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1. INTRODUCTION

Ever since the introduction of fuzzy sets by Zadeh [22], the fuzzy concept has invaded almost all
branches of mathematics. Atanassov [2] generalised this idea to intuitionistic fuzzy sets using the
notion of fuzzy sets. On the other hand Coker [5] introduced intuitionistic fuzzy topological spaces.
Using the notion of intuitionistic fuzzy sets Joen [11] defined the concepts of intuitionistic fuzzy a-
continuity. Many researchers llija Kovacevic [9], T.Noiri [20] have extended these notions to analyse
different types of continuity. In this paper different classes of ¢ — continuous functions are defined.
Separation axioms and covering properties are also analysed using these { —continuous mappings.
2. PRELIMINARIES

Definition 2.1:[2] An intuitionistic fuzzy set (IFS, in short) A in X is an object having the form
A={X, 1£,(X),0,(X)/ X € X }where the functions £, : X — | and v, : X — | denote the degree

of membership (namely z,(X))and the degree of non-membership (namely v,(X)) of each
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element X € X to the set A on a nonempty set X and 0< u,(X)+v,(X) <1for each xe X.
Obviously every fuzzy set A on a nonempty set X is an IFS’s A and B be in the form
A={X, 21, (). 1— 2, (X)/ x € X }
Definition 2.2:[2] Let X be a nonempty set and the IFS's A and B be in the form
A={X, 11, (X),0,(X)/ xe X}, B=1{Xs5(X),05(x)/xe X} and let A={A;:jeJI}be an
arbitrary family of IFS’s in X. Then we define

(i) AcBifandonlyif z,(X) < 15 (X) and v, (X) > vg(X) forall xe X .

(i) A=Bifandonlyif AcBandB c A.

(i) A={X,0,(x), £, (X)/ x € X }.

(iv) ANB ={X, 1, (X) M 125 (X),0,(X) UUE (X) / X € X }.

(v) AUB = {X, 12, (X) U 15 (X), 0, (X) N0 (X) I x € X }

(vi) 1 ={<X,1,0>X € X}and0_ ={<X,O,1>X e X}.
Definition 2.3:[5]An intuitionistic fuzzy topology (IFT, in short) on a nonempty set X is a family 7 of
an intuitionistic fuzzy set (IFS, in short) in X satisfying the following axioms:

(i) 0., 1.er.

(i) ANA erforanyA, A er.

(i) UA; ecforany Ajijelcr.
In this paper we denote intuitionistic fuzzy topological space (IFTS, in short) by (X , r), (Y,K') or X,Y.
Each IFS which belongs to 7 is called an intuitionistic fuzzy open set (IFOS, in short) in X. The

complement Aof an IFOS A in X is called an intuitionistic fuzzy closed set (IFCS, in short). An IFS X is
called intuitionistic fuzzy clopen [19] (IF clopen)(IFCO, for short) iff it is both intutionistic fuzzy open
and intuitionistic fuzzy closed.

Definition 2.4:[5] Let (X,T) be an IFTS and A= {X, ,uA(X),UA(X)} be an IFS in X. Then the fuzzy
interior and closure of A are denoted by
(i) cl(A)=M{K:KisanIFCSinXand Ac K}.
(i) int(A)=U{G:GisanIFOSinXand G < A}.
Note that, for any IFS Ain (X,7), we have cl(A) =int(A) and int(A) =cl(A).
Definition 2.5:[7] Let Abe an IFSin an IFTS (X,7), then A is
(i) An intuitionistic fuzzy regular open set (IFROS) if A=int(cl(A)).
(i) An intuitionistic fuzzy semi open set (IFSOS) if A c cl(int(A)).
(ili)  Anintuitionistic fuzzy preopen set (IFPOS) if Ac int(cl(A)).
(iv)  Anintuitionistic fuzzy d open set (IFdOS) if Ac scl(bint(A)) ucl(int(A)).
(v) An intuitionistic fuzzy a -open set (IF o 0S) if A int(cl(int(A))).
(vi)  Anintuitionistic fuzzy [3 -open set (IF § 0S) if Ac cl(int(cl((A))).
(vii)  Anintuitionistic fuzzy ¥ -open set (IF ¥ 0S) if Ac cl(int(A)) wint(cl(A)).
The complement of the above said sets are intuitionistic fuzzy reqular closed set, intuitionistic fuzzy

semiclosed set, intuitionistic fuzzy preclosed set, intuitionistic fuzzy d closed set, intuitionistic fuzzy
a ~closed set, intuitionistic fuzzy [3 -closed set, intuitionistic fuzzy y -closed set, (IFRCS, IFSCS, IFPCS,

IFACS, IFx CS, IF B CS, IF y CS respectively).
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Definition 2.6:[12] An IFS p(a, f) = <X, Ca,leﬂ> where o € (0], #€[01) and a + f <1is called
an intuitionistic fuzzy point (IFP) in X.

Note that an IFP p(e, ) is said to belong to an IFS A= <X,,uA,UA> of X denoted by p(e, f) € A if
o< and f>0,.

Definition 2.7:[12] Let p(a, ) be an IFP of an IFTS (X, 7). An IFS A of X is called an intuitionistic

fuzzy neighbourhood (IFN) of p(«, f) if there exists an IFOS B in X such that p(a, f) € B A.
Definition 2.8: [16] An IFTS X is called CO-T, if and only if for each pair of distinct IFP Xa.p) y(m.) in
X there exists IFclopen sets Uand Vin X X, » €U, X, » €V, Y, 5 €U, Y, 5 €V.

Definition 2.9:[6]An IFTS X will be called regular if for each IFP p(e, ) and each IFCS such
pNC =0_ there exists intuitionistic fuzzy open sets U and V such that pcU,CcV and
UnV =0.

Definition 2.10:[6] An IFTS X will be called normal if for each IFCSs U and V such that U "V =0
there exists IFOSs U; and Vi suchthat U cU, ,V <V, and U, NV, =0_.

Definition 2.11:[14 ]An IFS A is said to be an intuitionistic fuzzy dense (IFD for short) in another IFS B
in an IFTS (X, ), if cl(A) = B.

Definition 2.12:[15] An IFTS X is called hyperconnected if every IF open set in X is dense.

Definition 2.13:[5] Let X and Y be two IFTSs. Let A={(X,u,(X),0,(x)):xe X} and

B={Y,5(y),05(Y))y €Y} be IFSs of X and Y respectively. Then is an IFSAxB of X xY

defined by Ax B(X, y) =((X,Y), min(z, (x),  (¥)), max(0, (x),0 (1))

Definition 2.14:[17] Let A be an IFTS (X,7). Then A is called an intuitionistic fuzzy( open

set(IFSOS, in short) in Xif Ac bel(int(A)) .

Definition 2.15:[17] Let A be an IFTS (X,7). Then A is called an intuitionistic fuzzy { closed set

(IF s, in short) in X if bint(cl(A))cA.

Definition 2.16:[18] An IFTS (X, 7) is said to be intuitionistic fuzzy { T, space (1FCT,,, , in short) if

every IFSOSin Xis an IFOS in X.

Definition 2.17:[5] Let X and Y be two non-empty setsand f : X — Y be a function.

If B={<y,1:(Y),05(Y)>/yeY}isanIFSinY, then the pre-image of B under f is denoted and

defined by f*(B)={<x, f *(us(X)), f *(vg(X))>/x e X}. Since 15 (X),05(X) are fuzzy sets,

we explain that f (15 (X)) = 125 (X)(F (X)), f ™ (05 (X)) = v (X)(f (X)) .

Definition 2.18: Let f : X —>Y from an IFTS X into an IFTSY. Then f is said to be an

(i) Intuitionistic fuzzy ¢ continuous (1F¢ —cont, in short)[16] if f 2(B)eIFZOS(X) for
every Bexk.

(ii) Intuitionistic fuzzy continuous [4] if T *(B) e IFO(X) forevery Bex .

(iii) Intuitionistic fuzzy semi-continuous [7] if f(B) e IFSO(X) forevery Bex .

(iv) Intuitionistic fuzzy precontinuous [7] if T (B) € IFPO(X) for every Be k.

(v) Intuitionistic fuzzy d continuous [7] if f *(B) e IFdO(X) forevery Bex .

(vi) Intuitionistic fuzzy a-continuous [7] if f *(B) € IFaO(X) forevery Bex .
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(vii)  Intuitionistic fuzzy 8-continuous [7] if f(B) e IFSO(X) forevery Bex .

(viii)  Intuitionistic fuzzy y-continuous [7] if f(B) e IFyO(X) forevery Bex .

(ix) Intuitionistic fuzzy clopen-continuous[19] if for each IFP p(a, ) of X and each open set V
containing , f(p(ea, B))there exists a clopen set U containing pP(a, ), such that
f(ucV.

(x) intuitionistic fuzzy totally continuous[13] if and only if f *(B) is an IF clopen sets in X, for
every Bexk.

Definition 2.19:[17] Let f be a mapping from IFTS (X,7) into an IFTS (Y,x). Then f is said to be

intuitionistic fuzzy ¢ —irresolute (1F¢ —irresolute, in short) if f'(B)eIFCO(X) for every

IFSOS BinY.

Definition 2.20:(7] Let f : X, »>Y,and f,: X, =>Y,. The product f xf,:X; xX, =Y, xY, is

defined by f, x f,(X,X,) = (f,(x), f,(X,))for every (X;, X,) € X; x X,.

3. INTUISTIONISTIC FUZZY ALMOST £ —CONTINUOUS MAPPINGS

Definition 3.1 A mapping f : X —Y from an IFTS X into an IFTS Y is called an intuitionistic fuzzy

almost ¢ — continuous ( IFad — continuous, in short) mapping if f_l(B) isan IFS CSin X, for every

IFRCSBinY.
Example 3.2:

Let X ={a,b},Y ={u,v} G, =(x,(0.2,0.2,0.1),(0.4,0.4,0.6)),

G, =(x,(0.3,0.2,0.5),0.2,0.2,0.4))

H =(y,(0.3,0.4,0.3),0.4,0.5,0.4))

Then Then 7 = {0~ 1.,G,, Gz} and Kk = {0_ 1., H } are IFT on X and Y respectively.
Define a mapping f :(X,7) > (Y,x) by f(2)=uand f(b)=V.

Then fisan IFa { continuous mapping.

Theorem 3.3: Every IF continuous mapping is |Fa — continuous but not conversely.

Proof: Let f :(X,7) —>(Y,x)be an IF continuous mapping and B be an IFRCS in Y. Since every

IFRCS is an IFCS, B is an IFCS in Y. Then f (B) is an IFCS in X, by hypothesis. Since every IFCS is an
IFS €S, £7(B)is an IF CSin X. Hence fis an IFa¢ — continuous mapping.

Example 3.4: Let X = {a,b}, Y = {u,v}

G = <X, (0.3,0.4),0.7, 0.6)> , G, = <y, (0.7,0.8),(0.3, 0.2)>

Then 7= {0~ 1.,G, } and kK = {O~ 1, Gz} are IFT on X and Y respectively.

Define a mapping f :(X,7) > (Y,x) by f(a)=uand f(b)=Vv.

Then f isan IFag — continuous mapping but not an IF continuous mapping.

Theorem 3.5: Every IF { continuous mapping is an IFad — continuous but not conversely.

Proof: Let f :(X,7) — (Y,x)be an IF £ continuous mapping and B be an IFRCS in Y. Then f *(B) is
IFS CSin X. Hence fis an IFag — continuous mapping.

Example 3.6: Let X = {a,b}, Y = {u,v}

G = <X, (0.7,0.8),(0.3, O.2)> , G, = <y, (0.6,0.7),(0.4, O.3)>
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Then 7 = {0~ 1.,G } and k= {O_ g, Gz} are IFT on X and Y respectively.

Define a mapping f :(X,7) > (Y,x) by f(a)=uand f(b)=V.

Then f isan IFad — continuous mapping but not an IF £ — continuous mapping.

Theorem 3.7: Every |Fag — continuous mapping is an IFS continuous, but not conversely.

Proof: Let f:(X,7) > (Y,x)be an IFad —continuous mapping and B be an IFRCS in Y. By
hypothesis f *(B) is an IF£ CSin X. Since every IF{ CS is an IFSCS, f (B) is an IFSCS in X. Hence f is IFS
continuous.

Example 3.8: Let X ={a,b}, Y = {u,v}

G = <X, (0.5,0.4),(0.5, 0.6)> , G, = <y, (0.2,0.3),(0.8, O.7)>

Then 7= {O~ 1.,G, } and x = {O~ NI Gz} are IFT on X and Y respectively.

Define a mapping f :(X,7) > (Y,x) by f(a)=uand f(b)=Vv.

Then f is an IFS continuous mapping but not an IFad — continuous mapping.

Theorem 3.9: Every |Fa¢ — continuous mapping is an IFd continuous but not conversely.

Proof: Let T :(X,7) > (Y,x)be an IFad — continuous mapping and B be an IFRCS in Y. Then f~
(B)is an IF{ CSin X. Since every IF CSis an IFACS, f (B) is an IFACS in X. Hence f is IFd continuous.

Example 3.10: Let X ={a,b}, Y = {u,v}

G = <X, (0.1,0.1),(0.6, 0.5)> , G, :<y, (0.2,0.2),(0.3, O.5)>

Then 7= {O~ 1.,G, } and x = {O~ NI Gz} are IFT on X and Y respectively.

Define a mapping f :(X,7) > (Y,x) by f(a)=uand f(b)=Vv.

Then f is an IFd continuous mapping but not an IFag — continuous mapping.

Theorem 3.11: Every IFad — continuous mapping is an IF { —continuous but not conversely.

Proof: : Let f :(X,7) = (Y,x)be an IFad — continuous mapping and B be an IFRCS in Y. Then f-
'(B)isan IFLCS in X. Hence fis IF{ —continuous.

Example 3.12: Let X ={a,b,c}, Y ={u,v,w}

G, =(x,(0.3,0.1,0.4),(0.3,0.3,0.4)), G, =(v,(0.2,0.1,0.3),(0.4,0.4,0.4))

Then 7= {O~ 1.,G, } and x = {O~ NI Gz} are IFT on X and Y respectively.

Define a mapping f :(X,7) > (Y,x) by f(a)=u and f(b)=vV.

Then f isan IF ¢ -continuous mapping but not an IFad — continuous mapping.

Theorem 3.13: If f: X —Y isan IFc{ continuous, then f isan IFad — continuous mapping, but
not conversely.

Proof: Let B be an IFRCS in Y. Since every IFRCS is an IF{ CS, B is an IF{ CS in Y. Since fis an
IFc¢ continuous, f(B) is an IFRCS in X. Thus f '(B) is an IFZ CS in X. Hence f is an
IFa £ continuous mapping.

Example 3.14: Let X ={a,b}, Y ={u,v}

G = <X, (0.5,0.4),(0.5, 0.6)> , G, = <y, (0.2,0.3),(0.8, O.7)>

Then 7= {O~ 1.,G, } and Kk = {O~ NI Gz} are IFT on X and Y respectively.

Define a mapping f :(X,7) > (Y,x) by f(a)=uand f(b)=Vv.
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Then f isan IFa — continuous mapping but not an IFc{ continuous mapping.

From the above theorems and examples we have the following implications.

IFS Cont IFa Cont
IFdCont IFP Cont
A \
IFa Cont IF § Cont
IF¢ Cont IF y Cont

Theorem 3.15: Let f : (X,7) — (Y, k) be a mapping where f (B) is an IFRCS in X for every IFCS B

inY. Then fisan IFag — continuous mapping but not conversely.
Proof: Let B be an IFRCS in Y. Since every IFRCS is an IFCS, B is an IFCS in Y. Then f (B) is an IFRCS
in X. As every IFRCS is an IF£ CS, f(B) is an IFZ CS in X. Hence fis an IFa¢ — continuous

mapping .
Example 3.16: : Let X ={a,b}, Y ={u,v}

G, =(x,(0.5,0.6),(0.5,0.4)), G, =(y,(0.5,0.3),0.5,0.7))
Then 7= {O~ 1.,G, } and x = {O~ NI Gz} are IFT on X and Y respectively.
Define a mapping f :(X,7) > (Y,x) by f(a)=uand f(b)=v.
Then f isan IFad — continuous mapping but not a mapping as defined in theorem above.
Theorem 3.17: Let f : X —Y be a mapping. Then the following are equivalent:
(i) fisan IFag — continuous mapping.
(i) f'(B)isanIF{ OSin X for every IFROSBin Y.

Proof: (i) = (ii) Let B be an IFROS inY. Then B is an IFRCS in Y. By hypothesis, f “(B) isan

IF CSinX. Thatis f(B) isanIF¢ CSin X. Therefore f ™ (B) isan IF¢OSin X,
(i) = (i) LetBbeanIFRCSinY. Then B is an IFROS in Y. By hypothesis, f (B) isan IF¢ OSin

X. Thatis f (B) isan IF¢OSin X. Therefore f *(B) isan IF{ CSinX. Then f isan
IFag — continuous mapping.

Theorem 3.18: Let f : X =Y be amapping, if f (£ int(B)) < £int(f *(B)) for every IFS B in

Y, then fisan IFad — continuous mapping.

Vol.3.Issue.3.2015 (July-Sept) 89



SHARMILA. S et al Bull.Math.&Stat.Res

Proof: Let B be an IFROS in Y. By hypothesis f (£ int(B)) < £int(f ™(B)). Since Bis an IFROS, it
isan IFSOS in Y. Therefore ¢'int(B) =B . Hence

f1(B)=f *(int(B)) c Cint(f *(B)) = f *(B). Therefore f*(B)=¢,int(f *(B)).
This implies f (B) isan IFZOSin X and thus f is an IFag — continuous mapping.
Theorem 3.19: Let f : X —Y be a mapping, if ¢cl(f *(B)) < f *(cl(B)) forevery IFSBinY,
then fisan IFag — continuous mapping.

Proof: Let B be an IFRCS in Y. By hypothesis ¢cl(f ™ (B)) < f ™ (ccl(B)) . Since B is an IFRCS, it is an
IFC CSinY. Therefore £Cl(B) = B . Hence f*(B)= f *(cl(B)) =l (f *(B)) = f *(B).
Therefore f'(B)=¢cl(f *(B)) . Thisimplies f "(B) isanIF{ CSin X and thus f isan

IFad — continuous mapping.

Remark 3.20: The converse of the above Theorem 3.21 is true if Bis an IFRCSin Y and Xisan IF ¢ Ty,
space.

Proof: Let f is an IFal — continuous mapping. Let B be an IFRCS in Y. Then f (B) isan IF¢ CSiin
X. Since X is an IF ¢ Ty,space, f'(B) is an IFOS in X. This implies ¢cl(f ™(B)) = f ™*(B). Now

f 1 (cd(B)) o f (B)=cel(f *(B)). Therefore f*(ccl(B)) o cel(f (B)) .
Theorem 3.21: Let f : X — Y be amappingand ¢ : X — X xY be the graph of the mapping. If
gis an IFag — continuous mapping, then f is so.

Proof: Let B be an IFROSin Y. Then f *(B)=f (1.~ f *(B)) =g (1. xB).Since 1. xB isan
IFROSin X xY and as gis an IFag — continuous mapping, is an IF¢ 0S in X. Hence f (B) isan
IFSOS inXandso f isan IFad — continuous mapping.

Theorem 3.22: Let f: X —>Y and g:Y — Z be any two mappings. Then the following properties
hold :
(i) If f isan IF continuous mapping and g is an IFag — continuous mapping , then gof is an

IFag — continuous mapping.
(ii) If f isanIFZ continuous mapping and gis an IFad — continuous mapping, then gof is an
IFag — continuous mapping.
Proof: (i) Let B be an IFROS in Z. Since g is an IFa¢ — continuous mapping, gfl(B) isan IFOSinY.
Since f is an IF continuous mapping, f (g "(B)) is an IFOS in X. This implies f (g ~"(B)) is an
IFOS in X, since IFOS is an IFZOS . But f (g™ (B)) = (gof ) *(B) . This implies gof
IFad — continuous mapping.
(i) Let B be an IFROS in Z. Since @ is an IFal — continuous mapping, g *(B) is an IFOS in Y. Since f
is an IF ¢ continuous mapping, f (g ™*(B)) isan IFOSin X. Since f *(g™*(B)) = (gof ) *(B), gof
IFag — continuous mapping.
4. INTUISTIONISTIC FUZZY SLIGHTLY { —CONTINUOUS MAPPINGS
Definiton 4.1: A mapping f : X — Y from an IFTS X into an IFTS Y is called an intuitionistic fuzzy

slightly  —continuous if for each intuitionistic fuzzy point p(er, ) € X and each intuitionistic fuzzy
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clopen set Bin Y containing f (p(e, f3)), there exists a fuzzy intuitionistic fuzzy £ open set A in X
such that f(A) < B.
Theorem 4.2: For a function f : X —Y , the following statements are equivalent:

(i) f isintuitionistic fuzzy slightly  — continuous;

(ii) for every intuitionistic fuzzy clopen set BinY, f *(B) is intuitionistic fuzzy ¢ -open;

(iii) for every intuitionistic fuzzy clopen set BinY, f *(B) is intuitionistic fuzzy ¢ closed;

(iv) for every intuitionistic fuzzy clopen set Bin Y, f (B) is intuitionistic fuzzy ¢ -clopen.
Proof: (i) = (ii) Let B be IF clopen setinYandlet p, , € f (B). Since f (Papy) € B, by (i)
there existsa IF¢" OS A, 5 in X containing p(a, f)suchthat A, , < f “(B) . We obtain that

f'B)= U A

.Thus f*(B) is IF¢ -open.
p(a.f)=f(B)

p(a.f)

(ii) = (iii) Let B be IF clopen set in Y. Then B is IF clopen. By (ii), f N (B)= f 1(B)is IF£ -open.
Thus f ™ (B) is intuitionistic fuzzy ¢ -closed.

(iii) = (iv) Let B be IF clopen set in Y. Then by (iii) f *(B) is intuitionistic fuzzy ¢ -closed. Also B is

IF clopen and (iii) implies f (B) = f *(B)is IF ¢ -closed. Hence f (B) is intuitionistic fuzzy ¢ -
open. Thus f (B) is intuitionistic fuzzy ¢ -clopen.

(iv) = (i) LetB be IF clopen setin Y containing (P, 4 ).By (iv), f “(B) is intuitionistic fuzzy ¢ -
open. Let us take A= f (B) .Thus f(A) = B.Hence f isintuitionistic fuzzy

slightly & — continuous.

Lemma 4.3: Let g : X — X xY be the graph of the mapping f : X =Y .If Aand B are IFS’s of X
and Y respectively, then g (L. x B) = (1. n f *(B))

Lemma 4.4: Let X and Y be intuitionistic fuzzy topological spaces, then (X,7) is product related to

CeA DzB Ax1 Ul xB5CxD

(¥, x) if forany IFSCin X, D in Y whenever there

exists A4 €7, BL €K guenthat A 2C ang Bi2DgpgAxl UL xB =A x1. UL xB
f: XY

implies

Theorem 4.5: Let
g: X — X xY of fis IFslightly { — continuous then sois T .

be a function and assume that X is a product related to Y. If the graph

Proof: Let B be IF clopen set in Y. Then by lemma 3.3, f *(B)= (1.~ f *(B)=g (1. x B). Now
1.xB isalF clopensetin X xY .Since g is IF slightly & — continuous then g (1. x B)is IF{ -open

inX. Henceis f ™ (B) IF¢ -open in X. Thus f is IF slightly ¢ — continuous.
Theorem 4.6: A mapping f : X —Y from and IFTS X into an IFTS Y is IF slightly { — continuous if and

only if for each IFP P, ; in X and IF clopen set Bin Y such that f(p(a, B)) € B, cl(f (B))is IFN
of IFP P, 5 InX.
Proof: Let T be an IF slightly { — continuous mapping, p(c, ) be an IFP in X and B be any IF

clopen setinY such that f(p, ;)€ B.Then
p(e, B) € T (B) < bel(int(f (B))) = cl(f *(B)) . Hence cl(f "(B)) isan IFN of Pi.p in X
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Conversely, let B be any IF clopen setin Y and p,, 4 be IFPin X such that f (p(c, B)) € B.. Then
Plap) € f ™(B). According to assumption cl( f ~*(B)) is IFN of IFP P(a.p) inX.

So P, ) € bel(int(f (B))) c cl(bel (int(f *(B)))).So f*(B) < bel(int(f *(B))). Hence

f *(B) isIF£ 0Sin X. Therefore f is IF slightly £ —continuous.

Proposition 4.7: Every intuitionistic fuzzy ¢ —continuous function is IF slightly { — continuous. But
the converse need not be true, as shown by the following example.

Example 4.8: Let X = {a,b}, Y = {u,v}

G = <X, (0.7,0.8),(0.3, O.2)> , G, = <y, (0.6,0.7),(0.4, O.3)>

Then 7= {O~ 1.,G, } and x = {O~ NI Gz} are IFT on X and Y respectively.

Define a mapping f :(X,7) > (Y,x) by f(a)=uand f(b)=Vv.

Then f is an IF slightly ¢ — continuous but not an IF £ — continuous mapping.

Proposition 4.9: Every |F{ —irresolute function is IF slightly { — continuous. But the converse need
not be true, as shown by the following example.

Example 4.10: Let X = {a,b}, Y = {U,V}

G = <X, (0.3,0.4),0.6, O.5)> , G, = <y, (0.4,0.5),(0.5, 0.5)>

Then 7={0_,1.,G, } and k= {0~ ,1~,Gz} are IFT on X and Y respectively.

Define a mapping f :(X,7) > (Y,x) by f(a)=uand f(b)=Vv.

Then f is an IF slightly £ — continuous but not an IF £ —irresolute.

Theorem 4.11: Suppose that Y has a base consisting of IF clopen sets. If f : X —Y is IF slightly

¢ continuous, then f is IF{ —continuous.

Proof: Let P, 4 € X and let C be IFOS in Y containing f (p(a’m) . Since Y has a base consisting of IF
clopen sets, there exists an IF clopen set B containing f(p,, 4 )suchthat BC C.Since f isIF
slightly & — continuous, then there exists an IF{” OS A in X containing P, 4 such that

f(A)cB < C.Thus fis IF{ — continuous.
Theorem 4.12: If a function T : X — []Y, is an IF slightly fuzzy ¢ continuous, then Pof : X =Y, is

IF slightly § — continuous, where P is the projection of []Y; onto Y,.

Proof: Let B; be any IF clopen sets of Y,. Since P, is IF continuous and IF open mapping, and

P:I1Y, -V, , Pi_l(Bi) is IF clopen setsin [TY,. Now (Pof)™(B,) = f_l(Pi_l(Bi)) .AsIF
slightly £ continuous and Pi_l(Bi) is IF clopen sets, f_l(Pi_l(Bi)) is IF{ OS in X. Hence Pof is IF
slightly & — continuous.
Theorem 4.13: The following hold for functions f : X —>Y and g:Y »>Z
(i) If fisIFslightly —continuous and g is IF totally continuous then gof is IF continuous.
(ii) If fisIF< -irresolute and g is IF slightly  — continuous then gof is IF slightly £ continuous.
Proof: (i) Let B be an IFOS in Z. Since g if IF totally continuous, gfl(B) is an IF clopen setin Y. Now
(gof ) (B) = f (g ~*(B)). Since f is IF slightly ¢ continuous, f(g™*(B)) IF{ OSin X. Hence
gof is IFZ continuous.
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(ii)Let B be IF clopen set in Z. Since and g is IF slightly { — continuous, g’l(B) isan IFSOS inY.
Now (gof ) *(B) = f *(g~*(B)) Since f is IF{ -irresolute, T (g~ (B)) IF¢ 0S in X which implies
gof is IF slightly £ — continuous.

5. INTUISTIONISTIC FUZZY { SEPARATION AXIOMS
Definition 5.1: An IFTS (X,7) iscalled ¢ —T, if and only if for each pair of distinct intuitionistic
fuzzy points X, 4, Y, in X there exists IFCOSsuch that X, ,, €U, Yy, 5 gUand X, 5 &V,
Yo €V -
Theorem 5.2: If f : X —Y is/Fslightly { —continuous injection andYis CO—T,, then X is
IFS—T,.
Proof: Suppose that Y is IFCO —T, . For any distinct intuitionistic fuzzy points Xwpy Yoy IN X
there exists IF clopen sets U,V in Y such that
f(Xap) €U T(Y,0) 28U, T (X, 5) €V, T(Y,4) €V . Since fisiFslightly ¢ — continuous,
f *(U)and f (V) areIF{ —open sets in X such that
Xap € FHU)Y 0 & U)X 2 F (V) Y,5 € T (V). This shows that Xis IF S —T,.
Definition 5.3: An IFTS (X,7) iscalled ¢ —T, or ¢ —Hausdorff if for all pair of distinct
intuitionistic fuzzy points X, 4, Y(, s in X there exists IF ¢ —open sets U,V €Y such that
Xwp €Y, Y5 €V andU NV =0.
Theorem 5.4: If f : X —Y is/Fslightly { —continuous , injection andYis CO—T,, then X is
IFS-T,.
Proof: Suppose that Y is IFCO —T, . For any distinct intuitionistic fuzzy points Xapyr Yirs) IN X

there exists IF clopen sets U,V inY suchthat f(x, ;)€U and f(y ;) eV .Since fis/F

slightly ¢ —continuous, f(U)and f (V) are IF£ —open sets in X such that
X € f (), Yoo € f (V). Alsowe have f"(A)n f (V) =0.Hencethen X is IF{ —T,.
Definition 5.5: An IFTS (X,7) is called IF strongly & —regular if for each IF{ —closed set C and IFP

X py € C, there exists intuitionistic fuzzy open sets U and V such that C c U, X(a.p) eV and

UnV =0.
Theorem 5.6: If T : X —Y is/Fslightly { — continuous, injective, IF open function from an IF

strongly ' —regular X onto an IF space Y, then and Y is IF co-regular.

Proof: Let D be an IF¢ opensetinYand Y, 5 & D.Take Y, 5 = f(X, ) Since fisIF

slightly ¢ continuous, f (D) isan IF¢ —closed setin X. Let C = f (D). X0z € C . Since Xis IF
strongly ¢ —regular , there exists intuitionistic fuzzy open sets U and V such that C c U, Xa.p) € B
and U NV =0. Hence, we have D= f(C) < f(A) and y, , = f (X, 4) € T (B) such that

f(A) and f(B) are disjoint IF open sets. Hence Y is IF £ regular.
Definition 5.7: An IFTS (X,7) is called IF strongly ' —normal if for each IF clopen sets C;and C,in

X such that IFP set C and intuitionistic fuzzy point Xa.p) & C , there exists intuitionistic fuzzy open
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sets Uand Vin X such that C; MC, =0_ there exists IF{ —open sets U,V such that C; cU and
C,cVandUNV =0.
Theorem 5.8:: If f : X —Y is/IFslightly £ —continuous, injective, IF open function from an IF
strongly ¢ —normal space X onto an IF space Y, then and Y is IF co-normal.
Proof: Let C; and C, be disjoint IF clopen sets in Y. Since f is IF slightly £ continuous, f _l(Cl) and
f *(C,) arelF ¢ closed sets in X. Let us take C = f *(C,) and D= f *(C,). We have
C D =0_. Since X is IF strongly § —normal , there exists disjoint IF open sets U and V such that
CcUand DV .Thus C,=f(C)c f(U)and C, = f(D) < f(V)suchthat f(U) and
f (V) are disjoint IF open sets. Hence Y is IF £ normal.
6. INTUISTIONISTIC FUZZY COVERING PROPERTIES
Definition 6.1: Let X be an IFTS. A family of {< X, zi5 (X), 05 (X) >;1 € J} intuitionistic fuzzy open
sets (intuitionistic fuzzy  —open sets) in X satisfies the condition
1 =U< X, 15, (X),0 (X) > 1 € I} is called an intuitionistic fuzzy open cover (intuitionistic fuzzy
¢ —open cover) of X. A finite subfamily of an intuitionistic fuzzy open cover (intuitionistic fuzzy
¢ —open cover) {< X, t45 (X), U5 (X) >;i € J} of X which is also an intuitionistic fuzzy open cover
(intuitionistic fuzzy ¢ —open cover) is called a finite subcover of {< X, 115 (X),0 (X) >;1€ J}.
Definition 6.2: A space X is called an intuitionistic fuzzy ¢ -compact( ¢ -Lindelof) if every
intuitionistic fuzzy ¢ —open cover of X has a finite (countable) subcover.

Definition 6.3: An IFTS X is said to be
(i) IFS -compact if every ¢ -open cover of X has a finite subcover.

(ii) IF countably ¢ -compact if every £ -open countably cover of X has a finite subcover.
(iii) IF¢ -Lindelof if every cover of X by IF { -open sets has a countable subcover.
(iv) IF mildly compact if every IF £ cover of X has a finite subcover.
(v) IF mildly countably compact if every IF — countably cover of X has a finite subcover.
(vi) IF mildly Lindelof if every cover of X has IF { -open sets has a countable subcover.
Theorem 6.4: Let f:X —Ybe an IF slightly{ continuous surjection. Then the following

statements hold:

(i) IfXisIF& -compact, then Y is IF mildly compact.

(ii) If XisIF{ -Lindelof, then Y is IF mildly Lindelof.

(iii) If X is IF countably { -compact, then Y is IF mildly countably compact.
Proof: (i) Let {A, : @ € I} be any IF clopen cover of Y. Since f is IF slightly ¢ continuous, then
{f *(A,):a el}isIF¢ -open cover of X. Since X is IF £ -compact, there exists a finite subset /of |
such that 1_, =J{f *(A,);a € 1,}. Thus we have 1, =U{A, el } andYis IF mildly compact.
(i) Let{A, : @ € |} be any IF clopen cover of Y. Since f is IF slightly { —continuous, then
{f *(A,):ael}isIFIF -open cover of X. Since X is IF £ -Lindelof, there exists a countable
subset Jyof | such that 1_, ={{f *(A,);a € 1,}. Thus we have 1,=UA;ael}andYisIF
mildly Lindelof.
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(iii) Let{A, : @ € I} be any IF clopen cover of Y. Since fis IF slightly ¢ —continuous, then
{f *(A,):ael}isIFIF{ -open cover of X. Since X is is IF countably ¢ -compact, subset /of |
such that 1_, =J{f *(A,);x € 1,}. Thus we have 1, =U[A, el } andYis IF midly compact.
Definition 6.5: An IFTS X is said to be

(i) IF{ —closed compact if every ¢ —closed of X has a finite subcover.

(ii) IF ¢ —closed Lindelof if ever y cover of X by {’ —closed sets has a countable subcover.

(iii) IF countably ¢ —closed compact if every countable cover of X by { —closed sets has a finite

subcover.
Theorem 6.6: Let f : X — Y be an IF slightly { —continuous , surjection. Then the following

statements hold:
(i) IfXisIF¢ -closed compact, then Y is mildly compact.

(ii) If XisIF{ -closed Lindelof, then 'Y is mildly Lindelof.
(iii) If X is IF countably ¢ -closed compact, thenY is mildly countably compact.
Proof: (i ) Let {A, :« € |} be any IF clopen cover of Y. Since fis IF slightly { —continuous, then

{f (A, :ael}isIF¢ -closed cover of X. Since X is IF ¢ -closed compact, there exists a finite
subset J, of 1 suchthat 1_, ={}{f (A, );a el,}. Thus we have 1,=UAael}andYisIF

midly compact.
Similarly, we can obtain the proof for (ii) and (iii).
Definition 6.7: An IFTS (X, 7) is said to be intuitionistic fuzzy ¢ -disconnected (IF { -disconnected) if

there exists IFCOS U,V in X such that U #0_,V #0_ suchthat U UV =1_.and U "V. =0_.If X
is not IF{ -disconnected then it is said to be intuitionistic fuzzy ¢ -connected (IF { -connected).
Theorem 6.8: Let f : X —Y be an IF slightly { —continuous, surjection, (X,7) is an intuitionistic
fuzzy ¢ -connected, then (Y, k) is IF connected.
Proof: Assume that (Y, k) is not IF connected then there exists non-empty intuitionistic fuzzy U and
Vin (Y, k) such that U UV =1_and U N"V. =0_. Therefore U and V are intuitionistic fuzzy ¢
open sets in Y. Since fis IF slightly ¢ — continuous, C = f *(A)#0_,D = f *(B) # 0_, which are
IFCOSinX. And f 1 (U)u (V)= f*(1.)=1_, which implies CND=0_.Thus Xis IF{ -

disconnected, which is a contradiction to our hypothesis. Hence Y is IF connected.
Remark 6.9: The following example shows that IF slightly { — continuous, surjection do not

necessarily preserve IF hyperconnectedness.
Example 7.0: : Let X ={a,b}, Y ={u,v}

G, ={(x(0.7,0.6),(0.3,0.4)) / xe X}, G, ={(x,(0.1,0.1),(0.9,0.9))/ x € X }

G, ={(x,(0.9,0.9),(0.1,0.1))/ x e X}

Then 7={0_,1.,G, } and k ={0_,1.,G,,G;,G, UG;,G, "G} are IFT on X and Y respectively.
Define a mapping  :(X,7) — (X,x) by f(a)=uand f (b) =Vv.

Then f is an IF slightly £ — continuous surjective. (X,7) is hyperconnected. But (X, k) is not

hyperconnected.
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