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1. Introduction

The concept of fuzzy sets was introduced by Zadeh [13] and later Atanassov [1] generalized this
idea to intuitionistic fuzzy sets using the notion of fuzzy sets. On the other hand Coker [4] introduced
intuitionistic fuzzy topological spaces using the notion of intuitionistic fuzzy sets. In this paper, we
introduced intuitionistic fuzzy m generalized semi pre continuous mappings and studied some of their basic
properties. We arrived at some characterizations of intuitionistic fuzzy m generalized semi pre continuous
mappings.
Il. Preliminaries

Definition 2.1: [1] Let X be a non empty fixed set. An intuitionistic fuzzy set (IFS in short) A in X is an
object having the form

A= {< X, HA(X)9 VA(X) ) I xe x}
where the functions pa(x): X — [0, 1] and va(X): X — [0, 1] denote the degree of membership (namely
pa(X)) and the degree of non -membership (namely va(x)) of each element x X to the set A, respectively,
and 0 < pa(x) +va(x) < 1 for each x € X. Denote the set of all intuitionistic fuzzy sets in X by IFS (X).

Definition 2.2: [1] Let A and B be IFSs of the form

A ={(x, pa(x), va(x) ) I xeX }and B = { { x, pa(x), ve(X) ) / x € X }. Then
(@) A c Bifand only if pa(x) < ps (x) and va(x) > ve(X) for all x eX
(b) A=Bifandonlyif Ac BandBc A
() A°={(x, va(x),pa(x))/ xe X}
(d) AnB={{x, ua(X) A pg (x), vaX) vve(X) ) I x e X }
(€ AuB={{(x, paX) Vv s (x),va(X) Ave(X)) I x € X}

For the sake of simplicity, we shall use the notation A = x, pa, va) instead of A = {{ x, pa(x), va(x) ) / X
e X }. Also for the sake of simplicity, we shall use the notation A = { { %, (1a ps ), (va, v8) ) } instead of A
= < X, (A/},LA, B/},lB), (A/VA, B/VB) >

The intuitionistic fuzzy sets 0- = {(x,0,1)/x eX}and 1-={(x,1,0)/x € X} are respectively the
empty set and the whole set of X.

Definition 2.3: [3] An intuitionistic fuzzy topology (IFT in short) on X is a family t of IFSs in X satisfying

the following axioms.
(i) 0,1l €1
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(i) Gin Gyetforany Gy, Gret

(iii) U Gje tfor any family { Gi/ i e J}c T

In this case the pair (X, 1) is called an intuitionistic fuzzy topological space (IFTS in short) and any IFS in ©
is known as an intuitionistic fuzzy open set (IFOS in short) in X.

The complement A° of an IFOS A in IFTS (X, 1) is called an intuitionistic fuzzy closed set (IFCS in short)
in X.

Definition 2.4:[3] Let ( X, t) be an IFTS and A = (X, pa, va) be an IFS in X. Then the intuitionistic fuzzy
interior and intuitionistic fuzzy closure are defined by

intf(A)= u{G/GisanIFOSin Xand Gc A},

cl(A) = n{K/KisanIFCSin Xand Ac K}

Note that for any IFS A in (X, 1), we have cl(A°) = [int(A)]° and int(A°) = [cl(A)]°.

Definition 2.5: [4] An IFS A = (x, pa, va) in an IFTS (X, 1) is said to be a

() intuitionistic fuzzy semi closed set (IFSCS for short) if int(cl(A)) c A,

(1))  intuitionistic fuzzy pre-closed set (IFPCS for short) if cl(int(A)) c A,

(iii)  intuitionistic fuzzy a-closed set (IFaCS for short) if cl(int(cl(A))) < A,
(iv) intuitionistic fuzzy B-closed set (IFBCS for short) if int(cl(int(A))) < A.
The respective complements of the above IFCSs are called their respective IFOSs.

The family of all IFSCSs, IFPCSs, IFaCSs and IFBCSs (respectively IFSOSs, IFPOSs, [FaOSs and
IFBOSs) of an IFTS (X,t) are respectively denoted by IFSC(X), IFPC(X), IFaC(X) and IFBC(X)
(respectively IFSO(X), IFPO(X), IFaO(X) and IFBO(X)).

Definition 2.6:[12] Let A be an IFS in an IFTS (X, t). Then

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

scl(A) = n{K/Kisan IFSCSin XandAc K }.

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

Definition 2.7:[11] An IFS A in an IFTS (X, 1) is an

(i) intuitionistic fuzzy generalized closed set (IFGCS in short) if cl(A) < U whenever Ac U
and Uisan IFOS in X.

Definition 2.8:[10] An IFS A in an IFTS (X, 1) is said to be an intuitionistic fuzzy generalized semi closed
set (IFGSCS in short) if scl(A) < U whenever Ac Uand Uisan IFOS in (X, 1).

Definition 2.9:[10] An IFS A is said to be an intuitionistic fuzzy generalized semi open set (IFGSOS in
short) in X if the complement A® is an IFGSCS in X.
The family of all IFGSCSs (IFGSOSs) of an IFTS (X, 1) is denoted by IFGSC(X) (IFGSO(X)).

Definition 2.10:[8] An IFS A in an IFTS (X, 1) is said to be an intuitionistic fuzzy 7 - generalized semi
closed set (IFTGSCS in short) if scl(A) < U whenever Ac Uand U isan IFTOS in (X, 7).

Definition 2.11:[5] Let f be a mapping from an IFTS (X, t) into an IFTS (Y, o). Then f is said to be
intuitionistic fuzzy continuous (IF continuous in short) if f1(B) e IFO(X) for every B € o.

Definition 2.12: [5] Let f be a mapping from an IFTS (X, t) into an IFTS (Y, o). Then fis said to be an

Q) intuitionistic fuzzy semi continuous mapping (IFS continuous mapping for short) if f (B) e
IFSO(X) for every B € ©

(i) intuitionistic fuzzy a-continuous mapping (IFa continuous mapping for short) if f 1(B) e
IFaO(X) for everyB € &

(iii) intuitionistic fuzzy pre continuous mapping (IFP continuous mapping for short) if f 1(B) e

IFPO(X) for every B € &
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(iv) intuitionistic fuzzy B continuous mapping (IFB continuous mapping for short) if f 1(B) e
IFBO(X) for every B € o.

Definition 2.13: [12] Let f be a mapping from an IFTS (X, t) into an IFTS (Y, o). Then f is said to be an
intuitionistic fuzzy generalized continuous mapping (IFG continuous mapping for short) if f -
}(B)elFGC(X) for every IFCSBin Y.

Definition 2.14: [12] Let f be a mapping from an IFTS (X, t) into an IFTS (Y, o). Then f is said to be an
intuitionistic fuzzy semi-pre continuous mapping (IFSP continuous mapping for short) if f 1(B) <
IFSPO(X) for every Beo.

Result 2.15:[10] Every IF continuous mapping is an IFG continuous mapping.

Definition 2.16:[9] A mapping f: (X, 1) — (Y,0) is called an intuitionistic fuzzy generalized semi
continuous (IFGS continuous in short) if f “Y(B) is an IFGSCS in (X, 1) for every IFCS B of (Y, o).

Definition 2.17: [11] An IFTS (X, 7) is said to be an intuitionistic fuzzy T12 space (IFT1. space for short)
if every IFGCS in (X, 1) is an IFCS in (X, 7).

Definition 2.18: [9] If every IFRGSPCS in (X, t) is an IFSPCS in (X, 1), then the space can be called as an
intuitionistic fuzzy semi-pre Ty, space (IFSPTy; for short).

Definition 2.19: [10] Let c(a, B) be an IFP of an IFTS (X, t). An IFS A of X is called an intuitionistic
fuzzy neighborhood (IFN for short) of c(a, B) if there exists an IFOS B in X such that c(o, B) € B< A.

Theorem 2.20 : [9] For any IFS A in (X, 1) where X is an IFSPT1, space, A € IFRGSPO(X) if and only if
for every IFP c(a, B) € A, there exists an IFTGSPOS in X such that c¢(a, ) € B< A

1. Intuitionistic fuzzy  generalized semi-pre continuous mappings

In this section we have introduced intuitionistic fuzzy m generalized semi-pre continuous
mappings and investigated some of their properties.

Definition 3.1: A mapping f: (X, 1) — (Y, o) is called an intuitionistic fuzzy m generalized semi-pre
continuous ( IFTGSP continuous for short) mapping if f 1(B) is an IFTGSPCS in (X, 1) for every IFCS B
of (Y, o).

Example 3.2: Let X = {a, b}, Y = {u, v} and G1 = (X, (0.4, 0.3), (0.4, 0.5)), G2 =(y, (0.5, 0.6),
(0.3, 0.1)). Then = {0-, G1,1-} and 6 = {0-, G2, 1-} are IFTs on X and Y respectively. Define a mapping f:
(X, 1) = (Y, o) by f(d) = u and f(b) = v. Then f is an IFTGSP continuous mapping.

Proposition 3.3: If f: (X, 1) — (Y, o) is an IF continuous mapping then it is an IFTGSP continuous
mapping.
Proof: Let f: (X, 1) = (Y, o) be an IF continuous mapping. Let A be an IFCS in (Y, ©). Since f is IF
continuous mapping, f "%(A) is an IFCS in (X, 1). Since every IFCS is an IFTGSPCS, f (A) is an
IFTGSPCS in (X, 1). Hence f is an IFTGSP continuous mapping.

The converse of the above proposition need not be true as seen from the following example.

Example 3.4: Let X ={a, b}, Y = {u, v} and G; = ( %, (0.2, 0.2), (0.7, 0.5) ), G2 =(y, (0.7, 0.5), (0.2, 0.2)

). Then 1= {0-, Gy, 1.} and 6 = { 0-, G, 1-} are IFTs on X and Y respectively. Define a mapping f: (X, 1)
— (Y, o) by f(@)=uand f(b) =v. The IFSA =y, (0.2,0.2), (0.7,0.5) ) is IFCS in (Y, c). Then f "}(A) is
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IFTGSPCS in (X, 1) but not IFCS in (X, t). Therefore, f is an IFTGSP continuous mapping but not an IF
continuous mapping.

Proposition 3.5: Every IFG continuous mapping is an IFTGSP continuous mapping but not conversely.
Proof: Let f: (X, 1) — (Y,oc) be an IFG continuous mapping. Let A be an IFCS in (Y, ©). Since f is an
IFG continuous mapping, f1(A) is an IFGCS in (X, 1). Since every IFGCS is an IFtGSPCS, f 1(A) is an
IFTGSPCS in (X, t). Hence f is an IFTGSP continuous mapping.

The converse of the above proposition need not be true as seen from the following example.

Example 3.6: Let X ={a, b}, Y={u,v}and Gi=(x (0.3, 0.2), (0.4, 05)), G>=(y, (0.4,0.5), (0.3
0.2) ). Then t = {0-, G11-} and 6 = { 0-, G 1-} are IFTs on X and Y respectively. Define a mapping f:
X,1)>(Y,o)by f(@ =uand f (b) =v. The IFSA =y, (0.3, 0.2), (0.4, 0.5) ) isan IFCS in (Y,o). Then
f (A) is an IFTGSPCS in (X, 1) but not an IFGSCS in (X, t). Therefore, f is an IFTGSP continuous
mapping but not an IFGS continuous mapping.

Proposition 3.7: If f: (X, t) — (Y,o) is an IFa continuous mapping then it is an IFTGSP continuous
mapping.
Proof: Let f: (X, 1) = (Y,o0) be an IFa continuous mapping. Let A be an IFCS in (Y, o). Since f isan IFa
continuous mapping, f(A) is an IFaCS in (X, 1). Since every IFaCS is an IFTGSPCS, f *(A) is an
IFTGSPCS in (X, t). Hence f isan IFrGSP continuous mapping.

The converse of the above proposition need not be true as seen from the following example.

Example 3.8: Let X={a,b}, Y={u,v}and Gi =(x, (0.6,0.7), (0.2,0.1) ), G2=(Y, (0.1, 0.2), (0.4,
0.3) ). Then t = {0-, G11-} and 6 = { 0, G 1-} are IFTs on X and Y respectively. Define a mapping f:
X,t)—>(Y,o)byf(a)=uand f (b) =v. The IFS A=y, (0.4, 0.3), (0.1, 0.2) ) is an IFCS in (Y,o). Then
f Y(A) is an IFTGSPCS in (X, 1) but not an IFaCS in (X, t). Therefore, f is an IFEGSP continuous
mapping but not an IFa continuous mapping.

Proposition 3.9: Every IFR continuous mapping is an IFrGSP continuous mapping but not conversely.
Proof: Let f: (X, 1) = (Y, o) be an IFR continuous mapping. Let A be an IFCS in (Y,c). Then by
hypothesis f (A) is an IFRCS in (X, 7). Since every IFRCS is an IFtGSPCS, f "}(A) is an IFtGSPCS in
(X, 1). Hence f is an IFTGSP continuous mapping.

Example 3.10: Let X={a,b}, Y={u,v}and Gi1=(x, (0.2,0.3), (0.4, 0.5) ), G,=(Yy, (0.4,0.5), (0.2,
0.3) ). Then t= {0-, Gy,1-} and 6 = { 0, Gy 1-} are IFTs on X and Y respectively. Define a mapping f: (X,
1) —>(Y,o)byf(@=uand f (b)=v. The IFSA =Yy, (0.2,0.3), (0.4, 0.5) ) isan IFCS in (Y, ©). Then f -
1(A) is IFEGSPCS in (X, T) but not an IFRCS in (X, t). Therefore, f is an IFtGSP continuous mapping
but not an IFR continuous mapping.

Proposition 3.11: Every IFS continuous mapping is an IFTGSP continuous mapping but not conversely.
Proof: Let f: (X, 1) = (Y, o) be an IFS continuous mapping. Let A be an IFCS in (Y,o). Since f is an IFS
continuous mapping, f (A) is an IFSCS in (X, 1). Since every IFSCS is an IFEGSPCS, f *(A) is an
IFTGSPCS in (X, t). Hence f is an IFTGSP continuous mapping.

Example 3.12: Let X={a,b}, Y={u,v}and Gi1=(x, (0.1, 0.2), (0.4, 0.6) ), G2 =Yy, (0.5, 0.7), (0.0,
0.1) ). Thent= {0-, Gy,1-} and 6 = { 0-, Gy 1-} are IFTs on X and Y respectively. Define a mapping f: (X,
1) > (Y,o)byf(@=uand f (b)=v. The IFSA =Yy, (0.0,0.1), (0.5, 0.7) yisan IFCS in (Y, ©). Then f -
Y(A) is IFEGSPCS in (X, t) but not an IFSCS in (X, 1). Therefore, f isan IFTGSP continuous mapping but
not an IFS continuous mapping.

Proposition 3.13: Every IFP continuous mapping is an IFTGSP continuous mapping but not conversely.

1552



International Journal of Early Childhood Special Education (INT-JECSE)
DOI: 10.9756/INT-JECSE/V1312.211206 ISSN: 1308-5581 Vol 13, Issue 02 2021

Proof: Let f: (X, 1) — (Y, o) be an IFP continuous mapping. Let A be an IFCS in (Y,o). Since f is an IFP
continuous mapping, f (A) is an IFPCS in (X, 1). Since every IFPCS is an IFTGSPCS, f 1(A) is an
IFTGSPCS in (X, t). Hence f is an IFTGSP continuous mapping.

Example 3.14: Let X={a, b}, Y={u, v}and G =(x, (0.4, 0.5), (0.4, 0.3) ), G2=(Xx, (0.3,0.1), (0.5,
0.6) ) and G3=(y, (0.5, 0.6), (0.3,0.1) ) Then t={0-, Gy, G, 1-} and 6 = { 0-, Gs1-} are IFTs on X and
Y respectively. Define a mapping f: (X, t) > (Y,o) by f (@) =uand f(b) =v. The IFSA =Yy, (0.3, 0.1),
(0.5,0.6) Yisan IFCS in (Y, ©). Then f *}(A) is IFtGSPCS in (X, 1) but not an IFPCS in (X, t). Therefore,
fisan IFTGSP continuous mapping but not an IFP continuous mapping.

Proposition 3.15: Every IFSP continuous mapping is an IFrGSP continuous mapping but not conversely.
Proof: Let f: (X, 1) — (Y, o) be an IFSP continuous mapping. Let A be an IFCS in (Y,o). Since f is an
IFSP continuous mapping, f X(A)is an IFSPCS in (X, t). Since every IFSPCS is an IFTGSPCS, f 1(A) is
an IFTGSPCS in (X, t). Hence f is an IFTGSP continuous mapping.

Example 3.16: Let X={a,b}, Y={u,v}and Gi=(x, (0.6, 0.7), (0.3,0.2) ), G2=(Yy, (0.1, 0.2), (0.7,
0.8) ). Then t= {0-, G,1-} and 6 = { 0-, G 1-} are IFTs on X and Y respectively. Define a mapping f: (X,
1) —>(Y,o)byf(@=uand f (b)=v. The IFSA =y, (0.7,0.8), (0.1, 0.2) ) isan IFCS in (Y, ©). Then f -
1(A) is IFTGSPCS in (X, 1) but not an IFSPCS in (X, t). Therefore, f is an IFTGSP continuous mapping
but not an IFSP continuous mapping.

Proposition 3.17: Every IFp continuous mapping is an IFTGSP continuous mapping but not conversely.
Proof: Let f: (X, 1) — (Y, o) be an IFf continuous mapping. Let A be an IFCS in (Y,c). Since f is an IF§
continuous mapping, f *(A) is an IFBCS in (X, 1). Since every IFBCS is an IFEGSPCS, f *(A) is an
IFTGSPCS in (X, t). Hence f is an IFTGSP continuous mapping.

Example 3.18: Let X={a,b}, Y={u, v}and Gi1=(x, (0.6, 0.7), (0.3,0.2) ), G2=(Yy, (0.1, 0.2), (0.7,
0.8) ). Then t= {0-, Gy, 1-} and 6 = { 0, G 1-} are IFTs on X and Y respectively. Define a mapping f: (X,
1) > (Y,o)byf(@=uand f (b)=v. The IFSA =Yy, (0.7,0.8), (0.1, 0.2) Y isan IFCS in (Y, ©). Then f -
1(A) is IFTGSPCS in (X, 1) but not an IFBCS in (X, t). Therefore, f is an IFTGSP continuous mapping but
not an IFB continuous mapping.

The relations between various types of intuitionistic fuzzy continuity are given in the following diagram.

IE continuity IEG gentinuity
k IF% continuity
IFa contihuity —IER continui —» IFTGSP continuity 5.
IPS continuity AESP cgntinuity IFp continttsy

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

Theorem 3.19: If f: (X, 1) = (Y, o) is an IFTGSP continuous mapping, then for each IFP c(a,f) of X and
each A e o such that f (c(a, B)) € A, there exists an IFTGSPOS B of X such that c¢(a, B) € B and f (B) <
A.

Proof: Let c(a,B) be an IFP of X and Aec such that f(c(a,B)) € A. Put B = f-1(A). Then by hypothesis B is
an IFTGSPOS in X such that c(a,f) € B and f(B) = f(f1(A)) < A.
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Theorem 3.20: If f: (X, 1) — (Y, o) is an IFTGSP continuous mapping then for each IFP c(a,) of X and
each A € o such that f (c(o,B)) ¢ A, there exists an IFTGSPOS B of X such that c(a,8) B and f(B) < A.
Proof: Let c(a,B) be an IFP of X and Aec such that f (c(a,B)) ¢ A. Put B = f1(A). Then by hypothesis B
is an IFTGSPOS in X such that c(a,B) ¢ Band f (B) = f (f 1(A)) c A.

Theorem 3.21: Let f: (X, 1) — (Y, o) be an IFTGSP continuous mapping, then f is an IFSP continuous
mapping if X is an IFSPTy; space.

Proof: Let V be an IFCS in Y. Then f (V) is an IFTGSPCS in X, by hypothesis. Since X is an IFSPTy,
space, f (V) isan IFSPCS in X. Hence f is an IFSP continuous mapping.

Theorem 3.22: Let f: (X, 1) — (Y, o) be an IFTGSP continuous mapping and g: (Y, o) = (Z,y) isan IFG
continuous mapping and Y is an IFTy, space, then g o f: (X, t) — (Z, y) is an IFrGSP 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 IFTGSPCS in X, by hypothesis. Hence g o f is an
IFTGSP continuous mapping.

Theorem 3.23: Let f: (X, 1) — (Y, o) be an IFTGSP continuous mapping and g: (Y, c) = (Z,v) isan IF
continuous mapping, then g o f: (X, 1) > (Z, y) isan IFtGSP continuous mapping.

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

Theorem 3.24: 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 IFSPTy,, spaces.

0] f isan IFTGSP continuous mapping

(i) f4(B) is an IFTGSPOS in X for each IFOS B in Y
(i) for every IFP c(a, B) in X and for every IFOS B in Y such that f (c(a, B)) € B,
there exists an IFTGSPOS A in X such that c(o, B) € A and f(A) < B.

Proof: (i) < (ii) is obvious, since (A% = (f1(A))".
(ii) = (iii) Let B be any IFOS in Y and let c¢(a, B) € X. Given f(c(a, B)) € B. By hypothesis f (B) is an
IFTGSPOS in X. Take A = f "}(B). Now c(a, B) € f X(f (c(o, B))). Therefore f *(f(c(a, B))) € f 1B) = A.
This implies c(a, B) € Aand f (A) = f (f 1(B)) < B.
(iii) = (i) Let A be an IFCS in Y. Then its complement, say B is an IFOS in Y. Let c(a, B) € X and f (c(a,
B)) € B. Then there exists an IFTGSPOS, say C = f "}(B) in X such that c¢(a, B) € C and f (C) < B.
Therefore f 1(B) is an IFTGSPOS in X, by Theorem 2.20. That is f 1(A°) is an IFrGSPOS in X and hence
f1(A) is an IFTGSPCS in X. Thus f is an IFrGSP continuous mapping.

Theorem 3.25: 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 IFSPTy,, spaces.
0] £ is an IFTGSP continuous mapping
(i) for each IFP c(a, B) in X and for every IFN A of f(c(a, B)), there exists an
IFGSPOS B in X such that c(a, B) € B < f 1(A).

(iii) for each IFP c(a, B) in X and for every IFN A of f (c(a, B)), there exists

an IFTGSPOS B in X such that c(a, B) € B and f(B) < A.
Proof: (i) = (ii) Let c(a, B) € X and let A be an IFN of f(c(a, B)). Then there exists an IFTOS C in Y such
that f (c(a, B)) € C < A. Since f is an IFrGSP continuous mapping, f (C) = B (say), is an IFtGSPOS in
X and c(a, B) € B f1(A).
(if) = (iil) Let c(a, B) € X and let A be an IFN of f (c(a, B)). Then there exists an IFTGSPOS B in X such
that c(a, B)) € B < f(A), by hypothesis. Therefore, c(a, B)) € Band f (B) c f (f {(A)) c A.
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(iii) = (i) Let B be an IFzOS in Y and let c(a, B) € f 1(B). Then f (c(a, B)) € B. Therefore B is an IFN of
f (c(a, B)). Since B is IFTOS, by hypothesis there exists an IFkGSPOS A in X such that c(a, ) e Ac f -
Yf (A) < f 1B).Therefore, f X(B) is an IFTGSPOS in X, by Theorem 2.20. Hence f is an IFTGSP
continuous mapping.

Theorem 3.26: 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 is an IFSPTy, space.
(i) fisan IFTGSP continuous mapping

(i) IfBisan IFOSin Y then f (B) is an IFRGSPOS in X
@iy  f X(int(B)) < cl(int(cl(f "}(B)))) for every IFSBin Y.
Proof: (i) < (ii) is obviously true by theorem 3.24
(ii) = (iii) Let B be any IFS in Y. Then int(B) is an IFOS in Y. Then f *(int(B)) is an IFTGSPOS in X.
Since X is an IFSPTy, space, f “(int(B)) is an IFSPOS in X. Therefore, f “(int(B)) < cl(int(cl(f -
(int(B))))) < cl(int(cl(f *(B)))).
(iii)=(i) Let B be an IFOS in Y. By hypothesis f 1(B) = f (int(B)) < cl(int(cl(f (B)))). This implies
f 1(B) is an IFBOS in X. Therefore, f 1(B) is an IFTGSPOS in X and hence by theorem 3.24, f is an
IFTGSP continuous mapping.

Theorem 3.27: 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 IFSPTy, spaces.

(i) fisan IFTGSP continuous mapping

(i) int(cl(int(f 1(B)))) < f *(spcl(B)) for each IFCS B in Y

(iii) f Y(spint (B)) < cl(int(cl(f "}(B)))) for each IFOS B of Y

(iv) f (int(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 IFZGSPCS in X. Since X is IFSPTy;, space,
f°1(B) is an IFSPCS. Therefore, int(cl(int(f *(B)))) < f }(B) = f (spcl(B))

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

(iii) = (iv) Let A € X. Then B = f (A) and therefore, A c f1(B). Here int(f (A)) = int(B) isan IFOSin Y.
Then (iii) implies that, f “(spint(int(B))) < cl(int(cl(f -(int(B))))) < cl(intcl(f *(B)))). Now
(cl@intcl(AY))) < (cl(int(cl(f B))) < (f Uspint(int(B%))))c. Therefore int(cl(int(A))) <
[ Hspel(cl(B))). Now f (int(cl(int(A)))) = £ (f *(spcl(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(int(f "X(B))))) < cl(f
(f (B))) < cl(B) = B. Now int(cl(int(f (B)))) < f *(f (int(cl(int(f *(B)))))) < f “*(B). This implies, f -
1(B) is an IFBCS and hence f "}(B) is an IFtGSPCS in X. Thus f is an IFtGSP continuous mapping.

Theorem 3.28: A mapping f: (X, 1) = (Y, o) is an IFrGSP continuous mapping if cl(int(cl(f 1(A)))) c f
1(cl(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 1(A%)))) < f (cl(A%)) =
£ H(A®), since AC is an IFCS. Now (int(cl(int(f "2(A))))¢ = cl(int(cl(f (A%)))) < f (A®) = (F1(A))C. This
implies f 1(A) < int(cl(int(f 1(A)))). Hence f (A)isan IFaOS in X and hence it is an IFEGSPOS in X.
Therefore, by theorem 3.24, f is an IFTGSP continuous mapping.

Theorem 3.29: 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 is an IFSPT1, space.
(i) £ is an IFTGSP continuous mapping
(i)  fYB)isan IFTGSPCS in X for every IFCSBin Y
(ii) int(cl(int(f (A)))) < f (cl(A)) for every IFSAin Y.
Proof : (i) < (ii) is obvious from the Definition 3.1.
(ii) = (iii) Let A be an IFSin Y. Then cl(A) is an IFCS in Y. By hypothesis, f *(cl(A)) is an IFrGSPCS in
X. Since X is an IFSPTy space, f "}(cl(A)) is an IFSPCS. Therefore int(cl(int(f(cl(A))))) <= f(cl(A)).

Now int(cl(int(f*(A)))) = int(cl(nt(f (cI(A))) = f (cI(A)).
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(iii) = (i) Let A be an IFCS in Y. By hypothesis int(cl(int(f "X(A)))) < f (cl(A)) = f (A). This implies f -
1(A) is an IFSPCS in X and hence it is an IFtGSPCS. Thus f is an IFTGSP continuous mapping.

Theorem 3.30: (X, 1) — (Y, o) be an IFrGPS continuous mapping and g : (Y, o) > (Z, n) is IF
continuous, then go f: (X, 1) = (Z, n) isan IFrGPS continuous mapping.

Proof: Let A be an IFCS in (Z, ). Since g is an IF continuous mapping, g*(A) is an IFCS in (Y, o). Since
£ isan IFTGPS continuous mapping, f 1(g*(A)) is an IFtGPSCS in (X, t). Hencego f isan IFTGPS
continuous mapping.
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