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ABSTRACT

Stiff problems in ordinary differential equations can now be solved more
routinely. In the past four decades, many researchers were interested in finding
effective stiff solution methods. This dissertation is intended for the readers who are
interested in solving stiff problems with one-step methods. The focus is on one-step
methods, more particularly to implicit Runge-Kutta methods and a recent explicit
one-step method. This review explains what stiff differential equations are and what
are the requirements for the stiff solution methods. The development of one-step
methods in solving stiff problems is outlined. The advantages and disadvantages of
each method are also presented. Further, practical implementation of implicit Runge-
Kutta methods and the development of one-step methods are discussed briefly.
Finally, the dissertation is concluded by presenting a summary of historical reviews
of one-step methods in solving stiff problems and some suggestions for future

research in this area.
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ABSTRAK

Masalah kekakuan dalam persamaan pembezaan biasa dapat diselesaikan
dengan lebih sistematik pada masa kini. Sejak empat dekad lepas, ramai penyelidik
berminat dalam mencari kaedah penyelesaian masalah kekakuan yang berkesan.
Disertasi ini adalah untuk pembaca yang berminat dalam menyelesaikan masalah
kekakuan dengan kaedah satu langkah. Penumpuan adalah kepada kaedah satu
langkah, khususnya kepada kaedah Runge-Kutta tersirat dan suatu kaedah satu
langkah tak tersirat yang dicadangkan baru-baru ini. Ulasan ini menjelaskan makna
persamaan pembeza kaku dan syarat-syarat bagi kaedah penyelesaian masalah
kekakuan. Perkembangan kaedah satu langkah dalam menyelesaikan masalah
kekakuan telah dibentangkan. Kebaikan dan keburukan setiap kaedah juga diberi.
Selanjutnya, pelaksanaan kaedah Runge-Kutta tersirat yang praktikal dan
perkembangan kaedah satu langkah hanya dibincang secara ringkas. Disertasi ini
diakhiri dengan memberikan satu ringkasan catatan sejarah kaedah satu langkah
dalam menyelesaikan masalah kekakuan dan memberikan beberapa cadangan untuk

penyelidikan yang selanjutnya dalam bidang ini.
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CHAPTER I

INTRODUCTION

1.1 Introduction

Stiffness is a property of the differential equation that makes it slow and
expensive when solving by numerical methods. it is due to the numerical coefficients in
the differential equation (so that there is too wide a spread between the fastest and
slowest elements) rather than of the form. Unfortunately, the numerical values occurring
in nature are frequently such as to cause stiffness, so a realistic representation of a
natural system using differential equation is likely to encounter this phenomenon
(Garfinkel er.al, 1978). Stiff differential equations arise in almost all chemical kinetics

studies. It also arises in biochemistry and physics.

Much has been written about what “stiffness” really means but the property is
generally understood in terms of what goes wrong when numerical methods not designed
for such problems are being used to solve them (Butcher, 2000a). Stiff problems had
been recognized from approximately half way through the 20th century and these have
received considerable attention, especially in the last 30 years. The methods for dealing

effectively with stiffness involve considerable sophistication, and much of the



information regarding them is scattered through departmental or laboratory reports and
conference proceedings. Accordingly, this dissertation is to give an overview of the
development of one-step methods in solving stiff problems that has the state of the art or

offers promise for the future.

1.2  Dissertation Background

Recently, there are so many methods in solving stiff problems. A clear overview
and information of solving stiff problems need to be summarized in order to give a good
reference for research purposes. An overview of one-step methods in coping with
stiffness in differential equations will be discussed in details in this dissertation. In
future, choosing the right and the most applicable method not only increases the

efficiency of research work, but also gives the most accurate result in shorter time.

1.3  Objective of the Dissertation

i) To give an overview on the one-step methods from the past to the most recent in

solving stiff ODE problems.

i) To compile the advantages and disadvantages of the implicit Runge-Kutta
methods in solving stiff ODEs.

iif)  To discuss the development of one-step methods related to stiff ODEs.



1.4

iii)

1.5

iii)

Scope of Dissertation

The scope of this dissertation includes:
Review the one-step methods, which includes implicit Runge-Kutta methods and

a recent explicit one-step method.

Overview of development of one-step methods, without involving the parallel

methods.

Review the stiff differential equations from the aspect of stability and without

consider the aspect of converge and consistency.

Contribution of the Dissertation

The contribution of this dissertation can be stated as below:
To gather all the information regarding the development of one-step methods in

solving stiff ODE problems.

To provide the overview of the implicit Runge-Kutta methods and their

differences.

To provide a platform for the future researchers as a reference and yardstick in

this research field.



1.6  Summary of the Dissertation

This dissertation contains six chapters: Introduction, Literature survey, Stiff
differential equations, One-step methods, Discussion and Conclusion. Figure 1.1 is a
framework pertaining to the structure of this dissertation. The first chapter comprises
introduction of the dissertation, problem background and dissertation’s objectives and
scopes. Chapter II discusses the overview done by some researchers, which review the

stiff situation from several aspects.

Chapter III gives the historical review of stiff differential equations, various
definitions of stiffness and stability criteria of stiffness. The details of stiff differential
equations will be presented by using examples and graphs in order to give a better
understanding to readers. Chapter IV reviews development of one-step methods in
solving stiff problems. The scope here is primarily on implicit Runge-Kutta methods and
a recently established explicit one-step method. Table 4.5 provides an executive
summary of the historical development of the one-step methods. The last part of this
chapter highlights the development process of various special classes under the implicit

Runge-Kutta methods.

Chapter V focuses on the advantages and disadvantages of the implicit Runge-
Kutta methods. The algorithm towards the implementation of implicit Runge-Kutta is

shared thréugh some numerical experiments to enhance a better understanding.

The procedure of solving the stiff problems will be presented in Figure 6.1. Table
6.1 summarized the suitability of these one-step methods in different categorizes of stiff
problems. The last part of Chapter VI gives a snap shot, which outlined probable

numerical methods relevant to the stiff problem.
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