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Topics on the analysis of recurrent events
Ana Maria Abreu, Ivo Sousa-Ferreira, Cristina Rocha

Over the last decades, there have been several developments in the analy-
sis of recurrent events. Many of them arose as extensions of Cox’s regression
model (e.g., Prentice, Williams and Peterson’s model or Andersen and Gill’s
model), i.e., as a semiparametric approach. However, a parametric approach or
a compromise between the previous ones is possible. In order to capture how
the occurrence risk varies over time, considering a flexible hazard function is
usually a good option. This can be achieved, for instance, by using an adequate
lifetime distribution or restricted cubic splines.

The aim of this work is to present some topics on the analysis of recurrent
events, discussing the formulation of new survival models that differ in terms of
the distributional assumptions. In particular, the use of a probability distribu-
tion recently proposed by Sousa-Ferreira et al. [1, 2], or restricted cubic splines,
is explored.
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Invariant curves for piecewise isometries

Ana Rodrigues

In this talk, I will review some recent results on the study of the dynam-

ics of Piecewise Isometries (PWIs). I will give an overview of the notion of
an embedding of an interval exchange transformation into a PWI, discuss the
renormalization of a particular piecewise isometry and finally show that invari-
ant curves exist for such transformations. (This is joint work with Arek Goetz,
Peter Ashwin, Pedro Peres and Noah Cockram).
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And now worlds may vary!
Bruno Dinis (presenter), Diana Costa

In this talk I introduce an extension of Hybrid Logic, dubbed VHL, in which
quantifier domains (over world and domain variables) may vary from world to
world. Relying on a novel notion of prenex form, it is possible to introduce
a new form of Skolemization, which is a non-trivial refinement of the usual
process. These concepts are strongly dependent on the @ operator, and are
therefore referred to as @-prenex normal form, and @-Skolemization. I give a
very broad overview of the steps necessary to prove a Herbrand-like theorem
for VHL, stating the equivalence between the satisfiability of a set of formulas
and the propositional satisfiability of the ground instances of an @-Skolemized
version of these formulas.
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General environmental stochasticity models for
harvested populations:
impact of Allee effects

Carlos A. Braumann (presenter), Clara Carlos, Nuno M. Brites

We study general autonomous stochastic differential equation (SDE) models
of harvested populations with Allee effects living in a randomly varying envi-
ronment of the form S = f(X(1))dt + o(X (¢))dW (t) — ¢B(X (t))dt, where
X (t) is the population size at time ¢, f is the arithmetic average per capita
growth rate, 0 > 0 is the intensity of the effect of environmental fluctuations on
the growth rate, W (t) is the standard Wiener process, E > 0 is the harvesting
effort, and ¢ > 0 is the catchability. Besides mild regularity assumptions, the
functions f, F and o are quite general, obviously with f satisfying biologically-
driven properties of populations under Allee effects. For such general models,
we obtain conditions for extinction and conditions for the existence of a stochas-
tic equilibrium with a stationary density, as well as the expression for such a
density.

We show that, if the per capita net growth rate (difference between the
geometric average natural growth rate and the harvesting mortality rate) is
positive when population size is very small, there is a stochastic equilibrium
with a stationary density. If, however, that rate is negative (overharvesting),
the population becomes extinct.

These results extend previous results for models of this type obtained in [1]
(for the case of constante noise intensity (X ) = o) and in [2] (for general o(X))
for populations without Allee effects, in which case f satisfies biologically-driven
different properties, those that characterize populations with no Allee effects.
The comparison between models with and without Allee effects allows us to
assess the impact of such effects, as was done in [3] for particular cases.

Our results also extend the results obtained in [4] for populations with Allee
effects but with constant noise intensity (o(X) = o) and without harvesting
(E(X)=0).

Acknowledgements: C.A. Braumann (Departamento de Matemética, Es-
cola de Ciéncias e Tecnologia, Universidade de Evora) and C. Carlos (Escola Su-
perior de Tecnologia do Barreiro, Instituto Politécnico de Setibal) are members
of the Centro de Investigacao em Matemética e Aplicagoes, Instituto de Inves-
tigacao e Formacao Avancada, Universidade de Evora, supported by Fundacao
para a Ciéncia e a Tecnologia (FCT), Project UID/04674/2020. N.M. Brites
(ISEG/UL - Universidade de Lisboa, Department of Mathematics; REM - Re-
search in Economics and Mathematics, CEMAPRE) was partially financed by
FCT, Project CEMAPRE/REM - UIDB/05069,/2020, through national funds.
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Impact of Allee effects on constant effort
harvesting of populations in random
environments: logistic type models

Clara Carlos (presenter), Nuno M. Brites, Carlos A. Braumann

Conditions for the existence of a stochastic equilibrium for general autonomous
stochastic differential equation (SDE) models of population growth with har-
vesting in a randomly varying environment have been presented in [1]. How-
ever, Allee effects were not considered. They were considered in [3] but only for
populations not being harvested. In our other communication on this Annual
Meeting, we extend such results to general autonomous SDE models of pop-
ulations with Allee effects under harvesting of the form d))((((tt)) = f(X(t))dt +
o(X(t))dW (t) — ¢E(X (t))dt, where X (t) is the population size at time ¢, f is
the arithmetic average per capita growth rate, o > 0 is the intensity of the effect
of environmental fluctuations on the growth rate, W (t) is the standard Wiener
process, E > 0 is the harvesting effort, and ¢ > 0 is the catchability. Besides
mild regularity assumptions, the functions f, E, and ¢ are quite general, obvi-
ously with f satisfying biologically-driven properties of populations under Allee
effects.

We now apply those results to specific models commonly used in applications,
namely the logistic model (without Allee effects) f(X) = r (1— %) (r, K >

0) and the logistic-like Allee effects model f(X) = r (1 — %) (H) (r,K >

0; A € (—K, K)); reparametrized as in [3] to make it comparable with the logistic
model) for the case of constant effort harvesting E(X) = E and constant noise
intensity o(z) = 0. Conditions for the existence of a stationary density and the
expressions for such densities and for the expected sustainable profits obtained
in [2] are presented, as are the expressions for the optimal sustainable yields.

This allows us to assess the impact of Allee effects for different values of the
Allee parameter A by comparing the two models and their optimal sustainable
profits (reporting results in [2]), as well as their optimal sustainable yields, for
the Pacific halibut data in [4].

Acknowledgements: C. Carlos (Escola Superior de Tecnologia do Bar-
reiro, Instituto Politécnico de Setibal) and C.A. Braumann (Departamento
de Matemaética, Escola de Ciéncias e Tecnologia, Universidade de Evora) are
members of the Centro de Investigacdo em Matemadtica e Aplicagoes, Instituto
de Investigacdo e Formagao Avancada, Universidade de Evora7 supported by
Fundagdo para a Ciéncia e a Tecnologia (FCT), Project UID/04674/2020. N.M.
Brites (ISEG/UL - Universidade de Lisboa, Department of Mathematics; REM -
Research in Economics and Mathematics, CEMAPRE) was partially financed by
FCT, Project CEMAPRE/REM - UIDB/05069/2020, through national funds.
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Classic and deep learning techniques for temporal
clustering and mathematical modeling

Dulce Gomes, Cristiana J. Silva, Patricia A. Filipe

Classification Data Analysis is an extremely important area of research and
application, having gained in recent years more and more importance due to the
gigantic capacity of collecting, storing and processing data. Analytical methods
have been widely applied and has proved to be extremely useful tool for dealing
with a large volume of information.

For these reasons, we have witnessed the development of new methodologies
for classifying and grouping data. The classification of data according to their
geographic and temporal similarities and dissimilarities has not only been an
exception, but has also had enormous importance due to the exponential growth
of georeferenced and temporal databases in recent years.

As time series are unlabeled datasets, the challenge of classifying them and
validating their effectiveness becomes more complex. Similarity metrics such as
Fuclidean distance or Manhattan distance are quite common in clustering pro-
cesses, but only appropriate for data that do not present correlation. However,
when working with time series, it is essential to take into account the correlation
in the similarity measures.

There are several different approaches to time series clustering, according
to the similarity metrics between time series and to the clustering methods.
Due to the specific nature of time series data, a Dynamic Time Warping dis-
tance (DTW) - a dissimilarity measure that is based on a temporal proximity
- has been studied and applied in the context of COVID-19 [1]. DTW has
the main advantage of group time series according to their patterns or shapes,
even if these patterns are not perfectly lag-synchronized. Furthermore, DTW is
an accurate and computationally efficient distance measure “providing both a
distance measure that is insensitive to local compression and stretches and the
warping which optimally deforms one of the two input series onto the other.”[2].

We intend to study and compare the DTW with other measures of similar-
ity /dissimilarity, considering different dependency structures between observa-
tions - for example, stationary series, non-stationary series (with trend and/or
seasonality), with structural change -, exploring the difference of work with the
raw time series or with certain transformations.

In unsupervised problems, such as time series clustering, there are no labels
to establish performance metrics. Therefore, simulation studies will be imple-
mented for this evaluation and comparative validation.

The hierarchical clustering has been the algorithm used to separate groups
according to data similarities. This has the advantage to produce a hierarchical
series of nested clusters that can be represented graphically by dendrograms.
Through the branches of the dendrogram it is possible to identify not only
the similarities between the clusters, but also to know the conformation of the



clusters. However, this algorithm has, like so many others, advantages and dis-
advantages, so we will study and compare the performance of other algorithms.

Based on the clustering analysis, we can study the groups with data simi-
larities and use compartmental models to describe their variation in time, with
respect to some characteristic, like, for example, health status. We will study
compartmental models for the transmission of infectious diseases, defined by
ordinary differential equations, such as SIR (Susceptible, Infected, Recovered),
SIRD (Susceptible, Infected, Recovered, Dead), among others, and apply them
to our data. We will investigate methods for parameters estimation and fore-
casting, suitable for this type of mathematical models, and compare the results
with and without the use of the clustering analysis. After calibrating suitable
compartmental models to the groups with data similarities, we can model the
effect of migrations between groups by constructing complex networks [4]. All
these methods become a difficult task if we manage an important amount of
data. With the extraordinary advances in Artificial Intelligence techniques,
deep learning models have proved to be highly effective in predicting the future
evolution of infectious diseases based on huge sets of historical data.

We will also intend to explore the advanced analytical methods, namely the
deep learning-based methods for clustering time series analysis - Deep Time-
Series Clustering (DTSC) [3] — and compare the performance with the “tradi-
tional algorithms”.

Acknowledgements

The first and third authors belong to the research center CIMA, supported
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tially supported by the project “Mathematical Modelling of Multi-scale Control
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Heteroclinic solutions for strongly nonlinear
differential equations

Feliz Minhds

In this talk, we consider the second order discontinuous differential equation
in the real line,
(a(t,u) p(uw)) = f(t,u,u), aeteR,

with ¢ an increasing homeomorphism such that ¢(0) = 0 and p(R) = R,a €
C(R?, R) with a(t,z) > 0, for (t,z) € R? f : R® — R a L!-Carathéodory
function, and the asymptotic conditions

u(—o00) = v, u(+o0) = v,

where v, v+ € R, such that v~ < v™.

The existence and localization of heteroclinic connections is obtained assum-
ing a Nagumo-type condition on the real line and without asymptotic conditions
on the nonlinearities ¢ and f .

To the best of our knowledge, this result is even new when ¢(y) = y, that is
for equation

(a(t,u(t)) u'(t)) = f(t,u(t),u'(t), a.cteR.

Moreover, these results can be applied to classical and singular ¢-Laplacian
equations and to the mean curvature operator.

Keywords: ¢-Laplacian operator; mean curvature operator; heteroclinic
solutions; problems in the real line; lower and upper solutions; Nagumo condi-
tion on the real line; fixed point theory.

Mathematics Subject Classification: 34C37; 34B40; 34B15; 47H10

This work was partially supported by Fundagao para a Ciéncia e a Tecnologia
(FCT) via project UIDB/04674,/2020.
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A Lagrange multiplier for imprecise objective
functions and precise constraints

Imme van den Berg, with Nam Van Tran (HCMUTE, Vietnam)

A Lagrange multiplier theorem is derived for a class of optimization prob-
lems where the objective function is set-valued and the constraint is given by
a real-valued function [3]. This extends sensitivity analysis [4] to the objective
function, typically modelling the situation where our goal is imprecise due to
all kinds of uncertainties, but our budget is well-determined. We define a sort
of macroscopic derivative, ignoring small-scale uncertainties and quivering [1].
The derivatives satisfy the usual laws for the algebraic operations and the chain
rule with inclusions. These laws permit to control the error terms when deriving
versions of the Fermat Lemma and the Implicit Function Theorem [2], which
are the common tools used in the proof of the multiplier theorem.
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Shintani Descent and Supercharacter Theory

J. Dias

The problem of describing the representation theory of the unitriangular
group (the group of upper triangular matrices with diagonal entries set to 1)
led to the development of supercharacter theory, first by C. André for the uni-
triangular group over a finite field and later, for a general finite group, by I.M.
Isaacs and P.Diaconis.

The Shintani Descent, first introduced by T. Shintani, was used to de-
scribe the relation between F-stable irreducible characters of an algebraic group
G(Fgn) and characters of G(Fy). Whereas, in the case where G is abelian, we
get a bijection between F-irreducibles and irreducibles, but for general cases,
we do have such correspondence.

In this talk, I will give an introduction to the usual supercharacter theory
defined on a unitriangular group over a finite field and, using the Shintani De-
scent, describe a relation between the supercharacter theory of the unitriangular
group of a finite field and over a finite extension of such a field. Lastly, some
connections with the representation theory of the unitriangular group over an
infinite field will be explored.
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The E-SEASON Project

Joaquim M. C. Correia

E-SEASON is the acronym for Europe-South East Asia Science Oriented Net-
work which is an informal network enrolling a number of European and Asian
universities and having as kernel of all of its activities: mathematics. We want
to present the E-SEASON, the academic cooperation developed inside as well
as the ongoing projects. In particular we will pay attention to its research goals.
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Recent contributions in risk assessment
Ligia Henriques-Rodrigues

In the field of statistical extreme value theory, risk is generally expressed
either by the value at risk at a level ¢ (VaRy), the size of the loss occurred
with a fixed probability, ¢, the upper (1 — ¢)-quantile of the loss function, or by
the conditional tail expectation (CTE), defined as CTE, = E(X|X > VaR,),
g € (0,1). The value of ¢ if often smaller than 1/n, where n denotes the size
of the available sample, X,, = (X1,...,X,). We consider heavy-tailed models,
i.e. Pareto-type underlying cumulative distribution functions, with a positive
extreme value index (EVI), quite common in many areas of application. For
these Pareto-type models, the classical EVI- estimators are the Hill estimators
introduced in [1], the average of the k log-excesses over a threshold X, ..
The Hill estimator is crucial for the semi-parametric estimation of the CTE.
The class of CTE-estimators considered is the one proposed in [2] (see also
[3]). In this presentation, we showcase advancements in the performance of the
aforementioned CTE-estimators. These improvements are achieved by utilizing
reliable EVI-estimators based on generalized means, such as the ones intro-
duced in [4, 5, 6] (see also [7]) and incorporating reduced-bias EVI-estimators
introduced in [8, 9, 10].
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A-policonvexidade™*

Luis Bandeira

Embora a condi¢ao de A-quasiconvexidade tenha sido totalmente explorada
desde a sua introducao, nenhum exemplo explicito de principios variacionais
associados foi considerado, exceto no caso classico do gradiente. O nosso ob-
jetivo é propor tal familia de problemas na situagao div — curl, e explorar a
condi¢ao de A-policonvexidade correspondente como a principal hipdtese estru-
tural para garantir a semicontinuidade inferior e, consequentemente, resultados
de existéncia de solucao.
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Belief change: basic concepts and some recent
contributions

Mauricio Reis, Marco Garapa

The one that is nowadays considered the standard model of belief change is

the AGM model, proposed by Alchourrén, Gérdenfors and Makinson [1]. Since
it was first presented, many researchers have proposed numerous extensions and
generalizations of this framework (for an overview see [2, 3]).

In this talk we will present the AGM model and the main motivations un-

derlying its proposal. Furthermore we will present some extensions and gener-
alizations of that model that we have recently proposed in [4, 5, 6].
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Pendent steady rivulets: from lubrication to
bifurcation

Michael Grinfeld

We consider the shape of the free surface of steady pendent rivulets beneath
a planar substrate. We formulate the governing equations in terms of two closely
related dynamical systems and analyse the bifurcation structure of the problem.
Our results explain why lubrication theory is unable to describe the structure
of the solutions set for pendent rivulets, although it is successful in the related
problem of sessile rivulets, and show how to construct rivulets with overhang.

This is joint work with David Pritchard.
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An aproach to social intervention and health
problems

Nuno Franco

We present works that deal with two different kind of problems:

Participation in projects “Virtual Reality in the Social Inclusion of the El-
derly” with several IPSS. This project intends to improve the physical, social
and emotional conditions of the elderly. This improvement will be achieved
through the implementation of a program, adapted to each reality and each in-
dividual (in depression or anxiety) through technology based on Virtual Reality,
with experiences that promote the well-being and quality of life of the elderly,
providing a positive social integration and promoting active and happy aging.
A practical solution to decide how to feed a new born child with specific health
problems.

The first topic is already finished and the second one is ongoing work.
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Stochastic differential equations mixed models to
describe individual growth

Patricia A. Filipe, Gongalo Jacinto, Nelson T. Jamba,
Carlos A. Braumann

Stochastic differential equations (SDE) models are adequate to describe the

dynamic of individual growth in a randomly fluctuating environment. We have
been studying estimation, prediction, and optimization issues for a class of SDE
to model the evolution of cattle weight which, by an appropriate transformation
of the weight, results in a variant of the Ornstein-Uhlenbeck model [1, 2, 3]. The
model parameters are the average transformed weight at maturity «, a growth
parameter 3, and the intensity of the effect of environmental fluctuations o.
To incorporate individual characteristics of the animals, we have considered
that the model parameters may vary randomly from animal to animal, which
results in SDE mixed models. We have considered SDE mixed models where a
and/or f§ are i.i.d. Gaussian random variables. For these type of models, the
model parameters are usually estimated by the maximum likelihood estimation
method. However, in mixed models, this often becomes a difficult, sometimes
impossible, task when the likelihood function involves integrals not solvable in
closed-form, requiring the use of approximation methods. We propose a new
approximation method, the delta method, which is easy to apply, and compare
its performance with the Laplace method [4, 5]. This new method allows the es-
timation of the parameters even when the requirement of most known packages
(for instance, [6]) fails. Namely, they require having the same time vector of
observations for all trajectories. This is not the case in our application, since in
our real data the animals are not weighted at the same ages and for this reason
the existing packages could not be used.
We have also developed SDE mixed models that can incorporate specific in-
dividual characteristics of each animal. In particular, we propose SDE mixed
models that incorporate each animal’s genetic characteristics, by allowing « to
be a function of genetic values of the animal. The main goal is to extend the
SDE mixed model to the more realistic case where an individual genetic value
becomes an important component in the estimated growth curve. This will im-
prove prediction of animal’s future weights and help farmers optimize the profit
obtained by raising and selling an animal.
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Jordan type of Artinian Gorenstein algebras
and related invariants

Pedro Macias Marques

We study local Artinian Gorenstein (AG) algebras and consider the set of
Jordan types of elements of the maximal ideal, i.e. the partition giving the
Jordan blocks of the respective multiplication map.

In a joint work with Tony Iarrobino, we construct examples of families
Gor(T') of local AG algebras with given Hilbert function 7', and use obstructions
that the symmetric decomposition of the associated graded algebra of an AG
algebra A imposes on the Jordan type of A to study their irreducible compo-
nents. Together with Johanna Steinmeyer, we explore possible generalisations
of Jordan type and try to understand how they might apply to these topological
questions.
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Spin(7)-structures on tangent bundles

Rui Albuquerque

The construction of a Spin(7)-structure on the tangent bundle of a 4-manifold
follows quite as easily as that of gwistor space, ie. the Go-structure on the tan-
gent sphere bundle of a given oriented Riemannian 4-manifold. A PhD Disser-
tation of the University of Kéln also constructs a natural structure on T'M\0
which arises as a weighted metric on R with gwistor space. We compare the
two notions and investigate the problem at the origin (the zero section).
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First order non-linear coupled systems — existence
and localization of periodic solutions using a
method of upper and lower solutions

Sara Perestrelo, Feliz Minhos

We present some existence and localization results for periodic solutions
of first-order coupled nonlinear systems of two equations, with and without
impulses, without requiring periodicity for the nonlinearities. The arguments
are based on Schauder’s Fixed Point Theorem [1] together with the upper and
lower solution method, where the upper and lower solutions are not necessarily
well-ordered. In addition, for the impulsive analysis, results on equi-regulated
functions [2, 3] are required. We apply our methodology to a Wilson-Cowan
system of two strongly coupled neurons [4] to illustrate one of the main results.
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Necessary and sufficient conditions for
applicability of the pointwise constrained
Liapunov convexity theorem in the 2x2 case

Clara Carlota (presenter), Anténio Ornelas

Given any AC solution 7 : [a,b] — R? to the convex differential inclusion
z'(t) €co{v' (), v (t)} ae. on [a,b],

a sufficient conditions for existence of solution to the associated nonconvex
inclusion

z'(t) e {v' (), 02 (t)} ae., x(a)=T(a), x(b)=7(b),
under the extra pointwise constraint
(z(t), w) <(T(t),w) Vie€]ab],
where w is any vector in R"™, is nonemptiness of the class
() e Wh ([a,0],R?): a/(t) €co{vt(t),v2(t)} ae.
X7 = z(a) =% (a), z(b)=T(b)
(x (1), w) <(
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But, given any specific velocities
vl () v? () e ! ((a,b) ,R2)

it is not clear, a priori, whether the above class X is, or is not, empty.

The aim of this talk is to clarify such issue, namely we present necessary and
-5 CO

suffcient conditions for nonemptiness of X
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