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Abstract: In the present paper, we introduce the concepts of intuitionistic fuzzy almost continuous and intuitionistic fuzzy weakly
continuous mappings in the intuitionistic fuzzy topological spaces and also show their properties. We will also introduce and investigate
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1. Introduction

The notion of intuitionistic fuzzy sets was introduced by
Atanassov [1] in 1983 as a generalization of fuzzy sets
introduced by Zadeh [5]. Coker [4], generalized the concept
of fuzzy topological spaces given by Chang [3] and studied
intuitionistic ~ fuzzy  continuity, intuitionistic  fuzzy
compactness and intuitionistic fuzzy connectedness in
intuitionistic fuzzy topological spaces.

Azad [2] introduced the concepts of fuzzy almost continuity
and fuzzy weakly continuity in fuzzy topological spaces. In
the present paper we introduce and study intuitionistic fuzzy
almost continuous mappings and intuitionistic fuzzy weakly
continuous mappings and also generalize the concepts of
fuzzy semi regular space and fuzzy regular space in
intuitionistic fuzzy topological spaces.

2. Preliminaries

Let X be a nonempty universal set. An intuitionistic fuzzy
set (IF-set) A in X is an object defined as

A={= xp v ) = p, x4+ (x) = Lxe X}
where the functions w, : ¥ — [0,1] and v4 : & — [0, 1] are
called membership function and non-membership function
respectively. Also the values u A 'l:_r] and V4 (_r] are called the

degree of membership and degree of non-membership
respectively of an element x € X in the IF-set A.

The intuitionistic fuzzy sets 00 = {= x. 0.1 =: x € X} and
1={«<x10=>: xe X} are respectively called the null
set and the whole set of X. For the sake of simplicity we use
the notation A=1= x u4v, =)instead of
A={=xpu,xhv(x) =:x e X}

Let (X.7) be an intuitionistic fuzzy topological space and
A=1{=x, 441y =}be an IF-set in X. Then IF-interior and
IF-closure of A4 are defined as

Int{d) =u{G:GisanIF — open set in X and G S A}
Cil4) =nN{K :K is an IF — closed set in X and A € K}

3. IF-Almost Continuity

We recall that if {X.7) and (¥.o) are two IF-topological
spaces, then a mapping f : (X.7) = (¥.7) is said to be an
[F-continuous map if the pre-image of each IF-open set in ¥
is an IF-open set in X.

Further an IF-set A in an IF-topological space {.X.T) is called
an IF-regular open set of X if Int CI (A) = A and IF-set A is
called an IF-regular closed set in X if Cl Int (A} = A. Also

we know that

(a) Every IF-regular open set is an [F-open set.

(b) Every IF-regular closed set is an IF-closed set.

(c¢) The closure of an [F-open set is an [F-regular closed set.
(d) The interior of an IF-closed set is an [F-regular open set.

Now we define IF-almost continuous maps from one IF-
topological space to another.

Definition 3.1: Let {X.7) and (¥.o) be two IF-topological
spaces. A mapping f: X —= ¥ is said to be an IF-almost
continuous map if f_l{.-fj] is an IF-open set in X, for each
IF-regular open set A of ¥,

Example 3.1: Let f : (¥.7) = (¥. o) be a mapping defined
as fi{x) = mand fi{¥v) = b, where X = {x.,¥} and
¥V = [a.b} Let A, E, C. D, E be IF-sets defined as
A={<x.6.3><y.4,.5=}
B={=x.2,.7>==<yv.4.5=}
C={=z@.6.3=<bh4.5=}
D={=a.2.7=<b.4.5=}
E={=a.2,8>=5,.3.7=>}
Consider T = {0LA,E.1} and ¢ = {0.C,D,E, 1} as IF-
topologies on X and ¥ respectively. Then we see that IF-sets
0,C.D and 1 are the only IF-regular open sets in ¥. Also
From=0, FYCO=A FHD)=B and FH(1) =1 are

IF-open sets in X. Hence f is an IF-almost continuous map.

Theorem 3.1: Let f: (X.7) = (¥.a) be a mapping, then
following statements are equivalent
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(a) fis an [F-almost continuous mapping.

(b) f'l{E]is an IF-closed set for each IF-regular closed set
E of ¥.

(c) FH(4) = Int F1(Int CLA), for each IF-open set Aof ¥.

(d)CLF (ClInt B) = fF*(B), for each IF-closed set Bof
¥

Proof: (i) (@)= (b) It can be proved easily using relation
(FY(B")) = FL(B), for any IF-regular closed set B of .
(i) (&) =(c) Suppose f is an IF-almost continuous map and

suppose A is any IF-open set in Y. Then clearly
A=IntClA

Hence f~1(4) < f~ (Int CLA) (3.1)
Since Int CI{A} is an IF-regular
f_l (Int C1 A) is an [F-open set in X, so that

F it CLA) = Int F 1 (Int C1A)
which clearly leads to the result in view of (3.1).
(iii) (c) = (a) It can be proved easily.
(iv) (b) =(d) Let £ be an IF-closed set in ¥, then clearly
Cl Int BE < B, Therefore

Flicime By = FL(B) (3.2)
Since CI Int B is an IF-regular closed set, f~1(ClInt B) is
an [F-closed set in X. Using (3.2), we have
clFt(cime B) = FHcimeB) = FY(B)
Hence Cl f~X(ClInt B) < F(B)
(vi) (d) =(b) It can be proved similarly.

open set in Y,

Theorem 3.2: If f:(X,7) = (¥.¢) is an IF-continuous
map, then it is an [F-almost continuous map.

Proof: Let f:(X.7) = (V.a) be an IF-continuous map.
Suppose A is an IF-regular open set in ¥, then by (a), A is an
IF-open set in ¥. Since f is an [F-continuous map, therefore
F71(4) is an IF-open set in X. Hence f : X —= ¥ is an IF-
almost continuous map.

Remark 3.1: The converse of Theorem 3.2 may not be true
in general. This can be shown through following example.

Example 3.2: Considering Example 3.1, we see that the map
f is an IF-almost continuous map and the pre-images of IF-

open sets 0.1,Cand D are IF-open sets in X, but
f_l{E'] g1, whereas E €. Hence f is not an IF-
continuous map.

4. IF-Weakly Continuity

Definition 4.1: A mapping f : (X.7) = (¥.5) from an IF-
topological space (X.T} to another IF-topological space
(¥.a) is called an IF-weakly continuous map if for each IF-
open set A of ¥

FHA) = Int FH(CLA) 4.1)
Example 4.1: Considering Example 3.1, we observe that
0.C.D.E.1 are IF-open sets in ¥ and also f1(C) = A,

Frfimy=e, FUE)={<x.2.8 = <y.3.7>) By
easy calculations, we see that
FHo) =0 = meFt(cio) =0
Fl=1=m i) =1
Fruo =asmft(cc)
FUp) =B =mtfcip)
FHE) = It FHCILE)
Thus each of the IF-open sets of ¥ fulfills the required
condition (4.1) for IF-weakly continuity. Hence f is an IF-

weakly continuous map.
Theorem 4.1: An IF-continuous map from an IF-topological

space (X.7) to another IF-topological space (¥.a} is an IF-
weakly continuous map.
Proof: Let f : (X.7) = (¥.o) be an IF-continuous map and

let 4 be an IF-open set in ¥, so that £~*(4) is an IF-open set
in X  We clearly have A=ClA  Hence
f_lf.-fl} = _f'lfff A). Since f_lf.-fl} is an IF-open set in X,
FHA) = me 7 (A
Hencef *(4) = Int(F~1(4)) = Int (F*(C1 A)). It implies
FHA) =t HCLA)). Thus f is an IF-weakly
continuous map.

we have

Remark 4.1: The converse of Theorem 4.1 may not be true
in general. This can be shown by the following example:

Example 4.2: In view of Example 3.1 and 4.1, we observe
that f is an IF-weakly continuous map, but it is not an IF-

continuous map because _f_l{E'] g 7, whereas E € g.

Theorem 4.2: An IF-almost continuous map is also an IF-
weakly continuous map.

Proof: Let f:{(X.7) = (V.o) be an IF-almost continuous
map and A be an IF-open set in ¥, then from Theorem

3.1(c), we have
FHA) < Int F (e €L A) (4.2)

Further we know that IntClA=ClA.
F it clA) = FH(CLA). Hence
Int f(Int C1A) < Int F1(C1A) (4.3)
In view of (4.2) and (4.3), we get that
-1 -1
FHA) < Int fH(C14)
which shows that f is an IF-weakly continuous map.

Therefore

Remark 4.2: From Theorem 3.2, Theorem 4.1 and Theorem
4.2, it is clear that the relationship of IF-continuous, IF-
almost continuous and IF-weakly continuous mappings may
be presented by figure 4.1

IF-Almost Cont.

= IF-Weakly cont.
Figure 4.1
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5. IF-Semi Regular Space and IF-Regular
Space

Definition 5.1 IF-Semi Regular Space: An IF-topological
space (¥.7) is said to be an IF-semi regular space iff the
collection of all IF-regular open sets of X forms a base for
IF-topology T.

Example 5.1: Let X = {a.&} and 4.E.C. D be IF-sets on X
defined as follows :
A={=a 4.3=><h6.2=}

8,

B={<a@.04>==<5b.2.6=}
C={=eg.04=<h.6 .2=}
D={=a 4.2><h.2.6=}

Let T = {0.A.BE.C.D,1} be an IF-topology on X. We see
that IF-open sets 0, 4, B, £, 0.1 are the IF-regular open sets.
Further we observe that

0=0U0,A=AUD,

B=0UB,C=0UAUBUC,

D=0uUD 1=00AVEBLUCULUDU]

Hence each of these IF-open sets of T is a union of (some of)
these six IF-regular open sets. Thus the collection
{0,4,B.C, D17} forms a base for IF-topology t. Therefore
IF-topological space (X.7) is an IF-semi regular space.

Definition 5.2 IF-Regular Space: An IF-topological space
(X.T) is called an IF-regular space iff each IF-open set 4 of
X is a union of a collection {Az}, . ; of IF-open sets of X such

that
Cl A, = Aforeacha €] (5.1)

where] is an arbitrary index set.

Example 5.2: Let ¥ = {@. b} and 4. E. C. D be IF-sets on
X defined as

A={=a.6.3><hb.4.5=}
E={=g.3.6=<b54=}
C={=<w.6.3=<b54=}

D= f{=a.3,.6><h.4.5=})

Let T = {0.A.BE.C.D,1} be an IF-topology on X. We see
that

ClA=EB* ClEB =4

Clc=D"ClD=C"

Hence we observe that

0=0U0andCI(0) =0

A= AUD, and CI(D). CI(4) = A

E =0U B and CI(0). CI(B) < B
C=0UAUEBUC, and

crio), cid), cCuB), cleysc

D = 0UD, and CI(0), CI{(D) =D

1= 0UAUEBUCUDU1and

ci(o), ciC4), cie), ci(c), cup), ci1) =1

Therefore each of the IF-open sets in X is the union of these

six sets and satisfies the required condition (5.1), for IF-
regularity of the topological space. Hence IF-topological

space (¥.7)isan IF-regular space.

Theorem 5.1: An IF-regular space is also an IF-semi regular
space.

Proof: Let(¥.7) be an IF-regular space and A be any IF-
open set in X. Suppose A is the union of A;, & € A, where
each A, is an IF-open set in X such that C1 A, = A,
ThusA=U,4,, ael(52)

Now for each & € A, we have 4, = ClA; = A

Hence Int A, = A, = Int (ClA)=IntA = 4

This implies that 4, = Int(ClA,) = A.

Hence U op Az = Ugey Int(C1A,) = 4 (53)

Therefore in view of (5.2) & (5.3), we have

A=Uggpdy = Ugey IntlCl A,) = A

Thus A = Ugg, Int(ClA,). Here each of the set
Int(Cl A;), @ €A\ is an IF-regular open set. Thus the
collection {Hi}:s,.‘-, , where A; = Int (ClA;) forms a base

for X. Hence X is an IF-semi regular space.

Theorem 5.2: Let f : (X.7) = (¥.) be a mapping from an
[F-topological space X to an IF-semi regular topological
space ¥. Then f is an IF-almost continuous map iff f is an
IF-continuous map.

Proof: Let f: (X.7) = (¥,5) be a mapping from an IF-
topological space X to an IF-semi regular space ¥. Let f be
an IF-continuous map, then by Theorem 3.2, we know that f

is also an IF-almost continuous map. Now to prove the
theorem, it is sufficient to show that if (¥.o} is an IF-semi

regular space and f is an IF-almost continuous map, then f
is an IF-continuous map. Let A be an [F-open set in ¥, we
show that £~*(4) is an IF-open set in X. Since 4 is a union
of a collection of IF-regular open sets {4} _, in Y, where A
is an arbitrary index set. Thus

A= UA, acen4)

Now if f is an IF-almost continuous mapping, then pre-
image of each IF-regular open set A, is an IF-open set in X.
Therefore,

FHA = uad =uft(ay)

=UInt f71(4,)

= Int f7HUA,)

= Int f~1(4)

Hence f1(4) = Int F1(4)

which shows that £~(4) is an IF-open set in X. Hence f is
an IF-continuous map.

Theorem 5.3: Let f: (X.7) = (V.¢) be a mapping from an
IF-topological space X to an IF-regular topological space ¥.
Then f is an IF-weakly continuous map iff f is an IF-
continuous map.
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roof: Let f:(¥.7) — (¥.o) be a mapping from an IF-
topological space X to an IF-regular space ¥. In view of
Theorem 4.1, we know that if f is an IF-continuous map,
then it is an IF-weakly continuous map. Therefore to prove
the theorem, it is sufficient to show that if f is an [F-weakly
continuous, then it is an IF-continuous map, where ¥ is an
IF-regular space. Let A be any IF-open set in ¥. Since ¥ is
an [F-regular space, then

A=UA,, A, eoand CT 4, = A, for each o £/ (5.5)

Now if f is an IF-weakly continuous mapping and 4, € &,
we have FH(A4,) U IntfH(CIA,), aen(5.6)

FHA) = ud) =uria)

=UIntf~Cl AL), by (5.6)

= UInt f~1(4) by (5.5)

= Int f~1(4)

Hence F~1(4) = Int F71(4)

which shows that £~ (4) is an IF open set in X. Therefore f
is an IF continuous map.

6. Conclusion

In this paper, we have introduced the IF-almost continuity
and IF-weakly continuity in IF-topological spaces. We have
also studied the IF-semi regular space and IF-regular space
and significant results are obtained.

These results may proof to be the pathway for the study of
IF-almost continuous and [F-weakly continuous maps in any
IF-topological space or in an IF-semi regular or IF-regular
topological space.
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