Sergio Villanueva Tolosa
ICMAT
- Title: Life modelling from GPS traces
- Abstract: GPS data facilitates human behaviour understanding with poten-
tial uses for policy and marketing. In this paper, we first describe the prepro-
cessing that we need to perform over GPS data to obtain meaningful data and
then model such data with the aid of a hierarchical continuous time Markov
chain model. We use the model to make relevant inferences and predictions
from sociological and marketing perspectives.

— Amaia Iparraguirre
Universidad del Páıs Vasco (UPV/EHU)
- Title: Development of logistic regression models with complex survey data: a
new proposal to impute a dichotomous predictor variable
- Abstract: The analysis of data coming from surveys with complex designs is
becoming more and more common among researchers from different areas. One
of the main characteristics of the data collected by a complex sampling design
is the presence of the sampling weights, where each sampling weight is the num-
ber of individuals that one observation represents in the population. However,
there is still a lack of statistical methodology developed for this type of data.
The first discussion in this context has been the importance of incorporating
the sampling weights in order to obtain an accurate estimation of the prediction
model. Specifically, for a dichotomous response variable and in the context of
a logistic regression model, the pseudo-likelihood function has been proposed
as a modified version of the likelihood function. Nevertheless, there are many
questions to be taken into account in the prediction framework. Selection of the
predictors, the functional relation between o utcome and predictors, imputation
of missing values, evaluation of calibration and discrimination ability, among
others, are crucial in the model development phase. And all these issues are rel-
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evant to end up with a good validated prediction model. Therefore, we believe
it is necessary to consider the design of the survey, in particular the weights,
throughout the process of development and validation of a prediction model,
beyond the estimation of its parameters. In this work we study the impact the
sampling weights have in the imputation process of a relevant missing predictor
variable and we propose a new approach to impute a dichotomous predictor
variable in practice.
This methodology has been applied to the ESIE survey data, which have been
designed and collected by the Official Statistics Basque Office (Eustat) in or-
der to estimate aspects related to the use of technology of companies in the
Basque Country. Previous year‘s response has been seen to be a good predictor,
but this information was available only for those companies that were sampled
the year before. Therefore, we have applied the proposed methodology to these
data improving considerably the goodness-of-fit, the prediction and the discrim-
ination ability of the model: a) the goodness-of-fit has been measured by the
modified Akaike information criterion (which takes into account the sampling
weights and for which smaller results represent a better fit of the model) and has
been reduced by more than a half, b) the prediction has been measured by the
mean squared error and it is three times smaller when the imputed predictor is
incorporated into the model, and c) the discrimination ability, which has been
measured by the area under the receiver operating characteristic (ROC) curve
(AUC), has shown a significant increment from 0.7 to 0.95.

— David Gordo
ICMAT
-Title: Machine learning techniques in legal text processing
-Abstract: In recent years, the application of machine learning algorithms to
the field of natural language processing (NLP) has shown promising results.
One can even make use of pre-trained word embeddings that facilitate training
new algorithms. An important field of application of these procedures is law
which requires increasingly more hours and manpower to parse texts, due to the
increase of complex data. In this work, we apply neural networks models (NN)
such as convolutional neural networks (CNN) and recurrent neural networks
(RNN) to different problems in the context specific corpus of legal documents.
We show that the aforementioned methods can be satisfactorily applied, but the
use of pre-trained word embeddings is suboptimal, requiring access to a larger
legal corpus.

Analytic geometry

— Challenger Mishra
The Alan Turing Institute/University of Oxford
- Title: Machine Learning for String Theory
- Abstract: The latest techniques from Neural Networks and Support Vector
Machines (SVM) are used to investigate geometric properties of Complete Inter-
section Calabi-Yau (CICY) threefolds, a class of manifolds that facilitate string
model building. An advanced neural network classifier and SVM are employed
to (1) learn Hodge numbers and report a remarkable improvement over previous
efforts, (2) query for favourability, and (3) predict discrete symmetries, a highly
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imbalanced problem to which both Synthetic Minority Oversampling Technique
(SMOTE) and permutations of the CICY matrix are used to decrease the class
imbalance and improve performance. In each case study, we employ a genetic
algorithm to optimise the hyperparameters of the neural network. We demon-
strate that our approach provides quick diagnostic tools capable of shortlisting
quasi-realistic string models based on compactification over smooth CICYs and
further supports the paradigm that classes of problems in algebraic geometry
can be machine learned.

— Guillermo Sanchez
Universidad Complutense de Madrid
- Title: Asymptotically holomorphic theory: symplectic submanifolds
- Abstract: In order to prove that there always exist codimension-2 symplectic
submanifolds of any given compact symplectic manifold, Donaldson introduced
in 1996 the approximately holomorphic theory. These submanifolds arise from
being the zero set of an asymptotically holomorphic sequence that is sufficiently
transverse to the zero section of a complex line bundle. In this talk we re-
view these tools and, if time allows, use them to prove that we can construct
these symplectic submanifolds in such a way that they contain a strict isotropic
submanifold P? that is C0-close to a given strict isotropic submanifold P.

— Alicia Pérez González
Universidad de Salamanca
- Title: Classification of relative complex tori
- Abstract: Relative Lie groups over a smooth manifold S are the group objects
of the category FM/S of fibred manifolds over S. Thus, a relative Lie group
(or S-Lie group) is a fibred manifold πG : G → S and one sees that its fibres
form a family of Lie groups not necessarily isomorphic as Lie groups, and not
even diffeomorphic. In this talk we will introduce the category L ieG r/S of
S-Lie groups and the category of complex S-Lie groups. We will explain how
one can generalise to this relative setting the main concepts of ordinary Lie
group theory. In particular, we will see that there is an exponential map for a
relative Lie group and we will present its main properties. We will also treat the
locally trivial case, that is Lie group bundles, and present their classification.
We will analyse in detail the case of relative tori, explaining the uniformisation
and classification theorems for them.

— Alejandro Cañas Muñoz
Universidad de Málaga
- Title: Transformation of dual complexes
-Abstract: We introduce the notion of dual complex D(E) associated to a given
divisor E in a scheme X. By modifying X via blow-ups and contractions, we can
induce transformations on the complex. Furthermore, if this modications are
chosen carefully they maintain the simple homotopy type of the complex. Our
goal is to determine if given a dual complex D(E) and a complex C with the same
simple homotopy type it is possible to modify X so that D(E) is transformed
into C. In particular, C can also be realized as a dual complex. We show a small
result along this line in the case of dual graphs.
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— Pedro Núñez López-Benito
University of Bonn
- Title: Derived categories of Fano varieties and Mori fibre spaces
- Abstract: We study some aspects of the Minimal Model Program for the
birational classification of algebraic varieties from the point of view of derived
categories. In particular we study semiorthogonal decompositions on the derived
category of a Mori fibre space, which is one of the two possible outcomes of the
Minimal Model Program. We study first the absolute case of smooth Fano
varieties and then we move on to the relative case of flat Mori fibre spaces
with both total space and base space smooth. We discuss some particular
examples such as del Pezzo surfaces, cubic fourfolds, ruled surfaces or conic
bundles. Finally we make some remarks about the singular case, which has to
be considered in order to run a Minimal Model Program in higher dimensions.

WEDNESDAY

PDEs

— Francisco Mengual
Universidad Autónoma de Madrid
- Title: On unstable interfaces in fluid dynamics
- Abstract: Interfaces arising as phase boundaries can be found frequently in
nature. In this talk we will focus on the evolution of a 2D fluid starting from
an initial data with a jump discontinuity across a given curve. In particular,
we will discuss the unstable Muskat problem for the Incompressible Porous
Media equations and the vortex sheet problem for the incompressible Euler
equations. I will present recent results on the construction of weak solutions
to these problems and their properties. Joint work with Ángel Castro, Daniel
Faraco and László Székelyhidi Jr.

— Najat Magouh
University Mohammed V
- Title: Semi-analytical solutions for piezoelectric thin plates based on the
Stroh-like formalism
- Abstract: The aim of this study is the elaboration of semi-analytical math-
ematical modeling for three-dimensional static behaviors of laminated elastic
and electro-elastic plates. The material anisotropy is modeled by the Stroh for-
malism and the governing partial differential equations are transformed into a
generalized eigenvalue problem. The focus is on the degenerate cases for which
the classical Stroh formalism is not working. Therefore, a modified formalism
leading to an orthonormal basis using a spectral decomposition is presented.
This basis is mainly used to get the stresses and displacements behaviors for
various types of laminated multifunctional plates. The propagator matrix is
used to account for the multilayer’s effect and to consider various kinds and
types of laminated layers. Different mechanical and electrical loads are con-
sidered and the 3-dimensioal solutions are obtained. The obtained numerical
results are compared with those obtained by the state space method. The ac-
curacy and stability of the developed methodological approach is numerically



17

illustrated for anisotropic and degenerate laminates.

— Yassin Belkourchia
University Mohammed V
- Title: Optimal shape parameter of regularization using PSO algorithm and
differential quadrature methods for dynamic analysis problem
- Abstract: The present study aims at integrating the Particle Swarm Opti-
mization (PSO) with the differential quadrature method (DQM) and the regu-
larization procedure in order to determine a good shape parameter of regular-
ization for solving partial differential equations with strong singular functions.
For this purpose, we use a two-step case plan. While in the first case, PSO algo-
rithm was used to determine an optimal shape parameter for the regularization
procedure. In the second case, we employed DQM with the regularization pro-
cedure for space an implicit scheme for time discretization to estimate the root
mean square (RMS) error for specifying approximate solutions. To study the
applicability of the proposed algorithm and its implementation, computational
examples of the dynamic behavior of beams for various boundary conditions ex-
cited by Multi-piezoelectric actuators. The obtained results are well compared
with the analytical and numerical results available in the literature.

— Javier Cueto Garćıa
Universidad de Castilla-La Mancha
- Title: Hyperelasticty energy functionals in a nonlocal framework
- Abstract: Motivated by the study of a new model of elastic deformations
which also includes singularity phenomena such as fractures and cavitations
altogether, we were led to analyze the existence of solution of non local hy-
perelastic functionals, since the classical model of non linear elasticity stops
being valid when the deformations turn out to be not continuous. Such func-
tionals can be obtained by substitution of the classical gradient by the Riesz
fractional gradient. Inspired by the classical John Ball’s approach to nonlinear
elasticity, we show existence of optimal deformations relying on polyconvexity
and weak continuity of the determinant of the fractional gradient. The main
ingredient to obtain such a nonlocal compensated compactness result in the
nonlocal framework is the fractional Piola identity, which is indeed our mail
result. https://arxiv.org/pdf/1812.05848.pdf
Additionally, we have also considered the Gamma-convergence of these func-
tionals in order to recover the classical one, as well as a process of linearization
where we see the equivalence between the model obtained and the nonlocal
Eringen‘s model, the most popular nonlocal linear elasticity model. Finally, we
explore the possibility of passing from this fractional perspective to a nonlocal
one, i.e., considering singular integral kernels of compact support.

— Adrián Hinojosa Calleja
Universitat de Barcelona
- Title: Hitting probabilities for the stochastic heat equation driven by frac-
tional white noise
- Abstract: The stochastic heat equation with driven by a white fractional
Brownian motion of Hurst’s parameter H in (1/2,1) has a solution if and only
if 4H − d > 0. On the talk we will analyze the Hölderianity of the trajectories
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of the solution and its relation with techniques for upper and lower estimates of
the probability that the solution hits a subset of the codomain of the solution.

Analysis

José Garre-Rubio
Universidad Complutense de Madrid
- Title: Symmetric obstructions to anyon condensation
-Abstract: Anyons are exotic quasiparticles that generalize bosons and fermions.
They are the key ingredient of topological ordered phases which are described
axiomatically by modular tensor categories. Within this framework, phase tran-
sitions between distinct topological phases can be studied. In particular, one
can write down a ‘periodic table‘ for theories connected by condensation of an
anyon: the driven mechanism of topological phase transitions. However, this
‘periodic table‘ changes when symmetries (coming from a finite group) are im-
posed to be preserved in the transitions: some previous connections are now
forbidden. We study that situation in this work.
Concretely, we derive general conditions to be satisfied by the symmetry of
the condensed phase when the compatibility with the symmetry of the starting
topological phase is imposed. These conditions are obtained imposing the com-
mutativity of some diagrams that involve the representation of the symmetry in
topological orders and the maps that characterize the condensation paths. We
also formulate these conditions in a framework, introduced by other authors,
that allows to systematically study obstruction to symmetric condensations.

— Abderraman Amr Rey
Universidad Complutense de Madrid
- Title: Bell Violations by Non-Signaling Probability Distributions
- Abstract: During the talk we will characterize the bipartite non-signaling
probability distributions in terms of tensor norms. We will show how this tensor
norm characterization can be applied to give optimal upper and lower bounds
on Bell inequality violations when non-signaling distributions are considered.

— Aitor Balmaseda
Universidad Carlos III de Madrid
- Title: Controlling Quantum Systems through their boundaries
- Abstract: The increasing interest in quantum computation in the last years
leads inevitably to the study of the control problem for quantum systems. In
general, this control problem is involved since quantum systems are defined on
infinite dimensional Hilbert spaces and the associated Hamiltonians are un-
bounded in the generic case. However, the particularities of unbounded o-
perators also open the door to nonstandard control methods such as Quantum
Control at the Boundary (QCB). Instead of the usual approach based on direct
interactions with the system (i.e., adding interaction terms to the Hamiltonian
of the system), QCB allows to control a quantum system by manipulating its
boundary conditions, that is using as controls the space of self-adjoint exten-
sions of its Hamiltonian. This is a weaker way of interacting with the system
than applying external fields, and because of that it is expected to avoid deco-
herence.
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In this talk we will review the idea of QCB and sketch the proof of the ap-
proximate controllability under this scheme for simple quantum systems such
as quantum circuits.
A detailed discussion can be found in A. Balmaseda and J.M. Pérez-Pardo
“Quantum Control at the Boundary” (arXiv:1811.09541).

— David Trillo Fernández
Institute for Quantum Optics and Quantum Information
- Title: Central polynomials to build a time machine
- Abstract: A polynomial from a ring R into itself is called central if its i-
mage lies in the center of R, it is not identically zero and has no constant term.
It turns out that matrix polynomials can be implemented as probabilistic but
heralded protocols on a quantum system. This is so even if the system is uncon-
trolled (that is, if we do not know the Hamiltonian which governs its evolution
or how it interacts with other systems). When the implemented polynomial is
central, it must be a multiple of the identity, and so it is acting as if the system‘s
evolution had been frozen. When this happens, we say that we have reset the
system. More generally, we could think of a protocol which lasts for time T and
takes the system to the state it would have after having evolved for time T‘.
This is a sort of time machine.
We consider a completely general setting where we have n identical quantum
systems on which we can act independently but in an unknown way. This cor-
responds to implementing sums of tensor products of matrix polynomials. This
family of ”tensor matrix polynomials” allows for more control on the systems.
Namely, we can get polynomials that are always proportional to permutations
and polynomials that are proportional to projectors onto the symmetric and
antisymmetric subspaces. This is not possible without allowing for tensor prod-
ucts. In particular, we find that we can transfer evolution time from one system
into others, and provide optimal bounds on the amount of time can be trans-
ferred. These depend on n and also on the dimension of the systems, and they
allow us to send one system very far into its future or its past at the cost of
increasing n (but also of decreasing the probability of success).
This is joint work with Benjamin Dive and Miguel Navascues.

— Rafaela Gesing
University of São Paulo
- Title: Interpolation of Banach Lattices and Minimal Functions
- Abstract: Given a couple (X0, X1) of Banach spaces that are embedded in a
common space X and θ ∈ (0, 1), the complex interpolation method defines the
Banach space Xθ = (X0, X1)θ in the following way: let S = {z : 0 < ℜz < 1}
and F the space of holomorphic functions F : S −→ X0 +X1 such that F has
a continuous extension to the closure S and the functions t → F (j + it) are
continuous and bounded in Xj for j = 0, 1. The space F is a Banach space if
we consider the norm:

‖F‖F = max
j=0,1

sup
−∞<t<∞

‖F (j + it)‖Xj
.

We define Xθ = (X0, X1)θ as the interpolation space by the following relation:
x ∈ Xθ if, and only if, there exists F ∈ F such that F (θ) = x. The norm in Xθ
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is given by

‖x‖Xθ
= inf{‖F‖F : F (θ) = x}.

In the article “Homéomorphismes uniformes entre les sphères unité des es-
paces d‘interpolation”, M. Daher defines the complex interpolation space as the
holomorphic functions over S however replacing the continuity of the operators
over S by a condition of integrability Lp. This allows to find on certain hy-
potheses a minimal representation for each point of the interpolation domain
in a uniformly continuous way. In other words, the result presented by Daher
is the following: if (X0, X1)θ1 is an interpolation couple, θ1, θ2 ∈ (0, 1) and X0

is uniformly convex, then exists a uniform homeomorphism between the unit
sphere of the complex interpolation space Xθ1 = (X0, X1)θ and the unit sphere
of Xθ2 .
The goal is to consider the notion of minimal functions in the Banach lattice
setting and find the form of uniform homeomorphisms between spheres of in-
terpolation scales in this case (in particular, we want to analyze examples of
spaces Lp for 1 < p < ∞).

Geometry

— Jaime Santos Rodŕıguez
Universidad Autónoma de Madrid
- Title: Wasserstein isometries on the sphere
- Abstract: Given a Riemannian manifold (M, g) we can consider P2(M) the
space of probability measures on M. Using optimal mass transportation we can
endow P2(M) with the so called L2−Wasserstein distance. It will turn out that
many geometric properties of M are closely related to those of P2(M). For ex-
ample, M is non-negatively curved if and only if P2(M) is non.negatively curved
(in the sense of Alexandrov).
It is easily seen that given an isometry ϕ : M → M we can define via push-
forwards an isometry on P2(M). Therefore an interesting question would be to
determine whether the isometry group of P2(M) is strictly larger than that of
M.
In this talk we will focus on the case of Sn. we will discuss the optimal transport
of measures supported there and prove that the isometry groups of Sn and of
P2(S

n) coincide.

— Boris Stupovski
SISSA (Trieste)
- Title: Five-dimensional manifolds with positive biorthogonal curvature
- Abstract: Biorthogonal curvature on a Riemannian manifold is defined as the
minimum of the average of sectional curvatures of a plane and planes orthog-
onal to it. Bettiol classified, up to homeomorphism, closed simply-connected
4-manifolds with positive biorthogonal curvature. In this talk, we present a
first result in this direction in dimension five. Namely, that every closed simply-
connected spin 5-manifold with torsion-free homology admits a metric of positive
biorthogonal curvature.

— Eduardo Mota
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University College Cork
- Title: Constant Mean Curvature Surfaces and Heun‘s Differential Equations
- Abstract: The generalised Weierstrass representation for surfaces with con-
stant mean curvature allows to describe any conformal constant mean curvature
immersion in R3, H3 or S3 with four ingredients: a Riemann surface, a base
point, a meromorphic loop Lie algebra valued 1-form and finally the initial con-
dition for a linear system of ODE‘s. Associating to the linear system a second
order ODE from the class of Heun‘s Differential Equations, we prescribe certain
singularities in the linear system that appear in the resulting surface. We dis-
cuss global issues such as period problems and asymptotic behavior involved in
the construction of this kind of surfaces. Finally, using the generalised Weier-
strass representation, we construct new parametric families of constant mean
curvature surfaces with genus zero that possess two asymptotically Delaunay
ends and one irregular end.

— Juan Luis Durán Batalla
Universitat Autònoma de Barcelona
- Title: The deformation space of non-orientable hyperbolic three manifolds
- Abstract: Given an oriented, complete, hyperbolic three manifold of finite
volume, it is possible to construct the topological manifold by means of a fi-
nite number of ideal tetrahedra in the hyperbolic 3-space, H3, with the faces
identified by isometries. Once we have fixed such realization, the deformation
space of the manifold will be determined by those configuration of tetrahedra
which, with the same gluing pattern, give rise to a hyperbolic structure in the
manifold. Thurston showed that the deformation space of a manifold with n
cusps is identified, in a neighbourhood of the complete structure, with an open
set of C

n
.

Here, we will see how the deformation space for Gieseking‘s manifold, a
simple case of non-orientable complete hyperbolic manifold, looks like. In order
to study it, we will make use of its oriented double cover and the previous
constructions for orientable manifolds. Moreover, we will see how these results
generalize for the non-orientable general case.

— Matteo Raffaelli
Technical University of Denmark
- Title: Flat ribbonization of surfaces
- Abstract: The method of approximating a surface in three-space by a net
of planar triangles (triangulation) has a long history in both fundamental and
applied mathematics. In this talk I will present joint work with Jakob Bohr
and Steen Markvorsen, carried out during my PhD, aimed at defining a novel
approach towards surface approximation and discretization. Such approach,
called flat ribbonization, is based on the idea of using intrinsically flat (i.e., de-
velopable) strips, or ribbons, as the building blocks of the approximation.
The main practical motivation comes from manufacturing: a flat surface is usu-
ally the easiest and cheapest surface to deal with, since it can be realized just
by bending (rolling) planar sheets of material, such as leather, paper, fibre, or
metal.
The method may be summarized as follows: First, we choose a set of smooth
regular curves in the given surface S. Then, for each curve, we construct the
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(locally unique) flat ribbon having the same tangent plane as S along the curve.
Finally, we extend any two ribbons until they intersect. Thus, by construction,
each ribbon has first-order contact with the surface along a curve.
I will first discuss the conditions guaranteeing this procedure to be well-defined,
namely the non-vanishing of the normal curvature of each curve, plus the close-
ness of the curves. Then, I will talk about some ideas/partial results for resolving
the main open question, analogous to the classical existence problem for trian-
gulations: Does any (compact or noncompact) surface admit a homeomorphic
flat ribbonization?
I will further present a topological application: the Euler characteristic of the
underlying surface may be computed by simply counting the degrees of the
vertices of the ribbonization (end-points plus branch points of the intersection
curves).
Finally, I will be touching upon natural generalizations of the method, as for
example to the case of Euclidean hypersurfaces.

THURSDAY

Analysis + PDEs

— Juan-Carlos Felipe-Navarro
Universitat Politècnica de Catalunya-BGSMath
- Title: Saddle-shaped solution to the integro-differential Allen-Cahn equations
- Abstract: The talk will be devoted to present some recent results concerning
the saddle-shaped solution to the semilinear equation Lu = f(u) in R2m, where
f is of Allen-Cahn type and L is a linear elliptic integro-differential operator
with a radially symmetric and translation invariant kernel K. The most typical
example for L is the fractional Laplacian.
Saddle-shaped solutions are bounded, doubly radial, odd with respect to the
Simons cone and vanishing only in this set. The interest of studying this type
of solutions originates from a famous conjecture raised by De Giorgi, about the
one-dimensional symmetry of bounded solutions to the Allen-Cahn equation,
and its nonlocal versions. Due to the strong connection between this equation
and minimal surfaces, saddle-shaped solutions are the simplest candidates as a
counterexample of the conjecture in high dimensions.
Saddle-shaped solutions to the local Allen-Cahn equation (s = 1) have been
studied in several papers. The main results established existence and unique-
ness, asymptotic behavior, monotonicity properties, instability in dimensions 2,
4, and 6, and stability in dimensions 2m ≥ 14. It is still an open problem to
determine whether the saddle-shaped solution is stable in dimensions 8, 10, and
12, as well as its minimality in dimensions 2m ≥ 8. In the case of the fractional
Allen-Cahn equation, the existence, asymptotic behavior, and some monotonic-
ity properties were proved by Cinti, as well as the instability in dimensions 4
and 6. The uniqueness, together with the stability in dimensions 2m ≥ 14 has
been very recently proved by the author in a joint work with Sanz-Perela. The
main tool used in each of the fractional works is the local extension problem of
Caffarelli and Silvestre.
The stability result has a very nice consequence. In the same dimensions
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2m ≥ 14, and for s < 1/2, it leads to the stability of the Simons cone as a
nonlocal 2s-minimal surface. This is the first analytical proof of a stability re-
sult for the Simons cone in the nonlocal setting and for dimensions 2m ≥ 4.
Nevertheless, we are still far from proving its minimality.
When the nonlocal operator is different from the fractional Laplacian, the ex-
tension problem is not available anymore. Therefore, some purely nonlocal
arguments need to be developed (in two further papers) in order to characterize
the kernels K for which we can develop a theory of existence and uniqueness for
saddle-shaped solutions. It turns out that a sufficient condition for such theory
to be carried out is that K is radially symmetric and K(

√·) is strictly convex.
Assuming this, we are able to prove the existence of saddle-shaped solution,
their asymptotic behavior, and their uniqueness.
This is a joint work with Tomás Sanz-Perela (UPC-BGSMath), and it corre-
sponds to three papers.

— Tomás Sanz-Perela
Universitat Politècnica de Catalunya-BGSMath
- Title: Stable solutions to fractional semilinear equations
- Abstract: The main goal of the talk will be to present some recent re-
sults concerning the regularity of stable solutions to the semilinear problem
(−∆)su = f(u) in a domain Ω ⊂ Rn and its associated Dirichlet problem with
zero exterior data.
The regularity of minimizers and, more generally, stable solutions to reaction-
diffusion equations, has been a central problem in Calculus of Variations and
PDEs in the last century. A phenomenon that is recurrent in these type of prob-
lems is that stable solutions are regular in low dimensions while singularities may
appear in high dimensions. Our aim is to find the precise threshold dimension
(depending on the parameter s) where stable solutions to (−∆)su = f(u) are
regular.
Despite the problem for s = 1 for the classical Laplacian is, nowadays, quite
well understood and almost fully solved, there are quite few results in the case
of the fractional Laplacian and the problem is still largely open. In this talk
we will present some recent developments through the answer of this problem,
described next. Time permitting, we will discuss some open questions.
First, we focus on a simple case, that is when the domain is a ball and the so-
lutions are radially symmetric. In this case, we establish an L∞ estimate when
the dimension n satisfies n < 2(s+ 2 +

√

2(s+ 1)).
Next, we consider solutions without symmetries and we prove an a priori BMO
estimate that holds whenever the dimension satisfies 2s < n < 10s. The par-
ticularity of this estimate is that it does not depend on the nonlinearity f at
all. Moreover, it does not rely on the exterior data assumed on u. In the case
s = 1/2, this result can be improved and we establish an L∞ estimate in di-
mensions n = 2, 3, 4.
Finally, using a geometric Hardy type inequality on the level sets of functions, we
obtain L∞ estimates in dimensions n = 3 for s > 1/2, and n = 4 for s >

√
3−1.

The results presented in the talk are contained in the following two articles:

[1] T. Sanz-Perela, Regularity of radial stable solutions to semilinear elliptic
equations for the fractional Laplacian, Commun. Pure Appl. Anal. 17 (2018),
2547-2575.
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[2] X. Cabré and T. Sanz-Perela, L∞ and BMO estimates for stable solutions
to fractional semilinear elliptic equations, in preparation.

— Paz Albares Vicente
Universidad de Salamanca
- Title: Spectral problem and Lie symmetries for a (2 + 1)-multi-component
NLS Equation
- Abstract: An integrable multi-component nonlinear Schrödinger equation in
2 + 1 dimensions is presented. The Lie symmetries for the spectral problem
associated to this equation are calculated in terms of eight arbitrary functions
and an arbitrary constant that yields a non trivial infinite-dimensional Lie al-
gebra. The similarity reductions associated to these symmetries are identified
and the spectral parameter of the reduced spectral problem is introduced as a
consequence of one of the symmetries. These results are part of a joint work
with J. M. Conde and P. G. Estèvez, [1].
References:
P. Albares, J. M. Conde, P. G. Estèvez (2018). Spectral problem for a two-
component nonlinear Schrödinger equation in 2 + 1 dimensions: Singular man-
ifold method and Lie point symmetries. arXiv:1807.09039v1

— Hajjami Riane
Abdelmalek Essaadi University
- Title: Analysis of the stability and Bifurcation of Non-linear epidemic Models
with Vaccination and two Distributed Delays.
- Abstract: The main purpose of the current work is to qualitatively assess the
impact of the varying immunity period and the vaccination on the transmission
of the disease governed by a general non-linear incidence rate. We first formu-
late an ordinary differential equations model with vaccination for susceptible
individuals. We show that the model has at most two steady states according
to the value of the basic reproduction number which plays the role of a thresh-
old between extinction and permanence of the disease. Second, we introduce
a delay differential equations model with distributed delays which takes into
account varying immunity periods. To investigate the impact of the time delay
into the ordinary differential equations model, we first restrict the study to the
case of varying immunity period only for vaccinated persons. We show that
the model dynamics depend on the probability of immunity lost. However, if
the immunity acquired by vaccination is permanent while the one acquired by
infection is temporal and the probability density of losing immunity is modeled
by the weak delay kernel the behavior of the obtained model is independent of
probability of immunity lost and the endemic level increases as the the mean
delay decreases. Furthermore, for the the strong delay kernel the model is
shown to undergo a Hopf-bifurcation at the endemic steady state under certain
conditions. Numerical simulations are given to support the theoretical analysis.

— Gladston Duarte
Universitat de Barcelona
- Title: Invariant Manifolds Near L1 and L2 in the Planar Restricted Three-
Body Problem
- Abstract: In this work we investigate the connections between the stable and
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unstable manifolds of periodic orbits around the points L1 and L2 of the Re-
stricted Three-Body Problem (RTBP). In the Planar Circular RTBP (PCRTBP)
we can see, based on [1] (and its references), that there is a connection of these
manifolds on the phase space of this problem, which means that there is a
mechanism of an orbit that goes outside the orbit of one primary (for instance,
that describes an orbit close to an ellipse with greater semi-major axis), to go
through it and start to describe an orbit inside of it (close to an ellipse with
smaller semi-major axis) and/or vice-versa; in other words, this mechanism is
a bridge connectingorbits outside with orbits inside. Using the tools in [2] we
start by computing the normal forms around L1 and L2 to describeperiodic
orbits around each of these points. After that, with the same tools, we focus
on the computation of the stable and unstable manifolds of these orbits and
on the searchingfor connections between them. In addition, the Elliptic prob-
lem (PERTBP) is also studied. In this case (where the eccentricity of Jupiter’s
orbit is considered) the periodic orbits around L1 and L2 are now tori. Using
the methodology described in [3], we analyse these tori and their stable and
unstable manifolds in order to: (i) compare the accuracy of the computations
to describe these orbits going from outside to inside and vice-versa, and (ii) to
check the improvement in describing this type of movement using the PERTBP.
References:

[1] Koon, W. S., Lo, M. W., Marsden, J. E., Ross, S. D.: Resonance and
Capture of Jupiter Comets, Celestial Mechanics and Dynamical Astronomy 81:
27-38, 2001.

[2] Jorba, A.: Numerical Computation of Normal Forms, Centre Manifolds
and First Integrals of Hamiltonian Systems, Experimental Mathematics 8(2):
155-195, 1998.

[3] Jorba, A.: Numerical Computation of the Normal Behaviour of Invariant
Curves of n-Dimensional Maps, Nonlinearity 14: 943-976, 2001.

Algebra

— Rubén Blasco Garćıa
Universidad de Zaragoza
- Title: Poly-freeness in some subfamilies of Artin groups
- Abstract: Artin groups are an interesting family of groups from both an
algebraic and a topological point of view. There are lots of properties known
for the special subfamily of right-angled Artin groups. However very little is
known for general Artin groups. In particular it is known that every right
angled Artin group is poly-free. In this talk I will prove that this property is
also satisfied by other important subfamilies of Artin groups.

— Mallika Roy
Universitat Politècnica de Catalunya-BGSMath
- Title: Fixed subgroups of automprphisms of free-abelian times free groups
- Abstract: The behavior of the automorphisms and the properties of auto-
fixed subgroups of free groups Fn is well known and very studied in the literature.
On the other hand the automorphisms of Zm are just matrices from GL(m,Z).
But auto-fixed subgroups of Zm × Fn are much more complicated and have
more degenerated behaviour. In the talk I will mainly focus on the differences
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between automorphisms and fixed points of Fn and of Zm × Fn. I will present
some results about ranks of auto-fixed subgroups and a periodicity formula for
the automorphisms of Zm × Fn, as well as the concept of ”free factor” in this
family of groups. This is a joint work with E. Ventura.

— Arnab Sarkar
Saint Louis University
- Title: Classification of preperiodic point in dimension 1
- Abstract: Arithmetic dynamics is a field that amalgamates two areas of
mathematics, discrete dynamical systems and number theory. Classically, dis-
crete dynamics refers to the study of the iteration of self-maps of the complex
plane or real line. Arithmetic dynamics is the study of the number-theoretic
properties of integer, rational, p-adic, and/or algebraic points under repeated
application of a polynomial or rational function. A fundamental goal is to de-
scribe arithmetic properties in terms of underlying geometric structures.
Given an endomorphism f on a set X ; f : X → X a point x in X is called
preperiodic point if it has “finite forward orbit under iteration of f with math-
ematical notation if there exist distinct n and m such that fn(x) = fm(x)(i.e
it is eventually periodic“). We are trying to classify for which maps are there
not as many preperiodic points as their should be in dimension 1. It is a more
precise version of I.N. Baker‘s theorem which states “Let P be a polynomial
of degree at least two and suppose that P has no periodic points of period n.
Then n = 2 and P is conjugate to z2 − z.“

— Diego Millan Berdasco
Queen Mary University of London
- Title: A New Family of Decomposition Numbers of the Symmetric Group
- Abstract: Studying the representations of the symmetric group is categori-
cally isomorphic to studying the submodules of the group algebra FSn. In the
ordinary case (when the characteristic of the field is 0) this algebra is semisim-
ple, and its irreducible modules (known in the literature as Specht modules) are
in bijection with the integer partitions of n. In positive characteristic the Specht
modules may no longer be simple and the most important open problem then
is finding the decomposition numbers, that is, the multiplicity of the composi-
tion factors of the Specht modules. We will survey the rich interplay between
representation theory and combinatorics of partitions giving a new family of
decomposition numbers for each Specht module.

— Diego López Álvarez
Universidad Autónoma de Madrid-ICMAT
- Title: On Sylvester rank functions and the strong Atiyah conjecture for lo-
cally indicable groups
- Abstract: The notion of Sylvester rank function was introduced by P. Mal-
colmson. With this notion he gave an alternative reformulation of P.M. Cohn‘s
classification of homomorphisms from a given ring R to skew fields, namely,
there exists a bijective correspondence between the set of epic skew R-fields (up
to R-isomorphism) and the set of integer-valued rank functions on R.
For a subfield K of C and a group G with a uniform bound on the orders of
finite subgroups, the strong Atiyah conjecture predicts the possible values of a
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certain Sylvester rank function rkG on the group ring K[G]. The conjecture has
several consequences in topology, ring theory and group theory.
In this talk we will introduce the notion of Sylvester rank function and the
strong Atiyah conjecture, and we will show that it holds for locally indicable
groups. This is a joint work with Andrei Jaikin-Zapirain.

Geometry

Miguel Ángel Berbel López
Universidad Complutense de Madrid-ICMAT
- Title: Reduction in the whole category of Lagrange-Poincaré bundles.
- Abstract: Physical systems are often described by a Lagrangian, a real func-
tion defined on the tangent bundle TQ of the physical space, a manifold Q.
Symmetries of the system, given by a Lie group G action lifted to the tangent
bundle, are used to reduce the Lagrangian to a function in the quotient bundle
TQ/G. This reduced Lagrangian completely describes the original system, but
it is defined on a vector bundle which may not be a tangent bundle. Thus,
reduction by stages (reducing repeatedly by several groups) needs a formulation
of Lagrangian mechanics in a wider category than tangent bundles. For this
purpose, in this talk we review the formalism of Lagrange-Poincaré bundles and
answer affirmatively a question posed by H. Cendra, J. Mardsen and T. Ratiu
in 2001: The reduction procedure can be done in Lagrange-Poincaré bundles
which do not necessarily come from reducing a tangent bundle.

— Eduardo Fernández Fuertes
Universidad Complutense de Madrid-ICMAT
- Title: A remark on the homotopy type of the contactomorphism group of an
overwisted contact manifold.
- Abstract: Let (M, ξ) be a closed cooriented contact manifold. The group
of diffeomorphisms of M isotopic to the identity acts transitively on the space
of contact structures of M isotopic to ξ. In fact, the orbit map of ξ is a Serre
fibration and the fiber over ξ is the group of contactomorphisms of (M, ξ) which
are smoothly isotopic to the identity. This is a consequence of Gray‘s Stability
Theorem and implies that the homotopy type of these spaces are intimitely
related. In this talk we explain a general receipt to exploit this fact when (M, ξ)
is overtwisted. As an application we compute non–trivial homotopy classes of
contactomorphisms, which are trivial as diffeomorphisms, for any overtwisted
contact structure over any (2n+ 1)–sphere.

— Lućıa Mart́ın Merchán
Universidad Complutense de Madrid
- Title: Balanced Spin(7) structures on a class of nilmanifolds.
- Abstract: The existence of a Spin(7) structure in an 8-dimensional oriented
Riemannian manifold (M, g) is characterized by the presence of a special 4-
form Ω. A particular type of Spin(7) structure is the so-called balanced, which
is described by the equation ∗(dΩ) ∧ Ω = 0. The first compact example of
such structure was a nilmanifold endowed with a left-invariant Spin(7) struc-
ture. Specifically, it was a product (N0 × T 3, g + g3), where (N0, g) is a 5-
dimensional nilmanifold endowed with a left-invariant metric and (T 3, g3) is a
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flat 3-dimensional torus. In this talk, we investigate the following questions for
a 5-dimensional nilmanifold N :

1. Does it admit a left-invariant metric g such that (N × T 3, g + g3) has a
left-invariant balanced structure?

2. If the answer to (1) were positive, which metrics verify this condition?

It will become apparent that spinors are the essential tool in order to tackle this
problem.

— Erik Sarrión Pedralva
Universitat Jaume I
- Title: Rotational symmetrization and First Dirichlet eigenvalue.
- Abstract: For a Riemannian manifold M we construct a rotationally sym-
metric model space in such a way that the volume of the geodesic spheres of
M and the volume of the geodesic spheres of the model space are equal. This
gives us a particular method to compare geometrical quantities among the man-
ifold and its associated model space that allows to get estimations for the first
Dirichlet eigenvalue of the Laplacian.

— Julio Aroca
ICMAT
- Title: Margalit‘s theorem for infinite-type surfaces
- Abstract: In this talk, we will give an introduction to infinite-type surfaces,
that is, whose fundamental group is not finitely generated. We will also see
the theorems that allow us to classify them, using the space of ends topology.
Next, we will show some graphs which can be defined on an infinite-type surface
S. One example is a family based on multicurves introduced by Fossas-Parlier.
One of these graphs, G(S), is specially interesting, as it is connected and has
infinite diameter.
In 2013, Margalit proved that for finite-type surface S, the group of automor-
phisms of the pants complex, defined by Hatcher-Thurston, is isomorphic to the
mapping class group of S. As we will see, for infinite-type surfaces this theorem
is also true if we replace the pants complex by G(S).
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