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1. Introduction

L.A. Zadeh [12] introduced the concept of fuzzy sets and fuzzy set operations in 1965. Thereafter,
C.L. Chang [4] paved the way for the subsequent tremendous growth of numerous fuzzy
topological concepts, after which much attention has been paid to generalise the basic concepts
of general topology in fuzzy setting and thus a modern theory of fuzzy topology has been
developed. The concepts of Volterra spaces have been studied extensively in classical topology
13}, 16} 7, 8, 9, [10]. The concept of Volterra spaces in intuitionistic fuzzy setting was introduced
and studied by the authors [11]. In this paper some results concerning functions that preserve

intuitionistic fuzzy Volterra spaces in the context of images and preimages are obtained.
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2. Preliminaries

Definition 2.1 ([1). An intuitionistic fuzzy set (IFS, in short) A in X is an object having
the form A = {x,ua(x),va(x)/x € X}, where the functions py : X — I and v4 : X — I denote
the degree of membership (namely p4(x)) and the degree of non-membership (namely v (x))
of each element x € X to the set A on a nonempty set X and 0 < pus(x) +va(x) < 1 for each
x € X. Obviously every fuzzy set A on a nonempty set X is an IFS’s A and B be in the form
A ={x,ua(x),1—ps(x)/x e X}

Definition 2.2 ([1]). Let X be a nonempty set and the IFS’s A and B be in the form
A = {x,pa(x),va(x)/x € X}, B = {x,up(x),vp(x)/x € X} and let A ={A;:j € J} be an arbitrary
family of IFS’s in X. Then, we define
(i) A cBifand only if pa(x) < up(x) and va(x) = vp(x) for all x € X.
(ii)) A=Bifandonlyif AcB and BSA.
(ii) A ={x,va(x), ua(x)/x € X}.
(iv) ANB = {x, ua(@)Npsx),va(x)UJvp(x)/x € X}.
(v) AUB = {x, ua(x)Uup(x),va(x)Nvp(x)/x € X}.
(vi) 1~ ={(x,1,0),x € X} and 0~ = {(x,0,1),x € X }.

Definition 2.3 ([7]). Let X and Y be two non-empty sets and f : X — Y be a function.

(a) If B={(y,up(y),vp(y))/y€Y}is an IFS in Y, then the pre-image of B under f is denoted
and defined by

FAB) = {a, f M up)), fHp())/x € X}.
Since up(x),vp(x) are fuzzy sets, we explain that f'l(,uB(x)) = up(x)(f(x)), f Hupx) =
vB(x)(f (x)).

(b) If A ={Ky,ua(y),va(y))/x € X} is an IFS in X, then the image of A under f is denoted and
defined by f(A) = {(y, f(ua(¥),fway)))/y €Y} where f(va)=1-f(1—v4).

Corollary 2.4 ([7]). Let A, A;’s (i€ J) be IFS’sin X,B,B;’s (jeK)IFS’sinY and f: X —Y a
function. Then
(i) A1cAs=>f(AD S f(Ag).
(i) BicBs= f~YB1)<f 1(By).
(i) A</ NF(A) (f f is injective, then A = F~1(f(A))).
(v) f(f~YB)) =B (if f is surjective, then f(f~1(B))=B).
v) FHUB)) =UFBy).
~vi) F7HNB) =Nf4B)).
(vii) f(UA;))=UFf(A)).
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(viii) f(NA;) SNF(A;) Gf f is injective then f(NA;)) =NF(A))).
(x) f~l1)=1..
(x) f71(0-)=0-.
(xi) If f is surjective, then f(1.)=1-, f(0.)=0..
(xii) If f is surjective, then f(A) < f(A) (further more, if f is injective, then f(A) = f(A)).
(xiii) £71(B)=f"1B).
Definition 2.5 ([7]). An intuitionistic fuzzy topology (IF'T, in short) on a nonempty set X is a
family 7 of an intuitionistic fuzzy set (IF'S, in short) in X satisfying the following axioms:
(i) 0., 1. €.
(i1)) AiNAgerT forany Aj,Az€T.
(iii) JA;eTforany Aj:jeJ <.
The complement A of intuitionistic fuzzy open set (IFOS, in short) in intuitionistic fuzzy
topological space (IFTS, in short) (X, 1) is called an intuitionistic fuzzy closed set (IFCS, in
short).

Definition 2.6 ([7]). Let (X,7) be an IFTS and A = {x, ua(x),v4(x)} be an IFS in X. Then, the

fuzzy interior and closure of A are denoted by
1) cdlA)=N{K:K isan IFCSin X and A c K}.
(i) int(A)=U{G :G is an IFOS in X and G € A}.
Note that, for any IFS A in (X, 1), we have cl(A) = int(A) and int(A) = cl(A).

Definition 2.7 ([6]). An IFS A in IFTS (X, 71) is called IF dense if there exists no IFCS B in
(X,7) suchthat AcBc<1.. Thenis, IFclA)=1..

Definition 2.8 ([6]). An IFS A in an IFTS (X, 1) is called IF nowhere dense if there exists no
non-zero IFOS B in (X, 1) such that B € IFcl(A). Then is, IFint(IFcl(A)) =0..

Let A be an intuitionistic fuzzy set in (X, 7). If A is an IFCS in (X, 7)with IFint(A) =0, then A
is an IF nowhere dense set in (X, 7).

Definition 2.9 ([11]). An intuitionistic fuzzy topological space (X, 1) is called intuitionistic fuzzy

N

volterra space, if IFcl( N Ai) =1., where A;’s are intuitionistic fuzzy dense and intuitionistic
i=1

fuzzy Gs-sets in (X, 7).

(e,0)
Definition 2.10 ([6]). An IFTS (X, 1) is called intuitionistic fuzzy first categoryif U A; =1.,
i=1
where A;’s are IF nowhere dense sets in (X, 7). An IFTS which is not IF first category is said to

be IF second category.

Definition 2.11 ([6]). Let (X,7) and (Y,x) be any two IFTSs. A function f:(X,7) — (Y,x) is
called somewhat IF continuous if A € (Y,«x) and f~1(A) # 0., then there exists a B € (X, 1), such
that B # 0. and B < f~1(A).
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Definition 2.12 ([6]). Let (X,7) and (Y,«) be any two IFTSs. A function f :(X,7) — (Y,x) is
called somewhat IFopen if A € (X,7) and A #0., then there exists a B € (Y,«), such that B # 0.
and B< f(A).

3. Intuitionistic Fuzzy Volterra Spaces and Functions

Proposition 3.1. If a function f :(X,7) — (Y,x) from an IFTS (X, 1) into another IFTS (Y ,x)
is an IF continuous, one-one and if A is an IF dense set in (X, 1), then f(A) is an IF dense set in
Y ,x).

Proof. Suppose f(A) is not an IF dense set in (Y, x). Then, there exists an IFCS B in (Y ,«) such
that f(A) <B < 1. Then, f1(f(A) < f1(B) < fF1).

Since f is one-one, f " 1(f(A)) = A. Hence, we have A < f~1(B) < 1. Since f is an IF continuous
and B is an IFCS in (Y,«x), f~(B) is an IFCS in (X,7). Then, IFcl(4) # 1., which is a
contradiction to A being an IFdense set in (X, 7). Therefore, f(A) is an IFdense set in (Y,x). [

Proposition 3.2. If a function [ :(X,1) — (Y ,x) from an IFTs (X, 1) onto another IFTS (Y ,x) is
IFopen and if A is an IFdense set in (Y ,x), then f~1(A) is an IFdense set in (X, 7).

Proof. Let A be an IF dense set in (Y,x), then we have IFcl(A) = 1.. Since f is an [Fopen
function, then f~1(IFcl(A)) < IFcl(f~1(A)). Then, f~1(1.) < IFcl(f"1(A)) which implies that
1. <IFcl(f1(A)). That is, IFcl(f "1(A)) = 1.. Hence f~1(A) is an IF dense set in (X, 7). O

Proposition 3.3. If a function f :(X,t) — (Y ,x) from an IFTs (X, ) onto another IFTS (Y ,x) is
IF continuous, one-one and IFopen function and if (X,1) is an IF Volterra space, then (Y ,x) is an

IF Volterra space.

Proof. Let (X,7) be an IF Volterra space and A;’s, i = 1,2,...,N be IFdense and IFG; sets

in (Y,«). Then, IFcl(A;)=1. and A; = or(]) (A;j), where A;;’s are IFopen sets in (Y,x). Now
j=1

frAy=F"1 ( _ﬂl(Aij)) = ﬂl(f_l(Aij))-
Jj= Jj=
Since f is an IF continuous and A;;’s are IFopen sets in (Y ,«x), f “1(A; ;)’s are IFopen sets in
(X, 7). Hence FWO (f'l(Aij)) is an IFG; set in (X, 7).
j=1
Then, f~1(A;) is an IFG; set in (X,7) i =1,2,...,N).

Now A; is an IFdense set in (Y,x). Since f is an IFopen function from (X, 1) onto (Y,x), by
Proposition £~ 1(A,) is an IFdense set in (X, 7). Since (X, 7) is an IF Volterra space, we have

J=1

IFcl(ﬁ(f—l(Ai))) =1,

where f1(A;)’s are IF dense and IFG; sets in (X, 7). Then, IFcl (f‘l ( Org] (f‘l(Ai)))) =1..
j=1
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o0
That is, f! ( N (Ai)) is an IFdense in (X,7). Since f is an IFcontinuous and one-one, by
Jj=1

Proposition , F(F 1 ( Oﬁ (Ai)) is an IFdense set in (Y ,«). That is,
j=1

IFcl (f (f‘l (E(Ai)))) =1.. (3.1)

J= J
(Y,x) is an IF Volterra space. O

Since f is onto, f(f ! ( Oﬁ (Ai)) = orc]) (A;). Then, from (3.1), we have IFcl( oﬁ (Ai)) = 1.. Therefore
1 j=1 =1

Theorem 3.4. Suppose (X,1) and (Y,x) be IFTSs. Let f : (X,7) — (Y,x) be an onto function.

Then, the following conditions are equivalent.

(i) f is somewhat fuzzy open

(i) If A is an IFdense set in (Y ,x), then f~Y(A) is an IF dense set in (X,1).

Proof. (i)=(ii): Let A be an IFdense set in (Y,x). Suppose £ 1(A) is not an IF dense set
in (X,7). Then, there exists a non-zero IFCS B on (X,7) such that f~1(A) < B < 1.. Then,
1-B<1-f"1A)=f"1(1-A). Now 1-B is an IFOS in (X, 7). Since B< 1., 1-B #0.. Since f
is somewhat IF open function, there exists an IFOS C # 0. somewhat [Fopen in (Y,«) such that
C<f(1-B)and hence C<f(f 1 (1-B))<1-B.Thatis, A<1-C<1.and 1-C is an IFCS in
(Y,x), implies that A is not an IF dense set in (X, 1), which is a contradiction to the assumption
on A. Thus (i)=(ii) is proved.

(i1)=(): Let A be a non-zero IFS and f(A) # 0~. Suppose that there exists no IFOS B # 0.
in (Y,x) such that B < f(A). That is, IFint(f(A)) = 0.. Then, 1—-IFint(f(A)) = 1.. This will
imply that IFcl(1-f(A) =1.. Now f11-fA)=1-Ff"f(A))<1-A < 1. (since A #0.).
That is, f~1(1 - f(4)) < 1-. Then, IFcl(f1(1 - f(A))) < IFcl(1.) = 1.. This will imply that
IFcl(f~1(1-f(A))) # 1., a contradiction. Hence we must have IFint(f(A)) # 0. Therefore f is
somewhat IFopen function from (X, 1) into (Y ,x). O

Proposition 3.5. If f : (X, 1) — (Y ,x) is an onto function in an IFTS is IFcontinuous, one-one
and somewhat IF open function, then (X,7) is an IF Volterra space if and only if (Y ,x) is an IF
Volterra space.

Proof. Let (X,7) be an IF Volterra space and A;’s, i = 1,2,...,N be IFdense and IFG; sets

o0
in (Y,x). Then, IFcl(4;) = 1. and A; = [ (A;;), where A;;’s are IFopen sets in (Y,x). Now
j=1

1 1R X (r-1
fA)=f" ( N (Aij)) = N (A).
j:l j:l
Since f is an IF continuous and A;;’s are IFopen sets in (Y ,«x), f (A j)’s are IFopen sets in

(X,7). Hence F]O (f_l(Aij)) is an IFGsset in (X, 7).
j=1
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Then, f~1(4;) is an IFGs set in (X,7) (i =1,2,...,N). Now A, is an IFdense set in (Y,x). Since
f is an IFopen function from (X, 1) onto (Y ,x), by Proposition f~1(A;) is an IFdense set in
(X, 7). Since (X, 1) is an IF Volterra space, we have

IFcl(ﬁ(f—l(Ai)) =1,

Jj=1

where f~1(A;)’s are IF dense and IFG; sets in (X, 7). Then, IFcl(f ! ( oﬁ (f‘l(Ai))) =1..
j=1

That is, £ ! ( OFC]) (Ai)) is an IFdense in (X,7). Since f is an IFcontinuous and one-one, by
j=1

Proposition f (f‘l ( oril) (Ai))) is an IFdense set in (Y,«). That is,
j=1

IFcl (f (f‘l (ﬁ(Ai)))) =1. (3.2)

Since f is onto, f(f—l(oﬁ(Ai))) = N (A,). Then, from B2), we have IFcl((](A;)) = 1_.
j=1 j=1 j=1
Therefore (Y ,x) is an IF Volterra space.

Conversely, let (Y,«x) be an IF Volterra space and A;’s, i =1,2,...,N be IFdense and IFGs
sets in (Y,«). Then, IFcl(4;)=1. and A; = 1 (A;;), where A;;’s are IFopen sets in (Y ,x). Now
j=1

flan=r1 ( _ﬂl(Aij)) = ﬂl(f_l(Aij))-
Jj= Jj=
Since f is an IF continuous and A;;’s are IFopen sets in (Y ,«x), f “1(A; ;)’s are IFopen sets in
(X,1). Hence FWO (f'l(Aij)) is an IFG; set in (X, 7).
j=1

Then, f~1(A;) is an IFG; set in (X,7) i =1,2,...,N).
Now A; is an IFdense set in (Y,x). Since f is an IFopen function from (X, 1) onto (Y,x), by
Proposition f~1(A;) is an IFdense set in (X, 7). Since (X, 7) is an IF Volterra space, we have

Jj=1

IFci(ﬁ(f—l(Ai))) =1,

where f1(A;)’s are IF dense and IFG; sets in (X, 7).

N N
Now we claim that IFcl( N (f‘l(Ai))) =1.. Suppose that IFcl( N (f_l(Ai))) #1..

J=1 J=1

N
Then, 1 - IFcl( N (f‘l(Ai))) # 0. which implies that
j=1

N N
IFint(U(l - f‘l(Ai))) = IFint(U(f‘l(l —Ai))) #0..

J=1

J=1

N
Then, there will be a non-zero IFOS B; in (X, 7) such that B; < U (f(1-A))).
Jj=1
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Then, f(B)) < f(ﬁ(f(l—Ai») < U(Ff'(1-A)). Since f is onto, ff~(1—A;) = 1-A;.
j=1 j=1

Hence f(B;) < 6(1 —A)=1- ( I(V1 (Ai)) =1-1=0. (since (Y,x) is an IF Volterra space
j=1 j=1

N
IFcl( N (f‘l(Ai))) =1.). That is, IFint(f(B;)) # 0. Therefore (X, 1) is an IF Volterra space. [
j=1

4. Conclusion

In this paper the relativization of intuitionistic fuzzy volterra spaces and intuitionistic functions
are studied. It paves way for forthcoming researchers to find the inter-relation between spaces

and functions.
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