3.

v Generalized Continuous Mappings in Intuitionistic Fuzzy

Topological Spaces

3.1 Introduction

Mappings are important tools for studying the properties of spaces and for
constructing the new spaces from the existing spaces. Balachandran, Sundaram, and Maki
(1991) have introduced generalized continuous maps in topological spaces. Warren (1978)
gave the characterizations of fuzzy continuous functions characterized by the closure of
fuzzy sets, a sub basis of a fuzzy topology and fuzzy neighbourhoods. Jun, Kang and Song
(2005) have introduced intuitionistic fuzzy irresolute and continuous mappings. Here in
this chapter we have introduced intuitionistic fuzzy y generalized continuous mappings,
intuitionistic fuzzy contra y generalized continuous mappings, intuitionistic fuzzy almost
y generalized continuous mappings, intuitionistic fuzzy almost contra y generalized
continuous mappings. Also we have provided the relations between these continuous
mappings. Moreover intuitionistic fuzzy y generalized irresolute mappings, intuitionistic
fuzzy contra y generalized irresolute mappings and intuitionistic fuzzy completely
y generalized continuous mappings are introduced and studied. Furthermore we have
provided some properties of those continuous mappings and discussed some fascinating

propositions.
3.2 Intuitionistic fuzzy y generalized continuous mappings

In this section we have introduced intuitionistic fuzzy y generalized continuous

mappings and investigated some of their properties.

Definition 3.2.1: A mapping f: (X, 1) — (Y, o) is called an intuitionistic fuzzy
y generalized (IFyG) continuous mapping if (V) is an IFyGCS in (X, ) for every IFCS
Vof (Y, ).

Example 3.2.2: Let X = {a, b}, Y = {u, v} and G; = (X, (0.5, 0.6y), (0.5, 0.4y)) where
ug,(a) = 0.5 Mg, (D) = 0.6p, v, (a) = 0.5, v, (b) = 0.4y, Ga=(X, (0.44, 0.3p), (0.64, 0.74))
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where pc_(a) = 0.4y, e () = 0.3y, ve,(a) = 0.6, ve,(b) = 0.75, Gs = (y, (0.7, 0.8y),

(0.3u, 0.2))) where ug_(u) = 0.7y, ue (v) = 0.8y, vg (U) = 0.3y, vg (v) = 0.2, Then

T = {0-, G, Gy, 1-} and 6 = {0-, G3, 1-} are IFTs on X and Y respectively. Define a
mapping f: (X, 1) — (Y, o) by f@@ = u and f(b) = v. Here Gs° = (y, (0.3, 0.2)),
(0.7, 0.8,)) is an IFCS in Y and f ™ (G5%) = (x, (0.3, 0.2y), (0.7, 0.8,)) is an IFyGCS in
(X, 7). Therefore f is an IFyG continuous mapping.

Proposition 3.2.3: Every IF continuous mapping is an IFyG continuous mapping but not

conversely in general.

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

f is an [FyG continuous mapping.

Example 3.2.4: Let X = {a, b}, Y = {u, v}, G; = (x, (0.5, 0.6p), (0.5, 0.4p)),
G, = (X, (0.4, 0.3p), (0.65, 0.7p)) and Gz = (y, (0.7, 0.8,), (0.3, 0.2,)). Then
1= 1{0-, Gy, Gy, 1-} and 6 = {0-, 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 continuous mapping
but not an IF continuous mapping, since Gz° = (y, (0.3,, 0.2,), (0.7,, 0.8,)) isan IFCS in Y
but f 1(G5°) is not an IFCS in X, as cl(f *(G5°)) = G1°# £ (G°).

Proposition 3.2.5: Every IF semi continuous mapping is an IFyG continuous mapping but

not conversely in general.

Proof: Let f: (X, t) — (Y, o) be an IF semi continuous mapping. Let V be an IFCS in Y.
Then f (V) is an IFSCS in X. Since every IFSCS is an IFyGCS, f (V) is an IFyGCS in

X. Hence fis an IFyG continuous mapping.

Example 3.2.6: Let X = {a, b}, Y = {u, v}, G1 = (X, (0.5, 0.6p), (0.5, 0.4y)),
Gy = (X, (0.4, 0.3p), (0.65, 0.7p)) and Gsz = (y, (0.7, 0.8,), (0.3, 0.2,)). Then
T={0-, Gy, Gy, 1.} and ¢ = {0-, 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 continuous mapping
but not an IF semi continuous mapping, since Gz° = (y, (0.3, 0.2,), (0.7, 0.8,)) is an IFCS
in'Y but f (G5 is not an IFSCS in X, as int(cl(f *(G3%))) = int(G:°) = G, & f (G5°).
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Proposition 3.2.7: Every IF pre continuous mapping is an IFyG continuous mapping but

not conversely in general.

Proof: Let f: (X, 1) — (Y, o) be an IF pre continuous mapping. Let V be an IFCS in Y.
Then f (V) is an IFPCS in X. Since every IFPCS is an IFyGCS, f (V) is an IFyGCS in

X. Hence f is an IFyG continuous mapping.

Example 3.2.8: Let X = {a, b}, Y = {u, v}, G; = (X, (0.5, 0.6p), (0.55, 0.4,))
G, = (X, (0.4, 0.3), (0.65, 0.7,)) and Gz = (y, (0.64, 0.7,), (0.4, 0.3,)). Then
1= {0-, G1, G2 1.} and o = {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 IFyG continuous mapping
but not an IF pre continuous mapping, since Gs° = (y, (0.4,, 0.3,), (0.6, 0.7,)) is an IFCS
in'Y but f (G5 is not an IFPCS in X, as cl(int(f (G5%))) = cl(G) = G:° & f (Gs°).

Proposition 3.2.9: Every IFa continuous mapping is an IFyG continuous mapping but not

conversely in general.

Proof: Let f: (X, t) — (Y, 6) be an [Fa continuous mapping. Let V be an IFCS in Y. Then
f (V) is an IFaCS in X. Since every IFaCS is an IFyGCS, f (V) is an IFyGCS in X.

Hence f is an IFyG continuous mapping.

Example 3.2.10: Let X = {a, b}, Y = {u, v}, G; = (X, (0.5, 0.6p), (0.5, 0.4y)),
G, = (X, (0.4, 0.3,), (0.6, 0.7,)) and Gz = (y, (0.7, 0.8,), (0.3,, 0.2,)). Then
1= {0-, G1, Gy, 1.} and ¢ = {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 IFyG continuous mapping
but not an IFa continuous mapping, since Gs° = (Y, (0.3, 0.2,), (0.7, 0.8,)) is an IFCS in
Y but f }(Gs%) is not an IFaCS in X, as cl(int(cl(f (Gs%)))) = cl(int(G:%)) = cl(Gy)
=G°¢ Gy

Proposition 3.2.11: Every IFy continuous mapping is an IFyG continuous mapping but

not conversely in general.
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Proof: Let f: (X, 1) — (Y, o) be an IFy continuous mapping. Let V be an IFCS in Y. Then
f 1(V) is an IFyCS in X. Since every IFyCS is an IFyGCS, f (V) is an IFyGCS in X.

Hence f is an IFyG continuous mapping.

Example 3.2.12: Let X = {a, b}, Y = {u, v}, G1 = (X, (0.5, 0.7p), (0.55 0.3p)),
G, = (X, (0.5, 0.6y), (0.5, 0.4,)y and Gz = (y, (0.4, 0.4,), (0.6, 0.6,)). Then
1=1{0-, Gy, G2 1.} and o = {0-, 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 continuous
mapping but not an IFy continuous mapping, since Gs° = (y, (0.6, 0.6,), (0.4,, 0.4,)) is an
IFCS in Y but f }(G5% is not an IFyCS in X as int(cl(f (G3s%)) N cl(int(f * (G39)))
=1.N1-=1-¢fG).

Proposition 3.2.13: Every IF semipre continuous mapping is an IFyG continuous
mapping but not conversely in general.

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

Example 3.2.14: Let X = {a, b}, Y = {u, v}, G; = (X, (0.5 0.7y), (0.5, 0.3)),
G, = (X, (0.5, 0.6p), (0.5, 0.4p)) and Gz = (y, (0.4, 0.4,), (0.6y, 0.6,)). Then
T={0., Gy, G, 1.} and o = {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 IFyG continuous mapping
but not an IF semipre continuous mapping since f (G5 is not an IFSPCS in X, as there
exists no IFPCS B in X such that int(B) — f * (G5°) = B in X.
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The relation between various types of intuitionistic fuzzy continuity is given in the
following diagram. In this diagram ‘cts’ means continuous. The reverse implications are

not true in general in the below diagram.

Proposition 3.2.15: A mapping f: (X, t) — (Y, o) is an IFyG continuous mapping if and
only if the inverse image of each IFOS in Y is an IFyGOS in X.

Proof: Necessity: Let A be an IFOS in Y. This implies A is an IFCS in Y. Then f (A%
is an IFyGCS in X, by hypothesis. Since f (A% = (f 1(A))%, £1(A) is an IFyGOS in X.

Sufficiency: Let A be an IFCS in Y. Then A% is an IFOS in Y. By hypothesis f (A% is
IFYGOS in X. Since f (A% = (f *(A))°, (f 1(A))® is an IFyGOS in X. Therefore f *(A) is
an IFyGCS in X. Hence f is an IFyG continuous mapping.

Proposition 3.2.16.: If f: (X, 1) — (Y, o) is an IFyG continuous mapping then for each
IFP p(p) of X and each A € a such that f(p..p)) € A, there exists an IFyGOS B of X such

that p,p) € B and f(B) & A.

Proof: Let pep) be an IFP of X and A € o such that f(p.p)) € A. Put B = f "L(A). Then by

hypothesis, B is an IFyGOS in X such that p.p) € B and f(B) = (f (A)) € A.
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Proposition 3.2.17: If f: (X, 1) — (Y, o) is an IFyG continuous mapping then for each
IFP pep) of X and each A € & such that f(p.p)) q A, there exists an IFyGOS B of X such

that p.p) B and f(B) < A.

Proof: Let p.p be an IFP of X and A € o such that f(p(p) ¢ A. Put B = f "(A). Then by

hypothesis, B is an IFyGOS in X such that p..p) B and f(B) = f (f 1(A) € A

Proposition 3.2.18: Let f: (X, ) — (Y, &) be an IFyG continuous mapping, then f is an

IFy continuous mapping if X is an IFyy Ty, space.

Proof: Let V be an IFCS in Y. Then f * (V) is an IFyGCS in X, by hypothesis. Since X is
an IFy, T space, f * (V) is an IFyCS in X. Hence f is an IFy continuous mapping.

Proposition 3.2.19: Let f: (X, ) — (Y, &) be an IFyG continuous mapping, then f is an

IF continuous mapping if X is an IFy. Ty, space.

Proof: Let V be an IFCS in Y. Then f ™ (V) is an IFyGCS in X, by hypothesis. Since X is

an IFy. Ty, space, f (V) is an IFCS in X. Hence f is an IF continuous mapping.

Proposition 3.2.20: Let f: (X, t) — (Y, o) be an IFyG continuous mapping and
let g: (Y, 6) — (Z, 8) be an IF continuous mapping then g o f: (X, 1) — (Z, ) is an IFyG

continuous mapping.

Proof: Let V be an IFCS in Z. Then g (V) is an IFCS in Y, by hypothesis. Since f is an
IFyG continuous mapping, f (g *(V)) is an IFyGCS in X. Hence g o f is an IFyG

continuous mapping.

Proposition 3.2.21: Let f: (X, 1) — (Y, o) be a mapping from an IFTS X into an IFTS Y.
Then the following conditions are equivalent if X and Y are IFy, T12spaces:

Q) fis an IFyG continuous mapping,
(i)  f™(B)isan IFyGOS in X for each IFOS Bin Y,
(itf)  for each IFP p(p) in X and for every IFOS B in Y such that f(p..;p) € B,

there exists an IFyGOS A in X such that p,p) € A and f(A) € B.
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Proof: (i) = (ii) is obvious from the Proposition 3.2.15.

(ii) = (iii) Let B be any IFOS in Y and let pep € X. Given f(pe.p) € B. By hypothesis
f (B) is an IFyGOS in X. Take A = f "(B). Then pup)€ f *(B) = A. This implies
Pep € Aand f(A) = f(f (B)) S B.

(iii) = (i) Let A be an IFCS in Y. Then its complement, say B is an IFOS in Y. Let
Pwp) € X and f(p,p)) € B. Then there exists an IFyGOS, say C in X such that pp) € C
and f(C) € B. Therefore p(,p € C < f (f(C) < f *(B) and hence f *(B) is an IFyGOS in
X by Proposition 2.4.13. That is f (A°) is an IFyGOS in X and hence f *(A) is an IFyGCS

in X. Thus f is an [FyG continuous mapping.

Proposition 3.2.22: Let f: (X, ) — (Y, o) be a mapping that satisfies
f Lint(B)) S (int(cl(f "X(B))) n cl(int(f "}(B)))) for every IFS B in Y. Then f is an

IFyG continuous mapping.

Proof: Let B be an IFOS in Y. Then int(B) = B, and by hypothesis
£1(B) < (int(cl(f *(B))) n cl(int(f (B)))). This implies f * (B) is an IFyOS in X. Therefore

itis an IFYGOS in X and hence f is an IFyG continuous mapping.

Proposition 3.2.23: Let f: (X, 1) — (Y, o) be a mapping. Then the following conditions

are equivalent if X is an IFy, T4/, Space:
(1)  fisan IFyG continuous mapping,
(i) IfBisan IFOSinY then f ™ (B)is an IFyGOS in X,
(iiiy £ (int(B)) < (int(cl(f (B))) n cl(int(f (B)))) for every IFS B in Y.
Proof: (i) = (ii) is obviously true by Proposition 3.2.15.

(i) = (iii) Let B be any IFS in Y. Then int(B) is an IFOS in Y. Then f * (int(B)) is an
IFYyGOS in X. Since X is an IFy, Ty, space, fi(int(B)) is an IFOS in X and hence an

On y Generalized Closed Sets in Intuitionistic Fuzzy Topological Spaces 53



Chapter 3

IFyOS in X. Therefore f'(int(B)) & (int(cl(f “(intB))) n cl(int(f *(intB)))) &
(int(cl(f (B))) n cl(int(f *(B)))).

(iii) = (i) Let B be an IFCS in Y. Then its complement, say A is an IFOS in Y, then
int(A) = A. Now by hypothesis f * (int(A)) € (int(cl(f *(A))) n cl(int(f *(A)))). This
implies f ™ (A) & (int(cl(f *(A))) n cl(int(f (A)))). Hence f * (A) is an IFyOS in X. Since
every IFyOS is an IFyGOS, f ™ (A) is an IFyGOS in X. Thus f * (B) is an IFyGCS in X,

since f 1 (A) = f (B°). Hence f is an IFyG continuous mapping.
Proposition 3.2.24: Let f: (X, 1) — (Y, o) be a mapping from an IFTS X into an IFTS Y.
Then the following conditions are equivalent if X and Y are IFy, T/, spaces:

Q) fis an IFyG continuous mapping,

(i) (int(cl(f *(B))) n cl(int(f (B)))) € f * (ycl(B)) for each IFCS B in Y,

(iiiy £ (yint(B)) € (int(cl(f *(B))) U cl(int(f *(B)))) for each IFOS B of Y,

(iv)  f(int(cl(A)) n cl(int(A)))< cl(f(A)) for each IFS A of X.

Proof: (i) = (ii) Let B be an IFCS in Y. Then f ™ (B) is an IFyGCS in X, by hypothesis.
Since X is an |IFy, Ty, space, f (B) is an IFyCS in X. Therefore
(int(cl(f (B))) U cl(int(f }(B)))) = f * (B) = ! (ycI(B)).

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

(iii) = (iv) Let A € X. Then B = f(A) in Y and therefore A = (f(A)) < f ™ (B). Here
int(f(A)) = int(B) is an IFOS in Y. Then (iii) implies that f * (yint(int(B))) <
(int(cl(FY(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)%))° S (f ™ (yint(int(B%))))".
Therefore int(cl(A)) n cl(int(A)E f * (ycl(cl(B))). Now f(int(cl(A)) n cl(int(A))) €
f(f * (yel(cl(B))))< cl(B) = cl(f(A)).

(iv) = (i) Let B be any IFCS in Y, then f * (B) is an IFS in X. By hypothesis
f(int(cl(f “(B))) n cl(int(f *(B)))) E cl(f(f * (B))) € cl(B) = B. Now (int(cl(f *(B))) n
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cl(int(f 1(B)))E £ * (F((int(cl(f (B))) n cl(int(f *(B)))))) & f *(B). This implies f *(B) is
an IFyCS and hence it is an IFyGCS in X. Thus f is an IFyG continuous mapping.

Proposition 3.2.25: A mapping f: (X, 1) — (Y, o) is an IFyG continuous mapping if
cl(int(cl(f *(A)))) E f (cI(A)) for every IFSAin Y.

Proof: Let A be an IFOS in Y then A®is an IFCS in Y. By hypothesis, cl(int(cl(f (A%))))
c f l(A%) = f (A%). Now (int(cl(int(f "2(A)))))¢ = cl(int(cl(f *(A%))) < f (A =
(f 1(A))°. This implies f (A) < int(cl(int(f (A)))). Hence f (A) is an IFaOS and hence it
is an IFyGOS. Therefore f is an IFyG continuous mapping.

Proposition 3.2.26: Let f: (X, t) = (Y, o) be a mapping from an IFTS X into an IFTS Y.

Then the following conditions are equivalent if X is an IFy, T/, space:
Q) fis an IFyG continuous mapping,
(i) f*(B)isan IFYyGCS in X for every IFCSBin Y,

(iii)  (int(cl(f ™ (A))) N cl(int(f 1 (A))) E £ (cl(A)) for every IFS Ain Y.

Proof: (i) = (ii) is obvious from Definition 3.2.1.

(ii) = (iii) Let A be an IFS in Y. Then cl(A) is an IFCS in Y. By hypothesis, f  (cl(A)) is
an IFyGCS in X. Since X is an IFy, Ty, space, f * (cl(A)) is an IFyCS. Therefore
(intl(f ™t (cI(A)) n cl@intf * (Cl(A)) S f * (cl(A). Now (int(cl(f ™ (A))) N
cl(int(f 1 (A)))) E (int(cl(f * (cI(A)))) n cl(int(f * (cI(A)))) < 7 (cl(A)).

(i) = (i) Let A be an IFCS in Y. By hypothesis (int(cl(f ™ (A))) n cl(int(f * (A)))) €
f1(cl(A)) = ™ (A). This implies f * (A) is an IFyCS in X and hence it is an IFyGCS.

Thus f is an IFyG continuous mapping.

Proposition 3.2.27: Let f: (X, 1) — (Y, o) be a mapping from an IFTS X into an IFTS Y
that satisfies f (int(B)) = int(cl(f *(B))) for every IFS B in Y. Then f is an IFyG

continuous mapping.
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Proof: Let B be an IFOS in Y, then int(B) = B. By hypothesis f (B) = int(cl(f *(B))).
This implies f *(B) is an IFROS in X. Therefore it is an IFyGOS in X. Hence f is an IFyG

continuous mapping.

Proposition 3.2.28: Let f: (X, 1) — (Y, o) be an IFyG continuous mapping, then f is an
IFP continuous mapping if X is an IFy, Ty, Space.

Proof: Since every IFyGCS is an IFPCS in an IFy, T, space, the proof is obvious.

Proposition 3.2.29: Let f: (X, 1) — (Y, o) be a mapping from an IFTS X into an IFTS Y
that satisfies f (int(B)) S cl(int(f *(B))) for every IFS B in Y. Then f is an

IFyG continuous mapping.

Proof: Let B be an IFOS in Y. Then int(B) = B, by hypothesis f *(B) = f (int(B)) <
cl(int(f (B))). This implies f (B) is an IFSOS in X. Therefore it is an IFyGOS in X.

Hence f is an IFyG continuous mapping.

Proposition 3.2.30: If f: (X, ) — (Y, o) is an IFyG continuous mapping and
g: (Y, o) = (Z, &) is an IFG continuous mapping and Y is an IFTy, space, then

gof: (X, t)—(Z 8)isan IFyG continuous mapping.

Proof: Let V be an IFCS in Z. Then g™*(V) is an IFGCS in Y, by hypothesis. Since Y is an
IFTy, space, g*(V) is an IFCS in Y. Therefore f'( g*(V)) is an IFyGCS in X, by

hypothesis. Hence g o f is an IFyG continuous mapping.

Proposition 3.2.31: Let f: (X, 1) — (Y, o) be an IFyG continuous mapping, then
(1) fis an IF continuous mapping if X is an IFy; T/, Space,
(it) f is an IFP continuous mapping if X is an 1Fy, T/, space.

Proof: (i) Let A be an IFCS in Y. Then f*(A) is an IFyGCS in X, by hypothesis. Since X

is an I1Fy. Ty space, F1(A) is an IFCS in X. Hence f is an IF continuous mapping.

(ii) Let A be an IFCS in Y. Then f*(A) is an IFyGCS in X, by hypothesis. Since X is an
IFypT1/2 Space, f1(A) is an IFPCS in X. Hence f is an IFP continuous mapping.
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Proposition 3.2.32: Let f: (X, 1) — (Y, o) be a mapping. Then the following conditions

are equivalent if X is an IFy. Ty, space:
(1) fis an IFyG continuous mapping

(i) for each IFP p(,p) in X and for every IFN A of f(p(.p)), there exists an IFyGOS B in X
such that pi € B < f ™ (A)

(iii) for each IFP p(,p) in X and for every IFN A of f(p(.p)), there exists an IFyGOS B in X
such that p.p) € Band f(B) € A

Proof: (i) = (ii) Let p,p € X and let A be an IFN of f(p(p). Then there exists an IFOS C
in'Y such that f(pp) € C S A. Since f is an IFyG continuous mapping, f *(C) = B (say),
is an IFyGOS in X and pp) € f (f(pp)) € f ' (C) € f ' (A). Therefore pup € B S
f1(A).

(if) = (iii) Let pp) € X and let A be an IFN of f(p(p). Then there exists an IFyGOS B
in X such that pes € B & f "L (A), by hypothesis. Therefore Pwp € B and
f(B) < f(f * (A)) € A.

(iif) = (i) Let B be an IFOS in Y and let p(,p) € f* (B). Then f(pwp) € B. Therefore B is
an IFN of f(p«p). Then, by hypothesis there exists an IFyGOS A in X such that
Pap € A C FUF(A)) © f7(B). Therefore f(B) is an IFyGOS in X. Hence f is an IFyG

continuous mapping.

Definition 3.2.33: Let (X, 1) be an IFTS. Then the y generalized closure (ygcl(A)) for any
IFS A is defined as,

vecl(A) =N {K /K isan IFyGCS in X and A € K}.

Remark 3.2.34: If A is an IFyGCS, then ygcl(A) = A but the converse is not true as the

intersection of two non - trivial IFyGCSs need not be an IFyGCS.

Proposition 3.2.35: Let f: (X, 1) — (Y, o) be an IFyG continuous mapping. Then the
following conditions hold:

(1) f(ygcl(A)) < cl(f(A)), for every IFS Ain X

(ii) yeel(f * (B)) < f }(cl(B)), for every IFSBin Y

On y Generalized Closed Sets in Intuitionistic Fuzzy Topological Spaces o7



Chapter 3

Proof: (i) Let A be any IFS in X. Then f(A) is an IFS in Y and cl(f(A)) isan IFCSin Y.
Since f is an IFyYG continuous mapping, 1(cl(f(A))) is an IFYyGCS in X. That is
ygel(f *(CI(f(A)))) = f *(cl(f(A))). Therefore f(ygcl(A)) < flygel(f *(f(A))) <
flygel(f (cI(f(A)))) < f(F *(CI(f(A))E cl(f(A)).

(i) Replacing A by f * (B) in (i), we get f(ygel(f *(B))) € cl(f(f * (B))) < cI(B). Hence
yeel(f 1(B)) < f * (fiygel(f (B))) < f * (cI(B)), for every IFS B in Y.

3.3 Intuitionistic fuzzy contra y generalized continuous mappings

In this section we have introduced intuitionistic fuzzy contra y generalized

continuous mappings and investigated some of their properties.

Definition 3.3.1: A mapping f: (X, t) — (Y, o) is called an intuitionistic fuzzy contra
y generalized (IF contra yG) continuous mapping if f (V) is an IFyGCS in (X, ) for
every IFOS V of (Y, o).

Example 3.3.2: Let X = {a, b}, Y = {u, v}, G; = (x, (0.5, 0.6p), (0.55, 0.4)),
Gy = (X, (0.4, 0.3p), (0.65, 0.7p)) and Gz = (y, (0.3, 0.2,), (0.7, 0.8,)). Then
T={0-, Gy, Gy, 1-} and 6 = {0, 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 continuous
mapping.

Proposition 3.3.3: Every IF contra continuous mapping is an IF contra yG continuous

mapping but not conversely in general.

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

Example 3.3.4: Let X = {a, b}, Y = {u, v}, G1 = (X, (0.5, 0.6p), (0.5, 0.4,)),
Gy = (X, (0.4, 0.3,), (0.6, 0.7,)) and Gz = (y, (0.3, 0.2,), (0.7,, 0.8,)). Then
1= {0-, G1, Gy, 1.} and ¢ = {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 contra yG continuous
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mapping but not an IF contra continuous mapping, since Gs = (y, (0.3,, 0.2,), (0.7, 0.8,))
isan IFOS in Y but f (Gs3) is not an IFCS in X, as cl(f 1(G3)) = G.*# £ * (Gs)

Proposition 3.3.5: Every IF contra semi continuous mapping is an IF contra yG

continuous mapping but not conversely in general.

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

IFYGCS in X. Hence f is an IF contra yG continuous mapping.

Example 3.3.6: Let X = {a, b}, Y = {u, v}, G; = (x, (0.5, 0.6p), (0.5, 0.4p)),
G, = (X, (04, 0.3,), (0.6, 0.7y)) and Gz = (y, (0.3, 0.2,), (0.7, 0.8,)). Then
T={0-, Gy, Gy, 1-} and 6 = {0-, 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 continuous
mapping but not an IF contra semi continuous mapping, since Gz = (y, (0.3,, 0.2)),
(0.7, 0.8,)) is an IFOS in Y but f }(G3) is not an IFSCS in X, as int(cl(f (G3))) = int(G:°)
=G, ¢ fY(Gs).

Proposition 3.3.7: Every IF contra pre continuous mapping is an IF contra yG continuous

mapping but not conversely in general.

Proof: Let f: (X, t) — (Y, o) be an IF contra pre continuous mapping. Let V be an IFOS
in Y. Then f (V) is an IFPCS in X. Since every IFPCS is an IFyGCS, f (V) is an
IFYGCS in X. Hence f is an IF contra yG continuous mapping.

Example 3.3.8: Let X = {a, b}, Y = {u, v}, G1 = (X, (0.5, 0.6p), (0.5, 0.4y))
G, = (X, (0.4, 0.3,), (0.65, 0.7,)) and Gz = (y, (0.4, 0.3,), (0.6, 0.7,)). Then
T=1{0-, Gy, G2 1.} and o = {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 contra yG continuous
mapping but not an IF contra pre continuous mapping, since Gz = (y, (0.4,, 0.3,),
(0.6, 0.7,)) is an IFOS in Y but f (G3) is not an IFPCS in X, as cl(int(f (Gs))) = cl(Gy,)
=G, ¢ f1(Gy).
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Proposition 3.3.9: Every IF contra a continuous mapping is an IF contra yG continuous

mapping but not conversely in general.

Proof: Let f: (X, t) — (Y, o) be an IF contra a continuous mapping. Let V be an IFOS in
Y. Then f (V) is an IFaCS in X. Since every IFaCS is an IFyGCS, f (V) is an IFyGCS

in X. Hence f is an IF contra yG continuous mapping.

Example 3.3.10: Let X = {a, b}, Y = {u, v}, G1 = (X, (0.5, 0.6p), (0.5;, 0.4,)),
G, = (X, (045 0.3y), (0.6, 0.7p)) and Gz = (y, (0.3, 0.2,), (0.7,, 0.8,)). Then
1= {0-, Gy, Gy, 1.} and o = {0-, 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 continuous
mapping but not an IF contra a continuous mapping, since G; = (y, (0.3, 0.2)),
(0.7, 0.8,)) is an IFOS in Y but f *(G3) is not an IFaCS in X, as cl(int(cl(f (G3)))) =
cl(int(G:%) = cl(G,) = G.° ¢ f1(Gy).

Proposition 3.3.11: Every IF contra y continuous mapping is an IF contra yG continuous

mapping but not conversely in general.

Proof: Let f: (X, ) = (Y, @) be an IF contra y continuous mapping. Let V be an IFOS in

Y. Then f (V) is an IFyCS in X. Since every IFyCS is an IFyGCS, f (V) is an IFyGCS in
X. Hence fis an IF contra yG continuous mapping.

Example 3.3.12: Let X = {a, b}, Y = {u, v}, G = (X, (0.5, 0.7p), (0.5, 0.3p)),
G, = (X, (0.5, 0.6,), (0.5, 0.4p)) and Gz = (y, (0.6, 0.6,), (0.4, 0.4,)). Then
1=1{0-, Gy, G2 1.} and o = {0-, 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 continuous
mapping but not an IF contra y continuous mapping, since Gz = (y, (0.6,, 0.6,),
(0.4, 0.4,)) is an IFOS in Y but f (G3) is not an IFYCS in X, as int(cl(f * (G3))) N
cintf*(Ga)))=1-n1.=1.¢ f1(Gy).

Proposition 3.3.13: Every IF contra semipre continuous mapping is an IF contra yG

continuous mapping but not conversely in general.
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Proof: Let f: (X, t) = (Y, o) be an IF contra semipre continuous mapping. Let V be an

IFOS in Y. Then f (V) is an IFSPCS in X. Since every IFSPCS is an IFyGCS, f (V) is

an IFyGCS in X. Hence f is an IF contra yG continuous mapping.

Example 3.3.14: Let X = {a, b}, Y = {u, v}, G1 = (X, (0.5, 0.3y), (0.5, 0.7,)),
Gz = (X, (0.4, 0.3p), (0.6, 0.7y)) and Gz = (y, (0.5, 0.2,), (0.5, 0.8,)). Then
1=1{0-, Gy, G, 1.} and o = {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 fis an IF contra yG continuous
mapping but not an IF contra semipre continuous mapping, since Gz is an IFOS in Y
whereas f ! (Gs) is not an IFSPCS in X as there exists no IFPCS B in X such that int(B)
f1(Gs) = BinX.

The relation between various types of intuitionistic fuzzy contra continuous
mappings and IF contra yG continuous mapping is given in the following diagram. In this

diagram ‘cts.” means continuous mapping.

IF contra cts

/ IF contra

acts
IF contra

prects \ /

IF contra yG
cts

/I\

IF contray
semicts

cts
IF contra semi

\ prects /

The reverse implications are not true in general in the above diagram.
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Proposition 3.3.15: A mapping f: (X, t) — (Y, o) is an IF contra yG continuous mapping
if and only if the inverse image of each IFCS in Y is an IFyGOS in X.

Proof: Necessity: Let A be an IFCS in Y. This implies A® is an IFOS in Y. Then
f 1(A% is an IFyGCS in X, by hypothesis. Since f *(A%) = (f 1(A))°, f (A) is an IFyGOS
in X.

Sufficiency: Let A be an IFOS in Y. Then A® is an IFCS in Y. By hypothesis
f 1(A% is IFyGOS in X. Since f 1(A%) = (f 1(A))%, (f *(A))® is an IFyGOS in X. Therefore
f (A) is an IFyGCS in X. Hence f is an IF contra yG continuous mapping.

Proposition 3.3.16: 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))) foreach IFSBin Y,
(i) cl(yint(f *(B))) < f * (int(B)) for each IFS B in Y,
(iii) f(cl(yint(A))) < int(f(A)) for each IFS A'in X,
(iv) f(cl(A)) < int(f(A)) for each IFyOS Ain X.

Then f is an IF contra yG continuous mapping.

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

(ii) = (iii) Let A € X. Put B = f(A) in Y. This implies A = f (f(A)) = f (B) in X. 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)).

(iii) = (iv) Let A € X be an IFyYOS. Then yint(A) = A. By hypothesis, f(cly(int(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) is an 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
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cl(int(f(A))) < cl(yint(f(A))) < f(A). This implies f(A) is an IFPCS in Y and hence an
IFYyGCS in Y. Thus f is an IF contra yG continuous mapping.

Proposition 3.3.17: Let f: (X, 1) — (Y, o) be a mapping. Suppose that one of the

following properties hold:
Q) f(ycl(A)) < int(f(A)) for each IFS A in X,
(i)  ycl(f 1(B)) < f (int(B)) for each IFSBin Y,

(iii)y  f(cl(B)) € yint(f }(B)) for each IFSB in Y.

Then fis an IF contra yG continuous mapping.

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

(if) = (iii) is obvious by taking complement in (ii).

Suppose (iii) holds. Let A be an IFCS in Y. Then cl(A) = A and f *(A) is an IFS in X.
Now f (A) = f (cl(A)) < vyint(f (A)) € f *(A), by hypothesis. This implies f (A) is an
IFYOS in X and hence an IFyGOS in X. Therefore f is an IF contra yG continuous
mapping.

Proposition 3.3.18: Let f: (X, 1) — (Y, o) be a bijective mapping. Then f is an IF contra
vG continuous mapping if cl(f(A)) € f(yint(A)) for every IFS Ain X.

Proof: Let A be an IFCS in Y. Then cl(A) = A and f "(A) is an IFS in X. By hypothesis
cl(f(f "(A))) < f(yint(f (A))). Since f is bijective, f(f *(A)) = A. Therefore A = cl(A) =
cl(f(f (A))) < f(yint(f *(A))). Now f (A) < f L(f(yint(f *(A)))) = yint(f 1(A)) € f (A).
Hence f (A) is an IFyOS in X and hence an IFyGOS in X. Thus f is an IF contra yG

continuous mapping.
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Proposition 3.3.19: If f: (X, 1) — (Y, o) is a mapping where X is an IFy, Ty, space, then
the following are equivalent:

(i) fisan IF contra yG continuous mapping

(i) For each IFP p(.p € X and for each IFCS B containing f(p.p), there exists an
IFyOS A € X and p(,,p) € A such that A € f*(B)

(iii) For each IFP p.p) € X and for each IFCS B containing f(p(.p)), there exists an
IFYOS A < X and p ) € A such that f(A) € B

Proof: (i) = (ii) Let B be an IFCS in Y. Let pp) be an IFP in X such that f(p(.p)) € B.
Then pep) € T (f(p.p) € f *(B). By hypothesis f *(B) is an IFyGOS in X. Since X is an
IFy, Ty, space, f (B) is an IFyOS in X. Now let A = yint(f *(B)) < f "(B). Then
Acf(B).

(if) = (iii) Let B be an IFCS in Y. Let p,p) be an IFP in X such that f(pp) € B. Then
Pep€ T H(F(Pwp) € T *(B). By hypothesis f *(B) is an IFyOS in X and A < f *(B). This
implies f(A) < f(f *(B)) < B.

(iiif) = (i) Let B be an IFCS in Y and let p(,p) € X and f(p.p)) € B. By hypothesis there
exists an IFyOS A in X such that ps € A and f(A) S B. This implies pp € A S
f1(f(A)) < £ (B). That is (g € f (B). Since A is an IFyOS, A = yint(A) € yint(f (B)).
Therefore p. g € yint(f *(B)). But f (B) = U {Pep} € vint(f *(B))  f (B).

Pa.p) € f ) (B)
Hence f "}(B) is an IFyOS in X and hence f *(B) is an IFyGOS in X. Thus f is an IF contra

yG continuous mapping.

Proposition 3.3.20: If f: (X, 1) — (Y, o) is an IF contra yG continuous mapping, where X
is an IFy, Ty space, then the following conditions hold:

(i)  ycl(f 1(B)) < f (int(ycl(B))) for every IFOS B in Y

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

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

Proposition 3.3.21: If f: (X, 1) — (Y, o) is an IF contra yG continuous mapping and
g: (Y, 6) — (Z, ) is an IF continuous mapping then g o f: (X, 1) — (Z, ) is an IF contra

vG continuous mapping.

Proof: Let V be an IFOS in Z. Then g (V) is an IFOS in Y, since g is an IF continuous
mapping. Since f is an IF contra yG continuous mapping, f (g *(V)) is an IFyGCS in X.
Therefore g o f is an IF contra yG continuous mapping.

Proposition 3.3.22: If f: (X, 1) — (Y, o) is an IF contra yG continuous mapping and
g: (Y, 06) — (Z, d) is an IF contra continuous mapping then g o f: (X, 1) — (Z, 9) is an
IFyG continuous mapping.

Proof: Let V be an IFOS in Z. Then g (V) is an IFCS in Y, since g is an IF contra
continuous mapping. Since f is an IF contra yG continuous mapping, f (g (V)) is an

IFYyGOS in X. Therefore g o fis an IFyG continuous mapping.

Proposition 3.3.23: For a mapping f: (X, 1) — (Y, o), where X is an IFy, Ty, space, the

following are equivalent:

Q) fis an IF contra yG continuous mapping

(i) For every IFCS A in Y and for every IFP pp) € X, if f(pwp) ¢ A then
Pl Yint(F (A))

(itf)  For every IFCS in Y and for any IFP pp) € X, if f(p@p) ¢ A then there
exists an IFyGOS B such that p,p)qB and f(B) € A

Proof: (i) = (ii) Let f be an IF contra yG continuous mapping. Let A € Y be an IFCS and
let prp) € X. Also let f(pep)) q A, then pp q f (A). By hypothesis f *(A) is an IFyGOS
in X. Since X is an IFy,Ti;, f (A) is an IFyOS in X. Hence yint(f *(A)) = f *(A). This
implies pp) q vint(f “(A)).
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(i) = (i) Let A € Y be an IFCS, then f * (A) is an IFS in X. Let Py € X and let
f(Pwp) ¢ A then pep) q T (A). By hypothesis, this implies pep o vint(f (A)). That is
f 1(A) € yint(f *(A)). But yint(f *(A)) < f * (A). Therefore yint(f (A)) = f (A). Thus
f 1(A) is an IFyOS in X and hence an IFyGOS in X. This implies f is an IF contra yG

continuous mapping.

(ii) = (iii) Let A € Y be an IFCS, then f (A) is an IFS in X. Let Pwp) € X. Also let
f(Pwp) g A then pep q f (A). By hypothesis, this implies pegp) ¢ yint(f (A)). That is
f 1(A) < vyint(f (A)). But yint(f *(A)) € f *(A). Therefore yint(f *(A)) = f (A). Thus
f (A) is an IFyOS in X and hence an IFyGOS in X. Let f "{(A) = B. Therefore p(p) B
and f(B) = f(f “(A)) € A.

(iii) = (ii) Let A CY be an IFCS, then f ™ (A) is an IFS in X. Let Pwp) € X. Also let
f(Pp)) g A then pep)qf "1(A). By hypothesis, there exists an IFyGOS B in X such that
Pwp)q B and f(B) S A. Let B =f (A). Since X is an IFy, Ty, space, f *(A) is an IFyOS in
X and yint(f *(A)) = f 1(A). Therefore pp) q yint(f “(A)).

Proposition 3.3.24: A mapping f: (X, 1) — (Y, o) is an IF contra yG continuous mapping
if and only if f "(ycl(B)) < yint(f "(cI(B))) for every IFS B in Y, where X is an IFy, Ty

space.

Proof: Necessity: Let B € Y be an IFS. Then cl(B) is an IFCS in Y. By hypothesis,
f "(cI(B)) is an IFyGOS in X. Since X is an IFy, Ty space, f *(cl(B)) is an IFyOS in X.
Therefore f *(ycl(B)) < f *(cl(B)) = yint(f (cl(B))).

Sufficiency: Let B € Y be an IFCS. Then cl(B) = B. By hypothesis, f *(ycI(B)) <
yint(f "(cl(B))) = vyint(f "(B)). But ycI(B) = B. Therefore f (B) = f (ycl(B)) <
yint(f (B)) € f "(B). This implies f *(B) is an IFyOS in X and hence an IFyGOS in X.

Hence f is an IF contra yG continuous mapping.

Proposition 3.3.25: A mapping f: (X, 1) — (Y, o) is an IF contra yG continuous mapping
if f L(ycl(B)) < int(f (B)) for every IFSBin Y.
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Proof: Let B € Y be an IFCS. Then cl(B) = B. Since every IFCS is an IFyCS, ycl(B) = B.
Now by hypothesis, f *(B) = f “(ycI(B)) < int(f *(B)) < f *(B). This implies
f 1(B) = int(f (B)). Therefore f *(B) is an IFOS in X. Hence f is an IF contra continuous

mapping. Then by Proposition 3.3.3, f is an IF contra yG continuous mapping.

Proposition 3.3.26: Let (X, 1) and (Y, o) be any two IFTSs. Let f: (X, 1) — (Y, o) be any
mapping. If the graph g: X — X x Y of f is an IF contra yG continuous mapping then f is

also an IF contra yG continuous mapping.

Proof: Let A be an IFOS in (Y, o). By definition f *(A) = 1. n f (A) = g'(1- x A).
Since g is IF contra yG continuous mapping, g (1~ x A) is an IFyGCS in (X, 1). Now
f 1(A) is an IFyGCS in (X, ). Thus f is an IF contra yG continuous mapping.

Proposition 3.3.27: Let f: (X, t) — (Y, o) be an IF contra yG continuous mapping, then

(i) fisan IF contra continuous mapping if X is an IFy. Ty, space,
(i) fis an IF contra y continuous mapping if X is an 1Fy, T1, space,

(iii) f is an IF contra pre continuous mapping if X is an IFy,T1, space.

Proof: (i) Let A be an IFOS in Y. Then f *(A) is an IFyGCS in X, by hypothesis. Since X
is an IFy. Ty, space, f *(A) is an IFCS in X. Hence f is an IF contra continuous mapping.

(ii) Let A be an IFOS in Y. Then f }(A) is an IFyGCS in X, by hypothesis. Since X is an

IFy, T4/ space, f 1(A) is an IFyCS in X. Hence f is an IF contra y continuous mapping.

(iii) Let A be an IFOS in Y. Then f *(A) is an IFyGCS in X, by hypothesis. Since X is an
IFypT1/2 space, f "L(A) is an IFPCS in X. Hence f is an IF contra pre continuous mapping.

Proposition 3.3.28: Let f: (X, ) = (Y, ) and g: (Y, @) —=(Z, §) be mappings. Then the

following conditions are equivalent if X is an IFy.Ty/, Space:

(1) geof:(X,1)— (Z,0)Iisan IF contra yG continuous mapping
(ii) cl(int(cl(g o H)™(B)) < (g o f)™*(B)for every IFOS in Z
Proof: (i) = (ii): Let B be any IFOS in Z. Then (g o f)*(B) is an IFyGCS in X by

hypothesis. Since X is an IFy.Ty, space, (g o f)*(B) is an IFCS in X. Therefore
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cl(@ ° H'(B) = (g ° NH'(B). Now cl(int(clg ° H)(B))) < clclg ° H)*(B))) =
cl((g » £)}(B)) = (g o H)™(B). This implies cl(int(g o f)™(B)) < (g - f)*(B).

(ii) = (i): Let B be any IFCS in Z. Then its complement B® is an IFOS in Z. By
hypothesis, cl(int(cl(g o f)*(B))) < (g ° f)*(B). Hence (g o f)*(B®) is an IFaCS in X. Since
every IFaCS is an IFyGCS, (g o f)*(B°) is an IFyGCS in X. Hence g o f is an IF contra yG

continuous mapping.

3.4 Intuitionistic fuzzy almost y generalized continuous mappings

In this section we have introduced intuitionistic fuzzy almost y generalized
continuous mappings, intuitionistic fuzzy almost contra y generalized continuous

mappings and investigated some of their properties.

Definition 3.4.1: A mapping f: (X, 1) — (Y, o) is called an intuitionistic fuzzy almost
y generalized (IF almost yG) continuous mapping if f (V) is an IFyGCS in (X, 1) for
every IFRCS V of (Y, o).

Example 3.4.2: Let X = {a, b}, Y = {u, v}, G1 = (X, (0.5; 0.6p), (0.5, 0.4y)),
Gz, = (X, (0.4, 0.3p), (0.6, 0.7p)) and Gz = (y, (0.3, 0.2,), (0.7,, 0.8,)). Then
1= {0-, Gy, Gy, 1.} and 6 = {0-, 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 continuous
mapping in X.

Proposition 3.4.3: Every IF continuous mapping is an IF almost yG continuous mapping

but not conversely in general.

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

continuous mapping.

Example 3.44: Let X = {a, b}, Y = {u, v}, G1 = (X, (0.5, 0.6p), (0.5, 0.4y)),
G, = (X, (0.4, 0.3), (0.65, 0.7p)) and Gz = (y, (0.3,, 0.2,), (0.7,, 0.8y)). Then
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1= {0-, 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 continuous
mapping but not an IF continuous mapping, since Gs° = (y, (0.7, 0.8,), (0.3, 0.2,)) is an
IFCSinY but f 1 (G5%) isnotan IFCSin X, as cl(f 1(Gs%)) = 1-# £ 1(G).

Proposition 3.4.5: Every IF semi continuous mapping is an IF almost yG continuous

mapping but not conversely in general.

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

continuous mapping.

Example 3.4.6: Let X = {a, b}, Y = {u, v}, G1 = (X, (0.5, 0.6p), (0.5, 0.4y)),
Gz = (X, (0.4, 0.3y), (0.6, 0.7,)) and Gsz = (y, (0.3, 0.2,), (0.7,, 0.8,)). Then
1= {0-, Gy, Gy, 1-} and 6 = {0, 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 continuous
mapping but not an IF semi continuous mapping, since Gz° = (y, (0.7, 0.8,), (0.3, 0.2,))
isan IFCS in Y but f *(G4°) isnotan IFSCS in X, as int(cl(f * (G3))) = 1- & f ™ (G5°).

Proposition 3.4.7: Every IF pre continuous mapping is an IF almost yG continuous

mapping but not conversely in general.

Proof: Let f: (X, 1) — (Y, o) be an IF pre continuous mapping. Let VV be an IFRCS in Y.
Since every IFRCS is an IFCS, V is an IFCS in Y. Then f (V) is an IFPCS in X. Since
every IFPCS is an IFyGCS, f (V) is an IFyGCS in X. Hence f is an IF almost yG

continuous mapping.

Example 3.4.8: Let X = {a, b}, Y = {u, v}, G; = (X, (0.5, 0.6p), (0.5, 0.4,))
G, = (X, (0.4, 0.3), (0.6, 0.7)) and Gz = (y, (0.6, 0.7,), (0.4, 0.3)),
Ga =y, (0.4, 0.3,), (0.6, 0.7,)). Then t = {0-, Gy, G, 1-} and 6 = {0-, G3, 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. Here f is an IF almost yG continuous mapping but not an IF pre continuous mapping,
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since Gs® = (y, (0.4, 0.3,), (0.6, 0.7,)) is an IFCS in Y but f * (G5°) is not an IFPCS in X,
as cl(int(f 1(G3%))) = cl(Gy) = G.° ¢ f 1 (G).

Proposition 3.4.9: Every IFa continuous mapping is an IF almost yG continuous mapping

but not conversely in general.

Proof: Let f: (X, 1) — (Y, 6) be an IFa continuous mapping. Let V be an IFRCS in Y.
Since every IFRCS is an IFCS, V is an IFCS in Y. Then f (V) is an IFaCS in X. Since
every IFaCS is an IFyGCS, f (V) is an IFyGCS in X. Hence f is an IF almost yG

continuous mapping.

Example 3.4.10: Let X = {a, b}, Y = {u, v}, G1 = (X, (0.5, 0.6p), (0.5, 0.4,)),
G, = (X, (04, 0.3p), (0.65, 0.7p)) and Gz = (y, (0.3, 0.2,), (0.7, 0.8,)). Then
1= {0-, Gy, Gy, 1-} and 6 = {0, 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. Here f is an IF almost yG continuous
mapping but not an IFo. continuous mapping, since G3° = (y, (0.7, 0.8,), (0.3,, 0.2,)) is an
IFCS in Y but f *(G3s%) is notan IFaCS in X, as cl(int(cl(f (Gs%)))) = 1- ¢ f1(GsO).

Proposition 3.4.11: Every IFy continuous mapping is an IF almost yG continuous
mapping but not conversely in general.

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

continuous mapping.

Example 3.4.12: Let X = {a, b}, Y = {u, v}, G1 = (X, (0.5;, 0.7p), (0.5;, 0.3p)),
G, = (X, (0.5, 0.6p), (0.5, 0.4p)) and Gz = (y, (0.4, 0.4,), (0.6y, 0.6,)). Then
T=1{0-, Gy, G2 1.} and o = {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 continuous
mapping but not an IFy continuous mapping, since Gs° = (y, (0.6, 0.6,), (0.4,, 0.4,)) is an
IFCS in Y but f * (G5% is not an IFyCS in X, as int(cl(f (G5%))) n cl(int(f (G3%))) =
1-n1.=1.¢fG).
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Proposition 3.4.13: Every IF semipre continuous mapping is an IF almost yG continuous

mapping but not conversely in general.

Proof: Let f: (X, t) — (Y, o) be an IF semipre continuous mapping. Let V be an IFRCS in
Y. Since every IFRCS is an IFCS, V is an IFCS in Y. Then f (V) is an IFSPCS in X.
Since every IFSPCS is an IFyGCS, f (V) is an IFyGCS in X. Hence f is an IF almost yG

continuous mapping.

Example 3.4.14: Let X = {a, b}, Y = {u, v}, G = (X, (0.5, 0.3p), (0.5, 0.7p)),
Gz = (X, (0.4, 0.3p), (0.6, 0.7,)) and Gs = (y, (0.5, 0.2,), (0.5, 0.8,)). Then
T={0-, G1, G, 1.} and o = {0-, 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 continuous
mapping but not an IF semipre continuous mapping, since G5 is an IFCS in Y whereas
f 1(G5%) is not an IFSPCS in X, as there exists no IFPCS B in X such that
int(B) = f(Gs) = BinX.

Proposition 3.4.15: Every IFyG continuous mapping is an IF almost yG continuous

mapping but not conversely in general.

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

fis an IF almost yG continuous mapping.

Example 3.4.16: Let X = {a, b}, Y = {u, v}, G = (X, (0.5, 0.8y), (0.25, 0.2)),
G, = (y, (0.2, 0.2,), (0.5, 0.8,)) and Gs = (y, (0.24, 0.2,), (0.5, 0.6,)). Then
T=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. Here f is an IF almost yG continuous
mapping but not an IFyG continuous mapping, since G,° = (y, (0.5,, 0.8,), (0.2, 0.2,)) is
an IFCS in Y but f * (G,%) is not an IFyGCS in X, as f * (G,°) < G; where
Yel(F(G2Y))) = 1- & Gy,
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The relation between various types of intuitionistic fuzzy continuous mappings
with IF almost yG continuous mapping is given in the following diagram. In this diagram
‘cts’ means continuous mapping. The reverse implications are not true in general in the

below diagram.

o

1 s
— [

ﬁ -
IFSP cts — IFYG cts

Proposition 3.4.17: A mapping f: (X, 1) — (Y, o) is an IF almost yG continuous mapping
if and only if the inverse image of each IFROS in Y is an IFyGOS in X.

Proof: Necessity: Let A be an IFROS in Y. This implies A® is an IFRCS in Y. Since f is
an IF almost yG continuous mapping, f (A% is an IFyGCS in X. Since f (A% =
(F1(A))°, f1(A) is an IFyGOS in X.

Sufficiency: Let A be an IFRCS in Y. This implies A® is an IFROS in Y. By hypothesis
f (A% is an IFyGOS in X. Since f 1(A°) = (f *(A)), f (A) is an IFyGCS in X. Hence f is

an IF almost yG continuous mapping.

Proposition 3.4.18: Let pp)be an IFP in X. A mapping f: (X, 1) — (Y, o) is an IF almost
vG continuous mapping if for every IFOS Ain Y with p«p) € A, there exists an IFOS B in

X with pep) € B such that f "L (A) is intuitionistic fuzzy dense in B.
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Proof: Let A be an IFROS in Y. Then A'is an IFOS in Y. Let p.p) € A, then there exists
an IFOS B in X such that pp € B and cl(f }(A)) = B. Therefore cl(f (A)) is also an
IFOS in X and int(cl(f *(A))) = cl(f 1(A)). Now f (A) < cl(f *(A)) = int(cl(f *(A))). This
implies f *(A) is an IFyOS in X and hence an IFyGOS in X. Thus f is an IF almost yG

continuous mapping.

Proposition 3.4.19: Let f: (X, 1) — (Y, o) be a mapping. If f (yint(B)) < yint(f *(B)) for

every IFS B in Y, then fis an IF almost yG continuous mapping.

Proof: Let B € Y be an IFROS. By hypothesis, f (yint(B)) < vyint(f *(B)). Since B is an
IFROS, it is an IFyOS in Y. Therefore yint(B) = B. Hence f *(B) = f (yint(B)) <
yint(f 1(B)) < f }(B). This implies f *(B) is an IFyOS in X and hence f *(B) is an IFyGOS

in X. Thus fis an IF almost yG continuous mapping.

Remark 3.4.20: The converse of the above Proposition is true if B € Y is an IFROS and

Xis an IFy, Ty, space.

Proof: Let f be an IF almost yG continuous mapping. Let B be an IFROS in Y then by
hypothesis f *(B) is an IFyGOS in X. Since X is an IFy, Ty, space, f *(B) is an IFyOS in
X. Therefore f *(yint(B)) < f *(B) = yint(f "(B)).

Proposition 3.4.21: Let f: (X, 1) — (Y, o) be a mapping. If ycl(f (B)) < f *(ycl(B))for

every IFS B in Y, then fis an IF almost yG continuous mapping.

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

fis an IF almost yG continuous mapping.

Remark 3.4.22: The converse of the above Proposition is true if B € Y is an IFRCS and

Xis an IFy, T1, space.

Proof: Let f be an IF almost yG continuous mapping. Let B be an IFRCS in Y then by
hypothesis f *(B) is an IFyGCS in X. Since X is an IFy, Ty, space, f *(B) is an IFyCS in X.
Therefore ycl(f *(B)) = f (B) < f * (ycI(B)).
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Proposition 3.4.23: Let f: (X, 1) — (Y, o) be a mapping where X is an IFy, Ty, space.

Then the following are equivalent:

(i) fis an IF almost yG continuous mapping

(i) yel(f 1(A)) < f }(cl(A)) for every IFyOS A'in Y

(iii) yel(f *(A)) < f Y(cl(A)) for every IFSOS Ain Y

(iv) f 1(A) € yint(f (int(cl(A)))) for every IFPOS A in Y

Proof: (i) = (ii) Let A be an IFyOS in Y. Then cl(A) is an IFRCS in Y . By hypothesis
f (cl(A)) is an IFyGCS in X. Since X is an IFyy Ty space, f *(cl(A)) is an IFyCS in X.

This implies yel(f *(cl(A))) = f *(cl(A)). Now ycl( f H(A)) € yel( f cl(A))) =
f L(cI(A)). Thus yel(f 1(A)) < f (cl(A)).

(ii) = (iii) Since every IFSOS is an IFyQOS, proof is obvious.

(iii)=(i) Let A be an IFRCS in Y. Then A = cl(int(A)). Therefore A is an IFSOS in Y. By
hypothesis, ycl( f *(A)) < f *(cl(A)) = f *(A) < yel( f (A)). Hence f *(A) is an IFyCS

and hence is an IFyGCS in X. Thus f is an IF almost yG continuous mapping.

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

(iv) = (i) Let A be an IFROS in Y . 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 X and

hence is an IFyGOS in X. Therefore f is an IF almost yG continuous mapping.

Definition 3.4.24: Let A be an IFS in an IFTS (X, t). Then the y generalized interior of A

is defined as
ygint(A) =U {G/Gisan IFyGOS in X and G € A},

It is to be noted that for any IFS A in (X, 1), we have ygcl(A®) = (ygint(A))® and
ygint(A%) = (vecl(A))"
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Remark 3.4.25: If an IFS A in an IFTS (X, 1) is an IFyGOS in X, then ygint(A) = A. But
the converse may not be true in general, since union of two non - trivial IFyGOSs need not
be an IFyGOS in X.

Proposition 3.4.26: Let f: (X, 1) — (Y, o) be a mapping. If f is an IF almost yG
continuous mapping, then ygcl(f *(A)) < f *(cl(A)) for every IFyOS Ain Y.

Proof: Let A be an IFyOS in Y. Then cl(A) is an IFRCS in Y. By hypothesis f *(cl(A)) is
an IFyGCS in X. Then ygel(f (cl(A))) = f *(cl(A)) and ygcl(f (A)) S yecl(f (cl(A))) =
f 1(cl(A)).

Proposition 3.4.27: Let f: (X, 1) — (Y, o) be a mapping. If f is an IF almost vyG
continuous mapping, then ygcl(f *(cl(A))) = f "*(cl(yint(A))) for every IFyOS Ain Y,

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

Proposition 3.4.28: Let f: (X, 1) — (Y, o) be a mapping where X is an IFy, Ty, space. If
f is an IF almost yG continuous mapping, then int(cl(f *(B))) n cl(int(f *(B))) <
f (ycl(B)) for every IFRCS Biin Y.

Proof: Let B € Y be an IFRCS. By hypothesis, f (B) is an IFyGCS in X. Since X is an
IFy, Ty space, f (B) is an IFyCS in X. Therefore ycl(f *(B)) = f (B). Now int(cl(f *(B)))
n cl(int (f 1(B))) < f (B) u int(cl(f (B))) n cl(int(f (B))) < ycl(f *(B)) = f (B) =
f (ycl(B)). Hence int(cl(f (B))) n cl(int(f (B))) < f *(ycl(B)).

Proposition 3.4.29: Let f: (X, t) — (Y, o) be a mapping where X is an IFy, Ty, space. If
f is an IF almost yG continuous mapping, then f “l(yint(B)) <
int(cl(f *(B))) U cl(int(f *(B))) for every IFROS B in Y.

Proof: This Proposition can be easily proved by taking complement in Proposition 3.4.28.

Remark 3.4.30: The composition of two IF almost yG continuous mappings need not be

an IF almost yG continuous mapping in general as seen in the following example.
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Example 3.4.31: Let X = {a, b}, Y = {u, v}, Z = {p, q}, G1 = (X, (0.5, 0.7,),
(0.5,, 0.3p)), G2 = (X, (0.5, 0.6p), (0.5, 0.4p)), Gs = (y, (0.5, 0.5,), (0.5, 0.5,)) and
Gs = (z, (0.5, 0.4¢), (0.5p, 0.64)). Then T = {0~ , Gy, Gy, 1.}, 0 = {0-, Gz, 1.} and
O ={0-, G4, 1.} are IFTson X, Y and Z respectively. Define a mapping f: (X, 1) — (Y, o)
by f(a) = u and f(b) = v and g: (Y, o) — (Z, d) by g(u) = p and g(v) = g. Here f and g are
IF almost yG continuous mapping but their composition g o f: (X, 1) — (Z, 6) defined by
g(f@) = p and g(f(b)) = g is not an IF almost yG continuous mapping. Since
Gs = (z, (05, 06y, (05, 04g) is an IFRCS in Z,  but
f (g 1(G,°%) is not an IFYGCS in X as f (g (G4°)) € G1, G, whereas ycl(f (g (G4°))) =
1. € Gy, Gy

Proposition 3.4.32: Let f: (X, 1) — (Y, o) be an IF almost yG continuous mapping and
g: (Y, 0) = (Z, 8) is an IF continuous mapping then go f: (X, 1) = (Z, 6) is an IF almost

yG continuous mapping.

Proof: Let V be an IFRCS in Z. Since every IFRCS is an IFCS in Z. Then g * (V) is an
IFCS in Y. Since f is an IFyG continuous mapping, f * (g ™ (V)) is an IFyGCS in X.

Hence gef is an IF almost yG continuous mapping.

Proposition 3.4.33: The following are equivalent for a mapping f: (X, t) — (Y, o) where
X is an IFyy Ty, space:

(i) fis an IF almost yG continuous mapping

(i) yel(f (A)) € f Y(acl(A)) for every IFYOS AinY

(iii) yel(f (A)) < f *(acl(A)) for every IFSOS A in Y

(iv) f 1(A) < yint(f (scl(A))) for every IFPOS A in Y

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

(iii) = (i) Let Abe an IFRCS in Y. Then A = cl(int(A)). Therefore A is an IFSOS in Y. By
hypothesis, ycl( f *(A)) € f Y(acl(A)) < f (cl(A)) = f Y(A) < yeI( f L(A)). That is
yel(f (A)) = £ }(A). Hence f *(A) is an IFyCS and hence is an IFyGCS in X. Thus f is

an IF almost yG continuous mapping.

(1) = (iv) Let A be an IFPOS in Y. Then A < int(cl(A)). Since int(cl(A)) is an IFROS in
Y, by hypothesis, f “(int(cl(A))) is an IFyGOS in X. Since X is an IFy, Ty, space,
f “Yint(cl(A))) is an IFyOS in X. Therefore f }A) < f “Yint(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 Y. Then A is an IFPOS in Y. By hypothesis, f *(A)
vint(f “(scl(A))). This implies f X(A) € yint(f XA U int(cl(A)))) = yint( f *(A UA)) =
yint( f (A)) € f (A). Therefore f *(A) is an IFyOS in X and hence an IFyGOS in X.

Thus fis an IF almost yG continuous mapping.

Proposition 3.4.34: A function f: (X, t) — (Y, o) is an IF almost yG continuous mapping
where X is an IFy, Ty, space if and only if f (A) < ygint (f (int(cI(A)))) for an IFPOS A
of Y.

Proof: Necessity: Let A be an IFPOS in Y. Then A c int(cl(A)) and int(cl(A)) is an
IFROS in Y. Since f is an IF almost yG continuous mapping, f “*(int(cl(A)) ) is an IFyGOS
in X and hence we obtain that f *(A) < f “(int(cl(A))) = ygint(f *(int(cl(A)))).

Sufficiency: Let A be an IFROS in Y. Then A is an IFPOS in Y. By hypothesis,
f (A) < ygint(f (int(cl(A))))) = vygint(f (A)) = f Y(A). Therefore ygint(f *(A)) =
f1(A) = ygint(f "(A)), by hypothesis. Hence f (A) is an IFyGOS in X as X is an IFy,T1;

space. Hence f is an IF almost YG continuous mapping.

Definition 3.4.35: A mapping f: (X, t) — (Y, o) is called an intuitionistic fuzzy almost
contra y generalized (IF almost contra yG) continuous mapping if f * (V) is an IFyGCS
in (X, t) for every IFROS V of (Y, o).
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Example 3.4.36: Let X = {a, b}, Y = {u, v}, G1 = (X, (0.5; 0.6p), (0.5;, 0.4,)),
G, = (X, (045 0.3y), (0.6, 0.7p)) and Gz = (y, (0.3, 0.2,), (0.7,, 0.8,)). Then
1= {0-, Gy, Gy, 1-} and 6 = {0, 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 contra yG

continuous mapping.

Proposition 3.4.37: A mapping f: (X, 1) — (Y, o) is an IF almost contra yG continuous
mapping if and only if f (V) is an IFyGOS in (X, t) for every IFRCS V of (Y, o).

Proof: Asf (A% = (f 1(A))", the proof is obvious.

Proposition 3.4.38: Let f: (X, 1) — (Y, o) be a 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 continuous mapping.

Proof: Let B be an IFRCS in Y. Then cl(int(B)) = B, by hypothesis f *(B) = f *(cl(int(B))
C cl(int(f (B))). This implies f (B) is an IFSOS in X. Therefore it is an IFyGOS in X.

Hence f is an IF almost contra yG continuous mapping.

Proposition 3.4.39: A mapping f: (X, 1) — (Y, o) is an IF almost contra yG continuous

mapping if f *(ycl(B)) < int(f *(B)) for every IFSB in Y.

Proof: Let B € Y be an IFRCS. Since every IFRCS is an IFyCS, ycl(B) = B. Now by
hypothesis, f (B) = f (ycI(B)) < int(f *(B)) < f (B). This implies f *(B) = int(f *(B)).
Therefore f *(B) is an IFOS in X and hence an IFyGOS in X. Then f is an IF almost contra

yG continuous mapping.

Proposition 3.4.40: For a mapping f: (X, 1) — (Y, o), where X is an IFy, Ty space, the
following are equivalent:
Q) fis an IF almost contra yG continuous mapping
(i) For every IFRCS A in Y and for every IFP p.p) € X, if f(pwp)) ¢ A then
Py Yint(F 1(A))
(iif)  For every IFRCS in Y and for any IFP pep) € X, if f(pwp)) ¢ A then there
exists an IFyGOS B such that p(.p) ¢ B and f(B) € A
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Proof: (i) = (ii) Let f be an IF almost contra yG continuous mapping. Let A € Y be an
IFRCS and let pgp) € X. Also let f(pp) A, then pep)q T (A). By hypothesis f *(A) is
an IFyGOS in X. Since X is an IFy, Ty, ™ (A) is an IFyOS in X. Hence yint(f (A)) =
f"1(A). This implies pep) o Yit(f *(A)).

(i) = (i) Let A € Y be an IFRCS, then f (A) is an IFS in X. Let Pwp) € X and let
f(Pwp) ¢ A then pep) q T (A). By hypothesis, this implies pep o vint(f (A)). That is
f 1(A) < yint(f *(A)). But yint(f *(A)) € f (A). Therefore yint(f *(A)) = f *(A) and
f 1(A) is an IFyOS in X. Hence f (A) is an IFyGOS in X and hence f is an IF almost

contra yG continuous mapping.

(ii) = (iii) Let A € Y be an IFRCS, then f (A) is an IFS in X. Let Pwp) € X. Also let
f(Pwp) g A then pup q f *(A). By hypothesis this implies p.py q yint(f *(A)). That is
f 1(A) < yint(f (A)). But yint(f *(A)) < f (A). Therefore yint(f *(A)) = f (A). Thus
f (A) is an IFyOS in X and hence an IFyGOS in X. Let f (A) = B. Therefore p(.p) B
and f(B) = f(f (A)) € A.

(iii) = (ii) Let A € Y be an IFRCS, then f *(A) is an IFS in X. Let Pwp) € X. Also let
f(Pwp)) ¢ A then pep) qf "L(A). By hypothesis there exists an IFyGOS B in X such that
Py q Band f(B) € A. Let B = f *(A). Since X is an IFy, Ty, space, f (A) is an IFyOS in

X and yint(f *(A)) = f (A). Therefore p.p) q vint(f (A)).

3.5 Intuitionistic fuzzy y generalized irresolute mappings

In this section we have introduced intuitionistic fuzzy y generalized irresolute
mappings, intuitionistic fuzzy contra y generalized irresolute mappings and studied some

of their properties.

Definition 3.5.1: A mapping f: (X, 1) — (Y, o) is called an intuitionistic fuzzy
y generalized (IFyG) irresolute mapping if f (V) is an IFyGCS in (X, T) for every
IFYGCS V of (Y, o).
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Example 3.5.2: Let X = {a, b}, Y = {u, v}, G1 = (X, (0.65 0.8p), (0.4, 0.2p)),
Gy = (X, (0.5, 0.5,), (0.45, 0.4p)) and Gz = (y, (0.5, 0.4,), (0.5, 0.6,)). Then
T ={0-, Gy, Gy 1.} and o = {0-, 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 IFyG irresolute mapping.

Proposition 3.5.3: Let f: (X, 1) — (Y, o) be an IFyG irresolute mapping, then f is an IFyG

continuous mapping but not conversely in general.

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

mapping.

Example 3.5.4: Let X = {a, b}, Y = {u, v}, G1 = (X, (0.6, 0.8), (0.44, 0.2p)), G, = (X,
(0.5, 0.5,), (0.4, 0.4p)) and G = (y, (0.5, 0.4,), (0.5, 0.6,)). Then t = {0-, Gy, Gy, 1.}
and o = {0-, Gz, 1.} are IFTs on X and Y respectively. Define a mapping
f: (X, 1) = (Y, o) by f(@) = u and f(b) = v. Then fis an IFyG continuous mapping but not
an IFyG irresolute mapping. Since the IFS A = (y, (0.5,, 0.5,), (0.5,, 0.4,)) is an IFyGCS
in Y but £ (A) = (x, (0.5, 0.5), (0.5, 0.4p)) is not an IFYGCS in X, as ycl(f * (A)) =
1. ¢ G G, where as f *(A) c Gy G,.

Proposition 3.5.5: A mapping f: (X, 1) — (Y, o) is an IFyG irresolute mapping if and only
if the inverse image of each IFYyGOS in Y is an IFyGOS in X.

Proof: Necessity: Let A be an IFyGOS in Y. This implies A® is an IFyGCS in Y. Then
f (A% is an IFyGCS in X, by hypothesis. Since f *(A%) = (f (A))°, f Y(A) is an IFyGOS
in X.

Sufficiency: Let A be an IFYGCS in Y. Then A® is an IFyGOS in Y. By hypothesis
f (A% is IFyGOS in X. Since f 1(A%) = (f 1(A))%, (F *(A))® is an IFyGOS in X. Therefore
f 1(A) is an IFyGCS in X. Hence f is an IFyG irresolute mapping.

Proposition 3.5.6: The composition of two IFyG irresolute mappings is an IFyG irresolute

mapping.
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Proof: Let f: (X, 1) — (Y, o) and g: (Y, o) — (Z, 8) be IFyG irresolute mappings, let V be
an IFyGCS in Z. Then g (V) is an IFyGCS in Y, by hypothesis. Since f is an IFyG
irresolute mapping, f (g (V)) is an IFyGCS in X. Hence g o f is an IFyG irresolute

mapping.

Proposition 3.5.7: Let f: (X, 1) — (Y, o) be an IFyG irresolute mapping and
g: (Y, 0) — (Z, ) is an IFyG continuous mapping, then g o f: (X, 1) — (Z, d) is an IFyG

continuous mapping.

Proof: Let V be an IFCS in Z. Then g (V) is an IFyGCS in Y. Since f is an IFyG
irresolute mapping, f (g *(V)) is an IFyGCS in X. Hence g o f is an IFyG continuous

mapping.

Proposition 3.5.8: If f: (X, 1) — (Y, o) is an IFyG continuous mapping and
g: (Y, 6) — (Z, §) is an IFyG irresolute mapping where Y is an IFy.Ty, space, then
gof:(X,1)— (Z,0)isan IFyG irresolute mapping.

Proof: Let V be an IFyGCS in Z. Then g ™ (V) is an IFyGCS in Y as g is an IFyG
irresolute mapping. Since Y is an IFy.Tisspace, g ™ (V) is an IFCS in Y. Therefore

f (g (V)) is an IFyGCS in X, by hypothesis. Hence g o f is an IFyG irresolute mapping.

Proposition 3.5.9: Let f: (X, 1) — (Y, o) be an IFyG continuous mapping, then

fis an IFyG irresolute mapping if (Y, @) is an IFy.TySpace.

Proof: Let A be an IFyGCS in Y. Since Y is an IFy.Ty,Space, A is an IFCS in Y. By
hypothesis f *(A) is an IFyGCS in X. Therefore f is an IFyG irresolute mapping.

Proposition 3.5.10: Let f: (X, 1) — (Y, o) be a mapping from an IFTS X into an IFTS Y.

Then the following conditions are equivalent if X and Y are IFy, T/, spaces:

(i) fisan IFyG irresolute mapping,

(i) f 1 (B) isan IFyGOS in X for every IFyGOSBin',
(iii)f * (yint(B)) E yint(f * (B)) for every IFSBin Y,
(iv)ycl(f *(B)) S f  (ycI(B)) for every IFSBin Y.
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Proof: (i) < (ii) is obvious from Proposition 3.5.5.

(i) = (i) Let B be an IFS in Y. Since yint(B) is an IFyOS in Y, it is an IFyGOS in Y.
Therefore f (yint(B)) is an IFyGOS in X, by hypothesis. Since X is an IFy, T1 space,
f (yint(B)) is an IFyOS in X. Hence f *(yint(B)) = yint(f *(yint(B))) < yint(f * (B)).

(iii) = (iv) is obvious by taking complement in (iii).

(iv) = (i) Let B be an IFyGCS in Y. Since Y is an IFy, Ty, space, B is an IFyCS in Y and
ycl(B) = B. Hence f (B) = f (ycI(B)) 2 ycl(f “(B)) = f *(B). Therefore ycl(f *(B)) =
f (B). This implies f *(B) is an IFyCS and hence it is an IFyGCS in X. Thus f is an IFyG

irresolute mapping.

Proposition 3.5.11: Let f: (X, 1) — (Y, o) be an IFyG irresolute mapping and
g: (Y, 0) — (Z, d) is an IF almost yG continuous mapping then g o f: (X, 1) — (Z, d) is an

IF almost yG continuous mapping.

Proof: Let A be an IFRCS in Z. Then g *(A) is an IFyGCS in Y. Since f is an IFyG
irresolute mapping, f (g *(V)) is an IFyGCS in X. Hence g o f is an IF almost yG

continuous mapping.

Proposition 3.5.12: Let f: (X, T) = (Y, &) be an IFyG irresolute mapping. Then f "(B)
Syint(f(int(cl(B)))) for every IFyGOS Bin Y, if X and Y are IFypT12 Spaces.
Proof: Let B be an IFyGOS in Y. Then by hypothesis f * (B) is an IFyGOS in X. Since X

is an IFy, Ty, space, f ™ (B) is an IFPOS in X. Since every IFPOS is an IFyOS, yint(f *(B))
= f}(B). Since Y is an IFypT1 space, B is an IFPOS in Y and B = int(cl(B)). Hence

f 1 (B) = yint(f *(B)) € yint(f*(int(cl(B)))).

Proposition 3.5.13: Let f: (X, ) = (Y, @) be an IFyG irresolute mapping. Then f is an IF
pre irresolute mapping, if (X, t) is an IFyp T/, Space.

Proof: Let B be an IFPCS in Y. Then B is an IFyGCS in Y. Since f is an IFyG irresolute
mapping, f (B) is an IFyGCS in X. Since X is an IFy, Ty, space, f *(B) is an IFPCS in X.

Hence f is an IF pre irresolute mapping.
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Proposition 3.5.14: Let f: (X, ) = (Y, ) be an IFyG irresolute mapping. Then f *(B) =
yint (f *(int(cl(B)) U cl(int(B)))) for every IFyGOS B in Y, if X and Y are IFy, Ty, spaces.

Proof: Let B be an IFyGOS in Y. Then by hypothesis f * (B) is an IFyGOS in X. Since X
is an IFy, Ty space, f ™ (B) is an IFyOS in X. Therefore yint(f *(B)) = f *(B). Since Y is
an IFy, Ty, space, B is an IFyOS in Y and B  int(cl(B)) U cl(int(B)). Now f ™ (B) =
yint(f 1 (B)) € yint (F(int(cI(B)) U cl(int(B)))).

Proposition 3.5.15: Let f: (X, T) = (Y, &) be an IFyG irresolute mapping. Then f *(B) =
yint(f “Y(int(cl(f }(B))) u cl(int(f *(B))))) for every IFyGOS B in Y, if X and Y are

IFy, Ty Spaces.

Proof: Let B be IFyGOS in Y. Then by hypothesis f * (B) is an IFyGOS in X. Since X is
IFy, T1 space, f * (B) is an IFyOS in X. Therefore yint(f *(B)) = f }(B) and f }(B) <
(int(cl(f (B))) u cl(int (f (B)))). Hence f *(B) = yint(f *(B)) < yint(f “(int(cl(f *(B))) U
cl(int(f *(B)))))-

Definition 3.5.16: A mapping f: (X, t) — (Y, o) is called an intuitionistic fuzzy
contra y generalized (IF contra yG) irresolute mapping if f * (V) is an IFyGCS in (X, 1)
for every IFyGOS V of (Y, o).

Example 3.5.17: Let X = {a, b}, Y = {u, v}, G; = (X, (0.5, 0.6p), (0.5, 0.4y)),
Gy = (X, (0.4, 0.3y), (0.6, 0.7p)) and Gz = (y, (0.5, 0.6y), (0.5, 0.4,)). Then
T=1{0-, Gy, Gy 1.} and 6 = {0-, 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 contra yG irresolute

mapping.

Proposition 3.5.18: Every IF contra yG irresolute mapping is an IF contra yG continuous

mapping but not conversely in general.

Proof: Let A be an IFCS in Y. Since every IFCS is an IFyGCS, then A'isan IFyGCS in Y.
By hypothesis, f *(A) is an IFyGOS in X. Hence f is IF contra yG continuous mapping.

Example 3.5.19: Let X = {a, b}, Y = {u, v} and G; = (X, (0.5, 0.6p), (0.5, 0.4,)),
G, = (X, (0.4, 0.3y), (0.65, 0.7p)) and Gz = (y, (0.5, 0.6y), (0.5, 0.4,)). Then
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1=1{0-, Gy, G2 1.} and 6 = {0-, 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 continuous
mapping but not an IF contra yG irresolute mapping. For, let A = (y, (0.4, 0.5)),
(0.6, 0.5,)) is an IFyGOS in Y, but f * (A) = (X, (0.4, 0.5), (0.65, 0.5)) is not an IFyGCS
in (X, 1) as f 1 (A) € G and yel(f 1 (A)) = 1- & G..

Proposition 3.5.20: Let f: (X, 1) — (Y, o) and g: (Y, 6) — (Z, d) be any two mappings.
Then

. gof: (X t)— (Z, 09)is an IFyG irresolute mapping if f and g are IF contra yG
irresolute mapping,
ii. gof: (X, 1) — (Z d)is an IFYG continuous mapping if f is an IF contra yG
irresolute mapping and g is an IF contra yG continuous mapping,
. gof: (X, 1) — (Z 0)is an IF contra yG irresolute mapping if f is an IFyG
irresolute mapping and g is an IF contra yG irresolute mapping,
iv. gof: (X, t)— (Z 9)isan IF contra yG continuous mapping if f is an IFyG

irresolute mapping and g is an IF contra yG continuous mapping.

Proof: (i) Let A be an IFyGCS in Z. Then g (A) is an IFyGOS in Y. Since f is an
IF contra yG irresolute mapping, f (g *(A) is an IFyGCS in X. Hence
gof: (X, 1)— (Z,9)isan IFyG irresolute mapping.

(ii) Let A be an IFCS in Z. Then by hypothesis, g *(A) is an IFyGOS in Y. Since f is an
IF contra yG irresolute mapping, f (g *(A)) is an IFyGCS in X. Hence g o f is an IFyG

continuous mapping.

(iii) Let A be an IFyGCS in Z. Then by hypothesis, g *(A) is an IFyGOS in Y. Since f is
an IFyG irresolute mapping, f (g (A)) is an IFyGOS in X. Hence g o f is an IF contra yG

irresolute mapping.

(iv) Let A be an IFOS in Z. Since g is an IF contra yG continuous mapping, g “(A) is an
IFyGCS in Y. Since f is an IFyG irresolute mapping, f (g *(A)) is an IFyGCS in X.

Hence g o f is an IF contra yG continuous mapping.
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Proposition 3.5.21: Let f: (X, ) — (Y, g) and g: (Y, a) —(Z, 8) be any two mappings. If

the mapping g o fis an IF contra yG irresolute mapping and X is an IFy.T1/, space. Then

(i) (gof)(B)isan IFyGOS in X for each IFyGCS B in Z

(i) cl(g o f) (int(B)) < (g » f) *(B) for each IFS B of Z
Proof: (i) Let B be an IFyGCS in Z. Then B is an IFyGOS in Z. By hypothesis,
(g o f) 1 (B°) is an IFyGCS in X. This implies (g o f)* (B) is an IFyGOS in X.
(i) Let B be any IFS in Z and int(B) € B. Then (g o f)™(int(B)) € ((g o f)*(B)). Since
int(B) is an IFOS in Z, int(B) is an IFyGOS in Z. Therefore by hypothesis
(g o f) (int(B)) is an IFYyGCS in X. Since X is an IFy;T1; space, (g o f) ™ (int(B)) is an
IFCS in X. Hence cl((ge f) (int(B))) = (g o f) "“(int(B)) < (g ° f) (B).

3.6 Completely y generalized continuous mappings in intuitionistic fuzzy

topological spaces

In this section we have introduced intuitionistic fuzzy completely y generalized

continuous mappings and studied some of their properties.

Definition 3.6.1: A mapping f: (X, 1) — (Y, o) is said to be an intuitionistic fuzzy
completely y generalized (IF completely yG) continuous mapping if f (V) is an IFRCS
in X for every IFyGCSVin Y.

Proposition 3.6.2: Every IF completely yG continuous mapping is an IF continuous

mapping but not conversely in general.

Proof: Let f: (X, 1) — (Y, o) be an IF completely yG continuous mapping. Let V be an
IFCS in Y. Since every IFCS is an IFyGCS, V is an IFyGCS in Y. Then f * (V) is an
IFRCS in X. Since every IFRCS is an IFCS, f ™ (V) is an IFCS in X. Hence f is an

IF continuous mapping.

Example 3.6.3: Let X = {a, b}, Y = {u, v}, G1 = (X, (0.5; 0.4p), (0.5, 0.6p)),
G, = (X, (0.2, 0.3p), (0.8, 0.7p)) and Gz = (y, (0.2, 0.3,), (0.8, 0.7,)). Then
1=1{0-, G, G, 1.} and o = {0-, 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 continuous mapping
but not an IF completely yG continuous mapping, since Gs© is an IFyGCS in Y, but
f 1(G3°) = (X, (0.84, 0.7p), (0.25, 0.3p)) is not an IFRCS in X, as cl(int(f * (G5°))) = cl(Gy) =
G.° #f(GS).

Proposition 3.6.4: Every IF completely yG continuous mapping is an IF semi continuous

mapping but not conversely in general.

Proof: Let f: (X, 1) — (Y, o) be an IF completely yG continuous mapping. Let V be an
IFCS in Y. Since every IFCS is an IFyGCS, V is an IFyGCS in Y. Then f (V) is an
IFRCS in X. Since every IFRCS is an IFSCS, f (V) is an IFSCS in X. Hence f is an

IF semi continuous mapping.

Example 3.6.5: Let X = {a, b}, Y = {u, v}, G = (X, (0.5, 0.4p), (0.5, 0.6p)),
G, = (X, (0.2, 0.3y), (0.8, 0.7y)) and Gz = (y, (0.2, 0.3,), (0.8,, 0.7,)). Then
T=1{0-, Gy, G, 1.} and o = {0-, 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 semi continuous

mapping but not an IF completely yG continuous mapping.

Proposition 3.6.6: Every IF completely yG continuous mapping is an IF pre continuous
mapping but not conversely in general.

Proof: Let f: (X, 1) — (Y, o) be an IF completely yG continuous mapping. Let V be an
IFCS in Y. Since every IFCS is an IFyGCS, V is an IFyGCS in Y. Then f (V) is an
IFRCS in X. Since every IFRCS is an IFPCS, f (V) is an IFPCS in X. Hence f is an

IF pre continuous mapping.

Example 3.6.7: Let X = {a, b}, Y = {u, v}, G = (X, (0.5, 0.4p), (0.5, 0.6p)),
Gz = (X, (0.2, 0.3p), (0.8, 0.7p)) and Gz = (y, (0.2,, 0.3,), (0.84, 0.7,)). Then
1=1{0-, Gy, G2 1.} and o = {0-, 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 pre continuous

mapping but not an IF completely yG continuous mapping.
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Proposition 3.6.8: Every IF completely yG continuous mapping is an IFa continuous

mapping but not conversely in general.

Proof: Let f: (X, 1) — (Y, o) be an IF completely yG continuous mapping. Let V be an
IFCS in Y. Since every IFCS is an IFyGCS, V is an IFyGCS in Y. Then f (V) is an
IFRCS in X. Since every IFRCS is an [FaCS, f '1(V) is an IFaCS in X. Hence f is an

[Fa continuous mapping.

Example 3.6.9: Let X = {a, b}, Y = {u, v}, G = (X, (0.5, 0.4p), (0.5, 0.6)),
G, = (X, (0.2, 0.3p), (0.8, 0.7p)) and Gz = (y, (0.2, 0.3,), (0.84, 0.7y)). Then
1=1{0-, Gy, G, 1.} and o = {0-, 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 [Fa continuous mapping

but not an IF completely yG continuous mapping.

Proposition 3.6.10: Every IF completely yG continuous mapping is an IFy continuous

mapping but not conversely in general.

Proof: Let f: (X, 1) = (Y, o) be an IF completely yG continuous mapping. Let V be an

IFCS in Y. Since every IFCS is an IFyGCS, V is an IFyGCS in Y. Then f (V) is an
IFRCS in X. Since every IFRCS is an IFyCS, f (V) is an IFyCS in X. Hence f is an

[Fy continuous mapping.

Example 3.6.11: Let X = {a, b}, Y = {u, v}, G = (X, (0.5, 0.4), (0.5, 0.6p)),
Gz = (X, (0.2, 0.3p), (0.8, 0.7p)) and Gz = (y, (0.2,, 0.3,), (0.8, 0.7,)).Then
T=1{0-, Gy, G2 1.} and o = {0-, 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 IFy continuous mapping

but not an IF completely yG continuous mapping.

Proposition 3.6.12: Every IF completely yG continuous mapping is an IF semipre

continuous mapping but not conversely in general.

Proof: Let f: (X, 1) — (Y, o) be an IF completely yG continuous mapping. Let VV be an
IFCS in Y. Since every IFCS is an IFyGCS, V is an IFyGCS in Y. Then f (V) is an
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IFRCS in X. Since every IFRCS is an IFSPCS, (V) is an IFSPCS in X. Hence f is an

IF semipre continuous mapping.

Example 3.6.13: Let X = {a, b}, Y = {u, v}, G = (X, (0.5, 0.4p), (0.5, 0.6p)),
G, = (X, (0.2, 0.3,), (0.8, 0.7,)y and Gz = (y, (0.2, 0.3,), (0.8, 0.7,)). Then
1=1{0-, G, G2 1.} and o = {0-, 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 semipre continuous

mapping but not an IF completely yG continuous mapping.

Proposition 3.6.14: Every IF completely yG continuous mapping is an IFyG continuous

mapping but not conversely in general.

Proof: Let f: (X, 1) — (Y, o) be an IF completely yG continuous mapping. Let V be an
IFCS in Y. Since every IFCS is an IFyGCS, V is an IFyGCS in Y. Then f ™ (V) is an
IFRCS in X. Since every IFRCS is an IFyGCS, f * (V) is an IFyGCS in X. Hence f is an

IFyG continuous mapping.

Example 3.6.15: Let X = {a, b}, Y = {u, v}, G = (X, (0.5, 0.4p), (0.5, 0.6p)),
G, = (X, (05, 0.3), (0.5, 0.7.)), Gs = {y, (0.2, 0.3,), (0.8, 0.7,)) and
G4 = (Y, (0.5, 0.6,), (0.5, 0.4))). Then t = {0-, G1, G, 1.} and o = {0-, Gz, G4, 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 continuous mapping but not an IF completely yG continuous

mapping.

Proposition 3.6.16: Every IF completely yG continuous mapping is an IF almost yG

continuous mapping but not conversely in general.

Proof: Let f: (X, 1) — (Y, o) be an IF completely yG continuous mapping. Let V be an
IFRCS in Y. Since every IFRCS is an IFyGCS, V is an IFyGCS in Y. Then f (V) is an
IFRCS and hence is an IFyGCS in X. Thus f is an IF almost yG continuous mapping.

Example 3.6.17: Let X = {a, b}, Y = {u, v}, G; = (X, (0.5;, 0.4p), (0.5, 0.6p)),
GZ = <X, (O.Sa, Ogb), (O.Sa, O7b)>, G3 = (y, (0.2u, 0.3\/), (O.8u, 07\/)) a.nd
G4 = (Y, (0.5, 0.6,), (0.5, 0.4))). Then t = {0-, G1, G, 1.} and 6 = {0-, Gz, G4, 1-} are
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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 continuous mapping but not an IF completely yG

continuous mapping.

The relation between various types of intuitionistic fuzzy continuous
mappings with intuitionistic fuzzy completely yG continuous mapping is given in the
following diagram. In this diagram ‘cts.” means continuous and IF com. yG cts. means IF

completely yG continuous.

IFy cts

!

IF yG cts IFSP cts

N\ T

l IF com. yG cts 7 |mmibeels

T

IFa cts

~
§ T
y

IFP cts

IF almost yG cts /

The reverse implications are not true in general in the above diagram.

Proposition 3.6.18: If f: (X, 1) — (Y, o) is an IF completely yG continuous mapping, then
yel(f (A)) < f *(cl(A)) for every IFyOS A C Y.

Proof: Let A be an IFyOS in Y. Then cl(A) is an IFRCS in Y. Hence cl(A) is an IFyGCS
in Y. By hypothesis, f *(cl(A)) IFRCS in X and thus an IFyCS in X. Therefore
yel(F(A)) € yel(f *(cI(A) = f (cI(A)).

Proposition 3.6.19: Let f: (X, 1) — (Y, o) be a mapping. Then the following are

equivalent:
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(1))  fisan IF completely yG continuous mapping,
(i) f(V)isan IFROS in X for every IFyGOS V in Y,

(iif)  for every IFP p«p) € X and for every IFyGOS B in Y such that f(pp)) € B there
exists an IFROS in X such that p(,s) € A and f(A) € B.
Proof: (i) < (ii) is obvious.

(ii) = (iii) Let p.py) € X and B € Y such that f(p«.p)) € B. This implies p(,p) € f 1(B). Since
B is an IFyGOS in Y, by hypothesis f (B) is an IFROS in X. Let A = f }(B). Then
Pp) € T (F(Pwp) € F(B) = A. Therefore p.p) € A and f(A) = f(f (B)) < B.

(iii) = (ii) Let B € Y be an IFyGOS. Let p,p) € X and f(p,p)) € B. By hypothesis, there
exists an IFROS C in X such that p«g) € C and f(C) € B. This implies C € f 1(f(C)) <

f (B). Therefore ppy € C € f *(B). Thatisf*B)= U {puptS U C

p(a,/j)Effl(B) p(a,/j)Ef?l(B)

c f1(B). This impliesf*(B)= U  C. Since the union IFROSs is an IFROS, f *(B)
Papmef (B)

is an IFROS in X. Hence f is an IF completely yG continuous mapping.

Proposition 3.6.20: If a mapping f: (X, 1) — (Y, o) is an IF completely yG continuous
mapping, then for every IFP pp) € X and for every IFN A of f(p«p)), there exists an
IFROS B C X such that pp) € B € f (A).

Proof: Let pp) € X and let A be an IFN of f(p«g)). Then there exists an IFOS C in Y
such that f(p..,p)) € C € A. Since every IFOS is an IFyGOS, C is an IFyGOS in Y. Hence
by hypothesis, f (C) is an IFROS in X and pep) € f “(f(pwp)) Sf *(C) < f *(A) and
therefore p.p) € f *(C). Now let f (C) = B. Therefore p,p) € B S f (A).

Proposition 3.6.21: A mapping f: (X, 1) — (Y, o) is an IF completely yG continuous
mapping then for every IFP pep) € X and for every IFN A of f(p(,p), there exists an
IFROS B < X such that p(,p) € B and f(B) € A.

Proof: Let pp) € X and let A be an IFN of f(p(,p)). Then there exists an IFOS C in' Y
such that f(p,p)) € C € A. Since every IFOS is an IFyGOS, C is an IFyGOS in Y. Hence
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by hypothesis, f (C) is an IFROS in X and p.p) € f *(C). Now let f *(C) = B. Therefore
Pp) € B S FY(A). Thus f(B) € f(f (A)) € A.
Proposition 3.6.22: A mapping f: (X, 1) — (Y, o) is an IF completely yG continuous

mapping, then int(cl(f (int(B)))) < f *(B) for every IFSB in Y.

Proof: Let B € Y. Then int(B) is an IFOS in Y and hence an IFyGOS in Y. By
hypothesis, f *(int(B)) is an IFROS in X. Hence int(cl(f (int(B)))) = f “*(int(B)) < f *(B).

Proposition 3.6.23: For any two IF completely yG continuous mappings
f1, : (X, 1) — (Y, o), the mapping (f;, f)) : (X, 1) = (Y x Y, 6 X o) is also an
IF completely yG continuous mapping where (fy, f2) (x) = (f1 (X), 2 (X)) for every x € X.

Proof: Let Ax B be an IFyGOS in Y x Y. Then
(f1, ) * (AX B) (x) = (A X B) (f1 (x), f2 (x))
= (x, min(pa (f1 (x)), ps (f2(x))), max(va (f1 (x)), va (f2 (x))))

= (x, min(fi (ua)(¥), 2" (8)(x)), max(f, * (va)(x), 2" (v&)(X)))

=\ (A) N £ (B)) (%)

Since f, and f, are IF completely yG continuous mappings, f;™* (A) and f,* (B) are IFROSs
in X. Since intersection of IFROSs is an IFROS, f,;"* (A) N f,* (B) is an IFROS in X.

Hence (f;, f) is an IF completely yG continuous mappings.

Proposition 3.6.24: A mapping f: (X, 1) — (Y, o) is an IF completely yG continuous

mapping then the following are equivalent:

Q) For any IFYGOS A in Y and for any IFP pep) € X, if f(pwp)) ¢ A, then
Prap)q int(F ™ (A)),

(i) For any IFYGOS A in Y and for any IFP p«g) € X, if f(pwp)) ¢ A, then there
exists an IFOS B such that pp)q B and f(B) € A.

Proof: (i) = (ii) Let A € Y be an IFyGOS and let p,p € X. Let f(pe,p) ¢ A. Then
Papqf - (A). (i) implies that pepy q int(f * (A)), where int(f * (A)) is an IFOS in X. Let B
= int(f * (A)). Since int(f * (A)) = f*(A), B < ™ (A). Then f(B) < f(f * (A)) € A.
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(if) = (i) Let A € Y be an IFyGOS and let p(p) € X. Suppose f(pw,p) q A, then by (ii)
there exists an IFOS B in X such that pqp ¢ B and f(B) & A. Now B € f 1 (f(B)) <
f1(A). Thatis B = int(B) < int(f * (A)). Therefore ppy qB implies p.p) qint(f ™ (A)).

Proposition 3.6.25: The composition of any two IF completely yG continuous mapping is

an IF completely yG continuous mapping in general.

Proof: Let f: X — Y and g: Y — Z be any two IF completely yG continuous mappings.
Let B be an IFyGOS in Z. Since g is an IF completely yG continuous mapping, g (B) is
an IFROS in Y. Since every IFROS is an IFyGOS, g *(B) is an IFyGOS in Y. Since f is an
IF completely yG continuous mapping, f (g *(B)) = (g o f) *(B) is an IFROS in X. Hence

g o fisan IF completely yG continuous mapping.
Proposition 3.6.26: Let f: X — Y and g: Y — Z be any two mappings. Then

Q) go f is an IF completely yG continuous mapping if f is an IF completely vG
continuous mapping and g is an IFyG irresolute mapping,
(i) gof is an IFYG continuous mapping if f is an IF completely yG continuous

mapping and g is an IFyG continuous mapping.

Proof:

Q) Let B be an IFyGOS in Z. Since g is an IFyG irresolute mapping, g *(B) is an
IFyGOS in Y. Also, since f is an IF completely yG continuous mapping,
f 1(g*(B)) is an IFROS in X. Since (go f) * (B) = f (g *(B)), go f is an
IF completely yG continuous mapping.

(i) Let B be an IFOS in Z. Since g is an IFyG continuous mapping, g (B) is an
IFyGOS in Y. Also, since f is an IF completely yG continuous mapping,
f Y(g*(B)) is an IFROS in X. Hence f *(g™(B)) is an IFyGOS in X. From the fact
that (geo f) * (B) = f (g (B)), it follows that (go f) is an IFyG continuous

mapping.
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