
UNIVERSITI TEKNOLOGI MARA

COMPARATIVE STUDY OF 

TRAPEZOIDAL RULE (TR), 
CIRCULAR-BASED MODIFIED 

TRAPEZOIDAL RULE (CMTR) AND 

TRIANGULAR-BASED MODIFIED 

TRAPEZOIDAL RULE (TMTR) FOR 

UNDERESTIMATED CURVATURE

NUR IZLYANA HAMIZAH BINTI 
ABD HALIM

BSc

July 2026



TABLE OF CONTENTS

Page

DECLARATION BY THE CANDIDATE iii

ABSTRACT iv
ACKNOWLEDGEMENT v
TABLE OF CONTENTS vi
LIST OF TABLES ix

LIST OF FIGURES xi
LIST OF SYMBOLS xii
LIST OF ABBREVIATIONS xiii

CHAPTER 1 INTRODUCTION 14

141.1 Introduction

1.2 Research Background 14

1.3 Problem Statement 15

1.4 Research Objectives 16

1.5 Research Question 16

1.6 Significance of Research 16

1.7 Scope of Research 17

1.8 Research Benefits 18

1.9 Definition of Terms and Concepts 19

1.10 Organization of the Report 20

CHAPTER 2 LITERATURE REVIEW 22
2.1 Introduction 22

2.2 Numerical Integration 22

2.3 Trapezoidal Rule 23

2.4 Modified of Trapezoidal Rule 24

2.4.1 Corrected TR for a Class of Singular Functions 24

2.4.2 Modified TR for Line Integrals 25

2.4.3 Enhanced TR for Discontinuous Intervals 26

vi



4.6 Implementation of CMTR 50

4.6.1 Implementation of CMTR Calculation for Test Function 2 for 

n=12 51

4.7 Percentage Relative Error Calculation 52

4.8 Performance Profile Method 52

4.8.1 Calculation of Performance Ratio for Test Function 2 for n=12 53

4.9 Conclusion 54

CHAPTER 5 RESULT AND DISCUSSION 55
5.1 Introduction 55

5.2 Comparison of Numerical Accuracy 55

5.3 Percentage Relative Error Percentage Analysis 59

5.4 CPU Time Analysis 63

5.5 Performance Profile Analysis 67

5.5.1 Error Performance Profile 68

5.5.2 CPU Time Performance Profile 69

5.6 Conclusion 69

CHAPTER 6 CONCLUSION 72
6.1 Introduction 72

6.2 Conclusion 72

6.3 Recommendation for Future Research 74

REFERENCES 75

APPENDICES 77

viii



ACKNOWLEDGEMENT

I would like to thank Allah SWT for His blessings, guidance and strength which allowed 
me to successfully complete this Final Year Project.

I would like to express my gratitude to my supervisor, Puan Siti Musliha Binti Nor-Al- 
Din for her valuable guidance, wise advice, constructive comments and constant support 
during the process of this research. Her dedication and expertise have been very 
influential in the successful completion of this study.

I would also like to express special thanks to the lecturers of the Faculty of Computer 
and Mathematical Sciences for their knowledge, guidance and encouragement during 
my academic life.

Especially, I would like to express my gratitude to my family and friends for their 
constant support, patience, motivation and understanding while preparing and 
completing this project. Their encouragement has always been an inspiration to me.

Finally, I would like to express my gratitude and appreciation to everyone who has 
helped in any way, shape or form with the completion of this research. Thanks to their 
help and encouragement.

v



ABSTRACT

This study presents a comparative performance analysis of the standard Trapezoidal 
Rule (TR), the Triangular-based Modified Trapezoidal Rule (TMTR), and the Circular­
based Modified Trapezoidal Rule (CMTR) for numerical integration of functions 
exhibiting downward curvature (underestimation). The modified techniques (TMTR 
and CMTR) aim to enhance the traditional linear approximation by incorporating 
geometric correction terms that compensate for inherent underestimation errors. Using 
Maple, the methods were evaluated across ten benchmark functions with various 
categories, utilizing subinterval ranges of n = 12, 24, 48, 96, 192, and 384. The 
comparison was based on numerical accuracy, percentage relative error, CPU 
computation time, and performance profile analysis. The results show that all three 
methods converged towards the exact solution as the number of subintervals increased. 
CMTR achieved the lowest percentage relative error for many individual test functions, 
demonstrating high accuracy for suitable function characteristics. However, TMTR 
provided more consistent performance across the complete set of test functions, 
maintaining stable and low errors while avoiding the large error variations observed in 
some CMTR results. Although the modified methods required slightly more 
computation time than TR, the increase was small compared to the improvement in 
accuracy. Overall, both TMTR and CMTR are effective alternatives to the classical 
Trapezoidal Rule, with TMTR offering the best overall balance between accuracy, 
consistency, and computational efficiency for functions with downward curvature.
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