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Abstract
In the face of emerging infectious diseases that have the potential to trigger
epidemics and pose threats to public health, understanding the dynamics
of infection and the underlying factors is crucial. Our research is focused on
developing a simulation tool to evaluate the infection risk associated with
emerging infectious diseases. We introduce a conceptual mathematical
framework that integrates the complex dynamics of social interactions,
as well as the diversity of sociocultural and behavioral practices within
a specific social context. Additionally, we take into account the unique
characteristics of viruses, such as lifespan and modes of transmission.
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Abstract
This paper presents a model that explains howmutant strains spread and
change within an infectious disease framework, using a discrete-time
dynamic system. The study also looks at how controllers can be integrated
into the system to control its progression. Solutions are derived, and the
relevant objective functional and Hamiltonian are formulated. Pontryagin’s
Maximum Theorem is used to determine co-state vectors and explain
optimal control strategies. The study concludes with a detailed numerical
simulation, providing a visual representation and validation of the proposed
methodology’s effectiveness in managing the infectious disease and its
mutant strains in the given context.
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Abstract
This paper presents a formulation of a Caputo fractional-order model to
study the dynamics of cholera. Our primary objective is to investigate
the behavior of the disease through a comprehensive analysis. Firstly, we
establish the existence and uniqueness of the proposed model using the
fixed-point theorem. Additionally, we conduct an analysis to ascertain the
positivity and boundedness of the model, which confirms its mathematical
and epidemiological well posed. Furthermore, we perform a sensitivity
analysis to identify key parameters that significantly influence the basic
reproduction number. This analysis allows us to determine the important
features and their impact on the disease dynamics. Finally, employing
effective numerical techniques, we generate various graphical results for
the model using appropriate parameter values. By employing the Caputo
fractional-order model, conducting rigorous analyses, and employing
advanced numerical tools, this paper provides valuable insights into the
dynamics of cholera. The findings contribute to our understanding of the
disease and aid in the development of effective control and prevention
strategies.
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Abstract
Spanning over a decade, Human Immunodeficiency Virus infection
and acquired immunodeficiency syndrome (HIV/AIDS) have become
deadly infectious diseases, particularly in developing countries. This
challenge has led to the developing of some important HIV/AIDS
treatment strategies, such as antiretroviral therapy (ART), among many
others. This study presents a mathematical model to investigate the
dynamics of HIV/AIDS transmission. Employing mathematical analysis,
non-negativity, boundedness, the basic reproduction number R0, and
the stability of both the disease-free and endemic equilibrium of the
proposed model was derived. Normalized forward sensitivity techniques
determine the significance and importance of sensitive parameters
associated with R0. To gain insights into the dynamical behavior of each
compartment, an effective numerical scheme was utilized, and the results
obtained suggest that there is a need, even if individuals are infected
with the virus, to use non-pharmaceutical interventions as control strategies.

Keywords: HIV/AIDS, mathematical model, sensitivity analysis, nu-
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Abstract: Trichoderma are fungi that grow in almost all soils and have a key role in producing a wide range of diverse
and varied enzymes, such as cellulase, which are involved in repressing plant diseases.
In the reference 1we developed an unstructured mathematical model describing the kinetics of growth and enzyme
production of the filamentous fungus Trichoderma in the rhizosphere by integrating the hydrolysis step of organic
matter and taking into account the formation of a product (cellulase). This model is a system of four ordinary differential
equations (ODE) describing the evolution of the four concentrations, the organic matter, the biomass, the substrate
and the product P , which depend on a growth function and the others parameters. Moreover, using the theorem of
stable and unstable varieties, and Barbalat’s lemma, we have shown (1) that the system of ODE evolves towards a global
attractor consisting of non-hyperbolic infinite equilibria according to the initial conditions.
By introducing the diffusion of each component, this ODE model can be spatialized to obtain a system of Partial
Differential Equations (PDE), of the reaction-diffusion type. We use the theory of the semi-groups of bounded linear
operators and its applications to the partial differential equations 2, 4, 3 to prove the existence, the uniqueness and the
positivity of the solutions of the PDEmodel. We show, as expected, that the PDE system has an asymptotic behavior
similar to that of the ODE system. We then prove the existence of a global attractor based on some results of 3, 4. The
attractor contains all the equilibrium states of our considered system. This means that from a given initial datum, the
trajectory reaches (or converges to) the attractor over time. We carry out the numerical approximation of the model
within a variational framework. We propose a full discrete problem based on a semi-implicit Euler schema and the finite
elements method. Finally, we present and discuss several numerical simulations in to support the theoretical results.
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Abstract
Recently, cases of influenza virus resistance are being observed. Resistance
is deadly and can cause many pandemics in future. That is why, here
we investigate the situation on which the strains exist side – by – side
and the difference in their mode of transmission. This paper studies two
strain (resistance and non - resistance) flu model. The non-resistant strain
mutates to give the resistant strain. These strains are differentiated by their
incidence rates which are; bi-linear and saturated for the non-resistant
and saturated resistant strain respectively. This will help in studying the
difference in the mode of transmission of the two strains. We propose two
optimal control strategies consisting on the treatment and media awareness
program for the population.

Keywords: Epidemic model, vaccination, stability, optimal control.
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Abstract
In this work, we present a mathematical model based on fractional
partial differential equations to treat cancer with two different therapies,
oncolytique viruses and MEK inhibitors. Our model take in consideration
the dynamics in time and space of uninfected tumor cells, infected tumor
cells, free virus particles and the average level of CAR molecules. We
show that our presented model is well-posed. Furthermore, we study the
equilibrium points as well as the stability of these equilibria. Finally, we give
some results to explain the effect of this combined therapy on tumor cells.

Keywords: Fractional derivative, delay, stability, cancer therapy.
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Abstract
In this article, we propose a mathematical model of infectious disease
contagion that accounts for population stratification based on immunity
criteria. Our goal is to demonstrate the effectiveness of this idea in
preventing different epidemics and to lessen the significant financial
and human costs these diseases cause. We determined the fundamental
reproduction rate, and with the help of this rate, we were able to examine
the stability of the free equilibrium point and then propose two control
measures. Pontryagin’s maximum principle is used to describe the optimal
controls, and an iterative approach is used to solve the optimality system.
Finally, numerical simulations are carried out in MATLAB to verify the
theoretical analysis.

Keywords: Dynamic system, Human immunity, Infectious diseases,
Stability, Free equilibrium, Optimal control
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Abstract
In this work, we propose an age-structuredmodel for hepatitis B virus (HBV)
infection with capsids and two modes of transmission that are virus-to-cell
and cell-to-cell. The existence of solutions and the dynamical behaviors of
the proposed model are rigorously investigated.

Keywords: HBV infection, age-structure, cell-to-cell transmission,
uniform persistence, stability.
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Abstract
Understanding the dynamics of crowds in panic situations is a major
challenge for improving public safety during emergency events. At the
core of this complexity, emotions and the state of panic play a crucial role
in individual and collective decision-making. To explore this essential
dimension, our study proposes to adopt an integrated approach, combining
an agent-based displacement model with a panic contagion model. This
hybrid approach aims to better grasp how panic influences decision-making
in a crowd. We examined various scenarios involving homogeneous and
heterogeneous crowds, as well as the role of security agents in containing a
panic situation.

Keywords: Crowd dynamics, panic contagion, emergency evacua-
tion, decision making
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Abstract
The aim of this paper is to explore the use of fractional differential equations
for describing the dynamics of certain epidemics. The population is divided
into susceptible, infected, and recovered (SIR) categories, with different
treatment policies in place. We perform a comprehensive analysis, revealing
the existence of two equilibrium points in the model (a disease-free
equilibrium and an endemic equilibrium). Local asymptotic stability is
established for both scenarios, and numerical simulations are provided to
illustrate our findings.

Keywords: Epidemiological process, Discrete, time non linear sys-
tem, positivity, stability, control.
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Abstract
This research examines various control methods to reduce the presence
of salmonella bacteria in the environment and limit the spread of typhoid
fever worldwide. To achieve this, we use Pontryagin’s maximum principle to
determine the most effective control measures by solving the optimality
system iteratively. We perform numerical simulations using MATLAB to
validate our theory.

Keywords: Optimal control, objective function, Pontryagin’s maxi-
mum principle, typhoid fever
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Abstract
In this work, we propose a new fractional-order model to describe the
dynamics of a viral infection. This model considers the three modes of
transmission, the two modes of infected cells, the humoral immunity
exerted by antibodies and the delay in viral production. Furthermore, We
prove that our proposed model has three equilibrium points. Finally, we
analyze the stability of these equilibrium points and the existence of the
Hopf bifurcation.

Keywords: fractional order, hopf bifurcation, stability, immunology,
time-delay, viral infection model.
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Abstract
The purpose of this work is to develop a theoretical analysis of an IS-LM
model with the interest rate, general investment, money supply and two
fiscal policy delays. The first delay describes the time lag between tax accrual
and payment, while the second one refers to the political process that gov-
erns public purchasing decisions and actual expenditure. Wemainly study
the existence of economic equilibrium. Moreover, the local stability of the
economic equilibriumand the existence ofHopf bifurcation are investigated.

Keywords: Economics, IS-LM model, Fiscal policy delays, Stability,
Hopf bifurcation.
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Abstract
In this work, we propose a financial model involving the new Hattaf mixed
fractional (HMF) derivative. First, we prove that our proposed model is
mathematically and financially well-posed. In addition, we investigate the
existence of equilibria. Furthermore, the stability analysis of the financial
model is rigorously investigated.

Keywords: Hattaf mixed fractional derivative, financial model, sta-
bility analysis.
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Abstract
One of the serious problems worldwide is the increase in illicit drug usage,
which was mainly due to improper maintenance and/or lack of proper
principles governing the situation. This paper presents a fractional optimal
control problem formulated for the illicit drug usage using a mathematical
model with fractional order derivative in Caputo sense. The state and
co-state equations were given and the best strategy to significantly reduce
the increase in illicit drug usage is found by using two time dependent
control measures, (awareness campaign against illicit drug, proper moni-
toring and guidance, severe punishment to the culprits when caught from
government side and from the parents side, taking responsibility of their
wards, proper monitoring and all other measures that can be taken to reduce
the possibilities of recruiting the new illicit drug users from the susceptible
population) and (catching the illicit drug users and punishing them, using
rehabilitation centers for monitoring and treatment of light illicit drug users).

Keywords: Optimal control, fractional order model, illicit drug us-
age, mathematical model.
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Abstract
The aim of this work is to propose and investigate the global dynamics of a
diffusive viral infection model with distributed delays and cytotoxic T lym-
phocyte (CTL) immune response. The proposed model takes into account
the two modes of transmission virus-to-cell and cell-to-cell, both routes are
modeled by two general nonlinear incidence functions. The diffusion into
the model is formulated by the regional Laplacian operator. Furthermore,
the global asymptotic stability of three equilibria is regourouselly established.
Finally, we illustrate our analytical results by numerical simulation.
Keywords: Dynamical biological Systems, general incidence functions, frac-
tional Laplacian operator, asymptotic stability.
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Abstract
We study the qualitative behaviour for a model of virus infection with
delayed immune response, described by a scalar delay differential equation
with two delays. Interested to the study of asymptotic behaviour of the
system, we shall investigate asymptotic and global stability results for the
given delay differential equation. The scalar functional differential generates
a strongly order preserving semiflow with the exponential ordering Then,
key theorems are proven using the methods of monotone dynamical
systems theory, instead of the classical Lyapunov stability theory. Using
monotone dynamical systems theory, we give suffcient conditions of local
and global stability of given equilibria dependently to the efficiency of the
immune response for virus elimination and the delay of immune response.
The obtained results are applied to a class of special forms of the immunity
the efficiency function. Moreover, we provide numerical simulations and
geometrical description of stability and monotonicity domains.

Keywords: Immune response mathematical modeling, Delay Differ-
ential Equations, Monotone dynamical systems, Exponential ordering,
Global stability, Asymptotic stability
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Abstract
In this work, we introduce a new approach to constructing Lyapunov
functionals for dynamical systems characterized by fractional differential
equations and fractional partial differential equations that incorporate
Hattaf fractional time derivative. Moreover, the method is applied to estab-
lish the global stability of certain fractional virological and economicmodels.
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Abstract
In this study, we propose a mathematical model that incorporates immuno-
logical memory, CTL immune response and a general incidence rate to
elucidate the dynamics of HIV-1 infection under the impact of Highly Active
Antiretroviral Therapy (HAART). Firstly, we show that the developed model
is mathematically and biologically well-posed, conducting an examination
of the existence of equilibrium points. Moreover, we establish the stability
of these equilibrium points. We then analyze the influence of memory and
the CTL immune response on the dynamic behavior of the proposed model.

Keywords: HIV, 1 infection, CTL immune response, stability, ther-
apy.
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Abstract
L’idée principale de notre travail est de présenter et d’étudier le com-
portement asymptotique d’un modèle épidémique SIR en tenant compte
de la variable d’âge. Tout d’abord, nous avons commencé par présenter
notre modèle mathématique structuré par âge sous forme d’un système
d’équations aux dérivées partielles. De plus, nous avons prouvé l’existence
de la solution de ce modèle. Ensuite, nous avons calculé les points
d’équilibre du modèle et développé des résultats théoriques pour leur
stabilité locale et globale. Enfin, la méthode des différences finies de
caractéristiques est utilisée pour présenter les résultats numériques du
modèle épidémique structuré par âge suggéré et les simulations numériques
sont réalisées en utilisant MATLAB.

Keywords: SIR epidemic model, Age structured model, Partial dif-
ferential equations, Stability analysis.
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Abstract
In this paper we introduce a novel mathematical model to characterize
the behavior of viral infections when adaptive immunity is present. The
proposed model incorporates a non-cytolytic cure, accounting for both
cell-to-cell and virus-to-cell transmission modes. It considers the lytic and
non-lytic effects of both cellular and humoral immune responses. The
model’s well-posedness is established. Additionally, five equilibriums are
identified, and five threshold parameters governing the model are defined.
The global stability of these equilibria are derived from these parameters.
Finally, numerical illustrations using specific parameters related to human
immunodeficiency virus (HIV) infection are presented to elucidate the
model’s dynamics.

Keywords: Viral infection, cell, to, cell transmission, virus, to, cell
transmission, Cure, adaptive immunity.
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Abstract
This study delves into a continuous-time mathematical framework that
delineates the transmission dynamics of themonkeypox virus across distinct
regions, involving both human and animal hosts. We introduce an optimal
approach that encompasses awareness campaigns, security protocols,
and health interventions in areas endemic to the virus, aiming to curtail
the transmission among individuals and animals, thereby minimizing
infections in humans and eradicating the virus in animals. Leveraging the
discrete-time Pontryagin principle of maximum, we ascertain optimal
controls, employing an iterative methodology to solve the optimal system.
Employing Matlab, we conduct numerical simulations and compute a
cost-effectiveness ratio. Through a comprehensive cost-effectiveness
analysis, we underscore the efficacy of strategies centered around
safeguarding vulnerable individuals, preventing contact with infected
counterparts—both human and animal—and fostering the utilization of
quarantine facilities as the most potent means to govern the spread of the
monkeypox virus.

Keywords: Optimal Control, monkeypox virus, spread of monkeypox
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Abstract
This study aims to examine the optimal control strategy for a continuous-
time mathematical model of avian influenza. The model comprises
eleven compartments, with our focus directed at five categories: potential
groups, vulnerable groups, symptomatic virus carriers, asymptomatic virus
carriers, virus carriers with severe complications, and virus carriers with
complications of lesser severity. Our objective is to identify an effective
strategy for diminishing the number of critically ill patients with avian flu
and for treating carriers of the avian flu virus. We investigate three control
approaches: awareness programs through education and information
dissemination, treatment, and psychological support with ongoing
monitoring. The Pontryagin’s principle of continuous-time maximum is
employed to delineate the optimal controls. The study employs MATLAB
software for numerical simulations, and the results obtained validate the
efficacy of the optimization strategy. Keywords: Avian influenza; Optimal
control; Avian disease.

Keywords: Avian influenza; optimal Control ; Avian disease.
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Abstract
This article discusses the importance of efficient port operations in
international trade and the crucial role of cranes in handling heavy
containers and bulk goods. One of the biggest problems with crane systems
is that containers must be positioned swiftly and accurately at the required
place while having their angle of inclination reduced. Minimizing container
oscillations is crucial to ensuring that the containers are transported to
their intended destination. The paper proposes a control approach that
combines first-order sliding mode control (FOCSM) and the extended
Kalman filter observer (EKF) to improve the performance of overhead
crane systems. The simulation results demonstrate the effectiveness and
robustness of the proposed approach in terms of oscillation suppression
and positioning accuracy. The research contributes to the advancement of
control methodologies in crane systems and has potential applications in
various industrial sectors.

Keywords: Double, pendulum effect, Overhead Crane System, Slid-
ing Mode Control, Swing suppression control, Dynamic Model, Extended
Kalman Filter
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Abstract:
In this work, we have developed a new fractional mathematical model for hearing loss resulting from
infectious diseases using the Hattaf mixed derivative, which includes many forms of fractional derivatives
with singular and non-singular kernels. The local and global stability are rigorously established. Fur-
thermore, additional numerical simulations are presented to illustrate our analytical results.

Key Words: Hearing loss, Viral infection, Hattaf mixed fractional derivative, Stability
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Abstract
The application of mathematical models to pedestrian flows has greatly
enhanced our comprehension of crowd dynamics, with a specific emphasis
on understanding the emergence of collective movements resulting
from individual interactions. Central to this dynamic is the pivotal role
of emotional contagion in influencing decision-making, particularly
during panic situations. In this research, we employed a generalized
Lotka-Volterra model, meticulously adapted to simulate the intricate
dynamics of emotional contagion. Each individual is characterized by their
emotional intensity and is presumed to engage in either competition or
cooperation with others, depending on their positive or negative perception
of the scenario. Pedestrians were categorized into four primary compart-
ments: adapted, panic flight, agitated, and stunned. A comprehensive
mathematical analysis of the model was conducted. Simulations carried out
across diverse scenarios yielded recommendations and guidelines focused
on mitigating the spread of panic within a population. These findings offer
valuable insights to inform crowd management strategies and contribute to
the reinforcement of safety measures in critical situations.

Keywords: emotional contagion, Lotka, Volterra generalized model,
emotional intensity, panic situation.



Modeling the impact of populationmobility on the
disease spread in urbanized areas

Tridane Abdessamad
United Arab Emirates University (UAEU) – Department of Mathematical
Sciences College of Science United Arab Emirates University Al Ain, UAE,
United Arab Emirates

Abstract
Population mobility was a crucial element in the spread of the many
diseases that the world faced in recent years. In this work, we will investigate
the impact of mobility within a neighborhood, within the city, and between
cities in the same country. We use agentbased models to study how mobility
restriction contributes to disease control. We also look at the vaccination as
a control tool that relaxes the human mobility restriction. We use different
heuristic optimization methods to find the optimal level of mobility
restriction and vaccination coverage that keeps the disease non-endemic in
the population.

Keywords: infectious diseases, COVID, 19, Agent, based model, op-
timization.
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Abstract
Plants play a vital role in the everyday life of all organisms on Earth.
However, at times, plants can become infected with an epidemic. The aim
of this study is to develop a deterministic mathematical model of a certain
plant epidemic that describes the dynamics of different compartments
and investigate the impact of certain control strategies on their spread. We
use the tools of optimal control theory, specifically Pontryagin’s maximum
principle, to characterize these optimal controls.
Finally, some numerical simulations are performed to verify the theoretical
analysis using MATLAB.

Keywords: Plant disease epidemiology, Mathematical model, Opti-
mal control.
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Abstract
This paper deals with the development of a multi-scale hybrid model for
plant growth in response to environmental conditions and soil nutrient
availability. To achieve this, we initiated our investigation by examining the
growth patterns of lettuce plants in the context of a field experiment con-
ducted under various environmental conditions, including temperature and
radiation, at varying plant densities. Subsequently, we employed different
growth models to assess the influence of time, degree days, and effective
degree days across different plant densities and during three distinct periods
throughout the year.
The proposed model couples the dynamics of length growth based on
radiation and temperature with soil nutrient concentration, enabling the
simulation of plant weight growth under variable environmental condi-
tions and in interactionwith soil nutrients, bothwithout andwith branching.

Keywords: multi-scale hybrid model, plant growth, environmental
conditions, effective degree days, dynamics of length growth
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Abstract
In this paper, we provide an optimal control, necessary optimality conditions
and a convergence result of regularized problem for a mathematical model
which describes frictional contact between a thermo-electro-elastic body
and an electrically and thermally conductive foundation. The contact
is described by Tresca’s friction law including electrical and thermal
conductivity conditions. We derive a variational formulation of our model
which is given as a coupled system for the displacement, electric potential,
and the temperature fields. Then, an existence and uniqueness theorem is
established. Our aim here is to present a detailed description to controlling
the corresponding deformation and electrical potential in the body, when
the foundation temperature is the control. To do this, we introduce an
optimal control problem and under some regularity assumptions, we prove
the existence of at least one solution. Moreover, we introduce the relate
regularized problem and we shows the dependence of this problem with
respect to the data and we provide a convergence result. Finally, we provide
a necessary optimality condition of the regularized optimal control problem.

Keywords: Thermo, electro, elastic material, Frictional contact,
Variational coupled system, Optimality condition and convergence results,
Optimal control problem.
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Abstract
Epidemiological research focusing on aquatic animals is increasingly crucial,
evolving into a necessity to safeguard two of the most vital aspects for
humans: health and our food sources. Considering that a significant number
of human diseases may originate in the aquatic environment, Anisakis, a
parasitic nematode with a worldwide distribution, has garnered attention.
Various marine cetaceans and pinnipeds serve as definitive hosts, while the
larval (L3) developmental stage, infectious to humans, is commonly found
in fish and other marine creatures. Human infection occurs inadvertently
after consuming raw or undercooked seafood, making Anisakis an emerging
public health concern on a global scale. To effectively describe, analyze,
and predict the spread of this disease, mathematical models prove to be
indispensable. In this work, we formulate and analyze an optimal control
problem for epidemiological model designed to capture the dynamics of
Anisakis across different hosts and infectious status compartments. Public
Health Education and the implementation of aquaculture and fishing
methods serve as control variables to minimize the numbers of susceptible
humans and infected fish.

Keywords: Aquaculture, Anisakis, parasitic nematode, mathemati-
cal models, control variables, Public Health Education.
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Abstract
The main motivation for this work is to determine the optimal dosage and
duration for cancer chemotherapy that minimizes tumor cell number,
treatment side effects, and therapy cost using optimal control theory for
a model representing the interaction between immune and tumor cells
with chemotherapy intervention. The optimal control problem with free
end-time has been formulated and the optimal control characterization
has been given using the Pontryagin’s maximum principle. The optimality
system with a second transversality condition for the free end-time is
added and solved numerically using a fourth order Runge-Kutta iterative
approach and the iterative scheme of the gradient method. The results, with
and without chemotherapy, are presented and discussed, and an optimal
chemotherapy treatment strategy that has contributed to tumor elimination
is suggested, along with the optimal treatment duration.

Keywords: Optimal control, Free end, time problem, Cancer, Chemother-
apy.
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Abstract
Rumors are unverified pieces of information or speculative stories that
circulate among people, often through informal channels. These narratives
may involve elements of truth, but they are typically exaggerated, distorted,
or fabricated, making them unreliable and subject to potential misinforma-
tion. Rumors can spread rapidly and influence perceptions, despite lacking
credible evidence or official confirmation. In this work, we investigate
a deterministic model aimed at elucidating the spread of misleading
information ’Scam Rumor’ on the internet such as Facebook, Twitter, and
similar social media platforms. This model takes into account the behavior
of informants in the network. We use optimal control theory to assess the
effectiveness of strategies to reduce the spread of scam rumors in social
media. Furthermore, we perform numerical simulations to distinguish
between the advantages and disadvantages of using the methods we pro-
pose, highlighting their potential positive impact ononline content accuracy.

Keywords: Optimal control, rumors, compartment models, social
network
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Abstract
The current climate change exerts a remarkable influence on population
dynamics [1], inducing substantial modifications in habitats and compelling
species to adjust their geographic distribution to ensure their persistence.
Faced with this reality, populations encounter critical challenges to their
survival, being forced to migrate towards more favorable areas, thus ex-
posing themselves to the risk of extinction under the influence of external
environmental factors.
One approach to studying the fate of these populations is to use 2D reaction-
diffusion models, for instance, by considering a favorable rectangular do-
main moving at a fixed speed under the influence of climate change. This
domain is referred to as the “climate envelope”. Generally, this climate en-
velope undergoes modifications that involve not only simple translations
but also shape changes [2], making the theoretical study of these models
more complex. Therefore, we propose to use a penalization method [3, 4,
5] to take into account the boundary conditions associated with the initial
problem, expecting the problem studied on a fixed fictitious domain to be a
good approximation of the initial model.
The objective of this work is the mathematical and numerical analysis of
population dynamics in response to climate change, using a penalization
method for amoving 2D spatial domain while considering Neumann bound-
ary conditions. We conduct a numerical study of the convergence of the
penalizedproblemwith respect to thepenalizationparameter. Subsequently,
we analyze different geometries and reaction terms. Finally, we perform
various numerical tests and compare the results with the case of Dirichlet
boundary conditions [2], in terms of persistence or extinction of the popula-
tion.
Keywords: Population dynamics, Climate change, Reaction-diffusion mod-
els, Climate Envelope, Penalizationmethod, Neumann boundary conditions
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Abstract
In this work, we investigate a spatiotemporal delayed prey-predator
model with Hattaf-Yousfi functional response and Allee effect. We prove
that the proposed model is mathematically and ecologically well-posed.
Additionally, we study the local stability and the necessary and sufficient
conditions for the existence of Hopf bifurcation . Finally, numerical
simulations illustrate the effectiveness of the theoretical results.

Keywords: Ecology, prey-predator, reaction-diffusion, Allee effect,
stability, Hopf-bifurcation, Hattaf-Yousfi functional response.
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Abstract
In this communication, we introduce a mathematical framework concern-
ing a system involving two prey species and one predator. We examine
two distinct fishing areas—one designated as reserved and the other as
unreserved. Our model incorporates a type IV Holling response function
along with two fishing effort functions that vary with time. Initially,
we identify the attraction region where all solutions starting within the
positive octant converge. Subsequently, we explore the presence of positive
equilibria within the system and analyze their local stability properties.

Keywords: prey-predator, Ordinary differential , equilibria, local
stability
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Abstract
In this paper, we studied the stability of a five-dimensional model for low
Prandtl number in a porous medium. Themathematical model includes the
heat equation coupled with the equations of motion under the Boussinesq-
Darcy approximation. A system of five ordinary differential equations is
obtained using a spectral method. This system is solved numerically by
using the fourth-order Runge-Kutta method. We have shown that the first
three equilibrium points are stable and the other two equilibria are unstable
under certain conditions on the control parameters of the problem. Also,
we proved that for a certain value of Rayleigh number and shape parameter,
the transition from periodic oscillatory convection to chaotic convection
can occur via a period-doubling.
Keywords: Chaos, Stability analysis, Runge–Kutta method
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Abstract
E-commerce is the process of buying and selling goods and services over the
Internet. E-commerce customers canmake purchases from their computers
or mobile phones as well as other touchpoints, including smart watches and
digital assistants. E-commerce brings a number of economic benefits to
both customers andmerchants, but the use of e-commerce remains very lim-
ited despite the development of infrastructure, especially the Internet and
transportation, because they are considered the backbone of e-commerce.
To study the e-commerce model for merchants, we proposed an epidemio-
logical model that fits the studied problem of non-use of e-commerce by
some merchants, which wastes some opportunities for the customer in
terms of offers or in terms of competitive prices. The merchant also loses
the opportunity to open up to newmarkets without the hassle of traveling.
Finally, we used optimal control theory to evaluate the effectiveness of
the proposed strategies to encouragemerchants to use electronic commerce.

Keywords: Mathematical modeling, E-commerce, Optimal control
theory.
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Abstract
The logistic model is a mathematical equation, describes tumor growth’s sig-
moidal curve. It enables researchers to: Analyze growth patterns and predict
tumor size, estimate the maximum achievable tumor volume (carrying ca-
pacity), compare treatment efficacy by incorporating treatment parameters.
However, the model: Ignores spatial variations within tumors, neglects the
tumor-immune system interaction. Future advancements aim to develop
more models that are sophisticated that: Deepen understanding of tumor
biology, optimize treatment strategies through personalized predictions,
and facilitate development of novel cancer therapies. While acknowledging
limitations, the logistic model remains a foundation for mathematical mod-
eling in tumor growth research, paving the way for advancements in cancer
treatment.
Keywords:mathematical model,tumor growth,logistic model,tumor predic-
tion,compartment model
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