alal) Gl ) adasl) 5 3
Jua gall ol
hualy g o gulald) o gl 44l
ilpaly )

(oSadadilian — g1 gal oS Adalaal gasad) Jadl
Glag gall @UL e\éifw.nh.

Fadia Al
Jua gall drala (B cladly )l g G gualad) a gle A4S (ulaa )
b asle puale 5algd Jui cilllaie ya 5 338
s gl sl ) [ty

S (e

iyl
A2 daaj al) dma GaMA) o

aY~Yf A YEge



oAl
ahall e afial) Llalall cVobad) da b Clagal @l Galiy Al o2 2
Al &5 @3 Ldadl) ye Soidilion 5igalysS Alae Jolis &3 3 clgianty dlle 4y
G i) Uadll Glas) &y Wl Jia 8 Glasall dlalid O)lal ddas duy s
ol byl @l DA e @y anld Jd e lealil & Al saaall dangd) dlalid 12 cliad

sl el

lae Jal gl Lle po dygiiall cligyall diph satialy Glassdl diph #158 o

plaainly dagidl daphll dwe))lsad dae Clghd ang g WAkl e Sl gigal)S
SigahsS Aalae o daidall dapall due))lsa Guls & 3 aaally CAS 5 Haar S0 sl
Cilasall o Lo Jguanl) & Al dpael) bl gy bl dag)l Jol Pla o Sl

sl Wadd) Jaeay lladl) Uasll Gilua w55 (3 Jall aa (33201 ,CAS ,Haar)

i Dis 95 daikall clagall Zinh alaaialy (gl Jall o W s Gubill DA (e
Ol Dara paeatl Bl aae oIS 13y ¢l Jall 4l (36 ililly 1 soadll aaa (5 Lovic
e Jeadly A8y ST sanal) dsosall dale aatiul Sendliie ggal)s€ Ailadd Loaall Jolal)

.CAS 5 Haar ()il

Jal Allady 83y il Llo Jgamal) o 5l el da el aoall dagall Zisyh ol 4oy

Adle Aiyp dahdll e Adjall Llalil cY ol



Ministry of Higher Education
and
Scientific Research
University of Mosul
College of Computer Science
and Mathematics
Department of Mathematics

Numerical Solution of The Kuramoto-
Sivashinsky Equation Using Wavelet
Methods

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 Master of Science
in
Mathematics/Computational Mathematics

By

Huthaifa Haitham Ahmed Hasan

Supervised by
Prof. Dr. Ekhlass Saadallah Ahmed Mohammed

2024 A.D. 1445 A.H.



Abstract

This thesis is concerned with applying and improving wavelet methods in
solving high-order nonlinear partial differential equations, where the fourth-order
nonlinear Kuramoto-Sivashinsky equation was addressed.

The convergence analysis of the wavelet series in the function representation
was studied, and the approximate error in the L?space of the new wavelet series
that was proposed by Qasim and Al-Rawi was derived by proving the convergence
theorems for that wavelet.

The wavelet method using the finite difference method with collocation
points was proposed to solve the nonlinear Kuramoto-Sivashinsky equation. Out
time steps were written for the algorithm of the proposed method using the three
wavelets, Haar, CAS, and the new wavelet. The algorithm of the proposed method
was applied to the Kuramoto-Sivashinsky equation by solving four examples. The
numerical results obtained from the CAS and the new wavelets were compared
with the results of the Haar wavelet and the exact solution, and the absolute error
and mean square error were calculated.

Through the application, we found that the numerical solution using the
proposed wavelet method is stable even when the step size is large and the results
are close to the exact solution. If the number of collection points is small, the
numerical solutions to the Kuramoto-Sivashinsky equation using the new wavelet
method are more accurate and better than the Haar and CAS wavelets.

Therefore, the proposed new wavelet method has the ability to obtain
accurate and effective results for solving high-order nonlinear partial differential

equations.



