el Gl g lad) axdatl) 3 ) 3 g
S sl el

haaly g qgualal) o gle 441
gy ) ok

¥ dlaal) pand Aaall Jadd) qu jiil) 48y
Gilail) aa Apladl) 8 ddalianl) A bl

datia da g bl
Jua gall daalay (A a9 G gudal) o gle A4S (ulaa
(o2 Adudd o) ) 933 Balgd Jui cllhaia (ha ¢ JaS
A puilal) Sl )l [ il )

Jd (e

S (a2 Flua Jld

i)yl

) s a5l 363

(a"~"" AVEco



: padliall
il Jolally Adaall e Asslesill Aialiall Y aleall dadys dag kY oda i
Sl Jalad) aladinls Bibe Bsear Wl (@l s Dbl Gl cibia L lgl Al
ALl 1) Lad Wylia) sy dpbadl) dapall ) Jugail) aladnub o ( impact factor )
Sl dalall daylay dall alag) s A ALE e culS 136 o reducible) Jnadu
e alaeYh duganl) (Ghla aladnid aé JI5adl AW col€ 13 Wl ¢ ddadll je cYalaal
g jla s Aghalatll Llalial) Y aleall dalal) Ludail) Zipal) po ()loally AalSl) gl drsia
Aoy ) Citecat LS ¢ UL, X) Aalial) Jagail) A3 slas) da) (e 2Ll ) Zisia ae
i Al (Tuhro Ozaki ) SRt alladl 8 (e ds kel dalsdll dadlly cupall (@il
agaall (s 2ey ( Deterministic term ) aall asll )bl Al &l3She dapa pladiuly
Asaall i (drift function ) (Al llg Ldaad) I Jusaill aalsl) (e S) Guudl @by )
i) cpandl S ALK ) Ak aladtia) Ugla Auhal sde 8y L Adaleanll Abialal)
oyl Al g(ty)s (drift function) alasyl Al f(ty) (A @V (bl
Llalall A aleall adde Joasl) & o) dall o &55ladll eaYs . (diffusion function)
—bigl) daaall G aladnad Wgls gl @ihh ol sHalull @yl il ddslal

(cnlivdia Ayl g Labig )l

el (abeiadly Lasial) e J) Jeadl) Qi Jpemd B (o dngyl¥) Cills

LS ¢ gl A pladianl Ldalanl) Llalall e alaall 4plasg Ldalanl) cdllall dug

gl W Jaill st cpgeagal) 13g Adlaial) Al asleally il e
- Gldas @il Agabaill Alalal) e oleall Ja 5 sbl- g Aludad ol

lelslay Lbaall e Aol Alcalill Abbeally desiall e Jaud) 56 Juad)

LS ¢ (amall il ol ¢ JalSal Jale)  aladnals dlagacadll g dadall dbiat)



- il dbial) exdioall ) mua gl A6V g (Cfiedieg ¢ kgl Jbgl)

@bl Ll ) (reducible ) Jipay¥l danh 5 deddl Je Jaidad GBI Jadl)

- el hhl ae il cu il

Y sladll imns ) 2y sy L e 3] ¢ Alina) by i abl) Jeal
gy Leadiudg « 40l 5)alall Lyapunov danh aladsul Lbdll je ddalail) dolalal)
dalal) Llalall c¥alaadl sda Jid Lyapunov cilplas (yasyg daanpll  Lyapunov
(bdaleah )Wilscie L) jiisey (s pape Jacsgio ¢ Byfias =P dayd) DY) 7 )dig Jilal

C ARV s Db maagis Sl aaal)

3¢ bl st oy Aidia duadly by Ao il culall i eelal) Juadl)
- (pooadl Aaladl dapyhally alac W) KLY i dByla) fkiylan Glalaall padll aladsal &
o il aladia) 55 ¢(2021-1960) @lsiad Bhall Gesis a3ad duiell Al dudyny ellyg

. («5’*‘?):‘” oAaly Aiuna olll) Ladalial Abialss ciYalas & dlady dlidia 4pdad

A ) Glaaglly Glabnay) e B dag V) o3 e Gebld) deadl e

Al s3a Gk oo lgal] deagil



Local Linear Approximation Method
for Some NonLinear Stochastic
Differential Equation with Application

A Thesis Submitted to the Council of the College of
Computer Science and Mathematics

University of Mosul
As a Partial Fulfillment of Requirements

for the Degree of Doctor of Philosophy in
Mathematics / Computational Mathematics

By
Nibal Sabah Abdulrhman Saeed

Supervised by

Professor
Dr. Abdulghafoor Jasim Salim Al-Aubaidy

2023 A.D. 1445 A.H.



Abstract:

This thesis included a study of nonlinear stochastic differential equations
and their analytical and approximate solutions. The analytical methods were
represented in several ways, either directly by using the integrative factor or

by using the transformation to the linear formula after testing whether it is

reducible. if it is irreducible, the solution is found by the method of the
integral factor for nonlinear equations. if it is reducible, then the

transformation methods were used depending on the formula Integral and

comparative [to with the general linear formula of stochastic differential
equations and compared with Ito's integral formula in order to find the

appropriate transformation function U (¢, x) . For the deterministic limit after

deleting the terms that have exponents greater than one to convert to linear,
which is equivalent to (drift function) in the stochastic differential equation.
In this study, we tried to use Ito's integrative formula for both limits (the
deterministic and the stochastic) which is equivalent to f(t,y) the deviation
function and g(t,y) the diffusion function. In order to make a comparison
between the obtained solution to the stochastic differential equations using
the direct methods or the approximation methods, we tried to use the
numerical methods (Euler- Maruyama and Milstein's method).

The thesis consists of six chapters. The first chapter includes the
introduction, the reference review, the study of stochastic integrals, and the
theory of stochastic differential equations using the Ito formula. It also
includes definitions and basic concepts related to this topic. The chapter also
includes the stochastic expansion of the Ito-Taylor series and the solution of
stochastic differential equations by analytical methods.

The second chapter included the introduction and the non-linear
stochastic differential equation and its exact analytical solutions using
(integration factor, Stochastic Integration by Part), it also included Heat
equation method as well as the transformation Method , Numerical
approximate methods (Euler-Maruyama, Milstein) and some examples to
illustrate the used methods .



The third chapter includes the introduction, the method of reduction to
linearity, approximation methods, and applications with numerical methods .

The fourth chapter is a study of stability, where we applied and
explained the stability of some nonlinear stochastic differential equations
using the second direct Lyapunov method, and we used Lyapunov quadratic
functions and some Lyapunov theories for such random differential
equations to analyze and explain stability (stable p-degree, stable mean
square) and randomly convergent stable in the large size and clarify the
ways with some examples .

The fifth chapter represents the applied side on realistic data represented
by the number of the population, where the estimation of the parameters was
used in two ways (A Maximum Likelihood Estimation Method and
Generalized Method of Moments) . By studying the time series of the Iraqi
population for years (1960-2021), non-linear models represented by
stochastic differential equations models (logistics and square root) were
used.

The sixth chapter of this thesis included a number of conclusions and
recommendations that were reached through this study.



