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Plenary speakers Monday

Towards Fair and Reliable Machine Learning:

Statistical Foundations and Challenges under

Uncertainty

Paula Gordaliza, Institute for Advanced Materials and Mathematics (INAMAT2)
Universidad Pública de Navarra (UPNA)

The talk addresses recent advances on the statistical foundations of fair and reliable ma-
chine learning, structured around two complementary research directions: achieving fairness
in learning algorithms and preserving fairness guarantees under uncertainty and distributional
shift.

The �rst direction focuses on the design of methodologies to mitigate bias in predictive
models, both through data preprocessing and fairness-aware learning. At the data level,
techniques based on optimal transport and distribution trimming are developed to remove
the in�uence of sensitive variables while retaining relevant predictive information. At the
model level, Fair Kernel Regression and Fair Partial Least Squares (PLS) incorporate fair-
ness constraints directly into the optimization framework, relying on covariance operators
and reproducing kernel Hilbert space representations to construct predictors that balance
accuracy and independence from protected attributes, even in nonlinear or high-dimensional
settings.

The second direction explores fairness under uncertainty, where limited, heterogeneous, or
evolving data may challenge the stability of fairness guarantees. This line focuses on quanti-
fying and propagating uncertainty in fairness assessment, developing Bayesian inference tools
to evaluate whether observed disparities are signi�cant or attributable to random variation.
These approaches aim to provide more reliable and interpretable fairness analyses, ensuring
that fairness evaluations remain valid under data perturbations and sampling variability.
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Plenary speakers Tuesday

Symmetry and totally geodesic submanifolds

Alberto Rodríguez Vázquez, Université Libre de Bruxelles

Totally geodesic submanifolds are special submanifolds of a Riemannian manifold char-
acterized by the property that every geodesic within them is also a geodesic of the ambient
space where they sit in. They play a central role in Riemannian geometry and their existence
is usually related to the existence of symmetries of the ambient space. Because of this, their
study is particularly rich in highly symmetric settings, such as those arising from Lie groups
and homogeneous spaces. In this talk, I will give a broad overview of results concerning
totally geodesic submanifolds in Riemannian manifolds in the presence of symmetry.
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Plenary speakers Wednesday

Unraveling Knots: Invariants, Homology, and

Classi�cation

Marithania Silvero Casanova, Universidad de Sevilla

The problem of classifying knots lies at the heart of knot theory, and invariants have a
crucial role when trying to solve this challenge. In this talk, we will present an overview of
several families of knot invariants, ranging from classical polynomial and geometric construc-
tions to more recent homological approaches. We will discuss how these invariants encode
geometric and topological information about knots and links, with a particular focus on the
properties of Khovanov homology and its geometrization.
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Plenary speakers Thursday

On the inverse conductivity problem

María Ángeles García Ferrero, ICMAT

The classical Calderón problem is the inverse problem of determining the electrical con-
ductivity of the interior of a medium from voltage and current measurements on its surface.
With applications in medical imaging and geophysics, its study has led many developments
in the area of inverse problems since the eighties.

In this talk we will introduce some important questions about the Calderón problem and
the main ingredients to answer them, focusing on the case of three or higher dimensions and
the development concerning the regularity of the conductivity.
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Applied Mathematics Monday morning

Robust probability support vector machines with

pinball loss

Manuel Gonzalo Carvajal a,

Miguel Carrasco b, Benjamín Ivorra a, Julio López c, Angel M. Ramos a,

a, Instituto de Matemática Interdisciplinar, Departamento de Análisis y Matemática Aplicada,
Universidad Complutense de Madrid.

b, Facultad de Ingeniería y Ciencias Aplicadas, Universidad de los Andes.

c, Facultad de Ingeniería y Ciencias, Universidad Diego Portales.

Support Vector Machines, SVMs for short, are Machine Learning algorithms mainly used
to solve the problem of binary classi�cation. These algorithms work by constructing a classi-
�er function from a set of previously labeled data by solving a convex optimization problem.

Although neural networks are more versatile and e�ective in many supervised learning
applications, they are also prone to over�tting and classifying new observations can have a
high computational cost. This makes SVMs more suitable for small databases or deployment
in smaller devices.

These advantages have motivated the research in SVM type models as an alternative
to neural networks in certain situations. In this context several modi�cations have been
proposed to improve the performance of these algorithms. In our work we focus on two
adaptations. First, the probability SVMs presented in [2], that produce a probability as the
output instead of just the classi�cation. Second, the utilization of the pinball loss function
as suggested by [3], that results in models that are more robust to noise.

In our work we propose a novel SVM model that combines both modi�cations and obtain
the primal and dual form of the corresponding optimization problem. Then we implemented
the problem and tested its performance over several databases focusing on the robustness on
the solution to perturbation on the input data.

References

[1] I. Steinwart and A. Christmann (2008) Support Vector Machines, Springer, New York.

[2] Yuan-Hai Shao, Xiao-Jing Lv, Ling-Wei Huang and Lan Bai (2023) Twin SVM for condi-
tional probability estimation in binary and multiclass classi�cation, Pattern Recognition.

[3] Xialoin Huang, Lei Shi and Johan A. K. Suykens (2014) Support Vector Machine Classi�er
With Pinball Loss, IEEE Transactions on Pattern Analysis and Machine Intelligence.

[4] Miguel Carrasco, Benjamín Ivora, Julio López and Angel M. Ramos (2025) Embedded
feature selection for robust probability learning machines, Pattern Recognition.
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Applied Mathematics Monday morning

A Queue Theory approach for modeling computer

memory system performance

Mencía Reborido Fuentes, Universidad Autónoma de Madrid (UAM), Instituto de Ciencias
Matemáticas (ICMAT)

A memory system is the collection of hardware and processes in a computer that both
store data and manage its movement to and from the processor, typically through operations
such as read and write commands. In situations of high command tra�c, that is, high
bandwidth, it is useful to have a mathematical model capable of predicting how the memory
system performs under such conditions.

Consequently, in this talk we present a Queue Theory-based model that treats several of
the main structures present in a memory system as server-queue components and calculates
the total latency of the system (i.e., the time it takes to process a certain bandwidth). In
contrast to existing models in the state of the art, we make use of the so-called �nite queues
which are believed to best adapt to the aforementioned high bandwidth situations. With
this implementation, we derive an algorithm that captures the latency delay due to high
command tra�c in each of the memory components modeled.

References

[1] Dong-Won, S. (2014). Explicit Formulae for Characteristics of Finite-Capacity M/D/1
Queues, ETRI Journal, Vol. 36.

[2] Hernández-González, S. et al. (2015). Propiedades de sistemas tipo M/G/1/K con esta-
ciones en serie, Ingeniería Investigación y Tecnología, vol. XVI no. 3.

[3] Perros, H.G., Tayfur, A. (1986). Approximate Analysis of Open Networks of Queues with
Blocking: Tandem Con�gurations, iee transactions on software engineering, vol. se-12,
no.3.
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Applied Mathematics Monday morning

Measuring spatial interactions during stem cell

di�erentiation with TDA techniques

First author, Miguel Navarro Castro

Second author, Elena Camacho-Aguilar and Maria-Jose Jimenez

Stem cells are characterized by their ability to proliferate and di�erentiate into specialized
cell types in response to environmental signals. For example, human pluripotent stem cells
di�erentiate into mesoderm and amniotic cell types in response to BMP (bone morphogenetic
protein) signal [1].

To investigate how BMP signalling dynamics a�ect spatial cell distribution of the di�erent
cell types, we apply Topological Data Analysis (TDA) [2] techniques to the sets of 2D points
representing di�erent cell types in the �nal stage of di�erent experiments. More speci�cally,
chromatic alpha complexes [3] have recently emerged as a new construction suitable for the
topological analysis of labeled (or chromatic) data. By considering inclusion maps between
the chromatic alpha �ltrations on subsets of points (for example one-color pointset into the
whole set of points), one can derive maps between the homology groups of each �ltration
value, which can be studied in terms of invariants such as their kernel, cokernel and image
persistence diagrams [4]. These persistence diagrams can provide rich information about the
spatial relationships between the di�erent pointsets.

This is joint work in progress with Elena Camacho-Aguilar and Maria-Jose Jimenez
(named in alphabetical order).

References

[1] Camacho-Aguilar, E., Yoon, S. T., Ortiz-Salazar, M. A., Du, S., Guerra, M. C., &
Warm�ash, A. (2024). Combinatorial interpretation of BMP and WNT controls the deci-
sion between primitive streak and extraembryonic fates. Cell systems, 15(5), 445�461.e4.
https://doi.org/10.1016/j.cels.2024.04.001

[2] Dey, T. K., & Wang, Y. (2022). Computational Topology for Data Analysis. Cambridge:
Cambridge University Press. doi:10.1017/9781009099950

[3] di Montesano, S. C., Draganov, O., Edelsbrunner, H., & Sagha�an, M. (2025). Chromatic
alpha complexes. Foundations of Data Science. doi:10.3934/fods.2025003

[4] Cohen-Steiner, D., Edelsbrunner, H., Harer, J., & Morozov, D. (2009). Persistent
Homology for Kernels, Images, and Cokernels. In Proceedings. Proceedings of the
2009 Annual ACM-SIAM Symposium on Discrete Algorithms (SODA) (pp. 1011�1020).
doi:10.1137/1.9781611973068.110
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Applied Mathematics Monday morning

Online Follow-The-Leader (FTL) Model Selection

with Conformal Prediction

Nuria Richer Gusano, BCAM � Basque Center for Applied Mathematics

We benchmark hourly probabilistic forecasts selected online by a Follow-The-Leader
(FTL) rule over a grid of smoothing and regularization parameters (λs, λr). Three selec-
tion metrics are compared�RMSE (point error), CRPS (distributional accuracy), and NLL
(likelihood �t)�against a baseline model across four datasets. RMSE emphasizes point ac-
curacy; CRPS balances sharpness and calibration; NLL rewards calibrated, often wider, pre-
dictive densities. Evaluation uses RMSE, MAPE, CRPS, NLL, and Pinball, with calibration
diagnostics from PIT histograms and ECDFs.

Beyond this, we extend the framework with conformal prediction to provide �nite-sample,
distribution-free coverage guarantees on the forecast intervals, ensuring reliability under
model misspeci�cation. We also incorporate dynamic learning updates, allowing the se-
lection mechanism to adapt not only to cumulative past losses but also to regime shifts
and non-stationarities in real time. These enhancements complement FTL by strengthening
robustness: conformal layers control coverage, while dynamic adaptation accelerates respon-
siveness to changing data patterns.

Results show that FTL�CRPS consistently achieves the best probabilistic accuracy (low-
est CRPS and Pinball), while FTL�NLL optimizes tail safety (best NLL). Point accuracy
remains dataset-dependent. The combined framework highlights a practical trade-o�: CRPS
for reliable quantiles, NLL for tail robustness, and conformal + dynamic extensions for adap-
tive, trustworthy deployment in evolving environments.

References

[1] Gneiting, T., & Raftery, A. E. (2007). Strictly proper scoring rules, prediction, and esti-
mation. Journal of the American Statistical Association, 102(477), 359�378.

[2] Vovk, V., Gammerman, A., & Shafer, G. (2005). Algorithmic learning in a random world.
Springer.

[3] Cesa-Bianchi, N., & Lugosi, G. (2006). Prediction, learning, and games. Cambridge Uni-
versity Press.
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Statistics Monday morning

The Galton-Watson Process: Theory and

Applications

Carlos Cañada Moreno, Universidad de Extremadura

This talk provides a comprehensive mathematical treatment of the Galton-Watson branch-
ing process, a fundamental stochastic model for population dynamics. The process is de�ned
recursively where each individual reproduces independently according to a common o�spring
distribution {pk}, forming a homogeneous Markov chain with transition probabilities given
by convolution powers of the reproduction law.

The extinction probability q is characterized as the smallest non-negative root of the
equation f(s) = s, where f is the probability generating function. The process exhibits
distinct asymptotic behaviors across three regimes: subcritical (m < 1), critical (m = 1),
and supercritical (m > 1). Critical processes satisfy limn→∞ P [zn/n ≤ u | zn > 0] =
1 − exp(−2u/σ2) when σ2 < ∞. Supercritical processes exhibit martingale convergence
wn = zn/m

n → w almost surely, with L1-convergence if and only if
∑

pkk log k < ∞.
The analysis employs generating functions, martingale theory, and limit theorems to

derive precise asymptotic results. Additional topics include hitting time distributions and
total progeny analysis, rate of convergence theorems.

References

[1] Jaggers, P. Branching Processes and Their Applications. Cambridge University Press,
1985.

[2] Feller, W. An Introduction to Probability Theory and Its Applications, Volume II. Wiley,
New York, 1966.

[3] Harris, T. E. The Theory of Branching Processes. Springer, Berlin, 1963.

[4] Athreya, K. B. and Ney, P. E. Branching Processes. Springer-Verlag, Berlin, 1972.

[5] Kesten, H., Ney, P., and Spitzer, F. The Galton-Watson process with mean one and �nite
variance. Teor. Veroyatnost. i Primenen, 11:579-611, 1966.
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Statistics Monday morning

Modelling and maintenance planning for repairable

systems under multiple degradation processes

incorporating imperfect repairs

Emmanuel Moreno Mejía, Universidad de Extremadura

Lucía Bautista Bárcena, Universidad de Extremadura

Inmaculada Torres Castro, Universidad de Extremadura

Reza Ahmadi, Iran University of Science and Technology

This study presents a novel framework for reliability analysis and maintenance planning
in structural systems subject to multiple degradation processes. Two failure schemes are
addressed. In Failure Scheme I, each degradation mode is described by a Wiener process,
and their combined e�ect is modeled as a linear combination, subject to periodic imperfect
maintenance actions according to the ARD(∞) model. In Failure Scheme II, the degradation
processes are modeled as Gamma processes, and a dual failure criterion is introduced: either
by total accumulation of degradation or by the exceedance of a threshold associated with
a critical degradation process. As in Failure Scheme I, the system is subject to periodic
imperfect maintenance actions whose e�ects are modeled following the ARD(∞) approach.

For each failure scheme, di�erent maintenance policies based on discrete inspections are
proposed. These strategies use both the observed degradation state and estimates of the re-
maining useful life (RUL) to make optimal decisions between corrective replacement, preven-
tive replacement, or imperfect maintenance, with the objective of minimizing the stationary
cost per unit time.

Analytical expressions for the corresponding survival function are also obtained. Subse-
quently, a numerical study evaluates and compares the e�ciency of the proposed maintenance
policies in terms of average cost per unit time.

References

[1] Ahmadi, R.(2016) An optimal replacement policy for complex multi-component systems,
International Journal of Production Research, 54(17), 5303-5316.

[2] Bautista, L., Castro, I.T. and Landesa, L.(2022) Condition-based maintenance
for a system subject to multiple degradation processes with stochastic arrival intensity,
European Journal of Operational Research, 302(2), 560-574.

[3] Chuang C.S.(1996) Joint distribution of Brownian motion and its maximum, with a
generalization to correlated BM and applications to barrier options, Statistics & Proba-
bility Letters, 28(1), 81-90.

[4] Caballé, N.C., Castro, I.T., Pérez, C.J. and Lanza-Gutiérrez, J.M.(2015)
A condition-based maintenance of a dependent degradation-threshold-shock model in a
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Statistics Monday morning

system with multiple degradation processes, Reliability Engineering & System Safety,
134, 98-109.
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Statistics Monday morning

Balancing Sparsity and Subgroup Fairness in

High-Dimensional Regression: The Cost-Sensitive

Constrained Elastic Net

Jaime Díaz-Trechuelo Sánchez-Moliní, Universidad de Sevilla

Mª de los Remedios Sillero Denamiel, Universidad de Sevilla, IMUS

The trade-o� among predictive accuracy, interpretability, and subgroup fairness is central
in high-dimensional regression. A hallmark of regularized regression is the Lasso [1], which
achieves variable selection and sparsity but struggles with highly correlated predictors and
o�ers no mechanism for subgroup fairness. Two extensions to the Lasso address these short-
comings separately: the Elastic Net [2], which modi�es the objective function by adding an ℓ2
term to the Lasso's ℓ1 penalty, ensuring robustness under multicollinearity; and the CSCLasso
[3], which modi�es the feasible set imposing subgroup-speci�c bounds on prediction error.

In this talk, we present the Cost-Sensitive Constrained Elastic Net (CSCEN), a novel
regularization method developed for my Bachelor thesis that uni�es these approaches within
a single framework. CSCEN minimizes an Elastic Net�style (ℓ1 + ℓ2) objective subject to
CSCLasso-style fairness constraints, hence providing a new tool that balances accuracy, in-
terpretability, and fairness through error bounds. By construction, the ℓ2 term guarantees
uniqueness of the solution, while the fairness constraints operationalize subgroup equity.

We examine the mathematical properties of the model, prove uniqueness, and establish
conditions for consistency. We then present a series of numerical experiments on real and
simulated datasets comparing CSCEN to classical methods, highlighting its ability to achieve
sparsity while respecting fairness constraints. This work contributes a �exible and robust
framework for modern regression tasks where fairness and structural considerations cannot
be sacri�ced for predictive accuracy alone.

References

[1] Tibshirani, R. (1996) �Regression shrinkage and selection via the Lasso�. Journal of the
Royal Statistical Society: Series B (Methodological), vol. 58(1): 267-288.

[2] Zou, H. and Hastie, T. (2005) �Regularization and variable selection via the elastic net�.
Journal of the Royal Statistical Society Series B: Statistical Methodology, vol. 67(2): 301-
320.

[3] Blanquero, R., Carrizosa, E., Ramírez-Cobo, P. and Sillero-Denamiel, M. R. (2020) �A
Cost-Sensitive Constrained Lasso�. Advances in Data Analysis and Classi�cation, vol.
15(1): 121-158.

22



Statistics Monday morning

Extending TCLUST to higher dimensions

Lucía Trapote Reglero, University of Valladolid

Luis Ángel García Escudero, University of Valladolid

Agustín Mayo Íscar, University of Valladolid

Outliers are known to signi�cantly distort the results of many commonly used clustering
methods, often leading to unreliable cluster partitions. To address this issue, di�erent robust
clustering approaches have been developed that not only reduce the in�uence of but also
facilitate the detection of meaningful outliers. This presentation focuses on robust clustering
methods based on trimming, especially TCLUST, which extends the type of trimming used
by MCD in one-population problems to allow for di�erent subpopulations or clusters un-
known in advance. While TCLUST performs well on low-dimensional data, it struggles with
high-dimensional datasets due to the complexity involved in estimating a large number of
parameters. The Robust Linear Grouping (RLG) method o�ers an alternative by assuming
clusters lie near lower-dimensional subspaces, thus combining clustering with dimensionality
reduction. However, RLG has limitations when subspaces intersect and assumes simplistic
isotropic orthogonal errors. A robust clustering method extending TCLUST, which builds
on the High Dimensional Data Clustering (HDDC) method by including trimming and eigen-
value constraints, will be presented. This approach balances TCLUST and RLG, requiring
careful adaptation of TCLUST and HDDC steps for proper implementation. An extension
allowing for cellwise trimming will also be outlined.

References

[1] L. A. García-Escudero, A. Gordaliza, R. San Martín, S. Van Aelst y R. Zamar (2009),
Robust linear clustering, Journal of the Royal Statistical Society. Series B: Statistical
Methodology, 71(1), 301�318. DOI:10.1111/J.1467-9868.2008.00682.X.

[2] C. Bouveyron, S. Girard y C. Schmid (2007), High-dimensional data clustering, Compu-
tational Statistics & Data Analysis, 52(1), 502�519. DOI:10.1016/j.csda.2007.02.009.

[3] L. A. García-Escudero, A. Gordaliza, C. Matrán y A. Mayo-Iscar (2008), A general
trimming approach to robust cluster analysis, Annals of Statistics, 36(3), 1324�1345.
DOI:10.1214/07-AOS515.
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Functional Analysis Monday morning

Quasicomplemented subspaces in Banach spaces

Miguel Ángel Ruiz Risueño, UCLM

We review the classical theory about quasicomplemented subspaces of Banach spaces and
some of its applications to the geometry of those spaces. We also present several recent
results in that direction, especially in the context of Banach spaces with weak star separable
dual, some of which have been accomplished in a joint work with Mar Jiménez Sevilla and
Sebastián Lajara.

References

[1] V. P. Fonf, S. Lajara, S. Troyanski and C. Zanco, Operator ranges and quasicomplemented
subspaces of Banach spaces, Studia Math. 246 (2) (2019), 203�216.

[2] P. Hájek, V. Montesinos, J. Vanderwer�, and V. Zizler, Biorthogonal systems in Banach
spaces, CMS Books in Mathematics/Ouvrages de Mathématiques de la SMC, vol. 26,
Springer, New York, 2008.

[3] M. Jiménez-Sevilla and S. Lajara, Quasicomplemented subspaces of Banach spaces and
separable quotients, Results Math. 78 (6) (2023), paper No. 244, 24 pp.

[4] W. B. Johnson, On quasicomplements, Paci�c J. Math. 48 (1973), 113�118.

[5] J. Lindenstrauss, On subspaces of Banach spaces without quasicomplements, Israel J.
Math. 6 (1968), 36�38.
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Functional Analysis Monday morning

Interpolation of Banach spaces and uniform

homeomorphism of spheres

Giulia Fantato, Institute of Mathematics and Statistics, University of São Paulo

A Banach space is simultaneously a vector space and a metric space, which is why they are
usually clasi�ed by linear homeomorphisms, as these preserve both structures. A fundamental
question, however, is to what extent the metric structure already determines the linear one. In
other words, we are interested in classifying Banach spaces via non-linear homeomorphisms.

One approach is to study uniform homeomorphisms between the unit spheres of Banach
spaces. A central open problem in this direction asks: Is the unit sphere of every separable,
uniformly convex, in�nite-dimensional Banach space uniformly homeomorphic to the unit
sphere of ℓ2? This problem remains unsolved in general, though it has a positive answer for
Banach spaces with a lattice structure.

However, Daher [1] showed that the method of complex interpolation can be a powerful
tool in this context: under suitable uniform convexity assumptions on the boundary spaces,
the spheres of all interpolation spaces are uniformly homeomorphic.

References

[1] M. Daher (1995) Homéomorphismes uniformes entre les sphères unité des espaces
d'interpolation, Canadian Mathematical Bulletin, 38, 286�294.
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Functional Analysis Monday morning

Projective characterizations of Lindenstrauss and

Gurari�� spaces

Esteban Martínez Vañó, Universidad de Granada

The Hahn-Banach theorem is a cornerstone of Functional Analysis and the search for a
vector-valued version of this result leads to the concept of injective Banach spaces. However,
this class is quite restrictive. To extend the theory to a broader context, one can consider two
other classes of Banach spaces whose extension properties are related to �nite-rank operators:
L1 preduals and Gurari�� spaces. These classes can be characterized by speci�c projective
properties involving the classical notion of ideal and its (almost) isometric counterpart,
respectively.

Well-established generalizations of L1 preduals and Gurari�� spaces exist, namely κ injec-
tive spaces and spaces of (almost) universal disposition. A natural question is whether
these broader classes can also be described by analogous projective properties. The answer is
a�rmative and leads to the development of trans�nite versions of the concepts of (almost
isometric) ideals.

In this talk, we will describe these new trans�nite notions and explain how they charac-
terize the corresponding classes of generalized L1 preduals and Gurari�� spaces. Furthermore,
we will present constructions of examples that fall outside these classical types, which were
the original motivation for this new framework.
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A brief introduction to APEPs

Juan Guerrero-Viu, Universidad de Zaragoza

Extreme points play a fundamental role in the study of convex sets. In particular, they
provide useful information about the geometry and structure of the unit ball of Banach spaces.
Among them, denting points are especially signi�cant, as their existence characterizes the
Radon�Nikodým Property (RNP). Halfway between these two notions are preserved extreme
points which re�ne extremality while also reveal a rather better interplay with the RNP.

In this talk, we introduce a further weakening of this last concept: the notion of almost
preserved extreme point (APEP). We will de�ne this new class of points and present a com-
plete description of the APEPs of the unit ball in several classical Banach spaces, illustrating
the relevance and potential of this concept.

This is part of a joint work with Ramón J. Aliaga, Luis C. García-Lirola, Matías Raja
and Abraham Rueda Zoca.
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All Solid Rings

Jaime Benabent Guerrero, Universidad de Sevilla

We give an explicit characterization of all the solid rings, re�ning in this way a previous
work by Bous�eld and Kan in the 70s. As a consequence of our methods, we give criteria for
�nding the core of a ring and explicitly compute the core of some rings.
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The hidden geometry in the system Ax = b

Diego Alba Alonso, Departamento de Matemáticas, ETSII, Universidad de Castilla-La Mancha,
13071, Ciudad Real, Spain

Any system of m linear equations (with coe�cients in a �eld k) and n unknowns can be
thought as a matrix system Ax = b where A ∈ Matm×n(k) (is a m × n matrix with entries
in k), x ∈ Matn×1(k) and b ∈ Matm×1(k). It is a well known fact that the solutions of this
system form an a�ne manifold. However, there is another connection between the solutions
of this system and a�ne geometry which arises from the use of generalized inverses. In this
talk we will explore this connection.
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Understanding the Pedagogical Content Knowledge

behind the elaboration of an advanced algebra

textbook

Ignacio Duro Caballero, Universidad Complutense de Madrid

Eric Flores Medrano, Universidad Complutense de Madrid

Nuria Joglar Prieto, Universidad Complutense de Madrid

For decades, several studies have argued that mathematics teachers' knowledge is spe-
cialized�that is, qualitatively di�erent from the knowledge held by other professionals who
use mathematics and by teachers of other disciplines (Climent & Montes, 2022). Within
this specialized knowledge, a consolidated and central construct in mathematics education
research is Pedagogical Content Knowledge (PCK) (Shulman, 1986), which refers to elements
of teachers' knowledge about the mathematical content to be taught that go beyond the con-
tent itself. This domain includes aspects that may facilitate or hinder learning, as well as
speci�c tools, representations, and techniques used to support teaching (Star, 2023).

The aim of this talk�based on my Master's thesis�is to present a general framework of
elements of specialized knowledge that allows us to better understand the PCK of an expert
university professor. To this end, we propose a qualitative study, speci�cally an intrinsic case
study (Kvale, 1996), which o�ers an analysis of a mathematics textbook on Algebraic Equa-
tions authored by our subject of study and addressed primarily to third-year undergraduate
mathematics students. For this purpose, the Mathematics Teacher's Specialised Knowledge
model (Carrillo et al., 2018) will be employed, adopting an interpretative approach aimed at
identifying, organizing, and interrelating evidence of specialized knowledge mobilized by the
author in the process of writing the textbook found in analyzed text excerpts.
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ing. SAGE.
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A Control Theory for Monomial Dynamical Systems

over Finite Fields

Dennis Edgardo Quintano Villanueva, University of Puerto Rico, Mayagüez Campus

Omar Colón Reyes, University of Puerto Rico, Mayagüez Campus

An open problem in the theory of discrete dynamical systems is determining when a
system can be "stabilizable." These systems have applications in cellular automata, biology,
and engineering. Criteria for determining when a monomial dynamical system over a �nite
�eld is a �xed point system (FPS) have been previously studied. These results can be used to
determine when a monomial dynamical control system is stabilizable, meaning its behavior
can be in�uenced to achieve a desired goal. In this work, we present a family of control
systems that can be stabilized by applying linear algebra over �nite �elds and provide the
necessary conditions under which such systems, in general, can be stabilized. These �ndings
o�er a deeper understanding of stabilizability in discrete systems with potential applications
across multiple scienti�c and engineering disciplines.
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Di�erence equation for quasi-orthogonal polynomials

related to a general operator

Cristina Rodríguez Perales, Universidad de Almería, Spain

Galina Filipuk, University of Warsaw, Poland

Juan F. Mañas Mañas, Universidad de Almería, Spain

Juan J. Moreno Balcázar, Universidad de Almería, Spain and Instituto Carlos I de Física
Teórica y Computacional, Spain

The aim of this work is to obtain the second-order di�erence equation satis�ed by the
�rst-order quasi-orthogonal polynomials sn(x), given by

sn(x) = pn(x) + cnpn−1(x),

where pn(x) are the orthonormal polynomials related to the Hahn operator, and cn is a
sequence of real numbers. In order to achieve that, we begin by deriving the ladder operators
for the polynomials pn(x), which allow us to establish the second-order di�erence equation
for these polynomials and generalize some known results in the literature. Finally, these
results are illustrated for two speci�c families of polynomials: the quasi-Krawtchouk and the
quasi-little q-Laguerre polynomials.
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A general theory of nonlocal elasticity based on

nonlocal gradients

Guillermo García-Sáez, Universidad de Castilla-La Mancha

Bessel potential spaces have gained renewed interest due to their robust structural proper-
ties and applications in fractional partial di�erential equations (PDEs). These spaces, derived
through complex interpolation between Lebesgue and Sobolev spaces, are closely related to
the Riesz fractional gradient introduced by Shieh and Spector in [6, 7]. In [3], the equations
of nonlocal nonlinear elasticity based on those gradients are studied and related with the well-
known Eringen's model. Recently, a broader class of nonlocal gradients have been introduced
based on general kernels in [4, 5] that include the particular case of the Riesz fractional
gradient. In this talk we present the results obtained in [1, 2] in which we derive the equations
of nonlinear elasticity based on the nonlocal gradients for general kernels. Furthermore,
we perform a formal linearization of the equations to obtain the linear equations based on
those nonlocal gradients. We prove existence and uniqueness of solutions providing a general
nonlocal Poincaré and Korn's inequality using a traslation operator from the nonlocal Bessel
potential spaces to the classical Sobolev spaces. We also study the connection with the
Eringen's model in the most general setting and the localization of the equations for varying
horizons.
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The Power Series Method and Its Implementation

Using Automatic Di�erentiation

Paula Vázquez García, Universidade de Santiago de Compostela

Rodrigo López Pouso, CITMAga & Universidade de Santiago de Compostela

Francisco Javier Fernández Fernández, CITMAga & Universidade de Santiago de Compostela

The aim of this talk is to delve into the theoretical foundations of the well-known power
series method and its novel application to the lower and upper solutions method. To do so,
we develop two programs in Python. The �rst program enables the construction of the Taylor
polynomial of the desired degree for the solution of an initial value problem associated with
an ordinary di�erential equation, under the assumption that the given function is analytic -
a case in which the e�ectiveness of the power series method is ensured. The second program
addresses a boundary value problem of Dirichlet type associated with an ODE with a con-
tinuous given function. This program does not aim to approximate the solution, but rather
to prove its existence by constructing both a lower and an upper solution for the problem.
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Operations Research and Optimisation Monday afternoon

A centrality-based GRASP to the Perfect Awareness

Problem.

Cristian Pérez-Corral, Universitat Politècnica de València

The spread of information on social networks has been intensively studied across do-
mains such as politics, marketing, and health. Within this context, in�uence maximization
problems�aiming to identify a set of users (seeds) that maximize information reach�have
received signi�cant attention. We focus on the perfect awareness problem, a related challenge
that seeks the smallest set of seeds capable of making the entire network aware of speci�c
information. Prior approaches include metaheuristics [1], exact integer linear optimization
[2], and heuristics based on network topology [3]. In this work, we propose a Greedy Random-
ized Adaptive Search Procedure (GRASP) enhanced with a centrality-based heuristic. Our
method achieves results comparable to state-of-the-art approaches while o�ering an e�cient
and scalable solution.
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Mathematical optimization models for constructing

multiperiod self-amplifying subhypernetworks

Juan Francisco Ocaña Rivas, Universidad de Granada

Víctor Blanco, Universidad de Granada

Ricardo Gázquez, Universidad de Granada

Networks are a powerful tool to model systems composed of entities and their interac-
tions. Classical graph-based models, however, are inherently pairwise and fail to capture
multi-way relationships present in many real-world systems. Hypergraphs, by allowing hy-
perarcs connecting multiple nodes, provide a richer framework, crucial in contexts such as
chemical reaction networks, multi-agent systems, and production processes. Despite their
expressive power, hypergraphs remain comparatively underexplored from the combinatorial
optimization perspective.

In this work, we focus on the construction and analysis of self-amplifying subhypergraphs
within multi-directed hypergraphs, recently introduced in [2], using mathematical optimiza-
tion tools. These substructures, inspired by autocatalytic sets in chemistry [1, 3, 4] and Von
Neumann growth models in economics, formalize the idea of subsystems capable of sustain-
ing and amplifying themselves through internal interactions. To measure this phenomenon,
we employ the notion of the maximal ampli�cation factor (MAF), which quanti�es a hyper-
graph's capacity for self-sustained growth.

Building upon these ideas, the main contribution of this work is the development of new
mathematical optimization models for the multiperiod setting. We design discrete optimiza-
tion formulations, under di�erent modeling assumptions, to simulate the temporal evolution
of hypernetworks and identify self-amplifying substructures across multiple time periods.
These formulations range from nonlinear fractional programs related to generalized eigen-
value problems to mixed-integer linear and nonlinear programming models, allowing us to
capture both structural constraints and dynamical aspects. Additionally, we will discuss on
the stochastic nature of this type of networks and how to consider it into the mathematical
models that we propose.

Beyond their theoretical interest, these models have direct applications. They provide
tools for the visualization of higher-order network evolution and, in the case of chemical reac-
tion networks (CRNs), can incorporate kinetic information to study ampli�cation processes
relevant to questions on the Origin of Life [5].

Our approach highlights the interplay between discrete optimization, hypergraph theory,
and dynamical systems. The multiperiod perspective opens new directions for the system-
atic study of evolving hypernetworks, combining rigorous mathematical formulations with
application-driven insights.
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The total distance dominating set problem

L. Cruz, Department of Economics, Quantitative Methods, and Economic History, University
Pablo de Olavide, Spain

A.D. López-Sánchez, Department of Economics, Quantitative Methods, and Economic History,
University Pablo de Olavide, Spain

E. Barrena, Department of Economics, Quantitative Methods, and Economic History, University
Pablo de Olavide, Spain

Domination problems in graphs have been extensively studied over the past decades due
to their broad applicability in real-world scenarios. Speci�cally, the Minimum Dominating
Set Problem (MDSP)[1] aims to identify the smallest subset of nodes such that every node
not included in the subset is adjacent to at least one node within it. Practical applications
of this problem include service location, communication network design, and social network
analysis. However, the classical domination problem is de�ned on unweighted graphs and
does not consider the distances between dominating nodes and the nodes they dominate.
As a result, some solutions may include dominated nodes that are located far from their re-
spective dominating nodes, leading to ine�cient connections in terms of cost, time, or quality.

The Total Distance Dominating Set Problem (TDDSP) focuses on achieving a trade-o�
between minimizing the size of the dominating set and minimizing the sum of the distances
between the dominating nodes and the nodes they dominate. By considering both criteria,
this problem seeks to obtain higher-quality solutions that are more e�cient in practical ap-
plications.

The TDDSP is a bi-objective problem and, since the MDSP is NP-hard, the TDDSP is
also NP-hard. To solve it, a metaheuristic based on Variable Neighborhood Search (VNS)
[2] has been implemented. This procedure is design to overcome the issue of getting stuck in
a local minima by automatically changing neighbourhoods during the search.
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Counting Points on Genus 3 Superelliptic Curves

over Finite Fields

Francesc Pedret, Universitat Politècnica de Catalunya

Francesc Fité, Universitat de Barcelona

Xavier Guitart, Universitat de Barcelona

We focus on the classical problem of counting points on algebraic curves over �nite �elds.
The well-knownWeil conjectures, proven by Weil for curves and by Deligne for general abelian
varieties, show that the a priori in�nite problem of determining the number of points of a
curve C over all �nite �elds of a �xed characteristic p can be reduced to a �nite problem. More
precisely, the Zeta function of the curve at p, whose logarithmic derivative is a generating
function for #C(Fpn), turns out to be a rational function whose only unknown term is the
numerator, called the L-polynomial of C at p and denoted by Lp(C, T ). This motivates the
development of e�cient algorithms to compute Lp(C, T ).

In this talk, we describe a new practical algorithm to compute Lp(C, T ) when C admits
an a�ne model y3 = x4+ax2+bx+c or y2 = x7+ax5+bx3+cx. In particular, we are able to
compute Lp(C, T ) for all primes p up to some bound N with complexity O(N log(N)3+o(1)).
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Exact Autonomous Identities for the Sum of Primes

and the Prime-Counting Function

Adrián Macías Quintero, Universidad de Sevilla, Spain

We present new exact identities linking the prime-counting function π(n) with the sum of
primes

∑
p≤n p, derived from novel reformulations of Wilson's theorem. Our central result,

valid for n ≥ 4, provides the �rst completely autonomous closed formula that relates these
fundamental functions without requiring primality testing or precomputation:

∑
p≤n

p = π(n)− 2 +
n∑

i=2

[
(i− 1)!− i

⌊
(i− 1)!

i

⌋]
.

We further derive a second independent expression for
∑

p≤n p (valid for n ≥ 6) and
show how both identities lead to an independent derivation of the Hardy-Wright factorial
representation of π(n). This signi�cantly advances the classical theory by providing a uni-
�ed framework that connects additive and multiplicative aspects of prime numbers through
elementary combinatorial methods.

Beyond prime sums, we extend this approach to obtain novel exact autonomous formu-
las for prime reciprocal sums

∑
p≤n p

−k (k > 0), providing �nite counterparts to classical
asymptotic results of Mertens. These discoveries demonstrate that prime counting, prime
summing, and reciprocal relations all emerge from a common factorial structure.

Although computationally intractable for large n due to factorial growth, these identities
o�er substantial theoretical and pedagogical value by revealing new connections between
prime counting and summing functions within an elementary arithmetic framework.
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Polynomial bases and homomorphisms on

representations of the symmetric group

Aarón Ocampo Amaya, Universidad de Sevilla

This talk/poster is meant to show some original results based on well known contructions
in the �eld of representation theory. We intend for this presentation to be understandable
from an entry level point of view. We'll take the time to introduce the theory and motivate
the results; avoiding the more technical details. A summary of the presentation is now given.

Polynomial bases for representations of the symmetric group Sn have been studied ex-
tensively since the introduction of higher Specht polynomials [1]. These polynomials serve
as a nice way of both computationaly working with representations, as well as, showing the
fundamental combinatorial aspects underlying the theory of Sn representations.

The regular Specht polynomials can be constructed as a polynomial base for the irre-
ducible component Vλ in the space of polytabloids Mλ for each partition λ ⊢ n as in [2].
However, as these polytabloid spaces Mλ contain other irreducible components Vµ for µ ⊵ λ;
they must also contain polynomial bases for these other irreducible components. While sim-
ilar, these are di�erent from the higher Specht polynomials.

This work explicitly computes these other new polynomials, which turn out to be products
of the regular Specht polynomials and certain Schur polynomials. Multilplying by these Schur
polynomials, now gives homomorphisms of Sn-representations Vµ −→ Mλ.

We then use these results to compute homomorphisms between Sn- and Sn+1- represen-
tations, on some simple cases. These homomorphisms appear in the theory of FI-modules
introduced by Church-Ellenberg-Farb in [3]. While the main theory of FI-modules focuses
on studying stability on some representation sequences, we hope to expand this idea onto a
more general setting; that gives another interpretation of the "hook stability" portrayed in
[4].
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Phase retrieval by example

Jesús Illescas-Fiorito, UCM-ICMAT

Phase retrieval concerns the reconstruction of scalar-valued functions from measurements
in which only modulus information is available, a problem that arises naturally in many ap-
plied mathematics contexts. In this talk, we explore how the di�culty of this problem, when
formulated in the abstract setting of Banach lattices, changes dramatically when moving from
the real-valued to the complex-valued case. Our goal is to present these ideas with numerous
illustrative examples, as well as some open (and hopefully interesting) questions.

Joint project with Teresa Luque (UCM) and Pedro Tradecete (ICMAT).
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Unique Preduals in Banach Spaces

Mario Guillén, Universitat Politècnica de València

Pedro Tradacete, Instituto de Ciencias Matemáticas (ICMAT)

The problem of a Banach space admitting a unique predual is a fundamental problem in
functional analysis. This work explores this problem, with an emphasis on spaces of bounded
and holomorphic functions. We review the state of the art and present techniques such
as property (X) and L-embeddedness, which prove useful in establishing uniqueness. The
core of the talk focuses on the space H∞(D) of bounded and holomorphic functions on the
complex disk. After presenting the general existence of preduals, we revisit Ando's theorem of
uniqueness of predual of this space, �lling gaps left in the literature. We then extend Ando's
uniqueness theorem to the case where the domain is a disjoint union of simply connected
open sets. Finally, we discuss the obstacles that arise in an attempt to extend these results
to the higher-dimensional setting.
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Characterizing the boundedness of the segment

multiplier in rearrangement-invariant spaces

Miguel F. Barea-Fernández, Universidad Complutense de Madrid

Jan Lang, Ohio State University

Javier Soria, Universidad Complutense de Madrid

The segment multiplier and the Hilbert transform are two operators that have been
closely linked in the context of Lp spaces, where it turns out that they share the same norm
for 1 ≤ p ≤ ∞, being both unbounded at p = 1,∞ [2]. This fact leads to the following
natural question: do both operators always have the same norm?

To study this question, we focus on rearrangement-invariant spaces, a general class that
includes Lebesgue spaces, Orlicz spaces and weighted Lorentz spaces. In these spaces, the
boundedness of the Hilbert transform is characterized by a simple inequality involving a pair
of numbers associated to each space, called Boyd indices [1].

Actually, the answer to the question is negative: there exist spaces where the segment
multiplier is bounded but the Hilbert transform is not. Then, our next concern is if we can
give another simple condition, similar to that of the Hilbert transform, that characterizes the
boundedness of the segment multiplier.

In this talk, we introduce a method to obtain two modi�ed Boyd indices that give this
desired characterization, and show with some examples that it is strictly weaker than the one
for the Hilbert transform.
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When Mathematics Meets Emotions: A Fuzzy Logic

aproach to Human A�ective Processing

Amaia Gastearena Irigoyen, Universidad Pública de Navarra

The study of human emotions often involves complex, uncertain, and multidimensional
data. Traditional statistical approaches face limitations when modeling these types of phe-
nomena, where subjective perception and variability play a central role. In this work, we
present an application of fuzzy logic as a mathematical tool to model a�ective responses in
experimental settings.

The proposed methodology is developed within a Virtual Reality-based Behavioral Biomarker
(VRBB) framework, originally designed to analyze how di�erent sensory stimuli �such as
audiovisual and olfactory inputs�in�uence emotional states in virtual reality. Using fuzzy
sets and rule-based systems, we address the uncertainty inherent in human responses and gen-
erate interpretable models that capture relationships between inputs (stimuli) and outputs
(a�ective evaluations).

Our contribution highlights how fuzzy modeling�an approach rooted in fuzzy logic�can
both test prede�ned hypotheses regarding human a�ective processing and discover new fuzzy
rules emerging from data. This example illustrates the potential of mathematical methods,
showing how fuzzy logic�still rarely applied in psychology�can bridge experimental data
with expert-driven insights.
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Mathematical modeling and numerical simulation of

batteries

Eva Garijo Alcalde, Instituto de Matemática Interdisciplinar, UCM (evgarijo@ucm.es)

Juan Antonio Infante del Río, Instituto de Matemática Interdisciplinar, UCM

Benjamin Ivorra, Instituto de Matemática Interdisciplinar, UCM

Ángel Manuel Ramos del Olmo, Instituto de Matemática Interdisciplinar, UCM

Over the past few years, lithium-ion batteries have become a key technology for en-
ergy storage, proving highly useful in diverse applications ranging from portable electronic
devices to electric vehicles and large-scale storage systems. Accurate modeling of these bat-
teries is crucial to improving their performance, extending their lifetime, and ensuring their
safety. Various approaches exist for mathematically modeling lithium-ion batteries, includ-
ing electrochemical, equivalent circuit, and data-driven models. Each method has particular
characteristics and is applied in speci�c contexts.

This short talk presents the studies and results derived from work employing electro-
chemical models, which o�er a detailed description of the physical and chemical processes
occurring inside a battery [1]. These models consider phenomena such as ion transport, in-
tercalation/deintercalation reactions, and the formation of SEI (solid electrolyte interphase)
layers on the electrodes. One of the main advantages of electrochemical models is their ability
to o�er detailed insights into the internal behavior of the battery, making them ideal for the
analysis and optimization of cell and material design.

Some of their main features include high accuracy in representing internal phenomena,
balanced by the need for detailed knowledge of material parameters and properties. The
simulations presented here have been obtained using the solvers DandeLiion [2], a fast solver
for the Newman model, and COMSOL Multiphysics [3] for comprehensive multiphysics mod-
eling.
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Dynamic and numerical methods of average theory

with application in oscillator problems

Jorge Rodríguez Pérez, Universidad de Valladolid

This work aims to demonstrate various bounds for the di�erence between the solution of
a system of di�erential equation where two time-scales are present and its averaged system,
using a modern and rigorous approach. The concept of averaging is de�ned, and properties
of KBM functions are analyzed, establishing bounds for the di�erence between solutions
on a time scale of 1/ε. Additionally, UKBM functions are introduced to generalize results
to unbounded intervals. The theory of averaging for periodic functions is presented in its
classical version, studying a change of variables that transforms the original equation into the
averaged one, and generalizing to higher-order approximations. Finally, practical applications
are presented, such as the analysis of the Kapitza pendulum and the theoretical basis and
implementation of the of stroboscopic averaging numerical methods, which allow for the
e�cient integration of oscillator problems.
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Semi-Lagrangian Approach to Kinetic Models in

Plasma Simulations

Pietro Nardelli, University of Ferrara

Plasma is a gaseous state of matter consisting of charged particles, speci�cally electrons
and ionised atoms. In modern applied research, several lines of investigation focus on plasma
modelling, ranging from nuclear fusion to medicine and astrophysics. In this context, reliable
numerical methods are needed to provide accurate simulations. Due to the presence of ions,
the motion of plasma particles is governed by electromagnetic forces; moreover, they react
to external electric or magnetic �elds, changing the overall system behaviour. This complex
behaviour makes plasma challenging to simulate e�ciently.

In this work, we illustrate one of the methods employed in plasma simulations: the semi-
Lagrangian approach. The method relies on mathematical tools such as operator splitting [5]
and polynomial interpolation [4], and we present it here in the case of the one-dimensional
Vlasov-Poisson system [1], one of the most studied plasma models. Lastly, we assess the
performance of the semi-Lagrangian method with some standard plasma physics test cases,
speci�cally Landau damping and the two-stream instability [3][2].
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Perturbation of linear non-autonomous parabolic

problems in scales of Banach spaces

F. Javier Larcada, Universidad Complutense de Madrid

We present an abstract theory for perturbations of evolution operators of linear non-
autonomous parabolic problems on scales of Banach spaces, developing techniques to de-
termine in which spaces of the scale the problem has a solution and where it regularizes.
This theory can be applied to speci�c cases in scales of Bessel potential spaces and (uni-
form) Lebesgue spaces, addressing perturbations de�ned by interior potentials, boundary
potentials, or transport terms, where the spaces in which there is existence of solution and
regularization can be explicitly determined.

This is a joint work with Aníbal Rodríguez-Bernal (UCM).
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Some nonlocal models in population dynamics

A. Casado Sánchez, Universidad de Sevilla

M. Molina Becerra, Universidad de Sevilla

A. Suárez, Universidad de Sevilla

Let Ω ⊂ RN be a bounded open set, and let K ∈ C0(Ω×Ω;RM×M ). We study a class of
nonlocal problems that include an integral term of the form∫

Ω
K(x, y)u(y) dy,

where the kernel K models the in�uence of the values of u at distant points. Such operators
naturally arise in population dynamics, where u(x) may represent the population density
at location x, and the integral term accounts for the individuals moving from one point to
another across the habitat.

Our main objective is to establish the existence of nonnegative continuous solutions to
such systems using the method of sub- and supersolutions, following an approach similar to
that in [1], [2], and [3].

To this end, we construct suitable ordered bounds u and u and prove the existence of
a solution u satisfying u ≤ u ≤ u. A crucial part of the analysis involves the study of
eigenvalues.

Furthermore, we prove a strong maximum principle showing that, under suitable assump-
tions, any nonnegative solution must be strictly positive unless it vanishes identically. These
results extend classical tools from elliptic PDE theory to a nonlocal, vector-valued setting.

Finally, we present numerical simulations that illustrate the applicability of our theoretical
results.

References

[1] F. Li, J. Coville, X. Wang (2017), On Eigenvalue Problems Arising from Nonlocal Di�u-
sion Models. Discrete and Continuous Dynamical Systems, Volume 37, Number 2.

[2] J. Coville (2015), Nonlocal Refuge Model with a Partial Control. Discrete and Continuous
Dynamical Systems, Volume 35, Number 4.

[3] J. García-Melián, J. D. Rossi (2009), A Logistic Equation with Refuge and Nonlocal Dif-
fusion, Communications on Pure and Applied Analysis, Volume 8, Issue 6.

51



PDEs and Dynamical Systems Tuesday morning

Dynamic methods in non-autonomous di�erential

equations. Stability, bifurcation, and critical

transitions

Paula Martínez Morais, Universidad de Valladolid

This work studies the dynamics of non-autonomous equations from a topological and
ergodic perspective. Fundamental classical notions such as exponential dichotomies and their
persistence are compiled, as well as concepts of ergodic dynamics applied to non-autonomous
systems. Special attention is given to concave �ows in �nite dimensions, addressing recent
results related to stability phenomena, bifurcation, and critical transitions. These models,
of particular interest in applied contexts such as mathematical biology or climatology, allow
for the capture of relevant nonlinear behaviors in real systems. Additionally, numerical
simulations are presented that illustrate the analyzed phenomena and underscore their utility
for modeling and qualitative analysis in various branches of applied sciences.
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Control theory in �nite-dimensional spaces

First author, Miguel Trujillo Alés.

Tutor bachelor thesis, Diego Araujo de Souza.

The aim of this work is to give an introduction to control and stabilization theory in
�nite-dimensional spaces. It will be started exposing the basic concepts of controllability in
�nite-dimensional spaces. Throughout this �rst part, it is intended to apply these controlla-
bility concepts to di�erent types of control systems. First, it will be studied the controllability
of linear systems, for both autonomous and non-autonomous cases, with and without control
constraints. It will be also seen the controllability of non-linear systems, but only local re-
sults. The main idea will be to establish su�cient conditions that ensure the controllability
of nonlinear control systems. Finally, it will be also exposed the basic concepts of stabil-
ity/stabilization in �nite-dimensional spaces. Firstly, it is intended to apply these concepts
to autonomous linear systems and it will be seen the di�culties that emerge when one tries to
stabilize non-autonomous linear systems. It will be also studied the stabilization of non-linear
control systems, where the theory of Lyapunov functions will be useful.
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Topology Tuesday morning

Additivity of the crossing number under the

connected sum of knots

Cristina Gómez Cirera, University of Seville

Knot theory is the branch of Topology studying mathematical knots, which can be
intuitively described as a piece of rope that we tie and afterwards we glue its endpoints
together. This talk focuses on a long-standing classical Conjecture stating that the crossing
number is additive for the connected sum of knots. We introduce the concepts and ideas
needed to understand the Conjecture, and present some speci�c related results. In partic-
ular, we show how to prove the Conjecture for two families of knots: alternting knots and
torus knots, by following [4] and [2], respectively.
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Homotopic Distance: New (Co)homological and

Computational Invariants

Ángel Méndez-Vázquez, CITMAga & Universidade de Santiago de Compostela

Enrique Macías-Virgós, CITMAga & Universidade de Santiago de Compostela

David Mosquera-Lois, Universidade de Vigo

The homotopic distance is a unifying notion that generalizes classical concepts from al-
gebraic topology and topological robotics, such as the Lusternik�Schnirelmann category or
Farber's topological complexity. In this talk, we introduce new invariants that provide lower
bounds for the homotopic distance: the (co)homological distances, motivated by Fox's ho-
mological category. We study their main properties and illustrate their behavior with rep-
resentative examples. In particular, we establish results on cup-length and show that our
cohomological invariant sharpens previously known bounds in the literature.

We also present a computational approach that reformulates these ideas in the framework
of simplicial structures. Furthermore, we develop an algorithm, implemented in SageMath,
that allows us to compute this invariant for any triangulable space. This method not only
recovers the original invariant but also provides explicit coverings associated with it, a feature
that is especially valuable for practical applications.
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Topology of Complex Polynomials

Manuel García García, Student of the Universitat de València.

In this talk, we are interested in the study of the topology of complex polynomial functions
f : Cn −→ C. The points c ∈ C where f fails to be locally a trivial smooth �bration are
called atypical values. The problem of determining the atypical values of a given polynomial
remains open. Among the atypical values, one has the critical values, although some atypical
values may not be critical. In the literature, such atypical values are often referred to as
critical values at in�nity.

Since 1983, with the pioneering work of Broughton (see [1]), several regularity conditions
at in�nity have been introduced to ensure the non-existence of critical values at in�nity. In
this work, we review the most relevant regularity conditions and study their interrelations.
In particular, we provide answers to open questions posed by J.J. Nuño-Ballesteros and Lê
D�ung Tráng in [2].

References

[1] S.A. Broughton. On the topology of Complex Hypersurfaces. In: Invent. Math. 92.2 (1988),
pp. 217-241. DOI: https://doi.org/10.1007/BF01404452.

[2] D�ung Tráng Lê and Juan José Nunõ Ballesteros. A remark on the topology of
Complex Polynomimal Functions. In: Rev. R. Acad. Cienc. Exactas Fís. Nat. Ser.
A Mat. RACSAM 113.4 (2019), pp. 3977-3994. DOI: https://doi.org/10.1007/

s13398-018-0611-z.

56

https://doi.org/10.1007/BF01404452
https://doi.org/10.1007/s13398-018-0611-z
https://doi.org/10.1007/s13398-018-0611-z


Topology Tuesday morning

Function approximation with fractal structures

J. F. Cuevas Rodríguez, University of Almeria, Master's student, Almería, 04120, Spain

M. A. Sánchez Granero , University of Almería, Department of Mathematics, Almería, 04120,
Spain

J. F. Gálvez Rodríguez, University of Almería, Department of Mathematics, Almería, 04120,
Spain

The main goal of this talk is to introduce a framework for approximating and decompos-
ing functions using the idea of fractal structures. By �fractal structures,� I mean families of
coverings that are recursive and topologically re�ned. They provide a natural way to study
mathematical objects that are highly complex or irregular. One of the key advantages of this
approach is that it lets us de�ne approximation processes in very general topological spaces,
without having to rely on classical orthogonal bases like polynomials or sine and cosine func-
tions.

In the �rst part, I'll explain how to build the theoretical foundations for equipping a topolog-
ical space with a fractal structure. Along the way, I'll highlight some important properties,
such as irreducibility, the starbase condition, and the level separation property, or LSP. I'll
also touch on some broader notions, like prefractal structures and GF-maps, which give extra
�exibility to the framework.

After that, I'll introduce the central ideas of approximation functions and decomposition
functions. The main takeaway is that, under suitable conditions, just by choosing functions
at each level of a fractal structure, we can recover any continuous function on a compact space.

To make things a bit more concrete, I'll brie�y show how some classical results in topol-
ogy can be rephrased in terms of fractal structures. This isn't the main focus, but it helps
to see that the framework connects naturally with well-known theorems, and that it isn't an
isolated construction.

Finally, I'll move on to applications. I'll present two examples where fractal structures
prove especially useful. The �rst is in the modeling of investment strategies, speci�cally
Pairs Trading, where the multiscale nature of fractals helps to detect relationships between
�nancial assets. The second is in the rendering of coastal maps, where fractal structures are
very e�ective at describing irregular boundaries with great precision, such as those found in
geographic territories.
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Cohomology basis graphs on right-angled Artin

groups

Daniel Gómez Gutiérrez, University of Seville

Cohomology basis graphs is a recent tool that mimics the behavior of the Artin presen-
tation of right-angled Artin groups (also known as RAAGs) with other given presentations,
in order to study RAAGs when the Artin presentation is unknown and to hopefully retrieve
the original graph. We share advancements on the properties of these graphs related to the
problem of obtaining the Artin presentation from them.
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Spherical-type Artin-Tits groups: generalizing curves

in the n-punctured disc

Pablo Regalado García, University of Seville

Braids are one of the most studied groups within a much larger family, called Artin-Tits
groups, in the �eld of Geometric Group Theory. Its topological viewpoint as a mapping
class group allows us to obtain powerful results that can be conjectured to be true in a more
general setting, where the topology is no longer a tool for studying this family of groups.

In this talk, we will give an approach to Nielsen-Thurston classi�cation theorem for
mapping class groups and will focus on spherical-type Artin-Tits groups. We will discuss
how topological ideas from this classi�cation theorem can be generalized into purely alge-
braic objects and which de�nitions remain to be �translated� into algebra, focusing on the
Ribbon Conjecture for Artin-Tits groups and its relation to the topic.
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Algebraic �bring of the pure symmetric

automorphism group of a RAAG

Marcos Escartín Ferrer, Universidad de Zaragoza

The family of right-angled Artin groups (RAAGs) plays a central role in geometric and
combinatorial group theory. Given a simplicial graph, the associated RAAG is de�ned by
assigning one generator to each vertex, with commutation relations determined by the edges
of the graph.

Within the automorphism group of a RAAG, the pure symmetric automorphism group is
the subgroup generated by the partial conjugations. A group G is said to �bre if there exists
an epimorphism G → Z whose kernel is �nitely generated.

In this talk, I will describe a complete characterization of the �bering properties of pure
symmetric automorphism groups of RAAGs in terms of combinatorial features of the de�ning
graph. I will also explain how these properties are connected to the vanishing of the �rst
ℓ2-Betti number.
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Commensurators and Grigorchuk groups

Clara Skowronek Santos, Universidad Complutense de Madrid

Lately the class of groups which are totally disconnected, locally compact, simple and
compactly generated has gain importance. Some of the examples of groups in this class that
are already known are obtained as commensurators of pro�nite branch groups. In this talk I
will discuss the commensurators of two such groups, namely two of the Grigorchuk groups.
These groups are �nitely generated groups of rooted tree automorphisms, and their com-
mensurators are a generalization of their automorphism groups. I will describe the branch
structure of the two aforementioned groups, and I will introduce some key results about com-
mensurators�most notably, that there is an isomorphism between the abstract commensu-
rator of certain groups and their relative commensurators in the homeomorphism group of
the boundary of the tree, and that the commensurators of certain groups contain a Higman-
Thompson group. Finally, I bring together these results to compute the commensurator of
the two groups under consideration.
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Tobit �ltering for nonlinear networked systems: A

symmetric encryption framework

Shuo Yang, Harbin University of Science and Technology, China; University of Jaén, Spain

Jun Hu, Harbin University of Science and Technology, China

Raquel Caballero-Águila, University of Jaén, Spain

Antonia Oya-Lechuga, University of Jaén, Spain

In recent decades, the �ltering problem has garnered substantial attention owing to its
broad application prospects, which have given rise to numerous �ltering schemes developed
for diverse performance requirements. Notably, real engineering systems are normally charac-
terized by inherent nonlinearities [1], and thus signi�cant research e�orts have been directed
toward the design of �ltering algorithms for nonlinear systems. Furthermore, most studies
assume that the measurement outputs are transmitted under perfect conditions from the
sensors, which is unrealistic in practice, especially for low-cost devices. Intrinsic physical
limitations typically lead to censored measurements, which have become an increasingly key
focus in �ltering research [2]. On the other hand, the rapid development of network tech-
nology has resulted in information security being a critical research topic [3]. In particular,
eavesdroppers can infer sensitive system information by intercepting the measurement data
transmitted over a shared channel, thereby posing a serious security risk. Motivated by the
preceding discussions, the focus of this research is to propose a novel symmetric encryption-
based Tobit �ltering algorithm to ensure that the upper bound of the �ltering error covariance
is minimized at each time step, and the corresponding �lter gain is derived. Additionally,
a su�cient condition is provided such that the �ltering error is uniformly bounded in the
mean-square sense to evaluate the performance of the presented �ltering approach. Finally,
the e�ectiveness of the developed Tobit �ltering scheme is illustrated through a simulation
experiment.
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Morphisms of rewriting systems

Raúl Ruiz Mora, Universitat de València

Enric Cosme Llópez, Universitat de València

Universal algebra studies algebras relative to a signature and their properties without
specifying the nature of the structures. In particular, to relate algebras with di�erent sig-
natures, the concept of a derivor is useful, as it allows interpreting operation symbols from
the source signature as derived operation symbols in the target signature. Following this
construction we can de�ne morphisms between rewriting systems interpreting rewriting rules
from the source rewriting system as derived paths in the target rewriting system. In this
presentation, we introduce the concept of derivor and use it as a foundation to construct
morphisms between higher-order rewriting systems.
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Solutions to Nonlinear Di�erential Systems with

Nontrivial Components via Fixed Point Theory

Laura María Fernández Pardo, Departamento de Estatística, Análise Matemática e
Optimización, Universidade de Santiago de Compostela, 15782 Santiago de Compostela, Spain.

The main objective of this talk is to present su�cient conditions for the existence of
solutions to di�erential systems with nonlinearities having nontrivial components, using vari-
ous vectorial versions of Krasnosel'ski��'s compression-expansion �xed point theorem in cones.
The key idea behind these methods is to transform the existence problem into a �xed point
one.

The vectorial versions we employ apply to compact operators of the form T = (T1, T2)
acting on the product of normed spaces X×Y . Some of these versions are presented in [1, 2],
where conditions are imposed separately on each component. In addition, we will use a novel
version explicitly formulated in terms of norms.

As an advantage of these vectorial versions we can emphasize that they guarantee the
existence of a �xed point (x1, x2) ∈ X × Y such that ∥xj∥ > 0 for each j ∈ {1, 2}, which,
by identifying solutions as �xed points of a certain operator, ensures both components are
nontrivial (something not guaranteed by the classical Krasnosel'ski��'s �xed point theorem
[3]). Additionally, they allow applications to systems where one component exhibits expan-
sive behavior while the other is compressive, in contrast to the classical case.
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Periodic solutions of singular di�erential equations:

from the �rst result onward

María P. Armesto, Universidade de Santiago de Compostela

Singular di�erential equations have sparked the attention of several researchers due to
their appearance in problems with gravitational forces, electricity, intermolecular dynamics,
and so on. That singularity � a point in the domain where the function de�ning the di�eren-
tial equation tends to in�nity � often arises when modeling such phenomena. A compilation
of real-world examples where singular di�erential equations show up can be found in [3].

Both the Dirichlet and Neumann problems for singular di�erential equations have been
treated by many authors, and a multitude of existence and uniqueness theorems regarding
these boundary value problems were proved early in the literature. However, it was not until
1987 that the �rst result concerning the periodic boundary value problem was stated. These
results, given by Lazer and Solimini [2], provided the existence of periodic solutions � via
the method of upper and lower solutions � of the class of equations

x′′ ± g(x) = h(t), (1)

known as the Lazer-Solimini equations, where the singular function g is inspired by terms of
the form ±1/xp, p > 0. In this talk, we will review their proofs for both the attractive and
repulsive cases � with a positive or a negative singular term, respectively.

Following the work by Lazer and Solimini, some authors have been interested in its
possible generalizations, while others have studied di�erent singular periodic problems. This
talk focuses on some extensions of Lazer and Solimini's work: we will introduce, on the one
hand, some results weakening the regularity conditions on g and h in equation (1) and, on
the other hand, some results on the existence of bouncing solutions � non-classical solutions
allowed to touch the singularity � for equation (1). Some of these results can be found in
[1].
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Using the Frobenius Number to Determine the

Transient of non-linear boolean dynamical systems.

Mario Jacobo Motiño Palma, Mathematical Sciences Dept. Univ. of Puerto Rico, Mayaguez.

Arnaldo José Vera López, Mathematical Sciences Dept. Univ. of Puerto Rico, Mayaguez.

Eiver Rodríguez Pérez, Mathematical Sciences Dept. Univ. of Puerto Rico, Mayaguez.

Omar Colón-Reyes, Mathematical Sciences Dept. Univ. of Puerto Rico, Mayaguez.

Monomial Boolean discrete dynamical systems are mathematical functions used to model
discrete interactions in various contexts, such as networks and biology. Each such system can
be associated with a dependency graph, which describes how the variables are related to one
another. A key problem is, given a �xed-point discrete dynamical system f , to determine the
smallest positive integer t for which f t = f , that is, when the system stops changing state
after applying its dynamics t times. This number t is known as the transient of the system.
Normally, computing this transient requires testing all possible states of the system, which
can be complicated when many states exist.

The goal is, to directly relate the structure of the system (in particular, its dependency
graph) to its transient, so as to avoid exhaustive computation. We study a family of systems
whose dependency graph is formed by the union of three connected cycles of prime lengths.
Surprisingly, in certain cases, computing the transient is equivalent to �nding the Frobenius
number for three integers. By taking advantage of results by Tripathi, see [1], we were able to
obtain an explicit formula for determining the transient of a particular type of systems. Our
work o�ers a much simpler and more direct way to compute the transient from the structure
of the dependency graph.
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Bohnenblust�Hille inequality and applications in

learning theory

Isabel María Moreno Cuadrado, Complutense University of Madrid

Boolean functions, de�ned on the hypercube {−1, 1}n, play a central role in many areas
of mathematics and theoretical computer science. However, in many relevant situations, the
governing function is unknown: we do not have direct access to it, but only to a limited num-
ber of examples. This raises the fundamental problem of how to reconstruct or approximate
an unknown function from partial information. This is precisely one of the central questions
addressed in learning theory.

In this talk, we will discuss some analytical tools used to tackle this problem, such as
hypercontractivity and Blei's inequality. Building on these, we establish a discrete version of
the Bohnenblust�Hille inequality, a classical result in the analysis of Dirichlet series which,

in this context, provides precise control over the ℓ
2d
d+1 norm of the Fourier coe�cients of any

function de�ned on the cube, and hence over its spectral behavior.
Finally, we explore possible connections with open problems in quantum information

theory; in particular, with the Aaronson�Ambainis conjecture, a deep proposal that sets
fundamental limits on quantum advantage.
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Carleson's Theorem

Miguel Rodríguez Alegre, Universitat de Valencia

How could a Fourier series converge to its original function? Many convergence results are
demonstrated easily with Fourier analysis tools, such as uniform convergence, or convergence
in the L2([0, 1))-space norm. But what about pointwise convergence? Under certain assump-
tions, such as almost everywhere continuity for example, it is not hard to show that the
Fourier series converges pointwise almost everywhere to the original function. Nevertheless,
pointwise convergence with Lp([0, 1)) functions is much harder to handle. Carleson's cele-
brated theorem (1966) establishes this result 50 years after its conjecture. Its proof requires
some innovative techniques that became in�uential during the next decades, even though
they do not allow us to demonstrate problems that remain open today.
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Spinors, Möbius maps and spheres close to lightspeed

Alonso Diaz Uña, University of Seville

In special relativity, space-time events are elements of R4 whose coordinates (x, y, z, t)
are related by linear transformations from the Lorentz group L. One prediction is a length
contraction that all moving objects undergo in the direction of their movement. However,
their visual appearance is also distorted by optic illusions due to the �nite speed of light.
In [2], mathematical physicist Roger Penrose related the problem of determining this �nal
appearance with machinery from group theory and complex analysis. A modern treatment
of this argument can be found in [1]

We will identify our �eld of vision with a 2-sphere F ⊆ R4, and the outline of an object
as a curve C on it. We will introduce the 2-to-1 map Spin : Sl(2,C) → L, which will give us
an isomorphism L with PSl(2,C), the group of Möbius transformations. For a given Lorentz
map Λ in R4 relating observer and object, we will demonstrate that its action on F (where we
do not mean Λ|F , but the one induced from the e�ect of Λ on 'light rays' intersecting F ) will
coincide with the associated Möbius transformation fΛ on Ĉ ∼= S2, so that the transformed
outline C′ of the moving object can be analyzed from this fact. In particular, the property of
Möbius maps of preserving (generalized) circles will imply that spheres, however fast, always
show a circular outline, even if their surface appears contorted, making length contraction
invisible in their case.

At last, we will discuss brie�y the Terrell rotation e�ect reviewed in [2] and a recent
experimental realisation of this phenomenon, [4], that motivated this talk. The slides will be
expanded with geometrical visualizations done with Manim software.
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Discontinuous Galerkin approach for isogeometric

methods

Ángel Pita-da-Veiga, Departamento de Matemática Aplicada, Universidade de Santiago de
Compostela, 15782, Santiago de Compostela, España

Jerónimo Rodríguez, Departamento de Matemática Aplicada, Universidade de Santiago de
Compostela, 15782, Santiago de Compostela, España

Rafael Vázquez, Departamento de Matemática Aplicada, Universidade de Santiago de
Compostela, 15782, Santiago de Compostela, España

Isogeometric methods, based on spline functions, have emerged as a variation of the �-
nite element method, with the goal of integrating the geometry of the computational domain
directly into the basis functions used to discretize the underlying functional space. This ap-
proach facilitates the preservation of the de Rham diagram, which plays a fundamental role in
certain physics-based problems, such as those in electromagnetism. In this work, we consider
two sequences of de Rham complexes: the primal sequence, starting from the tensor-product
space of polynomials of degree p, and the dual sequence, beginning with polynomials of de-
gree p− 1, to ensure dimensional compatibility across the involved spaces.

Building on the fast method introduced in [1], we explore the extension of this formula-
tion to time-dependent problems involving multiple subdomains. We aim to obtain this gen-
eralization through discontinuous Galerkin techniques (see [2]) and frameworks inspired by
Friedrichs systems (see [3]). We present the derivation of the corresponding variational formu-
lation and provide numerical results illustrating the convergence properties of the method.
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Lipschitz Extensions in Fuzzy Metric Spaces: A

Generalization of the McShane�Whitney Theorem

Aurora Sánchez Martín-Orozco, Universitat de València

Jesús Rodríguez López, Universitat Politècnica de València

Enrique A. Sánchez Pérez, Universitat Politècnica de València

A classical problem in mathematics concerns the extension of functions de�ned on a subset
of a space to the whole space while preserving certain properties. In this work, we focus on
the McShane�Whitney theorem, which guarantees the extension of Lipschitz functions on
metric spaces without increasing their Lipschitz constant, and we explore its generalization
to the framework of fuzzy metric spaces, a setting designed to model imprecise data and
uncertainty.

Building on the construction of Jiménez-Fernández et al. (2021) [4], we develop a general-
ized version of the McShane�Whitney extension theorem in the fuzzy context. We illustrate
the theoretical results with explicit examples and propose a practical application: a fuzzy
Lipschitz regression model for predicting �sh catches in Mediterranean harbors using real
data.

This study aims to bridge the gap between the theoretical development of Lipschitz
extensions in fuzzy settings and their potential applications to real-world problems involving
uncertainty.
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Communication without Distortion:

Soliton Propagation in Nonlinear Media

Fernando Carreño-Navas, IMUS, Universidad de Sevilla.

Renato Alvarez-Nodarse, IMUS and Departamento de Análisis Matemático, Universidad de
Sevilla

Niurka R. Quintero, Departamento de Física Aplicada I, Escuela Técnica Superior de Ingeniería
Informática, Universidad de Sevilla.

Reliable communication requires the transmission of signals without distortion or loss of
information as they propagate through real media, which are inherently nonlinear, dispersive,
and dissipative.

A promising mechanism to achieve this is the use of solitons, localized wave packets that
preserve their shape and energy balance even in complex environments. In this work, we
address the question: under what conditions can two interlocutors establish a stable commu-
nication channel without information loss? To answer this, we study a modi�ed Nonlinear
Schrödinger (NLS) equation,

iϕt + ϕxx + 2|ϕ|2κϕ = re2itϕ⋆ − iρϕ,

which incorporates a dissipation term (−iρϕ) and a parametric forcing term (re2itϕ⋆) that
compensates for the energy loss. To model a broader class of media, we also introduce the
parameter κ, which modi�es the nonlinearity of the system.

We focus on the existence and stability of two types of solitons, ϕ+ and ϕ−, which di�er
only in their relative phase with respect to the external force, but exhibit drastically di�er-
ent propagation behavior. By combining analytical techniques, through the Sturm-Liouville
problem associated with the linearized equation, and numerical simulations, we determine
the stability regions in parameter space (r, ρ, κ) where solitons can exist and reliably carry
information. These results provide a theoretical framework about how information can be
transmitted in realistic physical media without degradation.
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A Brief Introduction to Computer-Assisted

Techniques in Analysis

Miguel M.G. Pascual-Caballo, Instituto de Ciencias Matemáticas

Computer-assisted proofs are, and will continue to be, a powerful tool for establishing
results that, for now, we do not know how to prove otherwise. In analysis, the mathematical
tool underlying these methods is interval arithmetic. In this talk, we will present its basic
principles as well as some of the types of arguments that can be carried out with it.
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Global Regularity for the 2D Navier�Stokes Free

Boundary Problem

Paula Luna-Velasco, Universidad de Sevilla-Universidad de Granada.

Francisco Gancedo, Universidad de Sevilla

Eduardo García-Juárez, Universidad de Sevilla

The Navier�Stokes equations describe the motion of incompressible �uids and remain a
central source of challenging mathematical problems. In this talk, I will present new results
on the two-dimensional free boundary problem for two immiscible �uids. We prove global-
in-time well-posedness in the setting of nonnegative density and establish the persistence of
the natural C1+γ regularity of the interface under sharp assumptions on the initial velocity.
In addition, we extend the analysis to the case of density-dependent viscosity, showing global
regularity when the viscosity contrast is small.
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The phenomenon of quenching in a system with

non-local di�usion

Sergio Junquera, Universidad Complutense de Madrid

José M. Arrieta, Universidad Complutense de Madrid, ICMAT

Raúl Ferreira, Universidad Complutense de Madrid

Di�usion models appear in multiple sciences such as biology, physics or even economics.
They come up naturally as a broad class of natural processes, like the transport of matter due
to random molecular motions. The most common di�usion operator in dynamical systems is
the laplacian ∆, which is derived from Fick's laws and leads us to the local di�usion model
ut = ∆u. It is called local di�usion because this model only considers the possibility of the
particles moving very short distances in each instant of time. However, there can be more
than that. There are other phenomena, such as the propagation of a pathogen, in which
the particles could jump long distances in each instant of time thanks to various means of
transport. We call this non-local di�usion and it is modeled by di�erent operators, such as
those of the type J ∗ u− u, where the kernel J is a density function of the probability of any
jump happening, see [AMRT]. The most famous non-local operator is the fractional laplacian
(−∆)s, which has by itself spawned a whole array of literature such as [P].

The phenomenon of quenching in a dynamical system consists of the explosion of the
velocity of the solution while the solution itself remains bounded. It was �rst assessed by
Hideo Kawarada in 1974 for the equation ut = uxx+(1−u)−1, where it happens whenever the
solution reaches the value u = 1, see [K]. The phenomenon of quenching appears naturally
in physical models such as the nonlinear heat conduction in solid hydrogen, see [R], or the
Arrhenius Law in combustion theory, see [CK]. It is for this reason that quenching has been
the subject of numerous studies since Kawarada's paper, as seen in the surveys [C, L1].

The aim of this talk is to speak about our study of a system of equations with weakly
coupled singular absorption terms and a non-local di�usion operator of the type convolution
with a smooth kernel and the quenching phenomena that arises. First we will o�er a suitable
introduction to the non-local di�usion operator and the quenching phenomenon so that the
talk can be followed by anyone interested but without prior knowledge on these topics. Then
we will show our results about the system, which tackle the appearance of stationary solu-
tions, the quenching rates of both components, the possibility of both components presenting
quenching at the same time and the added di�culties this problem presents with respect to
the single equation with non-local di�usion studied in [Fe1].
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grant from Ministry of Science, Innovation and Universities of Spain.
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Revisiting Hadwiger's Theorem: A more accessible

proof

Jorge Santiago Ibáñez Marcos, Universidad Complutense de Madrid (UCM)

Pedro Tradacete, ICMAT

Ignacio Villanueva, UCM

Let Kn denote the set of convex, compact sets of Rn. We say that a mapping V : Kn → R
is a valuation if it satis�es the additivity property:

V (K) + V (L) = V (K ∪ L) + V (K ∩ L)

whenever K,L,K ∪ L ∈ Kn. Hadwiger's classical theorem states that any continuous,
translation-invariant, and n-homogeneous valuation on Kn must be a multiple of the vol-
ume. This result is a cornerstone of the theory of convex geometry and valuation theory with
broad applications [1].

The theorem has traditionally been proved using tools from measure theory and the
theory of valuations. In this talk, we present a new proof based on a counting argument
and on the automatic continuity theory, a powerful framework for analyzing the continuity of
algebraic structures. By applying these tools, we are able to provide a more direct proof that
avoids some of the more advanced machinery typically involved in the traditional approach.
Our method also leads to a more accessible understanding of Hadwiger's theorem, requiring
less background in measure theory or valuation theory. Furthermore, our proof allows us to
extend the theorem by showing that the volume is the unique valuation satisfying weaker
conditions.
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A discrete approach to functional Zhang's inequality

Julia Sánchez-Loscertales, Universidad de Zaragoza

Zhang's inequality states that among all convex bodies K ⊆ Rn, the a�ne invariant
quantity |K|n−1|Π∗K|, where Π∗K is the polar projection body of K and | · | denotes the
Lebesgue measure, is minimized when K is a simplex.

In 1998, Gardner and Zhang [5] gave a new proof of Zhang's inequality, using an extension
of Berwald's inequality [4], which is a reverse Hölder inequality for concave functions.

In 2020, Alonso-Gutiérrez, Bernués and González Merino [1, 2] proved a functional version
of Zhang's inequality for log-concave functions and Alonso-Gutiérrez, Lucas and Martín Goñi
[3] obtained a discrete version (for the lattice point enumerator measure) of Zhang's inequality.

In this talk, we will adapt the previous results to the discrete setting in the functional
context.
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Some topics on the Lp Brunn Minkowski Theory

Matheus Resende Guedes, Universidad de Sevilla

The Brunn�Minkowski theory lies at the heart of convex geometry, connecting volume,
set addition, and a�ne invariants. Its Lp-extension, initiated by Firey [1], generalizes the
Minkowski sum by combining support functions by their p-mean, has led to a rich �eld of
discoveries, including Lp analogues of the Busemann�Petty centroid inequality and the Petty
projection inequality [2]. The aim of this talk is based on our work over the past year
exploring some of these ideas, in particular Lp versions of classical operators such as centroid
and projection bodies, as well as generalizations of the covariogram function.
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Loomis-Whitney type inequalities

Beatriz Marín Gimeno, Universidad de Murcia

Given K ⊆ Rn, a convex body (a convex and compact set with non-empty interior),
we can bound its volume by the volume of the box whose edges have lengths equal to the
volumes of the projections of K onto the coordinate axes. Using this idea, in 1949, Loomis
and Whitney proved, by approximating sets with boxes, that

|K|n−1 ≤
n∏

i=1

|Pe⊥i
K|

where | · | denotes volume, and Pe⊥i
K denotes the projection of K onto ⟨ei⟩⊥. Later, Bollobás

and Thomason generalized the previous result to the volumes of projections of convex bodies
onto other subspaces. Dual results to the above provide lower bounds for the volume of K,
in which projections are replaced by sections.

The aim of this talk is to present the classical results known of this type, as well as
more recent ones that are considered local in nature for projections, and certain results that
improve upon the existing ones in the case of sections.
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Formal Proof through Type Theory

Federico Cabrera Linares, Autonomous University of Madrid

Type theory lies at the intersection of logic, computation, and the foundations of math-
ematics. It provides a framework in which propositions correspond to types and proofs to
terms, o�ering both a foundation for constructive mathematics and the basis of modern proof
assistants. This talk will introduce the core ideas of type theory following the early chapters
of Type Theory and Formal Proof, aiming to present its motivations, basic constructions,
and its role in contemporary logic and computer science.
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Proof Theory for Provability Logics:

A Uniform Approach

Borja Sierra Miranda, University of Bern

Proof theory is the branch of Mathematical Logic whose main object of study is the
concept of proof. Provability logics are formal reasoning systems which allow us to derive
general results about the concept of proof formalized inside a mathematical theory, such as
Peano Arithmetic or Set Theory.

In the recent years, a new tool has been added to the toolkit of the proof theorist. This
is the use of non-wellfounded proofs, i.e., proofs whose chain of reasoning does not need to
start at anypoint and may be in�nite. Originally, non-wellfounded proofs were not designed
to be used with provability logics. Nevertheless, in [1] and [2] it was proven that they could
be used to provide simpli�ed proofs of previously known results and develop new results for
the logics GL (Gödel-Löb logic), Grz (Grzegorczyk logic) and wGrz (weak Grzegorczyk logic).

In this talk we will present a generalization and extension of the results of [1] and [2]
covering more provability logics. Particularly, we will brie�y talk about a simpli�ed proof
of cut elimination (a fundamental concept in Proof Theory) that can be done uniformly
in multiple provability logics ([3]) via non-wellfounded proofs. If time allows, we will also
talk about new results in the direction of uniform/Lyndon interpolation ([4], [5]) that have
been proven via the use of non-wellfounded proofs. One of the curiosities of these results is
that some of them have been tried to be solved via the use of semantical or wellfrounded
proof-theoretical methods for a while without any success.
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Proof Mechanization: topological and algebraic

methods towards the automatic development of

mathematical proofs

Villar Ortega, Javier, Universidad de La Rioja

The work of Per Martin-Löf on the development of functional programming languages
that could be used to model the syntax of mathematical proofs has yielded a vast �eld of
study, as it provides a way to interpret mathematical reasoning as a process susceptible
to be computerized. That is, were we to be able to translate mathematical proofs into a
programming language, through the Curry-Howard Correspondance, we would be able to
employ the compilers of such languages as evidence of the veracity of the proofs.

Recent developments, such as the apparition of Homotopy Type Theory as a �eld of study,
have propelled the goals of the program towards both proof assistants, that is, programming
languages with the capabilities described above; and the process of certi�cation of programs,
that is, through the inverse problem, employing mathematical reasoning to prove the validity
of computer code for solving formally speci�ed tasks.

This program is best exempli�ed through initiatives such as the Univalent Program,
that aims to propose a homotopically-inspired new system of foundations for Mathematics,
more compatible with proof assistants; the Xena Project, a collaborative initiative to make
proof assistants more widely employed; and the ambitious project, led by Kevin Buzzard,
to provide a fully veri�able proof of Fermat's Last Theorem. These projects have involved
many mathematicians in a collaborative endeavour to mechanize the proofs of vast swaths
of Algebraic Number Theory, the computer-assisted development of new proofs for classical
results, and the �nding of several intractable errors to be corrected in classical proofs.

The development of large language models in past years has also sparked a di�erent
trend: that of developing automated agents, able to provide mathematical proofs. While
the developments employing general commercially available models, for tasks such as solving
Olympiad-level problems, has been rapid, two exciting propositions stem from combining
these attempts with a Type Theory driven approach: the development of language models
able to produce code in these formalization languages, such as Agda or Lean, so that the
compiler could provide a barrier against an automated agent providing hallucinated believable
false arguments; and the development of dictionaries of proofs that could be easily searched,
for agents to pull technical lemmas from them, facilizing the search for relevant already
available theory.

In this short talk, we present a summary of di�erent lines of work towards the achieve-
ment of automated agents able to satisfy these goals, and how the theory of the involved
programming languages de�nes and measures the limits and obstacles of these proposals.
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Measuring the strength of the theory ECA0 via the

Π1
2-norm

Anton Fernández Dejean, TU Vienna

A theory is a collection of formulas given by the logical consequences of its axioms. For
example, the well-known PA, Peano Arithmetic, is an axiomatization of natural numbers with
sum and multiplication. From simple axioms ruling the behaviors of those operations (e.g.,
x+ 0 = 0), we can derive the theorems of PA by applying the usual rules of �rst-order logic.
Our focus will be on ECA0, a weak subtheory of second-order arithmetic. Hence, we work
with two kind of variables: ordinary variables x for natural numbers and set variables X
for sets of natural numbers. Typically, subtheories of second-order arithmetic extend PA by
adding axioms stating which sets of natural numbers are assumed to exist.
Historically, questions such as �How strong is a theory?� have motivated the research of many
logicians. In particular, in Proof Theory, the �eld of Mathematical Logic that studies formal
proofs as mathematical objects, logicians have developed the branch of ordinal analysis, that
classi�es theories according to some of their consequences (see [2] for an overview). Recently,
this has been extended to the study of the Π1

2-norm of a theory, that measures the Π1
2-

consequences (i.e., the theorems of the form ∀X∃Y ϕ(X,Y ) where ϕ does not contain any
quanti�er over set variables) through an object called dilator, which extends ordinals in a
structured way (see [1]).
In this talk, we will introduce the theory ECA0 and the proof-theoretic notion of a dilator,
and we will show how to compute the Π1

2-norm of ECA0. The proof avoids hard notions of
Proof Theory and mainly relies on structural and combinatorial concepts.
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Idempotent elements of the group algebra

Vicent Miralles Lluch, Universitat Politècnica de València

This talk focuses on the calculation of centrally primitive idempotent elements of the
group algebra over �nite �elds. These elements are fundamental, as they allow the algebra to
be decomposed into blocks, each generated by one of these idempotents. Thus, they provide
a complete description of its structure [1]. Since many results in representation theory rely
on the assumption of an algebraically closed �eld, we introduce the concept of a splitting
�eld for a group [2], which generalises this notion. We then explore how the Galois action on
the group algebra over a splitting �eld provides a method for obtaining these idempotents
from the original �eld [3].
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Automorphisms of Evolution Algebras and their

Permutation Representations

Pedro Mayorga Pedraza, Universität Bonn

Evolution algebras are a kind of �nite dimensional non-associative algebras �rst appearing
in the �eld of non-Mendelian genetics. In this talk we are going to discuss some topics relating
their automorphisms groups. For the special case of an idempotent evolution algebra, an
algebra X with X2 = X, combinatorial tools can be applied. In this way, we will show that
said automorphisms group is always �nite, following [1]. Then, as original work, following [2],
we study some permutation representations, which are morphisms Aut(X) → Sn. For the
most natural permutation representation of the automorphisms group we prove that some
restriction appear on the possible images of the representation. We show that highly transitive
proper subgroups of Sn can not appear as this image. In addition, we construct another
permutation representation, the representation on natural idempotents, which satis�es that
any permutation group is realizable through it. This is joint work with Cristina Costoya and
Antonio Viruel.
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From Sylow to Hall: Extending Fusion Theory and

Exploring Subnormalizers

Luis Pablo Colmenar, Universitat de València

Alexander Moretó, Universitat de València

Noelia Rizo, Universitat de València

In �nite group theory, there exists important results which are formulated in terms of
Sylow subgroups and are proved using the classical Sylow theorems. Whenever such results
appear, it is natural to ask whether their statements can be extended or generalized. One
natural direction involves replacing Sylow subgroups with Hall subgroups. In this talk, we
will explore how a well-known result by Wielandt serves as a powerful tool for this purpose.
We will present two main applications: one related to Alperin's fusion theorem, an essential
result in the study of fusion in �nite groups, central to tackling local-global problems, and
another involving a less familiar concept, the subnormalizer, primarily investigated by Carlo
Casolo. The latter connects with new conjectures in character theory and o�ers new insight
into the interaction between group structure and representation theory.
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G-kernels on Operator Algebras

Marina Polo Rodríguez, KU Leuven

This poster presents key ideas from my Master's thesis on the theory of G-kernels on
operator algebras. A G-kernel is de�ned as a group homomorphism α : G → Out(A) =
Aut(A)/Inn(A) from a group G into the outer automorphism group of a C∗-algebra A. The
gauge symmetries of a system, which are considered redundant from the perspective of ob-
servable physical properties, correspond to the inner automorphisms of the algebra describing
the system. Consequently, the elements of Out(A) represent the non-redundant symmetries
of the system, making the study of the outer automorphism group crucial for physics.

Every G-kernel is associated with a crucial cohomological invariant, its lifting obstruction,
an element inH3(G,U(Z(A))). A central focus is the realization problem: given a �nite group
G and a cohomology class in H3(G,T), can one construct a G-kernel on a UHF-algebra
(inductive limits of matrix algebras) with this obstruction?

We explore Izumi's conjecture, which provides a necessary and su�cient condition for such
realizations in terms of the order of the obstruction and the supernatural number de�ning the
UHF-algebra. In particular, we outline the proof of the conjecture for �nite abelian groups.

Additionally, we discuss how the existing constructions that realize these kernels, such as
Connes' construction for cyclic groups, can be understood as AF-actions, which are actions
de�ned via compatible sequences on �nite-dimensional algebras.
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Integration methods in Banach spaces

Lucía Castán Anglada, Complutense University of Madrid

This talk provides a historical overview of the evolution of integration theory from its
origins to the present. In the 19th century, mathematicians sought a rigorous de�nition of
the integral for scalar-valued functions. Cauchy initiated the idea through approximations
with �nite sums and Riemann and Darboux formalized these notions, leading to the Riemann
integral. However, it showed important limitations, and Weierstrass' attempts to extend it
were insu�cient. The view of the integral as an �area� led to the development of measure
theory. Jordan proposed a measure which lacked of countable additivity and Borel re�ned the
idea with stricter conditions, but restricting to fewer sets. Lebesgue uni�ed these approaches,
creating his measure and the Lebesgue integral.

The next challenge was extending integration to Banach space�valued functions. The
Riemann integral could be adapted, but with signi�cant losses of classical properties. In the
case of Lebesgue, the extension gave rise to the Bochner integral, which is de�ned as the limit
of integrals of approximations by simple functions, preserving key theorems like dominated
convergence while failing to satisfy others, such as the Radon�Nikodym theorem.

Interest then shifted to broader spaces beyond Banach, introducing topological vector
spaces and quasi-Banach spaces, where major theorems hold in this context, such as the open
mapping theorem, while others fail, like Hahn�Banach. The talk will �nish studing su�cient
and necessary conditions that guarantee the extension of Riemann and Bochner integrals and
discussing whether an optimal integration method can be de�ned in such general spaces.
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An Introduction to Nonstandard Analysis: Where

In�nitesimals Truly Exist

Marc Ventura, Universitat de València

The use of in�nitesimal and in�nite numbers in mathematics dates back to the origins
of calculus. It was not until the 1960s that Robinson [1] provided a rigorous foundation
for these ideas through Nonstandard Analysis (NSA). Instead of treating in�nitesimals as
vague notions, NSA constructs a precise number system extending the real numbers, known
as hyperreal numbers. While often associated with model theory, there is a more intuitive
algebraic approach: the hyperreal numbers can be built explicitly using ultraproducts (see
[2]). This talk provides an accessible introduction to NSA for functions of a single real
variable, covering constructions, the extension of sets and functions, and the characterization
of limits and derivatives through in�nitesimals. A central feature of NSA is the Transfer
Principle, which allows many properties of the real numbers to carry over naturally to the
hyperreals. We will also brie�y discuss, with examples, how nonstandard methods can be
applied in advanced contexts to prove new results or simplify existing proofs.
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Dirichlet's Theorem: Primes in arithmetic

progressions

Lorenzo María López Domene, University of Alicante

In 1837, Dirichlet proved the existence of in�nitely many primes in arithmetic progressions
{a+ nq}n with gcd(a, q) = 1, thereby con�rming a conjecture of Legendre and inaugurating
analytic number theory. In this talk, we will introduce the central objects involved in Dirich-
let's argument and present a streamlined variation of his original proof, which preserves its
essential ideas while making them more transparent.
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Tensor-Triangular Geometry

Javier Herrero Cañedo, University of Bonn

Triangulated categories are a ubiquitous structure in geometry, topology and representa-
tion theory. It is often the case that these categories admit a symmetric monoidal structure
compatible with the triangulated structure, giving rise to the notion of tt-categories. In [2],
Balmer de�nes the spectrum of a tt-category, a construction that resembles the Zariski spec-
trum of a commutative ring. This framework allows one to apply algebro-geometric methods
in diverse contexts such as homotopy theory or modular representation theory.

In this talk, we will introduce the notion of tt-categories and present some fundamental
examples: the derived category of a commutative ring and the stable category of a �nite group
in modular characteristic. After de�ning the notion of Balmer spectrum and its universal
property, we will illustrate the theory by computing this spectrum in the aforementioned
examples.
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The �xed point index sequence and Shub's conjecture

Alejandro Moreno Becerra, Universidad Complutense de Madrid

The �xed point index of a C1 map f between manifolds is the topologycal degree of id−f .
This index can be studied for fn, resulting in a sequence whose growth was shown in [1] to
be related with the number of periodic points of f .

Shub's conjecture addresses precisely the relation between the growth rate of this index
sequence and that of the number of periodic points. In particular, one asks whether

lim sup
n→∞

1

n
log |ind(fn)| ≤ lim sup

n→∞

1

n
log(#Fix(fn))

holds. This question remains widely open in dimension two and higher. In this talk, we will
analyze certain examples in dimension two where f preserves a foliation, provide a global
overview of the most signi�cant results on the subject, and present some new contributions
of our own.
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The Bundle-Theoretic Structure and Computational

Modeling of Quantum Contextuality

Sahil Imtiyaz, Basque Center for Applied Mathematics, Bilbao, Spain

Non-locality and contextuality are core non-classical features that enable quantum speedups
and advantages. Contextuality underlies entanglement and powers the second quantum rev-
olution. Abramsky and Brandenburger showed that contextuality corresponds exactly to
obstructions to global sections, enabling a topological, sheaf-theoretic passage from local to
global [2]; further generalizations arise via graphs, hypergraphs, algebraic topology, and prob-
ability. Our work [1] gives a geometric generalization of [2] via �ber-bundle/gauge theory. The
Hilbert-space-independent framework of evolving simplicial bundles formalizes local�global
collaboration. The bundle's gauge group quanti�es non-locality/contextuality�a semidirect
product of the �ber's symmetry group and the base space's fundamental group�representing
the base as a simplicial complex (by covering-space theory) in line with Grothendieck�Galois
principles. We associate empirical models with explicit simplicial approximations of the base
and introduce a strong collapse (discrete Morse theory) where non-contractible cycles ap-
pear as critical simplices and non-trivial cycles as transient virtual loops; their existence
quanti�es non-locality/contextuality. Topology constrains polyhedral symmetries: local con-
sistency = local symmetry-preserving transformations; global consistency = invariant loop-
transformations (possibly via permutations) yielding global symmetry-preserving moves. We
apply this to Hardy, Bell, GHZ, PR boxes, Kochen�Specker, KCBS, Svetlichny, Liar cycle,
and tetrahedron models, distinguishing logical/possibilistic non-locality (Hardy) from strong
contextuality (Kochen�Specker). We also sketch a topologically driven computational model
beyond the Turing paradigm, grounded in the topological �eld theory of data [3] and our
prior work [4, 5].
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Algebraic Geometry and Number Theory Wednesday afternoon

Eisenstein degeneration of Beilinson�Kato classes

Javier Polo, Universidade de Santiago de Compostela

Óscar Rivero, Universidade de Santiago de Compostela

In this talk, I will present joint work with Oscar Rivero, where we investigate the Euler
system of Beilinson�Kato elements in families passing through the critical p-stabilization of
an Eisenstein series. Within this framework, we establish an explicit link with the system
of circular units, making use of factorization formulas in a setting where several p-adic L-
functions vanish.
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Algebraic Geometry and Number Theory Wednesday afternoon

The (classical) Riemann�Hilbert correspondence

Ángel Molina Navarro, Universidad Complutense de Madrid

The (classical) Riemann�Hilbert correspondence establishes a surprising relation between
solutions of ordinary di�erential equations on a complex domain and representations of the
fundamental group of that domain.

In this talk, we will review this well-known correspondence and discuss its extension to
higher-dimensional complex manifolds, especially in the context of moduli spaces and non-
abelian Hodge theory.
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Microlocalization and derived categories

Alfonso Márquez Martínez, Universidad de Sevilla

Microlocalization is a useful operation in the theory of D-modules, studied by Sato and
fully developed by Kashiwara and Schapira in [1]. Despite its construction being fundamen-
tally analytic, there have been attemps to generalize it to an algebraic context, such as [2].
There, the authors de�ne algebraic microlocalization of a �ltered module over a ring with
respect to an Ore set of the base ring.

One of my PhD goals is to generalize such construction, developing an algebraic microlo-
calization functor of sheaves of quasi-coherent modules over a scheme, under certain �niteness
assumptions. The aim of the talk is to present the �rst steps in such path, as well as a short
introduction to the topic.
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Rational homotopy theory

Hugo Labella, Universidad Complutense de Madrid

This talk is based on the author's Bachelor's thesis. In it, an overview of the tools nec-
essary to construct rational spaces, as well as the basic concepts of the homotopy theory of
commutative di�erential graded algebras is given. After this, a functor that assigns to every
topological space a graded commutative di�erential algebra is constructed, from this algebra
all the information of the rational homotopy type of the space can be extracted. This is done
using the original ideas of Sullivan, using polynomial forms in an analogy with the de Rham
complex of a di�erentiable manifold.

We prove this functor induces an equivalence of categories between a (properly con-
structed) homotopy category of graded commutative di�erential algebras and the usual ho-
motopy category of rational spaces. Using this ccorrespondence we prove by simple calcu-
lations results about the non-torsion componets of the homotopy groups of spaces such as
spheres or complex projective spaces.
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Orbifolds and symmetry groups

Pedro Fidalgo Martínez, Universidad de Valladolid

The concept of orbifold was popularized by Thurston [4] and generalizes the concept
of manifold. Instead of being locally Euclidean, orbifolds are locally homeomorphic to the
quotient of an open set of Rn by a �nite group of automorphisms. This allows these objects
to have well-de�ned singularities.

Following Conway's ideas [2] we can classify the 17 wallpaper groups using orbifolds. To
achieve this we will de�ne the orbifold Euler characteristic χorb, which will be calculated using
the orbifold signature and Conway costs. Conway's so-called magic Theorem is the key: it
states that orbifolds of the form R2/G, with G being crystallographic, satisfy χorb(R2/G) = 0.
It turns out that there is a one-to-one correspondence between the wallpaper groups and the
orbifold signatures with zero χorb. For a good summary on this topic see the paper by
Conway [1] or [3].

Moreover, we can classify the space point groups G using the same strategy. Now we have
χorb(S2/G) > 0. Further generalizations can be achieved with the frieze groups, the plane
hyperbolic groups or the space crystallographic groups.
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Relation between the Riemmann and Riemannian

surfaces.The Mapping Theorem and the Beltrami

equation.

Victor Carrasco Yllanes, University of Sevilla

Fracisco Torres de Lizaur, University of Seville

Given a surface, we have several ways of equipping it with a proper structure. For instance,
in the real three-dimensional space, we can provide it with charts to the real plane and with
the inner product in R3, giving us a way to measure the lengths of vectors tangent to it.
Riemann introduced two types of structured surfaces that bear his name to this day: Riemann
and Riemannian Surfaces. But do this surfaces share something more than their confusingly
similar name? To answer this question we need to introduce The Mapping Theorem. This
result ensures the existent of a quasiconformal solution f (permits the bounded distortion of
angles locally) de�ned in an open set of the complex plain to the Beltrami equation

∂f

∂z
= µ

∂f

∂z
(1)

when µ veri�es certain regularity conditions.
We start the talk giving a brief introduction to both types of surfaces, adding a bit of
historical context. We will then ask ourselves if given any Riemannian surface, we are able
to �nd isothermal coordinates (in which the surface's metric is conformal to the Euclidean)
for it. The answer will too lie in the Mapping Theorem. Making use of this result we will
show that isothermal coordinates do exist, which will let us provide all orientable Riemannian
surfaces with a Riemann surface structure.
We will also brie�y touch on Garsias article [1], which talks about the reciprocal a�rmation.
This talk is based on my Master's �nal dissertation, directed by Francisco Torres de Lizaur.
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Algebra Thursday morning

A method to associate non-associative algebras with

combinatorial structures

Jesús Baena Gómez, Dpto. de Geometría y Topología. Facultad de Matemáticas. Universidad
de Sevilla. Calle Tar�a, s/n, 41012-Seville (Spain).

Manuel Ceballos, Dpto. de Ingeniería. Universidad Loyola Andalucía. Av. de las Universidades,
s/n, 41704 Dos Hermanas, Sevilla (Spain).

Desamparados Fernández-Ternero, Dpto. de Geometría y Topología. Facultad de
Matemáticas. Universidad de Sevilla. Calle Tar�a, s/n, 41012-Seville (Spain).

In this paper, we propose a method to associate �nite-dimensional non-associative alge-
bras, de�ned over a �xed basis, with combinatorial structures which are directed graphs that
potentially contain full triangles. Moreover, three algorithmic tools are introduced. The �rst
one checks whether a given algebra belongs to the considered class. The second one, which
is a modi�cation of the �rst one, determines if a combinatorial structure is associated with
an algebra of this class and, if so, provides the additional constraints that the edge weights
must satisfy. The last one tests whether any two algebras are isomorphic and returns the
corresponding change of basis if so.

In particular, we apply these algorithmic procedures to the class of Tortkara algebras.
Tortkara algebras are a novel class of non-associative algebras introduced by A. S. Dzhu-
madil'daev in [1], who showed that every Zinbiel algebra with the commutator as multipli-
cation is a Tortkara algebra. These algebras satisfy an identity that combines symmetry
and alternation. Research has since focused on their structural properties, relationships with
Zinbiel and other non-associative algebras, and their classi�cation under various conditions
(see [2] and [3]).
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Novikov algebras and combinatorial structures

Carmen Gutiérrez Silva, Dpto. de Ingienería Universidad Loyola Andalucía

Manuel Ceballos González, Dpto. de Ingienería Universidad Loyola Andalucía

In this paper, we study the relationship between low-dimensional Novikov algebras and
combinatorial structures. Our focus is on the association of pseudodigraphs that encode
their structure constants. We determine which con�gurations correspond to these algebras
through a detailed analysis of admissible and forbidden cases in dimensions 1, 2, and 3. From
the structure of the associated graphs, we also deduce several algebraic properties.

Moreover, the isomorphism classes of each 2-dimensional con�guration associated with
these algebras is analyzed. In order to complement the theoretical study, an algorithm
implemented in Maple is presented, capable of automatically generating the law of a Novikov
algebra from a given combinatorial structure and verifying the satisfaction of the Novikov
identities. Finally, the computational complexity of this algorithm is studied.

Keywords: Digraph, Pseudodigraph, Combinatorial structure, Novikov algebras.
2020 Mathematics Subject Classi�cation: 17D99 05C25, 05C20, 05C22.
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Algebraic Geometry and Number Theory Thursday morning

The Structure of Symmetric Polynomials

José Molina, Universidad de Sevilla

In this talk, we will discuss symmetric polynomials, working with the polynomial algebra
over an arbitrary �eld and any number of variables. In particular, we will introduce the
elementary symmetric functions and the lexicographic order on monomials. These concepts
will allow us to prove our main goal: the Fundamental Theorem of Symmetric Polynomials.
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The Mordell-Weil Theorem

Carlos García Ordóñez, Universidad Complutense de Madrid

The Mordell-Weil Theorem is one of the fundamental results of arithmetic geometry, and a
starting point for much of the modern theory in elliptic curves. This theorem asserts that the
rational points of an elliptic curve de�ned over a number �eld are always a �nitely generated
group. The main objective of this talk is to present the main ideas of its proof, namely, the
weak Mordell-Weil theorem, the descent procedure and the theory of heights in elliptic curves.

In order to do so, the talk will �rst introduce the basic theory of elliptic curves and analyse its
algebraic and arithmetic properties. Then some ideas from number theory and elliptic curves
over p-adic �elds will be given, �nishing with the reduction theory of elliptic curves. All these
tools will be put together to prove the Mordell-Weil theorem, and an explicit computation of
the rank of an elliptic curve will be done to illustrate the methods known.

Time-permitting, a cohomological reinterpretation of the Mordell-Weil theorem in terms of
localizations and Selmer group will be given; as well as very brief introduction to modular
forms and the BSD conjecture.
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Wedderburn-Artin Theory

Jorge Casanova Moya, Master student at Universidad Complutense de Madrid

A cornerstone of non-commutative algebra is the Artin�Wedderburn theorem, which
shows that every semisimple ring is a �nite product of matrix rings over division rings. Its
proof relies heavily on module theory, a branch of math heavily used by algebraic geometers
and illustrates the deep connection between the structure of rings and their representations.

The study of �nite-dimensional associative algebras further enriches this perspective.
The elegant classi�cation of �nite dimensional real division algebras and �nite division rings
demonstrates how these objects extend familiar number systems.

Tensor products o�er a unifying framework, leading to fundamental results such as the
Skolem�Noether theorem and the double centralizer theorem. Together, these ideas serve
as an invitation to non-commutative algebra, highlighting its elegance, coherence, and far-
reaching signi�cance.
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Operator Theory Thursday morning

Operator algebras and modular entropy in

holography.

Franco Salinas Pytel, Universidad Complutense de Madrid

Entanglement is one of the de�ning properties of �nite-dimensional quantum systems,
often quanti�ed by the von Neumann entropy. In this talk, I will discuss how this notion
extends to quantum systems with in�nitely many degrees of freedom, as described by quantum
�eld theories (QFT), through the concept of modular entropy. The motivation comes from
holographic duality, speci�cally the AdS/CFT correspondence, which relates the geometry
of anti�de Sitter spaces to conformal �eld theories. This perspective naturally leads to the
introduction of Tomita�Takesaki modular theory within the framework of von Neumann
algebras. I will conclude by commenting on applications of modular entropy, with particular
emphasis on its relation to the computation of Rényi entropies in holography.
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Spectral properties of Hausdor� operators on Fock

spaces

Jaime Arto Alseda, University of Zaragoza

Fock spaces (denoted by F p
α) are Banach spaces of entire functions. In 2024, O. Blasco

published the article Boundedness and compactness of Hausdor� operators on Fock spaces,
where he studies conditions that characterize the boundedness and compactness of the Haus-
dor� operator Hµ over F p

α, where µ is some positive Borel measure over (0,∞). The impor-
tance of this operator arises from the fact that it is the natural generalization of the classic
Cesàro operator.

Under those conditions, Hµ can be written as the integral of an operator semigroup
(T (t))t≥0. Moreover, if p < ∞, then that semigroup happens to be strongly continuous.

The theory of operator semigroups provides us with powerful tools that will allow us to
compute the �ne spectra of the Hausdor� operator. To do so, we �rst study the spectra of
the in�nitesimal generator A of the semigroup (T (t))t≥0, and then we transfer these spectral
properties to the operator Hµ via the Hille-Phillips functional calculus and the spectral
mapping theorems. As a consequence, we obtain the spectral sets of the Cesàro operator
over F p

α.
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Tournaments and �nite spaces

Inés Mora Caro, Dpto. de Geometría y Topología. Facultad de Matemáticas. Universidad de
Sevilla. Calle Tar�a, s/n, 41012-Seville (Spain).

Desamparados Fernández Ternero, Dpto. de Geometría y Topología. Facultad de
Matemáticas. Universidad de Sevilla. Calle Tar�a, s/n, 41012-Seville (Spain).

A large number of researchers have studied the problem of topologization of combinatorial
structures, for example in [3] and [4]. Within the framework of topologies de�ned on locally
�nite graphs, the graphic topology was developed in [2] and [1].

In this work, we study the graphic topology de�ned on �nite indecomposable tourna-
ments (complete digraphs), begun in [1]. We deduce a characterization of indecomposable
tournaments with few vertices. Finally, we verify that the minimum number of vertices such
that there exist non-isomorphic indecomposable tournaments with homeomorphic graphic
topologies is six.
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Additive partial matchings and resolutions of

persistent homology modules

Marco Delgado, Departamento de Matemática Aplicada I, Universidad de Sevilla

A persistence module M : C →k is a functor from a small category C (usually a poset with
its usual categorical structure, or R) to the category of vector spaces over a �xed �eld k. The
category of persistence modules C

k is an abelian category, since it is a functor category from
a small category to an abelian one. We consider persistence R-modules, i.e., the case where
C = R with the usual categorical structure of a totally ordered set. When a persistence module
is pointwise �nite-dimensional (p.f.d.) i.e M(t) is �nite-dimensional for every t ∈ R, it can be
decomposed uniquely (up to isomorphism) as a direct sum of indecomposable interval modules
with local endomorphism ring. Such modules are completely described by a multiset called
their barcode [3].Given two persistence modules U and V , a persistence morphism f : V → U
is a natural transformation. A natural question is whether a morphism f : V → U between
p.f.d. modules induces a relation, speci�cally, a partial matching, between their barcodes.
It is known that such partial matchings cannot be functorial [2]. Recently, a block function
Mf associated with the morphism f was introduced [1]. This function is algebraically well-
de�ned, linear with respect to direct sums of persistence morphisms, e�ciently computable
via matrix-reduction techniques, and induces a partial matching between the barcodes of
U and V . However, for arbitrary p-dimensional homology, additive partial matchings are
harder to understand. In this paper, we take a �rst step toward a stability proof for the
arbitrary-dimensional case of additive partial matchings. More precisely, we establish that
the p-dimensional persistent homology module of the Vietoris-Rips �ltration of a pointcloud is
linked to the 0-dimensional persistent homology of a solution to the inverse barcode problem.
This allows us to recover the former from the latter using algebraic techniques and a speci�c
persistence-module resolution. We further show that certain resolutions of 0-dimensional
persistent homology preserve additive partial matchings, enabling us to bound p-dimensional
matchings in terms of well-behaved 0-dimensional ones.
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Non-intersecting paths and the determinant of the

distance matrix of a tree

L. Esquivias-Quintero, University of Seville

E. Briand, University of Seville

A. Gutiérrez, University of Bristol

J. Lillo, University of Seville

M. Rossas, University of Seville

Consider a tree T with vertices labeled from 1 to n, and edge set E. The distance
between vertices i and j, denoted by d(i, j), is de�ned as the number of edges along the
unique path connecting them in T . The distance matrix of T , denoted by M(T ), is then
de�ned as (d(i, j))1≤i,j≤n. In an in�uential 1971 paper, Graham and Pollak established that
the determinant of the distance matrix of T obeys what is now known as the Graham�Pollak
formula:

detM(T ) = (−1)n−1(n− 1)2n−2.

Observe that this formula implies that the determinant of the distance matrix of T is solely
dependent on its number of vertices, and not on its tree structure.

Multiple techniques from linear algebra, ranging from Gaussian elimination to Charles
Dodgson's condensation formula, have been used to prove the Graham�Pollak formula.

The expression (n − 1)2n−2 strongly suggests that detM(T ) enumerates something. In
2010, Tillia observed that since a tree with n vertices has n − 1 edges, the expression (n −
1)2n−2 counts the number of ways to select one edge of T and assign orientations to the
remaining n− 2 edges. This work establishes a combinatorial framework that validates this
observation. An approach not only uni�es existing generalizations and q�analogues of the
formula but also paves the way for deriving new results.
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Polynomial bases and homomor�sms on

representations of the symmetric group

Aarón Ocampo Amaya, Universidad de Sevilla

This talk/poster is meant to show some original results based on well known contructions
in �eld of representation theory. We intend for this presentation to be understandable from
an entry level point of view. We'll take the time to introduce the theory and motivate the
results, while avoiding the more tecnical details. A summary of the presentation is now given.

Polynomial bases for representations of the symmetric group Sn have been studied ex-
tensively since the introduction of higher Specht polynomials [1]. These polynomials serve
as a nice way of both computationaly working with representations, as well as, showing the
fundamental combinatorial aspects underlying the theory of Sn representations.

The regular Specht polynomials can be constructed as a polynomial base for the irre-
ducible component Vλ in the space of polytabloids Mλ for each partition λ ⊢ n as in [2].
However, as these polytabloid spaces Mλ contain other irreducible components Vµ for µ ⊵ λ;
they must also contain polynomial bases for these other irreducible components. While sim-
ilar, these are di�erent from the higher Specht polynomials.

This work explicitly computes these other new polynomials, which turn out to be products
of the regular Specht polynomials and certain Schur polynomials. Multilplying by these Schur
polynomials, now gives homomor�sms of Sn-representations Vµ −→ Mλ.

We then use these results to compute homomor�sms between irreducible Sn− and Sn+1−
representations, on some simple cases. These kinds of homomor�sms appear in the theory of
FI-modules introduced by CEF [3]. While the main theory of FI-modules focuses on studying
stability on some representation sequences, we hope to expand this idea onto a more general
setting; that gives another interpretation of the so called "hook stability" portrayed in [4].
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Graph approximating metric spaces and a new

application to dynamical systems

Amaia Zudaire Alducin, Universidad Complutense de Madrid

This work explores the construction of approximating graphs for metric spaces, following
the method introduced by Kanai. We study how such graphs, which are quasi-isometric to
the original space, preserve key geometric properties, including p-parabolicity, geodesic ball
growth, the linear isoperimetric inequality and the doubling condition. These invariants allow
us to translate problems from continuous to discrete settings. In the �nal section, we outline
a future research direction with some preliminary results: the study of discrete dynamical
systems on metric spaces via their induced dynamics on approximating graphs.
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Can Polynomials Produce the Primes?

Prime-Enumerating Polynomials

Ana Carrasco Martín, Universidad de Sevilla

Manuel Jesús Soto Prieto, Departamento de Matemática Aplicada I, Universidad de Sevilla

Primes are known to be the building blocks of numbers, and their beauty has fascinated
mathematicians since the very beginning of time. While numerous formulas de�ning primes
are found in the literature, can they be elegantly expressed by a polynomial?

In this poster, based on my undergraduate dissertation ([1]), we will brie�y show why
no non-constant polynomial can produce only primes. And still�against all intuition�there
exist multivariable polynomials whose positive values are exactly the set of prime numbers.

These remarkable constructions, which we call prime enumerating polynomials, connect
algebraic number theory, logic, and computability in a striking way, and are linked to the
negative solution of Hilbert's Tenth Problem.

The poster aims to present these surprising ideas in a clear, visual, and engaging manner,
combining rigorous mathematics with an accessible narrative to invite the audience into the
unexpected beauty of this phenomenon.
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Kuratowski's Theorem

Arianna Charrère, Alma Mater Studiorum Università di Bologna, Master student in advanced
mathematics for applications

Kuratowski's Theorem is a cornerstone result in the characterization of planar graphs.
The Theorem states that a graph is planar if and only if it does not contain as a subgraph
any subdivision of K5 or K3,3. Thanks to Euler's formula it is easy to demonstrate the
su�cient condition of planarity. The necessary condition is more technical and requires more
additional propositions and lemmas that give a better understanding of the planar graph's
structure. In this poster, we are going to give a sketch of its proof, given for the �rst time
by Kuratowski himself, which is usually left out of books and lectures.
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The Galton-Watson Process: Theory and

Applications

Carlos Cañada Moreno, Universidad de Extremadura

This talk provides a comprehensive mathematical treatment of the Galton-Watson branch-
ing process, a fundamental stochastic model for population dynamics. The process is de�ned
recursively where each individual reproduces independently according to a common o�spring
distribution {pk}, forming a homogeneous Markov chain with transition probabilities given
by convolution powers of the reproduction law.

The extinction probability q is characterized as the smallest non-negative root of the
equation f(s) = s, where f is the probability generating function. The process exhibits
distinct asymptotic behaviors across three regimes: subcritical (m < 1), critical (m = 1),
and supercritical (m > 1). Critical processes satisfy limn→∞ P [zn/n ≤ u | zn > 0] =
1 − exp(−2u/σ2) when σ2 < ∞. Supercritical processes exhibit martingale convergence
wn = zn/m

n → w almost surely, with L1-convergence if and only if
∑

pkk log k < ∞.
The analysis employs generating functions, martingale theory, and limit theorems to

derive precise asymptotic results. Additional topics include hitting time distributions and
total progeny analysis, rate of convergence theorems.
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Dimensionality Reduction in Di�eomorphic

Registration under the Euler�Poincaré Equation

Carlos Paesa-Lia, Department of Computer Science and Systems Engineering, Aragon Institute
on Engineering Research (I3A), Universidad de Zaragoza

Mónica Hernández, Department of Computer Science and Systems Engineering, Aragon
Institute on Engineering Research (I3A), Universidad de Zaragoza

In recent years, di�eomorphic registration methods have become the reference standard
within the �eld of non-rigid medical image registration. In 2005, the Large Deformation Dif-
feomorphic Metric Mapping (LDDMM) method established the foundations for computing
di�eomorphic transformations between images. In 2012, a geodesic shooting algorithm was
proposed that constrains the LDDMM problem with the Euler�Poincaré equation (EPDi�),
allowing the problem to be reduced to the space of initial velocities and enabling the compu-
tation of true geodesics between images. Nevertheless, the high computational cost represents
the main limitation for the adoption of these algorithms in large-scale computational anatomy
studies. In this work, several model order reduction methods are investigated to address this
problem: the band-limited (BL) vector �eld parametrization of Zhang et al. [1], and the
proper orthogonal decomposition (POD) of Wang et al. [2]. Using a modularized software li-
brary, comparative experiments are conducted on two di�erent databases extensively used in
non-rigid registration evaluation, in order to compare their performance and draw conclusions
regarding the e�ectiveness of the proposed reductions.
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Mathematical modeling and numerical simulation of

batteries

Eva Garijo Alcalde, Instituto de Matemática Interdisciplinar, UCM (evgarijo@ucm.es)

Juan Antonio Infante del Río, Instituto de Matemática Interdisciplinar, UCM

Benjamin Ivorra, Instituto de Matemática Interdisciplinar, UCM

Ángel Manuel Ramos del Olmo, Instituto de Matemática Interdisciplinar, UCM

Over the past few years, lithium-ion batteries have become a key technology for en-
ergy storage, proving highly useful in diverse applications ranging from portable electronic
devices to electric vehicles and large-scale storage systems. Accurate modeling of these bat-
teries is crucial to improving their performance, extending their lifetime, and ensuring their
safety. Various approaches exist for mathematically modeling lithium-ion batteries, includ-
ing electrochemical, equivalent circuit, and data-driven models. Each method has particular
characteristics and is applied in speci�c contexts.

This short talk presents the studies and results derived from work employing electro-
chemical models, which o�er a detailed description of the physical and chemical processes
occurring inside a battery [1]. These models consider phenomena such as ion transport, in-
tercalation/deintercalation reactions, and the formation of SEI (solid electrolyte interphase)
layers on the electrodes. One of the main advantages of electrochemical models is their ability
to o�er detailed insights into the internal behavior of the battery, making them ideal for the
analysis and optimization of cell and material design.

Some of their main features include high accuracy in representing internal phenomena,
balanced by the need for detailed knowledge of material parameters and properties. The
simulations presented here have been obtained using the solvers DandeLiion [2], a fast solver
for the Newman model, and COMSOL Multiphysics [3] for comprehensive multiphysics mod-
eling.
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Convolutional Neural Networks for Privacy

Preservation through Homomorphic Encryption

Francisco Manuel López López, Universidad Politécnica de Madrid

Preserving privacy in data processing is an increasingly relevant challenge in �elds such
as healthcare, banking, and arti�cial intelligence, where the use of sensitive in formation can
compromise the con�dentiality of individuals. Homomorphic encryption emerges as a promis-
ing solution, since it allows operations to be performed on encrypted data without needing to
decrypt it �rst. In this way, it becomes possible to carry out complex computations without
ever exposing the original information to the entity performing the calculation. This ap-
proach contrasts with traditional systems, where data must be decrypted before processing
and therefore becomes vulnerable to potential security breaches.

In particular, lattice-based homomorphic schemes such as CKKS enable secure work with
�oating-point numbers. These systems rely on mathematically hard problems whose com-
putational intractability ensures cryptographic robustness. At the same time, convolutional
neural networks have demonstrated exceptional performance on image classi�cation tasks
and structured data processing. However, adapting the conventional architecture of such
networks to operate on encrypted data requires transforming both linear and nonlinear op-
erations to comply with the constraints imposed by homomorphic encryption.

This work focuses on designing and implementing a convolutional neural network capable
of performing inference directly on encrypted data. To achieve this goal, we �rst study
the mathematical foundations of lattices and homomorphic encryption schemes, as well as
the principles of convolutional networks. Next, we examine the intersection of these two
technologies by analyzing how to adapt the fundamental operations of these networks to
integrate them within the homomorphic encryption framework. A concrete case study is
then de�ned to illustrate a scenario in which privacy is paramount, and the most appropriate
library for this purpose is selected. Finally, we evaluate comparative results between inference
on plaintext data and homomorphic inference, discussing the implications in terms of accuracy
and computational cost, and conclude with the advantages and limitations of integrating
convolutional networks with homomorphic encryption as a privacy-preserving solution in
real-world applications
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Operator algebras and modular entropy in

holography.

Franco Salinas Pytel, Universidad Complutense de Madrid

Entanglement is one of the de�ning properties of �nite-dimensional quantum systems,
often quanti�ed by the von Neumann entropy. In this talk, I will discuss how this notion
extends to quantum systems with in�nitely many degrees of freedom, as described by quantum
�eld theories (QFT), through the concept of modular entropy. The motivation comes from
holographic duality, speci�cally the AdS/CFT correspondence, which relates the geometry
of anti�de Sitter spaces to conformal �eld theories. This perspective naturally leads to the
introduction of Tomita�Takesaki modular theory within the framework of von Neumann
algebras. I will conclude by commenting on applications of modular entropy, with particular
emphasis on its relation to the computation of Rényi entropies in holography.
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A general theory of nonlocal elasticity based on

nonlocal gradients

Guillermo García-Sáez, Universidad de Castilla-La Mancha

Bessel potential spaces have gained renewed interest due to their robust structural proper-
ties and applications in fractional partial di�erential equations (PDEs). These spaces, derived
through complex interpolation between Lebesgue and Sobolev spaces, are closely related to
the Riesz fractional gradient introduced by Shieh and Spector in [6, 7]. In [3], the equations
of nonlocal nonlinear elasticity based on those gradients are studied and related with the well-
known Eringen's model. Recently, a broader class of nonlocal gradients have been introduced
based on general kernels in [4, 5] that include the particular case of the Riesz fractional
gradient. In this talk we present the results obtained in [1, 2] in which we derive the equations
of nonlinear elasticity based on the nonlocal gradients for general kernels. Furthermore,
we perform a formal linearization of the equations to obtain the linear equations based on
those nonlocal gradients. We prove existence and uniqueness of solutions providing a general
nonlocal Poincaré and Korn's inequality using a traslation operator from the nonlocal Bessel
potential spaces to the classical Sobolev spaces. We also study the connection with the
Eringen's model in the most general setting and the localization of the equations for varying
horizons.
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Balancing Sparsity and Subgroup Fairness in

High-Dimensional Regression: The Cost-Sensitive

Constrained Elastic Net

Jaime Díaz-Trechuelo Sánchez-Moliní, Universidad de Sevilla

Mª de los Remedios Sillero Denamiel, Universidad de Sevilla, IMUS

The trade-o� among predictive accuracy, interpretability, and subgroup fairness is central
in high-dimensional regression. A hallmark of regularized regression is the Lasso [1], which
achieves variable selection and sparsity but struggles with highly correlated predictors and
o�ers no mechanism for subgroup fairness. Two extensions to the Lasso address these short-
comings separately: the Elastic Net [2], which modi�es the objective function by adding an ℓ2
term to the Lasso's ℓ1 penalty, ensuring robustness under multicollinearity; and the CSCLasso
[3], which modi�es the feasible set imposing subgroup-speci�c bounds on prediction error.

In this talk, we present the Cost-Sensitive Constrained Elastic Net (CSCEN), a novel
regularization method developed for my Bachelor thesis that uni�es these approaches within
a single framework. CSCEN minimizes an Elastic Net�style (ℓ1 + ℓ2) objective subject to
CSCLasso-style fairness constraints, hence providing a new tool that balances accuracy, in-
terpretability, and fairness through error bounds. By construction, the ℓ2 term guarantees
uniqueness of the solution, while the fairness constraints operationalize subgroup equity.

We examine the mathematical properties of the model, prove uniqueness, and establish
conditions for consistency. We then present a series of numerical experiments on real and
simulated datasets comparing CSCEN to classical methods, highlighting its ability to achieve
sparsity while respecting fairness constraints. This work contributes a �exible and robust
framework for modern regression tasks where fairness and structural considerations cannot
be sacri�ced for predictive accuracy alone.
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Di�erent landscapes for Phase retrieval

Jesús Illescas-Fiorito, UCM-ICMAT

Phase retrieval concerns the reconstruction of scalar-valued functions from measurements
in which only modulus information is available, a problem that arises naturally in many ap-
plied mathematics contexts. However, the mathematical formulation of the problem can vary,
as can the tools and theories used to study it. As a result, phase retrieval encompasses a wide
variety of problems that may appeal to analysts from many areas, including harmonic analy-
sis, complex variables, Banach spaces, Banach lattices, and partial di�erential equations�a
diversity that we aim to illustrate in this poster.
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Wedderburn-Artin Theory

Jorge Casanova Moya, Master student at Universidad Complutense de Madrid

A cornerstone of non-commutative algebra is the Artin�Wedderburn theorem, which
shows that every semisimple ring is a �nite product of matrix rings over division rings. Its
proof relies heavily on module theory, a branch of math heavily used by algebraic geometers
and illustrates the deep connection between the structure of rings and their representations.

The study of �nite-dimensional associative algebras further enriches this perspective.
The elegant classi�cation of �nite dimensional real division algebras and �nite division rings
demonstrates how these objects extend familiar number systems.

Tensor products o�er a unifying framework, leading to fundamental results such as the
Skolem�Noether theorem and the double centralizer theorem. Together, these ideas serve
as an invitation to non-commutative algebra, highlighting its elegance, coherence, and far-
reaching signi�cance.
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Dynamic and numerical methods of average theory

with application in oscillator problems

Jorge Rodríguez Pérez, Universidad de Valladolid

This work aims to demonstrate various bounds for the di�erence between the solution of
a system of di�erential equation where two time-scales are present and its averaged system,
using a modern and rigorous approach. The concept of averaging is de�ned, and properties
of KBM functions are analyzed, establishing bounds for the di�erence between solutions
on a time scale of 1/ε. Additionally, UKBM functions are introduced to generalize results
to unbounded intervals. The theory of averaging for periodic functions is presented in its
classical version, studying a change of variables that transforms the original equation into the
averaged one, and generalizing to higher-order approximations. Finally, practical applications
are presented, such as the analysis of the Kapitza pendulum and the theoretical basis and
implementation of the of stroboscopic averaging numerical methods, which allow for the
e�cient integration of oscillator problems.
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Pairs trading strategy based on fractal structures

J. F. Cuevas Rodríguez, University of Almeria, Master's student, Almería, 04120, Spain

M. A. Sánchez Granero , University of Almería, Department of Mathematics, Almería, 04120,
Spain

J. F. Gálvez Rodríguez, University of Almería, Department of Mathematics, Almería, 04120,
Spain

Delta-neutral trading strategies aim to construct portfolios with minimal exposure to
market volatility, keeping their value stable regardless of directional movements in the un-
derlying assets. Building on the Fractal Market Hypothesis, we assume that the valuation
functions of �nancial assets trace fractal curves, making them suitable for analysis through
fractal structure theory.

In this poster, we focus on a pairs trading strategy. The central idea is to identify pairs
of assets whose prices display strong and persistent correlation. Under the assumption that
this relationship is long-lasting, we exploit mean-reversion signals to generate consistent re-
turns.

Within the framework of fractal structure theory, we de�ne a fractal structure over the
studied time horizon and develop a fractal approximation of each asset's valuation function
as a function of time. This allows us to leverage the underlying properties of the Fractal
Market Hypothesis. Applied to real data, this strategy yields an annualized return of 8.6%
over the 2019-2024 period, based on asset pairs selected from the Standard & Poor's 500
index.
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Introduction to the compact Lie groups

representation theory

Julia Reina Martín, Universidad de Málaga

The main objective of this work is to demonstrate that any representation of a compact
Lie group over a �nite-dimensional K-vector space, where K = R or C, is entirely determined
by its character, that is, by a di�erentiable function.

To this end, �rstly, the concepts of a representation of a Lie group G on a �nite-
dimensional vector space V , ρ : G −→ Aut(V ), g 7→ ρ(g) ≡ ρg, and of a G-linear map
are de�ned. Furthermore, an equivalence relation is established on the set of representations
of the group based on the existence of a G-linear isomorphism.

Secondly, some examples of constructing new representations from given ones will be
shown, leading to the de�nition of a reducible or irreducible representation. In addition,
Schur's Lemma, an important result for achieving our objective, will be stated and proved.

On the other hand, the concept of a completely reducible representation is de�ned, and
it is demonstrated that all representations of a compact Lie group are completely reducible.
For this purpose, it is necessary to de�ne the concept of a G-invariant inner product.

Finally, the character of a representation is de�ned, which is the di�erentiable function
χV : G −→ K, χV (g) = trace(ρg). Some properties of this map will be shown, and the
set of �xed points of the representation, V G is de�ned, also proving the following equality:
V G = {

∫
G gv dg : v ∈ V }. To conclude, an inner product is de�ned in the vector space

generated by the characters of all the representations of G, this �nal step allowing for the
demonstration of our objective: any representation of a compact Lie group is completely
determined by its character.
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Mathematical anxiety and its assessment: visibility,

measurement scales and educational challenges

Laura Barrera-Romero, Loyola University

Carlos Fresneda-Portillo, Loyola University

Salvador Reyes-de-Cózar, Loyola University

Math anxiety is a complex phenomenon that a�ects students of di�erent ages and ed-
ucational levels, limiting their performance, con�dence, motivation, and even future career
choices, particularly in STEM �elds. Despite its relevance, it has often been overlooked in
education, reduced to a lack of skill or e�ort [1]. However, research shows that it is a mul-
tidimensional construct requiring recognition within the educational framework. This study
conducted a systematic review using the PRISMA methodology, examining measurement
scales and assessed factors to determine whether there is consensus on math anxiety and
whether there is a reliable scale.

A central focus has been on the creation and adaptation of questionnaires for a more
rigorous understanding. The literature includes numerous validated tools for di�erent pop-
ulations, contexts, and ages. Among the best known is the Mathematics Anxiety Rating
Scale (MARS) by Richardson & Suinn (1972) and its abbreviated versions. Speci�c scales
for children and adolescents [2] re�ect both the complexity of the phenomenon and the need
for instruments adapted to di�erent realities.

The results show that although there is some agreement on relevant factors, the scales vary
in focus. In education, reliable data on students' anxiety levels enable inclusive strategies,
targeted interventions, and a change in the social perception of mathematics. Addressing
math anxiety thus represents both a challenge and an opportunity to foster equitable learning
and a healthier relationship with this discipline.

Key words: mathematical anxiety, dimensions, measurement, educative context.
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Dirichlet's Theorem: Primes in arithmetic

progressions

Lorenzo María López Domene, University of Alicante

In 1837, Dirichlet proved the existence of in�nitely many primes in arithmetic progressions
{a+ nq}n with gcd(a, q) = 1, thereby con�rming a conjecture of Legendre and inaugurating
analytic number theory. In this talk, we will introduce the central objects involved in Dirich-
let's argument and present a streamlined variation of his original proof, which preserves its
essential ideas while making them more transparent.
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Sheaf and de Rham Cohomologies:

The de Rham Theorem

Malena Domínguez Sirgo, Universidad Complutense de Madrid

This work studies the relationship between de Rham cohomology and sheaf cohomology,
two central tools in modern geometry and topology. Starting with a detailed introduction
to the concept of sheaves, using the étale space approach, we cover basic aspects of the
theory of sheaf cohomology, proving that all sheaf cohomology theories for the same space
are equivalent.

We then present de Rham cohomology, along with its classical properties. Finally, we
obtain the desired result conecting both theories: the de Rham Theorem, which together with
the previously mentioned result establishes an isomorphism between de Rham cohomology
and sheaf cohomology with coe�cients in the constant sheaf. This theorem not only highlights
the deep relationship between the two theories but also shows how each framework can provide
insight into the other. To make this connection concrete, we �nish this work by including
explicit computations of de Rham cohomology for the torus and the sphere, demonstrating
how these results translate into sheaf cohomology.
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Robust probability support vector machines with

pinball loss

Manuel Gonzalo Carvajal a,

Miguel Carrasco b, Benjamín Ivorra a, Julio López c, Angel M. Ramos a,

a, Instituto de Matemática Interdisciplinar, Departamento de Análisis y Matemática Aplicada,
Universidad Complutense de Madrid.

b, Facultad de Ingeniería y Ciencias Aplicadas, Universidad de los Andes.

c, Facultad de Ingeniería y Ciencias, Universidad Diego Portales.

Support Vector Machines, SVMs for short, are Machine Learning algorithms mainly used
to solve the problem of binary classi�cation. These algorithms work by constructing a classi-
�er function from a set of previously labeled data by solving a convex optimization problem.

Although neural networks are more versatile and e�ective in many supervised learning
applications, they are also prone to over�tting and classifying new observations can have a
high computational cost. This makes SVMs more suitable for small databases or deployment
in smaller devices.

These advantages have motivated the research in SVM type models as an alternative
to neural networks in certain situations. In this context several modi�cations have been
proposed to improve the performance of these algorithms. In our work we focus on two
adaptations. First, the probability SVMs presented in [2], that produce a probability as the
output instead of just the classi�cation. Second, the utilization of the pinball loss function
as suggested by [3], that results in models that are more robust to noise.

In our work we propose a novel SVM model that combines both modi�cations and obtain
the primal and dual form of the corresponding optimization problem. Then we implemented
the problem and tested its performance over several databases focusing on the robustness on
the solution to perturbation on the input data.
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An Introduction to Nonstandard Analysis: Where

In�nitesimals Truly Exist

Marc Ventura, Universitat de València

The use of in�nitesimal and in�nite numbers in mathematics dates back to the origins
of calculus. It was not until the 1960s that Robinson [1] provided a rigorous foundation
for these ideas through Nonstandard Analysis (NSA). Instead of treating in�nitesimals as
vague notions, NSA constructs a precise number system extending the real numbers, known
as hyperreal numbers. While often associated with model theory, there is a more intuitive
algebraic approach: the hyperreal numbers can be built explicitly using ultraproducts (see
[2]). This talk provides an accessible introduction to NSA for functions of a single real
variable, covering constructions, the extension of sets and functions, and the characterization
of limits and derivatives through in�nitesimals. A central feature of NSA is the Transfer
Principle, which allows many properties of the real numbers to carry over naturally to the
hyperreals. We will also brie�y discuss, with examples, how nonstandard methods can be
applied in advanced contexts to prove new results or simplify existing proofs.
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G-kernels on Operator Algebras

Marina Polo Rodríguez, KU Leuven

This poster presents key ideas from my Master's thesis on the theory of G-kernels on
operator algebras. A G-kernel is de�ned as a group homomorphism α : G → Out(A) =
Aut(A)/Inn(A) from a group G into the outer automorphism group of a C∗-algebra A. The
gauge symmetries of a system, which are considered redundant from the perspective of ob-
servable physical properties, correspond to the inner automorphisms of the algebra describing
the system. Consequently, the elements of Out(A) represent the non-redundant symmetries
of the system, making the study of the outer automorphism group crucial for physics.

Every G-kernel is associated with a crucial cohomological invariant, its lifting obstruction,
an element inH3(G,U(Z(A))). A central focus is the realization problem: given a �nite group
G and a cohomology class in H3(G,T), can one construct a G-kernel on a UHF-algebra
(inductive limits of matrix algebras) with this obstruction?

We explore Izumi's conjecture, which provides a necessary and su�cient condition for such
realizations in terms of the order of the obstruction and the supernatural number de�ning the
UHF-algebra. In particular, we outline the proof of the conjecture for �nite abelian groups.

Additionally, we discuss how the existing constructions that realize these kernels, such as
Connes' construction for cyclic groups, can be understood as AF-actions, which are actions
de�ned via compatible sequences on �nite-dimensional algebras.
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Conjugacy of parabolic subgroups in Dyer groups

María Cumplido, Universidad de Sevilla

Marina Salamero, Universidad de Sevilla

Mireille Soergel, TU Berlin

Dyer groups form a family that generalizes Coxeter groups, RAAGs (Right-Angled Artin
Groups) and graph products of �nite cyclic groups. They admit a uniform solution to the
word problem and allow the de�nition of parabolic subgroups in a manner analogous to that
of Coxeter and Artin groups. These subgroups play a fundamental role in the study of the
topological and algebraic properties of said groups. In 1997, Luis Paris, building on the work
of Kramer for Coxeter groups, proposed an algorithm that e�ciently determines whether
two parabolic subgroups are conjugate in the Artin group. In this poster, we will present
an algorithm, based on the works of Paris and Kramer, that decides whether two parabolic
subgroups of a Dyer group are conjugate.
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Control theory in �nite-dimensional spaces

First author, Miguel Trujillo Alés.

Tutor bachelor thesis, Diego Araujo de Souza.

The aim of this work is to give an introduction to control and stabilization theory in
�nite-dimensional spaces. It will be started exposing the basic concepts of controllability in
�nite-dimensional spaces. Throughout this �rst part, it is intended to apply these controlla-
bility concepts to di�erent types of control systems. First, it will be studied the controllability
of linear systems, for both autonomous and non-autonomous cases, with and without control
constraints. It will be also seen the controllability of non-linear systems, but only local re-
sults. The main idea will be to establish su�cient conditions that ensure the controllability
of nonlinear control systems. Finally, it will be also exposed the basic concepts of stabil-
ity/stabilization in �nite-dimensional spaces. Firstly, it is intended to apply these concepts
to autonomous linear systems and it will be seen the di�culties that emerge when one tries to
stabilize non-autonomous linear systems. It will be also studied the stabilization of non-linear
control systems, where the theory of Lyapunov functions will be useful.
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Morse theory and 2D stationary Euler �ows

Natalia Averna García, Universidad Complutense de Madrid (UCM)

This work characterizes steady solutions of the 2D Euler equation for ideal �uids on sur-
faces with possible boundary, employing a geometric and combinatorial framework rooted
in di�erential topology, speci�cally, Morse theory. Motivated by Arnold's Hamiltonian for-
mulation of hydrodynamics, we classify Morse-type coadjoint orbits (those whose vorticity is
a simple Morse function) using circulation Reeb graphs. These graphs provide a complete
invariant for coadjoint orbits under symplectomorphisms.

The central result establishes a sharp criterion for the existence of steady �ows: a coadjoint
orbit admits a steady solution if and only if its circulation function is balanced, a condition
enforcing consistent signs near critical vorticity levels. This transforms the dynamical problem
into a combinatorial constraint on the Reeb graph. For closed surfaces, the balanced condition
simpli�es further to total negativity of the circulation function, revealing that steady �ows
are rare and topologically constrained. Explicit examples on genus-two surfaces illustrate how
the solution space forms a convex polytope within the space of circulations. The work also
includes an application example of the main result, constructing a set of curves as streamlines
of a steady �ow on the sphere.

By bridging �uid dynamics, symplectic geometry, and topology, this work studies new
insights into the interplay between vorticity and stability in ideal hydrodynamics.
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Online Follow-The-Leader (FTL) Model Selection

with Conformal Prediction

Nuria Richer Gusano, BCAM � Basque Center for Applied Mathematics

We benchmark hourly probabilistic forecasts selected online by a Follow-The-Leader
(FTL) rule over a grid of smoothing and regularization parameters (λs, λr). Three selec-
tion metrics are compared�RMSE (point error), CRPS (distributional accuracy), and NLL
(likelihood �t)�against a baseline model across four datasets. RMSE emphasizes point ac-
curacy; CRPS balances sharpness and calibration; NLL rewards calibrated, often wider, pre-
dictive densities. Evaluation uses RMSE, MAPE, CRPS, NLL, and Pinball, with calibration
diagnostics from PIT histograms and ECDFs.

Beyond this, we extend the framework with conformal prediction to provide �nite-sample,
distribution-free coverage guarantees on the forecast intervals, ensuring reliability under
model misspeci�cation. We also incorporate dynamic learning updates, allowing the se-
lection mechanism to adapt not only to cumulative past losses but also to regime shifts
and non-stationarities in real time. These enhancements complement FTL by strengthening
robustness: conformal layers control coverage, while dynamic adaptation accelerates respon-
siveness to changing data patterns.

Results show that FTL�CRPS consistently achieves the best probabilistic accuracy (low-
est CRPS and Pinball), while FTL�NLL optimizes tail safety (best NLL). Point accuracy
remains dataset-dependent. The combined framework highlights a practical trade-o�: CRPS
for reliable quantiles, NLL for tail robustness, and conformal + dynamic extensions for adap-
tive, trustworthy deployment in evolving environments.
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Semi-Lagrangian Approach to Kinetic Models in

Plasma Simulations

Pietro Nardelli, University of Ferrara

Plasma is a gaseous state of matter consisting of charged particles, speci�cally electrons
and ionised atoms. In modern applied research, several lines of investigation focus on plasma
modelling, ranging from nuclear fusion to medicine and astrophysics. In this context, reliable
numerical methods are needed to provide accurate simulations. Due to the presence of ions,
the motion of plasma particles is governed by electromagnetic forces; moreover, they react
to external electric or magnetic �elds, changing the overall system behaviour. This complex
behaviour makes plasma challenging to simulate e�ciently.

In this work, we illustrate one of the methods employed in plasma simulations: the semi-
Lagrangian approach. The method relies on mathematical tools such as operator splitting [5]
and polynomial interpolation [4], and we present it here in the case of the one-dimensional
Vlasov-Poisson system [1], one of the most studied plasma models. Lastly, we assess the
performance of the semi-Lagrangian method with some standard plasma physics test cases,
speci�cally Landau damping and the two-stream instability [3][2].
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