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1 Editor’s introduction

1.1 About DySyX’2025

DySyX’2025 is a two days workshop (May 22-23, 2025) organized by Faulty of Sciences of
Kénitra (LAGA), Ibn Tofail University and Le Havre Normandie University (LMAH). It will
focus on recent advances in dynamical systems, complex networks, and applications in some
fields of science and engineering. This meeting will provide a joint forum for leading applied
mathematicians and scientists actively working in the diverse fields of life sciences in order
to exchange ideas, advance the knowledge of research, discuss future research challenges, and
explore opportunities for collaborative exchange and education. There will be several guest
talks covering such recent trends. This workshop is organized in the frame of the PHC-Toubkal
project 2025.
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1.2 About Python Day

is a training day on Python software and its applications to complex network in epidemiology
(eight hours) which be held on May 24, 2025. By Prof. Cyrille Bertelle from Le Havre Normandie
University, France.

Details in French language: Implémentation de modeles épidémiques sur réseaux avec
Python Cette formation se base sur les modeles épidémiologiques de type SIR et leurs variantes
et vise a les implémenter et les simuler en Python. A partir de modeles classiques basiques, de
type SIRS ou SEIRS, nous regardons comment il est possible de les étendre afin qu’ils répondent
d’une maniere plus précise aux problématiques qui avaient été évoqués notamment lors de la
crise Covid-19, a savoir : prise en compte du confinement, de la vaccination et de la saturation
des hopitaux. Un autre aspect des crises épidémiques et notamment de la crise du Covid-19 est
la propagation entre villes, régions ou pays. Une approche adaptée pour cette problématique
consiste a déployer les modeles sur des réseaux ou chaque noeud du réseau représente un espace
a léchelle considérée (ville, région, pays) ot un modele EDO est considéré comme suffisant. Les
effets spatiaux sont ici représentés par des mobilités entre les noeuds du réseaux.

Une technique de déploiement d’un modele épidémiologique sur réseaux sera implémentée avec
Python et ses librairies Numpy, SciPy et Matplotlib permettant d’avoir des performances et des
visualisations intéressantes.

Durée proposée (8h) :

- 2h de présentation synthétique dur Python, Numpy, SciPy et Matplotlib avec supports sous
la forme de Jupyter Notebooks.

- 2h pour étudier et simuler en Python des extensions des modeles épidémiologiques traitant des
problemes de confinement, vaccination, saturation des hopitaux.

- 2h pour présenter le déploiement des modeles épidémiologique sur réseaux et montrer une
implémentation en Python.

- 2h laissés aux participants pour manipuler le modele en réseau en I'adaptant aux différentes
extensions.

Dans ces volumes proposés, les participants peuvent démarrer des mises en oeuvre sur Python.
Une analyse plus approfondie des simulations permettant de mieux maitriser les parametres de
controle des processus nécessiterait un volume horaire plus important ou encore la réalisation
d’un projet a faire chez eux.

2 Conference co-chairs

Prof. Radouane Yafia, Ibn Tofail University, Morocco
Prof. Aziz Alaoui, Le Havre Normandie University, France
Prof. Arnaud Ducrot, Le Havre Normandie University, France
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3 Organizing committee

Prof. Radouane Yafia, Ibn Tofail University, Morocco

Prof. My Lhassan Charaf, Ibn Tofail University, Morocco

Prof. Redouane Qesmi, S.M.B.A. University, Fes, Morocco

Prof. M. A. Aziz Alaoui, Le Havre Normandie University, France

Prof. Arnaud Ducrot, Le Havre Normandie University, France

Prof. Benjmain Ambrosio, Le Havre Normandie University, France and Hudson University, USA
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Prof. Abdessamad Tridane, United Arabic Emirates University, UAE
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Prof. Hiiseyin Merdan, TOBB University of Economics and Technology, Ankara, Turkey

4 Scientific committee

M. A. Aziz Alaoui, Le Havre Normandie University, France; Arnaud Ducrot, Le Havre Nor-
mandie University, France; Cyrille Bertelle, Le Havre Normandie University, France; Griette
Quentin, Le Havre Normandie University, France; Alain Miranville, Le Havre Normandie Univer-
sity, France; Radouane Yafia, Ibn Tofail University, Morocco; Abdessamad Tridane, United Arab
Emirates University, UAE; Fetthallah Rihan, United Arab Emirates University, UAE; Hiiseyin
Merdan, TOBB University of Economics and Technology, Ankara, TURKEY; Benjamin Am-
brosio, Le Havre Normandie University, France and Hudson University, USA; Redouane Qesmi,
Sidi Mohamed Ben Abdellah University, Morocco; Abdelhay El Azouzi, Sidi Mohamed Ben Ab-
dellah University, Morocco; Karam Allali, Hassan 2 University, Morocco; Samira El Yacoubi,
Perpignan University, France; Rakkiyappan Rajan, Bharathiar University, India; Tewa Jean
Jules, University of Yaounde I, Cameroon; Walid Abid, University of Carthage, Tunisia; Samuel
Bowong, University of Dakar, Cameroon; Ousmane Osideyi, CPJ Le Havre Normandie Univer-
sity, France; Armel Andami Ovono, University Masuku, Gabon; Guillaume Cantin, Nantes Uni-
versity, France; Cemil Tunc, Van Yuzuncu Yil University, Turkey; Abdelilah Kaddar, Chouaib
Doukkali University, Morocco; Abdelhadi Abta, Cadi Ayyad University, Morocco; Abdellah Alla,
Med V University, Morocco; Ali Moussaoui, University of Tlemcen, Algeria; Rachid Mchich, Ab-
delmalek Essaaddi University, Morocco; Abdessamad El Alami, My Ismail University, Morocco;
Kaicer Mohamed, Ibn Tofail University, Morocco; Nikola Popovic, University of Edinburgh, UK;
Cristiana Joao da Silva, Instituto Universitario de Lisboa, Portugal; Moussaid Ahmed, Hassan
2 University, Morocco; Delfim F. M. Torres, Director of CIDMA, University of Aveiro, Portugal;
Akhiat Fettah, Ibn Tofail University, Morocco; Boussejra Abdelhamid, Ibn Tofail University,
Morocco; Bounader Nordine, Ibn Tofail University, Morocco; Boukrim Lahcen, Ibn Tofail Uni-
versity, Morocco; El Wahbi Bouaza, Ibn Tofail University, Morocco; Echarghaoui Rachid, Ibn
Tofail University, Morocco; Moussa Mohammed, Ibn Tofail University, Morocco; Omari Youssef,
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Ibn Tofail University, Morocco; El Hassouni Souad, Ibn Tofail University, Morocco; Essadiq Ab-
derahmane, Ibn Tofail University, Morocco; C. Rajivganthi, School of Advanced Sciences VIT-
Chennai Campus, India; Yang Kuang, Arizona State University, USA; Fatiha Najm, Ibn Tofail
University, Morocco; Abdullah Mohammed Ahmed Aldurayhim, prince Sattam Ben Abdulaziz
University, KSA; Mohamed Maama, King Abdullah University, KSA; El Fatini Mohamed, Ibn
Tofail University, Morocco; Bouggar Driss, Hassan 2 University, Morocco; Jonathan Touboul,
Brandeis University, USA; Ekrem Savas, Usak University, Usak-Turkey; El Gourari Aiad, Ibn
Tofail University, Morocco; Berrhazi Badr-Eddine, Ibn Tofail University, Morocco.

5 Plenary Speakers

Jrih gl daols '
Ibn Tofail University

Arnaud Ducrot, Le Havre Normandie University, France
Title: Mathematical modelling and analysis of the adaptive dynamics in mosquito
populations: Uniform persistence of malaria infection.

Ezzinbi Khalil, Cadi Ayyad University, Morocco
Title: Center manifold and stability in critical cases for some partial functional differen-
tial equations.

Griette Quentin, Le Havre Normandie University, France
Title: Asymptotic behavior of an epidemic model with infinitely many variants.

Redouane Qesmi, Sidi Mohamed Ben Abdellah University, Morocco
Title: State-Dependent Delays: A Gateway to Complex Dynamics.

Ekrem Savas, Usak University, Turkey
Title: Generalized ideal statistically convergent functions in intuitionistic fuzzy n-normed
space

Ousmane Seydi, Le Havre Normandie University, France
Title: Age-structured plant invasion dynamics across spatially explicit landscapes.

Abdessamad Tridane, United Arabic Emirates, UAE
Title: A data-driven Mathematical Modelling Approach for Malaria in Africa.

M.A. Aziz Alaoui, Le Havre Normandie University, France
Title: Modélisation et Analyse des Systemes Complexes.
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Mathematical modelling and analysis of the adaptive dynamics in mosquito
populations: Uniform persistence of malaria infection

Arnaud Ducrot

Normandie le Havre University, France
E-mail:

Abstract: In this talk, we present a mathematical model for the spread of malaria, incorporating key
factors such as human populations, mosquito behavior, and the mosquitoes’ plasticity and adaptation to
control measures like widespread insecticide-treated mosquito nets and indoor residual spraying. Through
analysis of the model, we identify and describe the convergence and persistence properties of the solutions,
using a small parameter that represents the interactions between mosquitoes in relation to their activity
patterns. In our analysis, we extend some ideas from the theory of uniform persistence to the case of
semiflow without dissipativity.

Keywords:

2020 Mathematics Subject Classification:

Acknowledgements: A. Tridane expresses gratitude for the support from the UAEU UPAR,
grant number 125125
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Mathematics Art: Poincaré’s Tetratypology, or Singularities in Dynamical
Systems

M.A. Aziz Alaoui

university of Le Havre — Normandie, France
E-mail:

Abstract: Singularities reveal the character of what is unique in its kind, what is original,
strange or unusual. In mathematics, although there is no formal definition, the notion of “singu-
lar” is opposed to that of “generic”. It’s usually a point, a curve, a surface, a value or a case in
which a certain mathematical object is not well defined. We discuss this in this talk, explaining
why “The singularity is not necessarily dangerous in everything”. On the contrary, Singularities
are those little things that lead to big things, that form the skeleton of a system. To do this,
we draw a parallel between Poincaré and Van Gogh, focusing on Poincaré’s tetratypology (his
classification of the singular points of a dynamical system), which he geometrized by setting up
“mathematical objects”, unknowingly illustrated by Van Gogh (in his famous painting: “Starry
Night : La nuit etoilee”, 1889), objects that immediately catch the eye: the singularities of the
system.

Mathématiques et Art : Tétratypologie de Poincaré, ou Singularités en Systemes
Dynamiques

Résumé : Les singularités révelent le caractere de ce qui est unique en son genre, de ce
qui est original, étrange ou insolite. En Mathématique, bien qu’il n’y ait pas de définition
formelle, la notion de singulier s’oppose a celle de générique . C’est en général un point, une
courbe, une surface, une valeur ou un cas dans lequel un certain objet mathématique n’est pas
bien défini. On en discute dans cet exposé, en expliquant pourquoi La singularité n’est pas
forcément dangereuse en tout . Qu’au contraire les Singularités sont ces petites choses qui en
entrainent de grandes. Qui dessinent le squelette d’un systéme. Pour ce faire, on fait un parallele
entre Poincaré et Van Gogh, en insistant sur la tétratypologie de Poincaré (sa classification des
points singuliers d’un systéeme dynamique) qu’il géométrisa en mettant en place des objets
mathématiques , illustrés a son insu par Van Gogh (dans sa célebre peinture : “La nuit etoilee”,
1889), objets qui d’emblée attirent le regard : les singularités du systeme.
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Center manifold and stability in critical cases for some partial functional
differential equations

Khalil Ezzinbi

Cadi Ayad University, Morocco
E-mail:

Abstract: In this work, we prove the existence of a center manifold for some partial functional
differential equations, whose linear part is not necessarily densely defined but satisfies the Hille-Yosida
condition. The attractiveness of the center manifold is also shown when the unstable space is reduced to
zero. We prove that the flow on the center manifold is completely determined by an ordinary differential
equation in a finite dimensional space. In some critical cases, when the exponential stability is not
possible, we prove that the uniform asymptotic stability of the equilibrium is completely determined by
the uniform asymptotic stability of the reduced system on the center manifold.

Keywords: Hille-Yosida operator, integral solution, semigroup, variation of constants formula,
center manifold, attractiveness, reduced system, critical case, asymptotic stability, approxima-
tion

2020 Mathematics Subject Classification:
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Asymptotic behavior of an epidemic model with infinitely many variants

Griette Quentin

Normandie Le Havre University, France
E-mail:

Abstract: We investigate the long-time dynamics of a SIR epidemic model with infinitely many
pathogen variants infecting a homogeneous host population. We show that the basic reproduction number
RO of the pathogen can be defined in that case and corresponds to a threshold between the persistence
(Ro > 1) and the extinction (Ry < 1) of the pathogen. When (Ry > 1) and the maximal fitness is
attained by at least one variant, we show that the systems reaches an equilibrium state that can be
explicitly determined from the initial data. When (Ry > 1) but none of the variants attain the maximal
fitness, the situation is more intricate. We show that, in general, the pathogen is uniformly persistent
and all families of variants that have a uniformly dominated fitness eventually get extinct. We derive a
condition under which the total mass of pathogens converges to a limit which can be computed explicitly.
We also find counterexamples that show that, when our condition is not met, the total mass of pathogen
may converge to an unexpected value, or the system can even reach an eternally transient behaviour

where the mass oscillates between several values. We illustrate our results with numerical simulation..

Keywords:
2020 Mathematics Subject Classification: .
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State-Dependent Delays: A Gateway to Complex Dynamics

Redouane Qesmi

Sidi Mohamed Ben Abdellah University, Morocco
E-mail:

Abstract: In this talk, I will explore how state-dependent delays-where the delay dynamically changes
with the system’s state-unlock remarkably rich and complex behaviors. Even in simple models, such
delays can produce oscillations, chaos, and other complex behaviors over time. I will present examples,
simulations, and key ideas to illustrate the sensitivity and nonlinear effects inherent in these systems.
The goal is to give an accessible introduction to a topic that connects delay equations with complex
dynamics.

Keywords:
2020 Mathematics Subject Classification: .
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Impact of Water Infiltration on the Emergence of Banded Vegetation in
Semi-Arid Hillside Regions.

ROMAN Souhail', YAFIA Radouane’? and M. A. Aziz Alaoui®

LIbn Tofail University, Morocco
E-mail: souhail.roman@uit.ac.ma

2Ibn Tofail University, Morocco
E-mail: radouane.yafia@uit.ac.ma
3Le Havre Normandie University, France
E-mail: aziz.alaoui@Quniv-lehavre.fr

Abstract: Vegetation patterns, such as stripes, spots, and mixed types, have been observed in arid
and semi-arid regions. In this study, we investigate a vegetation-water model on semi-arid hill-slopes,
utilizing a reaction-diffusion system to explore the formation of banded vegetation patterns. Conditions
for the occurrence of a Hopf bifurcation in the ordinary differential equation (ODE) are established, and
we derive the criteria that determine the direction of the bifurcation and the stability of the bifurcated
periodic solutions at the nontrivial equilibrium. Subsequently, for the reaction-diffusion equation (RDE),
we identify the Turing instability region. To analyze the system’s behaviour near the Turing instability
point, a weakly nonlinear analysis is employed to derive amplitude equations. Finally, the theoretical
findings are validated through numerical simulations, and the environmental factor responsible for the
appearance of the banded vegetation pattern is revealed.

Keywords: Vegetation patterns, Hopf bifurcation, Turing analysis, Amplitude equations.
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Calabi-Yau Dynamical System and Black Hole Physics

Abderrahim Bouhouch!

U Faculty of Science, Mohammed V University in Rabat, 4 Avenue Ibn Battouta, Rabat,
Morocco
E-mail: ! bouhouchabderrahim12@gmail.com

Abstract: Combining toric geometry and N = 2 supergravity formalisms, we study 5D black branes
in the M-theory compactification on a four parameter Calabi-Yau threefold. First, we investigate 5D
BPS and non-BPS black holes that are derived by wrapping M2-branes on non-holomorphic 2-cycles in
such a toric Calabi-Yau manifold. Concretely, we provide the allowed electric charge regions of BPS and
non-BPS black hole states that are obtained by surrounding M2-branes over appropriate 2-cycles. Then,
we approach the black hole thermodynamic behavior by computing the entropy and the temperature.
By evaluating the recombination factor, we examine the stability of such non-BPS black holes. Precisely,
we find stable and unstable solutions depending on the allowed electric charge regions. After that, we
study 5D black strings by wrapping Mb5-branes on non-holomorphic dual 4-cycles in the proposed toric
Calabi-Yau manifold by focusing on the stability behaviors. In the allowed regions of the moduli space
of the non-BPS stringy solutions, we find stable and unstable states depending on the magnetic charge
values.

Keywords: 5D N = 2 supergravity formalism, Black holes, Black strings, Calabi-Yau mani-
folds, Stability Behaviors.
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Reflections on the relationship between chaos and randomness

Abderrahim Aslimani! and Mohamed El Ouafi2

L Department of Mathematics, Pluridisciplinary Faculty, Mohammed First University,
300-62700, Selouane, Nador, Morocco
E-mail: a.slimani@ump.ac.ma

2 Department of Mathematics, Pluridisciplinary Faculty, Mohammed First University,
300-62700, Selouane, Nador, Morocco
E-mail: m.elouafi@ump.ac.ma

Abstract: This article examines the subtle relationship between chaos and randomness, two concepts
that, although they refer to seemingly unpredictable phenomena, are based on fundamentally different
principles. Chaos manifests in deterministic sys- tems where small variations in initial conditions
lead to unpredictable long-term be- haviors, while randomness pertains to intrinsically probabilistic
processes, character- ized by fundamental uncertainty. Although these phenomena are based on distinct
mechanisms, they can interact and converge in contexts as varied as the modeling of natural phenomena,
climate forecasts, or financial markets. Despite their differences, these two phenomena share common
characteristics, such as the absence of apparent order and an unpredictability that defies our attempts
at long-term prediction. Through an analysis of chaos theory and probability, this article aims to clarify
the distinctions and highlight the deep connections between these two concepts in real systems. The
objective of this work is to propose an in-depth reflection on how deterministic chaos and probabilistic
randomness intersect, complement each other, and mutually influence in complex systems.

Keywords: Chaos; Randomness; Deterministic systems; Probabilistic processes; Unpredictabil-
ity; Chaos theory; Probability theory; Complex systems; Chaotic and random interactions

2020 Mathematics Subject Classification. 37H05, 37H12, 60A10.
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MODELLING THE IMPACT OF EDUCATiON AND MEMORY ON THE
MANAGEMENT OF DIABETES MELLITUS USING
ATANGANA-BALEANU-CAPUTO FRACTIONAL ORDER MODEL

Morufu Oyedunsi OLAYIWOLA! and Adedapo Ismaila ALAJE? and 3Akeem
Olarewaju YUNUS 3
1,23 Department of Mathematical Sciences, Faculty of Basic and Applied Sciences College of
Science, Engineering and Technology Osun State University, Osogbo, Nigeria
E-mail: olayiwola.oyedunsi@uniosun.edu.ng, adedapo.alaje@uniosun.edu.ng,
akeem.yunus@pgc.uniosun.edu.ng

Abstract: In this research, the Atangana-Baleanu-Caputo (ABC) fractional derivative is applied
to study the memory-dependent behaviors of human awareness regarding a healthy lifestyle and genetic
knowledge of diabetes transmission using a proposed mathematical model. Through theorems and proofs,
we establish the positivity of solutions and define invariant regions. By employing the Lipschitz and fixed-
point theories, we demonstrate the existence of a unique solution for the fractional-order model. The
models equations, expressed as an infinite series using the Laplace Adomian Decomposition Method
(LADM), are used for numerical experiments. These experiments provide valuable insights, showing
that proactive family education significantly reduces prediabetes incidence among genetically predisposed
individuals, while increasing awareness enhances memory effectiveness against harmful lifestyle choices,
leading to a rapid decline in diabetes cases.

Keywords: Atagana Baleanu Caputo fractional derivative, Diabetes mellitus, Laplace-Adomian
decomposition method
2020 Mathematics Subject Classification: Primary 92B05.
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Stability and Hopf Bifurcation in a Virotherapy Model with Time Delay

Fatiha Najm!, Yafia Radouane’? and M. A. Aziz Alaoui®
LIbn Tofail University, Morocco
E-mail: fatiha.najm@uit.ac.ma
2Ibn Tofail University, Morocco
E-mail: radouane.yafiaQuit.ac.ma
3Le Havre Normandie University, France
E-mail: aziz.alaouiQuniv-lehavre.fr

Abstract: 1In this paper, we propose a delayed mathematical model which models the virotherapy
treatment of a cancer dynamics with logistic growth. The total cancer population is divided into two
types of cells: uninfected and infected cells. Considering time delay as a parameter, we establish the
positivity and boundedness of solutions and the stability of the possible equilibria. We prove that, time
delay can lead to periodic oscillations with small amplitude called ” Jeff’s phenomenon” which observed
in laboratory and causes oscillations in cancer size via Hopf bifurcation theory. We give an algorithm
determining the direction of Hopf bifurcation via center manifold and normal form theories. We end
with some numerical simulations illustrating our obtained results

Keywords: Virotherapy, Stability, Hopf bifurcation, Center manifold, Normal form.
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Numerical Methods for Solving the One-Dimensional Birkhoff Polynomial
Interpolation Problem

Ibn Tofail University
Faculté des Sciences

Omar Rhouni' Mohammed Errachid? and Mustapha Esghir!

L Faculty of Science, Mohammed V University in Rabat, 4 Av Ibn battouta,
E-mail: rhouniomar69@gmail.com

2 Centre Régional de Métier de I’Education et de la Formation (CRMEF) de Rabat,
E-mail: errachid.m@gmail.com

Abstract: The subject of this Presentation aims to study the Birkhoff polynomial interpolation [3].
Given a set Z = {zp, ..., zn} with (n + 1) nodes, of (K = R or C), we will seek to study questions of
existence and of uniqueness [6, 4, 2] of a polynomial P such that P and a number of its derivatives take,
at these nodes, given values, as well as its representation [1, 5]. The algorithmic aspect will also be
taken into consideration, and a numerical implementation of the obtained solutions must be carried out.
Complexity studies algorithmic, numerical stability and comparisons with other solutions are expected
from this work.

Keywords: Birkhoff interpolation - lacunar polynomial - Schur complement - Recursive algo-
rithm
2020 Mathematics Subject Classification: Primary xxxxx, XXXXxX, XXXXX.
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Doubly Reflected BSDEs for the Valuation of Dynkin Games in Defaultable
Settings

Badr ELMANSOURI! and Mohamed EL. OTMANTI?

L Laboratory LAMA, Faculty of Sciences Agadir, Ibn Zohr University, Agadir, Morocco
E-mail: badr.elmansouri@edu.uiz.ac.ma

2 Laboratory LAMA, Faculty of Sciences Agadir, Ibn Zohr University, Agadir, Morocco
E-mail: m.elotmani@uiz.ac.ma

Abstract: Default risk is one of the most extensively studied aspects of credit risk, attracting sig-
nificant attention in the last decades. This presentation addresses the valuation problem for Dynkin
games with a fixed expiry time in a defaultable environment, specifically focusing on American game
options. The information flow G := (G;)¢>¢ is driven by a standard Brownian motion W in the filtration
F:=(Fi);>o = (0 {Ws: 5 €[0,t]}),5,, along with a random time 7 :  — (0, 400), known as the default
time, which is not a stopping time with respect to F. Our approach uses the theory of Doubly Re-
flected Backward Stochastic Differential Equations (DRBSDESs) with two distinct right-continuous with
left-limits (RCLL) barriers.

Our methodology involves two approaches:

1. In the first approach, we assume the immersion property holds and solve the pricing problem of
an American game option in a financial market with default using DRBSDEs with a stochastic
Lipschitz coefficient.

2. In the second approach, we relax the H-hypothesis for the stopped process W7, applying a change
of probability measure.

In both cases, the cost function or the game’s upper and lower values are expressed in terms of a non-
linear expectation derived from a classical BSDE.

Keywords: Doubly reflected BSDEs, RCLL barriers, Stochastic Lipschitz coefficients, Progres-
sive enlargement of filtration, Game options, Default time, Non-linear expectations.
2020 Mathematics Subject Classification: Primary 60H30 , 60H15, 60H20.

UNIVERSITE I I

LE

HAVRE

NORMANDI

IE



<

\)‘E’zo

ONDE INTERNATIONAL WORKSHOP ON ADVANCE IN NONLINEAR DYNAMICAL %

SYSTEMS, COMPLEX NETWORKS AND APPLICATIONS (DYSyX’2025) :’""s"”;
5 ¥V

22-23, MAy 2025, F'S KENITRA, MOROCCO Hoyxa®

A Dynamical model for the epidemiological interaction between COVID-19
and Tuberculosis

BENAMARA IBTISSAM!, BENAZZA HAFIDA!, & FAIZ MERIAM!'
! Mathematics, Computer Sciences, and Applications Information Security Laboratory
(LABMIA-SI), Faculty of Sciences, Mohammed V University, Rabat, Morocco.
E-mail: ibtissam_benamara@umb.ac.ma

Abstract: This study examines a mathematical model that captures the transmission dynamics of
COVID-19 and tuberculosis within a population, emphasizing the interplay between the two diseases. The
model incorporates key epidemiological factors, such as co-infection and disease progression, to better
understand their joint impact. The existence and uniqueness of the endemic equilibrium are rigorously
proven, followed by a comprehensive analysis of the equilibrium points and their local stability. To
provide deeper insights, a sensitivity analysis is conducted to identify critical parameters influencing
disease dynamics. Finally, numerical simulations are carried out to validate the theoretical results and
explore potential scenarios, offering valuable perspectives for public health strategies.

Keywords: COVID-19, Tuberculosis, Co-infection, Reproduction number.
2020 Mathematics Subject Classification: 92D30, 34A34, 34D23, 34C23 .
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On stochastic Gilpin Ayala population model with Markovian switching

Youssef EL Khalfi', Adel Settati’> and Adil Lahrouz®
L Laboratory of Mathematics and Applications, FSTT, Abdelmalek Essaadi University,
Tetouan, Morocco
E-mail: elkhalfiyb@gmail.com
2 Laboratory of Mathematics and Applications, FSTT, Abdelmalek Essaadi University,
Tetouan, Morocco
E-mail: settatiadel@yahoo.fr
3 Laboratory of Mathematics and Applications, FSTT, Abdelmalek Essaadi University,
Tetouan, Morocco
E-mail: lahrouzadil@gmail.com

Abstract: In this paper, we analyze a stochastic Gilpin Ayala population model with Markovian
switching and white noise. The Gilpin Ayala parameter is also allowed to switch. We establish the global
stability of the trivial equilibrium state of the model. Verifiable sufficient conditions which guarantee the
extinction and persistence are provided. Furthermore, we show the existence of a stationary distribution.
The analytical results are illustrated by computer simulations.

Keywords: Markovian switching; Stability; Persistence; Stationary distribution.
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A Comprehensive Seismic Vulnerability Assessment of Architecturally
Irregular Buildings in Al Hoceima, Northern Morocco: An Analysis of
Structural Risks and Resilience

Assia haimoud', Sabah benchekroun ? and Ayoub aabi ?
L' ENS, Rabat, Morocco
E-mail: assiahaimoud97@gmail.com
2 ENS, Rabat, Morocco
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Abstract: Participants are encouraged to enroll and submit one page extended abstract written in
English, in accordance with the DySyX’2025 Latex template.

Keywords: The assessment of seismic vulnerability is crucial to determine the performance
of existing buildings during earthquakes [1]. Northern Morocco has recently been struck by
several devastating earthquakes, resulting in casualties and significant losses, highlighting the
importance of considering seismic risk, particularly the vulnerability of existing buildings in
this region [2]. Al Hoceima, located in a seismically active zone with slopes ranging from
10deformation generates seismic activity that can sometimes have catastrophic consequences
[4]. Seismological studies indicate that the main shock occurred on land, at the boundary
between the external and internal Rif zones, at a depth of 10 to 14 km . The aim of this study
is to deepen the understanding of the seismic vulnerability of irregular structures subjected to
seismic loading.
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2-K-frames in 2-Hilbert spaces
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Abstract: The aim of my article, we introduce a 2-K-frames in the 2-Hilbert space H, where K is a
f-bounded linear operator on H for a fixed element 6 in H, and explore some properties of them. Also,
we will characterize the 2-K-frames by the 2 pre-K-frame operators, the 2-/C-frame operators, likewise to
what is seen in the case of Hilbert spaces. In the rest of the article, we will set a definition of #-atomic
systems for I, and give some results concerning this notion. Finally we will find out a representation of
each element in a closed range R(K).

Keywords: 2-K-frame, 2-K-frame operator, 2-Hilbert space.
2020 Mathematics Subject Classification: Functional analysis 46-XX.
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On the Spectral Decomposition for Partial Functional Differential Equations
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Abstract: The aim of this work is to study the essential growth rate of the semigroup generated
by linear partial functional differential equations in the phase space. This investigation considers cases
where the semigroup associated with the non-delay part is neither necessarily compact nor uniformly
exponentially stable. Applications include studying the behavior near hyperbolic equilibrium points in
nonlinear cases.

Keywords: Partial functional differential equations, Semigroup, Essential spectral radius, In-
variant manifolds
2020 Mathematics Subject Classification: Primary 34k30, 34K19, 34K20.
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Deep learning and optimal control methods for fractional epidemiological
model

Aghdaoui Hassan' and Mouhcine Tilioua?®

2
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Abstract: The main goal of this work is to address fractional forward and inverse problems using
a deep learning method. A fractional Physics-Informed Neural Network (fPINN) is proposed to solve
Fractional Differential Equations (FDE) in epidemiology. The model minimizes the combined mean-
squared residuals of FDE and the mean-squared errors in the initial and boundary conditions to fit the
observed data. This study presents a novel method for estimating fractional-order derivatives within a
mathematical epidemic model that includes fractional boundary conditions, utilizing real-world data for
both training and validation.

Keywords: Fractional Physics-Informed Neural Networks, Fractional Differential Equations,
Optimal control, Epidemic model.
2020 Mathematics Subject Classification: Primary xxxxx, XXXXX, XXXXX.
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Modélisation mathématique de la dynamique du cancer en réponse a
'immunothérapie et a la virothérapie : Approches déterministes et
stochastiques

ELKAF Mariem!
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Abstract: Cette étude présente une analyse mathématique de la dynamique du cancer & l’aide de
modele déterministe et stochastique, en se concentrant sur les interactions entre les cellules tumorales,
les cellules effectrices immunitaires et les virus oncolytiques. Nous développons un modele basé sur
des équations différentielles ordinaires (EDO) et des équations différentielles stochastiques (EDS) pour
capturer ces interactions. Notre analyse commence par un examen de la bonne pose du modele, suivie
d’une étude détaillée de la stabilité de ’équilibre, y compris les conditions d’extinction et de persistance
du cancer. Enfin, nous validons nos résultats théoriques par des simulations numériques, fournissant des
informations sur les réponses dynamiques du cancer sous immunothérapie et virothérapie.

Keywords: Modélisation du cancer, EDO, EDS, stabilité, simulation numérique.
2020 Mathematics Subject Classification: 2010 MSC : 92C50, 60Hxx, 34Dxx, 65-XX.
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Quantitative study for some partial differential inclusions with memory

Jaouad El1 Matloub!
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Abstract: This study aims to investigate the existence of mild solutions for certain partial inte-
grodifferential inclusions under nonresonance conditions. The primary tools employed are the theory of
resolvent operators and a fixed point theorem of Ma’s type[l]. An example is provided at the end to
illustrate the abstract results.

Keywords: integrodifferential inclusions, mild solution, resolvent operator.
2020 Mathematics Subject Classification: Primary 47HO05, 35B15.
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Existence of solutions for some nonlocal elliptic problems

Farah Balaadich
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Abstract: The main objective is to prove the existence of weak solutions to a class of Kirchhoff
problems of the type:

—M(LA(x,Vu)dz)diva(z,Vu) = f(z,u) inQ.

The functions A and a are supposed to satisfying some conditions which will be used through the ap-
proximate Gelerkin method and tools from Young measures. We acheive the existence of weak solutions
under classical growth conditions of Leray-Lions type.

Keywords: Quasilinear elliptic systems, nonlocal problems, Galerkin approximation
2020 Mathematics Subject Classification: Primary 35J60, 35J25, 35D30, 28 Axx.
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On the fractional Musielak Sobolev spaces with variable s(.,.)-Order :
Results and Applications

Mohammed SRATI
Mohammed First University,
E-mail: srati93@gmail.com

Abstract: 1In the last years, great attention has been devoted to the study of nonlinear problems
involving nonlocal operators in modular spaces. In particular, in the fractional Musielak Sobolev spaces.
In this talk, we introduce the fractional MusielakSobolev spaces with variable order. Also, we show that
there exists an eigenvalue for the nonlocal problem, by means of Ekeland’s ariational principle.

Keywords: Fractional Musielak Sobolev spaces, Eigenvalue problems, Ekeland’s Variational
principle
2020 Mathematics Subject Classification: 35R11 .
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On the stochastic maximal LP-regularity for perturbed evolution equations

Hamza Bounacer! and Said Hadd 2

V' LAMA, IBN ZOHR University, Faculty of Sciences, Agadir, Morocco
E-mail: bounacer.h@gmail.com

2 LAMA, IBN ZOHR University, Faculty of Sciences, Agadir, Morocco
E-mail: s.haddQuiz.ac.ma

Abstract: The concept of stochastic maximal LP-regularity is a technique utilized to solve non-linear,
quasi-linear; as well as non-autonomous linear stochastic evolution equations, driven by a cylindrical
brownian motion, in Banach spaces. In [5, 6] sufficient conditions for stochastic maximal LP-regularity
were derived, and various applications to stochastic partial differential equations are worked out. The
stochastic maximal LP-regularity has undergone further development in the work of [1, 4]. The authors
have demonstrated that various characteristics of deterministic maximal LP-regularity can also be applied
to the stochastic version. Additionally, a significant contribution is made in Section 6 of [1], where the
authors prove the invariance of stochastic maximal LP-regularity under a specific category of unbounded
linear perturbations. In this talk, we aim to provide further insights into the stability of stochastic max-
imal LP-regularity when subjected to perturbation. Specifically, Miyadera-Voigt perturbations. These
results, see [3], generalize those obtained in the deterministic case, see e.g. [2] and complement the ones
presented in [1].

Keywords: Stochastic equations, maximal regularity, perturbation, admissible observation op-
erators.
2020 Mathematics Subject Classification: Primary 60H15; Secondary 35B65; 47D06.
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Optimal Control of a Reaction-Diffusion Problem: SIR Epidemiological
Model

Jamal Ballahi! and Lahoucine Tadoummant?

U Department of Mathematics, chouaib doukkali University, el jadida, Morocco
E-mail: ballahi.jamal@gmail.com
2 Department of Mathematics, ibn tofail University, kenitra, Morocco
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Abstract: This work addresses an optimal control problem applied to a reaction-diffusion SIR, (Suscep-
tible-Infected—Recovered) model to design an effective vaccination strategy against influenza epidemics.
The control problem incorporates realistic constraints, including a limited total vaccination coverage and
a maximum daily vaccine administration capacity, modeled as inequality constraints on the state vari-
ables. We demonstrate the existence of an optimal control solution and analyze an optimality system
using a penalty function to handle the associated constraints. A gradient-based algorithm is proposed to
solve this system. The spatial SIR model is solved using the finite difference method (FDM) for the tem-
poral dimension and the finite element method (FEM) for the spatial dimension. Numerical simulations
reveal that the optimal vaccination strategy varies across regions, depending on the disease propagation
rate.

Keywords: SIR epidemic , equation reaction diffusion , optimal controle
2020 Mathematics Subject Classification: Primary, 49M27, 49M29.
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Electromagnetic energy harvesting from self-excited oscillations

Mustapha Nabaoui' and Mustapha Hamdi? and Mohamed Habbad'
L Faculty of Sciences and Technologies, Sultan Moulay Slimane University, Beni Mellal,
Morocco
E-mail: mnabaoui@yahoo.fr
2 Faculty of Sciences and Technologies, Al Hoceima, Abdelmalek Essaddi University, Tétouan,
Morocco
E-mail: hamustapha2000@yahoo.fr

Abstract: This study investigates vibration-based electromagnetic energy harvesting using an excited
van der Pol oscillator coupled to a storage circuit incorporating via electromechanical coupling mecha-
nism interaction. The modulation equations governing the vibration and output voltage responses are
derived using the averaging method, and analytical approximate solutions for the periodic responses are
obtained. By applying a second-step perturbation method to the slow flow, approximate quasiperiodic
solutions for the system’s response and the associated output voltage are derived. The energy harvest-
ing performance of the system is evaluated from multiple frequency sources simultaneously exists in the
system. The influence of various harvester parameters on the output voltage is analyzed in both the
periodic and quasiperiodic regimes. The advantages of employing a coupled van der Pol oscillator with
a circuit for energy harvesting are illustrated in both periodic and quasiperiodic regimes. This approach
enhances energy harvesting optimization by taking advantage of the dynamics exhibited by these oscilla-
tors, which can exhibit complex behaviors such as self-excitation and bifurcations. Studies indicate that
the interaction between these oscillators enhances the efficiency of energy harvesting systems, particularly
when considering various excitation types and damping models. The ability to operate effectively in both
periodic and quasiperiodic states allows for more robust energy harvesting solutions across different op-
erational conditions. Numerical simulations are conducted to validate and support the analytical results.

Keywords: energy harvesting, van der Pol oscillator, periodic and quasiperiodic vibrations,
power
2020 Mathematics Subject Classification: Primary xxxxx, XXXxX, XXXXX.
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Fractional PDE Modeling of an Epidemiological System:
Optimal Control and Spatial Distribution

Achraf Zinihi', Moulay Rchid Sidi Ammi', Matthias Ehrhardt?

L Department of Mathematics, MAIS Laboratory, AMNEA Group, Faculty of Sciences and
Technics,
Moulay Ismail University of Meknes, Errachidia 52000, Morocco
2 University of Wuppertal, Chair of Applied and Computational Mathematics,
Gaufstrasse 20, 42119 Wuppertal, Germany
E-mail: a.zinihi@edu.umi.ac.ma

Abstract: In this study, we investigate a fractional reaction-diffusion SEIR epidemiological model
using the Caputo-Fabrizio fractional derivative with a non-singular kernel and the Laplacian operator.
Our objective is to analyze infectious disease transmission while considering spatial heterogeneity effects.
The government’s vaccination program is incorporated as a control variable within the fractional partial
differential equation model.

We establish the existence and uniqueness of a positive solution by leveraging results from Laplacian op-
erator theory and fractional Laplace transforms, providing a foundation for optimal control analysis. Our
primary goal is to determine the optimal control strategy that minimizes both the number of infections
and the associated vaccination and treatment costs over a finite time and spatial domain. Employing
minimizing sequences and weak convergence results, we rigorously prove the existence of an optimal
control and characterize it through state and adjoint functions.

To illustrate the practical impact of our findings, we conduct numerical simulations using the Forward-
Backward Sweep method. Results reveal that for integer-order derivatives, disease spread is more rapid,
whereas for fractional-order cases, the infection propagates more gradually while maintaining similar
vaccination costs. Finally, our analysis confirms that an effective vaccination strategy significantly reduces
disease transmission and enhances epidemic control.

Keywords: Epidemiological Model; Factional Derivatives; Simulations; Optimal Control.
2020 Mathematics Subject Classification: 92C60, 26A33, 33F05, 49J20..
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Nonlinear approximation with frames

Mohamed Rossafi
Laboratory Analysis, Geometry and Applications, Higher School of Education and Training,
University of Ibn Tofail, Kenitra, Morocco
E-mail: rossafimohamed@gmail.com; mohamed.rossafiQuit.ac.ma

Abstract: This talk aims to focuses on the approximation by frames in separable Hilbert spaces. We
present an iterative method to approximate a signal z based on a given frame, by defining a recursive
sequence that converges to the signal x. We show that this method converges to a signal that minimizes
a specific functional involving the frame coefficients of the given frame. The importance of this method is
better understood when the frame used has a large condition number, and the classical frame algorithm
is unusable.

Keywords: Approximation, frame, frame algorithm.
2020 Mathematics Subject Classification: 42C15
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V-sets and the property (VLD) in Banach spaces

Abderrahman Retbi

Sultan Moulay Slimane University, Polydisciplinary Faculty, Department of Mathematics, BP
592, Mghila, Beni Mellal, Morocco
E-mail: abderrahmanretbi@gmail.com

Abstract: We study the notion of V-sets in Banach spaces and Banach lattices, and we give some
characterizations of it in terms of sequences. As an application, we establish new properties of uncondi-
tionally converging operators and 1-Schur property in Banach lattices. Next, by introducing the concept
of the property (VLD) in Banach spaces, we investigate the Dunford-Pettis completely continuous prop-
erty of unconditionally converging operator. Finally, we derive the relationships between the property
(VLD) and the relatively compact Dunford-Pettis property (resp., the Pelczynski’s property (V)), and
we deduce some examples of Banach spaces with the property (VLD).

Keywords: Banach lattice, V-set, relatively compact Dunford-Pettis property, unconditionally
converging operator.
2020 Mathematics Subject Classification: Primary 46A40, 46B40.

References

[1] C.D. Aliprantis, O. Burkinshaw, Positive operators, Reprint of the 1985 original. Springer,
Dordrecht, 2006.

[2] J. Howard, Banach spaces on which every unconditionally converging operator is completely
continuous, Commentationes Mathematicae Universitatis Carolinae, Vol. 16, No. (4), 745-
753, 1975.

[3] A. Retbi, B. El Wahbi, L-Dunford-Pettis property in Banach spaces, Methods Func. Anal.
Topol, 22, 387-392, 2016.

UNIVERSITE
Ibn Tofail University J

. & LE HAVRE
Faculté des Sciences T B orvmce

(é Jrih gl daols o



<

\)‘E’zo

2NDE INTERNATIONAL WORKSHOP ON ADVANCE IN NONLINEAR DYNAMICAL ¥ %

SYSTEMS, COMPLEX NETWORKS AND APPLICATIONS (DYSyX’2025) :’""s"”;
22-23, MAy 2025, FS KENITRA, MOROCCO Fsyxs”

Fractional Navier-Stokes Equations: Existence, Uniqueness, and Optimal
Control

EL ALAOUI MOHAMMED! and SIDI AMMI MOULAY RCHID?
U My Isamil University, FST Errachidia
E-mail: mohammed.elalaoui@edu.umi.ac
2 My Isamil University, FST Errachidia
E-mail: rachidsidiammi@yahoo.fr

Abstract: The Navier-Stokes equations describe the motion of incompressible fluids and play
a fundamental role in fluid mechanics, engineering, and applied mathematics. Since their formu-
lation in the 19th century, they have been the subject of extensive mathematical and numerical
investigations. The literature on Navier-Stokes equations covers various aspects, including exis-
tence, uniqueness, and regularity of solutions in different functional spaces. The classical results
of Leray (1934) established the global existence of weak solutions in three dimensions, but
the question of their uniqueness and regularity remains one of the most significant open prob-
lems in mathematical physics. In recent years, new approaches involving fractional Laplacians,
p-Laplacian operators, and stochastic methods have provided deeper insights into turbulence
and anomalous diffusion. Furthermore, computational fluid dynamics (CFD) has contributed
to understanding complex flow structures through numerical simulations. This work presents
a comprehensive review of the theoretical and computational advancements in Navier-Stokes
equations, with particular attention to recent developments in fractional and nonlinear exten-
sions.

Keywords: Navier-Stokes equations, weak solutions, turbulence, fractional Laplacian, p-
Laplacian, numerical simulations.
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A Mathematical Model for Epidemic Dynamics with Multiple Vaccines,
Age-Structured Strategies, and Parameter Estimation

Abdellah OUAKKA!, Abdelouahed ALLA HAMOU? and Abdelhai EL AZZOUZI?
L3 FP Taza, Sidi Mohamed Ben Abdellah University, Fez, Morocco,
Departement of Mathematics , BP.1223, Taza, Morocco,

Laboratory of Engineering Sciences-LSI.

E-mail: abdellah.ouakka@usmba.ac.ma
abdelhai.elazzouzi@Qusmba.ac.ma

3 Faculty of Sciences , Mohammed V University in Rabat, Morocco.
E-mail: abdelouahed.allahamou@gmail.com

Abstract: Mathematical modeling of infectious diseases plays a fundamental role in understanding
their behavior and guiding the development of effective public health strategies. This study introduces a
detailed compartmental model that includes age-structured vaccination dynamics and multi-stage disease
progression. The model devloped in this study is generalization of that analyzed in the works [1, 2], it
is composed of differential equations that outline the dynamics among susceptible, exposed, infected,
hospitalized, recovered, and deceased populations, along with age-structured vaccination coverage. The
study begins by deriving the governing equations and performing a theoretical analysis of the system,
which includes identifying disease-free and endemic steady states and calculating the basic reproduction
number (%p). The second part focuses on parameter estimation using real-world epidemiological data.
To minimize the differences between the observed data and the model’s simulations across compart-
ments, a weighted least squares method is applied. The model is validated with data from Portugal and
Italy, showcasing its capability to capture disease transmission dynamics and the impact of age-targeted
vaccination strategies. The results emphasize the significance of integrating age-structured vaccination,
waning immunity, and multi-stage disease dynamics into epidemic models to formulate effective control
strategies. The study also points to the potential for expanding the model to tackle broader public health
issues, such as optimizing vaccination policies and evaluating the effects of behavioral changes.

Keywords: Compartmental epidemic model, Age-structured vaccination, Disease dynamics,
Weighted least squares, Basic reproduction number, Global stability, Waning immunity
2020 Mathematics Subject Classification: Primary 92B05, 35B35, 93D05, 65N12.
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Dynamic Resource Optimization in 5G Networks: Integrating Mobile Edge
Computing and Network Slicing
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Ibn Tofail University
Faculté des Sciences

Abdellah Amzil !

L Hassan First University of Settat, Faculty of Sciences and Technology, Networks, Mobility
and Modeling laboratory, IR2M
E-mail: a.amzilQuhp.ac.ma

Abstract: In modern smart factory systems, the customization of services through advanced tech-
nologies like Mobile Edge Computing (MEC) and Network Slicing is critical for managing diverse appli-
cations. These technologies enable efficient segmentation and allocation of heterogeneous resources on
shared physical infrastructures, with a focus on supporting low-energy services. This paper presents the
Factory Resource Optimization (FRO) framework, a novel approach that integrates MEC, Network Slic-
ing, and a modified Non-Orthogonal Multiple Access (NOMA) strategy called Layered Multiple Access
(LMA) to optimize resource allocation in 5G networks for smart factories. Unlike existing methods that
often prioritize either energy efficiency or latency optimization, FRO addresses both simultaneously by
formulating a non-convex combinatorial optimization problem. The proposed solution employs an iter-
ative algorithm based on a decomposition methodology, offering a significant departure from traditional
optimization techniques. This approach ensures efficient resource allocation while minimizing energy
consumption for Equipment Monitoring Units (EMUs) and guaranteeing reliable, low-latency communi-
cation for Factory Safety Detectors (FSDs). Simulation results demonstrate significant energy savings for
EMUs and compliance with FSD latency requirements, underscoring FRO’s potential to enhance smart
factory operations compared to current methods.

Keywords: Mobile Edge Computing, 5G Networks, Resource Allocation, Network Slicing,
Non-Orthogonal Multiple Access, Smart Factories.
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Modélisation en épidémiologie

S-BOUZALMAT — A-ELAZZOUZI
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Abstract: We begins with the well posedness and the positivity of the solution for the proposed
model ,then the existence of equilibruim points and its L A S so as to developthe the G.A.S

90 _ 4 _ (1 +w)S(t) — G(S(), I(1)) + [ d(a)u(t, a)da, &> 0,

Bufsa) 1 28 — (v + g(a))v <t,a> I(t)ﬁ( > <t,a>, £>0, a>0,

u(t,0) = wS(t ) t >0

YO = G(s(t), 1 (8) J° Bla)v(t, a)da + i R(t) — T(I(t)) — (vo + 11 + 1) I(t), >0,
dH(®) :T(I(t)) <y0+u2+72) (t), t>0,

dR“ = 31 (t) + 12 H(t) — (0 +71)R(E), t>0,

\

Keywords:
SIVR epidemic model , Vaccination age , Treatment , generalized nonlinear incidence rate ,
persistence , Lyapunov functional , global stability
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Some properties of generalized frames

Abdellatif Lfounoune! and Mohamed Rossafi?
L Laboratory Analysis, Geometry and Applications, University of Ibn Tofail, Kenitra, Morocco
E-mail: abdellatif.lfounoune@uit.ac.ma
2 Laboratory Analysis, Geometry and Applications, Higher School of Education and Training,
University of Ibn Tofail, Kenitra, Morocco
E-mail: rossafimohamed@gmail.com

Abstract: This talk aims to study g-frames in Hilbert C*-modules and investigate conditions under
which the sum of two g-frames (or a g-frame and a g-Bessel sequence) remains a g-frame. We also address
the stability of g-frames under certain perturbations and provide illustrative examples in the context of
C*-algebras. Our results unify and extend many of the existing theorems on g-frames, focusing on the
invertibility of associated operators as a key condition for guaranteeing that sums of g-frames preserve
the g-frame property.

Keywords: Frame, g—frame, g—Bessel sequence, Hilbert C* —modules.
2020 Mathematics Subject Classification: 42C15; 46C05; 47B90.
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Some properties of woven b-frames

El Houcine Ouahidi! and Mohamed Rossafi’
L Laboratory Analysis, Geometry and Applications, University of Ibn Tofail, Kenitra, Morocco
E-mail: elhoucine.ouahidiQuit.ac.ma
2 Laboratory Analysis, Geometry and Applications, Higher School of Education and Training,
University of Ibn Tofail, Kenitra, Morocco
E-mail: rossafimohamed@gmail.com

Abstract: This talk aims to study woven b-frames, which are a generalization of woven frames in
Hilbert spaces, where the frames are generated by a bilinear mapping. We will define woven and weaving
b-frames, present initial results, and explore their stability and preservation properties.

Keywords: Hilbert space, Banach space, b-frames, K-b-frames, woven b-frames, Woven K-b-
frames.

2020 Mathematics Subject Classification: 46B15, 46A35, 42C15, 47B02, 47A07.
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Bridging Mathematical Epidemiology and Chemical Reaction Network
Theory: A Novel Perspective

Rim Adenane

Departement of Mathematics
E-mail: rim.adenane9@gmail.com

Abstract: In this presentation, I will explore key concepts from Chemical Reaction Network (CRN)
theory and Mathematical Epidemiology (ME), highlighting their intersection and mutual insights. This
investigation leads us to propose, for the first time, a formal definition of ME models, which I will
introduce. Additionally, I aim to raise awareness—particularly among researchers outside the ME com-
munity—of the utility of the next-generation matrix (NGM) approach for analyzing the stability of
boundary equilibria, an aspect that remains underappreciated. Finally, I will showcase our Mathematica
package, which facilitates these analyses.

Keywords: mathematical epidemiology; biochemical interaction network; essentially non-
negative ODE systems; symbolic computation; Routh-Hurwitz stability conditions
2020 Mathematics Subject Classification: 34A34; 92B05; 34D20; 68V35; 92E20.
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Investigation of the Performance of a Flow Energy Harvester Incorporating
Time Delay Effects

Zakaria Ghouli
Royal Naval School, Casablanca, Morocco
Polydisciplinary Faculty of Taroudant, University Ibn Zohr, Taroudant, Morocco
E-mail: ghoulizakaria@gmail.com

Abstract: This paper investigates the periodic energy harvesting (EH) of flow-induced vibrations in
a nonlinear oscillator subjected to galloping instability under the influence of a time-periodic delay. The
oscillator is coupled to an electrical circuit through a piezoelectric transduction mechanism, enabling the
conversion of mechanical energy into electrical power. A key aspect of the study is the modulation of the
time-delay amplitude, where the modulation frequency is tuned to be approximately twice the natural
frequency of the systems oscillations.To analyze the system’s response, the method of multiple scales is
employed to derive an approximate analytical solution, providing an estimation of the amplitude of the
periodic oscillations and the corresponding harvested power. The analytical results indicate that the
presence of amplitude-modulated time delay in the mechanical system significantly enhances vibration
amplitude, leading to a substantial increase in power output over a specific range of wind speeds. These
theoretical findings are validated through numerical simulations, which confirm the efficiency of the
proposed delay-based energy harvesting strategy.

Keywords: Energy harvesting, delayed oscillator, galloping excitation, piezoelectric coupling.
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Optimal Strategies for Viable Production Systems: A
Hamilton-Jacobi-Bellman Approach

Achraf BOUHMADY' and Raissi Nadia ' and Mustapha Serhani 2
LV ANLIMAD Team, LAMA Laboratory, Faculty of Sciences, Mohammed V University in
Rabat, Rabat,Morocco
E-mail:

Abstract: This study addresses the maintenance of sustainable and efficient production systems in the
face of logistical complexities, where pricing, investments in product quality, and advertising play a pivotal
role in shaping market dynamics. We integrate control theory and Hamilton-Jacobi-Bellman (HJB) theory
to bridge the geometric aspects with PDE analytical approaches. We aim to identify viable controls that
help maintain sustainable and efficient production systems. A numerical study of sustainability scenarios
demonstrates the practical utility of this approach, providing actionable insights for optimizing pricing,
resource allocation, and production performance. The results highlight the framework’s effectiveness in
improving both sustainability and operational viability, offering a scalable and adaptable solution for
managing dynamic production systems under real-world constraints.

Keywords: Hamilton-Jacobi-Bellman Equation; Optimal Control; Dynamic Systems; Decision-
Making
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Stochastic Optimal Control Problems with Jump Diffusion and Application

BOUGGAR Driss

Département de Mathématiques et Informatique, Faculté des Sciences Ben M’Sick. Université
Hassan II (Maroc
E-mail:

Abstract: Near-optimization is as significant as optimization in stochastic control theory. We examine
the near-optimal control of systems governed by stochastic differential equations with jumps (SDEJ),
where the state and control variables influence the drift, diffusion, and jump components within a non-
convex admissible set. Using the H-function, Ekeland’s variational principle, stability properties of the
state, and the first and second adjoint processes, we derive necessary and sufficient conditions for near-
optimality. Additionally, we extend our results to stochastic singular control problems.

As an application, we propose two control strategies to mitigate the spread of COVID-19 within an epi-
demic model and present optimal strategies explicitly for a quadratic case. Finally, numerical simulations
are provided to support our theoretical findings, illustrating the effectiveness of an optimized combination
of vaccination and treatment strategies to understand the challenges posed by COVID-19 in Brazil.
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The Extinction and Persistence in mean for stochastic SIRH epidemic model
with relapse, healing and vaccination using Lévy noise perturbation.

ABDESLAMI Mohamed Mouad!

LStochastic Modelling Statistics group, LAGA, Analyse, Géométrie et Applications
Laboratory, Algebra and Spectral Geometry, Faculty of Sciences, Ibn Tofail University, BP
133, Kénitra, Morocco..

E-mail: abdeslami1l993@gmail.com

Abstract: In this work, we propose and analyze a stochastic SIRH (Susceptible-Infected-Recovered-
Healed) epidemic model with healing, relapse, and jump effects to investigate the impact of vaccination
on the disease dynamics. The stochastic perturbations are introduced into the model to account for the
inherent randomness in the disease transmission and recovery processes. The existence and uniqueness
of the positive global solution for the stochastic model are established. Further, we study the conditions
for the extinction and persistence of the disease.

The impact of vaccination is incorporated into the model by considering the vaccination rate as a control
parameter. Numerical simulations are carried out to illustrate the dynamical behavior of the stochastic
SIRH model and to analyze the effects of vaccination on the disease spread.

Keywords: Stochastic epidemic model with relapse, healing and jumps, Vaccination, Extinc-
tion, Persistence in mean.
2024 Mathematics Subject Classification.

References

[1] Diekmann, Odo and Heesterbeek, Johan Andre Peter and Metz, Johan AJ. On the definition
and the computation of the basic reproduction ratio Ry in models for infectious diseases in
heterogeneous populations. Journal of mathematical biology. Springer, Vol (28): 365-382,
1990.

[2] Dietz, Klaus and Heesterbeek, JAP, Daniel Bernoulli’s epidemiological model revis-
ited, Mathematical biosciences. FElsevier., Vol 180: 1-21, 2002.

[3] Hethcote, Herbert W, The mathematics of infectious diseases,SIAM review., Vol 4: 599-653,
2000.

Jrab galdaol> d
Ibn Tofail University
Faculté des Sciences

UNIVERSITE I

LE HAVRE

NORMANDI

IE



<

INDE INTERNATIONAL WORKSHOP ON ADVANCE IN NONLINEAR DYNAMICAL ¥
SYSTEMS, COMPLEX NETWORKS AND APPLICATIONS (DYSYX’2025)

22-23, MAY 2025, FS KENITRA, MOROCCO

“E’Zoé
3

‘Workshop

9, 4
8y x20

TPFA finite volume scheme for the two-dimensional viscous Burgers’

equation

Zaroual Bazirha'! and Lahcen Azrar
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L Research Center STIS, M2CS, Department of Applied Mathematics and Informatics,
ENSAM, Mohammed V University, Rabat, Moroco.
E-mail: bazirhazaroual@gmail.com

2 Department of Mechanical Engineering, Faculty of Engineering, King Abdulaziz University,

Jeddah, Saudi Arabia

E-mail: lL.azrar@Qumbr.ac.ma

Abstract: This paper presents a methodological approach based on the Two-Point Flux Approxima-
tion (TPFA) finite volume method [1] for solving the two-dimensional viscous Burgers’ equation (1)[2]. A
semi-implicit discretization is applied to the nonlinear viscous Burgers’ equation. The approach leverages
the simplicity of the TPFA method, while avoiding the need to solve the nonlinear system arising from
the nonlinear term in the equation. The accuracy and efficiency of the proposed numerical scheme are
demonstrated through several tests, where the chosen time step depends only on the square of the spatial
step size. Super-convergence is observed for different values of Reynolds numbers in both the discrete L?

and L°°-norms.

du + udputvou — p-div(Vu) =

v + udv+vIv — -div(Vu) =
u(z,0) =uo(z), v(z,0) =vo(z)

u(z,0) Zuo(x) v(z,0) =vo(z)

on
on
on
on

where Re is the Reynolds number, 2 is the spatial domain, and T is the final time.

Keywords: TPFA, Semi-implicit, Super-convergence, Burgers’ equation
2020 Mathematics Subject Classification: 65N08, 65N22.
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A mathematical study of combined treatments for breast cancer

Hassnaa AKIL' and Khalid HATTAF?, Nadia IDRISSI FATMI 3
L1 Laboratoire d’Ingénierie des Procédés, Informatique et Mathématiques (LIPIM), ENSA
Khouribga, University of Sultan Moulay Slimane, Khouribga, Morocco
E-mail: akil.hassnaa.akil@gmail.com
2 Centre Régional des Métiers de I’Education et de la Formation (CRMEF), Casablanca,
Morocco
E-mail: k.hattaf@yahoo.fr
3 1Laboratoire d’Ingénierie des Procédés, Informatique et Mathématiques (LIPIM), ENSA
Khouribga, University of Sultan Moulay Slimane, Khouribga, Morocco
E-mail: Nadidrissi200133@Qgmail.com

Abstract: In this study, we present a mathematical model for breast cancer treatment that combines
chemotherapy and a ketogenic diet. We analyze the treatment dynamics using control theory and apply
Pontryagin’s maximum principle to characterize the optimal treatment strategies. Numerical simulations
are conducted to illustrate and support the theoretical findings.

Keywords: Breast cancer, chemotherapy, ketogenic diet, Pontryagin’s maximum principle,
optimal control.
2020 Mathematics Subject Classification:
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On controlled K-g-Fusion Frames within Hilbert C*-Modules

Sanae Touaiher! and Mohamed Rossafi’
I Laboratory Analysis, Geometry and Applications, University Ibn Tofail, Kenitra, Morocco.
E-mail: sanae.touaiher@Quit.ac.ma
2 Laboratory Analysis, Geometry and Applications, Higher School of Education and Training,
University Ibn Tofail, Kenitra, Morocco.
E-mail: mohamed.rossafi@Quit.ac.ma

Abstract: In this talk, we present several aspects of controlled K-g-fusion frames in Hilbert C*-
modules. We provide detailed characterizations of these frames, highlighting their structural properties.
Furthermore, we explore some properties of controlled K-g-fusion frames.

Keywords: Hilbert, C*-Modules, K-g-Fusion Frames, Controlled K-g-Fusion Frames,
Frames,g-Fusion Frames.

2020 Mathematics Subject Classification: Primary 42C15; Secondary 46L05.
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Local integrability and Riesz measure of G(-)-superharmonic functions

Eddaoudi Hicham' and Allami Benyaiche?
! Department of Mathematics, Ibn Tofail University, B.P 242, Kenitra 14000, Morocco
E-mail: hicham.eddaoudi@uit.ac.ma
2 Department of Mathematics, Ibn Tofail University, B.P 242, Kenitra 14000, Morocco
E-mail: allami.benyaiche@uit.ac.ma

Abstract: In this talk, we study the local integrability properties of superharmonic functions
associated with partial differential equations under Musielak-Orlicz growth conditions in Lebesgue
and Musielak-Orlicz spaces. We investigate the relationship between the Riesz measure g and G(-)-
superharmonic functions u, which satisfy the equation

—div A(x, Du) = p

in the distributional sense, where A(z, ) - € = G(z,|£]), and G(-) is a ®-function.

Keywords: G(-)-superharmonic, Local integrability, Musielak-Orlicz growth, ®-function, Riesz
measure.
2020 Mathematics Subject Classification: 35B65, 35J62, 46E30.
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Log-volatility Models for Modelling Financial Return Series in the Presence
of Zeros: a Comparative Study

Abdeljalil SETTAR! and Sara CHEGDAL!

L Faculté des Sciences et Techniques, Université Hassan 2, Mohammedia, Morocco
E-mail: abdeljalilsettar@gmail.com, chegdalsara@gmail.com

Abstract: In this work, we address the challenges posed by zero returns in both log-GARCH and
stochastic volatility (SV) models, with a particular focus on their asymmetric variants. Building upon
previous imputation techniques for handling zero returns, as discussed in [1,2, 3], we propose a unified
approach that enhances parameter estimation accuracy for both model classes. Specifically, we employ
the Quasi-Maximum Likelihood (QML) estimation method, incorporating the Kalman filter for both the
asymmetric log- GARCH and asymmetric SV models, to ensure robust parameter estimation even in the
presence of zero returns. A comparative study is conducted on a set of financial return series containing
zeros, examining the performance of the models in question using our proposed estimation method.

Keywords: log-GARCH, SV, Kalman filter
2020 Mathematics Subject Classification: Primary 62M10, 62P05, 91G70.
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RBDSDESs Driven by Teugels Martingales Associated to a Lévy Process with
Discontinuous Barrier

Badr-eddine Berrhazi', Driss Bougar, Mohamed El Fatini and Naoual Mrhardy
L' Department of Mathematics, Stochastic modeling and statistics resarch group, Ibn Tofail
University, FS, Kénitra, Morocco
E-mail: badreddine.berrhazi@uit.ac.ma

Abstract: In this talk, we present a generalization of Reflected Backward Doubly Stochastic Differ-
ential Equations (RBDSDEs) driven by Teugels martingales associated to a Lévy process. In our setting,
the associated barrier is no longer cadlag, but only assumed to be optional. We prove existence and
uniqueness of the solution using a fixed point argument

Keywords: Reflected backward doubly stochastic differential equations; Teugels mar- tingales;
Mertens decomposition; Strong optional supermartingale
2020 Mathematics Subject Classification: 60H10; 60G40; 60H05; 60G51
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A Mathematical Model for the Impacts of Vaccination and Quarantine on the
Dynamics of COVID-19 Pandemic: Deterministic and Stochastic Analysis

Marya Sadki' and Karam Allali?
L Laboratory of Mathematics, Computer Science and Applications, Faculty of Sciences and
Technologies, Hassan II University of Casablanca, Mohammedia, Morocco.
E-mail: maryasadki@gmail.com
2 Laboratory of Mathematics, Computer Science and Applications, Faculty of Sciences and
Technologies, Hassan II University of Casablanca, Mohammedia, Morocco.
E-mail: allali@hotmail.com

Abstract: The use of mathematical analysis in understanding epidemics is essential in predicting the
progression of diseases over time and in providing direction to decision-makers with respect to public
health policy. It is within this context that the purpose of this work is to study a stochastic model of
COVID-19 disease dynamics. In our SIR mathematical model, the transmission of the infection from
infected individuals to susceptible individuals occurs at a rate , which is disrupted by white noise. Our
work starts with the investigation of the well-posedness of the mathematical model. Then, we present
the sufficient conditions for the COVID-19 extinction and persistence in mean of this pandemic. It moves
then to the investigation of certain numerical findings to support the theoretical analysis and to show the
effectiveness of quarantine strategy in controlling the COVID-19 pandemic. The theoretical findings and
the numerical results align well. Finally, we show numerically the effectiveness of quarantine strategy
in controlling the spread of COVID-19 infection. Controlling the infection severity may help to achieve
some of sustainable development goals.

Keywords: Global stability, Extinction, Persistence in mean, Covid-19 infection.
2020 Mathematics Subject Classification: 37H05, 37TH10, 37H30, 60H10
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Extinction, ergodicity and stationary distribution of an SEI epidemic model
with stochastic perturbation

Abdelatif KARIMINE' Zuhair BEHRAOUI? Regragui TAKI?
LFSJ, El Jadida, UCD, Morocco

E-mail: karimine.abdelatif@ucd.ac.ma

2 EST, Sidi Bennour ,UCD, Morroco

E-mail: bahraouizuhair@gmail.com
3 FSJES, Salé, UM5, Morocco
E-mail: taki.reg@gmail.com

Abstract: In this study, we analyze a stochastic SEIS epidemic model with nonlinear innate immu-
nity under the influence of white noise. We first prove the existence and uniqueness of a global positive
solution for the proposed system, ensuring the well-defined behavior of the model over time. Then, we
established sufficient conditions for the extinction of the infectious disease. Moreover, by formulating a
suitable stochastic Lyapunov function, we establish sufficient conditions for the existence and uniqueness
of an ergodic stationary distribution of the model’s solution. Finally, the theoretical results are verified
by some numerical simulations.

Keywords: Stochastic epidemic model, Extinction, Persistence, ergodicity, Stationary distri-
bution.
2020 Mathematics Subject Classification: 34A37, 34D05, 92D30 .
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Modeling and investigating malaria P. Falciparum and P. Vivax infections:
Application to Djibouti data

Yahyeh Souleiman', Liban Ismail' and Raluca Eftimie?

! Laboratoire d’Analyse, de Modélisation et d’Optimisation (LAMO) du Centre de CRMN,
University of the Djibouti, Campus Balbala, Djibouti
E-mail: yahyeh_souleiman@univ.edu.dj and liban_ismail_abdillahi@univ.edu.d]j

2 Laboratoire Mathématiques de Besancon (LMB), University of Bourgogne Franche-Comté,
Besancon, France
E-mail: raluca.eftimie@univ-fcomte.fr

Abstract: Malaria is an infectious and communicable disease, caused by one or more species of
Plasmodium parasites. There are five species of parasites responsible for malaria in humans, of which two,
Plasmodium Falciparum and Plasmodium Vivax, are the most dangerous. In Djibouti, the two species
of Plasmodium are present in different proportions in the infected population: 77% of P. Falciparum
and 33% of P. Vivax. In this study we present a new mathematical model describing the temporal
dynamics of Plasmodium Falciparum and Plasmodium Vivax co-infection. We focus briefly on the well
posedness of this model and on the calculation of the basic reproductive numbers for the infections with
each Plasmodium species that help us understand the long-term dynamics of this model (i.e., existence
and stability of various eqiuilibria). Then we use computational approaches to: (a) identify model
parameters using real data on malaria infections in Djibouti; (b) illustrate the influence of different
estimated parameters on the basic reproduction numbers; (c) perform global sensitivity and uncertainty
analysis for the impact of various model parameters on the transient dynamics of infectious mosquitoes
and infected humans, for infections with each of the Plasmodium species. The originality of this research
stems from employing the FAST method and the LHS method to identify the key factors influencing the
progression of the disease within the population of Djibouti. In addition, sensitivity analysis identified
the most influential parameter for Falciparium and Vivax reproduction rates. Finally, the uncertainty
analysis enabled us to understand the variability of certain parameters on the infected compartments.

Keywords: Falciparum and vivax models, Reproduction number, Stability analysis, Sensitivity
analysis, FAST method, LHS method, Djibouti data.
2020 Mathematics Subject Classification: 92D30, 37N25, 34D20, 92C60.
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An abstract semilinear functional integrodifferential equations.] An abstract partial functional
integrodifferential equations
Koumla]

Abstract

In this work, we investigate the existence and regularity of solutions for some partial
functional integrodifferential equations with finite delay. The continuous dependence upen
initial values and asymptotic stability are also studied. Firstly, we show the existence of
the mild solutions. Secondly, we give sufficient conditions ensuring the existence of the
strict solutions. The method used treats the equations in the domain of A with the graph
norm employing results from linear semigroup theory. To illustrate our abstract result, we
conclude this work with an application.

keywords and phrases: Mild and strict solutions, partial functional integrodifferential
equations, Cy-semigroup, infinitesimal generator, finite delay, phase space.
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Wold-type Decomposition for doubly commuting n—tuples.

Imane NAAINIA! and El Hassan ZEROUALI 2
L Adress of the first Author
E-mail: imane_naainia@umb.ac.ma
2 Adress of the second Author
E-mail: elhassan.zerouali@fsr.umb.ac.ma

Abstract: In this work, we study the class of doubly commuting n—tuples satisfying the wandering
subspace property, the Beurling-type theorem or admitting a Wold-type decomposition. It is shown that
a doubly commuting n—tuple T = (T3, - ,T,,) satisfies the wandering subspace property if and only if
T; does for every 1 < i < n. Finally, in the case where T; admits a Wold-type decomposition for every i,
we exhibit a Wold-type decomposition for the doubly commuting tuples (71,---,T},).

Keywords: Doubly commuting tuples, Wandering subspace property, Beurling-type theorem,
Wold-type decomposition, Doubly commuting invariant subspace.
2020 Mathematics Subject Classification: Primary: 47A13. Secondary 47A15, 47B37.
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Positive solutions to multi-critical elliptic problems

Echarghaoui Rachid!
'LAGA, Department of Mathematics, Faculty of Sciences, Ibn Tofail University, Kenitra, B.
P. 133, Morocco
E-mail: rachid.echarghaoui@uit.ac.ma

Abstract: Abstract In this paper, we investigate the existence of multiple positive solutions to the
following multi-critical elliptic problem

k
—Au = Mu|P™2u + Z <|x|_(N_(”) * |u 2:) lu* "2 in Q,
i=1 (1)
u € HYH )
in connection with the topology of the bounded domain Q C RN N > 4, where A > 0, 2 = % with
N—-4<a;<N,i=1,2,---,k are critical Hardy-Littlewood-Sobolev exponents and 2 < p < 2* = 13—]7\72

We show that there is A* > 0 such that if 0 < A < A* problem (1) possesses at least catq(€2) positive
solutions. We also study the existence and uniqueness of positive solutions for the limit problem of (1).

Keywords: Multi-critical problem, Multiple solutions, Elliptic equation.
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Infinitely many solutions for an elliptic equation in divergent form with
critical Sobolev exponent and concave-convex nonlinearity

Masmodi Mohamed!

L Faculty of Sciences, Ibn Tofail University
E-mail: mohamed.masmodi@uit.ac.ma

Abstract: By using concentration estimates, Fountain Theorem and its Dual form we prove the
existence of two disjoint and infinite sets of solutions for an elliptic equation in divergent form with
critical growth and concave-convex nonlinearities. The problem is considered in a bounded domain under
appropriate conditions on N and the coefficient of the critical nonlinearity.

Keywords: Infinitely many solutions,semilinear elliptic equations, Concave-convex, Fountain
Theorem, Dual fountain Theorem.
2020 Mathematics Subject Classification: Primary 35J20, 35J70.
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caellipti®udy of Multiple Solutions for a Bi-Nonlocal Fractional Kirchhoff
Equation Involving Variable Order

Mazan Hatim'
L Adress of the Author

E-mail: hatim.mazan@uit.ac.ma

Abstract: We investigate the multiplicity of solutions for the bi-nonlocal fractional Kirchhoff problem
with variable order and variable exponents via Krasnoselskii’s genus:

u(x)— p(z,y) s(x .
M (f]RQN p(w,g‘/)\(x)—yrf\(’gi)sl(w,ym(z,y) dxdy) (_A)pgxg u = f(ﬂ?, U) [fQ F(.’I}, u)]T m Q’
u=0 in RM\Q,

where € is a smooth bounded domain in RY with 1 < p(z) < N and N > 2, M and f are continuous
functions, f is an odd function, F(z,u) = fou f(x,&)d€, and r > 0 is a real parameter.

Keywords: Kirchhoff equation, concave-convex term, Sobolev space with variable exponent,
variable orders, variational methods, Krasnoselskii’s genus.
2020 Mathematics Subject Classification: 35B30, 35B38, 35B40, 35J92, 35J60, 35R11.
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Multiple Solutions to the Fractional (p, ¢)-Laplacian Equations involving the
critical exponents

Rachid ECHARGHAOUTI! and Rachid SERSIF!
L Laboratory of Analysis, Geometry and Applications (LAGA), Department of Mathematics,
Faculty of Sciences, Ibn Tofail University, Kenitra
E-mail: rachid.sersif@uit.ac.ma; rachid.echarghaoui@uit.ac.ma

Abstract: In this article, we consider the following fractional (p, g)-Laplacian equation with
critical exponent

(—Ap)"u+ (=Ag)*u = Ag(@)[ul"*u + h(x)[uf ~*u in RV,
where 0 < 53 <81 <1,1<¢q¢<p<r<pj; and p; := N]\g’)s for any s € (0,1). Under certain
assumptions on g et h, using an abstract critical point theorem from [3], we obtain a multiple
solutions for A sufficiently large. A similar problem with subcritical exponents is also considered.

Keywords: Fractional (p, ¢)-Laplacian, Variational methods, Concentration compactness prin-
ciples, Palais-Smale condition, Critical point theorem.
2020 Mathematics Subject Classification: Primary 35J47, 35J50, 35J60, 35Q55, 35Q40.
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The effect of topology on the number of positive solutions for upper critical
Choquard equation

Kharmoudi Belhaj Mohamed!

L Faculty of Sciences, Ibn Tofail University
E-mail: mohamedbelhaj.kharmoudi@Quit.ac.ma

Abstract: In this article, we consider the following Choquard equation with upper critical exponent:
A = pf @)l 20+ (@) (Lo (glu*) ) a2, 2 e,

where p > 0 is a parameter, N > 4,0 < a < N, I, is the Riesz potential, % <p<2,QCcRVNis
a bounded domain with smooth boundary, and f and g are continuous functions. For p small enough,
using variational methods, we establish the relationship between the number of solutions and the profile

of potential g.

Keywords: Choquard equation, critical exponent, multiple solutions, variational methods.
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Multiple positive solutions for a critical fractional p-Laplacian system with
concave nonlinearities

Moussa Khouakhi! and Mohamed Masmodi?

L Faculty of Sciences, Sidi Mohamed Ben Abdellah
E-mail: moussa.khouakhi@gmail.com

2 Faculty of Sciences, Ibn Tofail University
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Abstract: The aim of this paper is to study the following nonlinear fractional p-Laplacian system
with critical exponents:

(=A)3u+ [ulP~2u = Ag(z)|ul 92 + 725 f(2)[ul*"2ulv|®  in O
(=A)p0 + [o]P =20 = ph(2)[0]*"%0 + g f(@)ul*[o]' 20 inQ
u=v=0 in RM\Q

where (2 is a smooth bounded set in RV, 0 < s < 1,A, u > 0 are two parameters, 1 < ¢ < p < p*, N >
ps,a, B > 1 satisfy a + § = pf with pi = n’j’;m is the fractional Sobolev critical exponent and (—A)3 is
the fractional p-Laplacian operator. Using the Nehari manifold and Ljusternik-Schnirelmann category,
we study the topology of the global maximum set © of f(z), and show that the system has at least at

least cate, (©) + 1 distinct positive solutions.

Keywords: Fractional p-Laplacian; critical elliptic sysytem; multiplicity; concave-convex non-
linearities; Lusternik—Schnirelmann category
2020 Mathematics Subject Classification: Primary 35J50; 35B33; 47G20.
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New multiplicity results for critical p-Laplacian problems
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Ibn Tofail University
Faculté des Sciences

EL YAHYAI Abdeslam!
LLAGA, Department of Mathematics, Faculty of Sciences, Ibn Tofail University
E-mail: Abdeslam.elyahyai@uit.ac.ma

Abstract: We prove new multiplicity results for the Brézis—Nirenberg problem for the pLaplacian.
Our proofs are based on a new abstract critical point theorem involving the Zs-cohomological index that
requires less compactness than the (PS) condition.

Keywords: Critical p-Laplacian problems, Multiplicity results, Abstract critical point theo-
rems, Zo-cohomological index.
2020 Mathematics Subject Classification: Primary 35J92.
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A study of a delayed stochastic SIR model with general incidence and
logistic growth

Khaoula Taki! and Mohamed El Fatini?
L Adress of the first Author

E-mail: khaoula.taki@uit.ac.ma

2 Adress of the second Author
E-mail: melfatini@gmail.com

Abstract: Starting by introducing a stochastic SIR model which has four different parameters. Lo-
gistic growth to make the model more realistic. Adding an non-linear saturated incidence rate for more
understanding to the disease’s burden, and adding also a constant to represent the significant part played
by media coverage, as experienced through the past pandemic, in reducing the contact rate of infected
people. Then, a term for representing disease latency. Firstly, we show the existence of a solution for
this stochastic model, its uniqueness and its positivity, hence establishing the basis of solid theoretical
framework. As a main part of this work, we prove the extinction of the disease under some conditions.
Moreover, we show its persistence in mean. To approve our theoretical results, some numerical simula-
tions are made for extinction and persistence scenarios. As a conclusion of this study, a discussion is
given as numerical simulations to discuss the effect of media coverage and the saturation coefficient that
measures the psychological impact.

Keywords: Delayed Stochastic model, Logistic growth, Media coverage, Extinction, Persis-
tence in mean.
2020 Mathematics Subject Classification: Primary 39A50, 37A50, 34K50, 60H05, 60H20.
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Stochastic epidemic model with relapse

Basri Layla!? and El Fatini Mohamed?
L 27974+ X6R, Salé Faculté des Sciences Juridiques Economiques et Sociales - Salé, Morocco
E-mail: basrilayla@gmail.com
2 Stochastic Modelling € Statistics group, Laboratory of PDE’s, Algebra and Spectral
Geometry, Faculty of Sciences, Ibn Tofail University, BP 133, Kénitra, Morocco
E-mail: Melfatini@gmail.com

Abstract: In this work, we consider a stochastic epidemic model with relapse. We prove the existence
and the uniqueness of the positive solution. We establish sufficient conditions for the extinction and the
persistence in mean of the stochastic system. Moreover, we also establish sufficient conditions for the
existence of ergodic stationary distribution to the model, which reveals that the infectious disease will
persist. The graphical illustrations of the approximate solutions of the stochastic epidemic model have
been performed.

Keywords:Stochastic SIR epidemic with Relapse; Extinction; Persistence; Markov
Semigroup; Stationary distribution.
2020 Mathematics Subject Classification: Primary xxxxx, XXXXxX, XXXXX.

References

[1] B-E. Berrhazi, M. El Fatini, T. Caraballo, R. Pettersson. A stochastic SIRI epidemic model
with Lévy noise. Discrete Contin. Dyn. Syst. Ser. B 23 (2018), no. 6, 2415-2431.

[2] L. Bavagnoli et al. antiviral Identification of a novel antiviral micro-RNA targeting the
NS1 protein of the HIN1 pandemic human influenza virus and a corresponding viral escape
mutation. Antiviral Research 171 (2019).

[3] B-E. Berrhazi, M. El Fatini, R. Pettersson, A. Laaribi. Media effects on the dynamics of a
stochastic SIRI epidemic model with relapse and Lévy noise perturbation. Int. J. Biomath.
12 (2019), no. 3, 1950037, 21 pp.

Jrab galdaol> d
Ibn Tofail University
Faculté des Sciences

UNIVERSITE I

LE HAVRE

NORMANDI

IE



<

Jrab galdaol> '
Ibn Tofail University
Faculté des Sciences

\)‘E’zo

ONDE INTERNATIONAL WORKSHOP ON ADVANCE IN NONLINEAR DYNAMICAL %

SYSTEMS, COMPLEX NETWORKS AND APPLICATIONS (DYSyX’2025) :’""s"”;
5 ¥V

22-23, MAy 2025, F'S KENITRA, MOROCCO Hoyxa®

Long time behaviour and quasi-density function for a stochastic epidemic
model with relapse and reinfection

Meryem Benazzouz'™, Layla Basri'!, Mohamed El Fatini!’ and Aziz Laaribi?
L Stochastic Modelling and Statistics group, LEDPAGS, FS, Ibn Tofail University
BP 133, Kénitra. Morocco
E-mail: * meryem95benazzouz@gmail.com
basrilayla@gmail.com
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2 Department of Mathematics, Sultan Moulay Slimane University, Béni Mellal, Morocco
E-mail: laaribiazize@gmail.com

Abstract: A stochastic SIRI (Susceptible-Infected-Recovered-Infected) epidemic model with relapse
and reinfection is established in this paper. Firstly, we prove that the solution to the epidemic model
is unique and global positive. Next, we determine some sufficient conditions for the extinction of the
disease when R < 1 and for the persistence in mean in the case of R§ > 1. Furthermore, we prove the
existence of at least one ergodic stationary distribution of the stochastic model if R§ > 1. Additionally,
by solving the corresponding three-dimensional Fokker-Planck equation, it is theoretically show that the
epidemic model has a log-normal probability density function when R§ > 1, then we obtain the exact
expression of density function of the stationary distribution. Finally, we give some numerical simulations
to support our theoretical results.

Keywords: Stochastic SIRI epidemic model, Extinction, Persistence in mean, Ergodic station-
ary distribution, Fokker-Planck equation, Probability density function.
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Climate system : A global sensitivity approach

Liban ISMAIL
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mathématique numérique de I’Université de Djibouti.
E-mail: liban_ismail abdillahi@univ.edu.dj

Abstract: This article is a first attempt to develop a numerical approach to solving differential
equations based on Galerkin projections and extensions of polynomial chaos to analyze the sensitivity of
input parameters in the Lorenz-Stenflo climate model [1]. The sensitivity analysis [2, 3] was undertaken
to measure the influence of key parameters (chemical properties of the atmosphere, rotation,temperature
gradient, convection motion). In addition, we do simulations of the climate model in the non-chaotic case
and in the chaotic case and we calculate the Sobol’s indices when the parameters follow the uniform law.

Keywords: Climate ; Chaotic system ; Sensitivity analysis ; Polynomials chaos ; Sobol Indice
; Lorenz-Stenflo ; Simulations.
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Epidemic Threshold and Mathematical Analysis of a Stochastic SIRS Model
with Cure and General Incidence Rate in a Population with Varying Size

Mohammed Lakhal! and Mohamed EL FATINT !
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E-mail: lakmed11@gmail.com , melfatini@gmail.com

Abstract: Mathematical models are becoming increasingly fundamental across various fields, par-
ticularly in epidemiology, which studies the factors influencing health and disease risks within human
populations. Depending on the type of differential equations used for modeling, different frameworks can
analyze the spread and control of infectious diseases. The foundations of compartmental model-based
epidemiological approaches were established by Sir Ronald Ross, W.H. Hamer, A.G. McKendrick, and
W.O. Kermack. Our study presents a stochastic SIRS epidemic model with cure and a general incidence
rate in a population with varying size. The proposed nonlinear incidence function (I — g(I)) generalizes
various types of transmission rates. We verify the existence of a unique global positive solution and
determine a threshold R that defines the conditions for disease extinction or persistence. Furthermore,
under certain assumptions, we demonstrate the existence of an ergodic stationary distribution for the
system. Finally, numerical simulations are performed and discussed to validate the theoretical findings.

Keywords: Epidemic model, General rate incidence, Extinction, Persistence, Ergodicity.
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A Descriptive Overview of Rammed Earth
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Abstract: Earthen materials are the first construction technology used by humanity, and the histori-
cal monuments from east to west witnessed the performance and significance of this kind of construction.
The use of rammed earth has become a trend since the beginning of climate change awareness, owing to
its low carbon emissions compared to other conventional materials. In particular, it has excellent thermal
performance and uses local soil materials to minimize greenhouse emissions and embodied energy, making
it the best choice for green buildings. This material has been the subject of several studies that have
examined the mechanical behavior characteristics of rammed earth. Shear and tensile strength are weak
properties of rammed earth[1], which make it prone to earthquakes. The standards and codes provide
an empirical ratio between the tensile strength and compressive strength of approximately 10%[2],[3],
and a ratio between the shear strength and compressive strength of roughly 7%[2],[3]. Generally, the
mechanical behavior depends on numerous parameters, such as water content, soil dosage, layer thick-
ness, wall thickness, percentage and type of stabilizer, and compaction energy. The latter is mechanical
stabilization, which affects the compressive strength by enhancing the dry density[4]. Cement and lime
are chemical stabilizers that are most commonly used at different percentages. To boost seismic perfor-
mance, reinforced steel and wood showed high performance compared with unenforced, which could be
damaged rapidly due to seismic loading. Finally, although rammed earth is a beneficial type of green
building, there is little information on its mechanical behavior and many issues that need to be solved.

Keywords: Earthen materials, rammed earth, low carbon emissions, thermal performance,
compressive strength, unstabilized rammed earth, stabilized rammed earth, tensile strength,
shear strength, seismic performance.
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Some results on the proper strong Property (A)
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Abstract: The main purpose of this paper is to introduce and investigate a new class of rings lying
properly between the class of A-rings and the class of SA-rings. The new class of rings, termed the class
of PSA-rings, turns out to share common characteristics with both A-rings and SA-rings. Numerous
properties and characterizations of this class are given as well as the module-theoretic version of PSA-
rings is introduced and studied.

Keywords: A-module; A-ring; idealization; PSA-ring; S.A-module; S A-ring; zero divisor.
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Notes on o-minimal structures

Mourad Berraho

Ibn Tofail University
E-mail: mourad.berraho@uit.ac.ma

Abstract: In this talk, we are going to define o-minimal structures over the real field and state some
of its crucial properties and applications.

Keywords: O-minimal, polynomially bounded structure.
2020 Mathematics Subject Classification: Primary 03C64.
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Analysis of a y-Hilfer Fractional Kirchhoff Equation in a New Fractional
Orlicz Space

Ayoub KASMI', El Houssine Azroul 2 and Mohammed SHIMI 3
L Sidi Mohamed Ben Abdellah University, Faculty of Sciences Dhar el Mahraz, Laboratory of
Modeling, Applied Mathematics, and Intelligent Systems, Fez, Morocco
E-mail: ayoub.kasmi@usmba.ac.ma
2 Sidi Mohamed Ben Abdellah University, Faculty of Sciences Dhar el Mahraz, Laboratory of
Modeling, Applied Mathematics, and Intelligent Systems, Fez, Morocco
E-mail: elhoussine.azroul@usmba.ac.ma
3 Sidi Mohammed Ben Abdellah University, ENS of Fez, Department of Mathematics and
Computer Science, Laboratory of Mathematics and Applications to Engineering Sciences, Fez,
Morocco.
E-mail: mohammed.shimi2@usmba.ac.ma

Abstract: This paper presents a novel functional framework by defining and analyzing the -Hilfer
fractional Orlicz space Og’%w(A,R). This space extends traditional function spaces by integrating frac-
tional calculus with the flexibility of Orlicz spaces, allowing for a broader class of function growth condi-
tions.

A key contribution of this work is the qualitative analysis of this newly introduced space. We investigate
fundamental structural properties such as reflexivity, completeness, and separability, which play a crucial
role in functional analysis and the study of variational problems.

Additionally, we establish a continuous embedding of Og’v’w(A,R) into a suitable Orlicz spaces. This
result provides deeper insight into the relationship between our proposed space and existing functional
frameworks, ensuring its applicability in mathematical analysis.

As a practical application, we employ Ricceri’s three critical points theorem to demonstrate the existence
of three weak solutions for a class fractional Kirchhoff type equations. This application underscores the
effectiveness of our newly developed space in solving variational problems, particularly in the context of
critical point theory.

Overall, this work bridges fractional calculus, Orlicz spaces, and variational analysis, providing a novel
mathematical setting for studying complex differential equations.

Keywords: New (G, 1)-Hilfer fractional Orlicz space, Nonlocal Kirchhoff type problem, three
critical points theorem.
2020 Mathematics Subject Classification: Primary 35R11, 47G20, 35515, 35A15.

References
[1] R. A. Adams, Sobolev spaces, Ac. Press, New York, vol. 1 (1975), pp. 975.

[2] . Almeida, A Caputo fractional derivative of a function with respect to another function,
Communications in Nonlinear Science and Numerical Simulation, vol. 44 ( 2017), pp. 460-
481.

[3] E. Azroul, A. Benkirane, and M. Srati, Existence of solutions for a nonlocal type problem
12 in fractional Orlicz Sobolev spaces, Advances in Operator Theory, vol. 5 (2020), no 4, ppd

Faculté des Sciences

UNIVERSITE I I

LE HAVRE

. NORMANDIE



<

\)‘E’zo

2NDE INTERNATIONAL WORKSHOP ON ADVANCE IN NONLINEAR DYNAMICAL &
SysTEMS, COMPLEX NETWORKS AND APPLICATIONS (DYSYX’2025) D
22-23, MAY 2025, FS KENITRA, MOROCCO

»
I8y x> ’»’1’

>

Dynamical behaviors of a stochastic epidemic model with the
Ornstein-Uhlenbeck process

Regragui Taki' and Laaribi Aziz?
L Adress of the first Author
E-mail: taki.reg@gmail.com

2 Adress of the second Author
E-mail: laaribiazize@gmail.com

Abstract: This study delves into a stochastic infectious disease model incorporating the Ornstein-
Uhlenbeck process. Initially, we establish the theoretical existence of a unique global positive solution
within the framework of this model. Subsequently, we derive suitable conditions that determine whether
the disease will die out or persist.

Finally, numerical simulations illustrate the theoretical findings.

Keywords: Stochastic infectious disease model, Ornstein-Uhlenbeck process, Lyapunov func-
tion.

2020 Mathematics Subject Classification: Primary 60H10, 92D30, 37H10.
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Stochastic Epidemic Models with Saturated Incidence and Logistic
Population Growth

Aiman Mdaghri', Mohammed Lakhal!, *Regragui Taki> and Mohamed El Fatini'
2 Mohammed V University, FSJES, Sala Al Jadida B.P. 5295, Salé, Morocco.
E-mail: taki.reg@gmail.com
L Ibn Tofail University, FS, Department of Mathematics, BP 133, Kénitra, Morocco.
E-mail: aiman.mdaghri@uit.ac.ma

Abstract: This article explores the application of ergodic theory to understand stochastic epidemic
models, focusing on their long-term behaviour under random influence. The theory allows us to analyse
whether these models reach a stationary distribution, which is essential for identifying sustainable be-
haviour in epidemic dynamics. A stochastic epidemic framework is presented, incorporating logistic birth
rates and a saturated incidence rate, in order to better understand the dynamics of certain infectious
diseases. These diseases pose a threat to human health and sustainable development, impacting various
aspects of daily life and holding back socio-economic progress on a global scale.

The mathematical study begins by demonstrating the existence and uniqueness of a global positive solu-
tion for the proposed model. It then discusses the conditions under which infection can persist or become
extinct. In addition, the conditions necessary for the existence and uniqueness of ergodic stationary dis-
tributions among the solutions of the model are established through the development of an appropriate
stochastic Lyapunov function. The theoretical results are validated by numerical simulations.

Keywords: Stochastic epidemic model, Stationary distribution, Ergodicity, Extinction, Persis-
tence,Saturation incidence, Logistic growth.
2020 Mathematics Subject Classification: Primary 60H10, 92D30, 60H30.
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Global stability of a generalized SIR Epidemic Model with Vaccination,
Treatment and Distributed Delay

EL KHAIAR Soufiane!
E-mail: s.elkhaiar@uiz.ac.ma

Abstract: This work investigates the nonlinear dynamics of a delay-distributed SIR epidemic model
incorporating a generalized incidence rate, vaccination, and treatment. The existence of two equilibrium
points, along with the positivity and boundedness of the solutions, is established. To analyze the global
asymptotic stability of both the disease-free and endemic equilibria, Lyapunov functionals and LaSalle’s
invariance principle for delay differential equations are employed. This analysis extends and refines
existing results in the literature.

Keywords: SIR epidemic model; Distributed Delay; global asymptotic stability; Lyapunov
functional; Vaccination, Treatment.
2020 Mathematics Subject Classification: Primary 34D20, 34D23.
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Exploring the Allee Effect in a Within-Host Bacterial Infection Model

Nali Ibrahim ' Attila Dénes', Ménika Polner' and Abdessamad Tridane 2
L Bolyai Institute, University of Szeged, Hungary
E-mail:

2 Department of Mathematical Sciences, College of Science, United Arab Emirates University,
UAE

Abstract: In this study, we propose and analyze a within-host bacterial infection model that incorpo-
rates the Allee effect, considering two scenarios: with and without an immune response. The Allee effect,
a biological phenomenon where population growth is hindered at low densities, plays a significant role in
understanding pathogen dynamics and treatment outcomes. Through rigorous mathematical analysis, we
demonstrate the existence of up to three endemic equilibria under different parameter regimes, reflecting
the complex interplay between infection pressure and host responses. We derive the basic reproduction
number Ry and reveal the presence of a backward bifurcation when Ry < 1, indicating that disease persis-
tence can occur even when the reproduction number is below unity. Additionally, the model exhibits the
classical forward bifurcation as well as Hopf bifurcations, leading to oscillatory dynamics and the emer-
gence of limit cycles. These findings highlight the critical role of initial conditions and immune response
in shaping the infection outcome, and underscore the necessity of considering nonlinear population effects
such as the Allee effect in within-host models.

Keywords: Within-host model, Backward bifurcation, Allee effect, ODEs system.
2020 Mathematics Subject Classification: Dynamical systems in biology, Stability theory
for ODESs, Bifurcation theory.
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About the uniqueness of approximate numerical solutions of scalar
conservation laws with a non Lipschitz flux function in an infinite space
domain

Mohamed Karimou Gazibo!

L Université Abdou Moumouni de Niamey
Ecole Normale Supérieure
E-mail: mgazibok@yahoo.fr

Abstract: In this note, we investigate about discrete entropy solution of scalar conservation law. We
establish uniqueness of finite volume approximate solution to scalar conservation laws with a non Lipschitz
flux function in the whole space. Our arguments are based on properties of moduli of continuity of the
components of the numerical flux.

Keywords: Scalar conservation laws, Finite volume scheme, Modulus of continuity, Entropy
formulation.
2020 Mathematics Subject Classification: Primary 65M08, 35L02.
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Bifurcation Analysis of an Age-Structured HIV Model Incorporating viral
loss, Latent Infection and Logistic Growth

Hmarrass Hanane' and Qesmi Redouane?®

LLMSM, Department of Mathematics, Sidi Mohamed Ben Abdellah University, Faculty of
Science and Technology, Fez, Morocco
E-mail: hanane.hmarrass@Qusmba.ac.ma
2 LMSM, Department of Mathematics, Sidi Mohamed Ben Abdellah University, Higher School
of Technology, Fez, Morocco
E-mail: redouane.qesmi@usmba.ac.ma

Abstract: To better understand the within-host dynamics of viral infections, including HIV, we
develop an age-structured model that captures interactions between the virus and two distinct cell popu-
lations. This model incorporates a latent reservoir in the second compartment, a loss term in the free virus
equation, and a logistic growth term for healthy cells. Using the method of characteristics, we reduce the
system to a set of differential equations with distributed delay. A comprehensive mathematical analysis
is conducted, including stability and bifurcation analysis, to identify key factors influencing disease pro-
gression. We determine the basic reproduction number, which dictates whether the infection persists or is
eradicated. Furthermore, we establish sufficient conditions for the local and global asymptotic stability of
the disease-free equilibrium and identify bistability phenomena. By examining the endemic equilibrium
through a fourth-order exponential polynomial characteristic equation, we detect Hopf bifurcations on
both the forward and upper branch of the backward bifurcation. Finally, numerical simulations validate
the theoretical findings.

Keywords: HIV,Viral loss, Distributed Delay, Hopf Bifurcation
2020 Mathematics Subject Classification:92D30,37TN25
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Approximate controllability for impulsive neutral semilinear evolution
equations with nonlocal conditions

Touria Karite! and Hugo Leiva? and Cosme Duque?

L Applied Sciences €& Emerging Technologies Laboratory (LSATE), Department of Mathematics
Engineering, National School of Applied Sciences of Fez, Sidi Mohamed Ben Abdellah
University, Avenue My Abdallah Km 5 Route d’Imouzzer, 30000 Fez BP 72, Morocco

E-mail: touria.karite@Qusmba.ac.ma
2 School of Mathematical and Computational Siences, University YachayTech, San Miguel de
Urcuqui, 100119 Imbabura, Ecuador
E-mail: hleivatoka@gmail.com
3 Departamento de Matemdticas, Universidad de Los Andes, La Hechicera, 5101 Merida,
Venezuela
E-mail: cosduq@gmail.com

Abstract: This work investigates the approximate controllability of a semilinear neutral-type system
incorporating nonlocal conditions, delays in the state variable, and impulsive effects. We demonstrate
that such influences, when treated as perturbations of an approximately controllable linear system, do
not disrupt the system’s controllability under suitable conditions. Our analysis is based on the theory of
sectorial operators, the compactness of the semigroup generated by the linear part of the system, and an
application of Rothe’s fixed point theorem. The results establish that approximate controllability is pre-
served even in the presence of small nonlinearities and impulses, reinforcing the natural conjecture that
real-world systems—often subject to such phenomena—maintain controllability despite their omission in
idealized models. To illustrate the practical relevance of our approach, we examine a specific example
encompassing a broad class of systems, including a neutral-type heat equation.

Keywords: Approximate controllability, Neutral semilinear evolution equations, Nonlocal con-
ditions, Rothe’s fixed point theorem
2020 Mathematics Subject Classification: Primary 34K35,93B05,34K40,35R12.
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Study of a Stochastic SEIR Epidemic Model with Lévy Jumps and a
saturated incidence rate

AGHOUTANE Nafia! BEN SAID Mohamed? AZRAR Lahcen?
L Adress of the first Author
E-mail: aghoutanenafia@gmail.com
2 Adress of the second Author
E-mail: bensaidmoh1970@yahoo.fr
3 Adress of the second Author
E-mail: l.azrar@Qumbr.ac.ma

Abstract: In this paper, we consider a stochastic model of a susceptible exposed infectious recovered
epidemic (SEIR) with a saturated incidence rate under the influence of Lévy jumps. We aim to study
the dynamics of a system of three stochastic differential equations. We first establish sufficient conditions
for the existence and uniqueness of positive solutions of the stochastic differential system starting from
a positive initial value by constructing an appropriate Lyapunov function, and then obtain sufficient
conditions for the extinction of the infectious disease on average. Finally, a discussion and numerical
simulation are presented to verify the obtained results.

Keywords: SEIR model, It0’s formula; extinction; Lévy jumps, Euler scheme.
2020 Mathematics Subject Classification: 60G15, 60G51, 60HO05.
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Stress phenomena with optimal control: Mathematical model and simulation

KHOULDI Yassine' and IDRISSI FATMI Nadia' and ABDELALIM Ayoub' and
EL AZRI Abdenbi

LLIPIM Laboratory ENSA Khouribga, Sultan Moulay Slimane University, Beni Mellal, Morocco

E-mail: yassine.khouldi@gmail.com

2 Higher Institute of the Nursing Professions and Health Techniques of Casablanca
E-mail: elazri.abdenbi@gmail.com

Abstract: This work presents a new mathematical model that encompasses the dynamics of stress,
the impact of workload, secondary symptoms and resilience [1]. The model introduces two control vari-
ables: u(t), modulating the influence of workload, and v(t), enhancing resilience. A system of non-linear
differential equations describes the interaction between these factors. The framework is based on optimal
control strategies to minimize stress levels and sustainably improve resilience [2, 3]. Numerical simula-
tions demonstrate the effectiveness of these strategies, highlighting the potential of specific interventions
to alleviate stress.

Keywords: Stress, Mathematical modeling, Optimal control theory.
2020 Mathematics Subject Classification: 92C20.
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Parabolicity and Regularity in Volterra Integro-Differential Equations

Khadija ZAHIDI! and Ahmed FADILI?
L Polydisciplinary Faculty of Beni Mellal, Sultan Moulay Slimane University, Morocco
E-mail: zahidikhadijal3@gmail.com
2 Polydisciplinary Faculty of Beni Mellal, Sultan Moulay Slimane University, Morocco
E-mail: ahmed.fadili@usms.ma

Abstract: This communication focuses on a class of linear Volterra integro-differential equations that
arise in the modeling of phenomena with memory effects. We investigate parabolic Volterra equations
in Banach spaces and analyze their qualitative behavior through resolvent operator theory. A central
aspect of this study is the characterization of parabolicity, a property that ensures the boundedness of
the resolvent in the complex right half-plane. Under suitable assumptions on the memory kernel, we
establish the existence of mild solutions with maximal regularity in Holder-type function spaces. While
the analysis remains theoretical, these equations are known to appear in time-dependent systems with
memory, motivating a deeper understanding of their structural properties.

Keywords: Volterra equations, parabolicity, resolvent analysis, maximal regularity, integro-
differential systems
2020 Mathematics Subject Classification: Primary 45D05, 47D06, 35R009.
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Analysis of Mild Solutions for Fractional Differential Inclusion with Nonlocal
Conditions Involving the {)—Caputo Derivative

Mahacine MALOUH' and M’hamed ELOMARI?
L Adress of the first Author
E-mail: malouhmahacine@gmail.com
2 Adress of the second Author
E-mail: M.ELOMARIQusms.ma

Abstract: This is concerned with the existence of mild solutions for 1)-fractional differential inclu-
sions with nonlocal conditions in Banach spaces. The results are obtained by using fractional calculus,
Hausdorff measure of noncompacteness, and the multivalued fixed point theorem.

Keywords: fractional differential inclusions, Hausdorff measure of noncompactness.
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1)—Caputo Fractional Derivative in Coupled Nonlinear Impulsive Hybrid
Differential Systems with Mixed Perturbations
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Abstract: In this work, we prove the existence and uniqueness of solutions to impulsive coupled
system of nonlinear hybrid fractional differential equations involving ¥—Caputo fractional derivative of
order @ € (0,1) with linear and nonlinear perturbations. We prove our main results by applying the
nonlinear alternative of Leray-Schauder type and Banach’s fixed point theorem. As application, on
example is included to show the applicability of our results.

Keywords: Coupled systems, Fractional derivative and Fixed point theorems.
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Adaptive Clustering Through Fractional Probabilistic Self-Organizing Maps
and Genetic Optimization

Safaa Safouan! Karim. El Moutaouakil !

L Laboratory of Mathematics and Data Science, Polydisciplinary Faculty of Taza, Sidi
Mohamed Ben Abdellah University
E-mail: safaa.safouan@usmba.ac.ma

Abstract: This study introduces an innovative clustering technique that integrates fractional calculus
with a probabilistic self-organizing map and genetic algorithm-based optimization. By addressing the in-
fluence of memory in data and adaptively tuning the fractional order parameter «, the method improves
clustering performance. Experimental results demonstrate superior outcomes compared to conventional
approaches across multiple datasets, highlighting its potential for applications like image compression.

Keywords: Fractional derivative, Probabilistic self-organizing map, Genetic algorithm, Clus-
tering
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A stability result for a nonlinear Neumann boundary value problem :
probabilistic approach

Mouchtabih Soufiane

Higher School of Technology of El Kelaa des Sraghna, Cadi Ayyad University
E-mail: s.mouchtabih@uca.ac.ma

Abstract: We consider a sequence of partial differential equations (PDEs) with a nonlinear Neu-
mann boundary condition. When the sequences of coefficients converge to appropriate functions, the
viscosity solution of the initial problem converges to a viscosity solution of PDEs with limit coefficients.
We use stability arguments of a reflected stochastic differential equation to establish the convergence of
the considered viscosity solution sequence. Our approach is based on the theory of backward stochastic
differential equations..

Keywords: Reflecting stochastic differential equation, Backward stochastic differential equa-
tions, Stability, Neumann condition, Partial differential equation, Viscosity solution.
2020 Mathematics Subject Classification: 60H99, 60H30, 35K61.
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Global Well-Posedness For The Critical 2d Dissipative Quasi-Geostrophic
Equation

Fatima OUIDIRNE'! Mohamed OUKESSOU? and Jalila EL GHORDAF?

L EST of Sultan Moulay Slimane University, Laboratory LMACS, Beni-Mellal, Morocco.
E-mail: fati.ouidirne@gmail.com

2 FST of Sultan Moulay Slimane University, Laboratory LMACS, Beni-Mellal, Morocco.
E-mail: ouk = mohamed@yahoo.fr

3 FST of Sultan Moulay Slimane University, Laboratory LMACS, Beni-Mellal, Morocco.
E-mail: elg_jalila@yahoo.fr

Abstract: We present an elementary proof of the global well-posedness for the critical 2D dissipative
quasi-geostrophic equation. Our approach relies on a nonlocal maximum principle applied to suitable
moduli of continuity.

Keywords: Well posedness, 2D dissipative quasi-geostrophic equation.
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Comparison Principales With Applications To Linear And Nonlinear Power
Fractional Differential Equations
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E-mail: lotfiimehdi@gmail.com

Abstract: This study provides some essential principle comparison theorems related to the power
fractional calculus intending to analyze linear and nonlinear power fractional differential equations.

Keywords: Principle comparison, non-singular kernel, Mittag-Leffler function, fractional dif-
ferential equations.
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Viability for a class of partial differential equations with non dense-domain

STAILI Yassin! and EZZINBI Khalil?
U University CADI Ayyad, Marrakesh, Morocco
E-mail: staili0Oyassin@gmail.com
2 University CADI Ayyad, Marrakesh, Morocco
E-mail: ezzinbi@uca.ac.ma

Abstract: Let F be a Banach space, A : D(A) C E — F be a linear operator on E. Let D be a
locally closed subset of E and F' : [0,+00) x B — E a continuous function. The goal is to establish
conditions under which the subset D remains invariant under the evolution described by the following
functional differential equation with infinite delay

W) — Av(t) + F (t,v), for t >0,
v = ¢ € B,

In other words, if the initial state of the system starts in D, then the system’s trajectory will stay within
D for all future times.

A sufficient condition for the invariance of D is known as the ”tangency condition.” This requires that
there exists a bounded linear operator B that interacts with A in a specific way. Essentially, for small
changes over time, solutions initiated within D should remain close to D, with a particular rate of
approach dictated by both A and B. This tangency condition ensures that solutions do not "escape” D
within a certain time frame, as long as the initial conditions satisfy certain bounds.

Keywords: Invariant sets, Mild solutions, Partial functional differential equations, Tangency
condition
2020 Mathematics Subject Classification: Dynamical systems
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Stability analysis of an extended age stratified SEIRS model with cases in
intensive unit care

DIALLO Hamidou A, EZZINBI Khalil, OUTADA Nisrine' and SALLET
Gauthier?
Y Université Cadi Ayyad, LMMAS, Marrakech, Morocco
E-mail: h.diallo.cedQuca.ac.ma, ezzinbi@gmail.com, outada.nisrine@gmail.com
2 Universite de Lorraine IECL CNRS 7502
E-mail: gauthier.sallet@univ-lorraine.fr

Abstract: This work investigates the global stability of an extended SEIRS model incorporating
hospitalized and intensive care unit (ICU) cases. First, we analyze the model without vital dynamics,
reducing it to a Kermack-McKendrick-type framework, and examine its mathematical properties. Next,
we introduce immunity waning to study the resulting dynamical behavior. To establish the global
stability of equilibria—particularly the endemic equilibrium—we combine Lyapunov function theory
with the stable Volterra Lyapunov matrix concept. This approach enables us to determine the eigenvalue
signs of a high-dimensional matrix through a numerical conjecture. Our results demonstrate that the
disease-free equilibrium is globally asymptotically stable when the basic reproduction number satisfies
Ro < 1, while the endemic equilibrium is globally asymptotically stable for Rg > 1.

Keywords: Kermack-McKendrick, Global Stability ,Volterra-Lyapunov matrix
2020 Mathematics Subject Classification: Primary xxxxx, XXXXX, XXXXX.
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Existence and multiplicity of positive solutions for an elliptic system deriving
from strongly coupled critical terms and concave nonlinearities

MOHAMED HATIMI !

LIbn Tofail University, Faculty of Sciences, Department of Mathematics, Kenitra, Morocco
E-mail: mohamed.hatimi@uit.ac.ma,

Abstract: In this paper, we study the existence of non-trivial multiple solutions for an elliptic system
with strongly coupled critical terms and concave nonlinearities in bounded domains. Using the varia-
tional method, especially the Nehari manifold and Palais—-Smale condition, we prove the existence and
multiplicity results of positive solutions.

Keywords: Elliptic system, strongly coupled critical terms, positive solutions, Nehari manifold,
variational method
2020 Mathematics Subject Classification: Primary 35B33, 35J50, 35J57.
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Stochastic Dynamics of a Heroin Use Model with Relapse and General
Nonlinear Incidence Rate

Khadija Bencheikh! Zuhair Bahraoui? Zineb ElGhoubari® Taki Regragui’
E-mail: bncheikh.khadija@gmail.com

Abstract: In this work, we adopt the assumption that heroin use can be modeled similarly to the
spread of an infectious disease. We develop a heroin epidemic stochastic model with a nonlinear incidence
rate. We begin by proving that the system admits a unique global positive solution. Next, we derive
criteria for the extinction and persistence of heroin users within this stochastic framework. Furthermore,
we establish the existence of a unique ergodic stationary distribution for the system. Finally, numerical
simulations are presented to illustrate the effectiveness of the theoretical results.

Keywords: Stochastic epidemic model; Extinction and permanence in mean; stationary distri-
bution;
2020 Mathematics Subject Classification: 93B70, 91G30.
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Moment method estimation for stochastic differential equations with random
effects based on continuous observations
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! Mathematical department, Faculty of Science and Technology, Sultan Moulay Slimane
University, Béni-Mellal, 23000, Morocco
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2 Mathematical department, Faculty of Science and Technology, Sultan Moulay Slimane
University, Béni-Mellal, 23000, Morocco
E-mail: h.elmaroufy@usms.ma
3 Polydisciplinary Faculty of Sidi Bennour, Chouaib Doukkali University,24000 El Jadida,
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E-mail: elomari.m@ucd.ac.ma

Abstract: We consider a stochastic differential equations driven by a fractional Brownian motion
with Hurst index H € (0, 1), with drift term relying linearly on some random effects ¢;. The distribution
of the random effect ¢ depends on unknown population parameter # wich is to be estimated. In this
paper, We propose a moment method of estimation of this parameter and we examine the consistency and
normality asymptotic properties of the obtained estimators.The performance of the estimation method is
illustrated by numerical simulations. An empirical application is made to the real Asian financial data..

Keywords: Geometric Fractional Model, Random effects, Method of moments, Stock prices.
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Global Behavior, Extinction, and Persistence of Solutions to a Fast Diffusion
p-Laplace Equation with Logarithmic Nonlinearity

Hajar DEAI' and Abdellah TAQBIBT? and Aziz QAFFOU?
LEST Beni Mellal, Sultan My Slimane University, Morocco
E-mail: deaihajar188@gmail.com
2 FST Beni Mellal, Sultan My Slimane University, Morocco
E-mail: Abdellah. TAQBIBT@usms.ma
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Abstract: In this paper, we study a class of fast diffusion Kirchhoff-type p-Laplace equation with log-
arithmic nonlinearity. Under appropriate conditions, by applying energy estimates in combination with
the Galerkin method and Sobolev inequality, we establish the global existence of solutions. Moreover, we
obtain the extinction and non-extinction properties of these solutions.

Keywords: p-Laplace equation, Kirchhoff-type models, logarithmic nonlinearity, global exis-
tence, extinction.
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A meshfree approach using locally supported radial basis functions for 3D
advection-diffusion and 2D shallow water equations with Neumann
boundaries

Lanceni Keita', Lahcen Azrar?, Ateq AlGhamedi *
L Adress of Lanceni Keita
E-mail: 223lancenikeita@gmail.com
2 Adress of Lahcen Azrar
E-mail: l.azrar@umbr.ac.ma

2 Adress of Ateq Ahmed Al-Ghamedi
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Abstract: This work presents a novel application of locally supported radial basis functions
(LSRBFs) for the numerical solution of complex partial differential equations arising in envi-
ronmental and geophysical modeling. Specifically, the method is applied to the 3D advection-
diffusion equation:

%_i_ B%+/@@+B@ _ @4_@_’_@ —
ot *or oy T, ) TV \62 Ta2 T92) T

where 3, By, B. are the velocity components of the carrier fluid along the axes (z,y, z) respec-
tively and r the source term; and 2D shallow water equation

where the vectors K, J, P and M are given by:

n Hu Hv 0
K=1| u |; J = an ; P = 0 ; M=1| 0
v 0 an 0

the total water depth h represents the sum of the total water depth 1 and the mean water depth
H. The unknown amplitudes to be determined are n, u, and v.

Both of which model key physical processes such as pollutant transport and water flow dynam-
ics. The proposed meshfree approach leverages the localized nature of the radial basis functions
to enhance computational efficiency and stability. This approach converts the concerned PDEs
models into a system of ordinary differential equations, which are then solved numerically Spe-
cial attention is given to the treatment of Neumann boundary conditions, which are naturally
incorporated into the formulation without requiring additional modifications. Numerical exper-
iments demonstrate the accuracy and robustness of the method, highlighting its potential for
large-scale, real-world simulations.
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Global dynamics of a within-host viral model with immune response and two
delays

Fatima Boudchich' Jaafar El Karkri' and Rajae Aboulaich'
YLERMA, EMI, Mohammed V University in Rabat Morocco

E-mail: fatima_boudchich@umb5.ac.ma, elkarkri@emi.ac.ma, aboulaich@emi.ac.ma

Abstract: In this work, we study the asymptotic behaviour of the homogeneous in space solution
of a delay differential equation arising from a viral infection model with immune response involving two
different delays . Existence and smoothness of solutions are investigated. Then, using the monotone
dynamical systems stability framework, sufficient conditions providing asymptotic and global stability
of the free-infection and the endemic equilibriums are derived, depending on the delay and the function
representing the efficiency of immune response-mediated virus elimination. Afterwords, clinical data are
used to calibrate the differential equation and illustrate the analytical results by numerical simulations
with the obtained parameters values.

Keywords: Immune response mathematical modeling, Delay Differential Equations, Monotone
dynamical systems, Global stability, Asymptotic stability
2020 Mathematics Subject Classification: 34K20, 37N25.
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A Strongly Coupled Sub-Laplacian System on the Heisenberg Group H;
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Abstract: In this work, we study the following sub-elliptic system involving strongly coupled critical
terms and concave nonlinearities:

—Ag,u = 7712?1 lu|*1=2|v|Pru + %M‘”_QMBW +Ag(2)|uli%u, z€Q,
v = B o204 B2 (ol 2 e
u=uv=0, z € 01,

where € is an open bounded subset of H; with smooth boundary, —AH), is the sub-Laplacian on Heisen-
berg group Hy, 11,12, A, p are positive, a; + 51 = 2%, as + B2 = 2%, 1 < q < 2, 2* = 4 is the critical
Sobolev exponent on the Heisenberg group with ) = 4 the homogeneous dimension of H;. By exploiting
the Nehari manifold and variational methods, we prove that the system has at least two positive solutions.

Keywords: Sub-Laplacian, Heisenberg group, Nehari manifold.
2020 Mathematics Subject Classification: 35H03, 35J50.
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Navigating Zero Returns: A Comprehensive Comparative Analysis of
Log-GARCH and Stochastic Volatility Models in Financial Econometrics

Chegdal SARA'! and Kabil Mustapha?
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Abstract: This paper presents a comparative analysis of log-GARCH and stochastic volatility mod-
els, addressing volatility modeling challenges in financial econometrics with zero returns. Using QML
estimation with Kalman filtering for asymmetric log-GARCH and SV models, we extend imputation
methodologies from Franq [1], Sucarrat [3], and Sucarrat [4].

The log-GARCH model follows:

gr = o, e ~ 11d(0, 1)
log(atQH) =g+ alog(ef) + 6log(0t2)

(1)
where o7 is conditional variance, ; is the innovation, and parameters govern volatility dynamics. This
transformation ensures non-negativity and computational efficiency.

In contrast, the SV paradigm introduced by Melino and Turnbull [2] and Taylor [5] models volatility as
a latent stochastic process, offering enhanced flexibility. Our framework addresses zero returns which
distort parameter estimates and undermine forecasting reliability.

By comparing ALGARCH and ASV models, we provide insights into their efficacy across market condi-
tions, extending the literature with solutions applicable to both observation-driven and parameter-driven
volatility models, with implications for risk assessment and portfolio optimization.

Keywords: Log-GARCH models, Stochastic volatility, Zero returns, Volatility modeling.
2020 Mathematics Subject Classification: Primary 62P05, 91G70, 62M10.
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Ground state solution for a critical Schrodinger equation involving the
fractional p-Laplacian operator
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Abstract: In this communication, our aim is to present a generalized version of Berestycki-Lions
theorem about the fractional p-Laplacian operator. As an application of this theorem, we consider the
existence and regularity of solution to the critical Schrédinger equation with potential term.

Keywords: Quasilinear elliptic equations. Berestycki-Lions theorem. Schrodinger equation.
Fractional p-Laplacian.
2020 Mathematics Subject Classification: Primary 35J60, 35B33.
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An Elliptic Equation Involving Critical Hardy-Sobolev Exponents and
Concave Nonlinearities
MOHSSINE EL MANSOUR/!
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Abstract: In this work,we prouve by an approximating argument that the following

Hardy—Sobolev—Maz’ya equation with critical growth

yI? y[®

PR W T U i T I T T 0
u=>0 on 0f),

has two disjoint and infinite sets of solutions.

provided that N > 220 where 0 < A < % when k£ > 2 A =0, k = 2,2%s) =

q—1
25{,\[__25),0 <s<2r=(y,2) € RFXxRVF2 <k < N,y > 0 and Q is an open bounded

domain in R, which contains some points 2% = (0, ZO).

Keywords: Hardy-Sobolev-Maz’ya equation; infinitely many solutions; variational methods.
2020 Mathematics Subject Classification: Primary 35J60, 35B33.
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p-Laplacian Problem with Multiple Hardy-Sobolev
Critical Exponents in R".

Khalid BOUABID! and Rachid ECHARGHAOUI?
LLAGA, Department of Mathematics, Faculty of Sciences, Ibn Tofail University, Kenitra, B.
P. 133, Morocco.
E-mail: bouabid.khalid@uit.ac.ma
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Abstract: We study the partial differential equation in RY involving multiple Hardy-Sobolev criti-
cal exponents. By using some interpolation inequalities, the Pohozaev identity, and an approximating
problem, we prove the existence of a positive ground state solution and the regularity of the least-energy
solution.

Keywords: p-Laplacian problems, Hardy-Sobolev exponents, Ground state solution.
2020 Mathematics Subject Classification: Primary 35J20, 35J60, 35J70 , 35J75, 35B09,
35B33 , 35B65.
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Multiple positive solutions for mixed local and nonlocal elliptic p-Laplace
equations with logarithmic and singular nonlinearities
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Abstract: In this paper, we consider a combination of local and nonlocal p-Laplace equation with
logarithmic and singular nonlinearities

—Apu+ (—A)su = |u|?2uln [ul® + 2. inQ

u >0, in

u =0, in RV\Q,

where Q C RY is a bounded domain with Lipschitz boundary, 0 < s <1 < p,0 < v < 1,N > ps,2p <
qg<q+2<pip:= N]X’;S is the critical Sobolev exponent, and A > 0 is a real parameter. We prove

the existence of two positive weak solutions to the above problem, by using the critical point theory and
analytic techniques.

Keywords: mixed p-Laplace equations, fractional p-Laplacian operator, singular nonlinearity,
logarithmic nonlinearity.
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On the convergence of Fourier-Dunkl series on the interval [—1, 1]

Othman Tyr!
LYESEFA, Ibnou Zohr University, Morocco
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Abstract: Some properties of the modulus of smoothness associated with the Dunkl operator are
established. Using generalized Dunkl-Lipschitz conditions within Dunkl-Sobolev spaces, we derive, as a
particular case, a result due to Younis on the torus. Furthermore, necessary and sufficient conditions are
provided, along with a characterization of the Dini—Lipschitz classes on the interval [—1,1], in terms of
the asymptotic behavior of their Fourier—Dunkl coefficients.
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Analysis of Optimal Control Strategies for Multidrug-Resistant Tuberculosis
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Abstract: Multidrug-resistant tuberculosis (MDR-TB) remains a major global health challenge due
to its resistance to standard treatment protocols and its high transmission potential. This work aims
to investigate optimal control strategies applied to a mathematical model describing the transmission
dynamics of MDR-TB. By considering the impact of various intervention strategies such as case detection
and treatment adherence, we seek to identify effective control measures that can reduce the spread of the
disease while minimizing associated implementation costs. To this end, an optimal control problem is
formulated using suitable cost functions, and Pontryagin’s Maximum Principle is employed to derive the
necessary conditions for optimality. Numerical simulations are conducted to illustrate the effectiveness of
the proposed control strategies. The results highlight the importance of combining multiple interventions
to effectively manage the spread of MDR-TB.

Keywords: Tuberculosis, drug resistance, Optimal control, numerical simulations.
2020 Mathematics Subject Classification: 93A30, 37TN25.
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Conformable Spatiotemporal PDEs: Existence of Chaos and Hypercyclicity

Manal Menchih!, Khalid Hilal', and Ahmed Kajouni'
L Laboratory of Applied Mathematics and Scientific Computing, Sultan Moulay Slimane
University
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Abstract: This work investigates the role of conformable admissible weight functions in generating
hypercyclic and chaotic behavior for the solution y-semigroup associated with a conformable spatiotem-
poral partial differential equation in the weighted space L ([0, +00), C). We provide sufficient conditions
under which hypercyclicity and chaos occur. Additionally, leveraging a conjugacy argument, we extend

our analysis to a spatiotemporal partial differential equation and establish similar results in the space
LE([0, +00),C). .
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Effects of tumor-associated macrophages on the tumor-immune system
under stochastic perturbations
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Abstract: This paper investigates the behavior dynamic of tumors with macrophage interaction.
Stochastic analysis is elaborated under the environment noise in order to explore the impact of random
fluctuations on the dynamics of the model. The deterministic analysis is also briefly done including stable
and unstable limit cycles, period-doubling bifurcation under certain parameter conditions. Theoretical
theory based on Lyapunov analysis method is elaborated to prove the existence of a unique positive solu-
tion and to determine sufficient condition for the persistence and extinction of tumor cells. Additionally,
numerical simulations are elaborated to validate the theorical findings and to observe the impact of noise
in the Hopf bifurcation.

Keywords: Stochastic Differential Equations, Extinction and Persistence, Tumor-macrophage
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Stability and Persistence in a two-Strain epidemic model with nonlinear
transmission on heterogeneous networks
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Abstract: Motivated by the studies in [1, 2, 3], we develop a novel two-strain SIR epidemic model on
heterogeneous complex networks, incorporating a nonlinear incidence rate and two distinct time delays.
The model exhibits four possible equilibria: the disease-free equilibrium, the endemic equilibrium for
strain 1, the endemic equilibrium for strain 2, and the coexistence equilibrium where both strains persist.
Using suitable Lyapunov functions and LaSalle’s invariance principle [4], we establish the global stability
conditions for each equilibrium. Numerical simulations on scale-free networks are provided to illustrate
and support the theoretical results.

Keywords: Epidemic model, Complex networks, Global stability, Lyapunov functions.
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Numerical solutions of a reaction diffusion equation using time splitting
methods and application to population dynamics
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Abstract: 1In this paper we present a numerical approach for solving a reaction diffusion equation
using a splitting method. As application we consider The Fisher—-KPP equation which is used as a math-
ematical model for the spatio-temporal dynamics of biological populations. Our approach decomposes
the original problem into two subproblems: a diffusion equation and a reaction equation, each one solved
independently. The diffusion part is treated using the Fast Fourier Transform (FFT), while the reaction
term is solved via a Runge-Kutta scheme combined with centered finite differences method. We analyze
the convergence by studying the stability and investigating the consistency of the splitting method. Nu-
merical simulations confirm the accuracy and robustness of this approach. The proposed method offers
a simple structure, high precision, and good performance in terms of runing time.

Keywords: Fisher-KPP equation, Operator splitting method, Fast Fourier Transform, Runge-
Kutta scheme.
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Parameter estimation of a stochastic SVIS epidemic model

Belgraoui Youssef' and Belmaati Aziza!
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Mohammedia, Morocco
E-mail: belgraouiyouss@gmail.com

Abstract: Stochastic epidemic models play a crucial role in analyzing the spread of infectious diseases,
particularly the stochastic SVIS (Susceptible-Vaccinated-Infected—Susceptible) model. These models
often involve unknown parameters that can significantly affect the accuracy of predictions. Therefore,
estimating these parameters is essential to improve the model’s reliability.

The stochastic SVIS model divides the population into three compartments: susceptible individuals S,
infected individuals I, and vaccinated individuals V. This model, as described in the work of Zhou B.
et al. [1], provides a robust framework for understanding disease dynamics, forecasting outbreaks, and
evaluating intervention strategies.

In this study, we estimate a few parameters of the model and the transmission states by developing an
ensemble Kalman filter (EnKF) based on the stochastic SVIS epidemic model [2, 3, 4].

Keywords: Stochastic SVIS epidemic model, Ensemble Kalman filter, Estimation parameters
2020 Mathematics Subject Classification:
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Implications of continuous immunity waning in a heterogeneous population

Mohamed El Khalifi' and Tom Britton?2
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Abstract: Our aim is to extend the SIRS mathematical epidemic model with exponential waning of
immunity to allow the waning rate to differ between individuals (i.e. to introduce individual heterogene-
ity). Our findings are that i) compared to the classic SIRS model and SIRS models with homogeneous
continuous waning, this heterogeneity increases the long-term prevalence if no prevention measure is put
in place, ii) the previous models underestimate the amount of vaccine supply needed to achieve and
maintain herd immunity, and iii) more vaccines are needed if the heterogeneity is unobserved (the most
likely situation where vaccines are only given based on time since last vaccination) compared to when it
is observed thus allowing to weak/strong immune system to affect who gets vaccinate. For parameters
fitting Covid-19 (wild type strain), maintaining herd immunity requires to vaccinate individuals every
15 months according the classic SIRS model (homogeneous and sudden loss of immunity) and every 4.4
months in the most realistic model (unobserved heterogeneous and continuous loss of immunity).

Keywords: immunity, continuous waning, heterogeneity, vaccination,
2020 Mathematics Subject Classification: Primary xxxxx, XXXXxX, XXXXX.
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Optimal control for the complication of type 2 diabetes and obesity:the role
of awarness and treatment

YACINE Benchekh! and NADIA Idrissi Fatmi?
LLIPIM laboratory ENSA khouribga,sultan moulay slimane university ,beni mellal
E-mail: benchekhyacine@gmail.com

2 LIPIM laboratory ENSA khouribga,sultan moulay slimane university ,beni mellal
E-mail: nadidrissi200133@gmail.com

Abstract: In this study, we develop a continuous mathematical approach to model and analyze the
dynamics of obesity and type 2 diabetes and their health outcome complications, in particular stroke,
using the following controls: sport and diet for diabetics, education to protect diabetics from obesity,
and medical treatment for stroke patients.

The purpose of our study is to minimize the number of obese people and people who have suffered a
stroke, as well as the cost of controls. The Pontryagin principle is then implemented to solve optimal
control problems.

Keywords: type 2 diabetes , cerebrovascular accident, obesity,optimal control,
2020 Mathematics Subject Classification: Primary xxxxx, XXXXX, XXXXX.
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Analogues of the Donoho-Stark Uncertainty Principle for Quaternion Fourier
Transform

A. El hyat!, A. Serhir? and A. Achak?
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E-mail: elhyatsm4@gmail.com
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E-mail: ahmedserhir@hotmail.com
3

E-mail: achakachak@hotmail.fr

Abstract: The classical uncertainty principle states that a nontrivial function and its Fourier trans-
form cannot both be sharply localized. It plays an important role in signal processing and physics. in
this presentation we generalizes the uncertainty principle for measurable sets from complex domain to
hypercomplex domain using quaternion algebras, associated with the Quaternion Fourier transform.

Keywords: Quaternion algebras, Donoho-Stark’s uncertainty principle, Signal recovery.
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Dynamical behavior and sensitivity analysis of a stochastic SIR epidemic
model with vaccination

Mohammed Semlali

E-mail: semlali2169@gmail.com

Abstract: In this work, we investigate the dynamic behaviors of a stochastic model in the presence of
vaccination, and perturbation caused by Gaussian white noise. First, We show the existence, uniqueness,
and positivity of the solution of the model. Then sufficient conditions are presented for the extinction of
the disease in terms of a threshold value Rj. Also, the sensitivity analysis is used to discover parameters
that impact the threshold parameter. Finally, we illustrate our theoretical results by numerical simula-
tions.

Keywords: Stochastic model; vaccination; white noise; extinction; sensitivity analysis.
2020 Mathematics Subject Classification: 34F05, 60H40, 92D30.
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An efficient algorithm for the inverse of a block tridiagonal matrix

Talibi Boutaina !

! Department of Industrial Engineering and Logistics, National School of Applied Sciences of
TANGIER; Abdelmalek Essadadi University, Morocco.

E-mail: b.talibiQuae.ac.ma

Abstract: 1In this work we starts by discretizing the Poisson equation,in which block tridiagonal
matrices are formed. Based on this, we propose a new algorithm to efficientlyinvert this class of structured
matrix. We provide several numerical examples to show that the proposed algorithm is computationally
efficient to illustratethe efficiency of our approach.

Keywords: Block of tridiagonal matrices, Inversion
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Intelligence artificielle et neuroéducation : vers des plateformes
d’apprentissage adaptatif basées sur la modélisation cognitive et la
prédiction d’erreurs

Amal Yalid' and Zouhair Ibn Batouta?
L Département Art et Média, Laboratoire de Traitement de linformation (LTI), Faculté des
sciences Ben M’sik, Université Hassan II, Casablanca, Maro
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2 Laboratoire de Traitement de linformation (LTI), Faculté des Sciences Ben M'sik,
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Abstract:  L’intégration de lintelligence artificielle (IA) dans le domaine de la neuroéducation
représente une avancée prometteuse pour le développement de plateformes d’apprentissage adaptatif.
Cet article propose une approche centrée sur la modélisation cognitive des apprenants, permettant la
détection des états cognitifs (inattention, surcharge mentale, erreurs conceptuelles) & partir de données
comportementales et physiologiques. L’objectif est de prédire les erreurs potentielles et d’activer des
mécanismes de remédiation ciblée au sein de systemes intelligents.

Nous présentons une architecture fonctionnelle de plateforme éducative augmentée par IA, capable
d’analyser en temps réel les traces d’interaction utilisateur (réponses, temps de réaction, séquences
d’activités) et d’ajuster dynamiquement les parcours pédagogiques. Une analyse multicritére fondée
sur la méthode WSM (Weighted Sum Method) est appliquée pour comparer différentes stratégies de
personnalisation cognitive.

Les résultats montrent que les approches hybrides combinant capteurs cognitifs et algorithmes
d’apprentissage automatique permettent une adaptation plus fine et contextualisée des contenus éducatifs.
Cette étude ouvre la voie a la conception de systemes intelligents centrés apprenant, respectueux des

principes de la neuroéducation et des exigences d’éthique numérique.

Keywords: Intelligence artificielle, Neuroéducation, Modélisation cognitive, Apprentissage per-
sonnalisé, Prédiction d’erreurs

Jtn pald e ol > UN\VERS\# J

Ibn Tofail University
- M LE HAVRE
Faculté des Sciences T R omvmoe



“E’Zoé
3

S
2NDE INTERNATIONAL WORKSHOP ON ADVANCE IN NONLINEAR DYNAMICAL ¥

SYSTEMS, COMPLEX NETWORKS AND APPLICATIONS (DYSYX’2025) :V“"s'"’;
22-23, MAY 2025, FS KENITRA, MOROCCO 25y 5028

Transcendence of some p adic continued fractions
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Abstract: 1In this contribution, we establish sufficient conditions on the elements of the p-adic con-
tinued fractions A and B which guarantee that the continued fraction AP is a transcendental number in
the p-adic framework.

Keywords: p-adic continued fraction, sufficient condition, algebraic independence.
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