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I. INTRODUCTION

The concept of fuzzy set was introduced by L. A.
Zadah [13]. The fuzzy concept has invaded almost all
branches of mathematics. The concept of fuzzy
topological space was introduced and develped by C.
L. Chang [3]. Atanasov [2] was introduced The
concept of imtuitionistic fuzzy set, as a gener-
alization of fuzzy set. This approach provided a wide
field to the generalization of various concepts of
fuzzy mathematics.

In 1997 Coker[6] defined intuitionis-tic fuzzy
topological spaces. Recently many concepts of fuzzy
topological space have been extended in intuitionistic
fuzzy (IF) topological spaces. Ravi, Mar- garet
parimalam, Murugesan and Pandi [9] intrduced the
concept of slightly wgb-continuous functions. In this
paper we introduce and study the conceptsof
intuitionistic fuzzy slightly =wgb-continuous in
intuitionistic fuzzy topological space. Also we apply
that concept to study some properties in separation
axioms.

Il. PRELIMINARIES

Definition 2.1 [2] Let X be a non-empty fixed set. An
intuitionistic fuzzy set (IFS in short) Ain X is an object

having the form A ={<X, u, (X),v,(X)>Xx € X}
the function 24, (X) : X —[0,1]and
v,(X): X —[0,1] denote the degree of membership

,where

(namely’uA(X))and the degree of non-membership

(namely Va (X)) of each element xeX to the set A,
respectively, and 0 < g, +v, <1for each x €X. Denote
by IFS(X), the set of all intuitionistic fuzzy sets in X.

Definition 2.2 [2] Let A and B be IFSs of the form
A={<X,u, (X),v,(X)>x eX }and
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B ={<X, 15 (X),v5(X)> X €X }Then:

(@ AcBif and only if g, (X)< g (X)and
vya(X)2vg (x)forall X € X

(b) A=Bifandonlyif AcBand B A

(€ A° ={<x,v,(X), 1 (X)>x eX}

(d) ANB ={<x, 4, (x) A prg (X), v, (x) v (X) > X €X }

(&) AUB ={<X, 1, (x) v g (%)v, (x) Avg (x) >:x €X }

® 0. ={<x,0,1>:x € X }and
1 ={<x10>x eX}

(9) 0° =1_and I =0_

23 [4 Let ¢, €[0,1]such
a+ [ <1. Anintuitionistic fuzzy
point (IFP ") p,,, ,, is intuitionistic fuzzy set

(@,p) it x=p

Definition that

Py =

(0,1) if otherwise

Clearly an intuitionistic fuzzy point can be represented by
an ordered pair offuzzy point as follows:

p(a,ﬂ) = (pa’ p(l—/}))

In this case, p is called the support of P and a,ﬂ are
called the value andno value of Py respectively.

An IFP p, , is said to belong to an IFS
A={<X,4,vy > X €X } denoted by p, , €A,

if @<, (X)and f=v,(X).
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Definition 2.4 [2] Let X and Y be two nonempty sets
and f : X —Y be afunction. Then

@If B={<y, 1), vg(y)>yeY }isanlFs
inY , then the preimage of B under f denoted by
f 2(B) isthe IFSin X defined by

fB) ={<x.f H(u )X).F (v )(x) > x e X} (b)
If A={<X,u,(X),v,(X)>x eX}is an IF S in

X, then the image of A under f denoted by f (A) is the
IFSinY defined by

f(A)={<y.f (u)y)1-f A-v)y)>y ey }
Where,

sup ,(x) if  fH(y) =0
f(u)(y) =1 o)
0 if otherwise
sup v, (x) if fH(y)=0_
1-f (A-v,)(y) = ')
1 if otherwise

Replacing fuzzy sets [13] by intuitionistic fuzzy sets in
Chang definition of fuzzy topological space [3] we get the
following.

Definition2.5 [5] An intuitionistic fuzzy topology (IFT in
short ) on X is a family t of IFSs in X satisfying the
following axioms

(T) O_,1_er
(T,) If G, G,er, then G Gyet
(T3) If Gijex for each i in |, then LJGi eT.

iel
In this case the pair (X, t) is called an intuitionistic fuzzy
topological space (IFTS in short) and any IFT in t is known
as an intuitionistic fuzzy open set (IFOS in short) in X. the

complement AC of an IFOS A in an IFTS (X, 1) is called
an intuitionistic fuzzy closed set (IFCS in short) in X.

Definition 2.6 [5] Let p(o,p) bean IFP in IFTS X. An
IFS A'in Xis called anlF neighborhood (IFN) of p(a,p) if
there exists an IFOS B in X such that p(q,p) € B € A.

Definition 2.7 [6] A subset of an intuitionistic fuzzy space

X is said to be clopen if it is intuitionistic fuzzy open set
and intuitionistic fuzzy closed set.

Definition 2.8 [3] Let (X, 1) bean IFTS and A = {< X,
HAX), VA(X) >: x € X} be an IFS in X. Then the
intuitionistic fuzzy interior and an intuitionistic fuzzy
clousre are defined by

int(A) =u {G:Gisan IFOSin X and G c A}

cl(A) =N{K:KisanIFCSin Xand A € K}
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Definition 2.9 AnIFS Aofan IFTS (X, t)isan:

(1) Intuitionistic fuzzy regular open set(IFROSin short)
[6] if int(cl(A))=A.

(2) Intuitionistic fuzzy regular closed set (IFRCS in
short) [6] if cl(intl(A))=A.

(3) intuitionistic fuzzy n-open set (IFxOS in short)[11] if
the finite union of intuitionistic fuzzy regular open sets.

(4) intuitionistic fuzzy n-closed set (IFxCS in short)[11] if
the finite intersection of intuitionistic fuzzy regular
closed sets.

(5) intuitionistic fuzzy generalized open set (IFGOS in
short)[12] if F Sint(A)
whenever F € Aand F isan IFCS in X.

(6) intuitionistic fuzzy generalized closed set (IFGCS in
short) [12] if cl(A)<SU
whenever A € U and U is an IFOS in X.

(7) intuitionistic fuzzy b-open set (IFbOS in short)[7]
if A c cl(int(A))U int(cl(A)).

(8) intuitionistic ~ fuzzy b-closed set (IFbCS in
short)[7] if cl(int(A)) U int(cl(A)) € A.

Definition 2.10 [8] Let (X, 1) be an IFTS and A be an IFS
in X. Then the intuitionistic fuzzy interior and an
intuitionistic fuzzy clousre are defined by :

bint(A) = U{G: Gisan IFbOS in Xand G € A}
bcl(A) = N{K : K is an IFbCS in X and A € K}

Definition 2.11 AnIFS A ofan IFT S (X, t)is an :
(Dintuitionistic fuzzy gb-open set (IFGbQOS in short)[8]
if F < bint(A) whenever F € Aand F is an IFCS inX.
(2) intuitionistic fuzzy gb-closed set (IFGbCS in short)[8]
if bcl(A) €U whenever A< U and U isan IFOSinX.

(3) intuitionistic fuzzy mg-open set (IFtgOS in short) if F
c int(A)whenever F € A and F is an IFaCS in X.

(4) intuitionistic fuzzy ng-closed set (IFngCS in short) if
cl(A) € U whenever AC U and U is an I[FOS in X.

Definition 2.12 AnIFS A of an IFTS (X, 1) is an
(1) intuitionistic fuzzy ngb-open set (IFxgbOS in short)
If F < bint(A) whenever F < A and F is an IFaCS in X.

(2) intuitionistic fuzzy ngb-closed set (IFzgbCS in short)
if bcl(A)cU, whenever A € U and U is an IFzOS in X.

Definition 2.13 Let £ be a mapping from an IFTS (X, 1)
into an IFTS (Y, o). Then fis said to be an :

(1) intuitionistic fuzzy m-irresolute if f_l(F) is
intuitionistic fuzzy n-closed in X for every intuitionistic
fuzzy n-closed set F of Y .

(2) intuitionistic fuzzy mgb-continuous if f_l(F ) is mgb-
closed in X for every intuitionistic fuzzy closed set F of
Y.

(3) intuitionistic  fuzzy mgb-continuous if the inverse
image of every intuitionistic fuzzy clopen set in Y is an
intuitionistic fuzzy ngh-open (resp. 1 F ngh-clopen) setin X.
(4) intuitionistic fuzzy totally continuous if in verse image
of every intuitionistic fuzzy open set in Y is an
intuitionistic fuzzy clopen set in X.
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1. MAIN RESULTS

This section is devoted to introduce and investigate
of intuitionistic fuzzy slightly mgb-continuous.

Definition 3.1 A function f: (X, 1) — (Y, o) is called an
intuitionistic fuzzy slightly z-generalized b-continuous
(brieftly IF slightly mgb-continuous ) if the inverse image
of every IF clopen set in Y is IF ngb-open in X.

Definition3.2 A functionf:(X,1)>(Y,s) froma IFTS
(X,7) to another IFTS (Y,oc) is said to be an IF slightly
ngb-continuous if for each IFP p(q,B)€X and each IF
clopen set B in Y containing f(p(o,p)), there exists an
[Frgb-open set A in X such that f(A) € B

Theorem 3.3 Let f: (X, 1) — (Y, o) be a function from
an IFTS (X, 1) to another IFTS (Y, o) then the following
statements are equivalent

1. f is an IF slightly mgb-continuous.

2. Inverse image of every IF clopen set in Y is an IF ngb-
open in X.

3. Inverse image of every IF clopen set in Y is an IF ngb-
closed in X.

4. Inverse image of every IF clopen set in Y is an IF ngb-
clopenin X

Proof. (1) = (2) Let B be an IF clopen set in Y and

let (P(o,p)) effl(B). Since f(p(a,p) €B by (1) there
exists an IF mgb-open set A in X containing p(a,p)

such that A f 7 (B)we obtain that
f*B)= A

p(a.f) S

U

p(a.B)ef (B)

b(@.f) which is an IF ngb-open

in X.

(2)=(3) Let B be an IF clopen set inY ,then BC is IF
clopen. By (2)f 1(8%) = (/" 1(B))C is an IF ngb-
open, thus fﬁl(B) is an IF mgb-closed set.

(3)= (4) Let B be an IF clopen set in Y.Then by (3)

f_l(B) is IF ngb- closed set. Also B is an IF
clopen and

(3) implies /(8% = (/ 1(B)°
closed set. Hence f_l(B) is an IFrtgb-clopen set.
(4)=(1) Let B be an IF clopen set in Y containing
f(P(a,p))- By (4),f_l(B) is an IF ngb-open. Let us

take A = f_l(B), then £(A) €B. Hence f is an IF
slightly ngb-continuous..

is an IFmgb-

Definition3.4 The intersection of all IFrgb-closed sets
containing an IF set A is called an IFrgb-closure of A and
denoted by mgbcl(A),and the union of all IFrgb-open sets
contained in an IF set A is called an IFrgb-interior of A
and denoted by ngbint(A).
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Remark3.5 If A = ngbcl(A), then A need not be an IFzngb-
closed.

Remark 3.6 The union of two IFrgb-closed sets is
generally not an IFgb- closed set and the intersection of
two IFrgb-open sets is generally not an IFrgb open set

Example3.7LetX={a,b,c}andlett={0~,1~,A,B,C}isIF
Ton X, where

A={<a,0,1>,<b,1,0>,<c,0,1>} B={<a,0,1>,<b,0,1>,<
¢,1,0>}andC={<a,0,1>,<bh,1,0>,<c,1,0>}.Then the

IFSs AC,B® are IFngbOSs but A® N B® = CC is not an
IFrgbOS of X, since c® ¢ c® andc® ¢ bint(c®) = o,
And the IFSs A, B are IFrgbCSs but A U B = C is not
an IFzgbCS of X, since C < C and bcl(C) = 1~& C.

Proposition 3.8 Every intuitionistic fuzzy ngb-
continuous is anintuitionistic  fuzzy slightly mgb-
continuous. But the converse need not be true.

Example 3.9 Let X = {a, b}, Y = {u, v} and
A={<a 1,0><b,0,1>}
B={<a,0,1>,<b,0.8,0.2>},
C={<a,1,0>,<h,0.8,0.2>},

D={<u, 0.7, 0.3 >,<v, 0.5, 0.5>}.

Then t = {0~, 1~, A, B, C} and ¢ = {O~, 1~, D} are
IFTSon X and Y respectively. Define a mapping f: (X, t
) — (Y, o) byf(@= u and f(b) = v. Then f is an IF
sllightly mgb-continuous but not an IFmgb-continuous.
Since fﬁl(DC):{<a,0.3,O.7>, <b,0.5,0.5>}cC (n—open

set) and bel(f 4(D%))=1~¢C

Proposition3.10 Every intuitionistic fuzzy ngb-irresolute
function is an intuitionistic fuzzy slightly mgb-continuous.
But the converse need not be true.

Theorem 3.11 Iff: X — Y is an IF slightly mgb-
continuous and g : Y — Z is an IF totally continuous then
g ° fis an intuitionistic fuzzy mgb-continuous.

Proof. Let B be an IFOS in Z, since g is an IF totally
continuous, g—1(B) is an IF clopen set in Y. Now (g

£y L ®)= (g1 (B)). Sincef is an IF slightly ngb-

continuous, f_1 (g_1 (B)) is an IFgbOS in X. Hence g °
£ is an intuitionistic fuzzy ngb-continuous.m

Lemma 3.12 Let f: X — Y be bijective, IF n-irresolute
and IF strongly b- closed. Then for every IFngb-closed set
Aof X, f(A)isan IFagb-closed in Y .

Proof. Let A be any IFngb-closed set of X and V an
IFngb-open set of Ycontaining f(A). Since f* (V) is an
IFz-open set of X containing A, bcl(A) € (V) and
hence f(bcl(A))<SV. Since f is an IF strongly b-closed and
bcl(A) is an IFb-closed in X f(bcl(A)) is an IFb-closed in
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Y. Sinse bel(f(A)) < bel( f(bcl(A))) €V, bel(f (A))cV.
Therefore f(A) is an IFngb-closed in You

Theorem 3.13 Let f: X —> Yand g: Y — Z be an
intuitionistic fuzzy functions. If fis a bijective, IF -
irresolute and IF strongly b-closed and if

g o f: X — Z is an IF slightly ngb-continuous, then g is an
IF slightly mgb-continuous.

Proof. Let V be an IF clopen subset of Z. Then

@) v = teghw = g v is
IFrgb-closed in X. Then by (3.12),
s *V=r L)) is an IFngb-closed in V.
Therefore g is an IF slightly ngb—continuous..

Theorem 3.14 A mapping f:(X,1)—(Y,o) from an IFTS
(X,1) to another IFTS (Y,0) is an IF slightly ngb-
continuous if and only if for each IFP p(g in X and IF

clopen set B in Y such that f(p..p) €B, cI(f_l(B)) is an
IEN of IFP pgg in X.

Proof. Let f be any IF slightly ngb-continuous
mapping, p(o,f) be an IFP in X and B be any IF
clopen set in Y such that f(pep) € B. Then pep €
77B) cbe(r1B)) < cl(F 1(B)). Hence cl(f L (B))
is an IFN of pgg in X

Conversely, let B be any IF clopen set in Y and p(a,p) be
an IFP in X such that f (p.p) €B. Then pg effl(B).
According to assumption cl(ffl(B)) is an IFN of IFP

p(@.p) in X. So, p(a.p) € £ 1(B) € cI(f1(B)), and by
(definition of IF slightly ngh-continuous) there exists
an IFngh-open A in X such that € A

gf_l(B).Therefore f IF
continuous..

Pap)

is an slightly mgb-

IV. SOME APPLICATION THEOREMS

Definition 4.1 An IFT S (X, ) is called (zgb — TO)(co
— TO0) if and only if for each pair of distinct
intuitionistic fuzzy points, X«.p), Y, 5 N X there exist
an intuitionistic fuzzy ngb-open set (IF clopen set) U, €
X such that x(a,) €U,y 5.

Theorem4.2 If f:(X,1)—(Y,0) is an IF slightly ngb-
continuous, bijection and Y is co—TO0, then X is an
[Frgb-TO.

Proof. Suppose that Y is IF co — TO, For any distinct
intuitionistic fuzzy points X, g, Yw,s in X, there exists
an IF clopen set Ain Y such that f(x;) € A and f(y,
5) £ A Since f is an IF slightly mgb-continuous an

bijection f_l(A) is an IFmgb-open sets in X such that
X p€l HA),
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Y. ) Ef_l(A). This shows that X is an I Fagh-T,.

Definition4.3 An IFTS (X,7) is called (ngb—T1) (co—T,)
if and only if for each pair of distinct intuitionistic fuzzy
points, X, 4. Y, 5 IN X there exists an intuitionistic fuzzy
ngb-open sets (IF clopen sets ) U, V € X such that x
€U, ¥(v, §) £U and, Y5 € V, X £V.

(a, B)
(a. B)

Theorem4.4 If f : (X,71)—(Y,0) is an IF slightly ngb-
continuous, injection and Y is co—T1, then X is an 1F ngb-
T1.

Proof. Suppose that Y is an IF co — T,, For any
distinct intuitionistic fuzzy points X, 5. Y, 5 N X,
there exists an IF clopen sets A, B in Y such that f

(X(u‘ p)) EA, f(y(v,é)) £ A, f(x(u, ﬁ))EB, and f (y(v, 5))
€B.

Since f is an IF slightly ngb-continuous, fﬁl(A) and
f_l(B) are IFngb-open sets inX such that X py €

FLA)L v, 5 2 A x, of F1B) and vy,
5)Ef_l(B). This shows that X is an 1Fagh-T, |

Definition 4.5 An IFT S X is said to be ngb — T,or ngb-
Hausdorff (co-T,or co—-Hausdorff) if for all pair of
distinct intuitionistic fuzzy points X, py Yosin X there
exits an I Frgb-open sets (I Fclopen sets) U,vVeX such that
Xa.p €U Y(v,5) € VandU NV =0~.

Theorem4.6 If f:(X,1)—(Y,o0) is an IF slightly ngb-
continuous ,injection and Y is co—T,, then X is an
IFrgb-T,.

Proof. Suppose that Y is IF co — T2 space then for
any distinct intuitionistic fuzzy points X(q,B), Y(v,8)
in X, there exists an IF clopen sets A, B in Y such
that f (X, p) €A, and f(yws) €B. Since f is IF

slightly mgb-continuous, f_l(A) and f_l(B) are IFmgb
open sets in X such that x(a,p) € f_l(A), and y, 5
ef_l(B). Also we have

Ffanfte=o.

Definition4.7 An IFTS X is said to be co-regular
(respectively IF slightly ngb-regular) if for each clopen
(respectively 1 Fngb-clopen) set C and eachl F X, ,/C, there
exist an intuitionistic fuzzy open sets A and B such that
CcSA, X, p€Band ANB=0~.

Theorem4.8 If f is an IF slightly mgb-continuous
injective IF open function from an IF strongly ngb-
regular space X onto an IF space Y, then Y is IF co-
regular.
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Proof. Let D be an IF clopen set in Yand Yy, 5 £D.
Take Y, 5y = f(X@ p)- Since f is an IF slightly ngb-
continuous, f_l(D) is an IFmgb-closed set inX. Let
C:f_l(D). S0 X, £ C. Since X is IF strongly ngb-
regular, there exists 1FOS's A and B such that CCA,
Xep € B and ANB=0~. Hence we have
D=f(C)cf(A) and y . 5)=f(x(a’ ﬁ))ef(B) such that

f (A) and f (B) are disjoint IF open sets. Hence Y
is an IFco-regular.

Definition 4.9 An IFTS X is said to be an IF co-
normal (respectively IF strongly ngb-normal) if for each
I F clopen (respectively 1F ngb-closed) sets C, and C, in X

such that C,NC,=0~, there exist an intuitionistic fuzzy
open sets A and B such that C,€A and C,EB and
ANB=0~.

Theorem4.10 If f is an IF slightly mgb-continuous
injective IF open function from an IF strongly ngb-
normal space X onto an IF space Y, then Y is an IFco-
normal.

Proof. Let C,and C,be disjoint IF clopen sets in Y .
Since f is an IF slightly ngh-continuous, f_l(Cl) and
f_l(Cz) are IFngb-closed sets in X. Let us take C =

rYcyand D = FY(C,). We have CN D = 0-.
Since X is an IF strongly mgb-normal, there exist
disjoint IF open sets A and B such that CSA and
DEB. Thus C,=f(C)Sf(A) and C2=f (D)<f (B)
such that f(A) and f(B) disjoint IF open sets.
Hence Y is an IFco-normal. .
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