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1 Introduction

At present there are 190 proposed intuitionistic fuzzy implications defined in a series of papers
[1–10, 12–17, 19–39, 41–46] most of which are collected in [11]. For alternative points of view
on intuitionistic fuzzy implications we refer the interested reader to [40] and [47].

In order to make research into the existing 190 implications, we further focus our attention on
the functions used to represent them (sg, sg,min,max, ·) and we propose a sample classification
based on their properties. This has allowed us to identify a duplicate implication, namely →40

which coincides with→173 .
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2 Preliminaries

Here we remind some of the basic definitions which will be used later.

Definition 1. The functions sg and sg are defined for the real variable x as follows:

sg(x) =

1, if x > 0,

0, if x ≤ 0
; sg(x) =

0, if x > 0,

1, if x ≤ 0
(1)

Remark 1. From Definition 1 it is seen that the following equality holds:

1− sg(x) = sg(x) (2)

Next we recall the following:

Definition 2 (cf. [18]). An intuitionistic fuzzy pair (IFP) is an ordered couple of real non-negative
numbers 〈a, b〉, with the additional constraint:

a+ b ≤ 1. (3)

If we denote the set of all IFPs by UIFP, we can view an implication as a particular mapping
of the kind (bound by additional constraints due to the Axioms that need to be satisfied):

I : UIFP × UIFP → UIFP.

In other words all implications are of the form:

I(x, y) = 〈f(x, y), g(x, y)〉,

where x ∈ UIFP, y ∈ UIFP, 〈f(x, y), g(x, y)〉 ∈ UIFP. In our further considerations we suppose that
everywhere x = 〈a, b〉 and y = 〈c, d〉.

In the 190 implications the most used arithmetical functions are +,−, sg, sg,max,min, ·.
Let a, b ∈ [0, 1], then the following property holds:

ab ≤ min(a, b) ≤ max(a, b) = 1−min(1− a, 1− b) (4)

If 〈a, b〉 and 〈c, d〉 are IFPs, we have

ad ≤ (1− b)(1− c) ≤ min(1− b, 1− c) = 1−max(b, c). (5)

Let a, b ∈ [0, 1], then the following property holds:

sg(a)sg(b) = sg(ab) = min(sg(a), sg(b)) = sg(min(a, b)). (6)
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3 Results

Using equations (2), (4), (5) and (6), we have established that a significant number of the 190
implications may be written as:

I(x, y) = 〈f(x, y), 1− f(x, y)〉, (7)

where f(x, y) ∈ [0, 1].

The list of all such implications is given below:

→12,→20,→22,→23,→32,→33,→34,→35,→37,→38,→∗40,→41,→42,→43,→48,→49,→50,

→52,→55,→56,→57,→74,→76,→77,→85,→86,→87,→88,→86,→93,→94,→96,→97,→142,

→143,→144,→145,→146,→147,→148,→149,→154,λ,→155,λ,→156,λ,→157,λ,→158,γ,→159,λ,

→160,γ,→161,γ,→162,α,β,→163,α,β,→164,α,β,→165,α,β,→167,→168,→169,→170,→171,→172,

→∗173,→174,→175,→177,→178,→179,→180,→180,→182,→183,→184,→185,→190

We have marked→40 and→173 by ∗ to denote the fact that they coincide.
Some of the remaining implications can be represented in the form

I(x, y) = 〈1− f(x, y), g(x, y)f(x, y)〉, (8)

where f(x, y), g(x, y) ∈ [0, 1].

Namely,

→2,→31,→47,→62,→83 .

One can easily observe that (7) may be treated as a particular case of (8) with the special
choice of

g(x, y) = 1 ∀x, y ∈ UIFP.

However, such approach while technically correct does not yield particularly useful information.
The rest of the implications have less tractable representations.
However, implications that satisfy (7) and/or (8) may be studied based on the properties of the

functions f(x, y) and g(x, y), which allows for a more unified approach in treating them.
In the light of the above we can formulate the following

Open problem. Can implications that do not satisfy (7) or (8) be categorized in suitable classes
which can be described by a single formula?

4 Conclusion

In the present paper we proposed a partial classification based on the representation of the existing
implications. This allows not only to study implications which satisfy (7) and/or (8) in a unified
manner, but also to introduce and study new implications with such property. It also helps in
detecting duplicating or coinciding implications as was the case with implications→40 and→173 .

3



References

[1] Angelova, N., & Atanassov, K. (2015) Intuitionistic fuzzy implications and the axioms of
intuitionistic logic. In: Proc. of the 9th Conference of theEuropean Society for Fuzzy Logic
and Technology(EUSFLAT), 30.06-03.07 2015, Gijon, Spain, 1578–1584.

[2] Angelova, N., & Atanassov K. (2016) Intuitionistic fuzzy implications and Klir–Yuan’s
axioms. In: Atanassov KT, Castillo O, Kacprzyk J, Krawczak M, Melin P, Sotirov S,
Sotirova E, Szmidt E, De Tr G, Zadrony S, editors. Novel developments in uncertainty rep-
resentation and processing. Advances in intuitionistic fuzzy sets and generalized nets, 401,
97–110.

[3] Angelova, N., Marinov, E., & Atanassov, K. (2015) Intuitionistic fuzzy implications and
Kolmogorov’s and Lukasiewisz-Tarski’s axioms of logic. Notes on Intuitionistic Fuzzy Sets,
21(2), 35–42.

[4] Atanassov, K. (2006) A new intuitionistic fuzzy implication from a modal type. Advanced
Studies in Contemporary Mathematics, 12(1), 117–122.

[5] Atanassov, K. (2006) On some intuitionistic fuzzy implications. Comptes Rendus de
l’Academie bulgare des Sciences, 59(1), 19–24.

[6] Atanassov, K. (2006) On eight new intuitionistic fuzzy implications. In: Proc. of the 3rd
International IEEE Conference on “Intelligent Systems” IS06, London, 4-6 September
2006, 741–746.

[7] Atanassov K. (2008) On intuitionistic fuzzy implication→ε and intuitionistic fuzzy negation
¬ε,η. Issues in Intuitionistic Fuzzy Sets and Generalized Nets, 6, 6–19.

[8] Atanassov, K. (2008) Intuitionistic fuzzy implication→ε,η and intuitionistic fuzzy negation
¬ε,η. Developments in Fuzzy Sets, Intuitionistic Fuzzy Sets, Generalized Nets and Related
Topics, 1, 1–10.

[9] Atanassov K. (2015) On a new intuitionistic fuzzy implication. In: Proc. of the 9th Con-
ference of the European Society for Fuzzy Logic and Technology (EUSFLAT), 30.06-03.07,
Gijon, Spain, 1592–1597.

[10] Atanassov, K. (2016) On intuitionistic fuzzy implications. Issues in Intuitionistic Fuzzy Sets
and Generalized Nets, 12, 1–19.

[11] Atanassov, K. (2017) Intuitionistic Fuzzy Logics. Springer, Cham, Switzerland.

[12] Atanassov, K., Angelova, N., Szmidt, E., & Kacprzyk, J. (2016) Properties of the intuition-
istic fuzzy implication→186 . Notes on Intuitionistic Fuzzy Sets, 22(4), 6–12.

[13] Atanassov, K., & Dimitrov, D. (2010) Intuitionistic fuzzy implications and axioms for
implications. Notes on Intuitionistic Fuzzy Sets, 16(1), 10–20.

4



[14] Atanassov, K., & Kolev, B. (2006) On an intuitionistic fuzzy implication from a probabilistic
type. Advanced Studies in Contemporary Mathematics, 12(1), 111–116.

[15] Atanassov, K., Ribagin, S., Doukovska, L., & Atanassova, V. (2017) Intuitionistic fuzzy
implication→190 . Notes on Intuitionistic Fuzzy Sets, 23(4), 79–83.

[16] Atanassov, K., & Szmidt, E. (2014) Remark on intuitionistic fuzzy implication→ε,η . Issues
in Intuitionistic Fuzzy Sets and Generalized Nets, 11, 9–14.

[17] Atanassov, K., Szmidt, E., & Angelova, N. (2017) Properties of the intuitionistic fuzzy
implication→187, Notes on Intuitionistic Fuzzy Sets, 23(3), 3–8.

[18] Atanassov, K., Szmidt, E., & Kacprzyk, J. (2013) On intuitionistic fuzzy pairs, Notes on
Intuitionistic Fuzzy Sets, 19(3), 1–13.

[19] Atanassov, K., Szmidt, E., & Kacprzyk, J. (2015) On Fodor’s type of intuitionistic fuzzy
implication and negation. Notes on Intuitionistic Fuzzy Sets, 21(2), 25–34.

[20] Atanassov, K., Szmidt, E., & Kacprzyk, J. (2017) Intuitionistic fuzzy implication →187,

Notes on Intuitionistic Fuzzy Sets, 23(2), 37–43.

[21] Atanassov, K., Szmidt, E., & Kacprzyk, J. (2017) Intuitionistic fuzzy implication →188,

Notes on Intuitionistic Fuzzy Sets, 23(1), 6–13.

[22] Atanassov, K., & Trifonov, T. (2005) On a new intuitionistic fuzzy implication of Godel’s
type. Proceedings of the Jangjeon Mathematical Society, 8(2), 147–152.

[23] Atanassov, K, & Trifonov, T. (2006) Two new intuitionistic fuzzy implications. Advanced
Studies in Contemporary Mathematics, 13(1), 69–74.

[24] Atanassova, L. (2008) On an intuitionistic fuzzy implication from Kleene-Dienes type. Pro-
ceedings of the Jangjeon Mathematical Society, 11(1), 69–74.

[25] Atanassova, L. (2008) Modifications of an intuitionistic fuzzy implication from Kleene–
Dienes type. Advanced Studies in Contemporary Mathematics, 16(2), 155–160.

[26] Atanassova, L. (2008) New modifications of an intuitionistic fuzzy implication from
Kleene–Dienes type. Part 2. Annual of Section “Informatics”, 1, 59–64.

[27] Atanassova, L. (2009) New modifications of an intuitionistic fuzzy implication from
Kleene–Dienes type. Part 3. Advanced Studies in Contemporary Mathematics, 18(1), 33–
40.

[28] Atanassova, L. (2009) A new intuitionistic fuzzy implication. Cybernetics and Information
Technologies, 9(2), 21–25.

[29] Atanassova, L. (2009) On some properties of intuitionistic fuzzy negation ¬@. Notes on
Intuitionistic Fuzzy Sets, 15(1), 32–35.

5



[30] Atanassova, L. (2012) On two modifications of the intuitionistic fuzzy implication →@ .

Notes on Intuitionistic Fuzzy Sets, 18(2), 26–30.

[31] Atanassova, L. (2013) On the modal form of the intuitionistic fuzzy implications →′@ and
→′′@ . Issues in Intuitionistic Fuzzy Sets and Generalized Nets, 10, 5–11.

[32] Atanassova, L. (2013) On the intuitionistic fuzzy form of the classical implication
(A→ B) ∨ (B → A). Notes on Intuitionistic Fuzzy Sets, 19(4), 15–18.

[33] Atanassova, L. (2014) Remark on the intuitionistic fuzzy forms of two classical logic
axioms. Part 1. Annual of Section “Informatics.” , 7, 24–27.

[34] Atanassova, L. (2014) Remark on the intuitionistic fuzzy forms of two classical logic
axioms. Part 2. Notes on Intuitionistic Fuzzy Sets, 20(4), 10–13.

[35] Atanassova, L. (2015) Remark on Dworniczak’s intuitionistic fuzzy implications. Part 1.
Notes on Intuitionistic Fuzzy Sets, 21(3), 18–23.

[36] Atanassova, L. (2015) Remark on Dworniczak’s intuitionistic fuzzy implications. Part 2,
Issues in Intuitionistic Fuzzy Sets and Generalized Nets, 12, 61–67.

[37] Atanassova, L. (2016) Remark on Dworniczak’s intuitionistic fuzzy implications. Part 3.
Notes on Intuitionistic Fuzzy Sets, 22(1), 1–6.

[38] Atanassova, L. (2017) Intuitionistic fuzzy implication →189, Notes on Intuitionistic Fuzzy
Sets, 23(1), 14–20.

[39] Atanassova, L. (2017) Properties of the intuitionistic fuzzy implication →189 . Notes on
Intuitionistic Fuzzy Sets, 23(4), 10–14.
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