[\ ]

Gen. Math. Notes, Vol. 11, No. 2, August 201248159
ISSN 2219-7184; Copyright © ICSRS Publication, 2012
WWW.i-CSrs.org

Available free online at http://www.geman.in

| ntuitionistic Fuzzy Almost © Generalized
Semi Open Mappingsin Topological Spaces

S. Maragathavalliand K. Ramesh?

'Department of Mathematics, Sree Saraswathi Thyagaraja College
Pollachi, Tamilnadu
Email: smvalli@rediffmail.com
*Department of Mathematics, SV'S College of Engineering
Coimbatore, Tamilnadu
Email: rameshfuzzy@gmail.com

(Received: 5-8-12/Accepted: 24-8-12)
Abstract

The purpose of this paper is to introduce and studg concepts of
intuitionistic fuzzy almost generalized semi open mappings and intuitionistic
fuzzy almost generalized semi closed mappings in intuitionitizzy topological
space and we investigate some of its propertieso Ale provide the relations
between intuitionistic fuzzy almcstgeneralized semi closed mappings and other
intuitionistic fuzzy closed mappings.
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1 Introduction

The concept of fuzzy set was introduced by Zadeh in his classical paper [16]
in1965. Using the concept of fuzzy sets, Chang [3] introduced the concept of
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fuzzy topological space. In [1], Atanassov introduced the notion of intuitionistic
fuzzy setsin 1986. Using the notion of intuitionistic fuzzy sets, Coker [4] defined
the notion of intuitionistic fuzzy topological spaces in 1997. This approach
provided a wide field for investigation in the area of fuzzy topology and its
applications. One of the directions is related to the properties of intuitionistic
fuzzy sets introduced by Gurcay [7] in 1997. Continuing the work done in the
[10], [11],[12],[13],[14],[15] we define the notion of intuitionistic fuzzy amost -
generalized semi closed mappings and intuitionistic fuzzy aimost = generalized
semi open mappings. We discuss characterizations of intuitionistic fuzzy aimost =
generalized semi closed mappings and open mappings. We also established their
properties and relationships with other classes of early defined forms of
intuitionistic fuzzy closed mappings.

2 Préiminaries

Definition 2.1 [1] An intuitionistic fuzzy set (IFS in short) A in Xan object
having the form A ={X, ua(x), va(x) } / X7 X},where the functionga(x): X - [0,

1] andva(x): X - [0, 1] denote the degree of membership (namgly)) and the
degree of non-membership (hamek(x)) of each element XXX to the set A,
respectively, and & ua(x) + va(x) <1 for each x7 X. Denote by IFS(X), the set
of all intuitionistic fuzzy sets in X.

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

A = {( X, ua(X), va(x) )/ xCX } and B = { (X, us(X), va(X) )/ x [7X }. Then
(@) ALBif and only ifua(X) <ug (X) andva(x) > vg(x) for all x X
(b) A=Bifandonly if A7 B and B/7 A
(€) A ={ (X, va(x),ua(x) )/ X [7X}
(d) An B ={ (X ua(X) Lus (X),va(x) ve(x) )/ x TX}
(€) ALB ={ (X, ua(X) Lus (X), va(x) Live(X) ) I X TX}

For the sake of simplicity, we shall use the notation A = ( X, ua, va) instead of
A ={ (X, pa(x), va(x) ) / x O X }. Also for the sake of simplicity, we shall use the
notation A ={ { X, (ua, us ), (va, vg) ) } instead of A ={ X, (A/ua, B/ug), (Alva,
B/VB) >

The intuitionistic fuzzy sets0-={ (x,0,1)/xOX } and 1-={(x,1,0)/x [
X} arerespectively the empty set and the whole set of X.

Definition 2.3 [3] An intuitionistic fuzzy topology (IFT in short) &his a familyr
of IFSs in X satisfying the following axioms.

i 0,1 [z

(i) Gy n G rforany G G, Uz

(i) G Lrforany family {G/ i JJ} /[T t.



49 S. Maragathavallet al.

In this case the pair (%) is called an intuitionistic fuzzy topological sa(IFTS

in short) and any IFS im is known as an intuitionistic fuzzy open set (IH®S
short) in X. The complement® &f an IFOS A in IFTS (X5) is called an

intuitionistic fuzzy closed set (IFCS in shortXn

Definition 2.4 [3] Let ( X,z) be an IFTS and A ¥ X, ua, va ) be an IFS in X.
Then the intuitionistic fuzzy interior and intunigtic fuzzy closure are defined by
int(A) =/7{G/Gisan IFOSin X and GA},
cl(A) =n{K/KisanIFCSin X and A/K }.

Definition 2.5[10] A subset of A of a space @Xjs called:
() regular open if A =int (cl(A)).
(i) m open if A is the union of regular open sets.

Definition 2.6 [10] An IFS A ={(X,ua, va )} in an IFTS (Xz) is said to be an

(i) intuitionistic fuzzy semi open set (IFSOShort) if A//cl(int(A)),
(i) intuitionistic fuzzyr-open set (IEOS in short) if A7int(cl(int(A))),
(iii) intuitionistic fuzzy regular open set (IFRGsshort) if A = int(cl(A)),
(iv) intuitionistic fuzzy pre open set (IFPOS ioghif A /7int(cl(A)).
(v) intuitionistic fuzzy semi-pre open set (IFSPO®)efe exists B/IFPO(X)
such that B

AT CI(B).

Definition 2.7[10] An IFS A =('X,ua, va Jin an IFTS (Xz) is said to be an
(i) intuitionistic fuzzy semi closed set (IFS@Short) if int(cl(A))J A,

(if) intuitionistic fuzzyr-closed set (IECS in short) if cl(int(cl(A)Y7A,

(iii) intuitionistic fuzzy regular closed set (IFFSGn short) if A = cl(int(A)),
(iv) intuitionistic fuzzy pre closed set (IFPCSshrort) if cl(int(A)) 7 A.

Definition 2.8 [10] An IFS Ain an IFTS (%) is said to be an intuitionistic fuzzy
7 generalized semi closed set£IGSCS in short) if scl(A)/U whenever AU U
and U is an IROS in (X,7). An IFS A is said to be an intuitionistic fuzzy
generalized semi open set 6SOS in short) in X if the complemeritig an
IFTGSCS in X.

The family of all IFGSCSs of an IFTS (X),is denoted by IFGSC(X).

Result 2.9 [10] Every IFCS, IFGCS, IFRCS, IFaCS , IFaGCS, IFGSCS is an
IFZTGSCS but the converses may not be true in general.

Definition 2.10 [13] Let A be an IFS in an IFTS (X). Thenm generalized Semi
closure of A £gscl(A) in short) anct generalized Semi interior of Adsint(A) in
short) are defined by

ngsint(A) = J{ G/ Gis an IKGSOS in X and G/A }

mgscl(A) = n {K/Kisan IFRGSCS in X and A/K }.
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Note that for any IFS A in (X7), we havergscl(A )= [=gsint(A)]° and
ngsint(X) = [ rgscl(A)]".

Definition 2.11 [7] Let f be a mapping from an IFTS @,into an IFTS (Y g).
Then f is said to be intuitionistic fuzzy continsiqlF continuous ) if f(B) 7
IFO(X) for every B/ o.

Definition 2.12 [12] Let f be a mapping from an IFTS @,into an IFTS (Y g).
Then f is said to be an intuitionistic fuzzy getieeal continuous (IFG
continuous) if f(B) [7IFGCS(X) for every IFCS Bin Y.

Definition 2.13 [14] Let f be a mapping from an IFTS @,into an IFTS (Y ).
Then f is said to be an intuitionistic fuzzy almaggeneralized semi continuous
mappings (IFAGS continuous ) if HB) ZIFGCS(X) for every IFRCS Bin Y.

Definition 2.14 [15] Let f be a mapping from an IFTS @,into an IFTS (Y ).
Then f is said to be an intuitionistic fuzaygeneralized continuous mappings
(IFaG continuous) if T(B) Z7IFaGCS(X) for every IFRCS BinY.

Definition 2.15 [15] Let f be a mapping from an IFTS @,into an IFTS (Y g).
Then f is said to be an intuitionistic fuzzy getieeal semi closed mappings
(IFGSCM) if fY(B) [7IFGSCS(X) for every IFRCS Biin Y.

Definition 2.16 Let f be a mapping from an IFTS @,into an IFTS (Yg). Then
f is said to be intuitionistic fuzzy almost clogedppings (IFACM) if f{(B) 7
IFC(Y) for every IFRCS B in X.

Definition 2.17 Let f be a mapping from an IFTS @,into an IFTS (Yg). Then
f is said to be intuitionistic fuzzy almost generalized closed mappings
(IFAaGCM ) if f4(B) LJIFaGC(Y) for every IFRCS B in X.

Definition 2.18 [5] The IFS o, f) = (X, ¢, &) Wherea 7 (0, 1], f L7[0, 1) and
a + p <1is called an intuitionistic fuzzy point (IFP) Xa

Note that an IFP c(a, B) issaid to belong to an IFS A = (X, pa, va) of X denoted by
(o, B) DA iIfas paandB =va,

Definition 2.19 [5] Let c@, £) be an IFP of an IFTS (). An IFS A of X is called
an intuitionistic fuzzy neighborhood (IFN) otxc{) if there exists an IFOS B in X
such that o, §) /7B [JA.

Definition 2.20 [7] An IFS A is said to be an intuitionistic fuzzy del D for
short) in another IFS B in an IFTS (%, if cl(A) = B.
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Definition 2.21 [11] An IFTS (X,7) is said to be an intuitionistic fuzzyli,
(IF=Ty in short) space if every ¥&5SCS in X is an IFCS in X.

Definition 2.22 [11] An IFTS (Xy) is said to be an intuitionistic fuzayTy, (IF
=gT1/2 in short) space if every I=GSCS in X is an IFGCS in X.

Result 2.23[9] (i) Every IFTOSisan IFOSin (X, 1).
(ii) Every IFRCSisan IFCSin (X, 1)

3 Intuitionistic Fuzzy almost & Generalized Semi Open
M appings

In this section we introduce intuitionistic fuzzy almost = generalized semi open
mappings, intuitionistic fuzzy amost = generalized semi closed mappings and
studied some of its properties.

Definition 3.1 A mapping f: X- Y is called an intuitionistic fuzzy almaost
generalized semi open mappings (#2SOM for short) if f(A) is an IFGSOS in
Y for each IFROS A in X.

Definition 3.2 A mapping f: (Xz) - (Y,0) is called an intuitionistic fuzzy almost
7 generalized semi closed mappings (&FSCM) if f (B) is an IEGSCS in (Y,
o) for every IFRCS B of ().

Example33Let X ={ab},Y={u v} and G =(X, (0.2, 0.2), (0.65 0.7p) ),
G2 =(Y, (04, 0.2), (0.64,0.7,) ). Then,t={ 0.,Gy, 1.} ando ={ 0, G, 1-} are
IFTson X and Y respectively. Define a mapping f: (X, 1) - (Y, o) by f(&) = u
and f(b) =v. Thenf isan IFAzGSCM.

Theorem 3.4 (i) Every IFCM is an IFAAGSCM but not conversely.
(if) Every IFaGCM is an IFAZGSCM but not conversely.

(i) Every IFACM is an IFAZGSCM but not conversely.

(iv) Every IFAaGCM is an IFAZGSCM but not conversely.

Proof (i) Assumethat f: (X, 1) - (Y, 0)isan IFCM. Let A bean IFRCSin X.
Thisimplies A isan IFCSin X. Sincef isan IFCM, f (A) isan IFCSin Y. Every
IFCSisan IFTGSCS, f (A) isan IFTGSCSin Y. Hencef isan IFA7GSCM.

Proof (ii) Let f: (X, 1) - (Y,0) be an IFAGCM. Let A be an IFRCS in X. This
implies A isan IFCS in X. Then by hypothesis f (A) isan IFAGCSin Y. Since
every IFaGCS is an IFGSCS and every IFGSCS is an IFTGSCS, f(A) is an
IFTGSCSin Y. Hencef isan IFA7GSCM.
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Proof (iii) Let f: (X, 1) - (Y, 0) bean IFACM. Let A be an IFRCSin X. Since f
is IFACM, f(A) isan IFCS in Y. Since every IFCS is an IFTGSCS, f(A) is an
IFTGSCSin Y. Hencef isan IFA7GSCM.

Proof (iv) Let f: (X, 1) - (Y,0) bean IFAaGCM. Let A bean IFRCSin X. Since
fiSIFACM. Then by hypothesisf(A) isan IFaGCSin Y. Since every IFAGCS s
an IFGSCS and every IFGSCSisan IFTGSCS, f(A) isan IFTGSCSin Y. Hencef
isan IFAzGSCM.

Example (i) Let X ={a, b}, Y ={ u,v} and Gy = { X, (0.4, 0.2), (0.55 0.4) ),G>
=(vy, (0.3, 0.2), (06, 0.7,) ). Thent={ 0,,G 1-} ando ={ 0., G, 1.} are
IFTson X and Y respectively. Define a mapping f : (X, 1) - (Y, 0) by f(a) =u
and f(b) = v. Then, f is an IFATGSCM. But f is not an IFCM since G:° = ( X,
(0.5, 0.4p), (0.44,0.2,) Yisan IFCSin X but f (G;°) =(y, (0.5, 0.4), (0.4, 0.2,)
Y isnotan IFCSinY.

Example (ii) Let X ={a b}, Y ={u, v} and G; = ( X, (0.35 0.4y), (0.4, 0.5,) ),G>
=(y, (0.7, 0.6,), (0.3,,04,) ). Thent={0-, G1, 1.} and 0 = {0-, G, 1.} areIFTs
on X and Y respectively. Define amapping f: (X, t) — (Y, o) by f(a) = u and f(b)
= V. Then, f isan IFATGSCM but not an IFAGCM since G1c = { X, (0.4, 0.5),
(0.3, 0.4,) Yisan IFCSin X but f (G;°) =(y, (0.4, 0.2,), (0.3,, 0.4,) ) isnot an
IFaGCSinY.

Example (iii) In example (i), fisan IFAzGSCM but f is not an IFACM since
G1° = (X, (0.54 0.4), (0.4, 0.2y) Y isan IFRCSin X but f (G;°) =(y, (0.5,, 0.4),
(044, 0.2))) is notanIFCSinY.

Example (iv) In example (ii), f is an IFATGSCM. But f is not an IFAaGCM
since G1c = ( X, (0.4, 0.5,), (0.34, 0.4p) Y isan IFRCSin Y but f (G1°) =(y, (0.4,
0.2)), (0.3, 0.4,) ) isnotan IFAGCSinY.

Theorem 3.5 A bijective mapping f : X - Y is an IFA7GS closed mapping if
and only if the image of each IFROSin X isan IFTGSOSinY.

Proof Necessity: Let A bean IFROSin X. Thisimplies A®is IFRCSin X. Since
f is an IFA=GS closed mapping, f (A°) is an IFTGSCS in Y. Since f (A°) =
(f (A))S, f(A) isan IFTGSOSin Y.

Sufficiency: Let A be an IFRCS in X. This implies A®is an IFROS in X. By
hypothesis, f(A°) is an IFTGSOS in Y. Since f(A°) = (f(A))¢, f(A) is an IFTGSCS
inY. Hencef isan IFAzGS closed mapping.

Theorem 3.6 Let f :(X,7) - (Y, 0) be an IFAGS closed mapping. Then f is an
IFA closed mapping if Y is an 4T, space.
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Proof Let A be an IFRCS in X. Then f(A) is an IFrGSCS in Y, by hypothesis.
Since Y isan IF=Ty, space, f(A) isan IFCS in Y. Hence f is an IFA closed

mapping.

Theorem 3.7 Let f: X - Y be a bijective mapping. Then the following are
equivalent.

(i) fisanIFATGSOM

(i) fisan IFATGSCM

Proof Straightforward

Theorem 3.8 Let f: X — Y be a mapping where Y is an:Tk, space. Then the
following are equivalent.

) fis an IFAzGSCM

(i) scl(f(A)) L7f(cl(A)) for every IFSPOS A in X

(i)  scl(f(A)) L7t (cl(A)) for every IFSOS A in X

Proof (i) = (ii) Let A be an IFSPOS in X. Then cl(A) is an IFRCS in X. By
hypothesis, f(cl(A)) is an IFTGSCS in Y. Since Y is an IF=Ty, space. This
implies scl(f(cl(A))) =f (cl(A)). Now scl(f(A)) O scl(f(cl(A))) = f(cl(A)). Thus
scl(f(A)) O f(cl(A)). (i) = (iii) Since every IFSOS is an IFSPOS, the proof
directly follows. (iii) = (i) Let A be an IFRCS in X. Then A = cl(int(A)).
Therefore A is an IFSOS in X. By hypothesis, scl(f(A)) O f(cl(A)) = f(A) O
scl(f(A)). Hence f(A) is an IFSCS and hence is an IFRGSCS in Y. Thus f is an
IFAZGSCM.

Theorem 3.9 Let f: X - Y be a mapping where Y is an:Th, space. Then the
following are equivalent.

) fis an IFAzGSCM

(i) f(A) [Jsint(f(int(cl(A)))) for every IFPOS A in X

Proof (i) = (ii) Let A bean IFPOSin X. Then A [ int(cl(A)). Sinceint(cl(A)) is
an IFROS in X, by hypothesis, f(int(cl(A))) isan IFTGSOS in Y. Since Y is an
IF=T1 space, f(int(cl(A))) is an IFSOS in Y. Therefore f(A) O f(int(cl(A))) O
sint(f(int(cl(A)))). (i) = (i) Let A be an IFROS in X. Then A is an IFPOS in X. By
hypothesis, f(A) O sint(f(int(cl (A)))) = sint(f(A)) O f(A). Thisimpliesf(A) isan IFSOSin
Y and henceisan IFTGSOSin Y. Thereforef isan IFATGSCM, by Theorem 3.6.

Theorem 3.10 The following are equivalent for a mapping f:-X'Y, where Y is
an IF=Ty» space.

() fis an IFAzGSCM

(i) scl(f(A)) 7 f(acl(A)) for every IFSPOS A in X

@ii)  scl(f(A)) f(acl(A)) for every IFSOS A in X

(iv)  f(A) Isint(f(scl(A))) for every IFPOS A in X
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Proof (i) = (ii) Let A be an IFSPOS in X. Then cl(A) is an IFRCS in X. By
hypothesisf(cl(A)) isan IFFGSCSinY and henceisan IFSCSinY, sinceY isan
IF=T1, space. Thisimpliesscl(f(cl(A))) = f(cl(A)). Now scl(f(A)) O scl(f(cl(A)))
= f(cl(A)). Since cl(A) is an IFRCS, we have cl(int(cl(A))) = cl(A). Therefore
scl(f(A)) O f(cl(A)) = f(cl(int(cl(A)))) T f(A O cl(int(cl(A)))) = f(acl(A)). Hence
scl(f(A)) O f(acl(A)).(ii)) = (iii) Since every IFSOS is an IFSPOS, the proof is
obvious.(iii) = (i) Let A be an IFRCS in X. Then A = cl(int(A)). Therefore A is
an IFSOSin X. By hypothesis, scl(f(A)) O f(acl(A)) O f(cl(A)) = f(A) O scl(f(A)).
That is scl(f(A)) = f(A). Hence f(A) isan IFSCS and henceisan IFTGSCSin Y.
Thus f is an IFAZGSCM.(i) = (iv) Let A be an IFPOS in X. Then A [
int(cl(A)). Since int(cl(A)) is an IFROS in X, by hypothesis, f(int(cl(A))) is an
IFTGSOS in Y. Since Y is an IF=Ty, space, f(int(cl(A))) is an IFSOS in Y.
Therefore f(A) O f(int(cl(A))) O sint(f(int(cl(A)))) O sint(f(A O int(cl(A)))) =
sint(f(scl(A))). That isf(A) O sint(f(scl(A))).

(iv) = (i) Let A be an IFROS in X. Then A is an IFPOS in X. By hypothesis,
f(A) O sint(f(scl(A))). This implies f(A) O sint(f(A O int(cl(A)))) O sint(f(A O
A)) =sint(f(A )) O f(A). Thereforef(A) isan IFSOSin'Y and hence an IFzGSOS
inY. Thusfisan IFATGSCM, by Theorem 3.6.

Theorem 3.11 Let f: (X,7) - (Y, 0) be a mapping from an IFTS X into an IFTS
Y. Then the following conditions are equivalent is an IFzTy/, Space.

(i) fisanIFATGSCM

(i) fis an IFATGSOM

(i) f(int(A)) Zint(cl(int(f(A)))) for every IFROS A in X.

Proof (i) = (ii) It isobviously true.

(i) = (iii) Let A be any IFROS in X. This implies A is an IFOS in X. Then
int(A) isan IFOS in X. Then f(int(A)) is an IFFGSOS in Y. Since Y is an
IF=T1> space, f(int(A)) is an IFOS in Y. Therefore f(int(A)) = int(f(int(A)) O
int(cl(int(f(A)))). (iii) = (i) Let A be an IFRCS in X. Then its complement A® is
an IFROS in X. By hypothesis f(int(A°) O int(cl(int(f(A°)))). Thisimplies f(A®) O
int(cl(int(f(A°)))). Hence f(A°) is an IFaOS in Y. Since every IFaOS is an
IFTGSOS, f(A°) isan IFTGSOSin Y. Therefore f(A) isan IFTGSCSin Y. Hence
fisan IFArGSCM.

Theorem 3.12 Let f: (X,7) — (Y, 0) be a mapping from an IFTS X into an IFTS
Y. Then the following conditions are equivalent is an IF=Ty, Space.

(i) fisanIFATGSCM

(i) scl(f(A)) 7f(scl(A)) for every IFSCS A in X

Proof (i) = (ii) Assume that A isan IFSCS in X. By Definition, int(cl(A)) O A.
Thisimplies cl(A) isan IFRCS in X. By hypothesis f(cl(A)) isan IFrGSCSin Y
and hence is an IFZCS in Y, since Y is an IF-Ty, space. This implies
scl(f(cl(A))) = f(cl(A)). Now scl(f(A)) O scl(f(cl(A))) = f(cl(A)). Since cl(A) isan
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IFROS, int(cl(cl(A))) = cl(A). Thisimplies scl(f(A)) O f(cl(A)) = f(int(cl(cl(A))))
O f(A Oint (cl (cl(A)))) = f(A O int (cl (A))) = f(scl(A)). Hence scl(f(A)) O
f(scl(A)). (ii) = (i) Let A bean IFRCSin X. Then A = cl(int(A)). Therefore A is
an IFSCSin X. By hypothesis, scl(f(A)) O f(scl(A)) O f(cl(A)) = f(A) O scl(f(A)).
That is scl(f(A)) = f(A). Hence f(A) isan IFTCS and henceisan IFTGSCSin Y.
Thusfisan IFATGSCM.

Theorem 3.13 Let f: (X,7) - (Y, 0) be a mapping from an IFTS X into an IFTS
Y. Then the following conditions are equivalent is an IF=Ty, Space.

(i) fisanIFAZGSCM

(i) f(A) L mint(f(scl(A))) for every IFPOS A in X

Proof (i) = (ii) Let A bean IFPOSin X. Then A O int(cl(A)). Since int(cl(A))
isan IFROS in X, by hypothesis, f(int(cl(A))) isan IFTGSOSin Y. Since Y isan
IF=Ty, space, f(int(cl(A))) is an IF-OS in Y. Therefore f(A) O f(int(cl(A))) O
mint(f(int(cl(A)))) O a@int(f(A O int(cl(A)))) = mint(f(scl(A))). That is f(A) O
mint(f(scl(A))). (ii) = (i) Let A bean IFROS in X. Then A isan IFPOS in X. By
hypothesis, f(A) O mint(f(scl(A))). Thisimplies f(A) O mint(f(A O int(cl(A)))) O
mint(f(A O A)) = mint(f(A )) O f(A). Therefore f(A) isan IFTOSin Y and hence
an IFTGOSin Y. Thusf isan IFATGS closed mapping.

Theorem 3.14 Let f: (X, 1) —» (Y, 0) beamapping from an IFTS X into an IFTS
Y. Then the following conditions are equivalent if Y isan IF=Ty, Space.

() fisan IFATGSCM

(i) If Bisan IFROSin X thenf (B) isan IFAGSOSinY

(iii) f (B) O int(cl(f(B)) for every IFROS B in X.

Proof (i) = (ii) obviously.

(i) = (iii) Let B be any IFROS in X. Then by hypothesis f (B) is an IFTGSOS
inY. Since X isan IF:Ty, space, f(B) isan IFOSin Y (Result 2.23). Therefore f
(B) = int(f(B)) O int(cl(f(B))). (iii)) = (i) Let B be an IFRCS in X. Then its
complement B¢ is an IFROS in X. By hypothesis f(B®) O int(cl(f(B®))). Hence
f(B9) isan IFTOSin Y. Since every IFTOS is an IFTGSOS, f(B) is an IFTGSOS
inY. Thereforef (B) isan IFTGSCSin Y. Hencef isan IFAzGSCM.

Theorem 3.15 Let f: (X,7) - (Y, 0) be a mapping. Then the following conditions
are equivalent if Y is an ¥, space.

() fisan IFAzGSCM.

(i) int(cl(f(A))) L7f(A) for every IFRCS A in X.

Proof (i) = (ii) Let A bean IFRCS in X. By hypothesis, f(A) isan IFzGSCS in
Y.SinceY isan IF=Tyy, f(A) isan IFCSin Y (Result 2.23).Therefore cl(f(A) = f
(A). Now int(cl(f(A))) O cl(f(A)) O f (A). (ii)) = (i) Let A bean IFRCSin X. By
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hypothesis int(cl(f(A))) O f(A). This implies f(A) isan IFzCSin Y and hence
f(A) isan IFRGSCSin Y. Thereforef isan IFATGSCM.

Theorem 3.16 Letf: (X,7) — (Y, 0) be an IFA closed mapping and g: ¢}, -
(Z, 9) is IFATGS closed mapping, then.f: (X,7) - (Z,9) is an IFA closed
mapping. if Z is an 15T, space

Proof: Let A bean IFRCSin X. Then f(A) isan IFCSin Y. Sincegisan IFTGS
closed mapping, g(f(A)) isan IFTGSCSin Z. Therefore g(f(A)) isan IFCSin Z,
by hypothesis.Hence g.f is an IFA closed mapping.

Theorem 3.17 Letf: (X,7) — (Y, 0) be an IFA closed mapping and g : ¢}, -
(Z,n) be an IFGS closed mapping. Thenofj: (X,7) - (Z,n) is an IFAGS
closed mapping.

Proof: Let A be an IFRCSin X. Then f(A) isan IFCSin Y, by hypothesis. Since
gisan IFTGS closed mapping, g(f(A)) isan IFTGSCSin Z. Hencegof isan
IFA=GS closed mapping.

Theorem 3.18 If f : (X, 7) - (Y, 0) is an IFATGS closed mapping and Y is an
IF=gT1/2 SpPace, then f(A) is an IFGCS in Y for every IFROS X.

Proof: Letf: (X, 1) - (Y, 0) beamapping and let A be an IFRCS in X. Then by
hypothesis f(A) is an IFTGSCS in Y. Since Y is an IF=gT1, space, f(A) is an
IFGCS inY.

Theorem 3.19 Let cg@, ) be an IFP in X. A mapping f: X Y is an [FaGSOM
if for every IFOS A in X with #(c(e, §) A, there exists an IFOS B in Y with
c(a, B [7B such that (A) is IFD in B.

Proof: Let A be an IFROS in X. Then A isan IFOSin X. Let f *(c(a, B)) O A,
then there existsan IFOS B in Y such that c(a, 3) O B and cl(f (A)) = B. Since B
isan IFOS, cl(f(A)) =B isaso an IFOSin Y. Therefore int(cl(f(A))) = cl(f (A)).
Now f(A) O cl(f (A)) = int(cl(f(A))) O cl(int(int(cl(f(A)))) = cl(int(cl(f(A)))). This
implies f(A) is an IFSOS in Y and hence an IF7GSOS in Y. Thus f is an
IFAzGSOM.

Theorem 3.20 Let f: X — Y be a bijective mapping. Then the following are
equivalent.

) fis an IFAzGSOM

(i) fis an IFAzGSCM

(i)  ftis an IFAZGS continuous mapping

Proof (i) = (ii) isobviousfrom the Theorem 3.7.
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(i) = (iii) Let A O X be an IFRCS. Then by hypothesis, f(A) is an IFzGSCS in
Y. That is (f ) }(A) is an IFTGSCS in Y. This implies f * is an IFA7ZGS
continuous mapping. (iii) = (ii) Let A O X be an IFRCS. Then by hypothesis
(f ) (A) isan IFTGSCSin Y. That is f(A) is an IFGSCSin Y. Hence f is an
IFATGSCM.

Theorem 3.21 Let f: X — Y be a mapping. If f(sint(B)Y sint(f(B)) for every IFS
B in X, then fis an IFAGSOM.

Proof: Let B [ X be an IFROS. By hypothesis, f(sint(B)) O sint(f(B)). Since B is
an IFROS, it isan IFSPOS in X. Therefore sint(B) = B. Hence f(B) = f(sint(B)) O
sint(f(B)) O f(B). This implies f(B) is an IFSOS and hence an IFzGSOS in Y.
Thusf isan IFATGSOM.

Theorem 3.22 Let f: X - Y be a mapping. If scl(f(B)y f(scl(B)) for every IFS B
in X, then fis an IFAGSCM.

Proof: Let B [0 X be an IFRCS. By hypothesis, scl(f(B)) O f(scl(B)). Since B is
an IFRCS, it is an IFSCS in X. Therefore scl(B) = B. Hence f(B) = f(scl(B)) [
scl(f(B)) O f(B). Thisimpliesf(B) isan IFSCS and hence an IFTGSCSin Y. Thus
fisan IFATGSCM.

Theorem 3.23 Let f: X - Y be a mapping where Y is anTl, space. If f is an
IFAZGSCM, then f(sint(B))/ cl(int(cl(f(B))) for every IFROS B in X.

Proof: Thistheorem can be easily proved by taking complement in Theorem 3.21.

Theorem 3.24 Let f: X - Y be an IFAGSOM, where Y is an Fy, space. Then
for each IFP c§, B in Y and each IFROS B in X such that fc(e, ) 7B,
cl(f(cl(B))) isan IFSN of | A)in Y.

Proof: Let c(a, B) O Y and let B be an IFROS in X such that f *(c(e, B)) O B.
That is c(a, B) O f(B). By hypothesis, f(B) is an IFTGSOS in Y. Since Y is an
IF=T1, space, f(B) isan IFSOS in Y. Now c(a, ) O f(B) O f(cl(B)) O cl(f(cl(B))).
Hence cl(f(cl(B))) isan IFSN of c(a, B) inY.

Remark 3.251f an IFS Ain an IFTS (X7) is an IFRGSCS in X, thengscl(A) =

A. But the converse may not be true in generakesihe intersection does not
exist in IFKGSCSs.

Remark 3.26 If an IFS A in an IFTS (Xz) is an IFRGSOS in X, thengsint(A) =

A. But the converse may not be true in generatesthe union does not exist in
IFTGSOSs.
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Theorem 3.27 Let f: X - Y be a mapping. If fis an IFR&SCM, thenzgscl(f(A))
[71(cl(A)) for every IFSOS A in X.

Proof: Let A be an IFSOS in X. Then cl(A) is an IFRCS in X. By hypothesis
f(cl(A)) isan IFrGSCS in Y. Then ngscl(f(cl(A)) = f(cl(A)). Now mgscl(f(A)) O
mgscl(f(cl(A))) = f(cl(A)). That ismgscl(f(A)) O f(cl(A)).

Corollary 3.28 Let f: X - Y be a mapping. If f is an IR&SCM, therzgscl(f(A)
[71(cl(A)) for every IFGSOS A in X.

Proof: Since every IFSOS is an IFGSOS, the proof is obvious from the Theorem
3.27.

Corollary 3.29 Let f: X - Y be a mapping. If f is an IRG&SCM, therzgscl(f(A)
[7f(cl(A)) for every IFGOS A in X.

Proof: Since every IFGOS is an IFGSOS, the proof is obvious from the Theorem
3.27.

Theorem 3.30 Let f: X — Y be a mapping. If f is an IFGSCM, therzgscl(f(A))
[7f(cl(sint(A))) for every IFSOS A in X.

Proof: Let A be an IFSOS in X. Then cl(A) is an IFRCS in X. By hypothesis,
f(cl(A)) is an IFRGSCS in Y. Then mgscl(f(A)) O mgscl(f(cl(A))) = f(cl(A)) O
f(cl(sint(A))), sincesint(A) = A.
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