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Abstract
Two new intuitionistic fuzzy topological operators are constructed. Their
basic properties are studied and their geometrical interpretations are shown.

1 INTRODUCTION

During the last 27 years, different types of operators are introduced over
Intuitionistic Fuzzy Sets (IFSs, see [1]): modal (from some types), topologi-
cal, level and others. Topological operators are analogous of the operator
“closure” and “interior”. In [2] they were extended in the form given
below. In this paper, two new operators are introduced that will act more
precisely than two of the previous ones and some of their properties are
also discussed.

2 PRELIMINARY RESULTS

Let us have a fixed universe E and its subset A. The set
A" = {(z,pa(z),va(z)) | € E},

where
0 < palz) +valz) <1

is called IFS and functions py : F — [0,1] and v4 : E — [0, 1] represent
degree of membership (validity, etc.) and non-membership (non-validity,
etc.).

For brevity, we shall write below A instead of A*.



A given IFS has the geometrical interpretation as in Figure 1. Let the
triangle from Figure 1 be called IF-interpretation triangle.

Different operations, relations and operators are defined over the IFSs.
For the needs of the present research, we shall introduce only the following
definitions of two relations, operation “negation”, modal operators “neces-
sity” and “possibility”, and of the topological operators.

A = {{z,va@), pa(@))|z € E};

ACB iff (Vo€ E)(pa(z) <pup(z)&va(z) > vp(x));
ADB iff BCA:

A=B iff (Voxe€ E)(ua(z)=pup(z)&va(z) =vp(x));

oA = {{z,pa(@),1 - pa(e))r € E};
OHA =  {{x,1—va(x),va(x))|z € E}.
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Two analogues of the topological operators can be defined over the
IFSs, too: operator “closure” C' and operator “interior” I:

C(A) ={(z,K,L)|x € E},
I(A) = {(z,k, )|z € EY},
where

K =suppua(y), L = inf va(y), k= inf pa(y), | =supva(y).
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These two operators have geometrical interpretations as shown in Figure

2 and 3.
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operators are generalized to the following four new

{(z, K,min(1 — K,va(z)))|x € E};
{{z, pa(z), L)|x € E};

{(z, k,va(x))|x € E};

{{z,min(1 — I, pa(x)),l)|x € E},

where K, L, k, [ are as defined above.



3 MAIN RESULTS

The action of operators C,(A) is illustrated in Figure 4.

From Figure 4 we see that operator C), transforms points x2 and x5 to
one point on the hypotenuse. More generally, we can see that all points
from the hatching trapezoid will be transformed to point A on Figure 5.
Similar is the situation on Figure 6, where all points from the hatching
trapezoid will be transformed to point B by operator I,,.

(0, 1) Falas) fe,a)(@2) = fo,a)(ws5)
fa(x2)
: fales) fe,a)(x3) = fo,(a)(za)
fA.<$3> fa(z1) = fo,a)(21)
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Figure 4.
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Now, we will introduce the two new topological operators C, and I,
that have the forms:
Co(A) = {{z,min(K,1—va(z)),min(l — K,va(r)))|r € E};
I5(4) = {le.min(l— 1 pa(@)) min(l, 1 - pa@)le € B},



where K, L, k,[ are as defined above.
First, we must prove that C;(A) and I;(A) are IFSs.
Let for C};(A) and for a fixed element x € E we put

Z =min(K,1 —vg(x)) + min(1 — K, v4(x)).
If K >1—wva(x). Then,
Z=1-va(zx)+min(l — K,va(z)) =min(2 — K —va(z),1) < 1.
If K <1—wva(z). Then,
Z =K +min(l — K,v4(z)) = min(1, K + va(z)) < 1.

Therefore, set C};(A) is an IFS. Analogously, we prove that set I;(A)
is an IFS.

The geometrical interpretations of the new operators applied on the
IFS A having the form from Figure 7 are given on Figure 8 and 9.
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Obviously, for every IFS A:

I(4) C I,(A) € I}(4) € A C C(4) C Cu(A) € C(A).

Theorem 1: For every IFS A:

(a) Cu(4) = 1,(A),



(b) 1.(A) = C,(A).
Proof: (a) Let A be an IFS. Then

Cu(4)
= Cu({{z,va(z), pa(z)) |« € E})
= {{x,min(l,1 — pa(x)), min(l — I, pa(x)))|x € E}
= {{x,min(1 — I, pa(x)),min(l,1 — pa(x)))|z € E} = I,(A).

(b) and the assertions below are proved analogously.
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Figure 8.
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Theorem 2: For every IFS A:
(a) CL(CL(A)) = C(A),

(b) I (1,(A)) = I(A).

4 CONCLUSION

The new defined operators C; and I have less properties than their older
versions — operators C), and I,.

The new operators can be applied to procedures of decision making,
because they can be used for classification of points in the IF-interpretation
triangle.
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