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COUPLED BLOCK METHOD FOR SOLVING ORDINARY                 
AND DELAY DIFFERENTIAL EQUATIONS 

 
By 

HUE CHI SAN 

October 2011 

 
Chairman: Zanariah Abdul Majid, PhD 

Faculty: Science 

 

The idea of this thesis is to introduce two numerical methods which are known as 

coupled block methods for solving first order Ordinary Differential Equations 

(ODEs) using variable step size and order. The methods consist of two block 

methods which were presented as in the simple form of the Adams Moulton type. 

 

Next, the methods were implemented for solving Delay Differential Equations 

(DDEs) using variable step size and order. The delay term was approximated 

using divided difference interpolation.   

 

The stability properties of the developed block methods when applied to ODEs 

and DDEs were studied and their regions of stability were presented. 
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The numerical results showed that the performance of the proposed methods are 

acceptable in terms of total number of steps, maximum error and execution time 

for solving first order ODEs and DDEs using variable step size and order.  

 

In conclusion, the methods were competitive and suitable for solving ODEs and 

DDEs.  
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia sebagai 
memenuhi keperluan untuk ijazah Master Sains 
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PEMBEZAAN BIASA DAN LENGAH 

 
Oleh 

HUE CHI SAN 

Oktober 2011 

 
Pengerusi: Zanariah Abdul Majid, PhD 

Fakulti: Sains 

 

Idea dalam tesis ini adalah untuk memperkenalkan dua kaedah berangka yang 

dikenali sebagai kaedah blok pasangan untuk menyelesaikan Persamaan 

Pembezaan Biasa (PPB) peringkat pertama menggunakan peringkat dan panjang 

langkah berubah. Kaedah ini mengambilkira dua kaedah blok di mana kaedah 

blok ini dipersembahkan dari jenis Adams Moulton yang ringkas. 

 

 Seterusnya, kaedah ini dilaksanakan untuk menyelesaikan Persamaan 

Pembezaan Lengah (PPL) menggunakan peringkat dan panjang langkah berubah. 

Sebutan lengahnya diperolehi dengan menggunakan interpolasi beza bahagi.  

 

Ciri-ciri kestabilan bagi kaedah blok yang dibangunkan untuk menyelesaikan 

PPB dan PPL dikaji dan rantau kestabilannya diberikan.   
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Keputusan berangka menunjukkan prestasi kaedah yang dicadangkan boleh 

diterima dari segi jumlah langkah, ralat maksima dan masa pelaksanaan 

penyelesaian bagi menyelesaikan PPB dan PPL peringkat pertama menggunakan 

peringkat dan panjang langkah berubah. 

 

Kesimpulannya, kaedah adalah berdaya saing dan sesuai bagi penyelesaian PPB 

dan PPL.  

 

 



© C
OPYRIG

HT U
PM

 vii

ACKNOWLEDGEMENTS 

 

Firstly, I would like to express my heartfelt gratitude to my Chairman of the 

Supervisory Committee, Associate Professor Dr. Zanariah Abdul Majid for her 

superior supervision, wise guidance, patience, invaluable advice and constant 

encouragement throughout my research. Without her, I would not be able to 

carry out my research successfully. I am also very grateful to the member of 

Supervisory Committee, Professor Dr. Mohamed Othman for his comments and 

motivation towards this research.  

 

I gratefully acknowledged the financial support from Ministry of Higher 

Education for the fund under Financing Facilities for Graduate Studies in Second 

Economic Stimulus Package (Mini Budget 2009) and School of Graduate Studies, 

Universiti Putra Malaysia for the Graduate Research Fellowship (GRF) 

scholarship. Without these sponsorships, I would not be able to pursue my master 

degree. 

 

I also would like to take this opportunity to deliver a special thanks to all of my 

friends, colleagues and the staffs in Department of Mathematics, Faculty Science, 

Universiti Putra Malaysia for their great support, encouragements and help.  

 



© C
OPYRIG

HT U
PM

 viii 

Last but not least, my deepest appreciation goes to my lovely parents and my 

siblings, Zhi Wai, Chi Yin and Chi Cheng; and my best friend, Yoke Choy for 

their love, understanding, caring and moral support towards the completion of 

this thesis. 

 



© C
OPYRIG

HT U
PM

 ix

I certify that a Thesis Examination Committee has met on 11 October 2011 to 
conduct the final examination of Hue Chi San on her thesis entitled “Coupled 
Block Method for Solving Ordinary and Delay Differential Equations” in 
accordance with the Universities and University Colleges Act 1971 and the 
Constitution of the Universiti Putra Malaysia [P.U.(A) 106] 15 March 1998. The 
Committee recommends that the student be awarded the Master of Science.  
 
Members of the Thesis Examination Committee were as follows: 

Siti Hasana binti Sapar, PhD 
Senior Lecturer 
Faculty of Science  
Universiti Putra Malaysia 
(Chairman) 
 
Fudziah binti Ismail, PhD 
Associate Professor 
Faculty of Science 
Universiti Putra Malaysia 
(Internal Examiner) 
 
Norihan binti Md Arifin, PhD 
Associate Professor 
Faculty of Science 
Universiti Putra Malaysia 
(Internal Examiner) 
 
Mohammad Khatim Hassan, PhD 
Associate Professor 
Faculty of Information Science and Technology 
Universiti Kebangsaan Malaysia 
(External Examiner) 
 
 
 

          ______________________________ 
          SEOW HENG FONG, PhD 
          Professor and Deputy Dean 

                                                                      School of Graduate Studies 
               Universiti Putra Malaysia 
 
               Date:  20 December 2011 



© C
OPYRIG

HT U
PM

 x

This thesis was submitted to the Senate of Universiti Putra Malaysia and has 
been accepted as fulfilment of the requirement for the degree of Master of 
Science. The members of the Supervisory Committee were as follows: 
 
Zanariah Abdul Majid, PhD 
Associate Professor 
Faculty of Science 
Universiti Putra Malaysia 
(Chairman) 
 
Mohamed Othman, PhD 
Professor 
Faculty of Computer Science and Information Technology 
Universiti Putra Malaysia 
(Member) 

 
 
 
 
 
 
 
 
 
       _______________________________ 
       BUJANG BIN KIM HUAT, PhD 
       Professor and Dean 

                                                                   School of Graduate Studies 
            Universiti Putra Malaysia 
 
            Date: 
 



© C
OPYRIG

HT U
PM

 xi

DECLARATION 
 
 
I declare that the thesis is my original work except for quotations and citations 
which have been duly acknowledged. I also declare that it has not been 
previously, and is not concurrently submitted for any other degree at Universiti 
Putra Malaysia or at any other institution.  
 
 
 
 
 
 
 
 
 
                                                                 ______________________ 

             HUE CHI SAN 
 
                               Date:  11 October 2011 
 
 



© C
OPYRIG

HT U
PM

 xii

TABLE OF CONTENTS 
 

            Page 
DEDICATION             ii 
ABSTRACT              iii 
ABSTRAK              v 
ACKNOWLEDGEMENTS            vii 
APPROVAL              ix 
DECLARATION                                                                                               xi 
LIST OF TABLES                                                                                          xiv 
LIST OF FIGURES                                                                               xvi 
LIST OF ABBREVIATIONS                      xix
        
CHAPTER 
 
         1  INTRODUCTION             1 
  1.1 Introduction          1 
  1.2 The Initial Value Problem         2 
  1.3     Linear Multistep Method                 4 

1.4     Related Previous Work           10 
  1.5 Objective of the Thesis        15 
  1.6 Scope of Study                               15 

1.7 Outline of the Thesis         16 
 

2 DERIVATION OF COUPLED BLOCK METHODS          17 
  2.1     Introduction                   17 
  2.2 Derivation of CB2(2)3(2)             17 

2.2.1  Two Point Two Step Block Method        18 
   2.2.2  Three Point Two Step Block Method       23 

2.3 Derivation of CB2(3)3(4)            31 
2.3.1  Two Point Three Step Block Method      32 

   2.3.2  Three Point Four Step Block Method       37 
 

3 COUPLED BLOCK METHODS FOR SOLVING FIRST 
ORDER ODES USING VARIABLE STEP SIZE AND 
ORDER             46 

  3.1     Introduction           46 
  3.2 Absolute Stability                      46 

3.2.1  Absolute Stability for CB2(2)3(2)       47 
3.2.2  Absolute Stability for CB2(3)3(4)       54 

  3.3 Local Truncation Error Estimation        63 
  3.4 Order and Step Size Changing Strategy      64 
  3.5 Algorithm of CBO2(2)3(2)            66 
  3.6 Problems Tested         73 



© C
OPYRIG

HT U
PM

 xiii 

  3.7 Numerical Results          75 
  3.8 Discussion          82 
 

4. COUPLED BLOCK METHODS FOR SOLVING DDES 
USING VARIABLE STEP SIZE AND ORDER       85 

  4.1     Introduction          85 
4.2 P- and Q-Stability          86 

4.2.1  P- and Q-Stability for CB2(2)3(2)        88 
4.2.2  P- and Q-Stability for CB2(3)3(4)      99 

  4.3 Approximation of the Delay Solution Using   
                CB2(2)3(2)                     111 

4.4 Algorithm of CBD2(2)3(2)                    113 
  4.5 Problems Tested         122 
  4.6 Numerical Results          124 
  4.7 Discussion           130 
 

5. CONCLUSION           133 
  5.1    Summary           133 

  5.2    Future Research          135 
 
         REFERENCES            137 
         APPENDICES             141 
         BIODATA OF STUDENT              144 
         LIST OF PUBLICATIONS             145 
 


	COUPLED BLOCK METHOD FOR SOLVING ORDINARYAND DELAY DIFFERENTIAL EQUATIONS
	ABSTRACT
	TABLE OF CONTENTS
	CHAPTER
	REFERENCES



