
CHAPTER I

INTRODUCTION

1.1 Background

As essential tools in scientific modelling, differential equations are familiar
to every educated person. There are several numerical methods for solving Or-
dinary Differential Equations. The famous method of Euler was published in his
three volume work Institutiones Calculi Integralis in the years 1768 to 1770, re-
published in his collected works (Euler, 1913). The idea of generalizing the Euler
method, by allowing for a number of evaluations of the derivative to take place in
a step, is generally attributed to Runge (1895). Further contributions were made by
Heun (1900), and by Kutta (1901). The latter completely characterized the set of
Runge-Kutta methods of order 4, and proposed the first methods of order 5. Special
methods for second-order differential equations were proposed by Nyström (1925),
who also contributed to the development of methods for first-order equations. It was
not until the work of Huta (1956, 1957) that sixth-order methods were introduced
[7].

Since the advent of digital computers, fresh interest has been focused on Tay-
lor series methods, and a large number of research workers have contributed to
recent extensions to the theory, and to the development of particular methods, we
mention three in particular. The program of Gibbons (1960), using a computer with
the limited memory available at that time, used a recursive technique to generate
the Taylor coefficients automatically. A similar approach using greater sophistica-
tion and more powerful computational tools was used by Barton, Willers and Zahar
(1971). The work of Moore (1964) is especially interesting, in that it uses interval
arithmetic and supplies rigorous error bounds for the computed solution [7].

The Taylor series method can give excellent result. But it is bothersome to use
because of the need to analytically differentiate f (x,y). The derivatives can be very
difficult to calculate and very time-consuming to evaluate, especially for systems of
equations. These differentiations can be carried out using a symbolic manipulation
language on a computer, and then it is easy to produce a Taylor series method.
However, the derivatives are still likely to be quite time-consuming to evaluate, and
it appears that methods based on evaluating just f (x,y) will remain more efficient
[3].
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1.2 Research Questions

The objectives of this thesis are, first, to use Taylor method with automatic
differentiation in solving system ordinary differential equation. Next, the sec-
ond objective is to apply Taylor method in software program. Finally, the third
objective is to build Taylor library with automatic differentiation.

1.3 Review of Literature

Recently, many researchers already studied about computational to solve or-
dinary differential equations with many different model and method for receiving
best result. For example, Barton et al [5]. studied the automatic reduction of an
arbitrary system of ordinary differential equations to a from suitable for solution
by the method of Taylor series. They describes how a program may be generated
from the reduced form that will carry out the formal solution of the system by that
method. Another study, by Chang et al [8]. studied using ATOMFT system includes
a translator to transform statements of the system of ODEs into a FORTRAN 77 ob-
ject program that is compiled, linked with the ATOMFT runtime library, and run to
solve the problem. We review the use of the ATOMFT system for nonstiff and stiff
ODEs, the propagation of global errors, and applications to differential algebraic
equations arising from certain control problems, to boundary value problems, to
numerical quadrature, and to delay problems.

They also found that Taylor series methods are powerful, accurate, and flexi-
ble tools for attacking many types of problems in scientific computation involving
ordinary differential equations. Gibbons [10] developed a program for solving si-
multaneous differential equations which allows the equations and initial conditions
to be denoted in a mathematical notation. If the series is convergent, which most
series encountered will be, then this is an indication that the remainder of the se-
ries can be safely neglected. Barrio [4] implemented numerical method using an
efficient variable-step variable-order scheme.

Abad et al [1]. made software name TIDES to provide am easy-to-use inter-
face for standard double precision integrations, but also for quadruple precision and
multiple precision integrations. They made TIDES for the direct solution of sensi-
tivities of the solution of ODE systems and can compute the solution of variational
equations up to any order without formulating them explicitly. They found that
with the Taylor series method and with TIDES , they can integrate ODEs following
Brouwer’s law, which means that the behavior is optimal looking to the asymptotic
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growing of the error in position and in the integrals of the system, although the
method is not symplectic. If we fix the tolerance far below the unit roundoff of
the machine, the error in the truncation of the Taylor series will be , analytically,
smaller than the unit roundoff. This means that the power series expansion will be
exact up to machine precision.

1.4 Model Assumptions

There are several assumptions used in the model.

1. We consider only Ordinary Differential Equations.

2. We consider only nonstiff Ordinary Differential Equations.

3. The Programming language for solving Ordinary Differential Equations is
Python.

4. We consider only Autonomous Ordinary Differential Equations.

5. The equation that we can input to our program is limited only to this operation
: multiplication , subtraction, addition, division, square root, exponential.

1.5 Methodology

The work will be done in few steps.

1. Studying Literature

We need to identify and observe the problems first. We need to find any
resources which are related to our problems, such as journals, books, articles.

2. Derive Taylor Method

We need to derive and understand the method for solving the problem

3. Applied of Taylor Method

To applied the method, we need to manipulate the Taylor series for making
code easily

4. Making software program

In this step, we will construct a program for simulation based on the literature
study.
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5. Testing the program

We need to test the program for knowing how success our program

6. Running Simulation

Next, we will run some simulations to solve our problems. We will compare
the result with the exact solution or the conservative value.

7. Analyze and interpret the result

Finally, we will analyze the results from simulations and draw conclusions.

1.6 Overview of Chapters

This thesis will consist of several chapters, as follow.

1. Chapter I, which consists of background, research questions, review of liter-
ature, model assumptions, methodology and overview of chapters;

2. Chapter II, which explains the concept of system ordinary differential equa-
tions

3. Chapter III, which explains the numerical methods, which are euler method,
Runge-Kutta method and Taylor method

4. Chapter IV, which explains the Taylor methods, which are manipulation
Taylor for simulation and polynomial operator in Taylor.

5. Chapter V, which focuses on the simulation of the model, such as the analy-
sis of the results, testing of the program and improvements ; and

6. Chapter VI, which consists of conclusion and future works.
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