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PREFACE

Today, the influence of information technology has been spreading
exponentially, from high level research going on in top labs of the world to the home
appliances. Such a huge demand is compelling developers to develop more software to
meet the user expectations. As a result reliability has come up as a critical quality factor
that cannot be compromised. Therefore, researchers are continuously making efforts to
meet this challenge. In general an accurate estimate of reliability can be obtained
through software reliability models only in the later phases of software development
like testing. Predicting the software reliability early would be useful for software
designers since it provides vital information to take decision on design and resource
allocation and thereby facilitates efficient and effective development process towards
developing a reliable product. Therefore, it is reasonable to develop models that more
accurately arrest the faults as early as possible, before they propagate undetected to

later stages and cause severe and unrecoverable damage.

It is evident from the review of the literature that no such fuzzy logic based
framework exists that guides the process of quantifying software reliability on the basis
of requirement and design measures, before the coding of the software start. This fact
further strengthens its significance as well as developmental feasibility. With this spirit,
the research has proposed “Fuzzy Logic based Software Reliability Quantification
Framework ("“SRQF)”. Subsequently the framework has been implemented, and the

research has developed an “Early Stage Reliability Prediction Model” (ESRPM)



Vi
through Fuzzy Inference System, which can predict software reliability of the

developing software up to its design stage.

The development process starts with conceptualization as well as the
description about the current situation along with the highlights of early reliability
prediction. A comprehensive state-of-the-art on software reliability prediction and
estimation has been put forth as the second step followed by a summary of critical
findings. Subsequently the research has proposes a structured framework that may
overcome the inadequacies of earlier studies and quantifies the reliability, on the basis

of the requirement and design phase measures, before the coding starts.

All the eight phases of the framework has been implemented systematically,
and the ESRPM has been validated theoretical as well as statistically along with a
comprehensive sensitivity analysis. During the validation process it has been found that
the deffuzzified values of reliability from the ESRPM have strong correlation with the
already known corresponding values of reliability. Predictive Accuracy of the model is
also presented with encouraging quantitative values of MMRE, BMMRE, MdMRE and
Pred(n).

Subsequently in order to strengthen its claim to be a better reliability
prediction model and to enhance its acceptance the ESRPM has been compared
theoretically as well as empirically with existing reliability models. The findings from
the comparison have ensured that the model developed in this research has an edge

over the already existing Models.
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One of the major significant contribution of this research is the Fuzzy Logic

based Software Reliability Quantification Framework ("-SRQF). The framework is
quite prescriptive in nature, and will definitely facilitate industry professionals and
researchers to predict software reliability in the early stage of development, and
subsequently decrease the probability of software’s unreliability. Besides that the
consideration of the requirements phase along with the design provides this research an
edge over other studies those are based on only design phase, because ignoring or
overlooking requirements deficiencies and only concentrating on making the design

constructs superior will not seems good enough.

Identification of the suitability of various requirement and design measures
as a contributor for the software reliability is also one of the major effort of this
research. Further In most of the cases, developed models only provide quantitative
values but neither provides suggestions on how to make improvement, nor the
precautions on how to avoid abnormalities. Therefore, to fill this gap this research
recommends to provide needed suggestive measures based on the results and contextual
interpretations. Apart from above based on the predicted reliability of developing
software upto its design stage, the developers may predict the reliability of the final

software to be delivered in future.



TABLE OF CONTENTS

Supervisor’s Certificate
Declaration
Acknowledgements
Preface

CHAPTER 1: INTRODUCTION

1.1
1.2
1.3
1.4
1.5

1.6
1.7
1.8

1.9
1.10
1.11

BACKGROUND

SOFTWARE QUALITY
OBJECT-ORIENTED PARADIGM
SOFTWARE RELIABILITY
FUZZY LOGIC

1.5.1 Fuzzy Logic Vs Formal Methods
1.5.2 Fuzzy Logic Vs Probability
OBJECTIVES OF THE STUDY
RESEARCH PROBLEM
METHODOLOGY

1.8.1 Conceptualization

1.8.2 Literature Review

1.8.3 Developing the Framework

1.8.4 Implementing the Proposed Framework

1.8.5 Theoretical and Empirical Validation
1.8.6 Predictive Accuracy

1.8.7 Comparison of Developed Model with Existing

Reliability Prediction Studies
SIGNIFICANCE OF THE CONTRIBUTION
LIMITATIONS
THESIS OUTLINE

viii

Page No.

1-25

© o1 W

11
12
14
15
17
19
19
19
19
20
20
20

20
21
23
24



CHAPTER 2 : RELIABILITY PREDICTION: A REVISIT

2.1
2.2

2.3

24

2.5

2.6
2.7

BACKGROUND

BRIEF TAXONOMY OF SOFTWARE RELIABILITY

MEASUREMENT MODELS

WHY EARLY RELIABILITY MEASUREMENT IS

NECESSARY

VIRTUES OF EARLY SOFTWARE RELIABILITY

MEASUREMENT

STATE-OF-THE-ART ON RELIABILITY MEASUREMENT

2.5.1 A Fuzzy Inference Model for Reliability Estimation of
Component Based Software System

2.5.2 Reliability Estimation of Object-oriented Software:
Design Phase Perspective

2.5.3 Reliability Quantification of Object-Oriented Design:
Complexity Perspective

2.5.4 Towards a Formal and Scalable Approach for Quantifying
Software Reliability at Early Development Stages

2.5.5 Software Reliability Assessment Based on a Formal
Requirements Specification

SUMMARY OF REVIEW FINDINGS

CONCLUSION

26-54

26

28

30

38
39

46

47

48

49

51

52
54

CHAPTER 3 : FUZZY LOGIC BASED RELIABILITY QUANTIFICATION

3.1
3.2
3.3

FRAMEWORK ("-SRQF)
BACKGROUND
PREMISES
CONCEPTUALIZATION
3.3.1 Assess Need and Significance
3.3.2 Explore Advantage at Early Stage
3.3.3  Assess the Contribution of Fuzzy Logic
3.3.4 Explore Developmental Feasibility

55-67
55
56
57
57
57
58
58



3.4 IDENTIFICATION
3.4.1 ldentify Reliability Factors
3.4.2  Select one or more key Factors

3.4.3 ldentify Requirements and Design Level Metrics

3.5 ASSOCIATION

3.5.1 Correlate Requirements and Design Metrics
with key Factor(s)

3.5.2 Correlate key Factor(s) with Reliability
3.5.3 Finalize the Metrics Set

3.6 QUANTIFICATION
3.6.1 Select Input and Output Variables
3.6.2 Develop Fuzzy Profiles
3.6.3 Develop Fuzzy Rule Base
3.6.4 Perform Fuzzification
3.6.5 Perform Defuzzification

3.7 CORROBORATION

3.8 ANALYSIS
3.8.1 Analyze Quantified Reliability and Metrics
3.8.2  Perform Contextual Interpretation
3.8.3 Develop Suggestive Measures
3.8.4 Finalize the Framework

3.9 ASSESSMENT AND AMENDMENT

3.10 PACKAGING

3.11 FRAMEWORK’S KEY FEATURES

3.12 CONCLUSION

CHAPTER 4 : FRAMEWORK IMPLEMENTATION

41 BACKGROUND

4.2 PROPOSED RELIABILITY MODEL

4.3 IMPLEMENTING IDENTIFICATION PHASE
4.3.1 Identify Reliability Factors
4.3.2 Select one or more key Factors

4.3.3 Identify Requirements Level Metrics

59
59
59
59
61

61
61
61
62
62
62
62
63
63
63
64
64
64
65
65
65
65
66
67

68-104
68
69
70
71
72
72



4.4

4.5

4.6
4.7

4.8

4.3.4 Identify Design Stage Metrics

IMPLEMENTING ASSOCIATION PHASE
4.4.1 Correlate Requirements and Design Metrics
with key Factor(s)
4.4.2 Correlate key Factor with Reliability
4.4.3 Finalize the Metrics Set
IMPLEMENTING QUANTIFICATION PHASE
45.1 Select Input and Output Variables
45.2 Develop Fuzzy Profiles
45.3 Develop Fuzzy Rule Base
45.4  Perform Fuzzification
45.5 Perform Defuzzification
IMPLEMENTING CORROBORATION PHASE
IMPLEMENTING ANALYSIS PHASE
4.7.1 Analyze Quantified Reliability and Metrics
4.7.2 Perform Contextual Interpretation and Develop
Suggestive Measures
CONCLUSION

CHAPTER 5 : EMPIRICAL VALIDATION AND PREDICTIVE

5.1
5.2
5.3
5.4
5.5
5.6
5.7

ACCURACY OF THE MODEL

BACKGROUND

THEORITICAL VALIDATION

SENSITIVITY ANALYSIS

EXPERIMENTAL VALIDATION

MEASURES OF PREDICTIVE ACCURACY
PREDICTIVE ACCURACY OF RELIABILITY MODEL
CONCLUSION

Xi

74

75

75
77
78
78
79
83
90
92
94
94
98
99

103
104

105-144

105
106
107
133
136
140
144



CHAPTER 6 : COMPARISON WITH OTHER RELIABILITY

6.1
6.2
6.3
6.4
6.5

STUDIES

BACKGROUND
QUANTITATIVE COMPARISON
QUALITATIVE COMPERISON
CONTEXTUAL FINDINGS
CONCLUSION

CHAPTER 7 : CONCLUSIONS AND FUTURE WORK

7.1
7.2
7.3
7.4
7.5

BACKGROUND

MAJOR FINDINGS
CONTRIBUTION OF THE STUDY
FUTURE EXTENSION
CONCLUSION

REFERENCES

xii

145-163

145
145
152
161
163

164-171

164
165
167
170
171

172



