4

v Generalized Closed Mappings in Intuitionistic Fuzzy

Topological Spaces

4.1 Introduction

Noiri (1973) has introduced semi-closed mappings which contain the class of
closed mappings. Malghan (1982) has introduced generalized closed maps in topology.
Ghosh (1990) has introduced semi closed mappings in fuzzy setting. Seok Jong Lee and
Eun Pyo Lee (2000) have introduced intuitionistic fuzzy open mapping and intuitionistic
fuzzy closed mapping in intuitionistic fuzzy topological spaces. Here in this chapter we
have introduced intuitionistic fuzzy y generalized closed mappings, intuitionistic fuzzy
contra y generalized open mappings, intuitionistic fuzzy almost y generalized closed
mappings, intuitionistic fuzzy M - y generalized closed mappings, intuitionistic fuzzy
contra M - vy generalized open mappings and intuitionistic fuzzy almost contra
vy generalized closed mappings. The interrelations with other already existing closed
mappings with our newly defined closed mappings have been established.

4.2 Intuitionistic fuzzy y generalized closed mappings

In this section we have introduced intuitionistic fuzzy y generalized closed
mappings, intuitionistic fuzzy vy generalized open mappings, intuitionistic fuzzy

M - v generalized closed mappings and studied some of their properties.

Definition 4.2.1: A mapping f: (X, 1) — (Y, o) is called an intuitionistic fuzzy
y generalized (IFyG) closed mapping if f (V) IFYGCS in Y for every IFCS V of X.

Example 4.2.2: Let X = {a, b}, Y = {u, v} and G; = (X, (0.7, 0.8p), (0.35, 0.2,)),
G, = (y, (05, 06,), (0.5, 04,), G3 = (y, (0.4, 03,), (0.6, 0.7,)). Then
T=1{0-, Gy, 1.} and 6 = {0-, G, Gj 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 IFyG closed

mapping.
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Proposition 4.2.3: Every IF closed mapping is an IFyG closed mapping but not

conversely in general.

Proof: Let f: (X, 1) — (Y, o) be an IF closed mapping. Let A be an IFCS in X. Then f(A)
is an IFCS in Y. Since every IFCS is an IFyGCS, f(A) is an IFyGCS in Y. Hence f is an
IFyG closed mapping.

Example 4.2.4: Let X = {a, b}, Y = {u, v}, G; = (X, (0.7, 0.8p), (0.35, 0.2,)),
G, = (y, (0.5, 0.6,), (0.5, 0.4,)) and Gs3 = (y, (0.4, 0.3,), (0.64, 0.7y)). Then
T =1{0., Gy, 1.} and 6 = {0-, G,, Gz, 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 IFyG closed mapping but
not an IF closed mapping, since G;° = (x, (0.3, 0.2p), (0.7, 0.8y)) is an IFCS in X but
f(G.°) isnotan IFCSinY,as cl(f (G:%) = G,° # f(G:°).

Proposition 4.2.5: Every IF semi closed mapping is an IFyG closed mapping but not

conversely in general.

Proof: Let f: (X, 1) — (Y, o) be an IF semi closed mapping. Let A be an IFCS in X. Then
f(A) is an IFSCS in Y. Since every IFSCS is an IFyGCS, f(A) is an IFYyGCS in Y. Hence
fis an IFyG closed mapping.

Example 4.2.6: Let X = {a, b}, Y = {u, v}, G1 = (X, (0.7, 0.8p), (0.35, 0.2,)),
Gz = (y, (0.5, 0.6,), (0.5, 0.4)) and Gz = (y, (0.4, 0.3,), (0.64, 0.7,)). Then
1={0-, Gy, 1.} and 6 = {0-, Gy, G3, 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 IFyG closed mapping but
not an IF semi closed mapping, since G;° = (x, (0.3;, 0.2y), (0.74, 0.8y)) is an IFCS in X but
f (G1°) isnotan IFSCSinY, as int(cl(f(G1%))) = int(G,") = G, & f (G1°).

Proposition 4.2.7: Every IF pre closed mapping is an IFyG closed mapping but not

conversely in general.

Proof: Let f: (X, 1) — (Y, o) be an IF pre closed mapping. Let A be an IFCS in X. Then
f(A) is an IFPCS in Y. Since every IFPCS is an IFyGCS, f(A) is an IFyGCS in Y. Hence
fis an IFyG closed mapping.
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Example 4.2.8: Let X = {a, b}, Y = {u, v}, G; = (X, (0.65 0.7p), (0.4, 0.3y)),
Go= (y, (0.5, 0.6y), (0.5, 0.4,)) and Gs= (y, (044, 0.3,), (0.6, 0.7,)). Then
1=1{0-, G, 1.} and 6 = {0-, Gy, G3, 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 IFyG closed mapping but
not an IF pre closed mapping, since G;1° = (X, (0.4,, 0.3p), (0.6,, 0.7,)) is an IFCS in X but
f (G:°) isnotan IFPCSin Y, as cl(int(f (G1°))) = cl(G3) = G,° & f(G19).

Proposition 4.2.9: Every IFa closed mapping is an IFyG closed mapping but not

conversely in general.

Proof: Let f: (X, 1) — (Y, o) be an IF a closed mapping. Let A be an IFCS in X. Then
f(A) is an IFaCS in Y. Since every IFaCS is an IFyGCS, f(A) is an IFyGCS in Y. Hence
fis an IFyG closed mapping.

Example 4.2.10: Let X = {a, b}, Y = {u, v}, G1 = (X, (0.7, 0.8y), (0.3, 0.2,)),
G, = (y, (0.5, 06,), (0.5, 0.4,)) and Gz = (y, (0.4, 0.3,), (0.64, 0.7,)). Then
T =1{0-,Gy, 1.} and 6 = {0-, G,, Gz, 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 IFyG closed mapping but
not an IFa closed mapping, since G;° = (X, (0.3, 0.2p), (0.75, 0.8y)) is an IFCS in X but
f(G1%) is not an IFaCS in Y, as cl(int(cl(f (G1°)))) = cl(int(Gy°)) = cl(G3) = G,* ¢
f (G1H).

Proposition 4.2.11: Every IFy closed mapping is an IFyG closed mapping but not

conversely in general.

Proof: Let f: (X, 1) — (Y, o) be an IFy closed mapping. Let A be an IFCS in X. Then f(A)
is an IFyYCS in Y. Since every IFyCS is an IFyGCS, f(A) is an IFyGCS in Y. Hence f is an
IFYG closed mapping.

Example 4.2.12: Let X = {a, b}, Y = {u, v}, G1 = (X, (0.4, 0.4p), (0.6, 0.6p)),
G, = (y, (0.5, 0.7,), (0.5, 0.3,)) and Gz = (y, (0.5, 0.6,), (0.5, 0.4,)). Then
1=1{0-, Gy, 1.} and 6 = {0-, G, G, 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 IFyG closed mapping but
not an IFy closed mapping, since G;° = (X, (0.65, 0.6y), (0.44, 0.4y)) is an IFCS in X but
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f (G°) is not an IFyCS in Y, as int(cl(f(G:%))) n cl(int(f (G))) = 1. nl. =
1. ¢ (G,

Proposition 4.2.13: Every IF semipre closed mapping is an IFyG closed mapping but not

conversely in general.

Proof: Let f: (X, 1) — (Y, o) be an IF semipre closed mapping. Let A be an IFCS in X.
Then f(A) is an IFSPCS in Y. Since every IFSPCS is an IFyGCS, f(A) is an IFyGCS in Y.
Hence f is an IFyG closed mapping.

Example 4.2.14: Let X = {a, b}, Y = {u, v}, G1 = (X, (0.4, 0.4p), (0.6, 0.6p)),
G, = (y, (0.5, 0.7,), (0.5, 0.3,)) and G, = (y, (0.5, 0.6,), (0.5, 0.4,)). Then
1= {0-, G1, 1.} and 6 = {0- Gy, G3, 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 IFyG closed mapping but
not an IF semipre closed mapping, since G;° is an IFCS in X but f(G:°) is not an IFSPCS
in Y, as there exists no IFPCS B in Y such that int(B) = f(G;") = B in Y.

The relation between various types of intuitionistic fuzzy closed mapping is
given in the following diagram. In this diagram ‘CM’ means closed mappings. The reverse

implications are not true in general in the below diagram.

IFCM E

IFSCM
IFoCM | IFyGCM — e
IFPCM ) IFyCM
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Proposition 4.2.15: Let f: (X, 1) — (Y, o) be a bijective mapping. Then the following are
equivalent if Y is an IFy, Ty,space:

Q) fis an IFyG closed mapping,
(i) ycl(f(A)) < f(cl(A)) for each IFS A of X,
(iiiy ™ (ycl(B)) < cl(f *(B)) for every IFS B of Y.

Proof: (i) = (ii): Let A be an IFS in X. Then cl(A) is an IFCS in X. (i) implies that
f(cl(A)) is an IFYGCS in Y. Since Y is an IFy, Typspace, f(cl(A)) is an IFyCS in Y.
Therefore ycl(f(cl(A))) = f(cl(A)). Now ycl(f(A)) < ycl(f(cl(A))) = f(cl(A)). Hence
ycl(f(A))=f(cl(A)) for each IFS A of X.

(if) = (i): Let A be any IFCS in X. Then cl(A) = A. (ii) implies that ycl(f(A)) < f(cl(A)) =
f(A). But f(A) < ycl(f(A)). Therefore ycl(f(A)) = f(A). This implies f(A) isan IFyCS in Y.
Since every IFyCS is an IFYGCS, f(A) is an IFyGCS in Y. Hence f is an IFyG closed
mapping.

(ii) = (iii): Let B be an IFS in Y. Then f * (B) is an IFS in X. Since f is onto, ycl(B) =
yel(f(f (B))) and (ii) implies ycl(F(f *(B))) < f(cl(f *(B))). Therefore ycl(B) <
fcl(f (B))). Now f * (ycI(B)) < f * (f(cl(f ™ (B)))) since f is one to one. Hence
f 1 (ycl(B)) < cl(f *(B)).

(iii) = (ii): Let A be any IFS of X. Then f(A) is an IFS of Y. Since f is one to one, (iii)
implies that f * (ycI(f(A))) € cl(f * (f(A))) = cl(A). Therefore f(f ™ (ycl(f(A)))) < f(cl(A)).
Since f is onto, ycl(f(A)) = f(f (ycl(f(A)))) < f(cl(A)).

Proposition 4.2.16: A bijective mapping f: (X, t) — (Y, o) is an IFyG closed mapping if
and only if for every IFS B of Y and for every IFOS U containing f “(B), there is an
IFyGOS A of Y such that B € A and f * (A) cU.

Proof: Necessity: Let B be any IFS in Y. Let U be an IFOS in X such that f * (B) € U,
then U° is an IFCS in X. By hypothesis f(U°) is an IFyGCS in Y. Let A = (f(U)°, then A
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is an IFyGOS in Y and B < A, since for a bijective mapping (f(U%)° = f(U). Now
f(A) = £ (fU9)°= (FH(FU))° < U.

Sufficiency: Let A be any IFCS in X, then A%is an IFOS in X and f ™ (f(A%)) € A®. By
hypothesis there exists an IFyGOS B in Y such that f(A%) € B and f * (B) < A°. Hence
B° c f(A) c f(f (B))° < (f(f (B)))° < B°. This implies that f(A) = B®. Since B° is an
IFYGCSin Y, f(A) isan IFYyGCS in Y. Hence f is an IFyG closed mapping.

Proposition 4.2.17: Let f: (X, 1) — (Y, o) be a bijective mapping from an IFTS X into an

IFTS Y. Then the following conditions are equivalent if Y is an IFy, Ty, Space:
Q) fis an IFyG closed mapping,
(i) (int(cl(f(B))) n cl(int(f(B))))= f (ycl(B)) for each IFCS B in X,
(i) f(yint(B)) < (int(cl(f(B))) U cl(int(f(B))))for each IFOS B of X,

(iv) 7 (cl(int(A)) n int(cl(A))) = cl(f* (A)) for each IFS A of Y.

Proof: (i) = (ii) Let B be an IFCS in X. Then f (B) is an IFyGCS in Y by hypothesis.
Since Y is an IFy, Ty, space, f(B) is an IFyCS in Y. Therefore (int(cl(f(B))) n
cl(int(f(B)))) < f(B) = f (ycl(B)).

(i) = (iii) can be easily proved by taking complement in (ii).

(iii) = (iv) Let A € Y. Then B = f(A) € X. Now A = f(f }(A)) = f(B). Here int(f * (A))
= int(B) is an IFOS in X. Then (iii) implies that f (yint(int(B))) < (int(cl(f(int(B))) U
cl(int(f(int(B))))) < (int(cl(f(B))) U cl(int(f(B)))). Now (int(cl(A%) U cl(int(A%)))° <
(int(cl(f(B)%)) U cl(int(f(B)%)))* < (f(yint(int(B))))°. Therefore (cl(int(A)) N int(cl(A))) <
f(ycl(cl(B))). Now f (cl(int(A)) N int(cl(A))) < f ™ (f (ycl(cl(B)))) < cI(B) = cl(f *(A)).

(iv) = (i) Let B be any IFCS in X, then f(B) is an IFS in Y. By hypothesis f™(cl(int(f(B)))
N int(cl(f(B)))) < cl(f (f(B))) < cI(B) = B. Now (cl(int(f(B))) n int(cl(f(B)))) <
f (f * (cl(int(f(B))) N int(cl(f(B))))) S f (B). This implies f(B) is an IFyCS and hence it is
an IFYGCS in Y. Thus f is an IFyG closed mapping.
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Proposition 4.2.18: If f: (X, 1) — (Y, o) is an IFCM and g: (Y, 6) — (Z, d) is an I[FyG
closed mapping, then g o f: (X, 1) — (Z, 6) is an IFyG closed mapping.

Proof: Let A be an IFCS in X, then f(A) is an IFCS in Y, since f is an IF closed mapping.
Since g is an IFyG closed mapping, g(f(A)) is an IFyGCS in Z. Therefore g o f is an IFyG

closed mapping.

Proposition 4.2.19: Let f: (X, 1) — (Y, o) be a bijective mapping where Y is an IFyy Ty,

space. Then the following are equivalent:

Q) fis an IFyG closed mapping,
(i)  f(B)isan IFyGCSinY for every IFCS B in X,
(iii)y  (int(cl(f(B))) n cl(int(f(B)))) =f(cl(B)) for every IFS B in X.

Proof: (i) = (ii) is obvious.

(if) = (iii) Let B be an IFS in X, then cl(B) is an IFCS in X. By hypothesis f(cl(B)) is an
IFYyGCS in Y. Since Y is an IFy, Ty, space, f(cl(B)) is an IFyCS in Y. Therefore f(cl(B)) =
yel(f(cl(B))) 2 f(cl(B)) u (int(cl(f(cl(B)))) n cl(int(f(cl(B))))) =2 (int(cl(f(cl(B)))) n
cl(int(f(cl(B))))) 2 (int(cl(f(B))) n cl(int(f(B)))).

(ili) = (i) Let A be an IFCS in X. By hypothesis, f(cl(A)) = f(A) 2 (int(cl(f(A))) n
cl(int(f(A)))). This implies f(A) is an IFyCS in Y and hence an IFyGCS in Y. Therefore f
is an IFyG closed mapping.

Proposition 4.2.20: Let f: (X, t) — (Y, o) be a bijective mapping where Y is an IFy:T1p

space. Then the following are equivalent:
(1) fis an IFyG closed mapping,
(1)f(B) is an [FYyGCS in Y for every IFCS B in X,
(iii) int(cl(f(B))) < f(cl(B)) for every IFS B in X.

Proof: (i) = (ii) is obvious.
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(it) = (iii) Let B be an IFS in X, then cl(B) is an IFCS in X. By hypothesis f(cl(B)) is an
IFyGCS in Y. Since Y is an IFy.Ty/, space, f(cl(B)) is an IFCS in Y. Therefore f(cl(B)) =
cl(f(cl(B))) = int(cl(f(cl(B)))) =2 int(cl(f(B))).

(iii) = (i) Let A be an IFCS in X. By hypothesis, f(cl(A)) = f(A) 2 int(cl(f(A))). This
implies f(A) is an IFSCS in Y and hence an IFyGCS in Y. Therefore f is an IFyG closed
mapping.

Definition 4.2.21: A mapping f: (X, t) — (Y, o) is said to be an intuitionistic fuzzy
y generalized (IFyG) open mapping if f(A) is an IFyGOS in Y for each IFOS A in X.
Proposition 4.2.22: For a bijective mapping f: (X, 1) — (Y, o) the following are
equivalent:

Q) fis an IFyG closed mapping,

(i)  fisan IFyG open mapping.
Proof: Proof is obvious as for a bijective mapping, f(A°) = (f(A))".
Proposition 4.2.23: Let f: (X, 1) — (Y, o) be a bijective mapping. Then the following are
equivalent if Y is an IFy, Ty, space:

(1) fis an IFyG open mapping,

(i) f(int(A)) < yint(f(A)) for each IFS A of X,

(i) int(f ™ (B))  f " (yint(B)) for every IFS B of Y.

Proof: This Proposition can be easily proved by taking complement in Proposition 4.2.15

as the mapping is bijective.
Proposition 4.2.24: A mapping f: (X, 1) — (Y, o) is an IFyG open mapping if f(yint(A))
C vyint(f(A)) for every A € X.

Proof: Let A be an IFOS in X. Then int(A) = A. Now f(A) = f(int(A)) < f(yint(A)) S
yint(f(A)), by hypothesis. But yint(f(A)) € f(A). Therefore f(A) is an IFyOS in Y and
hence is an IFyGOS in Y. Thus fis an [FyG open mapping.
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Proposition 4.2.25: A mapping f: (X, t) — (Y, o) is an IFyG open mapping if and only if
int(f * (B)) € f " (yint(B)) for every B €Y, where Y is an IFy, Ty, space.

Proof: Necessity: Let B € Y. Then f * (B) € X and int(f * (B)) is an IFOS in X. By
hypothesis, f(int(f * (B))) is an IFyGOS in Y. Since Y is an IFy, Ty, space, f(int(f * (B)) is
an IFyOS in Y. Therefore f(int(f * (B))) = yint(f(int(f * (B)))) € yint(B). This implies
int(f 1 (B)) < f *(f(int  (f *(B)))) <f * (yint(B)).

Sufficiency: Let A be an IFOS in X. Therefore int(A) = A and f(A) € Y. By hypothesis
int(f ™ (f(A))) € f ™ (yint(f(A))). Therefore A = int(A) S int(f ™ (f(A))) € f ™ (yint(f(A))).
This implies f(A) € f(f * (yint(f(A)))) € yint(f(A)) E f(A). Thus f(A) is an IFyOS in Y and
hence an [FyGOS in Y. Thus fis an [FyG open mapping.

Proposition 4.2.26: Let (X, 1) be an IFTS where X is an IFy, Ty, space. An IFS A is an
IFyGOS in X if and only if A is an IFyN of p,g) for each p(.p € A.

Proof: Necessity: Let p.p) € A. Let A be an IFyGOS in X. Since X is an IFy, Ty space,
A'is an IFyOS in X. Then clearly A is an IFyN of p(.p) as P € A € A.

Sufficiency: Let pep) € A. Since A is an IFyN of p(,p), there is an IFyOS B in X such that
Pp) € B €S A. Now A = U{P(up) / Pwp) € A} € U{Bpwp) / Pwp) € A} € A. This implies
A = U{Bpwp) / Pwp) € A}. Since each B is an IFyOS, A is an IFyOS and hence is an
IFyGOS in X.

Proposition 4.2.27: For any IFS A in an IFTS (X, t) where X is an IFy, Ty space,
A € IFyGO(X) if and only if for every IFP p(,p) € A, there exists an IFyGOS B in X such
that p.p) € B € A.

Proof: Necessity: If A € IFyGO(X), then we can take B = A so that pp € B € A for
every IFP pe.p) € A.

Sufficiency: Let A be an IFS in X and assume that there exists B € IFyGO(X) such that
Pwpy € B & A. Since X is an IFy, Ty space, B is an IFyOS of X. Then
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A= U {puptE U B E A. Therefore A is an [FyOS and hence an IFyGOS in X.

P(a,p) €A P(a.p) €A

Thus A € IFyGO(X).

Proposition 4.2.28: Let f. (X, ) — (Y, o) be a mapping that satisfies
f (int(B)) = (int(cl(f(B))) U cl(int(f(B)))) for every IFS B in X. Then f is an IFyG open
mapping.

Proof: Let B be an IFOS in X. Then int(B) = B. By hypothesis f(B) = (int(cl(f(B))) U

cl(int(f(B)))). This implies f(B) is an IFyOS in Y. Therefore it is an IFyGOS in Y and
hence f is an IFyG open mapping.

Proposition 4.2.29: Let f: (X, t) — (Y, o) be a bijective mapping where Y is an IFy, T1
space. Then f is an IFyG open mapping if and only if for any IFP p«p) € Y and for any
IFN B of f ™ (p(op), there is an IFyN A of p3 € A and f * (A) € B.

Proof: Necessity: Let p.p € Y and B be an IFN of f ™ (p..p). Then there is an IFOS C in
X such that f (P@p) € C S B. Since f'is an IFyG open mapping, f(C) is an IFyGOS in Y.
Since Y is an IFy, Ty space, f(C) is an IFyOS in Y and pep € f(f ! (pp)) S f (C) €
t (B). Put A = f(C). Then A is an IFyN of p(,p and pep € A € f(B). Thus pp € A and
f1(A) cf™(f(B)) = B.

Sufficiency: Let B € X be an IFOS. If f(B) = 0- then there is nothing to prove. Suppose
that p(.p) € f(B) then f ™ (pp) € B and B is an IFN of f ™ (pip). By hypothesis there is an
IFYN A of p(,p) such that pe,p € A and f "L (A) € B. Therefore there is an IFyOS C in Y
such that pip € C € A = f(f * (A)) € f(B).

Hence f(B) = U{ pwup / Pwp € F(B)} € U{C / pup € f(B)} S f(B). Thus
f(B) = U{C /pp) € f(B)}. Since each C is an IFyOS, f(B) is also an IFyOS and hence is
an [FyGOS in Y. Therefore fis an [FyG open mapping.

Proposition 4.2.30: Let f: (X, 1) — (Y, o) be a bijective mapping where Y is an IFy, Ty
space. Then the following are equivalent:
(1 fis an IFyG closed mapping,

(i) f(B) is an IFyGOS in Y for every IFOS B in X,
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(i) f(int(B)) C (int(cI(f(B))) U cl(int(f(B)))) for every IFS B in X.
Proof: (i) < (ii) is obvious as f(A®) = (f(A))° for a bijective mapping.

(i) = (i) Let B be an IFS in X, then int(B) is an IFOS in X. By hypothesis f(int(B)) is an
IFyGOS in Y. Since Y is an IFy, Ty space, f(int(B)) is an IFyOS in Y. Therefore f(int(B))
= yint(f(int(B))) € f(int(B)) N (int(cl(f(int(B))) U cl(int(f(int(B)))) < int(cl(f(int(B))) U
cl(int(f(int(B)))) € (int(cl(f(B))) v cl(int(f(B)))).

(iii) = (i) Let A be an IFCS in X. Then A® is an IFOS in X. By hypothesis, f(int(A°)) =
f(AY) € (int(CI(F(A%))) U cl(int(f(A%))). That is (cl(int(f(A))) N int(cl(fA)))) € F(A). This
implies f(A) is an IFyCS and hence an IFYGCS. Therefore fis an IFyG closed mapping.

Proposition 4.2.31: Let f: (X, t) = (Y, &) be a bijective mapping. Then the following

conditions are equivalent if X and Y are IFy, Ty, spaces:
Q) fis an IFyG closed mapping,
(i)  f(B)isan IFYGOS inY for each IFOS B in X,

(iii)  for each IFP pp in Y and for every IFOS B in X such that f'(p.p) € B,
there exists an IFyOS Ain Y such that p(,p € A and f1(A) < B.

Proof: (i) < (ii) is obvious as f(A°) = (f(A))° for a bijective mapping.

(i) = (iii) Let B be any IFOS in X and let p,p £ Y. Given ft (Pwp)) € B. By hypothesis
f(B) is an IFyGOS in Y. As Y is an IFy, Ty spaces, f(B) is an IFyOS in Y. Take A = {(B).
Then pep € f(B)=Aand f(A) = (f(B)) = B.

(iii) = (i) Let A be an IFCS in X. Then its complement, say B is an IFOS in X. Let
Pwp) € Y and ft (P@p) € B. By hypothesis there exists an IFyOS C in Y such that
Pep € C and f* (C) = B. This implies pp € C f(F'(C)) = f(B). That is pep € f(B).
Since C is an IFyOS, C = yint(C) € yint(f(B)). Therefore p(,p € yint(f(B)) € f(B) and

f(B) = U {Pup} € yint(f(B)) S f(B). Hence f(B) is an IFyOS in Y and is an
pap)ef (®

I[FYyGOS in Y. Thus f(A) is an [IFyGCS in Y and f'is an IFyG closed mapping.
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Proposition 4.2.32: A bijective mapping f: (X, t) = (Y, o) is an IFyG open mapping if
(int(cl(f(A))) U cl(int(f(A)))) = f (cl(A)) for every IFS A in X.

Proof: Let A be an IFOS in X then A® is an IFCS in X. By hypothesis, (int(cl(f(A%))) N
cl(int(f(A%))) = f (cl(A%)) = f (A°). Now (int(cl(f(A))) U cl(int(f(A))))° = (int(cl(f(A%))) N
cl(int(f(A%))) = f (A°) = (f (A)). This implies f (A) = (int(cl(f(A))) U cl(int(f(A)))).
Hence f(A) is an [FyOS and hence it is an [FyGOS. Therefore f is an [FyG open mapping.

Proposition 4.2.33: Let f: (X, 1) — (Y, o) be a bijective mapping where Y is an IFy. Ty,
space. Then the following are equivalent:

(1) fis an IFyG closed mapping,
(ii) f(B) is an IFYyGOS in Y for every IFOS B in X,

(iii) f(int(B)) < cl(int(f(B))) for every IFS B in X.
Proof: (i) < (ii) is obvious as f(A°) = (f(A))° for a bijective mapping.

(it) = (iii) Let B be an IFS in X, then int(B) is an IFOS in X. By hypothesis f(int(B)) is an
IFyGOS in Y. Since Y is an IFy. Ty, space, f(int(B)) is an IFOS in Y. Therefore f(int(B)) =
int(f(int(B))) < cl(int(f(int(B)))) < cl(int(f(B))).

(iii) = (i) Let A be an IFCS in X. Then A° is an IFOS in X. By hypothesis, f(int(A°%)) =
f(A°) c cl(int(f(A%))). That is int(cl(f(A))) c f(A). This implies f(A) is an IFSCS in Y and
hence an IFyGCS in Y. Therefore f is an IFyG closed mapping.

Definition 4.2.34: A mapping f: (X, t) — (Y, o) is called an intuitionistic fuzzy
M-y generalized (IFM-yG) closed mapping if f(V) isan IFyGCS in Y for every IFyGCS V
of X.

Example 4.2.35: Let X = {a, b}, Y = {u, v}, G1 = (X, (0.5, 0.4p), (0.5, 0.6,)),
and G, = (y, (0.5, 0.4,), (0.5,, 0.6,)). Then T = {0-, G;, 1.} and 6 = {0-, Gy, 1.} are IFTs
on X and Y respectively. Define a mapping f: (X, t) = (Y, o) by f(a) = u and f(b) = v
Then f is an IFM-yG closed mapping.
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Proposition 4.2.36: Every IFM-yG closed mapping is an IFyG closed mapping but not

conversely in general.

Proof: Let f be an IFM-yG closed mapping. Let V be any IFCS in X. Then V is an
IFYGCS and by hypothesis f(V) is an IFyGCS in Y. Hence f is an IFyG closed mapping.

Example 4.2.37: Let X = {a, b}, Y = {u, v}, G1 = (X, (0.5, 0.4p), (0.5, 0.6)),
Gz, = (y, (0.6, 0.8,), (044, 0.2,)) and Gz = (y, (0.5, 0.5), (0.4, 0.4,)). Then
1={0-, Gy, 1-} and 6 = {0-, G,, Gs, 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 IFyG closed mapping but
not an IFM-yG closed mapping. Since the IFS A = (x, (0.5, 0.5p), (0.5, 0.4p)) is an
IFYGCS in X but f(A) = (y, (0.5, 0.5,), (0.5,, 0.4,)) is not an IFyGCS in Y, as ycl(f(A)) =
1. & Gy, Gzwhere as f(A) < G, Ga.

Proposition 4.2.38: The composition of two IFM-yG closed mappings is an IFM-yG

closed mapping in general.

Proof: Let f: (X, 1) — (Y, o) and g: (Y, &) = (Z, &) be any two IFM-yG closed mappings.
Let V be an IFyGCS in X. Then f(V) is an IFYyGCS in Y, by hypothesis. Since g is an IFM-
vG closed mapping, g(f(V)) is an IFyGCS in Z. Hence g o fis an IFM-yG closed mapping.

Proposition 4.2.39: Let f: (X, 1) — (Y, o) be an IFyG closed mapping and
g: (Y, @) = (Z, §) is an IFM-yG closed mapping then go f: (X, ) = (Z, &) is an IFyG
closed mapping.

Proof: Let V be an IFCS in X. Then f(V) is an IFyGCS in Y. Since g is an IFM-yG closed
mapping, g(f(V)) is an IFyGCS in Z. Hence g o fis an IFyG closed mapping.

Proposition 4.2.40: If f: (X, 1) — (Y, o) is a bijective mapping, then the following are
equivalent:

0] fis an IFM-yG closed mapping,

(i)  f(A)isan IFyGCSinY for every IFyGCS A in X,

@iii)  f(A) isan IFyGOS in Y for every IFyGOS A in X.
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Proof: As f(A°) = (f(A))° is true for a bijective mapping the proof is obvious.
Proposition 4.2.41: If f: (X, 1) — (Y, o) is a bijective mapping and Y is an IFy, Ty, space
then the following are equivalent:

Q) fis an IFM-yG closed mapping,

@i)  f(A)isan IFyGOSinY for every IFyGOS A in X,

(ilf)  for every IFP pup € Y and for every IFyGOS B in X such that
f * (pwp) € B, there exists an IFyGOS A in Y such that pep € A and
f1(A) € B.

Proof: (i) < (ii) is obvious by Proposition 4.2.39.

(if) = (iii) Let pep) € Y and let B be an IFyGOS in X such that f 1 (P,p) € B. This
implies pp € f(B). By hypothesis, f(B) is an IFyGOS in Y. Let A = f(B). Therefore
Pep € f(B)=Aandf™(A)= f(f(B)) c B.

(iii) = (i) Let B be an IFyGCS in X. Then B® is an IFyGOS in X. Let pp € Y and

f ™ (pwp) € B®. This implies pp € f(B%). By hypothesis there exists an IFyGOS A in Y
such that pp € A and f ™ (A) € BS, then A = f(f * (A)) € (B®). Hence by Proposition
4.2.26, f(B%) is an IFYyGOS in Y. As f is a bijective mapping, f(B®) = (f(B))". Therefore
f(B) isan IFyGCS in Y. Thus f is an IFM-yG closed mapping.

Proposition 4.2.42: If f: (X, 1) — (Y, o) is a bijective mapping, where X and Y are IFy,

T12 Space, then the following are equivalent:
0] fis an IFM-yG closed mapping,
(i) f(A) isan IFyGOS in Y for every IFyGOS A in X,
(iii)  f(yint(B)) < yint(f(B)) for every IFS B in X,
(iv)  vycl(f(B)) < f(ycl(B)) for every IFS B in X.

Proof: (i) < (ii) is obvious.
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(it) = (iii) Let B be any IFS in X. Since yint(B) is an IFyOS, it is an IFyGOS in X. Then
by hypothesis, f(yint(B)) is an IFyGOS in Y. Since Y is an IFy, Ty space, f(yint(B)) is an
IFyOS in Y. Therefore f(yint(B)) = yint(f(yint(B))) < yint(f(B)).

(iii) = (iv) can easily proved by taking complement in (iii).

(iv) = (i) Let A be an IFyGCS in X. By hypothesis, ycl(f(A)) < f(ycl(A)). Since X is an
IFy, Tipspace, A is an IFyCS in X. Therefore, ycl(f(A)) S f(ycl(A)) = f(A) S ycl(f(A)).
Hence f(A) is an IFyCS in Y and hence an IFYyGCS in Y. Thus f is an IFM-yG closed
mapping.

Proposition 4.2.43: Let f: (X, 1) — (Y, o) be a bijective mapping, where X is an IFyy, Ty,

space. If f is an IFM-yG closed mapping, then for each IFP p(, ) € Y and every IFyN A of
f (e, ), there exists an IFyGOS B inY such that p, ) € B € f(A).

Proof: Let pg, g € Y and let A be the IFyN of f (p, ). Then there exists an IFyOS C in
X such that f *(p, p)) € C € A. Since every IFyOS is an IFyGOS, C is an IFyGOS in X.
Then by hypothesis, f(C) is an IFyGOS in Y. Now p(, p) € f(C) € f(A). Put B = f(C). This
implies pe, g € B < f(A).

Proposition 4.2.44: Let f: (X, 1) — (Y, o) be a bijective mapping, where X is an IFyy Ty,
space. If f is an IFM-yG closed mapping, then for each IFP p, s € Y and every IFyN A of
f (p(, py), there exists an IFyGOS B in Y such that p, ) € B and f *(B) € A.

Proof: Let pe, p) € Y and let A be the IFyN of f 'l(p(a, p). Then there exists an IFyOS B in
X such pe, p) € B € f(A). Now f *(B) € f (f(A)) = A. That is f *(B) € A.

4.3 Intuitionistic fuzzy contra y generalized open mappings

In this section we have introduced intuitionistic fuzzy contra y generalized open

mappings and investigated some of their properties.

Definition 4.3.1: A mapping f: (X, t) — (Y, o) is called an intuitionistic fuzzy contra
y generalized (IF contra yG) open mapping if f(V) is an IFyGCS in (Y, o) for every IFOS
V of (X, 1).
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Example 4.3.2: Let X = {a, b}, Y = {u, v}, G; = (X, (0.3, 0.2y), (0.7, 0.8y)),
G, = (y, (0.5, 0.6,), (0.5, 0.4,)) and Gz = (y, (0.4, 0.3,), (0.6, 0.7,)). Then
1=1{0-, Gy, 1-} and 6 = {0-, G,, Gs, 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 IF contra yG open
mapping.

Proposition 4.3.3: Every IF contra open mapping is an IF contra yG open mapping but

not conversely in general.

Proof: Let f: (X, 1) — (Y, o) be an IF contra open mapping. Let A be an IFOS in X. Then
f(A) is an IFCS in Y. Since every IFCS is an IFyGCS, f(A) is an IFyGCS in Y. Hence f is

an IF contra yG open mapping.

Example 4.34: Let X = {a, b}, Y = {u, v}, G; = (X, (0.3, 0.2y), (0.7, 0.8y)),
G, = (y, (0.5, 0.6,), (0.5, 0.4,)) and Gz = (y, (0.4, 0.3,), (0.64, 0.7y)). Then
1=1{0-, Gy, 1-} and 6 = {0-, G,, Gs, 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 IF contra yG open
mapping but not an IF contra open mapping, as Gy is an IFOS in X where as f (G;) is not
an IFCS in Y, since cl(f (Gy)) = G, # £ (Gy).

Proposition 4.3.5: Every IF contra semi open mapping is an IF contra yG open mapping

but not conversely in general.

Proof: Let f: (X, 1) — (Y, o) be an IF contra semi open mapping. Let A be an IFOS in X.
Then f(A) is an IFSCS in Y. Since every IFSCS is an IFyGCS, f(A) is an IFyGCS in Y.

Hence f is an IF contra yG open mapping.

Example 4.3.6: Let X = {a, b}, Y = {u, v}, G; = (x, (0.3, 0.2y), (0.7, 0.8y)),
G, = (y, (0.5, 06,), (0.5, 0.4,)) and Gz = (y, (0.4, 0.3,), (0.64, 0.7,)). Then
1=1{0-, Gy, 1-} and 6 = {0-, G,, Gs, 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 IF contra yG open
mapping but not an IF contra semi open mapping, as G; is an IFOS in X whereas f (G;) is
not an IFSCS in Y, since int(cl(f(Gy))) = int(G,") = G3 &f (Gy).
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Proposition 4.3.7: Every IF contra pre open mapping is an IF contra yG open mapping

but not conversely in general.

Proof: Let f: (X, 1) — (Y, o) be an IF contra pre open mapping. Let A be an IFOS in X.
Then f(A) is an IFPCS in Y. Since every IFPCS is an IFyGCS, f(A) is an IFyGCS in Y.

Hence f is an IF contra yG open mapping.

Example 4.3.8: Let X = {a, b}, Y = {u, v} and G; = (X, (0.45, 0.3p), (0.6, 0.7,)),
Go= (y, (0.5, 0.6y), (0.5, 0.4y)) and Gsz= (y, (0.44, 0.3)), (0.6, 0.7,)). Then
1= 1{0-, G, 1.} and 6 = {0-, Gy, G3, 1-} are IFTs on X and Y respectively. Define a
mapping f: (X, 1) — (Y, o) by f(a) = u and f(b) = v. The IFS G; = (X, (0.4 0.3p),
(0.65, 0.7y)) is an IFOS in X. Then f is an IF contra yG open mapping but not an IF contra
pre open mapping, as G; is an IFOS in X whereas f (G;) is not an IFPCS in Y, since
cl(int(f(G1))) = cl(G3) = G,° & f(Gy).

Proposition 4.3.9: Every IF contra a open mapping is an IF contra yG open mapping but

not conversely in general.

Proof: Let f: (X, 1) — (Y, o) be an IF contra o open mapping. Let A be an IFOS in X.
Then f(A) is an IFaCS in Y. Since every IFaCS is an [FyGCS, f(A) is an IFyGCS in Y.

Hence f is an IF contra yG open mapping.

Example 4.3.10: Let X = {a, b}, Y = {u, v}, G = (X, (0.3 0.2,), (0.7, 0.8,)),
G, = (y, (0.5, 06,), (0.5, 0.4,)) and Gz = (y, (0.4, 0.3,), (0.64, 0.7,)). Then
1=1{0-, Gy, 1-} and 6 = {0-, G,, G3, 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 IF contra yG open
mapping, but not an IF contra a open mapping, as G; is an IFOS in X whereas f (G;) is
not an IFaCS in Y, since cl(int(cl(f(G1)))) = cl(int(G°)) = cl(Gs3) = G,* & f(Gy).

Proposition 4.3.11: Every IF contra y open mapping is an IF contra yG open mapping but

not conversely in general.
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Proof: Let f: (X, 1) — (Y, o) be an IF contra y open mapping. Let A be an IFOS in X.
Then f(A) is an IFyCS in Y. Since every IFyCS is an IFyGCS, f(A) is an IFyGCS in Y.

Hence f is an IF contra yG open mapping.

Example 4.3.12: Let X = {a, b}, Y = {u, v} and G; = (X, (0.64, 0.6p), (0.4, 0.4,)),
G2= (Y, (0.5,, 0.7,), (0.5, 0.3))), G3= ¢y, (0.5, 0.6,), (0.5,, 0.4,)). Then t = {0-, Gy, 1-}
and 0 = {0-, G, Gs, 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 fis an IF contra yG open mapping but not
an IF contra y open mapping, as G; is an IFOS in X whereas f (G;) is not an IFyCS in Y,
since int(cl(f(G1))) n cl(int(f(13))) = 1- & f(Gy).

Proposition 4.3.13: Every IF contra semipre open mapping is an IF contra yG open

mapping but not conversely in general.

Proof: Let f: (X, 1) — (Y, o) be an IF contra semipre open mapping. Let A be an IFOS in
X. Then f(A) is an IFSPCS in Y. Since every IFSPCS is an IFyGCS, f(A) is an IFyGCS in

Y. Hence f is an IF contra yG open mapping.

Example 4.3.14: Let X = {a, b}, Y = {u, v} and G; = (X, (0.5, 0.2p), (0.5, 0.8p)),
G2=(y, (0.5, 0.3)), (0.5, 0.7)), G2 =y, (0.4, 0.3), (0.6, 0.7)). Then t = {0-, Gy, 1.}
and o = {0- Gy, Gz 1.} are IFTs on X and Y respectively. Define a mapping
f: (X, 1) =(Y, 6) by f(a) =u and f(b) = v. Then fis an IF contra yG open mapping but
not an IF contra semipre open mapping, as G; is an IFOS in X whereas f(G;) is not an
IFSPCS in Y, since there exists no IFPCS B in X such that int(B) < f(G1) < B in X.

Therefore and f is.
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The relation between various types of intuitionistic fuzzy contra open mappings
and IF contra YG open mapping is given in the following diagram. In this diagram ‘OM’
means open mappings. The reverse implications are not true in general in the below

diagram.

/ IF Contra OM \
IF Contra cOM / IF Contra POM
IF contra
l vyGOM l
IF Contra yOM IF Contra SPOM
\ IF Contra SOM /

Definition 4.3.15: A mapping f: (X, 1) — (Y, o) is called an intuitionistic fuzzy contra
y generalized (IF contra yG) closed mapping if f(V) is an IFyGOS in (Y, o) for every
IFCS V of (X, 1).

Proposition 4.3.16: For a bijective mapping f: (X, 1) — (Y, o) the following are

equivalent:

(i) fisan IF contra yG open mapping
(i) fis an IF contra yG closed mapping

Proof: As f(A®) = (f(A))° for a bijective mapping, the proposition is obviously true.
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Proposition 4.3.17: Let f: (X, 1) — (Y, o) be a bijective mapping, suppose that one of the
following properties hold:

(i) f(cl(B)) € int(ycl(f(B))) for each IFS B in X,
(i) cl(yint(f(B))) € f(int(B)) for each IFS B in X,
(iii) f *(cl(yint(A))) <€ int(f *(A)) for each IFS Ain Y,
(iv) f 1(cl(A)) € int(f (A)) for each IFyOS Ain Y.
Then f is an IF contra yG open mapping.

Proof: (i) = (ii) is obvious by taking complement in (i).

(i) = (iii) Let A € Y. Put B = f*(A) in X. This implies A = f(f *(A)) = f(B) in Y. Now
cl(yint(A)) = cl(yint(f(B))) < f(int(B)) by (ii). Therefore f *(cl(yint(A))) < f *(f(int(B))) =
int(B) = int(f "(A)).

(i) = (iv) Let A € Y be an IFyOS. Then yint(A) = A. By hypothesis, f (cl(yint(A))) €
int(f “(A)). Therefore f *(cl(A)) = f *(cl(yint(A))) € int(f *(A)).

Suppose (iv) holds. Let A be an IFOS in X. Then f(A) isan IFS in Y and yint(f(A))
is an IFyOS in Y. Hence by hypothesis, f “(cl(yint(f(A)))) < int(f (yint(f(A)))) <
int(f "(f(A))) = int(A) = A. Therefore cl(yint(f(A))) = f(f *(cl(yint(f(A))))) € f(A). Now
cl(int(f(A))) < cl(yint(f(A))) < f(A). This implies f(A) is an IFPCS in Y and hence an
IFYGCS in Y. Thus f is an IF contra yG open mapping.

Proposition 4.3.18: Let f: (X, 1) — (Y, o) be a bijective mapping. Suppose that one of the

following properties hold:
(i)  flycl(A)) < int(f*(A)) foreach IFSAinY,
(i)  ycl(f(B)) < f(int(B)) for each IFS B in X,

@iii)  f(cl(B)) < vint(f (B)) for each IFS B in X.
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Then fis an IF contra yG closed mapping.

Proof: (i) = (ii) Let B € X. Then f(B) is an IFS in Y. By hypothesis, f *(ycl(f(B))) <
int(f (f(B))) = int(B). Now ycl(f(B)) = f(f *(ycl(f(B)))) S f(int(B)).

(it) = (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)) < yint(f(A)) < f (A), by hypothesis. This implies f(A) is an IFyOS in Y
and hence an IFYyGOS in Y. Therefore f is an IF contra yG closed mapping.

Proposition 4.3.19: Let f: (X, 1) — (Y, o) be a bijective mapping. Then f is an IF contra
vG closed mapping if cl(f *(A)) € f (yint(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 1(f(A))) < f (yint(f(A))). Since f is bijective, f(f(A)) = A. Therefore A = cl(A) =
cl(f 1(f(A))) € f *(yint(f(A))). Now f (A) < f(f *(yint(f(A)))) = yint(f(A)) S f(A). Hence
f(A) is an IFYOS in Y and hence an IFyGOS in Y. Thus f is an IF contra yG closed
mapping.

Proposition 4.3.20: If f: (X, 1) — (Y, o) is an IF contra yG open mapping, where Y is an
IFy,T12 space, then the following conditions hold:

Q) ycl(f(B)) < f(int(ycl(B))) for every IFOS B in X,
(i)  f(cl(yint(B))) < yint(f(B)) for every IFCS B in X.

Proof: (i) Let B € X be an IFOS. By hypothesis f (B) is an IFyGCS in Y. Since Y is an
IFy, Ty, space, f(B) is an IFyCS in Y. This implies ycl(f(B)) = f(B) = f(int(B)) <
f(int(ycl(B))).

(i) can be proved easily by taking the complement in (i).

Remark 4.3.21: The composition of two IF contra yG open mappings is not an IF contra

vG open mapping in general as seen in the following example.
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Example 4.3.22: Let X = {a, b}, Y ={u, v}, Z = {p, q}, G1 = (X, (0.5; 0.6p), (0.5,, 0.4y)),
G, = (y, (05, 04,), (05, 0.6), Gs = (z, (0.6, 0.8;), (0.4, 0.2g)) and
Gs = (z, (0.5, 0.5;), (045, 0.4g)). Then t = {0_, Gy, 1-}, 6 = {0, Gy 1.} and
O = {0-, Gs, Gy, 1.} are IFTs on X, Y and Z respectively. Define a mapping
f: (X, 1) = (Y, o) by f(a) =u and f(b) = v and g: (Y, a) — (Z, &) by g(u) = p and g(v) = q.
Here f and g are IF contra yG open mappings but their composition
gof: (X 1) = (Z, &) defined by g(f(a)) = p and g(f(b)) = q is not an IF contra yG open
mapping, since Gy = (X, (0.5, 0.6p), (0.55, 0.4p)) is an IFOS in X, but g(f(Gy)) is not an
IFYGCS in Z, as g(f(G1) = (z, (0.5, 0.6y), (0.5, 0.4g)) S Gz whereas
yel(9(f(Gy) )) = 1~ & Ga.

Proposition 4.3.23: If f: (X, 1) — (Y, o) is an IF open mapping and g: (Y, o) — (Z, d) is
an IF contra yG open mapping then g o f: (X, 1) — (Z, d) is an IF contra yG open
mapping.

Proof: Let V be an IFOS in X. Then f(V) is an IFOS in Y, since f is an IF open mapping.

Since g is an IF contra yG open mapping, g(f(\V)) is an IFyGCS in Z. Therefore g o fis an
IF contra yG open mapping.

Proposition 4.3.24: For a mapping f: (X, 1) — (Y, o), where Y is an IFy, Ty, space, the

following are equivalent:
Q) fis an IF contra yG closed mapping,

(i) For every IFCS A in X and for every IFP pup € Y, if f '1(p(a,B)) q A then
Pp) o YIN(F(A)).

Proof: (i) = (ii) Let f be an IF contra yG closed mapping. Let A € X be an IFCS and let
Pwp) € Y. Also let '1(p(a,,3)) q A then p(p) q T (A). By hypothesis f (A) is an IFyGOS in Y.
Since Y is an IFy,Tyspace, f(A) is an IFyOS in Y and yint(f(A)) = f(A). This implies
Pp)q YINL(F(A)).

(i) = (i)Let A < X be an IFCS then f(A) is an IFS in Y. Let pup) € Y and let
f'l(p(a,B)) q Athen pep)q f(A). By hypothesis this implies p(p) q Yint(f(A)). Therefore f(A)
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C yint(f (A)). But yint(f(A)) < f(A) and hence yint(f(A)) = f(A). Thus f(A) is an IFyOS in
Y and hence an IFYyGOS in Y. This implies f is an IF contra yG closed mapping.

Proposition 4.3.25: A mapping f: (X, 1) — (Y, o) is an IF contra yG closed
mapping, where Y is an IFy, Ty, space if and only if f(ycl(B)) < yint(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 IFYGOS in Y. Since Y is an IFy,Ty» space, f(cl(B)) is an IFyOS in Y.
Therefore f(ycl(B)) < f(cl(B)) = yint(f(cl(B))).

Sufficiency: Let B € X be an IFCS. Then cl(B) = B. By hypothesis, f(ycl(B)) <
yint(f(cl(B))) = yint(f(B)). But ycl(B) = B. Therefore f(B) = f(ycl(B)) S yint(f(B)) < f(B).
This implies f(B) is an IFyOS in Y and hence an IFyGOS in Y. Hence f is an IF contra yG

closed mapping.

Proposition 4.3.26: A mapping f: (X, 1) — (Y, o) is an IF contra yG closed mapping if
f(ycl(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 IFyCS, ycl(B) = B.
Now by hypothesis, f(B) = f(ycl(B)) < int(f(B)) < f(B). This implies f(B) = int(f(B)).
Therefore f (B) is an IFOS in Y and hence is an IFyGOS. Thus f is an IF contra yG closed
mapping.

Proposition 4.3.27: Let f: (X, 1) — (Y, o) be a bijective mapping. Then the following
conditions are equivalent if Y is an IFy. T/, Space:

(1) fis an IF contra yG closed mapping,

(ii) f'is an IF contra yG open mapping,

(iii) int(cl(f(A))) < (f(A)) for every IFOS A in X.

Proof: (i) <= (ii) is obviously true.
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(it) = (iii): Let A be an IFOS in X. Then f(A) is an IFyGCS in Y. Since Y is an IFy.Tys
space, f(A) is an IFCS in Y. Therefore cl(f(A)) = f(A). This implies int(cl(f(A))) =
int(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
IFYGCS, f(A°) is an IFYGCS in Y. Therefore f(A) is an IFyGOS in Y. Hence f is an
IF contra yG closed mapping.

Proposition 4.3.28: If f: (X, 1) — (Y, o) is a bijective mapping where Y is an IFy, Ty,

space, then the following are equivalent:

(iv)fis an IF contra yG open mapping,

(v) for each IFP p¢ € Y and for each IFCS B containing f '1(p(ayﬁ)), there exists an
IFYyOS A €Y and p(, ) € A such that Ac f(B),

(vi) For each IFP pp) € Y and for each IFCS B containing f '1(p(a,p,)), there exists an
IFyOS A c Y and p.p € A such that f*(A) C B.

Proof: (i) = (ii) Let B be an IFCS in X. Let p,p) be an IFP in Y such that f '1(p(a,B)) € B.
Then p,p € f(f '1(p(q,ﬁ)) € f(B). By hypothesis f(B) is an IFyGOS in Y. Since Y is an
IFy,T12 space, f(B) is an IFyOS in Y. Now let A = yint(f(B)) < f(B). Therefore A < f(B).

(if) = (iii) Let B be an IFCS in X. Let p(,p) be an IFP in Y such that f '1(p(a,B)) € B. Then
Pp) € F(F '1(p(a,,3)) € f(B). By hypothesis f(B) is an IFyGOS in Y. Since Y is an IFy, Ty
space, f(B) is an IFyOS in Y and A < f(B). This implies f *(A) < f-1(f(B)) = B.

(iii) = (i) Let B be an IFCS in X and let p.p) € Y. Let f *(pw.p) € B. By hypothesis, there
exists an IFyOS A in Y such that pgg € A and f *(A) € B. This implies pg.p € A S
f(f 1(A)) < f(B). That is Pwp) € f(B). Since A is an IFyOS, A = yint(A) < yint(f(B)).

Therefore p(.p € yint(f(B)) € f(B). But f(B) = U {pwup} € yint(f(B)) < f(B).
pa.p)e f (8)

Hence f(B) is an IFyOS in Y and hence f(B) is an IFyGOS in Y. Thus f is an IF contra yG

open mapping.
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Definition 4.3.29: A mapping f: (X, t) — (Y, o) is called an intuitionistic fuzzy
M- y generalized (IFM-yG) open mapping if f(V) is an IFyGOS in (Y, &) for every
IFYyGOS V of (X, 1).

Definition 4.3.30: A mapping f: (X, 1) — (Y, o) is called an intuitionistic fuzzy contra
M- y generalized (IF contra M-yG) open mapping if f(V) is an IFYyGCS in (Y, &) for every
IFyGOS V of (X, 1).

Example 4.3.31: Let X = {a, b}, Y = {u, v}, G1 = (X, (0.55 0.6p), (0.5, 0.4y)),
G, =(y, (0.5, 0.6,), (0.5, 0.4,)) and Gz = (y, (0.4, 0.3,), (0.64, 0.7,)). Then
T = {0-, G1,1-} and 6 = {0-, Gy, G3, 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 IF contra M-yG open

mapping.

Proposition 4.3.32: A bijective mapping f: (X, 1) — (Y, o) is an IF contra M-yG open
mapping if and only if the image of each IFyGCS in X is an IFyGOS in Y.

Proof: Obvious as f(A°) = (f(A)) for a bijective mapping.

Proposition 4.3.33: Every IF contra M-yG open mapping is an IF contra yG open
mapping but not conversely in general.

Proof: Let A be an IFOS in X. Since every IFOS is an IFyGOS, then A is an IFyGOS in
X. By hypothesis, f(A) is IFyGCS in Y. Hence f is IF contra yG open mapping.

Example 4.3.34: Let X = {a, b}, Y = {u, v}, G1 = (X, (0.5, 0.6p), (0.5, 0.4,)),
G, = (y, (0.5, 0.6y), (0.5,, 0.4,)) and Gz = (y, (0.4, 0.3,), (0.64, 0.7\)). Then
T ={0-, Gy, 1.} and 6 = {0-, Gy, Gz, 1-} are IFTs on X and Y respectively. Define a
mapping f: (X, 1) = (Y, o) by f(a) = u and f(b) = v. Therefore f is an IF contra yG open
mapping but not an IF contra M-yG open mapping. As A= (y, (0.4,, 0.5,), (0.6,, 0.5,)) is
an IFyGOS in X, but f(A) = (y, (0.4,, 0.5,), (0.6, 0.5))) is not an IFyGCS in Y, as
f(A) € G, where as ycl(A) =1- & G..
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Proposition 4.3.35: Let f: (X, 1) — (Y, o) and g: (Y, o) = (Z, 6) be any two mappings.
Then

M gof:(X,1)—=(Z 6)isan IF contra yG open mapping if f is an IF contra
M-yG open mapping and g is an IFM-yG closed mapping.

(i) gof:(X,t)—(Z 6)isan IF contra yG open mapping if f is an IFyG open
mapping and g is an IF contra M-yG open mapping.

(i) gof: (X, 1) —(Z 6)is an IFyG open mapping if f is an IF contra yG open

mapping and g is an IF contra M-yG closed mapping.

Proof: (i) Let A be an IFOS in X. Then A is an IFyGOS in X. By hypothesis, f(A) is an
IFYGCS in Y. Since g is an IFM-yG closed mapping, g(f(A)) is an IFyGCS in Z. Hence
g o fis an IF contra yG open mapping.

(i) Let A be an IFOS in X. Then by hypothesis, f(A) is an IFyGOS in Y. Since g is an
IF contra M-yG open mapping, g(f(A)) is an IFyGCS in Z. Hence g o fis an IF contra yG

open mapping.

(iii) Let A be an IFOS in X. Since f is an IF contra yG open mapping, f(A) is an IFyGCS
in Y. Since g is an IF contra M-yG open mapping, g(f(A)) is an IFyGOS in Z. Hence g o f
is an IFyG open mapping.

4.4 Intuitionistic fuzzy almost y generalized closed mappings

In this section we have introduced intuitionistic fuzzy almost y generalized closed

mappings and investigated some of their properties.

Definition 4.4.1: A mapping f: (X, 1) — (Y, o) is called an intuitionistic fuzzy almost
y generalized (IF almost yG) closed mapping if f(V) is an IFyGCS in Y for every IFRCS
V of X.

Example 4.4.2: Let X = {a, b}, Y = {u, v}, G; = (X, (0.3, 0.2y), (0.7, 0.8,)),
G, = (y, (0.5, 0.6,), (0.5, 0.4,)) and G3 = (y, (0.4, 0.3,), (0.6, 0.7,)). Then
T ={0-, Gy, 1.} and 6 = {0-, Gy, G3, 1.} are IFTs on X and Y respectively. Define a
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mapping f: (X, 1) — (Y, o) by f(a) = u and f(b) = v. Then f is an IF almost YG closed
mapping.

Proposition 4.4.3: Every IF closed mapping is an IF almost yG closed mapping but not

conversely in general.

Proof: Let f: (X, 1) — (Y, o) be an IF closed mapping. Let V be an IFRCS in X. Since
every IFRCS is an IFCS in X, V is an IFCS in X. Then f(V) is an IFCS in Y by
hypothesis. Since every IFCS is an IFyGCS, f(V) is an IFyGCS in Y. Hence f is an

IF almost yG closed mapping.

Example 4.4.4: Let X = {a, b}, Y = {u, v}, G1 = (X, (0.3, 0.2y), (0.7, 0.8y)),
Gz = (y, (0.5, 0.6,), (0.5, 0.4)) and Gz = (y, (0.4, 0.3,), (0.64, 0.7,)). Then
1={0-., G, 1.} and 6 = {0-, Gy, G3, 1-} are IFTs on X and Y respectively. Define a
mapping f: (X, t) — (Y, o) by f(a) = u and f(b) = v. Then f is an IF almost yG closed
mapping but not an IF closed mapping, since G;° = (x, (0.7, 0.8y), (0.3,, 0.2,)) is an IFCS
in X but f(G,°) isnotan IFCSinY, as cl(f(G:%)) = 1- # f(G%).

Proposition 4.4.5: Every IF semi closed mapping is an IF almost yG closed mapping in

(X, 1) but not conversely in general.

Proof: Let f: (X, 1) — (Y, o) be an IF semi closed mapping. Let V be an IFRCS in X.
Since every IFRCS is an IFCS in X, V is an IFCS in X. Then f(V) is an IFSCS in Y by
hypothesis. Since every IFSCS is an IFyGCS, f(V) is an IFYyGCS in Y. Hence f is an
IF almost yG closed mapping.

Example 4.4.6: Let X = {a, b}, Y = {u, v}, G; = (X, (0.3, 0.2y), (0.7, 0.8,)),
G2 = (y, (0.5, 0.6y), (0.54, 0.4y)) and Gz = (y, (0.4, 0.3,), (0.6y, 0.7y)). Then
1 ={0-, Gy, 1.} and 6 = {0-, Gy, G3, 1.} are IFTs on X and Y respectively. Define a
mapping f: (X, 1) — (Y, o) by f(@) = u and f(b) = v. Then f is an IF almost yG closed
mapping not an IF semi closed mapping, since Gi° = (X, (0.7, 0.8,), (0.3, 0.2p)) is an
IFCS in X but f(G;°) isnotan IFSCSinY,as int(cl(f(G1))) = 1- & f (G1°).

Proposition 4.4.7: Every IF pre closed mapping is an IF almost yG closed mapping but

not conversely in general.
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Proof: Let f: (X, 1) — (Y, o) be an IF pre closed mapping. Let V be an IFRCS in X. Since
every IFRCS is an IFCS in X, V is an IFCS in X. Then f(V) is an IFPCS in Y by
hypothesis. Since every IFPCS is an IFyGCS, f (V) is an IFyGCS in Y. Hence f is an

IF almost yG closed mapping.

Example 4.4.8: Let X = {a, b}, Y = {u, v}, G; = (X, (0.65 0.7p), (0.4, 0.3y)),
Gz = (X, (04, 03y), (06, 0.7p), Gz= (y, (0.5, 0.6,), (0.5, 0.4)),
and G,= (y, (0.4, 0.3,), (0.6, 0.7,)) . Then T = {0-, Gy, G, 1.} and 6 = {0, Gg, G4, 1.}
are IFTs on X and Y respectively. Define a mapping f: (X, t) — (Y, o) by f(a) = u and f(b)
=v. Then f is an IF almost yG closed mapping, but not an IF pre closed mapping since
G;® isan IFCS in X but f (G;°) is not an IFPCS in Y, as cl(int(f(G,°))) = cl(G4) = G:* &
f(G1°).

Proposition 4.4.9: Every IFa closed mapping is an IF almost yG closed mapping but not

conversely in general.

Proof: Let f: (X, 1) — (Y, o) be an IFa closed mapping. Let V be an IFRCS in X. Since
every IFRCS is an IFCS in X, V is an IFCS in X. Then f(V) is an IFaCS in Y by
hypothesis. Since every IFaCS is an IFyGCS, f(V) is an IFyGCS in Y. Hence f is an

IF almost yG closed mapping.

Example 4.4.10: Let X = {a, b}, Y = {u, v}, G1 = (X, (0.3 0.2,), (0.7, 0.8y)),
G, = (y, (0.5, 06,), (0.5, 0.4,)) and Gz = (y, (0.4, 0.3,), (0.64, 0.7,)). Then
T ={0-, Gy, 1.} and o= {0-, Gy, Gz, 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 IF almost yG closed
mapping but not an IFa closed mapping, since Gi° = (X, (0.7,, 0.8p), (0.3, 0.2p)) is an
IFCS in X but f(G;°) isnotan IFaCSinY, as cl(int(cl(f(G1%)))) = 1- & f(G1°).

Proposition 4.4.11: Every IFy closed mapping is an IF almost yG closed mapping but not

conversely in general.

Proof: Let f: (X, 1) — (Y, o) be an IFy closed mapping. Let V be an IFRCS in X. Since
every IFRCS is an IFCS in X, V is an IFCS in X. Then f(V) is an IFyCS in Y by
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hypothesis. Since every IFyCS is an IFyGCS, f(V) is an IFyGCS in Y. Hence f is an
IF almost yG closed mapping.

Example 4.4.12: Let X = {a, b}, Y = {u, v}, G1 = (X, (0.45 0.4y), (0.6, 0.6,)),
G2=(X, (0.6, 0.6\), (0.4y, 0.4y)), G3=(y, (0.5,, 0.7y), (0.5, 0.3y)) and G4= (y, (0.5, 0.6y),
(0.54, 0.4y)). Then t = {0-, G1, G2, 1-} and 6 = {0-, G3, G4, 1-} are IFTson X and Y
respectively. Define a mapping f: (X, 1) — (Y, o) by f(a) = u and f(b) = v. Then f is an
IF almost yG closed mapping but not an IFy closed mapping, since G1° = (X, (0.6, 0.6p),
(0.44, 0.4p)) is an IFCS in X but f (G;°) is not an IFyCS in Y, as int(cl(f(G°))) N

cl(int(f(G.%))) = 1. N 1. = 1_ & f(G°).

Proposition 4.4.13: Every IF semi pre closed mapping is an IF almost yG closed mapping

but not conversely in general.

Proof: Let f: (X, 1) — (Y, o) be an IF semi pre closed mapping. Let V be an IFRCS in X.
Since every IFRCS is an IFCS in X, Vis an IFCS in X. Then f(V) is an IFSPCS in Y by
hypothesis. Since every IFSPCS is an IFyGCS, f(V) is an IFyGCS in Y. Hence f is an

IF almost yG closed mapping.

Example 4.4.14: Let X = {a, b}, Y = {u, v}, G = (X, (0.5, 0.2y), (0.5, 0.8,)),
Go= (y, (0.5, 0.3y), (0.5, 0.7y)) and Gsz= (y, (0.44, 0.3)), (0.6, 0.7,)). Then
1={0-, Gy, 1.} and 6 = {0-, Gy, G3, 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 IF almost yG closed
mapping but not an IFSP closed mapping, since G;© is an IFCS in X but f(G;°) is not an
IFSPCS in Y, as there exists no IFPCS B in Y such that int(B) < f(G:°) = BinY.

Proposition 4.4.15: Every IFyG closed mapping is an IF almost yG closed mapping but

not conversely in general.

Proof: Let f: (X, 1) — (Y, o) be an IFyG closed mapping. Let V be an IFRCS in X. Since
every IFRCS is an IFCS in X, V is an IFCS in X. Then f(V) is an IFyGCS in Y by
hypothesis. Hence f is an IF almost yG closed mapping.
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Example 4.4.16: Let X = {a, b}, Y = {u, v}, G1 = (X, (0.2, 0.2y), (0.5, 0.8,)),
G, = (x, (0.2, 0.2)), (0.5, 0.6,)) and G3z = (y, (0.5, 0.8,), (0.2,, 0.2,)). Then
1 =40, Gy, Gy, 1.} and 6 = {0-, Gz, 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 IF almost yG closed
mapping but not an IFyG closed mapping, since G;° = (X, (0.5, 0.8p), (0.25, 0.2p)) is an
IFCS in X but f (G;*) 1is not an IFyGCS in Y, as f(G;) € Gz where as
vel(f(G1)) = 1~ & Gs.

The relation between various types of intuitionistic fuzzy closed mappings is given
in the following diagram. In this diagram ‘CM’ means closed mappings. The reverse

implications are not true in general in the below diagram.

IFaCM ' IFPCM

/ \ / \,

IECM —
IF almost — IFSPCM

\ S

\ /

IFyGCM

IFSCM
IFYCM

Definition 4.4.17: A mapping f: (X, t) — (Y, o) is said to be an intuitionistic fuzzy
almost y generalized (IF almost yG) open mapping if f(A) is an IFyGOS in Y for each
IFROS Ain X.
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Proposition 4.4.18: A bijective mapping f: (X, t) — (Y, o) is an IF almost yG closed
mapping if and only if the image of each IFROS in X isan IFyGOS in Y.

Proof: Necessity: Let A be an IFROS in X. This implies A® is an IFRCS in X. Then f(A°)
is an IFYGCS in Y, by hypothesis. Since for a bijective mapping f(A°) = (f(A)), f(A) is an
IFYGOSin Y.

Sufficiency: Let A be an IFRCS in X. Then A® is an IFROS in X. By hypothesis f(A°®) is
IFyGOS in Y. Since f(A®) = (f(A))°, (f(A))° is an IFYyGOS in Y. Therefore f(A) is an
IFYyGCS in Y. Hence f is an IF almost yG closed mapping.

Proposition 4.4.19: Let pp) be an IFP in X. A mapping f: X — Y is an IF almost yG
open mapping if for every IFOS A in X with f * (Pwp)) € A, there exists an IFOS B in Y
with p.p) € B such that f(A) is IFD in B.

Proof: Let A be an IFROS in X. Then A is an IFOS in X. Let f * (Pwp)) € A, then there
exists an IFOS B in Y such that pg)€ B and cl(f(A)) = B. Since B is an IFOS, cl(f(A)) =
B is also an IFOS in Y. Therefore int(cl(f(A))) = cl(f(A)). Now f(A) < cl(f(A) =
int(cl(f(A))) < cl(A). This implies f(A) is an IFPOS in Y and hence an IFyGOS in Y. Thus

fis an IF almost yG open mapping.

Proposition 4.4.20: Let f: (X, t) — (Y, o) be a bijective mapping. Then the following are

equivalent:
Q) fis an IF almost yG open mapping,
(i)  fisan IF almost yG closed mapping,
(iii)  f™isan IF almost yG continuous mapping.
Proof: (i) & (ii) is obvious as for a bijective mapping, f(A°) = f(A)".

(it) = (iii) Let A < X be an IFRCS. Then by hypothesis, f(A) is an IFyGCS in Y. That is
(f )™ (A) is an IFyGCS in Y. This implies f *is an IF almost yG continuous mapping.

(iii) = (ii) Let A € X be an IFRCS. Then by hypothesis, (f )™ (A) is an IFyGCS in Y.
That is f(A) is an IFyGCS in Y. Hence f is an IF almost yG closed mapping.
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Proposition 4.4.21: Let f: (X, 1) — (Y, o) be a bijective mapping where Y is an IFy,T1
space. Then the following are equivalent:

Q) fis an IF almost yG closed mapping,
(i) ycl(f(A)) < f(cl(A)) for every IFyOS A'in X,
@iii)  ycl(f(A)) < f(cl(A)) for every IFSOS Ain X,

(iv)  f(A) € yint(f(int(cl(A)))) for every IFPOS A in X.

Proof: (i) = (ii) Let A be an IFyOS in X. Then cl(A) is an IFRCS in X. By hypothesis,
f(cl(A)) is an IFYyGCS in Y and hence is an IFyCS in Y, since Y is an IFy, Ty space. This
implies ycl(f(cl(A))) = f(cl(A)). Now ycl(f(A)) < ycl(f(cl(A))) = f(cl(A)). Thus ycl(f(A)) &
f(cl(A)).

(if) = (iii) Since every IFSOS is an IFyOS, the proof directly follows.

(iii) = (i) Let A be an IFRCS in X. Then A = cl(int(A)). Therefore A is an IFSOS in X.
By hypothesis, ycl(f(A)) < f(cl(A)) = f(A) < ycl(f(A)). Hence f(A) is an IFyCS and hence
isan IFyGCS in Y. Thus fis an IF almost yG closed mapping.

(i) = (iv) Let A be an IFPOS in X. Then A < int(cl(A)). Since int(cl(A)) is an IFROS in
X, by hypothesis, f(int(cl(A))) is an IFyGOS in Y. Since Y is an IFy,Ty, space
f(int(cl(A))) is an IFyOS in Y. Therefore f(A) < f(int(cl(A))) = yint(f(int(cl(A)))).

(iv) = (i) Let A be an IFROS in X. Then A is an IFPOS in X. By hypothesis, f(A) <
yint(f(int(cl(A)))) = yint(f(A)) € f(A). This implies f(A) is an IFyOS in Y and hence f(A)
is an IFYGOS in Y. Therefore f is an IF almost yG open mapping and hence by
Proposition 4.4.18, f is an IF almost yG closed mapping.

Proposition 4.4.22: Let f: (X, 1) — (Y, o) be a mapping. If f is an IF almost yG closed
mapping, then ygcl(f(A)) < f(cl(A)) for every IFyOS A in X.

Proof: Let A be an IFyYOS in X. Then cl(A) is an IFRCS in X. By hypothesis f(cl(A)) is an
IFYGCS in Y. Then ygcl(f(cl(A))) = f(cl(A)). Now ygcl(f(A)) < ygcl(f(cl(A))) = f(cl(A)).
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Corollary 4.4.23: Let f: (X, 1) — (Y, o) be a mapping. If f is an IF almost yG closed
mapping, then ygcl(f(A)) < f(cl(A)) for every IFSOS A in X.

Proof: Since every IFSOS is an IFyQOS, the proof directly follows from the Proposition
4.4.22.

Corollary 4.4.24: Let f: (X, 1) — (Y, o) be a mapping. If fis an IF almost yG closed
mapping, then ygcl(f(A)) < f(cl(A)) for every IFPOS A'in X.

Proof: Since every IFPOS is an IFyQOS, the proof directly follows from the Proposition
4.4.22.

Proposition 4.4.25: Let f: (X, 1) — (Y, o) be a mapping. If f is an IF almost yG closed
mapping, then ygcl(f(A)) < f(cl(yint(A))) for every IFyOS A in X.

Proof: Let A be an IFyOS in X. Therefore yint(A) = A and cl(A) is an IFRCS in X. By
hypothesis, f(cl(A)) is an IFyGCS in Y. Then ygcl(f(A)) < ygcl(f(cl(A))) = f(cl(A)) =
f(cl(yint(A))).

Corollary 4.4.26: Let f: (X, 1) — (Y, o) be a mapping. If f is an IF almost yG closed
mapping, then ygcl(f(A)) < f(cl(yint(A))) for every IFSOS A in X.

Proof: Since every IFSOS is an IFyQOS, the proof directly follows from the Proposition
4.4.25.

Corollary 4.4.27: Let f: (X, 1) — (Y, o) be a mapping. If fis an IF almost yG closed
mapping, then ygcl(f(A)) < f(cl(yint(A))) for every IFPOS A in X.

Proof: Since every IFPOS is an IFyQOS, the proof directly follows from the Proposition
4.4.25.

Proposition 4.4.28: Let f: (X, 1) — (Y, o) be a mapping. If f(yint(B)) < yint(f(B)) for
every IFS B in X, then f is an IF almost yG open mapping.

Proof: Let B € X be an IFROS. By hypothesis, f(yint(B)) < yint(f(B)). Since B is an
IFROS, it is an IFyOS in X. Therefore yint(B) = B. Hence f(B) = f(yint(B)) < yint(f(B)) <
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f(B). This implies f(B) is an IFyOS and hence an IFYyGOS in Y. Thus f is an IF almost yG

open mapping.

Proposition 4.4.29: Let f: (X, 1) — (Y, o) be a mapping. If ycl(f(B)) < f(ycl(B)) for every
IFS B in X, then fis an IF almost yG closed mapping.

Proof: Let B € X be an IFRCS. By hypothesis, ycl(f(B)) < f(ycl(B)). Since B is an
IFRCS, it is an IFyCS in X. Therefore ycl(B) = B. Hence f(B) = f(ycl(B)) =2 ycl(f(B)) =2
f(B). This implies f(B) is an IFyCS and hence an IFYyGCS in Y. Thus f is an IF almost yG

closed mapping.

Proposition 4.4.30: Let f: (X, t) — (Y, o) be an IF almost yG open mapping where Y is
an IFy, Ty space, then for each IFP pqg in Y and each IFROS B in X such that
ffl(p(a,B))e B, cl(f(cl(B))) is an IFyN of p.pyin Y.

Proof: Let pup € Y and let B be an IFROS in X such that f = *(pp)€ B. That is
Pwp) € f(B). By hypothesis, f(B) is an IFyGOS in Y. Since Y is an IFy, Ty, space, f(B) is
an IFYOS in Y. Now p.p) € f(B) < f(cl(B)) < cl(f(cl(B))). Hence cl(f(cl(B))) is an IFyN of
Pawpyin'Y.

Proposition 4.4.31: The following are equivalent for a bijective mapping
f: (X, 1) — (Y, o) where Y is an IFy, Ty, space:

Q) fis an IF almost yG closed mapping,

@i)  vycl(f(A)) < f(acl(A)) for every IFyOS A in X,

@iii)  ycl(f(A)) < f(acl(A)) for every IFSOS A in X,

(iv)  f(A) < vint(f(scl(A))) for every IFPOS A in X.

Proof: (i) = (ii) Let A be an IFyOS in X. Then cl(A) is an IFRCS in X and cl(int(cl(A))) =
cl(A). By hypothesis, f(A) is an IFyGCS in Y and hence is an IFyCS in Y, as Y is an
IFy,T1, space. This implies ycl(f(cl(A))) = f(cl(A)). Now ycl(f(A)) S ycl(f(cl(A))) =
f(cl(A)) = f(cl(int(cl(A)))) € f(A U cl(int(cl(A)))) = f(acl(A)). Hence vycl(f(A)) <
f(acl(A)).
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(i1) = (iii) Let A be an IFSOS in X. Since every IFSOS is an IFyOS, the proof is obvious.

(iii) = (i) Let A be an IFRCS in X. Then A = cl(int(A)) and therefore A is an IFSOS in X.
By hypothesis, ycl(f(A)) € f(acl(A)) < f(cl(A)) = f(A) < ycl(f(A)). Hence f(A) is an
IFyCS and hence is an IFYGCS in Y. Thus f is an IF almost yG closed mapping.

(1) = (iv) Let A be an IFPOS in X. Then A < int(cl(A)). Since int(cl(A)) is an IFROS in
X, by hypothesis, f(int(cl(A))) is an IFyGOS in Y. Since Y is an IFy, Ty, space,
f(int(cl(A))) is an IFyOS in Y. Therefore f(A) < f(int(cl(A))) = yint(f(int(cl(A)))) <
yint(f(A U int(cl(A)))) = yint(f(scl(A))). That is f(A) < yint(f(scl(A))).

(iv) = (i) Let A be an IFROS in X. Then A is an IFPOS in X. By hypothesis, f(A) <
yint(f(scl(A))). This implies f(A) < yint(f(A U int(cl(A)))) = yint(f(A U A)) = yint(f(A)) <
f(A). Therefore f(A) is an IFyOS in Y and hence is an IFyGOS in Y. Thus f is an IF almost
vG closed mapping, by Proposition 4.4.18.

Proposition 4.4.32: Let f: (X, 1) — (Y, o) be a mapping where Y is an IFy, T, space. If
fis an IF almost yG closed mapping, then int(cl(int(f(B)))) < f(ycl(B)) for every IFRCS B
in X.

Proof: Let B € X be an IFRCS. By hypothesis, f(B) is an IFyGCS in Y. Since Y is an
IFy,T1ospace, f(B) is an IFyCS in Y. Therefore ycl(f(B)) = f(B). Now int(cl(int(f(B)))) <
f(B) v int(cl(int(f(B)))) <= ycl(f(B)) = f(B) < f(ycl(B)). Hence int(cl(int(f(B)))) <
f(ycl(B)).

Proposition 4.4.33: Let f: (X, 1) — (Y, o) be a mapping where Y is an IFy, T, space. If

fis an IF almost yG closed mapping, then f(yint(B)) < cl(int(cl(f(B)))) for every IFROS B
in X.

Proof: This Proposition can be easily proved by taking complement in Proposition 4.4.32.

Definition 4.4.34: A mapping f: (X, 1) — (Y, o) is said to be an intuitionistic fuzzy
almost contra y generalized (IF almost contra yG) open mapping if f(A) is an IFyGCS in
Y for every IFROS A in X.
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Example 4.4.35: Let X = {a, b}, Y = {u, v} and G; = (X, (0.3, 0.2y), (0.7, 0.8,)),
G, = (y, (0.5, 0.6,), (0.5, 04)), Gz = (y, (04, 0.3)), (0.64, 0.7,)). Then
1= 1{0-, G, 1.} and 6 = {0-, Gy, G3, 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 fis an IF almost contra yG open

mapping.

Proposition 4.4.36: Every IF contra yG open mapping is an IF almost contra YG open
mapping but not conversely in general.

Proof: Let f: (X, 1) — (Y, o) be an IF contra yG open mapping. Let A be an IFROS in X.
Since every IFROS is an IFOS, A is an IFOS in X. Then f(A) is an IFyGCS in Y, by

hypothesis. Therefore f'is an IF almost contra yG open mapping.

Example 4.4.37: Let X = {a, b}, Y = {u, v} and G; = (X, (0.5, 0.4p), (0.5, 0.6y)),
G2 = (X, (0.84, 0.7p), (0.24, 0.3p)), G3 = (y, (0.9,, 0.8,), (0.1,, 0.2,)) and G4 = (y, (0.6,
0.7,), (0.4y, 0.3,)). Then t = {0~, Gy, Gy, 1~} and 6 = {0~, G3, G4, 1~} be 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
IF almost contra yG open mapping. But f is not an IF contra yG open mapping, as
G, isan IFOS in X but f(G,) is not an IFYGCS in Y as f(G,) S G3 whereas ycl(f(G2)) =
1~ £ Gs.

Proposition 4.4.38: If f: (X, ) = (Y, ) is a bijective mapping, where Y is an IFyy, Ty,

space, then the following are equivalent:
Q) fis an IF almost contra yG open mapping,
(i) f(A) € IFyGO(Y) for every A € IFRC(X),

(iif)  For each IFP pp € Y and for each IFRCS A in X containing f '1(p(a,ﬁ)),
there exists an IFyGOS B in Y containing p.p) such that f1(B) c A,

(iv) f(int(cl(G))) € IFYGC(Y) for every IFOS G < X,

(v) f(cl(int(G))) € IFYyGO(Y) for every IFCS H < X.
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Proof: (i) = (ii) is obvious.

(i) = (i) Let pep € Y and let A € X be any IFRCS. Let f'l(p(a,ﬁ)) € A. Then

Pwp) € F(A). By hypothesis f(A) is an IFyGOS in Y. Let B = f(A). Then p«p € B and
f 1(B) = f}(f(A)) € A.

(i) = (ii) Let A € X be an IFRCS. Let pp € Y and f'l(p(a,B)) € A. Then pep) € f(A). By

hypothesis there exists an IFyGOS B in Y that is an IFyOS in Y, as Y is an IFyy, Ty, space,
such that pqgp € B and f 1(B) < A. Therefore Pwpy € B S f(A). This implies
f(A) = Up,p) € f(A) S B. Since each of B is an IFyQOS, f(A) is also an IFyOS and hence an
IFyGOSinY.

(1) = (iv) Let G be any IFOS in X. Then int(cl(G)) is an IFROS in X. By hypothesis,
f(int(cl(G))) is an IFYyGCS in Y. Hence f(int(cl(G))) € IFyGC(Y).

(iv) = (i) Let A be any IFROS in X. Then Ais an IFOS in X. By hypothesis, f(int(cl(A)))
€ IFyGC(Y). That is f(A) € IFyGC(Y), since int(cl(A)) = A. Hence f is an IF almost

contra yG open mapping.
(ii) = (v) is similar as (i) = (iv).

Proposition 4.4.39: Let f: (X, ) = (Y, o) be a bijective mapping that satisfies
f(int(cl(B))) < cl(int(f(B))) for every IFS B in Y. Then f is an IF almost contra yG open

mapping.

Proof: Let B be an IFRCS in X. Then cl(int(B)) = B and by hypothesis
f(B) = f(cl(int(B)) < cl(int(f(B))). This implies f(B) is an IFSOS in Y. Therefore it is an
IFYyGOS in Y. Hence f is an IF almost contra yG open mapping by Proposition 4.4.38.

Proposition 4.4.40: A mapping f: (X, 1) = (Y, o) is an IF almost contra yG open mapping
if f(ycl(B)) < int(f(B)) for every IFS B in X.
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Proof: Let B € X be an IFRCS. Since every IFRCS is an IFyCS, ycl(B) = B. Now by
hypothesis, f(B) = f(ycl(B)) < int(f(B)) < f(B). Therefore f(B) is an IFOS in Y and hence
an IFyGOS in X. Then f is an IF almost contra yG open mapping by Proposition 4.4.38.

Proposition 4.4.41: If f: (X, ) = (Y, o) is an IF almost contra yG open mapping and
g: (Y, o) = (Z, §) isan IF contra M-yG closed mapping theng o f: (X, 1) = (Z, &) is an

IF almost yG open mapping.

Proof: Let A be an IFROS in X. Then f(A) is an IFyGCS in Y, since f is an IF almost
contra yG open mapping. Since g is an IF contra M-yG open mapping, g(f(A)) is an
IFYGOS in Z. Therefore g o fis an IF almost yG open mapping.

Proposition 4.4.42: For a bijective mapping f: (X, 1) — (Y, o), where X is an IFyy Ty

space, the following are equivalent:
Q) fis an IF almost contra yG open mapping,

(i) For every IFRCS A in X and for every IFP pp € Y, if f'l(p(a,m) q A then
P.p)q YINL(F(A)),

(iif)  For every IFRCS in X and for any IFP pp € Y, if f'l(p(a,B)) q A then there
exists an IFyGOS B such that p.p) 4B and f*(B) € A.

Proof: (i) = (ii) Let f be an IF almost contra yG open mapping. Let A € X be an IFRCS
and let pi.p) € Y. Also let f(p(,p) g A then pe.p) ¢ F(A). By hypothesis f(A) is an IFyGOS in
Y. Since Y is an IFy, Ty, space, f(A) is an IFyOS in Y. Hence yint(f(A)) = f(A). This
implies P q Yit(f(A)).

(i) = (i) Let A & X be an IFRCS then f(A) is an IFS in Y. Let pup € Y and let
f'l(p(a,B)) q Athen pep) q f(A). By hypothesis this implies p.g) ¢ YINt(f(A)). That is f(A) €
yint(f(A)). But yint(f(A)) < f(A). Therefore yint(f(A)) = f(A). Thus f(A) is an IFyOS in Y
and hence an IFyYGOS in Y. This implies f is an IF almost contra yG open mapping by
Proposition 4.4.38.
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(if) = (iii) Let A € X be an IFRCS then f(A) is an IFS in Y. Let pep € Y. Also let
f'l(p(a,ﬁ)) q Athen pep) q f(A). By hypothesis this implies p(p) ¢ YINt(f(A)). That is f(A) <
yint(f (A)). But yint(f(A)) < f(A). Therefore yint(f(A)) = f(A). Thus f(A) is an IFyOS in Y
and hence an IFyGOS in Y. Let f(A) = B. Therefore pip B and f™(B) = f (f(A)) € A.

(iif) = (ii) Let A € X be an IFRCS, then f(A) is an IFS in Y. Let pp) € Y. Also let
f '1(p(a,ﬁ)) q A then pwp) q f(A). By hypothesis there exists an IFyGOS B in Y such that
Pwp) g B and f 1(B) € A. Let B = f(A). Since Y is an IFy, Ty space, f(A) is an IFyOS in Y
and yint(f(A)) = f(A). Therefore p(.p) q YIiNt(f(A)).
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