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1 Program

LUNEDI 29/06/2026

Aula 004 Aula 005 Aula 006 Aula 007
14:15-14:30 Introduzione
14:30-15:30 ELIA BRUE
Coffee Break
16.00-16.20 | 1. Gabriele Giannone 1. Helena Dell'Anna 1. Shuaijie Jiao 1. Federico Villone
16.25-16.45 | 2. Miriam Piccirillo 2. Silvia Cerasaro 2. Ernesto Maria Greco 2. Luca Barbato
16.50-17.10 | 3. Stefania Russo 3. Angela Donatiello 3. Eloy Mosig 3. Gianluca Somma
17.15-17.35 | 4. Francesco Salerno 4. Lorenzo Facciaroni 4. Gianmarco Cipollone
17.40-18.00 | 5. Francesca de Giovanni 5. Lydia Castronovo 5. Davide Giovagnoli
18.05-18.25 6. Samuele Saviozzi
MARTEDI 30/06/2026
Aula 004 Aula 005 Aula 006 Aula 007
09:00-10:00 ALICE CORTINOVIS
Coffee Break
10.30-10.50 | 1. Dorothea von Criegern 1. Federico Gonnelli 1. Massimiliano Di Matteo 1. Laura Accornero
10.55-11.15 | 2. Sarah Ismail 2. Bruno Degli Esposti 2. Giuseppe Zampella 2. Michele Gatti
11.20-11.40 | 3. Nicold De Bernardi 3. Mattia Matucci 3. Fernando Mendez Mendez| 3. Pia Salerno
11.45-12.05 | 4. Giorgio Gatti 4. Alessia Montano 4. Filippa Lo Biundo. 4. Matteo Faini
12.10-12.30 | 5. Giulio Pascale 5. Samira Iscaro 5. Arianna Vicari
Pranzo
14:30-15:30 FABIO BERNASCONI
Coffee Break
16.00-16.20 | 1. Fatemeh Ghaderi Zefreh 1. Faraz William 1. Pier Roberto Pastorino 1. Davide Massenz
16.25-16.45 | 2. Emanuele Pastorino 2. Matteo Lombardi 2. Federico Thiella 2. Alessandro Cannone
16.50-17.10 | 3. Claudia Nocita 3. Cristiano Parenti 3. Lapo Rubini 3. Francesco lovanna
17.15-17.35 | 4. Lorenzo Boccali 4. Anna Borrelli 4. Lorenzo Affe 4. Filippo Palma
17.40-18.00 | 5. Lucrezia Rinelli 5. Federica Donnini 5. Alessia Vallefuoco 5. Stefano Disca
18.05-18.25 | 6. Chiara Darielli 6. Davide Pucci 6. Mirko Torresani
MERCOLEDI 01/07/2026
Aula 004 Aula 005 Aula 006 Aula 007
09:00-10:00 NADIA LOY
Coffee Break
10.30-10.50 | 1. Francesco Colasanto 1. Carmine Mirra 1. Arrigo Pisati 1. Angelica Pia Di Feola
10.55-11.15 | 2. Rebecca Sempio 2. Rosa Cascella 2. Luca Picariello 2. Hartwig Winterroth
11.20-11.40 | 3. Giuseppe Failla 3. Luca Mauri 3. Chiara Grisendi 3. Rebecca Tozzi
11.45-12.05 | 4. Megha Kamath Katapady | 4. Marco Vergani 4. Francesco Contel 4. Emanuela Penitente
12.10-12.30 | 5. Pietro Galimberti 5. Alessandro Giorgi 5. Vittorio Pane




2 Invited Talks

Fabio Bernasconi (Sapienza, Universita di Roma), Recent applications of the
Minimal Model Program in positive and mixed characteristic geometry

(Piazzale Aldo Moro 5, Roma— fabio. bernasconi@uniromal. it )

In this talk, I will introduce the core concepts of contemporary birational geometry and explain
their recent applications to problems in commutative algebra and arithmetic geometry. In the
first part of the talk, I will recall what a birational transformation is and outline the central
conjectures in modern birational geometry. The Minimal Model Program (MMP) is a conjectural
algorithm for the uniformization of algebraic varieties, a program initiated by the Italian school
for surfaces and extended to higher-dimensional complex algebraic varieties by Mori in the 1980s.

In the last decade, the MMP has been successfully developed for algebraic varieties defined over
fields of positive and mixed characteristic. This breakthrough has yielded profound applications
to long-standing problems in both commutative algebra and arithmetic geometry. I will discuss
some of my own contributions to this area, focusing both on establishing structural results for
the MMP and on its applications to arithmetic problems, such as the existence of rational points
on special algebraic varieties.

Elia Brué (Universitd Bocconi di Milano), Ricci Curvature, Fundamental
Groups, and Milnor Conjecture

(Via Roentgen 1, 20136, Milano, Italy— elia. brue@uniboccons. it )

The interplay between Ricci curvature and topology is a central theme in geometric analysis.
After a broad introduction, I will focus on the fundamental groups of manifolds with Ricci
curvature bounded below, with particular emphasis on Milnor’s 1968 conjecture and its first
counterexample, obtained in collaboration with Naber and Semola.

Alice Cortinovis (Universita di Pisa), Low-rank approximations of matrices
from rows and columns

(Largo Bruno Pontecorvo, 3, 56127 Pisa, Italy— alice. cortinovis@Qunipi. it)
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Many large matrices arising in science, engineering, and data analysis contain far less information
than their size might suggest. In many cases, they can be accurately approximated by matrices of
much lower rank, leading to significant savings in both memory requirements and computational
costs. The truncated singular value decomposition gives a way to construct an optimal low-rank
approximation, but it is often too expensive to compute. For this reason, different types of low-
rank approximation strategies have been proposed and analyzed in the literature, for example,
approximations constructed from a few actual rows and columns of the matrix. In this talk, we
will present a range of deterministic and randomized techniques for selecting informative rows
and columns, and we will discuss the mathematical ideas that explain their effectiveness.

Nadia Loy (Politecnico di Torino), Kinetic models for cell migration: macro-
scopic limits and aggregation solutions.

(Corso Duca degli Abruzzi, 24, Torino, Italy— nadia. loy@polito. it )

Cell migration is a fundamental process underlying a wide range of physiological and pathological
phenomena, including embryogenesis and cancer progression. Developing reliable mathemati-
cal models is essential for understanding the mechanisms governing these processes and for
establishing quantitative links between experimentally measurable microscopic parameters and
emergent macroscopic behaviours. In this context, kinetic models provide a natural framework
for deriving macroscopic descriptions from microscopic dynamics, thereby avoiding purely phe-
nomenological assumptions. At the same time, the increasing complexity required to accurately
describe cellular behaviour gives rise to challenging mathematical problems.

In this talk, I will introduce a class of spatially nonlocal kinetic models for cell migration. These
models are formulated as transport equations with integral scattering operators accounting for
cellular reorientation in response to environmental cues. I will discuss the derivation of their
macroscopic limits and show how aggregation patterns and their stability can be characterized
through a Hamilton—Jacobi approach. I will also introduce a class of kinetic models structured
by a phenotypic variable and show how macroscopic equations can be derived in regimes where
standard asymptotic techniques fail to apply.
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3 Sessions’ Talks

Laura Accornero (Universita degli Studi di Milano), Rigidity results for Ser-
rin’s overdetermined type problems in weighted Riemannian manifolds

(Via Cesare Saldini 50, 20133 Milano, Italy— laura. accornero@Qunimi. it )

In [4], J. Serrin proved the following celebrated result: if there exists a positive solution u €
C?(Q) to the following overdetermined problem

Au=-1 1in Q,
u =0 on 02,
uy, = —c on 0,

where @ C R™, with n > 2, is a bounded domain, v denotes the outward the normal derivative
on 0X), and c is a positive constant, then Q must be a ball and u is radially symmetric.

The main tool of Serrin’s proof is a technique known as moving planes, inspired by the proof of
Alexandrov’s Soap Bubble Theorem.

Right after Serrin’s paper, Weinberger in [5] provided a very short proof of the same result,
using the Pohozaev identity and the maximum principle applied to the so-called P-function.
Over the years, further extensions and new techniques have appeared in the literature, including
variational, geometric, and fully nonlinear generalizations.

The approaches based on integral identities, as well as Weinberger’s approach with the P-
function, may give information not only on the classification of the solution but also on the
ambient manifold, once the problem is settled in a Riemannian manifold. It is therefore natural
to view Serrin’s problem not only as a classification result for solutions of an elliptic equation,
but also a way to obtain rigidity theorems in Riemannian geometry.

In this talk, we will consider Serrin’s overdetermined problem in weighted manifolds, where the
geometry is modified by the presence of a smooth density and the Laplacian and Ricci tensor
are replaced by the weighted Laplacian and the Bakry-Emery Ricci tensor, respectively. In
this setting, both the analytic behavior of solutions and the geometric interpretation of rigidity
become subtler and only few partial results have been obtained (see for instance [2, [3]). Under
suitable assumptions, we will prove that the existence of a solution implies that the domain must
be isometric to a Euclidean ball, also providing a rigidity result on the underlying manifold.

This is joint work with G. Ciraolo [I].
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Lorenzo Affé (Universita di Messina), Fundamental properties and charac-
terizations of new classes of )-3*-continuous mappings in m-Polar Neutro-
sophic Topological Spaces

(Viale Ferdinando Stagno d’Alcontres, 31, 98166 Messina ME, Italy— lorenzo. affe@students.
unime. it

We introduce and study two classes of neutrosophic continuous mappings: the neutrosophic ir-
resolute 6-3*-continuous mappings (NIr 6-5* CM) and the neutrosophic contra ¢-5*-continuous
mappings (NC §-8* CM ). We establish their fundamental properties and provide characteriza-
tions in terms of preimages of §-5*-open and d-3*-closed sets. The role of each notion related
to the other is shown and analysed through implication chains, (non-)equivalences under mild
hypothesis and stability result under composition, subspaces, and products. Then an extended
framework to the m-polar setting is shown; in particular, the definitions of the m-polar neutro-
sophic irresolute 0-4*-continuous mappings (MPNIr 6-5* CM ) and m-polar neutrosophic contra
0-F*-continuous mappings (MPNC 6-5* CM ) are given. Moreover, this framework shows how
core properties lift to the m-polar case and where new phenomena arise. Also examples and
counterexamples are provided in order to separate the classes and to justify and illustrate the
sharpness of the obtained results.

Luca Barbato (Scuola Superiore Meridionale), A Modica-Mortola type ap-
proximation for Capillarity energy via Reaction-Diffusion equation

(Largo San Marcellino 10, 80138 Napoli, Italy— 1. barbato@ssmeridionale. it )

The aim of this talk is to highlight a connection between optimal control problems with boundary
terms and capillarity energy. More precisely, we consider a logistic diffusion equation with Robin
boundary conditions, where the control is subject to pointwise and mass constraints, and we
show that, in the small-diffusivity regime, the asymptotic behaviour of the problem is governed
by a capillarity-type functional.

We first study the underlying state equation and, under a suitable condition on the Robin
parameter, prove existence and some important properties of strictly positive solution. We
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next study the small-diffusivity limit and establish that the corresponding state converges in a
suitable way to the control according to the regularity of the control.

We finally consider the related optimal design problem, in which both the state and the control
are optimized simultaneously and find that optimal controls are of bang-bang type, namely char-
acteristic functions of measurable sets with prescribed volume. Next, by means of Modica—Mortola-
type estimates, the desired upper bound for the rescaled energy is obtained.

This talk is based on a joint work with Idriss Mazari-Fouquer (CEREMADE, Université Paris-
Dauphine).

Fabio Bernasconi (Sapienza, Universita di Roma), Recent applications of the
Minimal Model Program in positive and mixed characteristic geometry

(Piazzale Aldo Moro 5, Roma— fabio. bernasconi@uniromal. it|)

In this talk, I will introduce the core concepts of contemporary birational geometry and explain
their recent applications to problems in commutative algebra and arithmetic geometry. In the
first part of the talk, I will recall what a birational transformation is and outline the central
conjectures in modern birational geometry. The Minimal Model Program (MMP) is a conjectural
algorithm for the uniformization of algebraic varieties, a program initiated by the Italian school
for surfaces and extended to higher-dimensional complex algebraic varieties by Mori in the 1980s.

In the last decade, the MMP has been successfully developed for algebraic varieties defined over
fields of positive and mixed characteristic. This breakthrough has yielded profound applications
to long-standing problems in both commutative algebra and arithmetic geometry. I will discuss
some of my own contributions to this area, focusing both on establishing structural results for
the MMP and on its applications to arithmetic problems, such as the existence of rational points
on special algebraic varieties.

Lorenzo Boccali (Universita di Firenze), Approrimation in LP-spaces and
shape-preserving properties of the max-product generalized sampling opera-
tors

(Viale Morgagni 67/A, 50134 Firenze, Italy— lorenzo. boccali@Qunifi. it)

In this talk, we present a recent study [2] on approximation in the usual LP-norm and on certain
shape-preserving properties of the max-product generalized sampling operators (SX),en. As is
well-known (see [3]), these operators provide a non-linear generalization of the classical sampling
series (see, e.g., [1]), where the usual summation is replaced by the supremum (or, in the finite
case, the maximum) taken over a suitable index set.

More precisely, we derive quantitative estimates for the LP-approximation error in the case of
non-negative bounded functions belonging to LP([—1,1]), 1 < p < 400, by means of an averaged
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modulus of smoothness, namely the 7-modulus (see [5]). In particular, we first estimate the LP-
approximation error for non-negative functions in the Sobolev space WP and then extend the
estimates to the whole space LP([—1,1]) via a density argument. Moreover, the theory can
be further extended to bounded functions of arbitrary sign by a suitable modification of the
operators SX.

In the second part of the talk, we present new shape-preserving results for these operators
based on a specific class of kernel functions. In particular, for sufficiently smooth centered bell-
shaped kernels, the associated max-product sampling operators turn out to partially preserve
monotonicity for bounded functions f : [0,1] — ]Rar that are either non-decreasing or non-
increasing on [0, 1]. This improves previous results by Coroianu et. al [4], extending the class of
max-product sampling operators exhibiting this partial shape-preserving property.

1. C. Bardaro, P.L. Butzer, R.L. Stens, G. Vinti, Prediction by samples from the past with
error estimates covering discontinuous signals, IEEE Trans. Inform. Theory, 56 (1)

(2010), 614-633.

2. L. Boccali, G. Vinti, LP-approzimation and shape-preserving properties of the max-product
generalized sampling operators, to be submitted, (2025).

3. L. Coroianu, D. Costarelli, S.G. Gal, G. Vinti, The maz-product generalized sampling
operators: Convergence and quantitative estimates, Appl. Math. Comput., 355 (2019),
173-183.

4. L. Coroianu, S.G. Gal, Approximation by maz-product sampling operators based on sinc-
type kernels, Sampling Theory in Signal and Image Processing, 10 (3) (2011), 211-230.

5. B. Sendov, V.A. Popov, The averaged moduli of smoothness, Pure Appl. Math., New York,
Wiley, Chichester, (1988).

Anna Borrelli (Universita degli Studi di Napoli Federico I1T), MAKES-QA: A
Multi-Agent framework for Knowledge graph construction and Enrichment
over Scientific literature for Question Answering

(Via Vicinale Cupa Cintia 26, 80126 Napoli, Italy— anna. borrelli3@unina. it)

Knowledge graphs (KGs) provide a structured way to represent complex information and support
exploration and reasoning over large collections of data. In the context of scientific literature,
they offer a promising approach to organize the growing volume of research outputs and to
capture the relationships between concepts, methods, and results.

However, constructing and maintaining knowledge graphs in rapidly evolving research domains
remains a challenging task. Scientific knowledge is continuously updated, and existing ap-
proaches often rely on static graphs built from fixed corpora, limiting their ability to support
exploratory and iterative research processes.

To address this issue, we introduce MAKES-QA, a modular multi-agent framework designed to
support knowledge graph construction and question answering over scientific literature.
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The framework combines large language models (LLMs) with a multi-agent architecture to
automatically extract, normalize, and integrate knowledge from scientific papers. Starting from a
user-defined set of documents, MAKES-QA constructs an initial knowledge graph through entity
and relation extraction, followed by a normalization phase that ensures semantic consistency
across sources.

A key feature of the system is its interactive enrichment mechanism, which allows users to it-
eratively expand the knowledge graph by selecting different strategies, such as exploring highly
connected entities or retrieving foundational and commonly cited papers. This enables a dy-
namic and user-guided exploration of scientific domains, going beyond static knowledge graph
construction.

Once the graph is built, the framework supports natural language question answering through a
retrieval-augmented generation (RAG) approach, where relevant graph triples are retrieved and
used to ground the responses of a language model. This design improves answer accuracy and
interpretability by linking generated outputs to structured evidence.

The experimental evaluation shows that the proposed approach produces compact and semanti-
cally coherent knowledge graphs and enables effective, context-aware question answering across
multiple scientific documents. Overall, MAKES-QA provides a framework to support the ex-
ploration of scientific literature, facilitating knowledge discovery and reducing the need for ex-
haustive manual analysis.

Eugenio Cainelli (Universita di Bologna), Machines in q,t-Combinatorics

( — eugenio. cainelli2@unibo. it|)

The field of q,t-combinatorics studies families of bivariate polynomials that arise in representa-
tion theory and algebraic geometry, such as the famous q,t-Catalan polynomials. Two central,
notoriously difficult open problems in this domain are (1) finding combinatorial interpreta-
tions for these polynomials (discovering integer-valued "statistics" on combinatorial objects) and
(2) constructing explicit exchanging bijections to prove their inherent q,t-symmetries. In this
talk, we show how modern machine learning (ML) can be used to tackle these challenges. We
frame these problems through a novel learning paradigm called Simple Learning Under Rigid
Proportions (SLURP). Unlike standard ML settings that optimize for approximate accuracy,
SLURP requires the discovery of simple, interpretable mathematical functions that exactly sat-
isfy specified bag-level distributional constraints. To navigate this highly constrained search
space, we introduce two different ML methods: MapSeek-Functional, a self-training approach
alternating between constraint projection and supervised updates, and MapSeek-Symbolic, a
generative deep cross-entropy method designed to directly synthesize symbolic formulas. We
will detail the application of these methods to the study of q,t-Narayana polynomials on non-
crossing partitions. For the previously unsolved case of k=3, our methods discovered novel,
human-interpretable combinatorial statistics (which we name leap, skew, and mag). Guided
by these machine-discovered statistics, we successfully constructed the first explicit exchanging
bijection that proves the q,t-symmetry of these polynomials, solving a long-standing open prob-
lem in the field in the k=3 case. Finally, we will discuss how these machine-assisted discoveries
were rigorously verified. We fully formalized the new statistics, their joint distributions, and
the proof of the exchanging bijection in the Lean 4 proof assistant. This exhibits a complete,
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end-to-end pipeline of how we can collaborate with machines in the field of combinatorics: from
ML-guided mathematical exploration to formally certified mathematical results.

Alessandro Cannone (Universita degli Studi di Bari Aldo Moro), Nonlinear
polyharmonic equations: Ground state solutions and optimal inequalities

(Via Edoardo Orabona, 4, Campus universitario, 70125, Bari, Italy— |alessandro. cannone®@
uniba. it))

I will talk about the existence of ground state solutions for the polyharmonic nonlinear equation
(—=A)™u = g(u) in RY for an arbitrary order m € N and N > 2m, under general subcritical
growth conditions on the nonlinearity ¢, inspired by the classical Berestycki-Lions framework.
Furthermore, I will present a new polyharmonic logarithmic Sobolev inequality, whose optimiz-
ers correspond to the ground state solutions of the problem in the presence of a logarithmic
nonlinearity. (The results are based on joint work with Prof. S. Cingolani and Prof. J. Med-
erski, Polyharmonic nonlinear scalar field equations, Nonlinear Analysis, Volume 272, (2026),
https://doi.org/10.1016/j.1a.2026.114176)

Rosa Cascella (Universita degli Studi di Napoli Federico II), The index of a
sub skew brace

(Via Cintia, Monte S. Angelo 1-80126 Napoli, Italy— rosa. cascella@unina. it)

The Yang-Baxter equation (YBE) is a fundamental equation originating in mathematical physics
in the work of Nobel Laureate C.N. Yang [1] and R. Baxter [2]. In [3] Drinfel’d remarked that
many families of solutions to the Yang-Baxter equation, known at that time, stem from so-called
set-theoretic solutions. A set-theoretic solution of the Yang-Baxter equation is a tuple (X,r)
where X is a non-empty set and 7 : X x X — X x X is a bijective map satisfying on X3 the
equality (rxidx)(idx xr)(rxidx) = (idx xr)(rxidx)(idx xr). Denote r(x,y) = (Az(vy), py(x)).
If Az, p, are bijective for all x € X, then one says that (X, ) is non-degenerate.

Recently, Rump [4] and Guarnieri and Vendramin [5] introduced skew braces, algebraic struc-
tures that are deeply linked to non-degenerate set-theoretic solutions of the Yang-Baxter equa-
tion. A skew brace is a triple (B, +,0), where (B,+) and (B,o) are groups such that for all
a,b,c € B a skew left distributivity holds:

ao(b+c)=aob—a+aoc,

where —a denotes the inverse of a in (B,+). In this talk, the notion of index of a sub skew
brace is explored; if we deal with infinite braces, is not known in general if the index of a sub
skew brace is the same in both the group structures. In [6], the concept of index for a sub-skew
brace is introduced. Given a skew left brace B and a sub skew brace C' of B we say that C' has
finite index B if both ny = [(B,+) : (C,+)| and no = |(B, o) : (C, o) are finite; if ny = no, =mn,
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we define the index |B : C| of C' in B as n. If C does not have finite index, we say that C' has
infinite index. In this talk we will see that the index is always defined for each sub skew brace
of finite index.
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Lydia Castronovo (DMI, Universita degli Studi di Palermo, Palermo, Italy),
Analysis of logical and probabilistic properties of selected notions of iterated
conditionals

(Via Archirafi, 34 90123 PALERMO (PA)— |lydia. castronovo@unipa. it|)

Conditionals are typically expressed by “if-then” sentences and they are useful and important
tools in many fields. The analysis of conditionals and how to combine them is a relevant topic
from the more theoretical areas, such as mathematics and philosophy, to the applicative ones,
like psychology and artificial intelligence. The study of conditional events is not limited to how
to combine them through conjunction and disjunction. Indeed, objects of interest are certainly
iterated conditionals, structures where both the antecedent and the consequent are conditionals.
Compound and iterated conditionals are widely used in natural language to describe decisions
and inferences based on incomplete or uncertain information. In de Finetti’s framework, a con-
ditional B|A is a three-valued object which can be true, false, or void [4]. It well-known that
simple conditionals satisfy some desirable logical and probabilistic properties, such as the com-
pound probability theorem. However, when events A and B are replaced by the conditional
events A|H and B|K, respectively, some logical and probabilistic properties may no longer be
preserved. We begin by recalling some definitions of conjunction and disjunction among con-
ditionals in selected trivalent logics and as conditional random quantities. Staying in trivalued
logics, we analyse the iterated conditionals in the logic of Cooper-Calabrese [1,3], de Finetti [4],
and Farrell [5], and we check the generalised properties by computing some probability propa-
gation rules. Moreover, for each notion of conjunction of conditionals we introduce an iterated
conditional as a suitable random quantity which satisfies the compound prevision theorem [6].
For these new objects we also check the validity of two generalized versions of Bayes’ Rule for
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iterated conditionals, and we study the p-validity of generalized versions of Modus Ponens and
two-premise centering for iterated conditionals. Finally, we observe that all these properties are
preserved by the definition of iterated conditional given in [6].

This talk is based on a joint work [2] with Giuseppe Sanfilippo from Universita degli Studi di
Palermo, Italy.
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Silvia Cerasaro (Universita di Roma Tor Vergata), La formazione degli in-
segnanti con la storia delle matematiche: i “numeri rotti” nel Liber Abbaci
di Leonardo Pisano

(Via Columbia, 1 00133 Roma (RM)— silvia.cerasaro@gmail.com)

Nello studio compiuto si mostra come l'insegnamento-apprendimento della matematica, con
'utilizzo della sua storia, produca modifiche della prasseologia (Chevallard, 1999) dell’insegnante.

L’indagine svolta ha avuto inizio con uno studio storico, filologico ed epistemologico del trattato
d’abaco di Leonardo Pisano, detto Fibonacci, del 1202: il Liber Abbaci (Fibonacci, 2020). Dopo
un’attenta analisi dei capitoli V, VI e VII, & stato scelto di studiare in maniera piu approfondita
le frazioni, denominate nel trattato e nei successivi come “numeri rotti”, ovvero quei numeri che
si ottengono “rompendo” in parti uguali 'intero. Dall’analisi del libro VII degli Elementi di
Euclide (2007), passando per i testi di aritmetica pratica medievali, & stata condotta una rifles-
sione epistemologica per concetti, oltre che per periodo storico (Barbin, 2022; Cerasaro, 2025).
L’approfondita formazione storica e stata rilevante per evitare un’interpretazione anacronistica
del testo, ritenendo la conoscenza matematica il risultato di un processo di partecipazione a forme
di pensiero storicamente costituite (Radford, 2021). La lettura del testo storico € avvenuta in
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chiave educativa per discutere la sua dimensione etica, a favore del rispetto dell’alterita, trovando
il riconoscimento della valenza educativa del dialogo su tale argomento (Guillemette & Radford,
2022).

Attraverso un corso di formazione ideato per gli insegnanti in servizio nella scuola secondaria di
primo grado in cui e stata approfondita I'operazione della moltiplicazione tra frazioni (Cerasaro
& Salvatori, 2025), ¢ stato osservato il cambiamento delle prasseologie iniziali dei partecipanti,
in coerenza con la Teoria della Trasposizione Meta Didattica (Arzarello, et al., 2014; Pocalana
& Robutti, 2024a). La ricerca era finalizzata a rilevare le modifiche delle prasseologie del forma-
tore/ricercatore e del docente sperimentatore a seguito di confronti e scambi di opinioni, utili
alla definizione di una prasseologia condivisa. Il cambiamento delle prasseologie ¢ avvenuto di
pari passo con il lavoro documentale, come descritto da Gueudet e Trouche (2009, 2018). In
questa situazione, il ricercatore, nel ruolo di formatore, ha adottato I’approccio documentale
alla didattica per studiare la genesi documentale degli insegnanti durante il corso di formazione.
La Teoria della Trasposizione Meta Didattica ha costituito la lente interpretativa per rilevare
I’evoluzione delle prasseologie degli attori coinvolti nel processo di formazione, contemporanea
alle modifiche del lavoro documentale, e viceversa. Per compiere una piu profonda comprensione
dell’argomento esplorato, € stato considerato un case study, con le intenzioni di effettuare uno
studio intensivo, mirato a generalizzare su pill unita, coerentemente al Cooperative Engineering,
nel quale viene preso in considerazione lo studio del caso singolo come “emblematic example”
(Morales, et al., 2017).

Sono stati perseguiti i seguenti obiettivi:

o analizzare come un docente sviluppi e trasformi le proprie prasseologie didattiche attraverso
I'uso della storia delle matematiche, integrata con altre risorse, in un percorso di crescita
professionale;

e osservare in che modo l'introduzione di fonti storiche e riflessioni epistemologiche influenzi
I’approccio dei docenti ai contenuti matematici, in particolare nella costruzione di significati
e tecniche;

o rilevare lo sviluppo di un atteggiamento critico e riflessivo nei confronti delle proposte di-
dattiche, anche in relazione ai processi di negoziazione e alla definizione di una prasseologia
condivisa.

Tra i dati raccolti durante I'indagine, sono stati presi in considerazione tutti quegli elementi
che mostrassero come 1'uso della storia delle matematiche avesse fatto modificare le prasseolo-
gie dell’insegnante, analizzando i logos, le praxis ed i beliefs all’inizio e al termine del percorso.
Questo e stato possibile grazie alle interviste effettuate ma anche attraverso uno studio del lavoro
documentale iniziale, il quale ha subito delle modifiche che hanno condotto ad una genesi doc-
umentale condivisa, testimonianza e, allo stesso tempo, causa dell’evoluzione delle prasseologie.
Inoltre, in continuita con quanto mostrato da Pocalana & Robutti (2024b), sono stati riscontrati
anche dei cambiamenti nelle convinzioni, o beliefs, degli insegnanti: i cambiamenti riguardavano
la valenza pedagogica attribuita all’uso della storia nella didattica e la consapevolezza del proprio
cambiamento dovuto al contatto con la presseologia del formatore-ricercatore. Un ulteriore ed
inaspettato risultato e stato rilevato grazie ad uno studio collaborativo con la dott.ssa Gabriella
Pocalana dell’Universita di Pavia: sono stati riscontrati dei cambiamenti anche nelle convinzioni
del relatore, nel ruolo di formatore/ricercatore, aspetto che non & preso in considerazione nel
modello della Teoria della Trasposizione Meta Didattica a cui ¢ stato fatto riferimento: questa
constatazione ha permesso alla relatrice e alla dott.ssa Pocalana di ipotizzare una nuova pro-
posta di modello della teoria didattica presa in considerazione nell’indagine compiuta (Pocalana
& Cerasaro, 2025).
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Gianmarco Cipollone (Universita degli Studi dell’Aquila), On weak solutions
to self-organized systems of Euler-type with non-constant interaction kernel

(Via Vetoio 1, 67100 L’Aquila, Italy— gianmarco. cipollone@graduate. univaq. it

In this talk, we consider an Fuler-type model for flocking, motivated by the description of collec-
tive behavior in systems of interacting agents. The model describes the evolution of macroscopic
density and velocity, and features a pressure term together with an integrable, positive interac-
tion kernel.

We focus on the evolution of entropy weak solutions that are periodic in space, and on their
long-time behavior. Assuming the existence of such solutions, we show that their L? norm
decays in time towards the average values. The approach makes use of entropy methods and it
is inspired by the work of C.M. Dafermos [2] on the long-time behavior for hyperbolic systems
with dissipative source.

The global existence of entropy weak solutions has been established in [I], for the case of linear
pressure and constant kernel. We address the issue of global existence result in the more general
setting of a non-constant, integrable kernel by means of a wave-front tracking approach.

Joint work with Debora Amadori and Cleopatra Christoforou.

[1] D. Amadori, F. A. Chiarello and C. Christoforou. Euler-flocking system with nonlocal
dissipation in 1D: periodic entropy solutions. Journal of Hyperbolic Differential Equations,
2026.

[2] C. M. Dafermos. Periodic BV solutions of hyperbolic balance laws with dissipative source.
Journal of Mathematical Analysis and Applications, 428(1):405-413, 2015.

Francesco Colasanto (Technical University of Munich ), Phase-field Approzi-
mation for Cohesive Models: Variational Analysis and Applications to Frac-
ture Mechanics

(Boltzmannstrafle 3, 85748 Garching bei Miinchen, Germany— francesco. colasanto@ tum.
de))

This talk concerns phase-field approximations of cohesive fracture, in which the surface en-
ergy depends on crack opening. We consider a broad class of diffuse-interface energies and
establish their variational convergence, in both scalar and vector-valued settings, to cohesive
free-discontinuity functionals. The main focus is the inverse design problem for cohesive laws.
Given a prescribed traction-separation law, we identify conditions under which one can construct
a phase-field model whose variational limit reproduces that law exactly. The analysis is based
on a detailed characterization of optimal profiles, on the distinction between Dugdale-type and
Barenblatt-type regimes, and on a reduction of the reconstruction procedure to an Abel inte-
gral equation. The resulting framework provides both a rigorous mathematical foundation for
cohesive phase-field models and an explicit tool for the calibration of damage potentials from
prescribed fracture responses.
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Francesco Contel (Sapienza Universita di Roma), Interplay between external
and internal factors in the use of GenAlI for the construction of proofs

(Piazzale Aldo Moro 5, 00185 Roma, Italy— francesco. contel@uniromal. it )

ABSTRACT

Introduction

Generative artificial intelligence (GenAl) tools are increasingly explored in research and instruc-
tional practices as means to support teaching and learning activities. The present study belongs
to a broader line of research (e.g.[4]) devoted to the investigation of human-GenAl interactions
in the activity of mathematical problem solving. Within this perspective GenAl is conceived as
an artefact whose purpose is to scaffold the user’s mathematical processes. In this study we fo-
cus on the interplay between internal and external factors in driving human-GenAl interactions,
analysing how this interplay affects students’ conjecturing and proving activities using algebra
as a reasoning tool.

Theoretical framework

The study draws on the notion of instrumental genesis (IG) [6] to model human-GenAl inter-
action, highlighting internal factors (e.g. students’ beliefs and metacognitive competences) and
external factors (e.g. GenAI’s bias and hallucinations) as drivers of the overall IG process [5]. To
analyse students’ proving processes, we refer to the essential algebraic cycle [2], which involves
representing a situation algebraically, manipulating symbolic expressions, and interpreting the
results in relation to a proving goal. Further analytical lenses applied are the notion of antici-
patory thinking [3] and of conceptual frame [I]. We pursue this research question: how does the
interplay between GenAl’s bias and hallucinations (external factors) and students’ beliefs about
the use of algebraic language for proving (internal factors) affect the realisation of the essential
algebraic cycle?

Research context and methods

The study involved 19 grade 9 and 10 students, each working individually on proving tasks with
the support of GPT-40. Students were asked to think aloud and interactions were audio- and
video-recorded. Each session lasted approximately 100 minutes. The task required students
to explore the difference between the squares of two consecutive natural numbers, formulate
conjectures, and prove them using algebra. A qualitative micro-analysis was conducted on three
data sources: chat transcripts, semi-structured interviews, students’ written work. The analysis
focused on: (1) the type of support provided by GPT, (2) the role of bias and hallucinations, (3)
the role of students’ beliefs, tracing how the represent—-manipulate—interpret processes evolved
during proving.
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Findings

The findings show that the interplay between external factors (bias and hallucinations) and
internal factors (students’ beliefs [7]) can systematically disrupt the essential algebraic cycle
during proving tasks. GPT’s support is characterised by a systematic bias in favour of symbolic
manipulation, often guiding students toward procedures without supporting their meaning. As
a result, what we call a “short circuit” of the essential algebraic cycle emerges: the cycle is
formally completed, but interpretation is missing or delegated to the. Different forms of short
circuits emerge depending on where the misalignment occurs: interpretation, validation, or task
understanding. Students’ beliefs amplify this phenomenon. Algebra is treated as a system
of procedures, and proof is reduced to symbolic manipulation producing formal results, often
accepted on the basis of authority rather than meaning. Across cases, GenAl displays a proce-
dural and authoritative bias, while hallucinations and lexical choices contribute to redirecting
students’ activity or stabilising existing beliefs. These results suggest that, when mediated by
GenAl, proving risks being reduced to symbolic manipulation rather than a process of meaning-
making. This raises important questions for the design and use of GenAl tools in mathematics
education, particularly in fostering algebraic reasoning as a tool for understanding rather than
execution.
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Chiara Darielli (Universita di Firenze), A new class of positive linear opera-
tors preserving logarithmic functions

(Viale Morgagni 67/A, 5013/ Firenze, Italy— chiara. darielli@Qunifi. it

We present a new class of positive linear operators that generalize the classical Bernstein polyno-
mials. The proposed operators, introduced in [1], can be viewed as a logarithmic counterpart of
the Bernstein-type exponential operators ([2,4]), reproduce the logarithmic function In(1+pu+x),
with ¢ > 0 and x € [0, 1], and are connected to the King operators ([3]). We discuss the main
approximation properties of these operators, including pointwise and uniform convergence, quan-
titative estimates of the approximation error, and a Voronovskaja-type asymptotic result that
leads to saturation and inverse theorems. We also provide shape-preserving properties and we
illustrate a simple application to a problem of signal denoising, where a logarithmic transforma-
tion is used to reconstruct the noise-free signal.
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ing logarithmic functions. arXiv:2602.06168v1, 2026.
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Nicoldo De Bernardi (Universita di Padova), On the Local Turnpike Property
in Mean Field Control and Games

(Via Trieste 63, 35131 Padova, Italy— nicolo. debernardi@studentt. unipd. it)

The study of turnpike-type properties in mathematics originated in finite-dimensional optimal
control theory and is closely related to the controllability of the system. The underlying intu-
ition is that, when studying the optimal behavior of a system over a long time horizon (with
respect to a given cost function), the system rapidly moves from the initial condition toward the
infinite-horizon optimal path, and only near the terminal time it adjusts to meet the fixed termi-
nal condition. As a result, it spends most of the time close to the infinite-horizon optimal path
and deviates from it only near the endpoints. In the first works about stability and turnpike in
Mean Field Games theory, exponential stability of mean field equilibria around stationary ones
was established under various monotonicity assumptions.

In the joint work with M. Cirant (Padova), we study the local stability of solutions to ergodic
and discounted Mean Field Games systems around stationary equilibria with quadratic Hamilto-
nians. Inspired by finite-dimensional models, we introduce a new stability assumption which, in
the MFG setting, allows for non-monotone local couplings, and show that this weaker condition
still ensures a (local) exponential turnpike property for solutions close to the stationary one. In
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particular, the core of stability is the existence of a new Lyapunov function for the MFG system,
which differs from those considered in previous works.

We also provide an interpretation of this non-monotonicity assumption in terms of spectral
properties of an operator, which might be encoded in the MFG system. This leads to a class of
meaningful examples of MFG systems with no monotonicity but still fulfilling our new assump-
tion.

Francesca de Giovanni (Universita degli Studi di Napoli Federico II), On the
optimality of spherical shells for the first Robin—Laplacian eigenvalue

(Via Cintia, Complesso Universitario Monte S. Angelo, 80126 Napoli, Italy— francesca.
degiovanni@unina. it))

We study the maximization of the first Robin—Laplacian eigenvalue among axisymmetric do-
mains with a hole. Under suitable geometric constraints, we prove that spherical shells are
optimal in any dimension.

Our approach combines known isoperimetric inequalities for Laplacian eigenvalues with a higher-
dimensional extension of the effectless cut technique. This enables a decomposition of the domain
into two subdomains without decreasing the first eigenvalue.

Bruno Degli Esposti (Universita di Siena), A new parallel-in-time
isogeometric boundary element method for the 3D wave equation

(Via Banchi di Sotto 55, 53100 Siena, Italy— bruno. degliesposti@Qunifti. it )

The numerical solution of partial differential equations such as the 3D wave equation typically
requires the discretization of the entire spatial domain. Alternatively, the Boundary Element
Method (BEM) reformulates the problem as a time-domain boundary integral equation posed
only on the boundary of the domain, reducing the spatial dimension of the problem by one. To
maximize accuracy and efficiency, we combine BEM with Isogeometric Analysis (IgA), a high-
order simulation paradigm whose defining feature is the use of the same spline-based functional
spaces to approximate the geometry (in this case, the boundary) and the solution.

While IgA efficiently handles spatial discretization, time integration remains challenging. Tradi-
tional sequential time-stepping schemes create computational bottlenecks and introduce un-
wanted volume integrals, fundamentally preventing the dimension reduction expected from
BEM. To overcome this, parallel-in-time convolution quadrature (CQ) approaches are used.
While standard CQ methods based on the Laplace transform operate sequentially, parallel for-
mulations decouple the temporal system into independent Helmholtz equations, solving for all
time steps simultaneously. This strategy was recently explored by combining IgA-BEM with
Runge-Kutta CQ [1].
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In this talk, we introduce a novel high-order parallel-in-time discretization for the 3D wave equa-
tion using linear multistep methods as Boundary Value Methods (BVM). Employing symmetric
B-spline linear multistep methods [2] provides a diagonalization property that decouples the sys-
tem into independent Helmholtz problems while controlling the transformation matrix condition
number. Combined with multi-patch IgA collocation, this leads to a fully spline-based scheme
in space and time. Furthermore, we mitigate matrix assembly costs by extending a function-
by-function strategy [3] into an optimized column-by-column approach. Numerical experiments
show that our B-spline BVM method can be significantly more accurate than equivalent state-
of-the-art parallel schemes.

[1] Kramer, T., Marussig, B., & Schanz, M. (2026). A higher-order time-domain boundary ele-
ment formulation based on isogeometric analysis and the convolution quadrature method. Com-
puter Methods in Applied Mechanics and Engineering, 451, 118609.

[2] Mazzia, F., Sestini, A., & Trigiante, D. (2006). B-spline linear multistep methods and their
continuous extensions. SIAM Journal on Numerical Analysis, 44(5), 1954-1973.

[3] Degli Esposti, B., Falini, A., Kandu¢, T., Sampoli, M. L., & Sestini, A. (2023). IgA-BEM
for 8D Helmholtz problems using conforming and non-conforming multi-patch discretizations

and B-spline tailored numerical integration. Computers & Mathematics with Applications, 147,
164-184.

Helena Dell’Anna (Politecnico di Milano), A systemic approach to Generative
AT in mathematics education

(Piazza Leonardo da Vinci 32, 20133, Milano, Italy— helena. dellanna@polimi. it|)

The general aim of my research is to study the use of Generative Artificial Intelligence (GenAl) in
mathematics teaching and learning, by considering different perspectives, including practices of
use as well as cognitive and affective dimensions. These perspectives are examined by taking into
account the interactions among the actors involved, namely students, teachers, mathematical
knowledge, and the technological tool. The construct of conceptions (Philipp, 2007) is used as
an umbrella term to investigate the cognitive and affective dimensions through which students
and teachers interpret the use of GenAl in mathematical activity. The instrumental approach
(Vérillon & Rabardel, 1995) is employed to analyse the usage schemes developed by students
and teachers in their interaction with the tool, highlighting affordances and constraints emerging
from concrete practices of use. Across all phases of the study, the e-learning tetrahedron (Albano,
2017) is used as an analytical lens to guide the analysis of interactions and relationships among
the actors.

The participants involved in the project are upper secondary school students (grades 12-13) and
their mathematics teachers. The mathematical domain considered is calculus, including topics
such as limits, derivatives, integrals, and function analysis, with a focus on students’ competence
to follow, assess, and articulate mathematical reasoning. A custom GPT focused on calculus
was developed within the research design through a process of co-design with teachers and used
during classroom activities. The GPT is designed as a didactically oriented tool to support
students’ mathematical reasoning through guided interaction, while also serving as a research
instrument to analyse evolving practices of use. Concerning students, data collection is based
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on questionnaires, written essays, and mathematical activities, together with chat transcripts
obtained from their interactions with GenAl during these activities. Concerning teachers, data
are collected within a community of practice focused on the co-design of classroom activities
involving the custom GPT. Within this co-design process, data include written reflections and
short essays produced by teachers, as well as researcher notes from meetings.

Preliminary analyses of students’ written essays focus in particular on students expressing scep-
ticism towards the use of GenAl, as these perspectives are considered especially informative
for identifying critical aspects of the interaction. Early findings suggest that students perceive
cognitive risks related to reduced autonomous reasoning and misalignment with instructional
approaches, as well as negative affective experiences, such as decreased motivation. At the same
time, some students also perceive affective benefits of GenAl in reducing anxiety and increasing
accessibility of mathematics. In parallel, a first cycle of classroom laboratories has been co-
designed and implemented using the custom GPT, allowing the collection of students’ feedback
and teachers’ observations, which are used to iteratively refine both the GPT and the structure
of the activities.

These preliminary insights are intended to inform the design choices guiding subsequent cycles
of the study. In particular, the analysis of students’ and teachers’ conceptions and practices
supports the formulation of instructions grounded in mathematics education and tailored to
upper secondary students working on calculus topics.

Albano, G. (2017). e-Mathematics Engineering for Effective Learning. In G. Aldon, F. Hitt, L.
Bazzini, U. Gellert (Eds.), Mathematics and Technology, (pp. 360-382). Springer.

Philipp, R. A. (2007). Mathematics teachers’ beliefs and affect. Second handbook of research
on mathematics teaching and learning, 1, 257-315.

Verillon, P., & Rabardel, P. (1995). Cognition and artifacts: A contribution to the study of
though in relation to instrumented activity. European Journal of Psychology of Education,
77-101.

Angelica Pia di Feola (Universita degli Studi di Caserta), On a parabolic p-
Laplacian system with convective term

(Caserta, Italy— angelicapia. difeola@unicampania. it )

This presentation is based on two joint works with Francesca Crispo, and Michael Rizicka.
In Chapters [I] and [2], we study the well-posedness of a parabolic p-Laplacian system with
a convective term, derived from the power-law system in the subquadratic case (p < 2), by
replacing the symmetric gradient with the full gradient and eliminating the pressure term.

It should be noted that these modifications make the results less relevant from a Fluid Dynamics
perspective, since the corresponding constitutive law does not comply with the principle of
material invariance. Nevertheless, they are very useful to better delimit the expectations for
possible results in the fluid dynamics context.

We estabilish existence and a maximum principle for regular solutions (for p € (%, 2)) and weak
solutions (for p € (1,2)) for an initial datum v, (z) € L>®(2).
Moreover, we analyze the property of extinction in finite time under suitable smallness assump-
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tions on the initial datum, highlighting the significance of this result in connection with the
extinction behavior known for power-law fluids in the regime p < 2; in this framework, passing
to the limit, one also recovers consistency with the classical Navier-Stokes case, where such ex-
tinction phenomena are lost.

Futher, for v,(z) € L>®(Q2) N VVO1 (), we are able to prove the uniqueness of regular solutions

for p € (%, 2).
Keywords: power-law fluids, parabolic p-Laplacian system, maximum principle,
extinction in finite time.
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Massimiliano Di Matteo (Universita della Campania "Luigi Vanvitelli"), To-
wards a Sylow Theorem for Skew Braces

(Viale Abramo Lincoln n. 5 - 81100 Caserta, Italy— massimiliano. dimatteo@unicampania.
it)

The First Sylow Theorem is a fundamental result in finite group theory and has played a central
role in the proof of some of the most important theorems in this subject, such as the classification
of finite simple groups. In recent years, increasing attention has been devoted to new algebraic
structures known as skew braces, which were introduced in 2017 to study certain classes of
solutions of the Yang-Baxter equation. The theory of skew braces heavily relies on group-
theoretic concepts and methods, and many of its developments closely parallel classical ideas
from group theory. Motivated by this strong connection, in joint work with Andrea Caranti,
Ilaria Del Corso, Maria Ferrara, and Marco Trombetti, we investigate an analogue of the First
Sylow Theorem in the setting of specific classes of skew braces.

Stefano Disca (Universita degli Studi di Ferrara), Onset of chaos in mechan-
ical and biological dynamical systems

(Via Machiavelli 30, 44121 Ferrara, Italy— dscsfn@unife. it )

I present an overview on chaos theory along with recent results in the field.
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In [1] we prove the emergence of Li-Yorke chaos in a broad family of four-dimensional discrete
maps that are naturally associated to both integrable and chaotic continuous systems. Analytical
results are generalized to a modular definition of the problem and to polynomial potentials in
one coordinate. Chaotic behavior of the map is numerically confirmed by the rising of a confined
strange attractor, bifurcation analysis and fractal basins of attraction.

A brief overview on ongoing projects will be presented, concerning homoclinic chaos in nonlinear
optical systems [2], discrete chaos for neural models [3] and a novel coupling of Rulkov neural
maps [4].
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Angela Donatiello (Universita di Salerno), Characterizing cognitive role-playing
in a rationality perspective to move students towards the scientific encultur-
ation

(Via Giovanni Paolo II, 132 - 84084 Fisciano (SA)— adonatiello@unisa. it )

This research project contributes to investigating, in a rationality perspective, the impact of dig-
ital storytelling on the scientific enculturation process of students within the culture of theorems,
in particular when the students are involved in a cognitive role-playing (Albano et al., 2021),
during the collaborative proving process in Euclidean geometry by means of a highly immersive
narrative approach in a digital environment. Morselli and Boero (2009) describe the approach
to theorems as a process of scientific “enculturation”, which consists in the development of a
type of rational behaviour, according to Habermas’ perspective (1998), and which involves the
intentional search for proving strategies, the control of epistemic aspects and the communication
of results through rules shared by the mathematical community. The research problem is hence
to investigate how digital storytelling activities based on cognitive role-playing can contribute to
developing awareness of the rational thought processes of secondary school students involved in
proving activities, in particular in the euclidean geometry area. The need to better understand
the emergence of rational behaviour in secondary school students during cognitive role-playing
lead us to characterize the cognitive roles of Inside Out model (Albano et al., 2021) from ra-
tionality perspective both in terms of knowledge and metaknowledge, through a priori analysis,
using Habermas’s construct of rationality (1998) and the operative interpretation that have been
given of this construct in Mathematics Education (Morselli & Boero, 2009) and then to use it
as a methodological lens to qualitatively analyse the synchronous discursive interactions that
emerged in the data from a pilot study (Albano et al., 2024). The preliminary analysis of the
pilot study was also used to refine the characterisation itself and to design and implement a new
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digital storytelling experiment based on cognitive role-playing, in order to explore the process
of enculturation of students in the Euclidean geometric culture of theorems and foster the emer-
gence of rational behaviour in secondary school students. Students interacted and collaborated
on digital chats to formulate conjectures, search for theoretical justification for the statement
produced, and collectively formalise the proof. The characters in the story were joined by a fifth
character, Euclid, played by the teacher-researcher whose inputs and contributions, was guided
by the Teacher Rational Questioning Framework (Zhuang & Conner, 2022), in order to foster
the emergence of rationality components in the students involved in the experiment. The find-
ings lead us towards a new model of cognitive role-playing, with some difference in relation to
the first one, such as a new role for teacher-researcher as rational mediator and an incorporated
systematic model for describing the interconnections amongst roles within the perspective of
rationality.
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Federica Donnini (Universita di Firenze), A curve-search globalization strat-
egy for nonlinear optimization algorithms

(Via di Santa Marta 3, 50139 Firenze, Italy— |federica. donnini@unifi. it|)

This work addresses unconstrained nonlinear optimization problems. Specifically, we are in-
terested in iterative methods that carry out updates along directions that might be not of
descent, such as Polyak’s heavy-ball algorithm. Instead of enforcing global convergence proper-
ties through line searches and the modification of the search direction in case suitable safeguards
are not satisfied, we propose a strategy based on searches along curve paths.
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In this latter approach, a curve search starting from the first tentative update indeed allows to
smoothly revert towards a gradient-related direction as long as a sufficient decrease condition is
not met. The resulting algorithm can be proved to possess global convergence guarantees, even
in the case of a nonmonotone decrease condition.

While the presented framework is rather general, particularly of interest is the case of parabolic
searches; quadratic paths can be conveniently constructed and handled by resorting to Bézier
curves; in this specific case, under reasonable assumptions on the first tentative update, the
resulting algorithm can be shown to possess optimal worst case complexity bounds for reaching
approximate stationarity in a nonconvex setting.

We extend this approach to address smooth convexly constrained optimization problems. The
use of momentum techniques, like Polyak’s heavy-ball, is limited in the constrained setting due
to challenges in preserving feasibility and ensuring convergence. We show how the quadratic
curve-search approach can be modified to obtain an algorithm that is well-defined and that
globally converges to stationary points.

Preliminary computational experiments on constrained and unconstrained instances also suggest
that the proposed globalization strategy might be more convenient than classical safeguard based
approaches in general nonconvex problems.
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Lorenzo Facciaroni (Universita degli studi di Roma La Sapienza), Random
Flights and Anomalous Diffusion: A non-Markovian Take on Lorentz Pro-
cesses

(Piazzale Aldo Moro 5, Roma, Italy— lorenzo. facciaroni@uniromal. it)

A Lorentz process is a model for the motion of a particle among randomly located scatterers,
also known as obstacles. It was originally used to describe the transport of electrons through a
conductor.

In the classical setting, when the scatterers are distributed according to a Poisson point process,
the deterministic dynamics of elastic collisions can be approximated, under the Boltzmann-Grad
scaling limit, by a Markovian random flight. The density of this limiting process is governed
by the Boltzmann equation. Passing further to the hydrodynamic limit, one recovers Brownian
motion as the macroscopic description of the particle’s position.

In this work, we introduce a new class of point processes that generalizes the Poisson process
and we investigate the motion of a particle which collides elastically with obstacles distributed
according to this distribution. Unlike the classical case, the corresponding limiting random flight
process is no longer Markovian. Instead, it exhibits memory effects that lead to superdiffusive
behavior. At the macroscopic level, the particle’s position converges to a continuous superdiffu-
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sive process.

Within this framework, we derive a non-local analogue of the Boltzmann equation governing
the non-Markovian random flight. Moreover, we show that the density of the superdiffusive
scaling limit satisfies a fractional heat equation, reflecting the anomalous transport induced by
the underlying correlations.

L. Facciaroni, C. Ricciuti, E. Scalas, B. Toaldo, Random Flights and Anomalous
Diffusion: A non-Markovian Take on Lorentz Processes, To appear on Annals of
Applied Probability.
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o H.A. Lorentz, The motion of electrons in metallic bodies I, KNAW, Proc. 7 (1905),
438-453.
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Giuseppe Failla (Universita degli Studi di Palermo), Multiple Solutions for a
Class of Nonlocal Carrier’s Problems

(Via Archirafi, 34, Palermo, Italy— |giuseppe. failla02Qunipa. it)

We investigate the existence and multiplicity of positive solutions for the following elliptic non-
local nonvariational problem

—a (/ uqu> Apu = f(z,u) in Q;

@ 7 (P)
u>0 in €
u=0 on 0%

where Q C RY be a bounded domain with smooth boundary, f : © x R — R be a Carathéodory
function satisfying suitable structural assumptions and a : [0, 400[— R be a continuous sign-
changing function depends on the L4-norm of the solution. The lack of a variational structure,
prevent the direct application of standard theory. To overcome these difficulties, we develop
an approach based on a combination of variational arguments, truncation techniques, sub- and
super-solutions methods, and tools from set-valued analysis. A suitable one-dimensional fixed-
point map associated with the nonlocal term plays a crucial role in deriving the existence of
pairs of positive solutions.
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Matteo Faini (Politecnico di Milano), Non-divergence evolution operators
modeled on Hormander vector fields with Dini continuous coefficients

(Dipartimento di Matematica, via Bonardi 9, 201338 Milano, Italy— matteo.faini@polimi.it)

In this paper we analyze operators

H = Zaij(x,t)Xin — 8t,

1,

where the X;’s are Hormander vector fields generating a Carnot group and A = [a;] is a
symmetric and uniformly positive-definite matrix whose entries satisfy double Dini continuity,
a strictly weaker condition than Hélder continuity. For these operators, we build a fundamental
solution and show a two-sided Gaussian estimate for the latter, as well as upper Gaussian
estimates for its derivatives up to weight 2. As a consequence of the whole procedure, we prove
an existence result for the related Cauchy problem, under a Dini-type condition on the source.

Pietro Galimberti (Universita di Ferrara), New results for the Cahn-Hilliard
equation with non-degenerate mobility: from well-posedness to longtime be-
havior

(Via Machiavelli 30, 1-44121, Ferrara, Italy— pietro. galimberti@edu. unife. it|)

ABSTRACT. We study the Cahn-Hilliard equation with non-degenerate concentration-dependent
mobility and logarithmic potential in two dimensions. We show that any weak solution is unique,
exhibits propagation of uniform-in-time regularity, and stabilizes towards an equilibrium state
of the Ginzburg-Landau free energy for large times. These results improve the state of the
art dating back to a work by Barrett and Blowey. Our analysis relies on the combination of
enhanced energy estimates, elliptic regularity theory and tools in critical Sobolev spaces.

Giorgio Gatti (Universita di Padova), Scalar curvature lower bounds for con-
tinuous metrics in dimension 3

(Via Trieste 63, 35121 Padova, Italy— |gtorgio. gatti@math. unipd. it))

Over the last twenty years, the notion of synthetic lower bounds for the Ricci curvature has
led us to a rich theory of geometric analysis on metric measure spaces, extending many results
known for smooth Riemannian manifolds with Ricci curvature bounded from below to this more
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general setting. In this talk, I will present an intrinsic notion of nonnegative scalar curvature
for continuous Riemannian metrics on smooth 3-manifolds, based on the Geroch monotonicity
formula for the inverse mean curvature flow. I will then prove that, when the metric is smooth,
this formulation coincides with the standard definition of nonnegative scalar curvature and that it
is stable under local uniform convergence of sequences of continuous metrics. As a consequence,
one obtains a new proof in dimension three of Gromov’s Theorem on the stability of lower
bounds on the scalar curvature.

Michele Gatti (Universita di Milano), Quantitative stability for the critical
p-Laplace equation

(Via Cesare Saldini 50, 20133 Milano, Italy— michele. gatti1@Qunimi. it )

The critical p-Laplace equation arises in the context of determining the optimal constant in the
Sobolev inequality and is also related to the Yamabe problem when p = 2.

Since the seminal work of Gidas, Ni & Nirenberg [Math. Anal. Appl. Part A, 1981], considerable
effort has been devoted to the classification of positive solutions to this equation and, more
broadly, to the study of symmetry and monotonicity properties of positive solutions to equations
modeled on the critical one.

Following Struwe’s qualitative stability result [Math. Z., 1984], a number of works have addressed
quantitative aspects of stability of the critical equation for p = 2 and functions in the energy
space DI2(R™). In this seminar, we present a recent stability result for the general case 1 < p <
n.

Fatemeh Ghaderi Z. (University of L’Aquila), Kermack-McKendrick type mod-
els for epidemics with nonlocal aggregation terms

(Via Vetoio, 2, 67100 L’Aquila— fatemeh. ghaderizefreh@graduate. univaq. it

We propose an approach to model spatial heterogeneity in SIR-type models for the spread of
epidemics via monlocal aggregation terms. More precisely, we first consider an SIR model with
spatial movements driven by nonlocal aggregation terms, in which the inter-compartment and
intra-compartment interaction terms are distinct, and modelled through smooth interaction
kernels. For the Cauchy problem of said model we provide a full well-posedness theory on
R? for L' N L™ N H! initial conditions. The existence part is achieved by considering an
approximated model with artificial linear diffusion, for which existence and uniqueness is proven
via Duhamel’s principle and Banach fixed point, and by providing suitable uniform estimates on
the approximated solution in order to pass to the limit via classical compactness techniques. To
prove uniqueness, we use classical L?-stability which relies on the H!-regularity of the solution.
In the second part of the paper we provide a brief, general discussion on the steady states for
these type of models, and display a specific example of non-trivial steady states for an SIS model
with aggregations (driven by a single repulsive-attractive potential), the existence of which is
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determined by a threshold condition for a suitable "space-dependent"' basic reproduction rate.

Gabriele Giannone (Universita di Firenze), Local boundedness of weak solu-
tions to elliptic equations under unbalanced Orlicz growth conditions

(Viale Morgagni 67/A, 50134 Firenze, Italy— gabriele. giannone@unifi. it)

We present sufficient conditions for the local boundedness of local weak solutions to nonlinear
elliptic equations of the form
—A(xz,Vu) = f(z) in Q,

featuring unbalanced growth. Specifically, the ellipticity and growth of the vector field A are
governed by distinct Young functions — namely, non-negative convex functions vanishing at the
origin — yielding an Orlicz-type setting. Our analysis relies on sharp Sobolev-type embeddings
and a tailored construction of test functions, and is carried out without structural or symmetry
assumptions on A. As a special case, this framework encompasses known results for equations
with (p, ¢)-growth, refining them in certain limiting cases.

This talk is based on the preprint: “G. Giannone, Local boundedness of weak solutions to elliptic
equations under unbalanced Orlicz growth conditions, 2025. arXiv:2510.18979.

Alessandro Giorgi (Universita degli Studi di Firenze), Solvable groups in
which every real element has prime power order

(Viale Morgagni 67/A, 50134 Firenze, Italy— alessandro. giorgi@unifi. it)

The Gruenberg-Kegel graph I'(G), or prime graph, of a finite group G has long been a powerful
tool for investigating group structure and a lot has been proved about its properties, such as its
diameter and its connected components. It is defined as the (undirected) graph whose vertices
are the primes that appear as orders of the elements of G and such that the vertices p and ¢ are
adjacent if and only if G contains an element of order pq. If we combine this idea with the notion
of reality (a very relevant notion in character theory), where an element x € G is said to be real
if it is G-conjugate to its inverse z !, we can define, by considering only the real elements of G,
the real prime graph I'r(G) analogously to the prime graph. In this talk, we will study finite
solvable groups G such that every vertex in I'r(G) is isolated, or, equivalently, such that every
real element has prime power order. We will divide our examination into the case O2(G) > 1
and the case O2(G) = 1. Specifically, we will see that if O2(G) > 1, then G is a {2, p}-group, G
is a 2-Frobenius group and every element of G (not just the real ones) has prime power order.
On the other hand, for the case O2(G) = 1, we will present two groups that show that G is not
necessarily a {2, p}-group and, consequently, that I'r(G) can have 3 or 4 connected components.
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Davide Giovagnoli (Alma Mater Studiorum Universita di Bologna), C“ reg-
ularity for fractional p-harmonic functions

(Piazza di Porta San Donato 5, 40126 Bologna, Italy— d. giovagnoli@unibo. it))

The p-Laplace equation
Apu = div (|Vu|p_2Vu) =0 pe(l,0)
is a nonlinear equation which arises as the Euler-Lagrange equation of the W1? seminorm
(] yp = / Vul? da.
It is a classical result that p-harmonic functions are C® for some o > 0. Originally, this result

is due to Uraltseva[1968] and Uhlenbeck[1977] for p > 2 for systems.

The natural nonlocal counterpart to the classical p-Laplace equation, arises when considering
the first variation of the fractional Gagliardo seminorm

(] () _<//Rded 2 |di8])jp dxdy>1/p. (1)

Minimizers of this seminorm for functions with prescribed values outside a domain Q C R¢
satisfy the fractional p-Laplace equation

uw(z) — u(y)|P—2
(~apue) = [ M

In this talk, we present a recent result, obtained with David Jesus (KAUST) and Luis Silvestre
(University of Chicago), establishing that solutions to the homogeneous equation enjoy Holder
differentiability whenever 2 < p < %, extending the well-known regularity theory from the

local to the nonlocal setting.

(u(z) —u(y))dy =0 for z € Q.

Federico Gonnelli (Universita degli Studi di Siena), Isogeometric Boundary
Element Method for 3D Linear Elastodynamics

(Via Roma 56, 53100 Siena, Italy— federico. gonnelli@student. unisi. it)

In this talk, we focus on our recent research, which consists of a systematic study and a thorough
analysis of the linear elastodynamic problem within the IgA-BEM setting. Our claim is to find a
numerical solution for the Dirichlet problem for the Navier-Cauchy equation in three dimensions
in the frequency domain:

{c%V(V ‘u) — AV x (Vxu)=-w?u inQF @

u=g onTI

where QF is the complement of the bounded domain 2~ C R3, ' =90~ and u: QT Ul — R3
is the displacement field.
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By applying the Helmholtz Decomposition Theorem, we can rewrite the Navier-Cauchy equa-
tion as a system of homogeneous scalar Helmholtz equations of the form Au + x?u = 0. In
this framework, Boundary Element Methods (BEM) allow us to recast each equation into a
Constitutive Boundary Integral Equation (CBIE) living only on the boundary T':

31 = = [ Guey) sy + [ GG yuly)dsy, xer. 3)

This approach makes tackling exterior problems more efficient, as it requires only the discretiza-
tion of I" instead of the entire unbounded domain. We have chosen the Isogeometric Analysis
(IgA) approach for its advantage in Computer Aided Design (CAD) and numerical simulation
interoperability. Specifically, we use the B-splines and NURBS from CAD geometry to represent
also the unknowns of the PDEs. The boundary is described through a multi-patch formulation,
where I is partitioned into a finite set of patches.

Using the collocation method, it is possible to derive a linear system Aa = b in which both the
stiffness matrix A and the right-hand side b have a block representation. Finally, solving the
Helmholtz equations allows for the reconstruction of the solution u to the original elastodynamic

problem .

This is a joint work with Luca Desiderio, Tadej Kandu¢ and Maria Lucia Sampoli.
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Ernesto Maria Greco (Universita degli Studi di Milano), A msoscale regular-
ization of a McKean-Vlasov dynamics with singular Lennard-Jones drift

(Via Cesare Saldini 50, 20133 Milano, Italy— ernesto. greco@unimi. it))

We discuss the analytical properties of diffusions in R¢ driven by a strongly singular drift at the
origin, specifically the Lennard-Jones kernel.

The Lennard-Jones kernel, is characterized by the parameters (a,b) € Ri, with a > b > 0, and,
€, Ry € Ry. It is given by:
RS Rb \ x
K — (U 0 B
() =€ <’x|a+l |x|b+1> z]’

This type of force is frequently used in applications to model pairwise interaction of molecules
and particles; however, analytical results are not available in the literature.

We briefly examine the local integrability properties of the force by establishing clear relations
between the integrability spaces and the free parameters a and b. Then, a more probabilis-
tic argument follows. We establish the existence of a pathwise unique strong solution to the
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McKean-Vlasov SDE, where a typical Brownian particle interacts with its own law. The dy-
namics is given by

dXy = (K *u)(t, Xp)dt +V2dWy, 0<t<T,
where L£(X;) ~ u(t,-)dx.

At the macroscale we identify the marginal density of the process as the mild solution to a
corresponding Fokker-Planck PDE. Thus, at the microscale we consider the dynamics of a typical
Brownian particle interacting with a mean field that evolves at the macroscale, governed by the
associated diffusion-advection PDE. At the microscale we further consider a system of a finite
number N € N of Brownian particles that pairwise interact at a mesoscale.

To link these scales, we prove the convergence in probability of the empirical particle density
associated with the particle system to the unique mild solution of the Fokker-Planck PDE. This
is achieved via a mesoscale regularization approach of prescribed order a € (0,1), under the
assumption that particles interact moderately.

We prove a Law of Large Numbers by restricting the range of the mesoscale in a appropriate
way. We discuss the relationship between the mesoscale regularization parameters and the rate
of convergence of the law. In particular, we identify suitable functional spaces associated with
the order of singularity of the Lennard-Jones force.

Chiara Grisendi (Universita di Pisa), Enacting mathematical competencies
with a view to the school-university transition

(Largo Bruno Pontecorvo, 5, 56127 Pisa, Italy— chiara. grisendi@phd. unips. it )

The transition from secondary school to university is widely recognised as a critical stage in
students’ mathematical development, as it involves discontinuities in students’ “thinking modes,
knowledge organization, proof practices, and mathematical communication” (Gueudet, 2008).
Within this context, this contribution investigates how students enact mathematical competen-
cies that are considered crucial for university-level mathematics in the Reference Framework for
Mathematics, developed by OrientAzione and informed by Niss (2003): comprehending, repre-
senting, and communicating in and with mathematics; argumentation; solving problems in and
with mathematics.

The study is part of a broader doctoral project that designs and examines teaching modules
aimed at creating conditions for the emergence and development of these competencies in upper
secondary school. In particular, the modules are centred on problem-solving activities set in
realistic contexts. Situating a problematic situation in a real-world context is assumed to sup-
port students’ sense-making (Schoenfeld, 1985) and to sustain monitoring and control processes
(Niss, 2003) that are central to mathematical problem solving. At the same time, the activities
expect the teacher to support students’ construction of meaning and their engagement with the
mathematical task. For this reason, the teaching modules include dedicated sections addressing
the kind of classroom interaction and teacher intervention intended to foster students’ enactment
of requested competencies.

The contribution focuses on the exploratory phase of a real-world problem-solving activity car-
ried out in small groups of three/four students in a Grade 11 scientific high school class. The
analysis examines students’ problem-solving activity: the competencies emerge in the collective
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work, the potential of realistic contexts and teacher intervention in supporting this process. The
analysis is theoretically informed by research on mathematical problem solving and competen-
cies enactment.

In the talk, I will discuss preliminary results on the role of realistic contexts and teacher inter-
vention in supporting students’ enactment of these competencies.
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Francesco Iovanna (Universita degli Studi di Napoli Federico II), Asymptotic
behaviour of throughflow solutions in the class of Jeffreys fluids

(Cupa Nuova Cintia, 21 - 80126 - Napoli, Italy— francesco. tovanna@unina. it )

The onset of instability in viscoelastic fluids subject to thermal gradients is a problem of both the-
oretical and applied relevance, arising in heat exchangers, chemical reactors, and biological flow
systems. While the classical Rayleigh—Bénard problem for Newtonian fluids is well understood,
the inclusion of memory effects and the presence of a superimposed throughflow significantly
enrich the dynamics, leading to new instability mechanisms not present in the purely Newtonian
case. The aim of this talk is to present a contribution developed in the course of the author’s
doctoral research concerning the convective stability of a non-isothermal viscoelastic fluid of
Jeffreys type, confined in a horizontal layer and subject to a vertical constant throughflow.

A consistent model is derived starting from the Navier—Stokes equations coupled with the Jeffreys
constitutive law [2], which accounts for viscoelastic memory effects through a relaxation time
and a retardation time. Under the Boussinesq approximation, the throughflow steady solution
is obtained explicitly, and its stability is investigated by means of linear instability theory. It is
shown that the strength of the throughflow has a stabilising effect on the onset of convection,
while sufficiently large elasticity and small relaxation rate favour the transition from a stationary
to an oscillatory instability, with motions originating at the onset that oscillate in time even in
the presence of throughflow-induced fading memory. Moreover, viscoelastic fluids are shown to
be more prone to sustain oscillatory instability than purely viscous ones, although the critical
Rayleigh number required for instability is correspondingly higher [1].

[1] G. Arnone, F. Capone, R. De Luca, J.A. Gianfrani, and F. Iovanna. Asymptotic behaviour of through-
flow solutions in the class of Jeffreys fluids. Continuum Mechanics and Thermodynamics, 37(3):1-14,
2025.

[2] D.D. Joseph. Fluid Dynamics of Viscoelastic Liquids. Springer, New York, 1990.

[3] B. Straughan. The Energy Method, Stability, and Nonlinear Convection. Springer, New York, 2nd
edition, 2004.
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Samira Iscaro (Universita degli Studi di Salerno), Enhancing accuracy and
efficiency of W methods for multidimensional reaction-diffusion PDEg

(Via Giovanni Paolo 11, 132 - 84084 Fisciano (SA), Italy— siscaro@unisa. it)

Many real-world phenomena can be modeled by systems of differential equations. Representative
examples include information diffusion on social media [2], chemical reactions, electrodeposition,
combustion, vegetation growth [6]. Such models typically give rise to large-scale and often stiff
systems of ordinary differential equations (ODEs), frequently arising from the spatial semi-
discretization of partial differential equations (PDEs). However, the numerical solution of these
problems is quite challenging, requiring efficient, stable, and accurate time integrators, eventually
in combination with suitable spatial discretizations.

In this talk, we focus on the adapted numerical solution of reaction-diffusion PDEg, even defined
in several space dimensions. In particular, first, we investigate numerical techniques aimed
at improving the efficiency of existing methods. For this aim, we compare the performance
of splitting methods, such as Approximate Matrix Factorization (AMF), with matrix-oriented
approaches combined with W-type time integrators of up to fourth order [I}, 5 [7]. By exploiting
the structure of the matrices arising from the spatial discretization of the diffusion operator,
computational costs are reduced while preserving the desired stability and accuracy properties
of the underlying methods [3]. Second, when solving PDEs with time-dependent boundary
conditions, the phenomenon of order reduction may occur, independent of the type of boundary
conditions. Thus, within the AMF framework, and inspired by recent studies for problems with
Dirichlet boundary conditions [5], we introduce new boundary correction techniques for problems
with Neumann, Robin, or mixed boundary conditions in multiple spatial dimensions. We show
that using these techniques, the expected theoretical order of accuracy of the considered methods
is recovered [4].

This is a joint work with Dajana Conte (University of Salerno), Severiano Gonzalez-Pinto (Uni-
versity of La Laguna), Domingo Hernandez-Abreu (University of La Laguna), and Giovanni
Pagano (University of Naples Federico II).

This talk falls within the activities of PRIN-MUR 2022 project 20229P2HEA "Stochastic nu-
merical modelling for sustainable innovation", CUP: E53D23017940001, granted by the Italian

Ministry of University and Research within the framework of the Call relating to the scrolling
of the final rankings of the PRIN 2022 call.
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Sarah Ismail (Universita degli Studi di Bari Aldo Moro), A General Frame-
work for Controlling Waves with Time-Dependent Degenerate Speed

(Dipartimento di Matematica, Via E. Orbona 4, 70125 Bari, Italy.— sarah. ismail@uniba.
it|)

In this talk, we address hyperbolic problems describing wave propagation in non-uniform and
time-varying environments, such as in acoustics, elasticity, and seismology. The time-dependent
nature of our model is particularly significant for those regions affected by climate changes, where
seasonal variations in ice cover and water stratification are becoming increasingly pronounced.

We investigate the null-controllability of degenerate wave equations with time-dependent wave
speeds while imposing Dirichlet or Robin boundary conditions at the degeneracy point. Moving
beyond the restrictive case of separable coefficients studied in [I}, 2], we address the general case
of a diffusion coefficient a that degenerates in space and depends arbitrarily on time, thus we
analyze the following problem:

u(t, ) — a(t, )ug(t,x) =0, (t,x) € Qr,

u(t, 1) = f(), t e (0,7),
Bu(t,0) = 0, te(0,7),
u(0,z) = up(z), x € (0,1),

where a(t,0) = 0, and Bu(t,0) are Dirichlet or Robin boundary conditions according to the
degeneracy of a, i.e

u(t,0), if a is weakly or strongly degenerate,
Bou(t,0) — Bruy(t,0), if a is weakly degenerate.

Bu(t,0) = {

The Dirichlet condition here models a scenario where the wave amplitude is forced to zero at the
degeneracy boundary. In contrast, the Robin condition is more physically versatile, it models a
partially reactive and dissipative interface, making it particularly valuable for applications such
as modeling the interaction of deep-water gravity waves with a dissipative surface layer, like a
viscous film or an elastic seabed cover.

Using the generalized energy conservation law, we first establish boundary observability for the
homogeneous problem. Building on this, we prove the global null-controllability of the non-
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autonomous degenerate wave systems, in non-divergence form, by constructing solutions using
the transposition method, which accommodates low regularity requirements, enabling us to
handle weaker smoothness assumptions while maintaining rigorous control over the system’s
behavior.

This talk is based on joint work with Genni Fragnelli (Universita degli Studi di Siena, Italy)
and Mohammad Akil (Université Polythechniques Hauts-de-France, France).
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Shuaijie Jiao (Chinese Academy of Sciences, Universita di Pisa), Delayed
Blow-up in 3D Fluids via Pseudo-Transport Noise

(Largo Bruno Pontecorvo 5 I-56127 Pisa— |shuatjiejia0466@ gmail. com)

We establish scaling limit results for fluid dynamics equations driven by pseudo-transport noise.
The behaviour of noise at small scales is governed by a parameter a. This extends previous
results of Flandoli and Luo (2020) and Galeati (2020), which corresponds to a = 0 in our
setting. Depending on the value of a, we prove that the noise delays the potential blow-up of
both the 3D Euler and Navier-Stokes equations with high probability. This is joint work with
Marco Romito.

Megha Kamath Katapady (Affiliazione da inserire), Weak Solutions to a Con-
strained Aggregation-Diffusion-Reaction Model for Multiple Sclerosis

(Indirizzo da inserire— email. da. inserire|)

In the recent work [I] with S. Fagioli we establish an existence result for weak solutions to
an aggregation-diffusion-reaction equation with a constraint, arising in the modelling of mul-
tiple sclerosis. The model is derived from a general chemotaxis-type framework and describes
the time evolution of the density of activated macrophages, which is subject to attraction by
oligodendrocytes. The latter are governed by a constraint equation.
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The proof relies on a variational splitting scheme that isolates the transport (aggregation-
diffusion) and reaction contributions. The structure of the constraint makes it possible to
recover the oligodendrocyte density as the limit of a sequence of characteristic functions.
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Filippa Lo Biundo (Leeds University), Pansu pullback and spectral complexes
on Carnot groups

(Woodhouse, Leeds LS2 9JT, UK— |F. LoBiundo@ leeds. ac. uk)

In sub-Riemannian geometry, Carnot groups play a role analogous to that of Euclidean spaces
in the Riemannian setting. Their special structure allows one to define an intrinsic notion of
differentiability, namely Pansu differentiability, which in turn gives rise to the Pansu pullback on
differential forms. A natural question is whether this pullback commutes with the differentials
of the main complexes associated with Carnot groups.

In this talk, I will exhibit counterexamples to this commutativity for the de Rham complex and
the Rumin complex, the latter being specifically adapted to the geometric structure of Carnot
groups. I will then turn to a recently introduced family of complexes, the spectral complexes
associated with the de Rham complex, and explain how, in this setting, the Pansu pullback does
commute with the corresponding differentials.

Matteo Lombardi (University of Modena and Reggio Emilia), Hyperparameter
optimization of an augmented autoencoder for 6D object pose estimation via
neural architecture search

(Via Campi 213/B, 41125 Modena, Italy— matteo. lombardi@unimore. it

Deep Learning (DL) has gained significant importance in recent years, becoming a founda-
tional element in engineering and industrial applications such as robotics, computer vision, and
autonomous systems. While this rapid development is driven by advances in computational
resources and large datasets, the increasing complexity and effectiveness of DL methods bring
substantial demands for time and computational power. Developing high-performing neural
networks requires the careful fine-tuning of numerous hyperparameters, which are not learned
during training but must be set a priori. The correct choice of these hyperparameters is crucial,
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directly impacting not only a model’s generalization and accuracy but also its computational
cost in terms of runtime and memory. Consequently, automatic hyperparameter optimization
has become essential to navigate these high-dimensional spaces efficiently and with minimal
human effort.

In the field of computer vision, 6D object pose estimation relies heavily on complex architectures
like the Augmented Autoencoder (AAE). To efficiently optimize these models, we investigate
the application of a Neural Architecture Search (NAS) technique guided by classical Machine
Learning-based performance predictors [3]. Building on an existing NAS method [I], we present
a resource-efficient strategy that utilizes a hybrid Performance Predictor, combining Support
Vector Machines for Regression and Random Forests. This predictor forecasts the final per-
formance of sampled network architectures using only early-stage training signals, specifically
mean loss values computed over the first 6000 epochs, which is less than one quarter of the full
training regime.

We achieve significant efficiency gains through two key methodological shifts. First, we utilize
the reconstruction loss to guide the search space exploration, rather than relying on the compu-
tationally expensive and often noisy ADD recall metric during the early training phases. Second,
we introduce a novel exponential reward function that effectively differentiates between high-
and low-performing configurations. This prevents sub-optimal architectures from artificially
inflating probability metrics.

This strategy enables faster convergence during hyperparameter optimization, identifying opti-
mal configurations up to 70% faster than the original NAS framework, while fully training only
0.30% of the total search space. The resulting optimized AAEs significantly outperform existing
literature benchmarks, such as the original AAE [4] and the one proposed in the Benchmark
for 6D Object Pose Estimation [2], by almost 15% in pose accuracy and 42% in reconstruction
loss, on the LineMOD dataset. Furthermore, we demonstrate substantial scalability: hyper-
parameter configurations optimized for a single target object successfully generalize to other
objects within the same dataset, enabling highly accurate, practically zero-shot adaptation with
minimal computational overhead.
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Davide Massenz (Universita degli studi di Padova), Isoperimetric problem in
the Heisenberg group

(Via Trieste, 63, 35131 Padova PD, Italy— davide. massenz@student. unipd. it))

The isoperimetric problem asks which sets minimize perimeter among all sets with a fixed
volume. This is one of the most ancient questions in mathematics, dating back to the legend
of Queen Dido. Despite the ancient origins, a turning point came with the work of De Giorgi
only around the 1950s. He introduced a general definition of perimeter in the n-dimensional
Euclidean space and this allowed for a more rigorous formulation of the isoperimetric problem.
Later the problem has been generalized by other mathematicians to different frameworks, like
Riemannian manifolds and metric spaces.

In my talk, after an brief historical introduction, I will at first recall the well-known isoperimetric
inequality in the euclidean case, where the solution is the ball, examining in detail the notion of
perimeter on which it is based. I will then introduce the Heisenberg group as the simplest and
most studied example of a sub-Riemannian manifold and I will discuss the isoperimetric problem
in this setting, highlighting Pansu’s conjecture which provides the candidate isoperimetric sets,
known as Pansu spheres. In the final part, I will present the main focus of my research: a
quantitative local isoperimetric inequality of Fuglede-type for the Pansu sphere.

Mattia Matucci (Inria Centre at Université Cote d’Azur / Universita di Firenze),
Fast hierarchical assembly in isogeometric analysis

(Route des Lucioles 2004, 06900 Sophia-Antipolis, France / Viale Morgagni 67/A, 50134 Firenze,
Italy— mattia. matucci@inria. fr)

Isogeometric analysis (IGA) uses B-splines to represent both the CAD geometry and the dis-
cretization of PDEs. Hierarchical B-splines are effective for adaptively solving high-order PDEs
due to their ability to locally refine the discretization mesh. However, the process of assembling
isogeometric matrices arising from HB-spline discretizations remains computationally challeng-
ing with standard element-wise methods, because they are affected by the curse of dimensionality.

In this talk, we introduce the Hadamard format, a compact representation of HB-spline system
matrices based on low-rank approximation methods and univariate integrals. We propose an
efficient algorithm for evaluating the Hadamard form and assembling the global system matrix.
The algorithm leverages a dedicated data structure, denoted retraction tree, to represent the
index set of the active basis functions and to efficiently compute the sparsity pattern, i.e. the
position of the non-zero entries.

The complexity analysis reveals that our method achieves a quasi-optimal complexity with
respect to the matrix size. Our experiments validate the theoretical complexity and demonstrate
that the proposed assembly method significantly improves the efficiency of matrix assembly.
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Luca Mauri (Universita di Pisa), Automorphism groups of curves with simple
Jacobians

(Largo Bruno Pontecorvo 5, 56127 Pisa, Italy— luca. mauri@phd. unipi. it )

Let k be an algebraically closed field of characteristic zero, A/k a principally polarized abelian
variety, and End’(A) the Q-algebra of endomorphisms of A. It has long been known, due to the
work of Albert and Shimura, which algebras arise as End®(A).

However, if we restrict our attention to Jacobians of smooth curves, the question is less well
understood. There is no classification of the endomorphism algebras of simple Jacobians, nor of
Jacobians in general.

Furthermore, a peculiar phenomenon known as unlikely intersections appears to emerge within
the context of Jacobians. Numerous examples of families of curves whose Jacobians are acted
on by large algebras suggest that the intersection of the Torelli locus with the loci corresponding
to abelian varieties with large endomorphism algebras is larger than expected.

In this talk, I will describe a complete classification of automorphism groups of smooth curves
over k with simple Jacobians. Moreover, for every non-trivial group in this classification, I
will describe a general model for a smooth curve with a simple Jacobian admitting such an
automorphism group. I will then use these models to produce further examples of unlikely
intersections.

Fernando Olivie Mendez Mendez (University of Leeds), Multicomplex struc-
tures on the Lie algebra cohomology

(School of Mathematics, University of Leeds, Leeds LS2 9JT, UK— jzum0952@ leeds. ac. uk|)

A multicomplex M = (C**,(d;)i>0) generalizes the concept of a bicomplex. Any such multi-
complex induces a total chain complex D, which comes equipped with an inherent filtration
and, consequently, an associated spectral sequence. This talk introduces this construction and
explores its applications within Lie algebra cohomology. Specifically, we will demonstrate that
a finite-dimensional nilpotent Lie algebra g carries an inherent multicomplex structure. Fur-
thermore, we will establish that this multicomplex collapses into an ordinary complex if the Lie
algebra admits a stratification.

Carmine Mirra (Universita degli Studi della Campania "Luigi Vanvitelli"),
Learning With Errors over groups and its cryptographic applications

(Viale Abramo Lincoln n. 5, 81100 Caserta, Italy— carmine. mirra@unicampania. it )

The Learning With Errors (LWE) problem consists in recovering the original solution of a
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system of linear equations when small errors are introduced in the constant terms [4]. In this
talk, we explore recent group-theoretic formulations of the LWE problem, such as the Learning
Homomorphism with Noise (LHN) problem [2], and examine the connections between LHN and
certain problems in computational group theory. A further generalization inspired by TFHE, a
fully homomorphic encryption scheme over the real torus [3], is then presented, together with
an application to functional encryption for inner product [IJ.

This is joint work with D. Kahrobaei, A. Tortora and M. Tota.
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Alessia Montano (Universita di Salerno), Stabilized stochastic Runge-Kutta
methods via TASFE operators

(Viale Giovanni Paolo II, 132 - 8408/ Fisciano (SA), Italy— |almontano@unisa. it))

We propose new techniques to enhance the stability of standard explicit numerical methods for
solving systems of stochastic differential equations (SDEs) [4]. The approach consists in modi-
fying the coefficients of classical explicit schemes by replacing them with matrices depending on
the Jacobian of the drift term. Such Jacobian-based formulations can be naturally extended to
stochastic partial differential equations (SPDEs) via the method of lines, thus addressing spa-
tially discretized problems [3][9]. The proposed methods are obtained by combining established
explicit techniques [6] [7, [§] with Time-Accurate and Highly-Stable Explicit (TASE) operators
[T, 2, 5]. The main goal is to improve stability properties while preserving the explicit structure
of the schemes. However, the inversion of Jacobian-dependent matrices at each time step makes
the resulting methods effectively linearly implicit. Within this framework, we develop TASE
stochastic Runge-Kutta methods with strong convergence orders p = 1 and p = 1.5. Numerical
experiments are presented to validate the theoretical results and assess the performance of the
proposed methods.

This is a joint work with Dajana Conte (University of Salerno), Raffaele D’Ambrosio (University
of I’Aquila) and Beatrice Paternoster (University of Salerno).
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This research activity falls within the activities of PRIN-MUR 2022 project 20229P2HEA
”Stochastic numerical modelling for sustainable innovation”, CUP: E53D23017940001, granted
by the Italian Ministry of University and Research within the framework of the Call relating to
the scrolling of the final rankings of the PRIN 2022 call.

References

[1] L. Aceto, D. Conte, G. Pagano, Modified TASE Runge-Kutta methods for integrating stiff
differential equations, SIAM J. Sci. Comput., (2025).

[2] M. Bassenne, L. Fu, A. Mani, Time-Accurate and highly-Stable Explicit operators for stiff
differential equations. J. Comput. Phys., 424, 109847 (2021).

[3] B. Bozzini, D. Conte, R. D’Ambrosio, V. Protasov, I. Squra. Turing pattern formation in
a stochastic reaction-diffusion model for electrodeposition. Submitted.

[4] D. Conte, R. D’Ambrosio, A. Montano, B. Paternoster, Stabilization of stochastic Runge-
Kutta methods by TASE operators, Commun. Nonlinear Sci. Numer. Simulat., 159, 109883
(2026).

[5] D. Conte, J. Martin-Vaquero, G. Pagano, and B. Paternoster, Stability Theory of
TASE-Runge-Kutta Methods with Inexact Jacobian, SIAM J. Sci. Comput., 46(6),
10.1137/24M1631869 (2024).

[6] P. E. Kloeden, E. Platen, Numerical Solution of Stochastic Differential Equations, Springer,
1999.

[7] A. Rofsler, Runge-Kutta methods for the strong approximation of solutions of stochastic
differential equations, STAM J. Numer. Anal., 48(3), 922-952 (2010).

[8] A. Rofsler, Second order Runge-Kutta method for Ité stochastic differential equations,
SIAM J. Numer. Anal., 47(3),1713-1738 (2009).

[9] Z. Yin, S. Gan, An error corrected Euler-Maruyama method for stiff stochastic differential
equations, Appl. Math. Comput., 256, 630-641 (2015).

Eloy Mosig Garcia (University of Pisa), Quantitative Master Theorems for
Tensor Programs via the Wasserstein distance

(Department of Mathematics, University of Pisa, Italy — eloy. mosig@phd. unipi. it )

Tensor programs [1] provide a unified formalism for describing wide neural network architectures
and analyzing their infinite-width limits, under appropriate scaling. Classical master theorems
establish convergence in distribution of finite-width networks to their infinite-width counterparts,
but typically do not provide explicit finite-width error bounds beyond specific settings.

In this work, we prove quantitative master theorems for general tensor programs. Generalizing
the main result of [2], we establish non-asymptotic bounds in Wasserstein distance between the
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joint law of the feature variables generated by the finite-width execution and those of the corre-
sponding infinite-width execution. Our results apply under mild assumptions on the activation
function and yield explicit convergence rates in terms of the layer widths. As a consequence, we
obtain quantitative kernel convergence estimates with matching rates. The proof proceeds by
induction over program lines and relies on a detailed analysis of conditional Gaussian updates
for matrix multiplication operations, combined with stability estimates for the rest of the steps
in the program.

These results provide a general quantitative refinement of the master theorem in [1] and yield
explicit finite-width control for a broad class of neural network architectures.

Keywords: Neural networks; wide limit; tensor programs.
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Claudia Nocita (Universita di Milano-Bicocca), Bridging Nonlocal and Local
Conservation Laws: The Optimal Control Problem

(Via Roberto Cozzi 55, 20125 Milano, Italy— c. noctita@ campus. unimib. it))

In this talk, we present a control problem for a local conservation law arising in traffic flow
models, investigated as the singular limit of analogous control problems for suitable nonlocal
continuity equations.

Specifically, we consider a class of Cauchy problems for nonlocal conservation laws in one space
dimension, whose fluxes depend on a convolution term. In the singular limit—when the convo-
lution kernel converges to the Dirac delta—the problem formally reduces to the Cauchy problem
for a local continuity equation. Under suitable assumptions on the kernel functions, the flux,
and the initial datum, the nonlocal-to-local limit has been established: solutions to the nonlocal
conservation laws converge, in an appropriate sense, to the entropy solution of the local problem.

This limiting strategy is then applied to address optimal control problems for the local conser-
vation law where the control variable is the initial datum.

By means of a I'-convergence result, we characterize the limit of minimizers of a family of
functionals depending on the nonlocal solutions as the minimizer of the aforementioned local
problem. Notably, the nonlocal formulation overcomes the difficulties arising from the lack of
differentiability of the semigroup of solutions to local conservation laws with respect to the initial
datum.

Finally, we discuss a discrete analogue of this control problem in the singular limit, exploiting
an Fulerian—Lagrangian scheme on a fixed spatial mesh.

This work was conducted in collaboration with J. Friedrich (Technical University of Munich,
TUM) and M. Herty (RWTH Aachen University).
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Filippo Palma (Universita degli Studi della Campania), On the interaction
between a rigid-body and a viscous-fluid: existence of a weak solution and a
suitable Théoréme de Structure

(Via Vivaldi 43, 81100 Caserta, Italy— filippo. palma@unicampania. it )

We consider a mathematical model for the motion of a rigid body in a viscous, Newtonian,
incompressible fluid. We denote by B the rigid body and by F the fluid. We also mean that
B C R3 is the closed and bounded region of space occupied by the body. We do not make any
assumption about the shape of the body, we only assume that the boundary 0B is sufficiently
smooth. Concerning the fluid, we assume that it fills the entire space exterior to B and we denote
by € the region of space occupied by the fluid. Hence, we have 2 = R3\ B. The equations that
describe the motion of the system S := {F, B}, in a frame attached to B with the origin in its
center of mass, read as follows:

u — Au=—[(u—V)- Vu—l—wxu] Vr V(t,x) € (0,T) x Q,
V-u=0 V(t,z) € (0,T) x
u(t,x) =V(t,z) =&(t) + ()xx V(t,x) € (0,T) x 082,
|1\1Ln u(t,z) =0 Vte (0,T), @

E+wx &+ [ooT(u,m)-n=0 Vte(0,T),
Io+wx({T-w)+ [sozxT(u,m)-n=0 Vte(0,T),
£(0) =&, w(0)=wo,

u(0,2) = up(z), Vae.

The previous model has been exhaustively described by Galdi in [1].

The existence of weak solutions to problem was obtained by Serre in [4] and by Silvestre in
[5] several years ago. However, no partial regularity results were available. Actually, problem
exhibits numerous differences with respect to the well-known Navier-Stokes problem. Therefore,
the consolidated argument lines adopted to prove the celebrated Leray’s Théoréme de Structure
seem to fail in this case. For this reason, we show the existence of a weak solution in an original
way and for our weak solution we provide a partial regularity result in the spirit of the Leray’s
Théoréme de Structure. Unfortunately, although our techniques work also for the Navier Stokes
problem, leading to the Leray’s Théoréme de Structure in its entirety [2], for the interaction
problem we are only able to ensure the regularity of our weak solution for large times.

(Joint work with P. Maremonti)

[1] G. P. Galdi, On the motion of a rigid body in a viscous liquid: a mathematical analysis with applications,
Handbook of Mathematical Fluid Mechanics, 2002, 1, 653-791.

[2] P. Maremonti, F. Palma, A new proof of the Théoréme de Structure related to a weak solution to the
Navier-Stokes equations, submitted (arXiv:2512.05598v1)

[3] P. Maremonti, F. Palma, On the interaction between a rigid-body and a viscous-fluid: existence of a
weak solution and a suitable Théoréme de Structure, submitted (arXiv:2602.11787)

[4] D. Serre, Chute libre d’un solide dans un fluide visqueuz incompressible. Existence., Japan J. Appl.
Math. 4 (1987), no. 1, 99-110.
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Vittorio Pane (Universita degli studi della Campania Luigi Vanvitelli), The
IBVP for the Navier-Stokes system in the half-space in a class of weighted
function spaces

(Viale Abramo Lincoln, 5 - 81100 Caserta (CE), Italy— vittorio. pane2@unicampania. it)

ABSTRACT We consider the following initial boundary value problem for the Navier-Stokes
System
us +u-Vu+ V1 = Au, in (0,7) x R%},
V-u=0, in (0,7) x R%, (5)
Ujg,—0 = 0,u(0,2) = ug(z), on {0} xRY,

under the assumption that ug € LE,(R}) (with p >n >3, a=1-7), and V- up = 0 in weak
sense. Here, the symbol R”} denote the n-dimensional half space, i.e, R} = {z € R" : x, > 0}.
The weighted Lebesgue space LE (R?}) is a particular weighted space where w(x) is a weight
function defined as

m
w(z) = [ lo —z;]%,
j=1

m
where z;, for j = 1,...,m, are fixed (not necessarily distinct) points in R’} and Zaj =a=
j=1
n
1——.
p
The weighted space LE (R"}) is scaling invariant. This requirement imposes conditions on the
weight and the exponent p. We limit our consideration to these special cases in view of their
applications to the Navier-Stokes equations.

In [2], we study the Navier-Stokes Cauchy problem in n dimensions with initial data belonging to
L (R™) and, relatively to the pertubations of the rest state, we generalize to the n-dimensional
case the results obtained in [3]. However, in [3] is studied a result of stability of steady motions.

In particular, in [2] we establishing estimates for the solution in terms of the norm of the initial
data in the aforementioned space. Moreover, we also derive the space-time asymptotic behavior
of the solution as negative power of ¢ and |z|, respectively. The order of decay (respect to both
the variables) is imposed by exponet « of the weight |z|.

Regarding problem , by means of the results established in [I] for the linear case, we extend
the results obtained in [2] to the case of the half-space, a physically more significant region. We
find the results interesting. Indeed, for a more general weight function, we show that a weak
initial datum wo € L (R’}) can induce a regularizing effect for u(t,x) in (0,7") x R’}

Keywords: Stokes equations, weighted Lebesgue spaces.
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Cristiano Parenti (Universita di Modena e Reggio Emilia), PnP-IPA: A Prov-
ably Convergent Plug-and-Play Inexact Proximal Algorithm for Non-Convex
Imaging Problems

(Via Giuseppe Campi 213/B, 41125 Modena, Italy— |cristiano. parenti@unimore. it))

Plug-and-Play (PnP) methods have emerged as a powerful framework for solving imaging inverse
problems within a variational setting, replacing the proximal operator of the regularization term
with a pre-trained denoiser. Recent works by Hurault et al. have shown that denoisers of
the form D, = Id — Vg, can be interpreted as exact proximal operators of a weakly convex
potential ¢, enabling convergence guarantees. However, a fundamental limitation remains: the
proximal operator prox,, is only tractable for 7 = 1, forcing existing algorithms to operate
with a fixed step size and requiring knowledge of the Lipschitz constant Lgus, of the gradient of
the data-fidelity term.

We propose a new PnP algorithm that overcomes this limitation via an inexact computation of
the proximal operator, obtained by solving a strongly convex inner minimization subproblem
whose gradient is accessible through the denoiser itself. This inexact computation is embedded
in a forward-backward splitting scheme with an Armijo-type line search. The resulting method
allows for an unconstrained regularization parameter, does not require the knowledge of the
Lipschitz constant Lg,:, and can handle non-convex data-fidelity terms - thus broadening the
applicability of the framework to a wider class of inverse problems. The inexactness is controlled
adaptively and linked to the descent property of the method, ensuring convergence to stationary
points through the Kurdyka-t.ojasiewicz property.

Experiments on image deblurring, both with Gaussian and Cauchy noise, demonstrate the effec-
tiveness of the proposed method and its competitiveness with state-of-the-art PnP algorithms.

This is a joint work with Professors Silvia Bonettini and Marco Prato.
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Giulio Pascale (Universita degli Studi di Napoli “Federico II”), On the regu-
larity of Q-minima of functionals with singular coefficients

(via Cintia - Monte Sant’Angelo, 80126 Napoli, Italy— giulio. pascaleQunina. it )

The aim of this talk is to present regularity results for quasi-minimizers of certain variational
functionals with singular coefficients. In particular, the results apply to weak solutions to asso-
ciated nonlinear elliptic equations with lower-order terms whose coefficients belong to the weak
Lebesgue space L™, These results extend the classical regularity theory to a borderline setting
involving coefficients in weak Lebesgue spaces. The talk is mainly based on joint work with G.
Moscariello (Universita degli Studi di Napoli “Federico I17).

Emanuele Pastorino (Politecnico di Milano), Long-term dynamics and stabil-
ity for PDE systems modeling suspension bridges

(Via Edoardo Bonardi 9, 20133 Milano, Italy— emanuele. pastorino@polimi. it )

We present some recent results on PDE systems related to the dynamics of suspension bridges.
The structure is modeled as a fish-bone plate with intermediate piers, consisting of a degenerate
rectangular planar domain composed of a central beam moving in the vertical direction and a
continuum of cross sections rotating around their midpoints, with the piers represented by rigidly
fixed sections. The dynamics of the plate is then governed by a nonlinear and nonlocal coupled
system of beam-wave equations describing the evolution of the vertical and torsional oscillations
of the structure, possibly accounting for damping effects and external forces as well. After
establishing a rigorous functional framework and introducing a suitable notion of weak solutions,
we address the long-term behavior of the system. We discuss existence, uniqueness, and global
stability of stationary and periodic solutions, showing that the system may be characterized
by rich and unpredictable dynamics, with the global attractor exhibiting a nontrivial structure.
We also investigate the torsional stability of vertical oscillations, aiming to analyze the energy
transfer mechanism that triggers dangerous torsional motions, eventually leading to the collapse
of the structure. The talk is based on joint works with Maurizio Garrione and Filippo Gazzola
(Politecnico di Milano).

Pier Roberto Pastorino (Universita di Torino), Classifying Fano varieties in
algebraic geometry.

(Universita di Torino, Dipartimento di Matematica, via Carlo Alberto 10, 10123 Torino, Italy—
pierroberto. pastorinoQunito. it|)

One of the central goals of algebraic geometry is to classify geometric spaces, which are called
varieties, by understanding their fundamental building blocks. Among these, Fano wvarieties
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occupy a distinguished position: they can be viewed as higher-dimensional analogues of familiar
objects such as the complex projective plane and play a crucial role in the classification of all
complex algebraic varieties through the Minimal Model Program.

Fano varieties are fully classified in dimension one and two, and V. Iskovskikh, S. Mori and S.
Mukai provided a complete classification in dimension 3 (see [Isk77], [Isk78], [MMS1], [MMO03]),
a landmark achievement of 20th century algebraic geometry. In dimension four, substantial
progress has been made, but the classification is still far from complete.

My research project lies within the framework of the classification of Fano 4-folds.

It has been proved that smooth Fano varieties of fixed dimension have only finitely many topo-
logical types. While the Iskovskikh-Mori-Mukai classification counts 105 families of Fano 3-folds,
the number of families in dimension 4 is much larger and still unknown. A natural way to or-
ganize Fano families of fixed dimension is by their Picard number, an invariant that measures
the rank of the group of divisors modulo numerical equivalence. Intuitively, the Picard number
counts how many independent "building blocks" of divisor classes a variety possesses, and it
plays a crucial role in determining its birational geometry.

Recent breakthroughs have highlighted the fact that large values of the Picard number impose
strong geometric constraints: for example, it was proved (see [Cas25l Theorem 1.1]) that every
smooth Fano 4-fold with Picard number p > 9 is isomorphic to the product of two del Pezzo
surfaces. My project focuses on the case of smooth Fano 4-folds X with px > 7 that are not
the product of two del Pezzo surfaces and that contain a certain type of fixed prime divisor. We
already have some explicit results on the geometry of X in the framework of birational geometry
(see [Cas25l Theorem 7.1]), and my project aims to complete the classification of these Fano
4-folds.

In conclusion, the aim of this talk is to present the general approach to the problem of the
classification of Fano varieties, as well as to provide insight into some of the main techniques
and tools that drive progress in this area.
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Emanuela Penitente (Department of Mathematics and Applications, Univer-
sity of Naples Federico II), Modelling behavioural changes and vaccination
in the transmission of respiratory viruses with co—infection

(Via Vicinale Cupa Cintia, 26, 80126 Napoli, Italy— emanuela. penitente@unina. it|)

Co-infection of two respiratory viruses occurs when an individual’s respiratory system is simul-
taneously infected by two genetically different viral diseases. In the recent literature, several
models can be found that provide useful insights into the co-infection dynamics [3| [4]. How-
ever, a crucial aspect remains neglected: the influence of information-driven changes in human
behaviour. Indeed, it is well known that human behaviour plays a pivotal role in determining
the course of an epidemic and the effectiveness of any containment measures. We propose a be-
havioural co-infection compartmental model to investigate the effects of the behavioural changes
induced by the information about the epidemic status [I]. First, we consider the case where the
containment measures are purely non-pharmaceutical and model the contact rate as a decreas-
ing function of the information index, defined as a distributed delay that quantifies the level of
information and rumours about the disease status [2]. We perform a qualitative analysis of the
model through stability and bifurcation theory, in order to analyse the existence and stability
of both endemic and co-endemic equilibria. Second, we extend the model to incorporate vacci-
nation. The vaccination rates are assumed to increase with information about the prevalence of
the diseases, and the contact rate to increase with the number of vaccinated individuals. Three
information indices are employed to quantify the information about the disease prevalence and
vaccinated individuals. Among the main results, we show that behavioural changes may have a
stabilising effect when only non-pharmaceutical measures are considered. In this case, sustained
oscillations may turn into damped oscillations converging towards a steady state in which co-
infection is endemic. Conversely, when both vaccination and non-pharmaceutical measures are
considered, the effect of behavioural changes in contact patterns may have a destabilising effect.
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Luca Picariello (Universita degli Studi di Salerno), “Troubling” mathematics:
understanding identity dynamics in collaborative problem solving in higher
education

(Via Giovanni Paolo II 132, 84084 Fisciano, Italy— lpicariello@unisa. it|)
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The research presented in this communication is grounded in the concept of identity within
mathematics education [4], with particular emphasis on the study of identities of undergraduate
students enrolled in mathematics degree programmes.

Mathematics education at the university level faces persistent challenges of students’ attrition,
disengagement and experiences of non-belonging (e.g., [3]). At the root of these challenges lies
the performative nature of mathematics. Drawing on Butler’s performativity [I], it is possible
to understand students’ ways of being and doing mathematics at the university level as a re-
sponse to normative power inherent in institutional discourse surrounding mathematics. These
processes may hinder students’ experiences in university mathematics. Students in fact, while
acting advanced mathematics in ways that fall within the scheme of recognisability of what
counts as legitimate mathematics in university context, may develop identity narratives [5] that
position them “outside” of it, often resulting in discomfort [3]. In this framework, the aim of
my research is to explore how specific collaborative problem-solving activities might influence
identity development processes in university, and to examine which elements play a role in these
dynamics.

In doing so, we designed a role-based collaborative problem-solving activity in a second-year
General Topology course within a mathematics degree programme in southern Italy. The activity
has been designed with the aim of placing students in a space in which they can embody different
ways of engaging in mathematical activity, allowing them to align with or question implicit
institutionally shaped norms of doing mathematics.

By analysing students’ accounts of their experience and their problem-solving reports, method-
ologically bringing into dialogue two different perspectives on identity in mathematics education
[2], it becomes possible to grasp implicit norms circulating within the university mathematics
context, while observing how these norms are taken up, enacted, and “troubled” in collaborative
problem solving.
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Miriam Piccirillo (Universita degli Studi di Napoli Federico II), Regularity
for a strongly degenerate equation with explicit u-dependence

( Via Vicinale Cupa Cintia, 26, 80126 Napoli NA— miriam. piccirillo@Qunina. it

ABSTRACT
We consider local weak solutions of widely degenerate elliptic PDEs of the type
. p—1 Du .
div| a(z)(|Du| — 1) Dul =b(x,u) in Q, (6)
U

where 2 < p < oo, Q is an open subset of R",n > 2, and ( - ); stands for the positive
part. We establish a higher differentiability result for the composition of the gradient with
a suitable function that vanishes in the unit ball for the gradient, under suitable assump-
tions on the datum b(x,u) and the coefficient a(z). The novelty here with respect to previ-
ous papers on the subject is that the right hand side explicitly depends on the solution wu.

Arrigo Pisati (Universita degli Studi di Ferrara), The debate on the founda-
tions of analysis in Italy after Lagrange: the case of Antonio Tadini

(Via Nicolo Machiavelli, 30, 44121 Ferrara, Italy— pstrrg@unife. it)

From the 17th century onwards, the foundations of infinitesimal calculus presented a formidable
obstacle. Attempts to establish a rigorous basis for Leibniz’s differential calculus and Newton’s
analogous calculus of fluxions, in which infinitesimal quantities were neglected, had proved in-
sufficient. In Italy in particular, the second half of the 17th century saw a substantial stagnation
in mathematical research, following the great successes achieved by the Galilean school. The
works on infinitesimal calculus by Newton and Leibniz began to circulate in Italy in the final
years of the 17th century, but it was not until at least the mid-18th century that the young J. L.
Lagrange began to take an interest in the “true metaphysics of calculus”. The task of providing
a solid foundation for infinitesimal calculus proved was particularly difficult: it was not until
1797 that Lagrange published Theorie des fonctions analytiques, a text in which he compiled
his findings on the study of functions. Despite its enormous success, Lagrange had sidestepped
the problem of infinitesimals, and his proposal appeared obscure. Not only did the work attract
criticism from philosophers such as Jézef Maria Hoene Wronski (1776 - 1853), but several of his
fellow mathematicians also felt it necessary to explore the issue further.

The lively Italian debate on the subject saw the publication of numerous papers, including a
little-known one by Antonio Tadini, entitled Fsatto sviluppamento delle funzioni analitiche, pub-
lished in two parts in 1809. Although brief, the content of the paper required considerable effort
on the part of the author, as evidenced by numerous draft versions and substantial revisions
between the various versions of the text.

In this presentation, we will introduce the figure of Tadini and analyse the development of the
problem of establishing rigour in calculus, starting with the works of Leibniz and Newton, mov-
ing on to the early criticisms (in particular those of George Berkeley), exploring the structure of
the Theorie until reaching Cauchy’s Cours d’analyse, and finally showing how Tadini’s article
fits within this highly significant scientific debate and what impact it also had on the works in
the field of hydraulics that the scientist produced in subsequent years.
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Davide Pucci (Universita di Firenze, Dipartimento di Ingegneria dell’Informazione),
Line-search-based momentum algorithms for large scale nonlinear optimiza-
tion.

(Via di Santa Marta 3, 50139 Firenze, FI, Italy— davide. pucci@Qunifi. it|)

In recent years, the adoption of line-search techniques within large scale nonlinear optimization
algorithms has gathered considerable interest among researchers. Their role is fundamental both
from the theoretical and the practical perspective, as these allows to soundly employ effective
search directions, such as the momentum direction, maintaining strong convergence guarantees.

As a starting point of this talk, we present a novel gradient method with momentum for large
scale nonlinear optimization that posses global convergence properties. In brief, this algorithm
works by building a cheap quadratic approximation of the objective in the two-dimensional
subspace defined by the gradient direction and the momentum direction, and then moving
towards the minimizer of this model, selecting the step size through a line search. We prove that
the class of gradient methods with momentum utilizing this strategy enjoy global convergence
guarantees and an optimal worst-case complexity bound in the nonconvex setting.

Then, we shift to large scale finite-sum problems, where incremental gradient methods such as
stochastic gradient descent (SGD) are employed. While most recent works in the literature focus
on incorporating line-searches in vanilla SGD, we investigate how different search directions can
be soundly used alongside stochastic line-searches, analyzing in particular the momentum direc-
tion. We define conditions on the sequence of search directions that guarantee finite termination
and provide bounds for the backtracking procedure. Moreover, we shed light on the additional
property of directions that is required to prove fast (linear) convergence of this general class of
algorithms when applied to PL functions in the interpolation regime.

We then focus on the special case of SGD with momentum, analyzing the challenges that arise
when using line-searches with this search direction, and proposing a solution to overcome them.
We present an algorithmic framework that effectively leverages the momentum direction along-
side stochastic line-search, using a conjugate-gradient-type rule for the definition of the momen-
tum parameter.
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We show that the theoretical findings are supported by experimental evidence, presenting a
detailed computational comparison, carried out on both convex and nonconvex test problems.

Lucrezia Rinelli (Universita di Firenze), Sampling type operators for OCTA
image enhancement

(Viale Morgagni 67/A, 50134 Firenze, Italy— lucrezia. rinelli@unifi. it )

This talk presents our research [2] on the reconstruction properties of sampling Kantorovich
(SK) operators (see, e.g., [1]) and their application to the enhancement of Optical Coherence
Tomography Angiography (OCTA) images for retinal disease analysis. From a theoretical stand-
point, SK operators are particularly effective in approximating discontinuous signals, owing to
their integral-based definition and strong convergence properties. This aspect is especially rele-
vant in digital image processing, since digital images can naturally be modeled as discontinuous
signals. Building on these well-established analytical results, we exploit the strong reconstruc-
tion capabilities of sampling Kantorovich operators to enhance OCTA images. Their ability to
accurately recover structural details while reducing noise, enables the reconstruction of OCTA
images that closely resemble Fluorescein Angiography, the invasive and costly gold standard in
retinal diagnostics. We conducted a quantitative analysis of OCTA images from healthy and di-
abetic patients, comparing original data with SK-processed images. The mathematically driven
reconstruction allowed for a more reliable evaluation of retinal vascular connectivity (see also
[3]) and a precise characterization of the foveal avascular zone (FAZ). Morphometric analysis
of the FAZ revealed significant structural differences between the two groups, highlighting the
impact of diabetes on retinal microvasculature. Overall, our findings underscore the central
mathematical role of sampling Kantorovich operators as a powerful tool for reconstructing dis-
continuous signals, demonstrating how rigorous approximation theory can effectively support
ophthalmological diagnosis.
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29-52 (2007).
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Lapo Rubini (Universita di Firenze), Formality in Complex Geometry

(Viale Morgagni 67/A, 50134 Firenze, Italy— lapo. rubini@unifi. it )
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Strong formality, defined by Milivojevic and Stelzig in 2024, provides a parallel notion to Sullivan
formality in the Complex Geometry setting. In this talk, after an introduction to some basic
notions in Complex Geometry, I will provide a panoramic on the most important cohomology
theories which arise in Complex Geometry, together with the rigidity imposed by the d9-Lemma.
Furthermore, I will recall Sullivan formality for Riemannian manifolds and introduce strong
formality, an analogous notion in Complex Geometry. Together with a motivation for the study
of this property, some examples of strongly formal manifolds are provided, among which we can
find generalized complete intersection manifolds defined by positive line bundles.

Stefania Russo (University of Napoli “Federico 11”), Higher Differentiability
of Minimizers for Non-Autonomous Orthotropic Functionals

(— \stefania. russo3Qunina. it)

We establish the higher differentiability for the minimizers of the following non-autonomous
integral functionals

in the subquadratic growth case. The result is obtained supposing that the coefficients a;(x)
that satisfy a suitable Sobolev regularity and under a gap bound on the exponents p;. This is
the joint work with Albert Clop (UB University) and Antonia Passarelli Di Napoli ( University
of Napoli Federico II ).

Francesco Salerno (Scuola Superiore Meridionale), A quantitative result for
the k-Hessian equation

(Via Mezzocannone, 4 80134 Napoli, Italia— f. salerno@ssmeridionale. it )

We consider a kind of symmetrization preserving mixed volumes of convex sets, for which a
Pélya-Szeg6 type inequality holds. We will obtain stability for this inequality with respect to
an asymmetry index defined from the Hausdorff distance and, thanks to this result, we will be
able to prove a quantitative version of the Faber-Krahn and Saint-Venant inequalities for the
k-Hessian equation. Then, with similar arguments, we give a quantitative improvement of a
comparison result proved by K. Tso for solutions to the aforementioned equation with Dirichlet
boundary condition.

This talk is based on a joint work with Alba Lia Masiello (Universita degli Studi di Napoli
Federico II).
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Pia Salerno (Universita degli Studi di Salerno), Interior A Priori Estimate
for Higher Order Elliptic Systems in Orlicz Spaces.

(Via Giovanni Paolo II, 132, 84084 Fisciano (SA), Italy— psalerno@unisa. it)

Despite the maturity of the LP theory, there is a notable gap in the literature concerning problems
where growth is not of power type, but it is described by a Young function ®. For higher-order
linear elliptic systems of order 2b, the establishment of interior W?2*P estimates for coefficients
in the space of functions with Vanishing Mean Oscillation (VMO) is well-documented (see
[1,2,4,9])), while in the Orlicz and Orlicz-Sobolev spaces L®, existing results have been largely
confined to scalar equations or second-order operators. This paper aims to bridge this gap by
extending the interior regularity theory to higher-order elliptic systems in the Orlicz spaces.

In the first part of the work, we study the classical approach of "freezing of the coefficients'
method, combined with the boundedness of singular integral operators with Calderén—Zygmund
kernels and their commutators ([I]) with VMO functions ([3, [9]) in the framework of Orlicz
spaces ([I0]). Then, we establish boundedness results in L® under minimal structural assump-
tions on the Young function ®, specifically requiring the global As and Vs ([8]). The proofs
rely on decomposition techniques and weak-type estimates ([7]). In conclusion, as an applica-
tion, these results provide a functional-analytic foundation for a priori estimates and interior
regularity of solutions to higher-order elliptic operators with discontinuous coefficients.

We consider the following linear uniformly elliptic systems of order 2b (b > 1) in the sense of
Douglis—Nirenberg (cf. [2, 4, [9]) in an open domain @ C R"™, n > 3:

L(z,D)u := Z A, (x) D%u(x) = f(z), x €, (7)
|a|=2b
with matrix A, = {aﬁ)(w) M1 of the coefficients agf) = aj!"*" € VMO N L>(Q), for all
|a| = 2b and for each j,k = 1,...,m. Our main result establishes interior WLéb estimates for
strong solutions: specifically, we prove that if f € L®, any strong solution u € WL%b of the
system satisfies

Il 2y < C (I + o)

for every pair of subdomains ' € Q" € Q. The proof of this result is mainly based on the
technique shown in the works [2, 3] 9] for LP spaces and Morrey spaces, with the use of an
interpolation inequality in Orlicz spaces [6].
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Samuele Saviozzi (Universita di Pisa), Stochastic Scaling Limits and Syn-
chronization
by Noise in Deep Transformer Models

(Largo Bruno Pontecorvo, 5, 56125 Pisa, Italy— samuele. saviozzi@phd. unipi. it|)

We prove pathwise convergence of the layerwise evolution of tokens in a finite-depth, finite-width
transformer model with MultiLayer Perceptron (MLP) blocks to a continuous-time stochastic
interacting particle system. We also identify the stochastic partial differential equation describ-
ing the evolution of the tokens’ distribution in this limit and prove propagation of chaos when
the number of such tokens is large. The bounds we establish are quantitative and the limits we
consider commute. We further prove that the limiting stochastic model displays synchronization
by noise, and establish exponential dissipation of the interaction energy on average, provided
that the common noise is sufficiently coercive relative to the deterministic self-attention drift.
We finally characterize the activation functions satisfying the former condition.

Rebecca Sempio (Universita di Padova), Extremal problems for symmetric
functions of the first three Maxwell eigenvalues

(Via Trieste, 63, 35131 Padova PD— rebecca. sempio@studenti. unipd. it)
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It is known that the Faber-Krahn inequality does not hold for Maxwell eigenvalues: regardless
of whether a volume or a perimeter constraint is imposed, the ball does not minimize the first
eigenvalue. Notably, the first eigenvalue in the ball has multiplicity three. Motivated by this
observation, as well as by a criticality result established by P. D. Lamberti and M. Zaccaron in
2021, we investigate symmetric functions of the first three Maxwell eigenvalues and discuss their
potential minimization properties under suitable geometric constraints.

Gianluca Somma (Universita degli Studi di Padova), Well-posedness of trans-
port equations in Heisenberg groups

(Via Trieste 63, 35131 Padova, Italy— gianluca. somma@phd. unipd. it|)

Transport equations describe the evolution of quantities conserved along a velocity field and play
a central role in Analysis and Mathematical Physics. In the Euclidean setting, R. J. DiPerna and
P. L. Lions [Invent. Math. 98 (1989)] proved existence and uniqueness of solutions for velocity
fields with Sobolev regularity. In this talk, we will discuss the extension of this theory to the
non-Fuclidean setting of Heisenberg groups, where the natural assumption is horizontal Sobolev
regularity. In particular, we will present a recent result on existence and uniqueness of solutions
to transport equations associated with the class of contact velocity fields. This is joint work
with L. Ambrosio, S. Verzellesi and D. Vittone.

Federico Thiella (Universita di Firenze), Special Hermitian metrics on LVMB
manifolds

(Viale Morgagni 67/A, 50134 Firenze, Italy— federico. thiella@unifi. it )

The existence of a Kéhler metric on a complex manifold imposes topological and cohomological
constraints, such as by > 0. Therefore, any classification of manifolds admitting a complex
structure must take into account non-Kéhler examples.

The absence of the Kéhler condition makes the non-Kéahler setting richer: new Hermitian con-
nections appear, new cohomology theories arise, and “special metrics” are characterized by
conditions weaker than dw = 0.

Classical examples are Hopf manifolds and Calabi-Eckmann manifolds. Their construction has
recently been generalized with the introduction of the so-called LVMB manifolds, a class of
complex manifolds constructed from a combinatorial datum.

In this talk I will discuss two conditions to construct special metrics on regular LVMB manifolds,
providing then an explicit example of a complex manifold supporting a balanced metric. To my
best knowledge, this has never appeared in literature.
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Mirko Torresani (Universita di Firenze), Homotopy type of the space of anti-
invariant, compactly supported, tight contact structures on the 3-space

(Viale Morgagni 67/A, 50134 Firenze, Italy— mirko. torresani@unifi. it

In classifying the strongly invertible Legendrian unknots [1] in the standard contact structure
(R3, £5q), one can re-adapt the classical non-equivariant approach of Etnyre and Honda [2]. This
naturally requires looking beyond &gq to a broader set of contact structures on the 3-space.

In the present talk, we will introduce the space X of anti-invariant, compactly supported, tight
contact structures on the 3-space and examine its connectedness. In contrast to the non-
equivariant setting, we will see how this property is lost, with the number of components becom-
ing countable. This is a manifestation of a new Z-valued obstruction. Secondly, we will discuss
the higher homotopy groups m;(X), ¢ > 1, suggesting why they should be trivial. In particular,
we will see how the vanishing of these groups specifies the homotopy type of X as that of the
loop space 250..

The above results are based on the preprint [3], and on the joint work with my doctoral advisor
P. Lisca.
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Rebecca Tozzi (Universita di Firenze), Falkner-Skan boundary layer flow of a
fluid with pressure-dependent viscosity past a stretching wedge with suction
or injection

(Viale Morgagni 67/A, 50134 Firenze, Italy— rebecca. tozziQunifi. it)

In this work we study the boundary layer flow of a particular class of non-Newtonian fluids,
namely piezo-viscous fluids, past a stretching wedge (Falkner-Skan flow). These fluids are essen-
tially Navier-Stokes fluids with pressure-dependent viscosity. We consider the two-dimensional
steady flow and introduce some similarity variables, so that the problem is reduced to a third-
order nonlinear BVP. We solve the problem numerically by means of a shooting procedure
combined with Newton’s method, and we find local similarity solutions. We investigate the
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behaviour of the velocity field, of the drag and of the thickness of the boundary layer for differ-
ent values of the involved parameters, making a comparison between the piezo-viscous and the
Newtonian case. We find that, depending on some material parameters, the effect of pressure is
that of reducing or increasing the boundary layer with respect to the Newtonian case.

Alessia Vallefuoco (Universita degli Studi di Napoli Federico II), On the cov-
ering radius of linear rank-metric codes

(Via Vicinale Cupa Cintia 21, 80126 Napoli, Italy— alessia. vallefuoco@unina. it|)

The covering radius is an important parameter of a code that is generally difficult to determine.
Formally, given a code C in a metric space (V,d), the covering radius p(C) is the smallest integer
such that the balls of radius p centered at the elements of the code cover the entire space V.
While it has been widely investigated in the Hamming metric, relatively little is known in the
rank-metric setting, where codewords are matrices and the distance is determined by the rank
of their difference.

In our work we investigate the covering radius of linear rank-metric codes using a new finite
geometric perspective. In particular, we establish a correspondence with g-systems, which are
special subspaces of vector spaces over finite fields extensions. By viewing these ¢-systems
as objects embedded in higher-dimensional projective spaces, we use affine hyperplanes to get
information about the covering radius of a given code. This approach not only recovers already
known results derived from the existing geometric approach, but also improves some of them.

Sara Vergallo (Universita di Macerata), Mathematics at the service of arti-
ficial intelligence. Artificial intelligence in the service of mathematics edu-
cation.

(—s. vergallo@unimc. it

The pervasive presence of artificial intelligence (AI) in many people’s daily lives has prompted
the education sector to recognize the significance of incorporating elements of Al, particularly
machine learning (ML), from the earliest stages of education (Karalekas et al., 2023). Con-
sequently, there is an imperative for resources, guidelines, and studies on the feasibility and
methodologies for integrating machine learning (ML) into lower school settings, commencing
with kindergarten (Sanusi et al., 2023). This initiative aims to facilitate children’s understand-
ing of the mechanics of the machines they routinely engage with (Lin & Brummelen, 2021).
The teaching of machine learning in primary and secondary schools is a complex undertaking.
This complexity is partly attributable to students’ deficiencies in data analysis, particularly re-
garding classification (sets) and data representation (trees, double-entry tables) (Grillenberger
& Romeike, 2019). This skill is of paramount importance and has been a staple of mathematics
curricula since primary school and computer science curricula in secondary school. However, it
emerged that this skill is not being adequately promoted or stimulated (Grillenberger & Romeike,
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2019). During my early doctoral research, there was an investigation into the extent to which
these mathematical competencies are present in fifth-grade primary school classes and first-grade
secondary school classes. This investigation culminated in the formulation of a learning path
comprising predominantly unplugged activities, with the objective of facilitating the acquisition
of fundamental ML principles. As part of my doctoral project, it is investigated the level of
these mathematical skills in fifthgrade primary school classes and first-grade secondary school
classes, proposing a structured sequence of activities consisting almost exclusively of unplugged
activities for learning the basics of ML. The activity promoted an improvement in data classifi-
cation and representation skills and was highly appreciated, which is significant given that one
of the known critical issues concerns the lack of stimulating activities on these topics within the
school context (Grillenberger & Romeike, 2019). The results of the classroom research activities
were then compared with the results obtained in the same exercises by a version of two Large
Language Model (LLM),Chat-GPT and Perplexity, specially trained to simulate an 11year-old
student, also diagnosed with dyscalculia and dyslexia, with the aim of investigating whether Al
makes the same mistakes as real students and the way in which both justify their reasoning, by
finding similarities with what is present in literature.

Marco Vergani (Universita degli studi di Firenze), The N-prime graph and
the subgroup isomorphism problem.

(Viale Morgagni 67A - Firenze— marco. vergani@unifi. it)

Abstract

The study of the unit group V(ZG) of an integral group ring has long been driven by fundamental
questions, such as the Zassenhaus Conjecture, Subgroup Isomorphism Problem and the Prime
Graph Question. We introduce a directed graph related to a group G, which we call the N-
prime graph I'y(G) of G and which is a refinement of the classical Gruenberg-Kegel graph.
Generalizing some known results about the Gruenberg-Kegel graph, we proved that the group
V(ZG) of the units with augmentation 1 in the integral group ring ZG has the same N-prime
graph as G if G is a finite solvable group, and we reduced to almost simple groups the problem
of whether I'y (V(ZG)) = I'y(G) holds for any finite group G. Finally, for G solvable we obtain
some stronger results which give a contribution to the Subgroup Isomorphism Problem. More
precisely, we prove that if V(ZG) contains a Frobenius subgroup 7' with kernel of prime order
and complement of prime power order, then G contains a subgroup isomorphic to 7.

Arianna Vicari (Universita di Roma Tor Vergata), Lifting controllability from
characteristics to continuity equation

(Via della Ricerca Scientifica, 1, 00133 Roma, Italy— vicari@mat. uniroma2. it))

Many physical and mathematical phenomena share a common structure: a conserved mass, or
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more generally a probability measure, evolves in time by being transported along the trajectories
of a vector field. The equation governing this evolution is the continuity equation, a fundamental
object appearing in fluid dynamics, kinetic theory and optimal transport. At a microscopic level,
the motion of each individual agent, is governed by the associated ordinary differential equation,
classically known as the characteristic ODE.

In this talk, we study the controllability problem for the continuity equation: can one act,
via a control input on the dynamics, so as to steer an initial probability measure to a pre-
scribed target? Depending on the geometry of the admissible vector fields, the regularity of the
measures involved, the class of available controls, and whether one seeks exact or approximate
controllability, this question admits a rich variety of answers.

Despite this variety, a common strategy emerges: it consists in lifting controllability. Rather
than directly attacking the problem at the level of measures, one first establishes controllability
at the level of single agents, that is, for the characteristic ODE, and then transfers, or lifts, this
controllability to the continuity equation.

We illustrate this principle concretely in a setting where the dynamics are constrained to be
a linear combination of m prescribed vector fields satisfying a Héormander-type condition. In
this case, the ability to control a single agent via time-dependent controls turns out to be
sufficient to control the evolution of the entire distribution using controls that may additionally
depend on the spatial variable. Moreover, under suitable regularity assumptions, the steering
can be achieved in a way that realizes the optimal transport map between the initial and target
measures.

The choice of constraining the dynamics to a linear combination of a set of prescribed vector
fields is also relevant for applications in artificial intelligence: it reflects the structure underlying
ResNets and their continuous-time counterparts, Neural ODEs, making controllability a ques-
tion about the expressiveness of the architecture. More recently, the rise of Transformers has
brought attention to models involving self-attention layers. Such interactions among layers can
be modeled by multi-agent systems whose macorscopic limit is a non-local continuity equation,
in which the dynamics at each instant depend on the entire current configuration of the system.
Time permitting, we will discuss ongoing work aimed at extending the controllability lifting
procedure to this non-local setting.

Federico Villone (Scuola Superiore Meridionale), Asymptotic properties of the
spectrum of a two-phase elliptic operator

(Largo San Marcellino 10, 80138 Napoli, Italy— f. villone@ssmeridionale. it )

We study the spectral properties of an elliptic differential operator arising from a thermal insu-
lation problem. The operator is defined on H'(QUY.), where { represents a conducting domain
surrounded by a thin insulating layer ¥.. The thickness of the layer is given by ¢h, where h is
a positive function on 012, while € also characterizes the ellipticity of the operator within ..

We investigate the asymptotic properties of the spectrum in the limit as ¢ — 0. In particular,
we prove a first-order asymptotic expansion of the eigenvalues.
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Dorothea-Enrica von Criegern (Politecnico di Milano), Nonezistence Criteria
for Quasilinear Parabolic Inequalities

(Piazza Leonardo da Vinci 32, 20133 Milano, Italy— |dorotheaenrica. von@polimi. it|)

We study nonexistence phenomena for a general class of quasi-linear reaction—diffusion inequal-
ities on complete, non-compact Riemannian manifolds, including a time-dependent positive po-
tential V(z,t). The model inequality is

L
a(x)

where p,g > 1, m > 1, a(z) > 0, and f is nonnegative and bounded.

O > ——div (a(@)u™ " [VulP 2 f(|Vu|)Vu) + V(z, u,

This class includes several well-studied models, such as the porous medium equation, the
parabolic p-Laplacian, doubly nonlinear diffusion, and generalised mean curvature flow.

We establish explicit nonexistence criteria for global, nonnegative weak solutions. In particular,
in the parameter range
g > max{p+m —2,1},

any global solution must vanish under suitable weighted integral growth conditions on the po-
tential in space—time annuli. These conditions recover Fujita-type critical exponents and yield
new nonexistence results for a wide class of manifolds and potentials.

A key feature is that no curvature assumptions or structural conditions on the cut locus are
required. Nonexistence is obtained purely through weighted volume growth estimates involving
the potential. Consequently, manifolds with arbitrarily fast volume growth are admissible,
provided the potential compensates for this growth in an appropriate integral sense.

The proof relies on a refined test function method inspired by Grigor’yan and Sun [2], combined
with related techniques from [3| 4], providing a unified treatment of these classical diffusion
models.

The results presented here are contained in a joint work with Gabriele Grillo and Dario D.
Monticelli [I], published in J. London Math. Soc.
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Faraz William (Universita di Udine), Functional Euler methods for Stochastic
Delay Differential Equations

(Via delle Scienze, 206, 33100 Udine UD— william. faraz@spes. uniud. it|)

Stochastic Delay Differential Equations (SDDEs) hold significant importance in the advanced
modeling of population dynamics, epidemics outbreaks and other problems in natural sciences.
While time integration is essential for simulating and understanding their behavior and proper-
ties, it poses nontrivial challenges due to the presence of both randomness and memory effects.
In this talk we present an extension to SDDEs of the so-called functional (explicit and implicit)
Euler methods introduced for Delay Differential Equations in [2] and further analyzed in [3],
which provide an approximation to the whole history of the system at each time step. This
allows any kind of dependence on the past and any choice of time steps, overcoming the lim-
itation of traditional methods, which in general require commensurable delays and step sizes.
The effectiveness of the proposed methods is demonstrated on a scalar logistic equation [4] and
a predator—prey system [1], as well as on a problem with incommensurable delays.
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Hartwig Winterroth (Universita di Torino), From generalized principal con-
nections to generalized Yang-M:ills theories

(Via Carlo Alberto 10, 10128 Torino, Italy— hartwig. winterroth@unito. it|)

In the framework of the fiber bundle approach to covariant Lagrangian field theories we in-
vestigate the notions of generalized principal bundle and generalized principal connection as
introduced by Castrilléon Lépez and Rodriguez Abella (2023), aiming at the development of an
instance of generalized mathematical gauge theories. We provide a characterization of Lie group

63


william.faraz@spes.uniud.it
hartwig.winterroth@unito.it

fiber bundle connections and generalized principal connections in order to obtain the local coor-
dinate representation of all such structures. In particular, studying the curvature of generalized
principal connections, we specialize the Bianchi identities obtaining a generalized version of the
classical homogeneous field equations. As an application, we show also that vector bundles are
an example of generalized principal bundles, that a generalized principal connection on a vec-
tor bundle is an affine connection and that the generalized homogeneous field equations can be
rephrased, in this case, in terms of basic soldering forms and torsion tensors. Finally, resort-
ing to gauge theories and variational calculus on fiber bundles, we propose a first approach to
(an instance of) generalized Yang-Mills theories. We accordingly show that the corresponding
variational field equations (i.e. Euler-Lagrange equations) generalize the classical Yang-Mills
equations. While generalized Yang-Mills theories need more developments to give a full answer,
we expect that the Einstein equations can be formulated ultimately as an example of generalized
Yang-Mills equations. This is a joint work with Lorenzo Fatibene.

Giuseppe Zampella (Universita degli Studi di Napoli Federico II),
Matrix Algebra Representations via Skew Polynomials

(Via Vicinale Cupa Cintia 26, 80126 Napoli, Italy— giuseppe. zampella@unina. it)

Skew polynomial rings are noncommutative rings in which addition is defined as in ordinary
polynomial rings, while multiplication is twisted by an automorphism. Skew polynomial rings
associated with Galois extensions provide an effective tool for the study of matrix algebras. In
the univariate case, if L/K is a cyclic Galois extension of degree n, square matrices of order
n over K admit an algebraic representation as elements of a univariate skew polynomial ring.
This framework has proved to be highly relevant in coding theory, where a central problem is
to construct subspaces of matrices for which the minimum rank of a nonzero element is as large
as possible.

In this talk, we investigate a multivariate skew-polynomial representation of the matrix space
(K"*™)t regarded as a block-matrix algebra, in the case where L/K is an Abelian Galois ex-
tension. Our goal is to construct subspaces of block matrices whose rank can be controlled
via degree bounds on the corresponding skew polynomials. To this end, we extend to the non-
commutative setting classical results from the commutative case, such as the Schwartz—Zippel
lemma and the Alon—Fiiredi bound.
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