Information Sciences 260 (2014) 171-184

Contents lists available at ScienceDirect X
INFORMATION
Information Sciences e
journal homepage: www.elsevier.com/locate/ins —
A class of implications related to Yager’s f-implications @CmssMark

Dana Hlinéna?, Martin Kalina ”*, Pavol Kral’

2 Dept. of Mathematics, FEEC, Brno Uni. of Technology, Technickd 8, Cz-616 00 Brno, Czech Republic
bSlovak University of Technology in Bratislava, Faculty of Civil Engineering, Dept. of Mathematics, Radlinského 11, Sk-813 68 Bratislava, Slovak Republic
Dept. of Quantitative Methods and Information Systems, Faculty of Economics, Matej Bel University, Tajovského 10, Sk-975 90 Banskd Bystrica, Slovak Republic

ARTICLE INFO ABSTRACT
Article history: In the paper we introduce Iy implications generated by two fuzzy negations and a unin-
Received 10 November 2012 orm. These implications are generalizations of the formula —(A A —B) from the classical

Received in revised form 25 June 2013
Accepted 22 September 2013
Available online 30 September 2013

logic and further we generalize the f-generated fuzzy implications introduced by Yager.
We study basic properties of the newly proposed implications as well as properties of their
(-transformations.
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1. Introduction

A fuzzy implication is a mapping I: [0,1]?> - [0,1] that generalizes the classical implication to fuzzy logic, in a similar way
as t-norms (t-conorms) generalize the classical conjunction (disjunction). Of course there is also a straightforward applica-
tion of fuzzy implications in other branches of ‘fuzzy mathematics’, e.g., in fuzzy reasoning, in constructions of fuzzy control-
lers, and, if we assume more general L-fuzzy implications, in studying of fuzzy topological structures [6].

There exist many ways how to construct fuzzy implications (see e.g., [2-5,12,14,18,22,24]). It is well known that there is a
one-to-one correspondence between fuzzy implications and disjunctions such that for an arbitrary fuzzy implication I there
exists a disjunction D for which

I(1-x,y) =D(x,y) and vice versa D(1—x,y)=1(x,y).

Generalizing this idea we get a representation of various classes of fuzzy implications by a quadruple (x,f,g h) in the form
I(x,y) = h(fix) = g(y)), where f, g, h are appropriate one variable functions and = is a suitable binary operation, e.g., a t-norm,
a uninorm, ordinary arithmetic operations +, -, etc. For example, for a quadruple (S,N,id,id), where S is a t-conorm and N is a
negation, we get an (S,N)-implication, for (+,—f,f,£~ 1), where fis an additive generator of a generated t-norm we get an R-
implication, for a quadruple (-,id,f,f"!), where - is the ordinary multiplication and fis a generator of an Archimedean t-norm,
we get Yager's implications Ir, ;-1 . In the paper we study implications generated by a quadruple (U,id,f,g), where U is a con-
junctive uninorm and f, g are negations. These implications generalize in a straightforward way Yager's f-implications with
fl0) < oo,
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We focus here on their basic properties with respect to chosen functions f, g and a uninorm U as well as properties of their
(p-transformations.

The paper is organized as follows. In Section 2 we review basic definitions and known results used in the rest of our paper.
In Section 3 we propose the mentioned new class of implications (U,id,f,g). Moreover, we provide here a partial character-
ization of its properties with respect to negations f, g and a conjunctive uninorm U.

2. Preliminaries

In literature, we can find several definitions of fuzzy implications. In this paper we will use the following one, which is
equivalent to the definition introduced by Fodor and Roubens in [8]. For more details the reader can consult [1] or [14].

Definition 2.1. A function I: [0,1]*> - [0,1] is called a fuzzy implication if it satisfies the following conditions:

(I1) I'is decreasing in its first variable,
(I2) I'is increasing in its second variable,
(13) 1(1,0)=0, 1(0,0) = I(1,1) = 1.

Fuzzy implications are closely related to other fuzzy connectives, e.g., fuzzy negations, fuzzy conjunctions and disjunc-
tions. Note that fuzzy conjunctions and disjunctions are usually modelled by means of triangular norms and triangular con-
orms, respectively.

Definition 2.2 (see, e.g., [8]). A decreasing function N: [0,1] — [0,1] is called a fuzzy negation if N(0)=1, N(1)=0. A fuzzy
negation N is called

1. strict if it is strictly decreasing and continuous in [0,1],
2. strong if it is an involution, i.e., if N(N(x)) = x for all x € [0,1].

Definition 2.3 (see, e.g., [21]). A triangular norm T (t-norm for short) is a commutative, associative, monotone binary oper-
ator on the unit interval [0, 1], fulfilling the boundary condition T(x,1) = x, for all x € [0,1].

Remark 2.4. Note that, for an involutive (strong) negation N, the N-dual operation to a t-norm T defined by
S(x,y) = N(T(N(x),N(y))) is called t-conorm. For more information, see, e.g., [13].
Uninorms, as a generalization of triangular norms and conorms, were introduced by Yager and Rybalov in [25].

Definition 2.5. An associative, commutative and increasing operation U: [0,1]*> - [0,1] is called a uninorm, if there exists
e € [0, 1], called the neutral element of U, such that
U(x,e) =x forall x € [0,1].
If U(1,0) = 0 holds, U is called a conjunctive uninorm. If U(1,0) =1 holds, U is called a disjunctive uninorm. Conjunctive

and disjunctive uninorms are dual to each other. For an arbitrary disjunctive uninorm U and a strict negation N its N-dual
conjunctive uninorm is given by

Uy(x,y) = N""(U(N(x),N(y))). (1)

There were several different classes of uninorms introduced in the literature, namely representable uninorms, pseudo-con-
tinuous uninorms, idempotent uninorms, uninorms continuous in ]0,1[2, etc. (see, e.g., [9,11,20]).

Definition 2.6. Let e € |0,1[. A uninorm U is said to be representable with neutral element e if there exists a strictly
increasing bijection h: [0, 1] - RU {—o0, 0o} such that h(e) =0 and
U(x.y) = h™' (hx) + h(y)).

A representable uninorm U is said to be conjunctive if we set co — co = —c0.
A representable uninorm U is said to be disjunctive if we set oo — oo = co.

The bijection h is said to be an additive generator of the uninorm U.

Remark 2.7. Let U be a representable uninorm. Then we get immediately (see, e.g., [9]) that its additive generator is given
uniquely up to a positive multiplicative constant.
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