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Abstract

Intuitionistic fuzzy sets [K.T. Atanassov, Intuitionistic fuzzy sets, VII ITKR’s Session, Sofia (deposed in Central Sci-
ence-Technical Library of Bulgarian Academy of Science, 1697/84), 1983 (in Bulgarian)] are an extension of fuzzy set the-
ory in which not only a membership degree is given, but also a non-membership degree, which is more or less independent.
Considering the increasing interest in intuitionistic fuzzy sets, it is useful to determine the position of intuitionistic fuzzy set
theory in the framework of the different theories modelling imprecision. In this paper we discuss the mathematical rela-
tionship between intuitionistic fuzzy sets and other models of imprecision.
© 2006 Elsevier Inc. All rights reserved.
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1. Introduction

Intuitionistic fuzzy sets are defined by Atanassov in 1983 [1] and form an extension of fuzzy sets. While
fuzzy sets only give a membership degree to each element of the universe, and the non-membership degree
equals one minus the membership degree, in intuitionistic fuzzy set theory the two degrees are more or less
independent, the only constraint is that the sum of the two degrees must not exceed one. Considering the
increasing world-wide interest in intuitionistic fuzzy sets — after 20 years of existence already more than 600
papers have been published on intuitionistic fuzzy sets (an overview can be found in [13]), a book has been
written [3], since 1997 a conference devoted to intuitionistic fuzzy sets is yearly organized as well as several
special sessions on international conferences, it is useful to investigate the position of intuitionistic fuzzy set
theory in the framework of the different theories modelling imprecision.
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2. The different models of imprecision
2.1. Fuzzy sets

Definition 2.1 [15]. A fuzzy set 4 in a universe U is a mapping
A:U—-10,1]:
ur— A(u), YueUl.
For any u € U, A(u) denotes the membership degree of u in A. The class of fuzzy sets in U is denoted by # (U).

A fuzzy set 4 in U is said to be contained in a fuzzy set B in U (notation 4 C B) if and only if 4(u) < B(u),
for all u € U. The union and the intersection of two fuzzy sets 4 and B in U is given by, for all u € U,

AU B(u) = max(A(u), B(u)),
AN B(u) = min(4(u), B(w)).

2.2. Interval-valued fuzzy sets

Instead of assigning a membership degree to each element u of the universe U, an interval-valued fuzzy set A
gives for each u € U a subinterval of [0, 1] approximating the “real” but unknown membership degree of u in 4.

Definition 2.2 [14]. An interval-valued fuzzy set 4 in a universe U is a mapping
A:U — Int([0,1]) :
ur [A(u),Aw)] €[0,1], YueU,

where Int([0, 1]) is the set of all closed subintervals of [0, 1]. The class of interval-valued fuzzy sets in a universe
U is denoted by 7" F % (U).

The union and the intersection of two interval-valued fuzzy sets 4 and B in U is given by, for all u € U,

AU B(u) = [max(4(u), B(u)), max(A(u), B(u))],

A1 B(u) = [min(4(u), B(w), min(4(u), B(u)))

2.3. Intuitionistic fuzzy sets

Intuitionistic fuzzy sets constitute a generalisation of the notion of a fuzzy set and were introduced by Ata-
nassov in 1983 in [1]. While fuzzy sets give the degree of membership of an element in a given set, intuitionistic
fuzzy sets give both a degree of membership and a degree of non-membership, which are more-or-less inde-
pendent from each other, the only requirement is that the sum of these two degrees is not greater than 1.

Definition 2.3 ([1,2]). An intuitionistic fuzzy set A in a universe U is an object of the form

A= {(u, py(u),v4(u)) [u € U},

where, for all u € U, u4(u) € [0,1]and v4(u) € [0,1] are called the membership degree and the non-membership
degree, respectively, of u in A4, and furthermore satisfy u4(u) + v4(u) < 1. The class of intuitionistic fuzzy sets
in U is denoted by 47 ¥ (U).

An intuitionistic fuzzy set 4 is said to be contained in an intuitionistic fuzzy set B (notation 4 C B) if and
only if py(u) < up(u) and v4(u) = vp(u), for all u € U.
The union and the intersection of two intuitionistic fuzzy sets 4 and B in U is given by:
AUB = {(u,max(uA (u)v :uB(u))a min(vA (u)7 VB(”))) | uc U}v
A1 B = {(a,min (g, (), 15(u)), max(vs(u), vo(w))) | u € U,
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