CONTENTS

PREFACE vii
ACKNOWLEDGMENTS xi

1. CRISP SETS AND FUZZY SETS 1
1.1. Introduction 1

1.2. Crisp Sets: An Overview 4

1.3. The Notion of Fuzzy Sets 10

1.4. Basic Concepts of Fuzzy Sets 14

1.5. Classical Logic: An Overview 21

1.6. Fuzzy Logic 27
Notes 32

Exercises 33

2. OPERATIONS ON FUZZY SETS 37
2.1.  General Discussion 37

2.2. Fuzzy Complement 18

2.3. Fuzzy Union 45

2.4,  Fuzzy Intersection 50

2.5. Combinations of Operations 52

2.6. General Aggregation Operations 58
Notes 62

Exercises 63



FUZZY RELATIONS

3.1.  Crisp and Fuzzy Relations
3.2. Binary Relations
3.3. Binary Relations on a Single Set
3.4. Equivalence and Similarity Relations
3.5. Compatibility or Tolerance Relations
3.6. Orderings
3.7. Morphisms
3.8.  Fuzzy Relation Equations
Notes
Exercises

FUZZY MEASURES

4.1. General Discussion

4.2. Belief and Plausibility Measures

4.3. Probability Measures

4.4. Possibility and Necessity Measures

4.5. Relationship among Classes of Fuzzy Measures
Notes
Exercises

UNCERTAINTY AND INFORMATION

5.1.  Types of Uncertainty

5.2. Measures of Fuzziness

5.3. Classical Measures of Uncertainty

5.4. Measures of Dissonance

5.5. Measures of Confusion

5.6. Measures of Nonspecificity

5.7.  Uncertainty and Information

5.8. Information and Complexity

5.9. Principles of Uncertainty and Information
Notes
Exercises

APPLICATIONS

6.1.  General Discussion
6.2. Natural, Life, and Social Sciences
6.3. Engineering
6.4. Medicine
6.5. Management and Decision Making
6.6. Computer Science
6.7. Systems Science
6.8.  Other Applications
Notes

Contents

65

65
!
78
82
85
87
91
94
103
103

107

107
110
118
121
130
131
134

138

138
140
148
169
175
177
188
192
211
222
227

231

231
232
239
246
254
260
270
279
290



Contents

APPENDIX A. UNIQUENESS OF UNCERTAINTY
MEASURES

A.l.  Shannon Entropy
A.2. U-uncertainty
A.3. General Measure of Nonspecificity

APPENDIX B. GLOSSARY OF SYMBOLS

REFERENCES

NAME INDEX

SUBJECT INDEX

295

295
297
308

313

316

342

347



