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1 Introduction

Fuzzy set theory introduced by Zadeh in 1965 has been applied to many fields [3]. Due
to the increase in the complexity of real problems mainly related to insufficient knowledge
of the problem domain, there exist some uncertainties to provide preferences over the ob-
jects modelled by expert systems. As a natural extension, intuitionistic fuzzy logic express
mathematical support to model uncertainty of events in many practical situations. Over
the large group of operators provided by Atanassov’s Intuitinistic Fuzzy Logic (A-IFL) [1],
necessity and possibility operators are considered in order to study their proprieties which
are also valid to the classes of triangular (co)norms (t-conorms).

2 Intuitionistic Fuzzy Logic

An intuitionistic fuzzy set (A-IFS) A in a non-empty universe X', expressed as

Ar = {(X, (/'[’AI(X)7 VAI(X))) ixeX, /’LAI(X) + VA[(X)) < 1}7

extending a fuzzy set A; = {(x, pa,(x),1—pa,(x)) : x€ X}, since the non-membership
degree (nMD) v4,(z) of an element x € X is less, at most equal to its complement, the
membership degree (MD) 14, (x). So, it does not necessarily equal to one [1].

Let U C [0,1] x [0,1], U = {& = (z1,22) € U : 21 + 2o < 1} be the set of all pairs
of MDs and nMDs with the order relation z <z y given by x1 < y; and wa > y2 such
that 0 = (0,1) <5 @ and 1 = (1,0) > &, for all Z,§ € U. The intuitionistic fuzzy
connectives named as negation, necessity and possibility and defined by functions
N;,0,$ : U — U, respectively given by the expressions [3]:

Ni(2) = (z2,21), 0O(F) = (21,1 —21) and $(2) = (1 — z9,22),VE = (21, 22) € U.(1)
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Let Ny be an intitionistic fuzzy negation. By [3], for X = (Z1,...,%,) € U~”, the Nj-
dual intuitionistic function of f : U" — U, denoted by fn, : U" — U, is given
by:

S (%) = Ni(f (N1 (21), .., Ni(Zn)))- (2)

By [2], an automorphism ¢ : U—Uisa bijective, strictly increasing function: z <y
iff () < ¢(9), V2,5 € U. Forall x = (Z1,...,%,) € U", the ¢-conjugate intuitionistic
function of f, denoted by f?: U™ — U, is given by:

FR) = 67 (F(@(@0), -, 6(in)))- (3)

Let T € {Tp,Th,Tr} be an intuitionistic fuzzy t-norm and S € {Sp,Sn, S} be an
intuitionistic t-conorm such that Tp, T, Tr, Sp, Sur, St : U? — U are defined as follows:

Tp(Z,9) = (x191, T2 + y2 — 22y2)  Sp(Z,9) = (x1+y1 — 21Y1, T2Y2)
Tr(Z,9) = (maz(0,z1 +y1 — 1), min(1,z2 + y2))
SL(j:ag)) = (mln(lvml + yl)amax(())xQ + Y2 — 1))
TM(('%) g) - (min(azl, 332), mCLSU(LBQ, yQ)) SM(jv g) = (maaj(ila y1)7 min(xQ) 3/2))

Proposition 2.1. If Ny is the function in Eq.(1a), for all Z,j € U, it holds that:
(Do SN, (2,9) = Sn, (O(2), ¢(9)  (@oT)n,(2,9) =Tn, (7, 0(5)) (4)

(08N, (2,9) = Sy, (O(2),0(9) (O oT)n, (2, 9) = Tn, Dz, 0(7)) (5)
Proposition 2.2. If ¢ : U — U is an automorphism, for all Z,§ € U, the following holds:
(Do 8)%(&,9) = S*(0),0(5)  (OoT)*(&,7) =T°0(F D)) (6)

(¢ 08)°(&,9) = $(0(2),0) (0 oT)*(&9) =TT, (7)) (7)

3 Conclusion

The operators given as the Ny-dual intuitionistic function and the ¢-conjugate intu-
itionistic function of both intuitionistic fuzzy t-norm and t-conorm are preserved by the
necessity and possibility connectives in the A-IFL. Other operators as robustness and
correctness have been studied in further works [2].

References

[1] K. Atanassov and G. Gargov Elements of Intuitionistic Fuzzy Logic, 39-52, Fuzzy
Sets and Systems (1998).

[2] H. Bustince, P. Burillo and F. Soria, Automorphism, negations and implication op-
erators, 209-229, Fuzzy Sets and Systems 134 (2) (2003).

[3] X. Xu and X. Cai Fuzzy Information Aggregation, Theory and Applications, Springer
(2012).

010216-2 © 2017 SBMAC



