
Contents

1 Basic Concepts Related to Intuitionistic Fuzzy Numbers . . . . . . . . . . 1
1.1 Introduction to Intuitionistic Fuzzy Numbers . . . . . . . . . . . . . . . . . 1
1.2 Basic Operations Between Intuitionistic Fuzzy Numbers . . . . . . . . 3

1.2.1 Geometrical Analysis of the Operations of IFNs . . . . . . . . . 5
1.2.2 Algebraic Analysis of the Operations of IFNs. . . . . . . . . . . 10

1.3 Order Relations of IFNs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14
1.3.1 Three Kinds of Orders of IFNs and Relationships

Among Them . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15
1.3.2 Properties of the Order Based

on the Operations of IFNs. . . . . . . . . . . . . . . . . . . . . . . . . . 17
1.4 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20

2 Derivatives and Differentials of Intuitionistic Fuzzy Functions . . . . . 21
2.1 Intuitionistic Fuzzy Functions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22
2.2 Derivatives of Intuitionistic Fuzzy Functions . . . . . . . . . . . . . . . . . 25
2.3 Differentials of Intuitionistic Fuzzy Functions . . . . . . . . . . . . . . . . 33
2.4 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39

3 Integrals of Intuitionistic Fuzzy Functions . . . . . . . . . . . . . . . . . . . . . 41
3.1 Indefinite Integrals of Intuitionistic Fuzzy Functions . . . . . . . . . . . 41
3.2 Definite Integrals of Intuitionistic Fuzzy Functions. . . . . . . . . . . . . 45

3.2.1 Generating Ways of Definite Integrals of IFFs . . . . . . . . . . 46
3.2.2 Properties of Definite Integrals of IFFs . . . . . . . . . . . . . . . . 53

3.3 Fundamental Theorem of Intuitionistic Fuzzy Calculus . . . . . . . . . 59
3.4 Application of the Definite Integrals of IFFs . . . . . . . . . . . . . . . . . 63

3.4.1 Aggregating Operator Based
on the Definite Integrals of IFFs . . . . . . . . . . . . . . . . . . . . . 64

3.4.2 Properties of Aggregation Operator Built
by the Definite Integrals of IFFs . . . . . . . . . . . . . . . . . . . . . 67

3.5 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72

ix



4 Aggregation Operations of Continuous Intuitionistic
Fuzzy Information . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 73
4.1 Method Dealing with Continuous Intuitionistic Fuzzy

Information . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 74
4.2 Properties of Integral Aggregating Value . . . . . . . . . . . . . . . . . . . . 80
4.3 Application of the Integral Aggregating Value . . . . . . . . . . . . . . . . 86
4.4 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 96

5 Relationships Among IFWA Operator, IFIA Operator
and Definite Integrals of IFFs. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 99
5.1 IFWA Operator and Definite Integrals of IFFs . . . . . . . . . . . . . . . . 99
5.2 IFIA Operator and Definite Integrals of IFFs . . . . . . . . . . . . . . . . . 108
5.3 IFWA Operator and IFIA Operator. . . . . . . . . . . . . . . . . . . . . . . . . 120

5.3.1 Integral Aggregating Value Based
on Archimedean T-Norm and T-Conorm . . . . . . . . . . . . . . 122

5.3.2 IFIA Operator Based on Archimedean T-Norm
and T-Conorm. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 128

5.4 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 131

6 Complement Theory of Intuitionistic Fuzzy Calculus . . . . . . . . . . . . . 133
6.1 Complements of Fundamental Knowledge Related to IFNs . . . . . . 133
6.2 Complements of Derivatives and Differentials of IFFs . . . . . . . . . . 136

6.2.1 Complements of Derivatives of IFFs. . . . . . . . . . . . . . . . . . 137
6.2.2 Complements of Differentials of IFFs . . . . . . . . . . . . . . . . . 141

6.3 Complements of Integrals of IFFs . . . . . . . . . . . . . . . . . . . . . . . . . 143
6.3.1 Complements of Indefinite Integrals of IFFs . . . . . . . . . . . . 143
6.3.2 Complements of Definite Integrals of IFFs . . . . . . . . . . . . . 147

6.4 Complements of Aggregation Operators . . . . . . . . . . . . . . . . . . . . . 151
6.4.1 Complements of IFWA Operator and IFIA Operator . . . . . 151
6.4.2 Integral Forms of Complements of IFWA Operator

and IFIA Operator. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 156
6.5 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 164

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 167

x Contents



http://www.springer.com/978-3-319-54147-1


	Contents



