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1. Introduction

After the introduction of fuzzy sets by Zadeh [1],there have been a number of generalizations of this
fundamental concept. The notion of intuitionistic fuzzy sets introduced by Atanassov [2] is one among
them. Using the notion of intuitionistic fuzzy sets, Coker [3] introduced the notion of intuitionistic
fuzzy topological spaces. The notion of intuitionistic fuzzy generalized semi-pre closed mappings and
intuitionistic fuzzy almost generalized semi-pre closed mappings are introduced by R. Santhi and
D. Jayanthi [4, 5]. In this paper we introduce intuitionistic fuzzy contra generalized semi-pre open
mappings, intuitionistic fuzzy contra M-generalized semi-pre open mappings and intuitionistic fuzzy
almost contra generalized semi-pre open mappings. We investigate some of their properties. Also we
provide the relation between the intuitionistic fuzzy contra generalized semi-pre open mappings and
intuitionistic fuzzy almost contra generalized semi-pre open mappings.

2. Preliminaries
Definition 2.1 [2] An intuitionistic fuzzy set (IFS in short) A in A is an object having the form
A = {(x,/].A(X),iyA(x))Ix e X}

where the functions ;A -> [0,1] and A [0,1] denote the degree of membership (namely
pA{x)) and the degree of non-membership (namely va{x)) of each element a G A to the set A,
respectively, and 0 < /].A(X) + iyA(X) < 1for each x e X. Denote by IFS{X), the set of all intuitionistic
fuzzy sets in A.
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Definition 2.2 [2] Let A and B be IFSs of the form A = {{x,/m (x), n"*X))|]x G X} and B =
{{x,ly,s(x),ils(x)) | x € X). Then

(1) A CB ifand only ifiia{x) < and z/>i(x) < I'Bix) for all x*X
2 A=Bifandonly ifACS and BCA
(3) AN {{x,i'Aix),idA{x))\x e X}
(4) Ar\B = {{x, fiIA{X) AfiB{X),VA{X) V #b (x))|x G X}
(5) AUB = {{x,iia(x) V 1j.B{X),i'A{X) A ib{x))\x G X}
For the sake of simplicity, we shall use the notation A = [x™Ai”a) instead of A =
{xNa{x),i'a{x))\x e X).
The intuitionistic fuzzy sets 0 = {(x,0,)]x G X} and 1 = {(x,1,0)Ix G X} are respectively the
empty set and the whole set of X.

Definition 2.3 [6] The IFS c(a, P) = (x, Gq,ci_”") where a G (0,1] , /3G [0,1) and a + /? < 1 s called
an intuitionistic fuzzy point (IFF for short) in X.

Definition 2.4 [6]Two IFSs are said to be g-coincident [AQB in short) if and only if there exists an
element x G X such that ija{x) > jb (x) or iz(x) < /xs(x).

Definition 2.5 [3] An intuitionistic fuzzy topology (IFT for short) on X is a family r of IFSs in X

satisfying the following axioms.

1) 01 Gt
(2) Gin (?2 ST for any Gi, G2G r
(3) UGj GT for any family {Gi\i GJ} Cr.

In this case the pair (X, r) is called an intuitionistic fuzzy topological space (IFTS in short) and any
IFS in r is known as an intuitionistic fuzzy open set (IFOS in short) in X. The complement A™ of an
IFOS A in IFTS (X, r) is called an intuitionistic fuzzy closed set (IFCS in short) in X.

Definition 2.6 [3] Let (X, r) be an IFTS and A = {xfiAt"A) be an IFS in X. Then the intuitionistic
fuzzy interior and intuitionistic hizzy closure are defined by

Int{A) = U{G]Gis an IFOS in X and G C A},

G/(A) = n{X]|Xis an IFCS in X and A C K],

Note that for any IFS A in (X, r), we have CI{A) = [Int{A)Y and Int{A") - [CH{A)]" [6].
Definition 2.7 [7] An IFS A = (x, ha,i'a) in an IFTS (X, r) is said to be an

(1) intuitionistic fuzzy semi closed set (IFSCS in short) if Int{CI{A)) C A.
(2) intuitionistic fuzzy pre closed set (IFPCS in short) if CI{Int{A)) C A.
(3) intuitionistic fuzzy a closed set (IFaCSs in short) if CI{Int{CI{A)) C A.

The respective complements of the above IFCSs are called their respective IFOSs.

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

Definition 2.8 [8] An IFS A = (x,/T4,iZ") in an IFTS (X, r) is said to be an:

(1) intuitionistic fuzzy semi-preclosed set (IFSPCS for short) if there exists an IFPCS B such that
Int{B) CACB,

(2) intuitionistic fuzzy semi-preopen set (IFSPOS for short) if there exists an intuitionistic fuzzy
preopen set (IFPOS for short) B such that B C A C CI{B).



The family of all IFSPCSs ( respectively IFSPOSs) of an IFTS is denoted by IFSPC(X)
(respectively IFSPO(X)).

Every IFSCS (respectively IFSOS) and every IFPCS (respectively IFPOS) is an IFSPCS (respec-
tively IFSPOS). But the separate converses need not be true in general [8].

Note that an IFS A is an IFSPCS if and only if Int{CI{Int{A))) C A [9].

Definition 2.9 [9]Let A be an IFS in an IFTS (X,t). Then the intuitionistic fuzzy semi-preinterior
and intuitionistic fuzzy semi-pre closure are defined by:

spInt{A) = U{G]G is an IFSPOS in X and G C A},

spCIl{A) = n{K\K is an IFSPCS in X and A C K}.

Note that for any IFS A in (X, r), we have spCI{A?") = [spInt{A)Y and spInt{A”) = [spCI{A)Y [9].
Definition 2.10 [6] An IFS A is an:

(1) intuitionistic fuzzy regular closed set (IFRCS for short) if A = CI{Int{A)).
(2) intuitionistic fuzzy regular open set (IFROS for short) if A = Int{CI{A)).

Definition 2.11 [9JAn IFS A in an IFTS (X, r) is said to be an intuitionistic fuzzy generalized semi-
preclosed set (IFGSPCS for short) if spCI{A) C U whenever ACU and U is an IFOS in (X, r).

Every IFCS, IFSCS, IFPCS, IFRCS, IFaCS and IFSPCS is an IFGSPCS but the separate con-
verses may not be true in general [9]. The family of all IFGSPCSs of an IFTS (X, r) is denoted by
IFGSPC(X).

Definition 2.12 Let A be an IFS in an IFTS (X, r). Then the generalized semi-preinterior and the
generalized semi- preclosure of A are defined by:

gspInt{A) —U{G]G is an IFGSPCS in X and G C A},

gspCl{A) = n{K\K is an IFGSPCS in X and A C K}.

Note that for any IFS A in (X, r), we have gspCI{A") = [gspInt{A)Y and gspInt{A'?) = [gspCH{A]'
Remark 2.13 If an IFS A in an IFTS (X, r) is an IFGSPCS in X, then gspCI{A) = A. But the
converse may not be true in general, since intersection does not exist in IFGSPCSs [9].

Remark 2.14 If an IFS A in an IFTS (X,r) is an IFGSPCS in X, then gspInt{A) = A. But the
converse may not be true in general, since union does not exist in IFGSPCSs [9].

Definition 2.15 [9] The complement A" of an IFGSPCS A in an IFTS (X, r) is called an intuitionistic
fuzzy generalized semi-preopen set (IFGSPCS for short) in X.

Every IFCS, IFSCS, IFPCS, IFRCS, IFaCS and IFSPCS is an IFGSPCS but the separate con-
verses may not be true in general [9]. The family of all IFGSPCSs of an IFTS (X, r) is denoted by
IFGSPC(X).

Definition 2.16 [9] If every IFGSPCS in (X, r) is an IFSPCS in (X, t), then the space can be called
as an intuitionistic fuzzy semi- pre T1/2 space (IFSPTI/2 space for short).

Definition 2.17 [10] A map / : X -> X is called an intuitionistic fuzzy open mapping (IFCM for
short) if /(A) is an IFCS in Y for each IFCS A in X.

Definition 2.18 [f] Amap f : X is called an intuitionistic fuzzy almost generalized semi-preclosed
mapping (IFAGSPCM for short) if /(A) is an IFGSPCS in Y for each IFRCS A in X.



For any IFS A in an IFTS X, if A is an IFSPOS, then CI{A) is an IFRCS in X.

Definition 2.19 [4 A map f : X — Y s called an intuitionistic fuzzy generalized semi-preclosed
mapping (IFGSPCM for short) if f{A) is an IFGSPCS in Y for each IFGS A in X.

3. Intuitionistic fuzzy contra generalized semi-preopen mappings

In this section we introduce intuitionistic fuzzy contra generalized semi-preopen mappings. We inves-
tigate some of its properties.

Definition 3.1 A mapping f : X Y is said to be an intuitionistic fuzzy contra generalized semi-
preopen mapping (IFGGSPOM) if f{A) is an IFGSPGS in Y for every IFOS A in X.

For the sake of simplicity, we shall use the notation A = (x, (//,,, Mb), (i"a) tfe)) instead of A
{x{a/™a,b/in,) {a/i>a,h/ui))) in the following example. Similarly we shall use the notation B
{y, v,y), (b'u, i) instead of B = {y, u/li,), (u/r',, v/vy)) in the following example:

Example 3.2 Let X = {a,6}, Y — ({ti,u} and G\ = (x, (0.5q,0.4b), (0.5a, 0.6b)), G2 =
(y, (0.6,,0.7,), (0.4,,0.3,)). Thenr = {0,Gi,l} and a = {0,~22,1} are IFTs on X and Y respec-
tively. Define a mapping f : (X,t) —2{Y,a) by /(a) = u and f{b) = v. Then / is an IFGGSPOM.

Theorem 3.3 Let f : X Y he a surjective mapping. Then the following are equivalent:

(1) / is an IFGGSPOM.
(2) f{A) is an IFGSPOS in Y for every IFGS A in X.

Proof (1) (2): Let A be an IFGS in X. Then A% is an IFOS in X. By hypothesis, /(A*") is an
IFGSPCS in T. That is /(A)” is an IFGSPCS in Y. Hence /(A) is an IFGSPOS in Y.

(2)=> (1): Let A be an IFOS in X. Then A”™is an IFGS in X. By hypothesis, /(A*™) = [/(A)]" is an
IFGSPOS in T. Hence /(A) is an IFGSPCS in T. Thus / is an IFGGSPOM. ]

Theorem 3.4 For a bijective mapping f : X Y, where Y is an IFSPT]/2 space, the following are
equivalent:

(1) / is an IFGGSPOM.

(2) for every IFGS A in X, /(A) is an IFGSPOS in Y.

(3) for every IFOS B in X, f{B) is an IFGSPCS in T.

(4) for any IFGS A in X and for any IFP c{a, ft) G Y, if f~"{c{a, P))gA,then c(qa,P)gspInt{f{A)).

(5) Forany IFGS A in X and for any c(a, P) GY, if/ “Hc(a, P))gA, thenthere exists an IFGSPOS
B such that c{a,p)gB and r*{B) C A.

Proof (1) (2) and (2) (3) are obvious.

(2) = (4): Let A C X be an IFGS and let c{a,P) GY . Let f~™c{a, P))gA. Then c{a, P)qf{A). By
hypothesis, /(A) is an IFGSPOS in Y. Since Y is an IFSPT]/2 space, /(A) is an IFSPOS in Y . This
implies spInt\f{A)) = /(A). Hence c{a, P)gspInt{f{A)).

(4) ™ (2): Let A CX be an IFGS and let c(a,P) GY Let f~™c{a,P))qA. Then c{a, P)qf{A). By
hypothesis this implies c{a, P)gspInt{f{A)). That is /(A) C splInt{f{A)). But spInt{f{A)) C/(A).
Therefore /(A) = spInt{f{A)). Thus /(A) is an IFSPOS in Y and hence an IFGSPOS in X.

(4 ~ (5): Let A C X be an IFGS and let c{a,P) GY Let f-\c{a, P))gA. Then c{a,P)gf{A). By
hypothesis this implies c{a, P)gspInt{f{A)). Thus /(A) is an IFSPOS in Y and hence an IFGSPOS
inY . Let /(A) = B. Therefore c{a,P)gB and f~~{B) =/ “~(/(A)) C A.

(5) (4): Let A C X be an IFGS and let c(a,P) GY Let f~™c{a,P))gA. Then c{a, P)qf{A). By
hypothesis there exists an IFGSPOS H in X such that c{a,P)gB and f~*{B) C A. Let B —f{A). Then
c{a, P)gf{A). Since X is an IFSPT1/2 space, /(A) is an IFSPOS in X . Therefore c{a, P)gspInt{f{A)).



Theorem 3.5 Let / : X T be a bijective mapping. Suppose that one of the following properties
hold:

(1) f{CI{B)) C Int{spCI{f{B))) for each IFS B in X.

(2) Cl{spInt{f{B))) C f{Int{B)) for each IFS B in X.

(3) T~™MClI{spInt{A))) C Int{f~~{A)) for each IFS AinY.

4) f-~CI{A)) C/nt(/-i(A)) for each IFSPOS ~ in T .
Then / is an IFCGSPOM.
Proof (1) => (2) is obvious by taking the complement in (1).
(2) =>@3): Let ACY. Put B —f~"~{A) in X. This implies A C f{B) in Y . Now Cl{spInt{A)) C
Cl{spInt{f{B))) C f{Int{B)) by (2). Therefore f~~{Cl{spInt{A))) C f~~(f{Int{B))) = Int{B)
nt(/-i(A)).
(3) ™ (4): Let 5L ¢ F be an IFSPOS. Then spInt(A) = A. By hypothesis, f~"~(Cl(spInt(A)))
Int{f-~{A)). Therefore f-\CI{A)) C Int{f-~{A)).
Suppose (4) holds: Let A be an IFOS in X. Then f{A) isan IFS in Y and spInt{f{A)) is an IFSPOS
in Y . Hence by hypothesis, f~~{Cl{spInt{f{A)))) C Int{f~~{spInt{f{A)))) C Int{f~-~f{A))) C
Int{A) C A. Therefore Cl{spInt{f(A))) C f{A). Now CI{Int{f{A))) C Cl{spInt{f(A))) C f{A).
This implies f{A) is an IFPCS in Y and hence an IFGSPCS in Y . Thus / is an IFCGSPOM. |

(@]

Theorem 3.6 Let f : X Y he a surjective map. Suppose that one of the following properties hold

1) f~™spCl{A)) C Int{f~~{A)) for each IFS A in Y.
(2) spCI{f{B)) C f(Int{B)) for each IFS B in X.
(3) f{CI{B)) C spInt{f{B)) for each IFS B in X.

Then / is an IFCGSPOM.

Proof (1) = (2): Let B C X. Then f{B) is an IFS in Y. By hypothesis, f~*{spCI{f{B))) C
Int{f-~{f{B))) C Int{B). Now spCI{f{B)) C f{f-~{spCIlif{B)))) C f{Int{B)).

(2) = (3): is obvious by taking complement in (2).

Suppose (3) holds: Let A be an IFCS in X. Then CI{A) — A and f{A) is an IFS in Y . Now
f(A) = f{CI{A)) C spInt{f{A)) C f{A), by hypothesis. This implies f{A) is an IFSPOS in Y and
hence an IFGSPOS in Y. Thus / is an IFCGSPOM by Theorem 3.3. ]

Theorem 3.7 Let f : X ~ Y he a bijective mapping. Then / is an IFCGSPOM if CI{f~~{A)) C
f~~{spInt{A)) for every IFS A in Y.

Proof Let A be an IFCS in X. Then CI{A) = A and f{A) is an IFS in Y. By hypothesis
Clif~~{f{A))) C f~~{splInt{f{A))). Since / is one to one f~"{fiA)) = A. Therefore A —CI{A) =
CK/*H/U))) ~ f~splInt(f{A))). Now f{A) C f{f-~[spInt{f{A))) = spInt{f{A)) C f{A). Hence
f{A) is an IFSPOS in Y and hence an IFGSPOS in Y. Thus / is an IFCGSPOM by Theorem 3.3. m
Theorem 3.8 If / : X — F is a surjective IFCGSPOM, where F is an IFSPT1/2 space, then the
following conditions hold:

(1) spCI{f{B)) C f{Int{spCI{B))) for every IFOS B in X.

(2) f{Cl{spInt{B))) C spInt{f{B)) for every IFCS B in X.
Proof (1) Let B C X be an IFOS. Then Int{B) = B. By hypothesis f{B) is an IFGSPCS in F . Since
F is an IFSPTi/2 space, /(B) is an IFSPCS in F. This implies spCI[f{B)) = /(B) = /(/nt(B)) C
f{Int{spCI{B))).
(2) can be proved easily by taking complement in (1). ]

Theorem 3.9 Let / : X — F be a one-to-one mapping where F is an IFSPTi/2 space. Then the
following are equivalent:



() / isan IFCGSPOM.

(2) for each IFP c(o;, P) G.Y and for each IFCS B containing f~"{c{a, P)), there exists an IFSPOS
A CY and c(a, (3 £ A such that A C f{B).

(3) foreach IFP c(a, P) E.Y and for each IFCS B containing /3)), there exists an IFSPOS
ACY and c{a,P) € A such that f~~{A) C B.

Proof (1) (2): Let B be an IFCS in X. Let c(a,/3) be an IFP in Y such that f~™{c{a, P)) G B.
Then cia.p) Gf(B). By hypothesis f(B) is an IFCSPOS in Y. Since Y is an IFSPT]JZ space, f{B)
is an IFSPOS in V. Now /= splInt{f{B)) C f(B).

@) (3): Let B be an IFCS in X. Let c{a,P) be an IFP in Y such that f~"{c{a,P)) G B. Then
c{a,P) Gf{B). By hypothesis f{B) is an IFCSPOS in Y. Since Y is an IFSPT1/2 space, f{B) is an
IFSPOS in F and A C f{B). This implies f~\A) C/-~(/(B)) C B.

(©)) (1); Let B be any IFCS in X and let c{o,P) G Y. Let P)) G B. By hypothesis
there exists an IFSPOS A in F such that ¢c{n,P) GA and f~~{A) C B. This implies c{a,P) £ A C
f{f~~{A)) C f{B). That is c{a,p) £ f{B). Since A is an IFSPOS, A —spInt{A) C spInt{f{B)).
Therefore c{a,P) £ spInt{f{B)). But f{B) = Uc{a,P) £ f{B)c{a,P) C spInt{f{B)) C f{B). Hence
f{B) is an IFSPOS in F and hence an IFCSPOS in F. Thus / is an IFCGSPOM. [

Theorem 3.10 A mapping / : X F is an IFCGSPOM if f{spCI{B)) C Int{f{B)) for every IFS B
in A.

Proof Let B C A be an IFCS. Then CI{B) = B. Since every IFCS is an IFSPCS, spCI{B) =
Now by hypothesis, /(B) = f (spCliB)) C IntifiB)) C /(B). This implies /(B) is an IFOS in F .
Therefore /(B) is an IFCSPOS in F. Hence / is an IFCGSPOM. ]

Theorem 3.11 A mapping / : A —F is an IFCGSPOM, where F is an IFSPTi/2 space if and only if
f{spCI{B)) C spInt{f{CI{B))) for every IFS B in A.

Proof Necessity: Let B C A be an IFS. Then CI{B) is an IFCS in A. By hypothesis f{CI{B)) is an
IFCSPOS in F. Since F is an IFSPTi/2 space, f{CI{B)) is an IFSPOS in F. Therefore f{spCI{B)) C
f{CI{B)) = spInt{f{CI{B)))-

Sufficiency: Let B C A be an IFCS. Then CI{B) = B. By hypothesis, f{spCI{B)) C
spInt{f{CI{B))) = spInt{f{B)). Now /(B) C f{spCI{B)) C spInt{f{B) C /(B). This implies
/(B) is an IFSPOS in F and hence an IFCSPOS in F . Hence / is an IFCGSPOM. ]

Theorem 3.12 An IFOM / : A ~ F is an IFCGSPOM if IFGSPO{Y) = IFGSPCfY).

Proof Let A C A be an IFOS. By hypothesis, f{A) is an IFOS in F and hence is an IFCSPOS in F
. Thus f{A) is an IFGSPCS in F. Therefore / is an IFCGSPOM. ]

Definition 3.13 A mapping / : A —=F is said to be an intuitionistic fuzzy almost contra generalized

semi-pre open mapping (IFaCGSPOM for short) if f{A) is an IFGSPCS in F for every IFROS A in
A.

Theorem 3.14 Every IFCGSPOM is an IFaCGSPOM but not conversely.

Proof Let/ : A ™~ F be an IFCGSPOM. Let A C A be an IFROS. Then A is an IFOS in A . By
hypothesis, /(A) is an IFGSPCS in F . Hence / is an IFaCGSPOM. ]

Example 3.15 Let A = {a,5}, F = {w,u} and G\ = (x, (0.5a,0.4"),(0.5,,0.6;)), C2 =
(x, (0.8a, O.TY), (0.2a,0.3f¢)), Gi = (y, (0.9,,0.8,), (0.1,,0.2,)) and G4 = (y, (0.6,,0.7,), (0.4,, 0.3,)).
Thenr = {6,Gi,G2,1} and o= {0,G3,G4,1} are IFTs on A and F respectively. Dehne a mapping
[ :(A,r) = (F, () by /(a) = u and f{b) = v. Then / is an IFaCGSPOM but not an IFCGSPOM,
since /(G 2) = {y, (0.8,,0.7,), (0.2,,0.3,)) C G3but spGI{f{G2)) = 12 G3, is not an IFGSPCS in F

Theorem 3.16 If / : A — F is a mapping, where F is an IFSPTL1/2 space, then the following are
equivalent:



(1) / is an IFaCGSPOM.

(2) f{A) ¢ IFGSPO{Y) for every A € IFRC{X).

(3) for each IFP c{a,P) GY and for each IFRCS Am. X containing there exists an
IFGSPOS B iny containing c{a,j3) such that CA

4) f{Int{CI{G))) GIFGSPG{Y) for every IFOS GCX.

(6) f{Cl{Int{H))) GIFGSPO{Y) for every IFCS HC X.

Proof (1) (2): is obvious.

(2) =>(3): Letc(a,”) GY and let A C X be any IFRCS. Let f~"™{c{a,P)) GA. Then c(a,/3) Gf(A).
By hypothesis f(A) is an IFGSPOS in Y. Let B = f{A). Then f~~B) = f~~f{A)) C A

(3 ™~ (2): Let C X be an IFRCS. Let c¢{a,0) GY and /3) G A. Then c{a,P) Gf{A).
By hypothesis there exists an IFGSPOS B in T and hence an IFSPOS in Y, since Y is an IFSPT1/2
space, such that c{a,0) GB and /~*(B) C A. Therefore c{a,/3) QB C f{A). This implies f{A) =
~c(a,S)ef{A)B- Since each of B is an IFSPOS, f{A) is also an IFSPOS and hence an IFGSPOS in Y.

(1) => (4): Let G be any IFOS in X. Then Int{CI{G)) is an IFROS in X . By hypothesis, f{Int{CI{G)))
is an IFGSPCS in F. Hence f{Int{CI{G))) GIFGSPC{Y).

(5) (1): Let A be any IFROS in X. Then A is an IFOS in X. By hypothesis, f{Int{CI{A))) G
IFGSPC{Y). That is f{A) GIFGSPC{Y), since Int{CI{A)) = A. Hence / is an IFaCGSPOM.

2) ™ (5): is similar as (1) (4). ]

Definition 3.17 A mapping f : X -A Y is said to be an intuitionistic fuzzy contra M-generalized
semi-preopen mapping (IFCMGSPOM) if /(A)is an IFGSPCS in Y for every IFGSPOS A in X .

Example 3.18 Let X = {a,b}, Y = {n,u} andG\ = (x, (0.5a,0.6(,), (0.5,,0.47"), G2 =
(y, (0.2,,0.3t), (0.8u,0.7,)). Thenr = {0,Gi,l} and a = {0,G2,1} are IFTs on X and Y  respec
tively. Define a mapping / : (A, r) —(Y, a) by f(a) = uand f{b) = v. Then / is an IFCMGSPOM.

Theorem 3.19 Let / : A —=F be a surjective mapping. Then the following are equivalent:

(1) / is an IFCMGSPOM.
(2) f{A) is an IFGSPOS in F for every IFGSPCS A in A .

Proof (1) = (2): Let A be an IFGSPCS in A. Then is an IFGSPOS in A. By hypothesis, f{A")
is an IFGSPCS in F. That is f{AY is an IFGSPCS in F . Hence /(A) is an IFGSPOS in F .

@=4> (1): Let A be an IFGSPOS in A . Then A"isan IFGSPCS in A. By hypothesis, /(A*") = [/(A]™
is an IFGSPOS in F. Hence /(A) is an IFGSPCS in F. Thus / is an IFCMGSPOM. ]

Theorem 3.20 Every IFCMGSPOM is an IFCGSPOM but not conversely.

Proof Let/ : A -> F be an IFCMGSPOM. Let A C A be an IFOS. Then A is an IFGSPOS in A.
By hypothesis, /(A) is an IFGSPCS inF.Hence / is an IFCGSPOM. ]

Example 321 Let A = {a,b}, Y = {n,u} and G\ = (x, (0.5a,0.4(,), (0.5a,0.6;)), G2 —
(y, (0.6,,0.7,),(0.4,,0.3,)) and G3 = (y, (0.4,,0.7a), (0.6,,0.3,)). Then r = {0,Gi,l} and a =
{0, G2,G3, 1} are IFTs on A and F respectively. Define a mapping / : (A, r) -A (F, cr) by f{a) = uand
f{p) = V. Then/ is an IFCGSPOM but not an IFCMGSPOM, since A = (x, (0.5a, 0.7(,), (0.5a, 0.36)) is
an IFGSPOS in A but /(A) = (y, (0.5,,0.7a), (0.5,,0.37)) is not an IFGSPCS in F , since /(A) C Gi

but spGI{f{A)) = i 2 GV}-
Theorem 3.22 Every IFCMGSPOM is an IFaCGSPOM but not conversely.

Proof Let/ : A -> F be an IFCMGSPOM. Let A C A be an IFROS. Then A is an IFGSPOS in A
. By hypothesis, /(A) is an IFGSPCS in F. Hence / is an IFCMGSPOM. ]

Example 3.23 In Example 3.21, / is an IFaCGSPOM but not an IFCMGSPOM.



The relation between various types of intuitionistic fuzzy contra openness is given in the following
diagram.

IFCGSPOM ~ IFaCGSPOM

IFCMGSPOM

The reverse implications are not true in general in the above diagram.
Theorem 3.24

@) 1t/ :X F isan IFOM and p : F Z be an IFCGSPOM, then 50/ is an IFCGSPOM.

@ 1t/ : X ™~ F is an IFCGSPOM and 5 : F ~ Z be an IFMGSPCM, then 50/ is an
IFCGSPOM.

@3 If/ : X F be an IFGSPOM and ? : F ~ Z be an IFCMGSPOM, then 50/ is an
IFCGSPOM.

4) If/ :X ->F be an IFCGSPOM and 5 :F -> Z is an IFCMGSPOM, then gof mX ™ Z is
an IFGSPCM.

B) If/ X F be an IFaCGSPOM and p : F ™ Z is an IFCMGSPOM, thengof mX ™ Z is
an IFaGSPOM.

Proof (1) Let A be an IFOS in X. Then f(A) is an IFOS in F. Therefore g(f(A)) is an IFGSPCS in
Z. Hence 30/ is an IFCGSPOM.

(2) Let A be an IFOS in X. Then f(A) is an IFGSPCS in F. Therefore g(f(A)) is an IFGSPCS in
Z. Hence 50/ is an IFCGSPOM.

(3) Let A be an IFOS in X. Then f(A) is an IFGSPOS in F. Therefore g(f(A)) is an IFGSPCS in
Z. Hence 90/ is an IFCGSPOM.

(4) Let A be an IFOS in X. Then f(A)is an IFGSPCS in F, since f is an IFCGSPOM. Since f is an
IFCMGSPOM, g(f(A)) is an IFGSPOS in Z, by Theorem 3.20. Therefore go/ is an IFGSPOM.

(5) Let A be an IFROS in X. Then f(A)is an IFGSPCS in F, since f is an IFaCGSPOM. Since g is
an IFCMGSPOM, g(f(A)) is an IFGSPOS in Z. Therefore po/ is an IFaGSPOM. |

Theorem 3.25 If/ : X ~ F is an IFCMGSPOM, then for any IFGSPCS X in X and for any IFP
c(a,/3) € F, if f~"(c(a,/3))gA, then c{a,P)q gspInt{f{A)).

Proof Let » C X be an IFGSPCS and let c{a,P) € F. Let f~"{c{a,/3))gA. Then c{a, 13)gf{A). By hy-
pothesis, f{A) is an IFGSPOS in F. This implies gspInt{f{A)) = f{A). Hence c(o:, P)q gspInt{f{A)).
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