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INTRODUCTION

Zadeh [15] introduced the notion of fuzzy sets. After which there have been a number of generalizations on this fundamental
concept. The notion of intuitionistic fuzzy sets introduced by Atanassov [1] is one among them. Using the notion of intuitionistic
fuzzy sets, Coker [2] introduced the notion of intuitionistic fuzzy topological space. In this paper we introduce the notion of
intuitionistic fuzzy contra r generalized semi open mappings and intuitionistic fuzzy contra = generalized semi closed mappings.
We also introduce intuitionistic fuzzy contra Mm -generalized semi open mappings.We investigate some of their properties and
arrive at some characterizations of intuitionistic fuzzy contra m - generalized semi open mappings and intuitionistic fuzzy contra
7 - generalized semi closed mappings.

PRELIMINARIES

Definition 2.1: [1] Let X be a non empty fixed set. An intuitionistic fuzzy set (IFS in short) A in X is an object having the form
A = {(x, paX), va(X) ) / xe X}where the values pa(x): X — [0, 1] and va(X): X — [0, 1] denote the degree of membership
(namely pa(X)) and the degree of non -membership (namely va(X)) of each element X €X to the set A, respectively, and 0 < pa(X)
+va(x) < 1 for each x € X. Denote the set of all intuitionistic fuzzy sets in X by IFS (X).

Definition 2.2: [1] Let A and B be IFS’s of the form
A ={(x, pa(X), va(X) Y/ x € X} and

B = {(x, ua(x), ve(X) Y/ x € X}. Then

(@) A c B ifand only if pa(x) < pg (x) and va(x) > vg(x) for all x € X,
(b) A=Bifandonlyif Ac Band B C A,

(€) A° = {(x, Va(x), pa(x) ) I x € X},
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(d) AN B ={(x, pa(X) A pa(x), va(X) v ve(x) ) / x € X},
(€) AU B ={(x, pa(x) v us(x), va(x) A ve(X) ) /x € X}

For the sake of simplicity, we shall use the notation
A = (X, Ua, vay instead of A = {(x, pa(x), va(X) Y/ x € X} and A = (x, (ua U ), (Va, vg) ) instead of A = (x, ( A/ua, B/ug), (
A/vp, B/vg) ). The intuitionistic fuzzy sets 0- = {(x,0,1)/x e X}and 1.={(x,1,0)/x e X} are respectively the empty set
and the whole set of X.

Definition 2.3: [2] An intuitionistic fuzzy topology (IFT in short) on a non empty set X is a family t of IFS in X satisfying the
following axioms:

@ 0,1-e1
(b) GiNnGy,er, for any Gy, Grer
(c) U Gj € 1 for any arbitrary family {G;/ie J} c 1.

In this case the pair (X, 1) is called an intuitionistic fuzzy topological space (IFTS in 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 an IFTS (X, 1) is called an intuitionistic fuzzy closed set (IFCS for short) in X.

Definition 2.4: [2] Let (X, 1) be an IFTS and A = { X, ua, va y be an IFS in X. Then the intuitionistic fuzzy interior and an
intuitionistic fuzzy closure are defined by

int(A)=u{G/Gisan IFOSin XandGc A},
cl(A) =n{K/KisanIFCSin Xand Ac K }.
Note that for any IFS A in (X, 1), we have cl(A°) = [int(A)]° and int(A°) = [cI(A)]".

Definition 2.5: An IFS A = (X, pa, va ) in an IFTS (X, 1) is said to be an

(i) [12]intuitionistic fuzzy semi closed set (IFSCS in short) if int(cl(A)) < A,

(ii) [10]intuitionistic fuzzy a-closed set (IFaCS in short) if cl(int(cl(A))) < A,

(iii)[11] intuitionistic fuzzy pre closed set (IFPCS in short) if cl(int(A)) c A.

The family of all IFSCSs, IFaCSs and IFPCSs (respectively IFSOSs, IFaOSs and IFPOSs) of an IFTS (X, 1) is denoted by
IFSC(X), IFaC(X) and IFPC(X) (respectively IFSO(X), IFaO(X) and IFPO(X)).

Definition 2.6: [14] Let A be an IFS in an IFTS (X, 1). Then

sint(A)= U{G/Gisan IFSOSin XandGc A},

scl(A) = n{K/KisanIFSCSinXand Ac K }.

Note that for any IFS A in (X, 1), we have scl(A%)=(sint(A))° and sint(A°) = (scl(A))°.

Definition 2.7: [13] The IFS c(a, B) = (X, Cy , C1.p» Where a. € (0, 1], B € [0, 1) and o+ B <1 is called an intuitionistic fuzzy point
(IFP) in X.

Definition 2.8: [13] Two IFSs are said to be g-coincident (A 4 B) if and only if there exists an element xeX such that pa(X) >
vB(x) or va(X) < pg (X).

Definition 2.9:[13] An IFS A in an IFTS (X, 1) is an intuitionistic fuzzy generalized closed set (IFGCS in short) if cl(A) c U
whenever A — U and U is an IFOS in X.

Definition 2.10:[9] An IFS A in an IFTS (X, 1) is said to be an intuitionistic fuzzy generalized semi closed set (IFGSCS in short)
if scl(A) < U whenever Ac U and U is an IFOS in (X, 1).

Definition 2.11:[9] An IFS A is said to be an intuitionistic fuzzy generalized semi open set (IFGSOS in short) in X if the
complement A is an IFGSCS in X.

Definition 2.12:[4] An IFS A in an IFTS (X, 1) is said to be an intuitionistic fuzzy m- generalized semi closed set (IFzGSCS in
short) if scl(A) < U whenever Ac Uand U isan IFzOS in (X, 1).

Result 2.13:[8] Every IFCS, IFGCS, IFRCS, IFaCS , IFGSCS is an IFTGSCS but the converses may not be true in general.
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Definition 2.14: [6] Let A be an IFS in an IFTS (X, 1). Then
ngsint(A) = U {G/Gisan IFTGSOSin XandGc A},
mgscl(A) = Nn{K/Kisan IFrGSCSin Xand Ac K }.

Definition 2.15:[5] An IFTS (X, 7) is said to be an intuitionistic fuzzy 7Ty, (IFT Ty, in short) space if every IFGSOS in X is an
IFOS in X.

Definition 2.16:[5] An IFTS (X, 1) is said to be an intuitionistic fuzzy maTy, (IFTaTy, in short) space if every IFTGSCS in X is
an IFCS in X.

Definition 2.17:[5] An IFTS (X, 1) is said to be an intuitionistic fuzzy wbTy, (IFzbTy, in short) space if every IFGSCS in X is
an IFGCS in X.

Definition 2.18:[5] An IFTS (X, 7) is said to be an intuitionistic fuzzy mcT;, (IFTCTy, in short) space if every IFrGSCS in X is
an IFGSCS in X.

3. INTUITIONISTIC FUZZY CONTRA m GENERALIZED SEMI OPEN MAPPINGS

In this section we have introduced intuitionistic fuzzy contra w generalized semi open mappings. We investigated some of its
properties.

Definition 3.1: A mapping f: X — Y is said to be an intuitionistic fuzzy contra m generalized semi open mapping (IFCTGSOM in
short) if f(A) is an IFTGSCS in (Y, o) for every IFOS A in (X, 1).

Example 3.2: Let X = {a, b}, Y = {u, v} and G 1 = (X, (0.5, 0.4y), (0.5, 0.65)), G, = ¢y, (0.6, 0.7,), (0.4, 0.3,)). Then t = {0,

Gy, 1.} and 6 = {0-, G, 1.} are IFTs on X and Y respectively. Define a mapping f: (X, 1) — (Y,0) by f(a) =uandf (b) =v.
Then fis an IFCTGSOM.

Definition 3.3: A mapping f: (X, t) — (Y,0) is called an intuitionistic fuzzy contra = generalized semi closed mapping (IFCtGS
closed in short) if for every IFCS A of (X, t), f(A) is an [IFrGSOS in (Y, o).

Definition 3.4: An IFTS (X, 7) is said to be an intuitionistic fuzzy md Ty, (IFTdTy;, in short) space if every IFZGSCS in X is an
IFSCS in X.

Theorem 3.5: For a bijective mapping f: X — Y, where Y is an IFzd T, space, the following are equivalent.

M fis an IFCtGSOM

(i) for every IFCS A'in X, f(A) is an IFTGSOS in Y

(iii) for every IFOS B in X, f(B) isan IFrGSCS in Y

(iv) for any IFCS A in X and for any IFP c(a, B)e Y, if f(c(a, B)) q A, then c(o, B) ¢ sint(f(A))

(V) For any IFCS A in X and for any c(a, B) € Y, if f (c(a, B)) q A, then there exists an IFrGSOS B such that c(a, B) 4

Band f(B) c A.

Proof: (i) = (ii) Let A be an IFCS in X. Then A€ is an IFOS in X. By hypothesis, f(A ©) is an IFTGSCS in Y. That is f(A) ° is an
IFTGSCS in Y. Hence f(A) is an IFrGSOS in Y.(ii) = (i) Let A be an IFOS in X. Then A®is an IFCS in X. By hypothesis, f(A )
= [f(A)]°is an IFTGSOS in Y. Hence f(A) is an IFTGSCS in Y. Thus f is an IFCTGSOM.(ii) <> (iii) is obvious.(ii) = (iv) Let A
< X be an IFCS and let c(a, B) € Y. Let f(c(a, B)) q A. Then c(a, B) 4 f(A). By hypothesis, f(A) is an IFTGSOS in Y. Since Y is
an IFmdT,, space, f(A) is an IFSOS in Y. This implies sint(f(A)) = f(A). Hence c(a, B) 4 sint(f(A)). (iv) = (ii) Let A < X be an
IFCS and let c(o, B) € Y Let f(c(a, B)) q A. Then c(a, B)  f(A). By hypothesis this implies c(a, B) 4 sint(f(A)). That is f(A)
sint(f(A)) < f(A). Therefore f(A) = sint(f(A)) is an IFSOS in Y and hence an IFZGSOS in Y. (iv) = (v) Let A < X be an IFCS

and let  c(a, B) € Y. Let (c(a, B)) ¢ A. Then c(a, B) 4 f(A). This implies c(a, B) 4 Sint(F(A)). Thus f(A) is an IFSOS in Y and
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hence an IFrGSOS in Y. Let f(A) = B. Therefore c(a, B) 4 B and f(B) = f '(f(A)) = A, since f is a bijective mapping. (v) = (iv)
Let Ac XbeanIFCSand letc(o, B) € Y Let f(c(a, B)) qA. Then c(o, B) 4 f(A). By hypothesis there exists an
IFTGSOS B in Y such that c(a, B) B and f(B) c A. Let B = f(A). Then c(a, ) q f(A). Since Y is an IFd Ty, space, f(A) is an
IFSOS in Y. Therefore c(a, B) 4 Sint(f(A)).

Theorem 3.6: Let f: X — Y be a bijective mapping. Suppose that one of the following properties hold.

(i) f(scl(A)) c int(f (A)) for each IFS Ain Y

(i) scl(f (B)) < f(int(B)) for each IFS B in X

(iiiy  f(cl(B)) < sint(f(B)) for each IFS B in X
Then f is an IFCTGSOM.
Proof: (i) = (ii) Let B = X. Then f(B) is an IFS in Y. By hypothesis, f *(scl(f(B))) < int(f *(f(B))) = int(B). Now scl(f(B)) = f(f"
Y(scl(f(B)))) < f (int(B)). (ii) = (iii) is obvious by taking complement in (ii). Suppose (iii) holds. Let A be an IFCS in X. Then
cl(A) = Aand f(A) isan IFS in Y. Now f(A) = f(cl(A)) < sint(f(A)) < f(A), by hypothesis. This implies f(A) is an IFSOS
in Y and hence an IFTGSOS in Y. Thus f is an IFCrGSOM by Theorem 3.5.

Theorem 3.7: Let f: X — Y be a bijective mapping. Then f is an IFCTGSOM if cl(f *(A)) = f*(sint(A)) for every IFSAin Y.
Proof: Let A be an IFCS in X. Then cl(A) = A and f(A) is an IFS in Y. By hypothesis cl(f (f(A))) < f *(sint(f(A))). Since f is one
to one f (f(A)) = A. Therefore A = cl(A) = cl(f (f(A))) < £ (sint(f (A))). Now f(A) < f(f *(sint(f(A))) = sint(f(A)) < f(A).
Hence f(A) is an IFSOS in Y and hence an IFTGSOS in Y. Thus f is an IFCrGSOM by Theorem 3.5.

Theorem 3.8: If f: X — Y is an IFCTGSOM, where Y is an IFzd Ty, space, then the following conditions hold.
(1 scl(f(B)) < f(int(scl(B))) for every IFOS B in X
(i) f(cl(sint(B))) < sint(f(B)) for every IFCS B in X
Proof: (i) Let B — X be an IFOS. Then int(B) = B. By hypothesis f (B) is an IFrGSCS in Y. Since Y is an IFzdTy, space, f(B) is
an IFSCS in Y. This implies scl(f(B)) = f(B) = f(int(B)) < f(int(scl(B))).
(ii) can be proved easily by taking complement in (i).

Theorem 3.9: A mapping f: X - Y is an IFCrGSOM if f(scl(B)) < int(f(B)) for every IFS B in X.
Proof: Let B < X be an IFCS. Then cl(B) = B. Since every IFCS is an IFSCS, scl(B) = B. Now by hypothesis, f(B) = f(scl(B)) <
int(f(B)) < f(B). This implies f(B) is an IFOS in Y. Therefore f(B) is an IFrGSOS in Y. Hence f is an IFCtGSOM.

Theorem 3.10: A mapping f: X — Y is an IFCtGSOM, where Y is an IFrdT,, space if and only if f(scl(B)) < sint(f(cl(B))) for
every IFS B in X.

Proof: Necessity: Let B < X be an IFS. Then cl(B) is an IFCS in X. By hypothesis, f(cl(B)) is an IFTGSOS in Y. Since Y is an
IFmd Ty, space, f(cl(B)) is an IFSOS in Y. Therefore f(scl(B)) < f(cl(B)) = sint(f(cl(B))).

Sufficiency: Let B < X be an IFCS. Then cl(B) = B. By hypothesis, f(scl(B)) < sint(f(cl(B))) = sint(f(B)). But scl(B) = B.
Therefore f(B) = f(scl(B)) < sint(f(B) < f(B). This implies f(B) is an IFSOS in Y and hence an IFZGSOS in Y. Hence f is an
IFCtGSOM.

Theorem 3.11: An IFOM f: X > Y isan IFCrGSOM if IFTGSO(Y) = IFTGSC(Y).
Proof: Let A < X be an IFOS. By hypothesis, f(A) is an IFOS in Y and hence is an IFTGSOS in Y. By assumption f(A) is an
IFTGSCS in Y. Therefore f is an IFCTGSOM.

Definition 3.12: A mapping f: X — Y is said to be an intuitionistic fuzzy contra Mm-generalized semi open mapping
(IFCMrtGSOM) if f(A) is an IFEGSCS in Y for every IFTGSOS A in X.

Example 3.13: Let X = {a, b}, Y = {u, v} and G 1 =X, (0.5, 0.6), (0.5,, 0.4p)), G, = (y, (0.2,, 0.3,), (0.8, 0.7,)). Then t = {0_,

Gy 1} and 6 ={0-, G, 1-} are IFTs on X and Y respectively. Define a mapping f: (X, 1) — (Y, o) by f(a) =uand f (b) =v. Then
fis an IFCMrGSOM.

Theorem 3.14: Let f: X — Y be a bijective mapping. Then the following are equivalent.
Q) fisan IFCMzGSOM
(i) f(A) is an IFTGSOS in Y for every IFTGSCS A in X
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Proof: (i) = (ii) Let A be an IFZGSCS in X. Then A ¢ is an IFEGSOS in X. By hypothesis, f(A ©) is an IFrGSCS in Y. That is
f(A) ®is an IFLGSCS in Y. Hence f(A) is an IFrGSOS in Y. (ii)= (i) Let A be an IFZGSOS in X. Then A®is an IFZGSCS in X.
By hypothesis, f(A ) = [f (A)]° is an IFTGSOS in Y. Hence f(A) is an IFrGSCS in Y. Thus f is an IFCMaGSOM.

Theorem 3.15: Let f : (X, ) — (Y, o) be a mapping from an IFTS X into an IFTS Y. Then the following conditions are
equivalent if Y is an IFm, Ty, Space:

(i) fisan IFCrGSCM

(i) fisan IFCTtGSOM

(i) int(cl(f(A))) < (f(A)) for every IFOS A in X.
Proof: (i) = (ii): It is obviously true. (ii) = (iii): Let A be an IFOS in X. Then f(A) is an IFrGSCS in Y. Since Y is an IFm, Ty
space, f(A) is an IFCS in Y. Therefore cl(f(A)) = f(A). This implies int(cl(f(A))) < f(A). (iii) = (i): Let A be an IFCS in X. Then
its complement A°® is an IFOS in X. By hypothesis, int(cl(f(A%)))< f(A°). Hence f(A°) is an IFSCS in Y. Since every IFSCS is an
IFTGSCS, f(A°) is an IFTGSCS in X. Therefore f(A) is an IFTGSOS in X. Hence f is an IFCtGSOM.

Theorem 3.16: Every IFCMmzGSOM is an IFCtGSOM but not conversely.
Proof: Let f: X — Y be an IFCMzGSOM. Let A < X be an IFOS. Then A is an IFTGSOS in X. By hypothesis, f(A) is an
IFTGSCS in Y. Hence f is an IFCTGSOM.

Example 3.17: Let X ={a, b}, Y = {u, v} and G; = (X, (0 0.3p), (0.5, 0.4y)) ,G, =y, (0.2,, 0.4,), (0.5, 0.4,)) , G3 =y, (0.1,
0.3,), (0.3,,0.4,)) ,G4 =y, (0.1, 0.3)), (0.5, 0.4,)), Gs = (y, (0.2,,0.4,), (0.3,,0.4,)) and G¢ =<y, (0.4, 0.4,), (0.3, 0.4,)). Then t =
{0., Gy 1.} and 6 = {0, G, G3,G4,Gs Gg, 1-} are IFTs on X and Y respectively. Define a mapping f: (X, 1) — (Y, o) by f(a) =u
and f(b) = v. Then f is an IFCTGSOM but not an IFCMrzGSOM, since A = (X, (04, 0.3), (0.55, 0.4y)) is an IFEGSOS in X but f(A)
=4y, (0,0.3,), (0.5,0.4,)) isnot an IFEGSCS in Y.

Theorem 3.18: (i) If f: X > Y isan IFOM and g: Y — Z be an IFCtGSOM, then g o f is an IFCrGSOM.

(ii) If f: X > Y isan IFCrGSOM and g: Y — Z is an IFMrGSCM, then g o f is an IFCrGSOM.

(iii) If f: X > Yisan IFkGSOM and g: Y — Z is an IFCMrGSOM, then g o f is an IFCTGSOM.

(iv)Iff: X > Yisan IFCrGSOM and g: Y — Z is an IFCMnGSOM, theng o f: X —» Z isan IFtGSOM.

Proof: (i) Let A be an IFOS in X. Then f(A) is an IFOS in Y. Therefore g(f(A)) is an IFZGSCS in Z. Hence g o f is an
IFCtGSOM.

(ii) Let A be an IFOS in X. Then f(A) is an IFTGSCS in Y. Therefore g(f(A)) is an IFTGSCS in Z. Hence g o fis an IFCtGSOM
(iii) Let A be an IFOS in X. Then f(A) is an IFTGSOS in Y. Therefore g(f(A)) is an IFTGSCS in Z. Hence g o f is an
IFCtGSOM.

(iv) Let A be an IFOS in X. Then f(A) is an IFTGSCS in Y, since f is an IFCrGSOM. Since g is an IFCMrzGSOM, g(f(A)) is an
IFTGSOS in Z. Therefore g o f is an IFTGSOM.

Theorem 3.19: If f: X — Y is an IFCMmGSOM, then for any IFTGSCS A in X and for any IFP c(a, B)e Y, if f *(c(a, B)) A
then c(a, B) 4 wgsint(f(A)).

Proof: Let A c X be an IFTGSPCS and let c(a, B) € Y. Let f *(c(a, B)) q A. Then c(a, B) 4 f(A). By hypothesis, f(A) is an
IFTGSOS in Y. This implies mgsint(f(A)) = f(A). Hence c(o, B) 4 mgsint(f(A)).

Theorem 3.20: If f: (X, 1) = (Y, o) is an IFCtGS closed mapping and Y is an IFm, Ty, Space, then f(A) is an IFGOS in Y for
every IFCS Ain X.

Proof: Letf: (X, t) = (Y, o) be an IFCtGS closed mapping and let A be an IFCS in X. Then by hypothesis f(A) is an IFkGSOS
in Y. Since Y is an IFm, Ty, space, f(A) isan IFGOS in Y.
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