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Abstract

In this paper we consider new weak and strong forms of intuitionistic fuzzy irresolute and
intuitionistic fuzzy semi-closed maps via the concept of intuitionistic fuzzy sg-closed sets,
which we call intuitionistic fuzzy ap-irresolute maps, intuitionistic fuzzy ap-semi closed
maps, intuitionistic fuzzy contra-irresolute maps and intuitionistic fuzzy contra sg-irresolute
maps and use them to obtain a characterization of intuitionistic fuzzy semi-T}/, spaces.
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1 Introduction

The concept of fuzzy set was introduced by Zadeh in his classical paper [16] in 1965. Using
the concept of fuzzy sets Chang [4] introduced the concept of fuzzy topological space. In [1],
Atanassov introduced the notion of intuitionistic fuzzy sets in 1986. Using the notion of
intuitionistic fuzzy sets, Coker [5] defined the notion of intuitionistic fuzzy topological
spaces in 1997. This approach provided a wide field for investigation in the area of fuzzy
topology and its applications. One of the directions is related to the properties of intuitionistic
fuzzy sets introduced by Gurcay [7] in 1997. After the introduction of intuitionistic fuzzy sets,
various notions in classical and fuzzy topology have been extended to intuitionistic fuzzy
topological space. The concept of intuitionistic fuzzy semi-closed sets was introduced by
H.Gurcay and D.Coker in [7]. Later in 2008 R.Santhi and K.Arun Prakash introduced
intuitionistic fuzzy sg-closed sets in [11].In 2000 M.Caldas [2], defined and studied weak and
strong forms of irresolute maps in General Topology and in 2008 R.K.Saraf, Seema Mishra
and M.Caldas studied the same concept in fuzzy topology.

In this paper we extend the same concept in intuitionistic fuzzy topological spaces. We
introduce the concept of irresoluteness called intuitionistic fuzzy ap-irresolute maps and
intuitionistic fuzzy ap-semi closed maps by using intuitionistic fuzzy sg-closed sets and study
some of their basic properties. This definition enables us to obtain conditions under which
maps and inverse maps preserve intuitionistic fuzzy sg-closed sets. Also, in this paper we
present a new generalization of irresoluteness called intuitionistic fuzzy contra-irresolute map,
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we define this class of maps by the requirement that the inverse image of each intuitionistic
fuzzy semi open set in the co-domain is intuitionistic fuzzy semi-closed in the domain. This
notion is a stronger form of intuitionistic fuzzy ap-irresoluteness. Finally, we characterize the
class of intuitionistic fuzzy semi-T,,, spaces in terms of intuitionistic fuzzy ap-irresolute and
intuitionistic fuzzy ap-semi closed maps.

Throughout this paper (X, 1) and (Y,k) are intuitionistic fuzzy topological spaces and
f: (X, 1) — (Y,x) is a mapping from an IFTS (X, 1) into an IFTS (Y ,x).

2  Preliminaries

Definition 2.1.[1] An intuitionistic fuzzy set( IFS, for short ) A in X is an object having the
form

A= {<X, [pa(x), va(x) > [ x € X}
where the functions ps : X — [0,1] and ya: X — [0,1] denote the degree of the membership

(namely pa(x)) and the degree of non- membership (namely ya(x) ) of each element x €X to
the set A, respectively, 0 < pa (X) + ya(x) <1 for each x € X.

Definition 2.2.[1] Let A and B be IFS’s of the forms
A= {<x, |ia(x), 7400 > | x € X} and B = {<x, [u(x) , yp(x) > | x € X}

Then,

(a) A <Bifandonlyif pa(x) < pg(x) and ya (x) = vy (x) forall x € X,

(b) A=Bifandonlyif A<Band B<A,

© A ={<x (), pa(x)>/x € X},

(d) ANB={<x,|ua(x) Al pa(x), Yo (X) v vB(X) / X € X},

(© AUB={<xluia() v pa(),7a() A12(x)/x € X},

) 0.={<x0,1>xe X} andl-={<x,1,0> x € X},

@ A=4,1 =0 and0_=1_.

Definition 2.3.[4] An intuitionistic fuzzy topology ( IFT for short ) on X is a family t of
IFS’s in X satisfying the following axioms:

i 0., 1.€erm,

(i) G; NGy € 1 forany G, Gy € 1,

(i) UG; € 1 for any family {G;|i € J} ct.

In this case the pair (X, 1) is called an intuitionistic fuzzy topological space (IFTS for
short) and any IFS in 1 is known as an intuitionistic fuzzy open set (IFOS for short) in X. The
complement A of an IFOS A in IFTS (X, 1) is called an intuitionistic fuzzy closed set (IFCS
for short) in X.

Definition 2.4.[1] Let fbe a mapping from a set X to aset Y. If

B={(y,lus(y),v8(y));yeY}
is an IFS in Y, then the preimage of B under f, denoted by f '(B), is the IFS in X defined by

FB) = {¢x, (e (X)), £ (1B () s x € X }.
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Definition 2.5.[4] Let (X, t) be an IFTS and A = < x, pua, ya> be an IFS in X. Then the
intuitionistic fuzzy interior and intuitionistic fuzzy closure of A are defined by
int(A)= U {G|Gisan[FOSin Xand G < A},
cl(A) = N{K|KisanI[FCSin Xand A < K}.
Note that, for any IFS A in (X, 1), we have
cl(4) =int(4) and int(4)=cl(4)

Definition 2.6.[6] An IFS A = {<x, |pa(x), ya(x)> | x € X} in an IFTS (X, 1) is called
intuitionistic fuzzy semi open set (IFSOS) if A < cl(int(A)).

An IFS A is called intuitionistic fuzzy semi closed set, (IFSCS), if the complement A is
an [FSOS. The family of all intuitionistic fuzzy semi open sets of an IFTS (X,t ) is denoted by
IFSOS(X).

Definition 2.7.[15] Let (X, 1) be an IFTS and A = <X, pa, Ya> be an IFS in X. Then the
intuitionistic fuzzy semi-interior and intuitionistic fuzzy semi-closure of A are defined by

sint (A) = v {B|BisanIFSOSin Xand B < A},

scl(A) = A{C|CisanIFSCSin X and A < C}.

Definition 2.8.[12] An intuitionistic fuzzy set A of an intuitionistic fuzzy topological space
(X, 1) is called an intuitionistic fuzzy semi-generalized closed set (intuitionistic fuzzy sg-
closed, IFSGCS in short) if scl (A) < U, whenever A — U and U is intuitionistic fuzzy semi-
open set.

The complement A of intuitionistic fuzzy semi-generalized closed set A is called
intuitionistic fuzzy semi-generalized open set (IFSGOS).

Definition 2.9.[12] An intuitionistic fuzzy topological space (X,t) is said to be intuitionistic
fuzzy semi-T),; space, if every intuitionistic fuzzy sg-closed set in X is intuitionistic fuzzy
semi-closed in X.

Definition 2.10 Let f: X—Y be a mapping from an IFTS X into an IFTS Y. The mapping f is

C?ged intuitionistic fuzzy semi-continuous, if f '(B) is an IFSOS in X for each IFOS B in
(i1) ?i(a.tggionistic fuzzy sg-continuous, if f '(B) is an IFSGOS in X for each IFOS B in
(1i1) ;;Llifi]onistic fuzzy irresolute, if £ '(B) is an IFSOS in X for each IFSOS B in Y.[9]
(iv)  intuitionistic fuzzy sg-irresolute, if f'(B) is an IFSGOS in X for each IFSGOS B in

Y.[12]

(V) intuitionistic fuzzy contra sg-continuous, if f '(B) is an IFSGCS in X for each IFOS
in Y.[13]

(vi)  intuitionistic fuzzy pre-semi-closed, if f (B) is an IFSCS in Y for every IFSCS B in
X.19]
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3 Intuitionistic Fuzzy ap-irresolute, Intutitionistic fuzzy ap-
semi-closed and intuitionistic fuzzy contra irresolute maps

Definition 3.1 A mapping f: X— Y is said to be intuitionistic fuzzy approximately irresolute
(intuitionistic fuzzy ap-irresolute) if scl(A) < f "'(B), whenever B is an IFSOS of Y, A is an
IFSGCS of X and A < f™'(B).

Definition 3.2 A mapping f: X— Y is said to be intuitionistic fuzzy approximately semi-
closed (intuitionistic fuzzy ap-semi-closed) if f(B) < sint(A) whenever A is an IFSGOS of Y,
B is an IFSCS of X and f(B) <A.

Theorem 3.3 Every intuitionistic fuzzy irresolute mapping is an intuitionistic fuzzy ap-
irresolute mapping.

Proof: Let f: X—Y is intuitionistic fuzzy irresolute mapping and B is an IFSOS in Y, A is an
IFSGCS in X such that A < f (B). By our assumption f "(B) is an IFSOS in X. Then
scl(A) < £ '(B). Hence f is intuitionistic fuzzy ap-irresolute mapping.

The converse of the above theorem is not true as seen from the following example.

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

Let A= x,(i,i}(i,ij B= y’(L’L}(L,L}
03 04 04 0.5 04 0.7 0.1 0.3

Then T = {0., A, 1.} and Kk = {0., B, 1. } are IFTS on X and Y respectively. Define a
mapping f:(X, 1) — (Y, x) by f(a) =, f(b) = v .Clearly f is intuitionistic fuzzy ap-irresolute
map. Now B is an IFSOS in Y and

o) )
04 0.7)10.1 0.3

int (f'(B)) = A.
cl(int (f'(B))=cl(A)= A.
Hence f '(B) « cl(int (f '(B)) which shows that f '(B) is not an IFSOS in X.
Hence f is not intuitionistic fuzzy irresolute mapping.

Theorem 3.5 If f: X—Y 1is an intuitionistic fuzzy pre-semi-closed mapping, then f is
intuitionistic fuzzy ap-semi-closed mapping.

Proof: Assume that f: X—Y is intuitionistic fuzzy pre-semi-closed mapping and B is an
IFSCS in X, A is an IFSGOS in Y such that f(B) < A. By our assumption f(B) is an IFSCS in
Y. Since A is an IFSGOS in Y, by definition f(B)< sint(A).Hence f is intuitionistic fuzzy ap-
irresolute mapping.

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

LetA= (x| 2. 2[4 b B= ([
0.2 0.3 0.7 0.6 06 04,102 04

Thent={0-, A, 1.} and K = {0_,B, 1. } are IFTS on X and Y respectively. Define a mapping
f:(X, 1) — (Y, ) by f(a)=u, f(b) = v . Clearly fis intuitionistic fuzzy ap-semi-closed map.

LetM= (x| 2 2 ) [ 2 )\ c irscsx).
05704/02705
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. u v u v
= <y’(a’a}(@ﬁ)>

clfM))=1-,
int[cl(fM))] =int(1.)= 1. M.
Hence f (M) is not an IFSCS in Y.
Hence f'is not intuitionistic fuzzy pre-semi-closed mapping.

Theorem 3.7 A mapping f: X—>Y is:

(i) intuitionistic fuzzy ap-irresolute if f '(A) is an IFSCS in X for every IFSOS A in Y.

(11) intuitionistic fuzzy ap-semi-closed if f (B) is an IFSOS in Y for every IFSCS B in X.

Proof:

(1) Let A be an IFSOS in Y and B be an IFSGCS in X such that B < f "'(A).Then
scl(B) < scl(f '(A)).Since f '(A) is an IFSCS in X, scl(B) < f '(A).Thus f is
intuitionistic fuzzy ap-irresolute.

(il) Let A be an IFSGOS of Y and B be an IFSCS of X such that f(B) < A. Then,
sint(f(B)) < sint(A).Since f(B) is an IFSOS in X, we have f(B) < sint(A).Thus f is
intuitionistic fuzzy ap-semi-closed.

The converse of the above theorem is not true in general as seen from the following examples.

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

LetA= (x| 2 |[2 L)) g=(p[2e [ 2
03 04)104 05 0.4 0.7)(0.1 0.3

Then T = {0., A, 1.} and K = {0.,B, 1. } are IFTS on X and Y respectively. Define a
mapping f:(X, 1) — (Y, ¥) by f(a) =u, f(b) = v . Clearly f is intuitionistic fuzzy ap-irresolute
map.

Now B is an [FSOS in Y and

o e )
04 0.7)10.1 0.3

c(f'(B)) = 1..

int[cl(f'(B))]=1.z f'(B).
Hence f'(B) is not an IFSCS in X.
Example 3.9 Let X= {a}, Y= {b}.

tea= (x5 ) (o) 2= (o0 s )

Thent={0., A, 1.} and K= {0, B, 1.} are IFTS on X and Y respectively. Define a mapping
f: (X, 1) — (Y, ) by f(a) = b. Clearly f is intuitionistic fuzzy ap-semi-closed map.

LetZ = <x(ij(ij> e TFSCS(X).
0.3/\0.4
[
fz)= <x’(o.3j’(o.4}>
int (f (Z)) = 0, cl[int(f (Z) )] = 0-

f(Z) z cl[int(f(Z))]=0-.
Hence f(Z) is not an IFSOS in X.
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In the following theorem we impose certain conditions, which make the converse of
Theorem.3.7 true.

Theorem 3.10 Let f: X—Y is a mapping from an IFTS X into an IFTS Y.
(1) IfIFSOS and IFSCS of (X,7) coincide, then f is intuitionistic fuzzy ap-irresolute
if and only if f '(B) is an IFSCS of X for every IFSOS B of Y.
(i) IfIFSOS and IFSCS of (Y,k) coincide, then f is intuitionistic fuzzy
ap-semi-closed if and only if f(B) is an [IFSOS of Y for every IFSCS B of X.
Proof:
(i) Assume that f is intuitionistic fuzzy ap-irresolute. Let B be any IFS of X such that B < G
where G is an IFSOS of X. Then by hypothesis scl(B) < scl(G) = G. Therefore all subsets of
X are IFSGCS (and hence all are IFSGOS). So, for any IFSOS B of Y, f'(B) is an IFSGCS in
X. Since f is intuitionistic fuzzy ap-irresolute, scl[f'(B)] < f'(B). But always
£1(B) < scl[f'(B)]. Therefore, scl[f'(B)] = f'(B). Hence, f (B) is an IFSCS in X.
The converse part follows from the Theorem-3.7.
(ii) Assume that f is intuitionistic fuzzy ap-semi-closed. Let B be any IFS of X such that
G < f(B) where G is an IFSCS of Y. Then by hypothesis G = sint (G) < sint (f(B)). Therefore
all sets of Y are IFSGOS. Therefore for any IFSCS B of X, f(B) is an IFSGOS in Y. Since f is
intuitionistic fuzzy ap-semi-closed, f(B) < sint(f(B)). But always sint[f(B)] < f(B). Hence,
f(B) = sint[f(B)]. Therefore f(B) is an IFSOS in Y.
The converse follows from the Theorem.3.7.
As an immediate consequence of Theorem.3.10, we have the following corollary.

Corollary 3.11 Let f: X —>Y be a mapping from an IFTS X into an IFTS Y.
(1) If the IFSCS and IFSOS of (X,1) coincide, then f is intuitionistic fuzzy ap
irresolute if and only if f is intuitionistic fuzzy irresolute.
(11) If the IFSCS and IFSOS of (Y,x) coincide, then f is intuitionistic fuzzy
ap-semi-closed if and only if f is intuitionistic fuzzy pre-semi-closed.
Proof:
(i) Assume that f is intutionistic fuzzy ap-irresolute. Let B be an IFSOS of Y. Then by
Theorem.3.10 f (B) is an IFSCS in X. Since IFSCS and IFSOS of X coincide f "'(B) is an
IFSOS. Hence f'is intuitionistic fuzzy irresolute mapping.
The converse follows from the Theorem.3.3.
(ii) Similar to (1).

Definition 3.12 A mapping f: X—Y is said to be intuitionistic fuzzy contra-irresolute if f'(B)
is an [FSCS in X for every IFSOS B in Y.

Definition 3.13 A mapping f: X—Y is said to be intuitionistic fuzzy contra-pre-semi-closed if
f(B)isan IFSOS in Y for every IFSCS B in X.

Remark 3.14 Intuitionistic fuzzy contra-irresoluteness and fuzzy irresoluteness are
independent of each other.

Example 3.15 Let X= {u, v}.
LetM= (x| 2 || 2L L
0.7 03)10.2 0.5
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Then T = {0-, M, 1.} is an IFTS on X. Define a mapping f:(X,t) — (X,7) by f(ya(u)) = |pa(u),
f(ya(v)) = |pa(v). Clearly f is intuitionistic fuzzy contra-irresolute mapping. M is an IFSOS in
X and

£ v = <x [L Lj (L Lj>
L0.270.5/10.770.3

int(f '(M)) = 0_.

cl(int (f'(M) ) = ¢l (0.).
Clearly f (M)) ¢ 0. Therefore f '1(M) is not an IFSOS in X.
Hence fis not an intuitionistic fuzzy irresolute mapping.

Example 3.16 Let X= {a, b}.

Leta= (x| 2. 02 |[2 2
0.5 0.1 0.4 0.6

Then T = {0., A, 1.} is an IFTS on X. Define a mapping f:(X,t) — (X,7) by f(a) = a, f(b) = b.
Clearly f is intuitionistic fuzzy irresolute mapping.

B= x,[i,i),[i,ij e IFSOS(X)
0.7°04 /102705

o i )
0.7 04)102 0.5

c(f'B)) = 1..
int(cl (f'(B)) =int (1.) = L.
Clearly, int(cl (f '(B)) < £ '(B).
- £71(B) is not an IFSCS in X.
Hence, f is not intuitionistic fuzzy contra-irresolute mapping.
In the similar manner, one can prove that intuitionistic fuzzy contra-pre-semi-closed maps and
intuitionistic fuzzy pre-semi-closed maps are independent notions.

Theorem 3.17 Let f: X—Y is a mapping from IFTS X into an IFTS Y. Then the following
conditions are equivalent:
(1) fis intuitionistic fuzzy contra-irresolute.
(i1) the inverse image of each IFSCS in Y is an IFSOS in X.
Proof:
(i) = (ii) Let f be intuitionistic fuzzy contra-irresolute. Let B be an IFSCS in Y. Then

f'(B) is an IFSCS in X for every IFSOS B in Y. Since f'(B) =f7'(B), we have
f'(B) is an IFSOS in X.
(ii) = (i) Proof similar to (i).

Theorem 3.18 Every intuitionistic fuzzy contra-irresolute map is intuitionistic fuzzy ap-
irresolute mapping.

Proof: Let f: X—>Y be intuitionistic fuzzy contra-irresolute mapping and B be an IFSOS in
Y. By our assumption f '(B) is an IFSCS in X. By Theorem.3.7, f is intuitionistic fuzzy ap-
irresolute mapping.

The converse of the above theorem is not true as seen from the following example.
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Example 3.19 Let X= {t, u}.

LetF= (x| || L%
0.7°0.3)00.370.6

Then T = {0, F,1.} 1s an IFTS on X. Define a mapping f :(X, 1) — (X, ) by f(t) =t, f(u) = |u.
Clearly f'is intuitionistic fuzzy ap-irresolute mapping.

LetG= (x| 2 [, |) e IFSOS(X).
09°05,001705

Then f (G) = ( x, [LLNLL)
0.9°0.5/10.1°0.5

c( (£7(G) )= 1.
int[cl( (f'(G))] =int(1.) = 1..
intfel( (£7(G))] ¢ £7(G)
Therefore (f '(G) is not an IFSCS in X.
Hence f'is not intuitionistic fuzzy contra-irresolute mapping.

Definition 3.20 A mapping f: X—Y is said to be intuitionistic fuzzy perfectly contra-
irresolute if the inverse image of every IFSOS in Y is intuitionistic fuzzy semi clopen in X.

Theorem 3.21 Every intuitionistic fuzzy perfectly contra irresolute mapping is an
intuitionistic fuzzy contra-irresolute mapping.

Proof: Let f: X—Y is intuitionistic fuzzy perfectly contra-irresolute mapping and let B be an
IFSOS in Y. Then by our assumption f "'(B) is intuitionistic fuzzy semi clopen set in X. Thus
f£7(B) is an IFSCS in X. Hence f is intuitionistic fuzzy contra-irresolute mapping.

The converse of the above theorem is not true in general as seen from following example.
Example 3.22 Let X= {u, v}.

LetM= (x| 2 || 2L L
0.7°0.3)10.270.5

Then T = {0-, M, 1.} is an IFTS on X. Define a mapping f:(X, 1) — (X,1) by f(ya(u)) = |pa(v),
f(ya(v)) = |ua(v). Clearly f'is intuitionistic fuzzy contra-irresolute mapping.
M is an IFSOS in X and

o= (<5555 a5 o)
L0.2705/10.7°03

int (f'(M)) = 0.
cl(int (f'(M) ) = ¢l (0.).
Clearly, f™'(M))z 0..
. £7(M) is not an IFSOS in X .
Hence f is not an intuitionistic fuzzy perfectly contra-irresolute mapping.

Theorem 3.23 Every intuitionistic fuzzy perfectly contra irresolute mapping is intuitionistic
fuzzy irresolute mapping.

Proof: Obvious.

The reverse implication of the above theorem is not true as seen from following example.

Example 3.24 Let X= {a, b}.
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Leta= (x| 2. 02 |[2 2
0.5 0.1 0.4 0.6

Then T = {0, A, 1.} is an IFTS on X. Define a mapping f:(X, 1) — (X,7) by f(a) = a, f(|b) =b.
Clearly f'is intuitionistic fuzzy irresolute mapping.

B= x,(i,i},(i,ij e IFSOS(X)
0.7°04)102°05

ol )
07 04)102 0.5

c(f'(B)) = 1..
int(cl (f'(B)) = int (1.) = 1_.Clearly int(cl (f '(B)) < f '(B).
- £71(B) is not an IFSCS in X.

Hence f is not intuitionistic fuzzy perfectly contra-irresolute mapping.

Thus we have the following diagram.
Intuitionistic fuzzy contra-irresolute

S

Intuitionistic fuzzy Intuitionistic fuzzy
perfectly contra-irresolute ap-irresolute

/'

Intuitionistic fuzzy irresolute

/N

Theorem 3.25 Let f: X—>Y be a mapping from IFTS (X, 1) into an I. Then the following
conditions are equivalent:

(1)  fis intuitionistic fuzzy perfectly contra-irresolute;

(i)  fis intuitionistic fuzzy contra-irresolute and intuitionistic fuzzy irresolute.
Proof: (i) = (ii): Let f be intuitionistic fuzzy perfectly contra-irresolute mapping. Let B be
an IFSOS in Y. By our assumption f "'(B) is intuitionistic fuzzy clopen set in X. Thus f "'(B)
1s both IFSOS and IFSCS in X. Hence f is intuitionistic fuzzy contra-irresolute and
intuitionistic fuzzy irresolute.
(ii)= (i): Let f be both intuitionistic fuzzy contra-irresolute and intuitionistic fuzzy irresolute
and let B be an IFSOS in Y. By our assumption f "|(B) is both IFSOS and IFSCS in X. (i.e)
f "(B) is intuitionistic fuzzy semi clopen set in X. Hence f is intuitionistic fuzzy perfectly
contra-irresolute.

The next two theorems establish conditions under which maps and inverse maps preserve
intuitionistic fuzzy sg-closed sets.
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Theorem 3.26 If a map f: X—>Y is intuitionistic fuzzy irresolute and intuitionistic fuzzy ap-
semi-closed, then f ™'(A) is intuitionistic fuzzy sg-closed whenever A is intuitionistic fuzzy sg-
closed setin'Y.

Proof: Let A be an IFSGCS in Y. Suppose that f '(A) < B, where B is an IFSOS of X.
Taking complements we obtain B < f'(A) or f(B) < A. Since f is intuitionistic fuzzy ap-
semi-closed f(B) <sint(A) =sclA. It follows that B <f'(scl(A))=f'scl(A) and hence
f(sclA) < B. Since f is intuitionistic fuzzy irresolute f'(scl(A)) is an IFSCS.

Thus we have scl(f '(A)) < scl(f "(scl(A))) = f'(scl(A)) < B.

This implies £ '(A) is an IFSGCS in X.

A similar argument shows that inverse images of intuitionistic fuzzy sg-open sets are
intuitionistic fuzzy sg-open sets.

Theorem 3.27 If a map f: X—Y is intuitionistic fuzzy ap-irresolute and intuitionistic fuzzy
pre-semi-closed, then for every IFSGCS B of X, f(B) is an IFSGCS in Y.

Proof: Let B be an IFSGCS in X and f(B) < G, where G is an IFSOS in Y. Then, B < f (G)
holds. Since f is intuitionistic fuzzy ap-irresolute, scl (B) < f "(G) and hence f(scIB) < G.
Since f'is intuitionistic fuzzy pre-semi-closed f(sclB) is an IFSCS in Y. Therefore we have scl
(f(B)) < scl(f(sclB)) = f(scIB) < G. Hence f(B) is an IFSGCS in Y.

Theorem 3.28 Let f: X—>Y and g: Y—>Z be two mappings. Then,

(1) gef is intuitionistic fuzzy ap-irresolute, if f is intuitionistic fuzzy ap-irresolute and g is
intuitionistic fuzzy irresolute.

(1) gof is intuitionistic fuzzy ap-semi-closed, if f is intuitionistic fuzzy pre-semi-closed and g
1s intuitionistic fuzzy ap-semi-closed.

(iii)gef is intuitionistic fuzzy ap-semi-closed, if f is intuitionistic fuzzy ap-semi-closed and g is
intuitionistic fuzzy pre-semi-open and g ' preserves intuitionistic fuzzy sg-open sets.

Proof:

(1) Assume that A is an IFSGCS of X and B be an IFSOS in Z for which A < (got)'l(B).

Since g is intuitionistic fuzzy irresolute g”'(B) is an IFSOS in Y. Since f is intuitionistic
fuzzy ap-irresolute scl(A) < f '[g "(B)] = (gef)(B). This proves that gof is intuitionistic
fuzzy ap-irresolute mapping.

(11) Suppose that B is as IFSCS in X and A is an IFSGOS in Z for which (gef)(B) < A. Then
f(B) is an IFSCS in Y, as f is intuitionistic fuzzy pre-semi-closed. Since g is intuitionistic
fuzzy ap-semi-closed, g(f(B)) = (g°f)(B) < sint(A). This implies that gof is intuitionistic
fuzzy ap-semi-closed.

(ii1))Assume that B is an IFSCS in X and A is an IFSGoS in Z for which (g°f)(B) < A. Hence
f(B)< g'(A). Since A is IFSGOS in Z and g preserves intuitionistic fuzzy sg-open sets
g (A) is IFSGOS in Y, which implies f(B) < sint[g"(A)]. Thus

(g°N(B) = g(f(B)) < g(sint(g'(A))) < sint(gg”(A)) < sint A

This implies that gef is intuitionistic fuzzy ap-semi-closed.

Theorem 3.29 Let f : X—>Y be a mapping from an IFTS (X, 1) into an IFTS (Y,x), and

g: Y—>Z be a mapping from an IFTS (Y,x) into an IFTS (Z,0) respectively. Then

(1) gof intuitionistic fuzzy perfectly contra-irresolute if f and g are intuitionistic fuzzy
perfectly contra-irresolute.

(i)  gef intuitionistic fuzzy contra-irresolute if f is intuitionistic fuzzy perfectly contra-
irresolute and g is intuitionistic fuzzy contra-irresolute.
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(ii1))  gef intuitionistic fuzzy irresolute if f is intuitionistic fuzzy perfectly contra-irresolute
and g is intuitionistic fuzzy contra-irresolute.

(iv)  gef is intuitionistic fuzzy irresolute if f is intuitionistic fuzzy perfectly contra-
irresolute and g is intuitionistic fuzzy irresolute.

(v) gef is intuitionistic fuzzy contra-irresolute if f is intuitionistic fuzzy perfectly contra-
irresolute and g is intuitionistic fuzzy irresolute.

(vi)  gefiis intuitionistic fuzzy irresolute if f is intuitionistic fuzzy contra-irresolute and g is
intuitionistic fuzzy contra-irresolute.

(vil)  gef is intuitionistic fuzzy contra-irresolute if f is intuitionistic fuzzy contra-irresolute
and g is intuitionistic fuzzy irresolute.

Proof: Follows from definitions.

Theorem 3.30 If f: X—>Y is a intuitionistic fuzzy contra-irresolute mapping from an IFTS
(X, 1) into an IFTS (Y,x), then f is intuitionistic fuzzy contra semi-continuous mapping.
Proof: Let G be an IFOS in Y. Then G is an IFSOS in Y. Since f is intuitionistic fuzzy
contra-irresolute, it follows that f '(G) is an IFSCS in X. Hence f is intuitionistic fuzzy contra
semi-continuous mapping.

The converse of Theorem3.30 is not true in general as seen from the following example.

Example 3.31 Let X={a,b,c}, Y= {u, v, w}.

. a b ¢ a b c . u v w\(u v w
Let A= Xol o b| 7o~ 5 B= Vol 7o | o o
004 04)\1 0.6 0.6 104 04)\0 0.6 0.6

Define a mapping f:(X, 1) — (Y, x) by f(a) =u, f(b)=v, f(c) =w. Thent= {0, A, 1.} and
K={0., B, 1.} are IFTS on X and Y respectively

£1(B) = x(ﬁiLj (ﬁii)
11704704).0°0.6°0.6

CI[f'B)]=1.n 4= 4, int(4)=A cf'(B)
Therefore f is intuitionistic fuzzy contra-semi continuous mapping.

LetC=(y,| 2,2 WIITE Y ¥ 1\ peonIFSOSin Y.
170.7°0.7 /10702703

f'l(C)Z x(ﬁiij(ﬁiij
11707707 /L0°0.2°0.3

c(f'(C) = 1. int(1)=1. ¢ £/(C)
. £71(C) is not in IFSCS in X.
Hence f'is not an intuitionistic fuzzy contra-irresolute mapping.

Definition 3.32 A mapping f: X—Y from an IFTS X into an I[FTS Y is said to be intuitionistic
fuzzy contra sg-irresolute if £ '(B) is an IFSGOS in X for every IFSGCS B in Y.

Theorem 3.33 Every intuitionistic fuzzy contra sg-irresolute mapping is an intuitionistic
fuzzy sg-continuous mapping.

Proof: Let f: X—Y be an intuitionistic fuzzy contra sg-irresolute mapping. Let B be an IFCS
in Y. Then B is an IFSGCS in X. Hence f is intuitionistic fuzzy contra sg-continuous
mapping.

37



The converse of Theorem.3.22 is not true in general as seen from the following example.

Example 3.34 Let X={a,b,c}, Y={u, v, w}.

Leta= (x[% 2 <[22l <)) g= ey wfe vy w
00404 1 0.6 0.6 104 04)\0 0.6 0.6

Then T = {0-, A, 1.} and Kk = {0-, B, 1. } are IFTS on X and Y respectively. Define a
mapping f: (X, 1) — (Y, k) by f(a) = u, f(b) = v, f(c) = w. Clearly f is intuitionistic fuzzy
contra sg-continuous map.

LetC=(y| 2, L Y12 Y W) pe an IFSGCS in Y.
0°04°03)1°0.6°0.7

sint[f (C)] =0..

LetG = x,(ﬁ,i;}(
00203

G ¢ sint[f (C)]
£71(C) is not an IFSGOS in X.
Hence fis not an intuitionistic fuzzy contra sg-irresolute mapping.

j> is an IFSCS in X and G £ (C), but

Theorem 3.35 Let f: X—Y be a mapping from IFTS X into an IFTS Y. Then the following
statements are equivalent:

(1) fis intuitionistic fuzzy contra sg-irresolute.

(ii) £ '(B) is an IFSGCS in X for every IFSGOS in Y.
Proof: Obvious.

Theorem 3.36 Let f: X—>Y be a function and let g: X—XxY be the graph function of f,

defined by g(x) = (x, f(x)) for every xeX. If g is intuitionistic fuzzy contra sg-irresolute, then
f is intuitionistic fuzzy contra sg-irresolute.

Proof: Let B be an IFSGCS in Y, then f '(B) = f '(1.xB) = 1. n f '(B) = g "(1.xB). Since
1_xB is an IFSGCS and g is contra sg-irresolute g ~'(1.xB) is an IFSGOS in X. Hence f "'(B)
is an IFSGOS in X. Hence f'is intuitionistic contra sg-irresolute.

Theorem 3.37 If f: X—Y is intuitionistic fuzzy contra sg-irresolute mapping and (X,t) is
intuitionistic fuzzy semi-T},, space, then f is intuitionistic fuzzy contra irresolute mapping.
Proof: Let B be an IFSCS in Y. Then B is an IFSGCS in Y. Since f is intuitionistic fuzzy
contra sg-irresolute mapping, f '(B) is an IFSGOS in X. Since (X,) is intuitionistic fuzzy
semi-T, space, f '(B) is an IFSOS in X. Thus fis intuitionistic fuzzy irresolute mapping.

Theorem 3.38 Let (X,t) be an IFTS, then the following statements are equivalent:

(1) (X,7) is intuitionistic fuzzy semi-T;/, space.

(1)) For every IFTS (Y,k) and every mapping f: X—Y, f is intuitionistic fuzzy ap-irresolute
mapping.
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Proof:
(i) = (ii) Let B be an IFSGCS in X and suppose that B < f'(A) where A is an IFSOS in Y.
Since (X,t) is intuitionistic fuzzy semi-T;, space, B is an IFSCS implies scl(B) = B.
Therefore scl(B) < f'(A). Then f is intuitionistic fuzzy ap-irresolute mapping.
(ii) = (i) Let B be an IFSGCS in X and let Y be the set X with the topology

k=1{0_,B,1._}.
Let f: (X, 1) — (Y, ) be the identity mapping. By our assumption f is intuitionistic fuzzy ap-
irresolute mapping. Since B is an IFSGCS in X and IFSOS in Y and B < f "'(B) implies scl
(B) < f "(B). Hence B is an IFSCS in X and therefore (X,t) is intuitionistic fuzzy semi-Ty
space.
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