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Estimation of Two-Parameter
Pareto Distribution Based on
Interval-Censored Data

Abstract

In this thesis, we consider
two-parameter Pareto
distribution with unknown
shape and unknown scale
parameters. First, we compute
the  maximum likelihood
estimators of the two
parameters using three
techniques; Newton-Raphson,
Expectation-Maximization
(EM) and Monte Carlo
Expectation - Maximization
(MCEM). Standard deviations
were computed using the
observed information matrix.
Moreover, 95\% confidence
intervals and 95\% coverage
probability were also
computed.Second, the




Bayesian estimation of the
two-parameters under two
loss functions; the squared
error function and LINEX loss
function is also studied. Two
methods for computing the
Bayes estimators are
considered; Lindley's
approximation and
importance sampling method.
Credible interval for
importance sampling method
are also given. Finally,
simulation experiments are
conducted using Monte-Carlo
method by R-language to
calculate and compare the
performance of the obtained
maximum and Bayes
estimators.

Gilualy )

Ggulall agle
claaby g

g Jalasi

Gl )

4 31y

ddalsil) g A daleil) i alaall Jad o 58 4 98 98U Jolaill A8, jha Gk
b

aliiual)

Lyaal) GIRY o (Q-HAM) (853050 oSl Jalatll A8k e
Aghadl) Jilesall Ay &l g Aldatl) Jolall o Jgaall B Aleldl)
Cfialdl e SN gy Lae Asalad) c¥laall cilida B 43hadl)
ol pla N Jileall dlli Jla sl B Akl o3a aladiny
Apalsil) ealaall Jad agigash oSl Julatl) Al gl gaadatl ALl
Suadl) J g J e dag o () s ) iy Ldelitl) Alalsillg
dainga lgd A1 B Sill g (o509 g0 oSl (el A8y jha LS J g
CMlaall g gily Albaiall Gy lail) (oamy AN luali Jha PR (e
A Jadl) B L) ARl il jall g Alalisl) Adalsal) g | ALalsil)
Jsasll RG-HAM (55554 52 580 Judatl) 48y 5kt hayta Syaes Utk
il dadl) pe g Adadl) Alalsl) c¥sleall Aaguiaadl Jolall o
o LS e saadl Joaeil) plag ol b £ sl e Cpanallg 2al gl )
Qs A& kg ( (Regularization methodmhill 4%k
13O paad) Q) o) @l cddSy (q-HAM) 5554 58 580
G Juail) B Ll A gudaal) Joladl o Jgaand) b dBay ddlad
SQ-HAM (553458 580 Jalail) Ay jhal | A) Jyaa Shaad Uedh
el Aglalel) Aol cisaall Al Jelall e Jsmaall
3aeldy q-HAM Aih (e LSy yaall Gadll sly grdigal)
Jalsill el AnyEl Aadll say LUesddu) ) gesen
Gdy oS 7l il o) il coghily Aslaall B asasall
g el g S By Al Jslal) e Janll B el
A L) Jolady dijBe QY1 Ay R Joladl o Jguand)
A e Gl g k)

Application of g-Homotopy
Analysis Method to Solve
Integral and
Integro-Differential Equations
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Perturbed Taylor Expansion for
Bifurcation of solution in
Singularly Parameterized

perturbed ordinary
Differential Equation and
Differential Algebraic
Equations

:Abstract

This thesis deals with the

study of singularity

perturbed ordinary
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di_erential equation,and is
considered the basis for
obtaining the system of
di_erential algebraic
equations. In this study
the we using implict
funcetion theorm to
solving for faste variable y
we get a reducd models in
term of slow dynamic
locaelly arounds X, it is
well knowne that solve
nonlinar algebraeic
equation analytical, is
quites di_ecult and
numerically solutions
methods alsoe fac meny
uncertaintes sinc nonlinar
algebrac equation mey
have manye solution,
especally arounds
bifurceation point, in this
thesis. We have used
singularly perturbed ODE
to study the bifurcation
problem in Di_erential
algebraic system. So for
the _rst step we need to
investigate the bifurcation
problem in our original
system when 0 < _ _ 1, for
this purpose the known
kinds bifurcations such as
saddle node, transtritical
and pitch fork has been
studied by using Taylor
expansion for one
dimensional system. And
for higher dimension we
apply Sotomayor
Theorem. The second step
is going to study
bifurcation problem in
DAE:

x = f(xy M; 0)

0 = g0 y; M; 0)
Where _ is bifurcation
parameter.
by converting such
system to  singularly
perturbed ODE to make
use the study in the
_rst step:

x = f(x y; M)
Ey = g(x y; M)
The method we used to
convert DAEs to singular
perturbed ODEs is PTE
method.The bifurcation in
index one DAEs is




investigated by reduced
the system to system with
lower dimension by
implicit function theorem.
And for higher dimension
index two DAEs we used
Sotomayor Theorem. Also
the singularity induced
bifurcation for which this
kind of bifurcation
occurred in DAEs is
studied by PTE method.
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On the Analytical Solution of
Non-linear Advection-Reaction
Equations

Abstract:

We consider nonlinear second
order degenerate or singular
parabolic equation describing
non-linear
advection-absorption
equation with weak diffusion
arising in many areas of
science and engineering, such
as

filtration of oil or gas in porous
media, transport of thermal
energy in plasma physics, flow
of chemically reacting fluid,
evolution of populations in
mathematical biology etc. In
this  thesis, we discuss
qualitative behavior of the
solutions for the nonlinear
parabolic  equation  which
modeling nonlinear
advectionabsorption equation
with diffusion. First, we
analyze the behavior of local
solutions and investigate the
short time behavior of the
local self-similar solution in
the situation that diffusion is
so slow. The methods used are

rescaling and blow-up
techniques for the
identification of the

asymptotics of the solution
along the class of interface
type curves, construction of
the barriers and application of
the comparison theorem in
non-cylindrical domains with

characteristic boundary
curves. In the second part, we
concentrate on proving the
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existence of traveling wave
solutions for the nonlinear
advection-absorbtion
equations. In addition, we
consider the model when the
speed of advective wave may
breakdown and the problem
has a shock wave solution. The
mathematical interesting of
the waves comes from the
behaviors of singular
differential equation and
discussing the stability of

the solution.
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Abstract:

In this thesis, we
present the
Daftardar-Jafari
method (DJM) and
the homotopy
analysis method
(HAM)for solving
the non-linear delay
integral equations .
We have discussed
the existence and
uniqueness of the
solution for this type
of equation using
Banach'’s fixed point
theorem and have
come to good results.
we applied the
Daftardar-Jafari
method for solving
delay Volterra
Integral Equations
with Weakly
Singular Kernels.
Some numerical
examples are
dedicated for
showing the




efficiency and
validity of the
method. Then, we
proposed a new
modification of the
homotopy analysis
method (MAHAM)
for solving the
non-linear delay
integral equations
We split the
functions f(x) into
infinite sum and
construct a zeroth
order deformation
equation. Some
examples are given
to illustrate the new
approach. The
results reveal that the
proposed approach is
very effective to
obtain the
approximate
solutions and lead to
the exact solutions at
some values of
convergence control
parameter. These
solutions have
supported by graphs
and tables values by
using Mathematica
program.

izl

Ggulall agle
clpaby g

Al il

clualy

A b Jdealall el Jias s e ) o 8
Usleal Dl Syl Gimeall Jglall A 5 Cud Y
22 ol deall pe LDWopll dauay LY
sl s Layy b ) Ay L) Jalaal) 53 Jadll

In this thesis, we
analyze the initial growth of
interfaces and structure of
nonnegative weak solutions
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coefficient. In this situation,
the interfaces may expand,
shrink or remain stationary
relying on the competition
between these two factors.
Our goal is to study the
qualitative behavior of local
solutions and the
development of the
interfaces with finite speed
of propagation in the
irregular domain is
discussed in two parts.
Firstly, classification of the

regions where the
p-Laplacian diffusion force
dominates over the
convection term is

considered. In these three
regions, the interface may
expand or have a waiting
time.

The second part represents
the classification of the
regions where the
convection term dominates
over the p-Laplacian
diffusion force. It has also
three regions that the
interfaces may shrink or
have waiting time. The
methods that we apply in
our proof, are the rescaling
method, blow-up
techniques, and comparison
principle..
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parameters of
two-parameter Burr

XII distribution with
fuzzy data is considered.
First, we compute the
maximum

likelihood estimators and
the Bayes estimators,
when the available
observations

are reported in the form
of fuzzy data. Second, we
consider the same
-problem un

der doubly type-II fuzzy
censoring. Computing the




maximum likelihood
estimators

are obtained using
Newton-Raphson and
Expectation-Maximization
methods, and

computing the Bayes
estimators are obtained
using Lindley’s
approximation and
Tierney-Kadane
approximation methods.
Moreover, for computing
-Bayes estima

tors, the highest posterior
density is used for the first
problem and MCMC
method

is used for the second
problem. The standard
errors of the estimates are
computed

using the observed
information matrix.
Monte-Carlo simulation
experiments for

each problem are
conducted to investigate
the performance of the
-proposed meth

ods. Finally, several
applications of real data
sets are analyzed using the

proposed
.methods
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Corona product of certain
graphs))

Finding the Hosoya Index
and the Merrifield-Simon
Index for Corona data Sn 0 G
and Wn 0 G*

and find some results for
them.

.* Finding chemical
applications using data
theory to facilitate the study
of the properties of some
compounds in organic
chemistry.

*The Hosoya index can be
evaluated for graphs
generated by the corona
product process, such as Sn 0
G Wno0G,Sn0K2and Wn
0 K2.




LL\\S.\.IL.\S._ i PRV (ia (wg
Merrifield-Simmon Index

Hosoya Index and

*The Merrifield-Simmon
index can be evaluated for
graphs generated by the
corona product process, such
asSn 0 GWno0G, Sn0K2
and Wn 0 K2.

*The use of data theory as an
application to facilitate work
in linking chemical
compounds and studying
properties in an easier and
faster way. Among these
applications is the Hosoya
Index and

Merrifield-Simmon Index
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where B is a bifurcation
parameter and € is a perturbed

parameter, 0 < € < 1, xERn,

yE R™. Our study focuses on
the Poincare map as a periodic
solution of such singularly
perturbed parameterized
differential equation. We have
discussed and studied the basic

types of  bifurcation in
singularly perturbed
parameterized differential

equation such as saddle-node,
transcritical,  pitchfork, and
Hopf bifurcation. Second, we
study the bifurcation of
periodic solution in differential
algebraic equation of the form

x=f(xy PB)

0=ygyp
on two cases. In case 1, we
used the implicit function
theorem to transform
differential algebraic equation
to one dimension ordinary
differential equation and apply
Taylor expansion method to
study these bifurcations. The
case 2, we study the technique
of perturbed and Taylor
expansion, which is used to
convert differential algebraic
equation into singularly
perturbed differential
equation, and after that, we
study these bifurcations,




depending on the conditions of
the Poincare map.
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ARy gl (e A8 ja Ay ) S5 A8 sk aladiad ga AU Ciagll | methods. Also, Homotopy
3 oY Jasads (HAM) (555 5l Jalaslf Zr:lalys‘is mdethod (Hétl'\’l) and
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Gt 3 (LHAM) (55 sl Jlad Y ARk | (ADM) are applied
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.. - - " . ;( . . HAM and Laplace transform
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Gl @5 (ADTTM) @b dasad pass) G | e LIAM & applied for
< o % e urger’s and couple
Aladl %}N‘ d ‘9"..;” "kj dyA.’ﬂS (é DTTM) Burger’s in the orll)e and two
Akl s @u‘ A3 al) Aalalidl) e slaall dimensions. In addition,
several comparisons are
presented among the LHAM,
variation iteration method
(VIM) and discrete ADM.
The third objective is to use
an iterative method a
combine form of ADM and
Tarig transform named
Adomian decomposition
Tarig transform method
(ADTTM). Also, the ADTTM
is applied to obtain
approximate analytical
solutions to non-linear partial
differential equations.
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Infinite Graph

In the present work, we
focus on dynamical process
on graphs, with aiming to
study a generalized diffusion
equation of the modulated
generalized one-path
Lapalcian operator (one-path
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LO) for locally finite infinite
graph. At first, we study the
modulated operators of the
one-path LO, namely the
Laplace and factorial
modulations. We have proved
that these two modulations
are in general bounded and
self-adjointess. Then, in order
to showing some applications
of this operator and the
modulated ones, we
investigated the generalized
diffusion process. In this case,
we study one of the infinite
graphs, which is a linear
infinite chain graph.
Consequently, we obtain a
normal diffusive process
when using Laplace and
Factorial modulations in the
generalized diffusion
equation.
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The main aim of this
thesis is to develop
approximate iterative
methods to find an
approximate solution
for wave equations
The first chapter of
this thesis demostrat
the basic idea of
homotopy analysis
method (HAM) and
it’s applications for
.wave equations

The second chapter is
to propose an iterative
method, which is a
combine form of HAM
and Tarig transform
named Tarig homotopy
analysis method
(THAM). The THAM
is applied for
non-linear wave-like
equations. In addition,
several comparisons
are presented among
the THAM, variation




iteration method
(VIM) and adomain
decomposition method
.((ADM
The third chapter is to
propose an iterative
method which is a
combine form of
HAM and
J-Transform named
J-Transform
homotopy analysis
method (JTHAM).
Also, the JTHAM is
applied to  obtain
approximate solutions
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ecological systems are
frequently referred to as
complicated because they
include many interactions
(overlapping and
interdependent) between
the various system
components. In earlier
works, mathematical
models were utilized to
describe how the species
interacted and investigate
time-series behavior. The
mathematical systems are
meant to be accurate
representations of actual
ecological phenomena and
to understand the
fundamental dynamics.
The study attempts to
advance that research and
analyze the effects of
hunting and fear together
in food chain
predator-prey model. In
the suggested food chain
model, Lotka-Voltera
function response has
been modified to include
the combined effect of fear
and hunting cooperating
in the intermediate




predator population. The
mathematical
characteristics of the
model, including
positivity, boundedness,
equilibrium points, local
stability, local bifurcation,
and hopf bifurcation, were
investigated in this study.
Additionally, numerical
simulations were used to
show how well our
theoretical work could
support theoretical results
and to make clear how the
dynamics of the suggested
ecological model would
change when certain
factors, particularly
hunting cooperation and
fear, were changed. All
calculations and plots of
the figures displaying the
resulting trajectories were
made with Matlab 2018b
software by using
fifth-order, Runge-Kutta
method of solving
differential equations. The
findings showed that the
system’s dynamical
behavior displays a range
of dynamics without
degenerating into chaos
and that the presence of
cooperation and fear
significantly affects the
stability of the dynamics
.of the system
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Graph

The main aim of current
work is devoted to define
Schrodinger

operators on compact
metric graphs formed by a
finite number of edges
and discussed some
important properties of
this operator. We first
show




that the Schrodinger
operator with appropriate
domain is a positive,
selfadjoint operator as
well as bounded under
certain conditions. Then,
the

Schrodinger equation and
heat equation with the
Dirichlet boundary
conditions on a connected
locally finite graph is
studied. Finally, the
fundamental solution
(heat kernel) of the heat
equation defined on
infinite

.graph is given
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Nonlinear
Degradation Rate

In this thesis, theoretical
and numerical methods
have been studied to
analysis the dynamical
behavior of the gene
expression model using
mathematical tools such as
stability and bifurcation
theory. The main goal is to
gain understanding the
dynamics of the gene
expression model, through
introducing new scenario
with different technique and
then after that analysis the
constructed model with the
effect of discrete
transcription time delay.
This work has been done to
develop and understanding
gene expression processes
in order to get prediction of
the dynamical behavior that
arise from this network,
which could help the ability
to provide deep insights into
network behavior. However,
a new scenario for the
construction of original
models is introduced and
then studied theoretically
and numerically using
discrete time delay in the




process. Absence or limited
delay causes the system to
have a stable equilibrium,
which changes into a Hopf

point producing oscillations

if time delay is

increased.Therefore, new
findings are presented and
discussed in more details.
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Abstract.

The impotence of this
issue comes from its
applications in science
and engineering, such
as filtration of oil or
gas in porous media,
phase transition,
biochemistry and

dynamics of biological

groups, thermal
energy transfer in
plasma physics,

population evolution in
mathematical biology,
and so on. In this
thesis, we analyze the
interfaces for early

growth and the

structure of
nonnegative weak
nonlinear

second-order diffusion
equation of the

parabolic p-Laplacian
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type solutions with
advection and
absorption  with a
negative advection
coefficient. In  this
case, depending on
the competition
between these two
variables, the
interfaces may extend,
contract, or stay
stable. Our goal is to
study the qualitative
behavior of local
solutions and the
development of the
interfaces with finite
speed of propagation
in the irregular domain
is discussed in two
parts. First,
classification of the
regions where the
p-Laplacian diffusion
force dominates over
both the advection and
absorption terms s
considered. There are
three  regions, the
interface may expand
or have a waiting time.
The sluggish in the
first and second areas




p-Laplacian type
diffusion prevails over
both the other forces
with growing interfaces
with certain
constraints. The
in the third

p-Laplacian

sluggish
region
type
dominant, but the

diffusion is

interface has a waiting
time. The second part
represents the
classification of the
regions where the

advection term
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Eco-epidemiological
Model
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In the field of mathematical
biology, particularly
mathematical modeling is a
useful tool for addressing
concerns to the
sustainability of living
organisms. Important topics
including species
coexistence, biodiversity,
and reducing the risk of
epidemics are highlighted.
The goal of this study is to
understand the combined
impacts of fear and shelter
in eco-systems, by
considering their impact on
a predator-prey model
containing prey sickness
and cooperative hunting.
The problem specifically
dealt with a nonlinear,
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three-dimensional,
eco-epidemiological system
influenced by an epidemic
infection of SI type
affecting the behaviors of
preys. The case of
transmission of infection
between preys was taken
into account. The
mathematical characteristics
of the model, including
positivity, boundedness,
equilibrium points, local
stability, local bifurcation,
and hopf bifurcation, were
investigated in this study.
Additionally, numerical
simulations were used to
show how well our
theoretical work could
support theoretical results
and to make clear how the
dynamics of the suggested
ecological model would
change when certain
factors, particularly refuges
and fear levels, were
changed. All calculations
and plots of the figures
displaying the resulting
trajectories were made with
Matlab software by using
the fifth-order, Runge-Kutta
method of solving
differential equations. The
findings showed that the
system’s dynamical
behavior displays a range of
dynamics without
degenerating into chaos and
that the presence of hunting
cooperation in addition to
refuges and fear
significantly affects the
stability of the dynamics of
the system
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relationship between the
topological space and the
graph theory has been
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studied. A new definition
for discrete topological
graph was introduced.
where the ,GT =, E)

:A} = Vvertices set
and the edges {A€t, A#0
is an absuch that Grset in

.1—| B|=| Aif | Eedge in
represents a T Each set in
@ excluding Grvertex in

Several properties .GTfrom

of discrete topological
graph are established. The
and the size of Gtorder of

are found. In addition to GT

the number of complete
bipartite induced subgraphs
which is equal to ( Grin

is proved. For (2n — 3
has no pendant GT n> 2

vertex, no isolated vertex,
and it is not tree, is also
verified. Further the value
of diameter and the

are Grminimum degree of

is GT ,n=2calculated. For

connected, simple, and has
no odd cycle are proved.
The clique number, and the
value the radius, the
maximum degree and the
are Grchromatic number of

proved. Then some models
of domination are applied
on the discrete topological
The domination .Grgraph

number of the discrete
for Grtopological graph

connected domination,
doubly connected
domination, strong
domination, weak
domination, independent
domination, co-independent
domination and total
.domination are evaluated
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Model
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In the field of mathematical
biology in particular,
mathematical modeling is a
useful tool for addressing
concerns to the
sustainability of living
organisms. The important
topics including species
coexistence, biodiversity,
and environmental pollution
are highlighted. The aim of
the current study is to
deepen our understanding of
the combined impacts of
fear and toxic substance in
ecological system, through
consider their impact on a
delay predator-prey model
contains two prey. The
problem specifically dealt a
nonlinear,
three-dimensional,
ecological system that is
affected by toxicity to all
species. The situation of
prey growth rates affected
by predator fear was
considered. Also, takening
into account is the predators
gestation delay. The
mathematical characteristics
of the model, including
positivity, boundedness,
equilibrium points, local
stability, local bifurcation,
and hopf bifurcation, were
investigated in this study.
Additionally, numerical
simulations were used to
show how well our
theoretical work could
support theoretical results
and to make clear how the
dynamics of the suggested
ecological model would
change when certain
factors, particularly toxic
rates, fear levels and
gestation time delay, were
changed. All calculations
and plots of the figures
displaying the resulting
trajectories were made with
Matlab 2018b software by
use the Runge-Kutta,
fifth-order, method. The
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findings showed that the
systems dynamical behavior
displays a range of
dynamics without
degenerating into chaos and
that the presence of toxicity
in addition to fear and time
delay significantly affects
the stability of the dynamics
.of the system
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Modeling Advection-Diffusion
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The fractional Stefan
problem with boundary
conditions for time-fractional
diffusion-advection equations
is considered. There are two
main parts in this study. The
first part, we construct an
advection-diffusion flux to
derive the model of

tfractional Stefan
problem for advection and
diffusion forces. The
rescaling technique is
significant in estimating
the self-similar solutions
for the Stefan model. Also,
we consider the interface
function to satisfy the time
fractional Stefan problem
including boundary and
Stefan conditions. The
fractional derivative
methods, particularly
Riemann-Liouville and
Caputo derivatives, are
used to find approximated
solutions. The Stefan
problem and other related
phase transition problems
typically have a
constitutive relation
between quantity,
enthalpy, and temperature
that requires thorough
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derivation based on
physical grounds. Since
physical understanding
requires mathematical
analysis, we provide
analytical formulas for
weak solutions to Stefan's
problem because classical
analytical approaches
break down in the case of
the changing interface.

In the second part, the
numerical analysis for the
time-fractional diffusion
advection equation by
applying  distinct two
methods; Sumudu
decomposition method
(SDM) and Laplace
Adomian decomposition
(LAD) method .The
time-fractional
diffusion-advection
equation is considered to
estimate an approximated
numerical result by
applying the SDM. The
proposed method depends
on applying the Sumudu
transform of the Caputo
fractional derivative
operator and then using
the fractional integral of
Riemann-Liouville. In
addition, the solution of
the time-fractional
diffusion-advection
equation is obtained by

using ADM. These
methods are wused to
obtain the series of

solutions. Finally, results
are analysed by plotting
the solutions for various

fractional orders. The
MATLAB software
carried out all the
computations and

graphics. To show that the
suggested technique is
valid and applicable,
illustrative examples are




provided for the two
methods.
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On Subclasses of Analytic
Univalent and Bi-
Univalent Functions
Associated with Some
Operators in Geometric

Function Theory

The purpose of this thesis
is to study geometric
properties for new
subclasses in the theory of
univalent, multivalent and
bi-univalent functions.
First, a new subclass of
analytic multivalent
functions defined by
E-integral operator in the
unit disk is presented.
Then, a generalized of
subclass of harmonic
analytic univalent
functions involving
fractional calculus defined
Hohlov operator with zeta
function is studied. Some
results of logarithmic

coefficients of univalent
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functions associated with
a new integral operator
involving g-pascal
distribution are discussed,
and some theorems of this
integral operator are
obtained. An application
of polynomials that might
be seen q-analogues of GP
can be described as
polynomials is studied.
Furthermore, the study of
coefficient estimates for a
subclass of bi-univalent
functions associated with
Borel distribution using
the subordination
principle obtained
coefficients bounds of the
functions in the class , also
introduced some theorem

and corollaries of this

«class




