
Contents

Foreword xi

Preface xiii

Chapter 1: Introduction 1

1.1 Partial Truth and Fuzziness 1
1.2 Foundation of Fuzzy Systems 4
1.3 Fuzzy Systems at Work 7
1.4 Fuzzy System Design 11
1.5 How to Use This Book Effectively 17
1.6 Terminology and Conventions 18
References 21

Chapter 2: Theory 22

2.1 Crisp Versus Fuzzy Sets 22
2.2 From Fuzzy Sets to Fuzzy Events 26
2.3 Fuzzy Logic and Linguistics 28
2.4 Practical Fuzzy Measures 29
2.5 Fuzzy Set Operations 34
2.6 Properties of Fuzzy Sets 40
2.7 Fuzzification Techniques 41
2.8 Alpha Cuts 45
2.9 Relational Inference 46
2.10 Compositional Inference 52

VII



viii Contents

2.11 Linguistic Variables and Logic Operators 56
2.12 Inference Using Fuzzy Variables 60
2.13 Fuzzy Implication 64
2.14 Fuzzy Systems and Algorithms 66
2.15 Defuzzification 70
2.16 Adaptive Fuzzy Systems and Algorithms 73
2.17 Expert Systems Versus Fuzzy Inference Engines 77
References 81

Chapter 3: The Basic Fuzzy Inference Algorithm 83

83
85
87
92
104
109
126
130
131

Chapter 4: Conceptual Design 132

3.1
3.2
3.3
3.4
3.5
3.6
3.7

Introduction
Overall Algorithm
Input Data Processing
Evaluating Antecedent Fuzzy Variables
Left-Hand-Side Computations
Right-Hand-Side Computations
Output Processing

Problems
References

4.1
4.2
4.3

4.4
4.5
4.6
4.7
4.8
4.9

Introduction
Fuzzy System Design and Its Elements
Design Options, Processes, and Background
Requirements
Knowledge Acquisition
The First Principle of Fuzzy Inference Design
Linguistic Design Criteria
Application of the Design Criteria
Systems Ontology and Problem Types
Useful Tools Supporting Design

References
Recommended Books for Design

132
134

139
142
164
166
175
175
195
198
199

Chapter 5: Fuzzy Variable Design 201

5.1 Introduction to Fuzzy Variable Design 201
5.2 Data-Driven Fuzzy Variable Design 206
5.3 Linguistic Fuzzy Variable Design 249
5.4 Practical Design Considerations 258



Contents

5.5 Summary 271
Problems 272
References 275

Chapter 6: Membership Function Shape Analysis 276

6.1 Introduction to Shape Analysis 276
6.2 Membership Function Height 283
6.3 Membership Function Line Style 295
6.4 Overlapping 308
6.5 Summary 320
Problems 321

Chapter 7: Composing Fuzzy Rules 323

7.1 Introduction 323
7.2 Basic Logic Operators 324
7.3 Logic Operator Design Issues 330
7.4 Rule Formation Per Inference Type 338
7.5 Rule Composition Strategies 357
7.6 Paradoxical Cases 382
7.7 Membership Function Shape Effects 391
7.8 Summary 400
References 401
Selected Bibliography 402

Chapter 8: Implication Design 403

8.1 Introduction 403
8.2 Selecting Implication Operators 405
8.3 Behavioral Properties 425
8.4 Aggregation Design 437
8.5 Designing a Defuzzification/Decomposition Process 443
8.6 Interpreting Output Fuzzy Sets 452
8.7 Summary 455

Appendix: The Basic Fuzzy Inference Algorithm 458

Index 489

ix


