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ABSTRACT

In this paper we introduce new types of intuitionistic regular generalized closed set
intuitionistic generalized pre regular -closed set,intuitionistic weakly generalized closed set
intuitionistic strongly generalized semi closed set,intuitionistic weakly closed set ,intuitionistic
semi weakly generalized closed set,intuitionistic pre weakly generalized closed set,
intuitionistic regular-weakly generalized closed set,intuitionistic regular w-closed set |,
intuitionistic regular generalized a-closed set and study the relations among them .Through
the seconcepts we introduce a new class of mapping of intuitionistic generalized preregular -
closed map intuitionistic , weakly generalized closed map, intuitionistic strongly generalized
semi closed map,intuitionistic weakly closed map ,intuitionistic semi weakly generalized closed
map intuitionistic pre weakly generalized closed map, intuitionistic regular weakly generalized
closed map,intuitionistic regular w-closed map , strongly Irga-continuous ,Irga-irresolute
map, Irga-continuous map .We study and investigate some characterizations and relationships

among them.

Keywords: Intuitionistic regular generalized closed set, intuitionistic generalized pre
regular -closed set ,intuitionistic weakly generalized closed set .
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INTRODUCTION

The concept of fuzzy set wasintroducedby Zadeh[15]in his classical paper
1965.After the discovery of the fuzzy sets much attention has been paid
togeneralizethe basic concepts of classical topology in fuzzy setting and thus a
subset naturally plays a very significant role in the study of fuzzy topol ogy which was
introduced by Chang 1968 [6] ,and later by Malghan and Benchalli in 1981 [10] .
In 1983, Atanassov introduced the concept of " Intuitionistic fuzzy set”
[1].[2],[3].[4] using atype ofgeneralized fuzzy set, Later, the concept isused
to define intuitionistic fuzzy special sets byCoker [7], and intuitionistic fuzzy
topological spaces are introduced by Coker [8].In this direction,the concept
of separation axioms in intuitionistic fuzzy topological spaceswhich was
introduced byBayhan, S.and Coker,D [5] .Also concept of intuitionistic
topological spaces whichwas introduced by Coker in 2000.[ 9]
In this paper and through this concepts of (intuitionistic regular generalized ,
intuitionistic generalized pre regular -closed setintuitionistic, weakly generalized
closed set intuitionistic strongly generalizedsemi closed set intuitionistic weakly
closed set , intuitionistic semi weakly generalized closed set,intuitionistic pre weakly
generalized closed set, intuitionistic regular-weakly generalized closed
set,intuitionistic regular w-closed set and intuitionistic regular generalized o-closed
set)we introduce a new class of mappingof intuitionistic generalized preregular -
closed map intuitionistic , weakly generalized closed map, intuitionistic strongly
generalizedsemi closed map,intuitionistic weakly closed map ,intuitionistic semi
weakly generalized closed map,intuitionistic pre-weakly generalized closed map,
intuitionistic regular-weakly generalized closed map,intuitionistic regular w-closed
map , strongly Irga-continuous,Irga-irresolute map, Irga-continuous map .Also
we study and investigate some characterizations and relationship among them .
Preliminaries
Definition 1.1 [7]
Let X be anonempty set. Anintuitionistic set A isan object having the form A
=(x,A; Ay),where A; and 4, are subsets of X satisfyingA;NA4,=@. The setd,
iscalled the set of members of A, while A, iscalled the set of nonmembers of
A.



Remark

Any subset A of X can be regarded as intuitionistic set having the form A =
(x,A,A°).

Definition 1.2[7]

Let X be anonempty set,and let A=(x,A; A)and B= (x,B; B,) be
intuitionistic sets respectively, furthermore, let { 4; ;1 €J}be an arbitrary family

of intuitionistic setsin X, where 4; =(x, A”, A®¥)) , then
1) AcB ifandonlyif A; € B;and B, € A,
2) A=B ifandonlyifA<€ Band B C 4,
3) The complement of Ais denoted by A and defined by A=(x,A,, A,),
4) FA=(x, A, A7), SA=(x, 45 4A,),
5) UA=(x,uAP,nAP)  nAa;=(xn AP0 4Py,
6) ® =(x,d,X), X=(x, X, D).

Definition 1.3 [7]

Let X be anonempty set, p € X afixed element in X, and let A= (x,A; A;)
bean intuitionistic set (IS, for short).The I1Sp defined by p=(x, {p}, {p}°) is
called anintuitionistic point (IP for short) in X .The ISp =(x, @, {p}) is
called avanishing intuitionistic point ( VIP,for short)in X. The IS pis said
to be contained in A (p € A, for short) ifandonlyif p € A;, and similarly
ISp containedin A.(p € A, for short) ifandonlyifp € A, For agiven IS A
in X,we may writeA= (U {p:p € A}) U (U {p:p € A}), anwhenever A is
not a proper IS (i.e.,if A is not of the form A=(x,A;,A,) where A; U

A, #X),then A= U{p:p € A} hold. Ingeneral,any IS A in X canbe
written inthe form A= AU A where A=U {p:p € A}and A =U {p:p € A}.
Definition 1.4 [7]

Let X and Y be two nonempty sets and f: X— Y bea function.

a) If B=(y, By, By)isan ISinY, then the preimage(inverse image)of B under
f isdenoted by f~1(B) isan IS inX and defined by

f7H(B) =(x,f~1(By), f 1 (By))-

b) If A=(x,A,,4,)isan ISin X, thentheimage of A under f denoted by f(4) is
an 1S in Y defined by f(4) = (y, f(4.), f(4,)), wheref (4) = (f(Ag))C.
Definition 1.5[7],[8]

Anintuitionistic topology on anonempty set X is afamily T of an intuitionistic
sets in X satisfying the following conditions.

()P, X €T.

(2)T isclosed under finite intersections.

(3)T isclosed under arbitrary unions.

The pair (X,T) is called anintuitionistic topological space ( ITS, for short) .Any
element in T isusually called intuitionistic open set(10S, for short).
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The complement of an IOS in a ITS (X,T) is calledintuitionistic closed set
(ICS, for short).
Definition 1.6[13]

Let (X,T) be an ITS and let A=(x,A,,A,) be an intuitionistic subset

(IS’s, forshort) ina set X. The interior (IntA, forshort) and closure

(ClA, forshort) of aset Aof X aredefined:IntA=U{ G:GESA GeT},CIA=n{

F:ACF,FeT}.In other words. The IntA is the largest intuitionistic open set

contained in A, and CIA is the smallest intuitionistic closed set contain A i.e,

IntAC A and A < CIA .Inthe following definition we give a product of an

intuitionistic set and a product of an intuitionistic topological space.

Definition 1.7.[13]

Let (X,T) be an ITS and let A=(x,A;,A,) be anintuitionistic set, Aissaid to

belg-closed setif cl(A) € U whenever A< Uand U isopen setin X,

Definition 1.8.[13]

Amapf:(X, T)— (Y, y)iscalledlg-continuousif theinverseimage of everyislg-

closed set of (Y, y)for every intuitionistic closed set of (Y, y) .

Definition: 1.9.[5]

Let (X,T)be an ITSand A=(x,A,,A,) be anintuitionistic set .Then Aissaid to be
(i) intuitionistic regular open (intuitionistic regular closed ) if A= lint(Icl(A))
where (A= Icl(lint(A))).

(i) intuitionistic generalized closed (1g-closed) if Icl(A) € U whenever A< U and
U is intuitionistic open in X .
dntuitionistic regular a open (Ir a-open) if Icl(A)cU whenever AcU and U isiii)
intuitionistic regular closed in X.

intuitionistic regular semi open (Irs-open) if 1Scl(A)SU whenever AC U and U is(iv)
intuitionistic semi regular closed in X .

Section.2Some Generalized Setsin Intuitionistic Topological Spaces

In this section we introduce new types of intuitionistic regular generalized (Irg-
closed set , for short) , intuitionistic generalized preregular -closed set (I gpr-closed
set , for short) intuitionistic weakly generalized closed set (Iwg-closed set , for
short),intuitionistic strongly generalized semi closed set (Ig*-closed set , for short)
Jintuitionistic weakly closed set(Iw-closed, for short), intuitionistic semi weakly
generalized closed set( Iswg-closed, for short),intuitionistic pre weakly generalized
closed set( Ipwg-closed, for short), intuitionistic regular-weakly generalized closed
set( Irwg-closed, for short) ,intuitionistic regular w-closed set(/rw-closed, for
short), intuitionistic regular generalized a-closed set( Ir ga-closed, for short) .

Definition 2.1 let (X,T) bean ITS and let A=(x, A; A;)bean|S in Xthen Aissaid
to be:



1) intuitionistic regular generalized closed set(Irg-closed,for short) if cl (A)
CSUwhenever A €U and U isintuitionistic regular open in X.

2) intuitionistic generalized pre regular closed set(Igpr-closed, for short) if pcl (A) €
Uwhenever A €U and U isintuitionistic regular openin X.

3) intuitionistic weakly generalized closed set( Iwg-closed, for short) if clint (A) <
Uwhenever A €U and U isintuitionistic open in X.

4) intuitionistic strongly generalized semi-closed set (Ig*-closed, for short ) if cl
(A)<€U whenever A €U and U isintuitionistic g-open in X.

5) intuitionistic weakly closed set(/w-closed, for short)if cl (A) €U whenever A cU
and U isintuitionistic semi openin X.

6) intuitionistic semi weakly generalized closed set(lswg-closed, for short)ifclint (A)
< U whenever A €U and U isintuitionistic semi-open in X.

7) intuitionistic pre weakly generalized closed set( Ipwg-closed, for short), if clint (A)

< U whenever A €U and U isintuitionistic pre-openin X.

8) intuitionistic regular weakly generalized closed set(Irwg-closed, for short)if clint
(A) €U whenever A cU and U isintuitionistic regular openin X.

9) intuitionistic regular w-closed set(Irw-closed, for short)if cl (A) cU whenever A
cU and U isintuitionistic regular semi openin X.

10) intuitionistic regular generalized a-closed set( Irga-closed, for short)if acl (4)
U whenever A cU and U isintuitionistic regular a-openin X.

The complements of the above mentioned closed sets are their respective open sets.

Proposition 2.2.let (X ,T) bean ITS then the following implications are valid:
Irga-closed set ——> |rw-closed set Ig*-closed set

I g-closed set
/

Irwg-closed set <— Iwg-closed set «<—— |w-closed set

Irg-]I\osed Set | swg-closedset
| gpr -closed set | pwg-closedset

Proof.Irga-closed set —> |rw-closed set

Let F = (x,F; F,),suchthat A=(x,A; A;) €F then cl (A) cF. Snce( X, T)islrga-
closed then acl (4) c F ,where F isintuitionistic regular a-open in X. Snceevery
intuitionistic regular a-open in X isintuitionistic regular semi openin X. There fore
(X, T) islrw-closed set. The other proofs are same way. The converse of the above
Proposition 2.2.need not be true, as seen from the following examples
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Example2.3. Let X = {a, b, c} with topologyT = {X,®, A , B, C}, where A =(x, {a}, {b})
B=(x,{a,c}, @) ,C=(x,{a},d) Then (X, T) is lrw-closed setbut not/rga-closed set.
Example 2.4.LetX = {a, b, c} with topologyT = {X, @, A, B}, where A =(x, {a}, @) ,B
=(x,{a,c}, @) .Then (X, T) islrwg-closed setbut not Irw-closed set ,also Irwg-closedset
but not Iwg-closed set .

Example 2.5.LetX = {a, b} with topology T = {X, @, A, B}, where A=(x, @, {b}) ,B
=(x,{a}, @) ,and SOX={X,d,A,B,C,D}, where C =( x,{b}, @), D=( x, @, @).Then

(X, T)islg"-closed set but not Iwg-closed set .

Example 2.6.LetX = {a, b} withtopology T = {X,®, A, B}, where A=(x, @, {b}) ,B
=(x,@,{a}) ,C =(x,d,d). Then (X, T)is Ilwg-closed set but not Iw-closed set, also Then
(X, T)is lwg-closed setbut | g-closed set

Example 2.7.LetX = {a, b, ¢} with topology T = {X, @, A, B}, where A =(x, {a}, {b}) ,B
=(x,{a}, @). Then (X, T) isIrg-closed set but not Iw-closed set.

Example 2.8.LetX = {a, b} withtopology T = {X, 3, A, B, C}, where A=(x, {a}, {b}),

B =(x,{a},d) ,C=(x,d,@),and SOX={X,0,A,B,C,D}, where D=( x, {b} , @).Then
(X, T) islswg-closed setbut not Iw-closed set.

Example 2.9.LetX = {a, b} withtopology T = {X, 8, A, B, C}, where A=(x, {a}, {b})

B =(x,{a},?) ,C=(x,0,0) ,and POX={X,3,4,B,C,D, E},where D=( x, {b},3),E
=(x,@,{b}).Then (X, T) isIpwg-closed set but not | gpr -closed set .

Example 2.10.LetX = {a, b} with topology T = {X, @, A , B, C}, where A =(x, {a}, {b}) B
=(x,{b},{a, c}) ,C=(x,{a, b}, @).Then (X, T)is | g-closed set but not Iw-closed set .
Remark 2.11 .by transitive: Irga-closedset —> Irwg-closed set

Iw-closed set — = lrwg-closed set ,|w-closed set —> Irg-closed set ,
Irg-closed st —— Ipwg-closedset ,Iw-closed set ——— Igpr -closed set and

Igpr -closed set —> I g*-closed set .

Remark 2.12 .The following examples show that the Iswg-closed set and | gprclosed
set are independent.
Example 2.13.Recall Example 2.8.we seethat (X, T) is|swg-closed setbut not 1 gpr -

closed set.

Example 2.14.LetX = {a, b, c} with topology T = {X, @, A , B}, where A =(x, {a}, @),
B=(x,@,0). Then (X, T) islgpr -closed set but not |swg-closed set .

Remark 2.15.The following examples show that the Iwg-closed set and |swg-closed
set are independent.

Example 2.16.Recall Example 2.8.we seethat (X, T) islswg-closed set but no tiwg
closed set.

Example 2.17.Recall Example 2.6.we seethat (X, T) is lwg-closed set but not
Iswgclosed set .



Remark 2.18.The following examples show that the | swg-closed setand |pwg-closed

set are independent.

Example 2.19.LetX = {a, b, c} with topology T = {X,®, A, B, C}, where A =(x, {a}, {b}),B
=(x,{a}, @) ,C=(x,@,{b})and SOX={X,0,A4,B,C, D}, whereD =( x,d,d) and
POX=T .Then (X, T)islswg-closed setbut not Ipwg-closed set .

Example 2.20.Recall Example 2.9.we seethat (X, T) is Ipwg-closed set but not Iswg-
closed set.

Remark 2.21.The following examples show that the I g*-closed set and |1rw-closed
setare independent.
Example 2.22.Recall Example 2.5.we seethat (X, T) is Ig*-closed set but not Irwclosed

Set.

Example 2.23.Recall Example 2.3.we seethat (X, T) is Irw-closed setbut not/ g*-closed
set.

Note :In general topology rw-closed set ——> rg-closed set. [15]
Section.3Some Generalized Mappingsin Intuitionistic Topological

Spaces

We introduce the following definitions :

Definition 3.L.Amapf: (X, T) — (Y, y) issaid to beintuitionistic regular generalized
a-closed(briefly, Irga-closed) maps if the image of every intuitionistic closed set in
(X, T)islrga-closedin (Y, y) .

Definition 3.2.Amapf:(X, T) — (Y, y) iscalled

(i) Irga-continuous : if the inverse image of every intuitionistic closed set in set V
of(Y, y), islrga-closed set in (X, T),

(iNlrga-irresolute map: if the inverse image of every Irga-closed set in(Y, y)islrga-

closed in (X, T),

(iti)strongly Irga-continuous : if the inverse image of every Irga-open setin (Y, y) is open
in(X,T) .
Definition 3.3. Amapf:(X, T) — (Y, y) issaid to be

(i) lrw-closed: if every image islrw-closed in (Y, y) for each intuitionistic regular
semi open set of (X, T),

(i1) Iw-closed: if every imageis Iw-closed in (Y, y) for each intuitionistic closed set of
X, T),

(i) lIwg-closed: if every imageis lwg-closed in (Y, y) for each intuitionistic closed
set of (X, T),



(iv) lrwg-closed: if every imageis lrwg-closed in (Y, y) for eachintuitionisticclosed set of
X, T),
(v) Irg-closed: if every imageis Irg-closed in (Y, y) for eachintuitionistic closed set of (X,
T),
(vi) Igpr-closed: if every imageis | gpr-closed in (Y, y) for eachintuitionisticclosed
set of(X, T),
(vii) Ig*-closedif every imageis Ig*-closedin (Y, y) for eachintuitionisticg-closedset
of(X, T),
(viii)Irga-closed if every image is Irga-closedin (Y, y) for each intuitionistic regular
a-closed in (X, T),
(viiii) Iswg-closed if every imageis Iswg-closedin (Y, y) for each intuitionistic semi-
closedin (X, T),
closedin (X, T).

Propostion 3.4. Let f: (X, T)— (Y, y) beamapping, thenthe following implications are
valid:

ga-map ——>  |lrw-closed map Ig*-closedmap

e

lrwg-closed map<———— lwg-closed map<——— Iw-closed map

|

I'rg-closed map | swg-closed map
| gpr -closed map | pw g-closedmap

Proof: Irga-closed map —= |rw-closed map
The prove follows from the definitions and fact that every Irga- closedis Irw-closed .

| rw-closed map —> | gpr -closed map
The prove follows from the definitions and fact that every Irw-closed set isl gpr —closed.

lrw-closed map —— lrwg-closed map
The proof follows from the definitions and fact that every lrw-closed setis Irwg-closed

lwg-closed map——> |rwg-closed map



The proof follows from the definitions and fact that every Iwg-closedset islrwg-
closed. Iwg-closed map ——> Ig*-closed map

The proof follows from the definitions and fact that every Iwg-closedset isIg*-
closed.The other proofs are same way.

The conver se of the above Proposition 3.4.need not be true, as seen from the following
examples.

Example 3.5.LetX = {a, b, c} with topologyT = {X,®, A, B, C}, where A=(x, {a}, {b}) ,B
=(x,{a,c},d) ,C=(x,{a},B).Y = {1,2,3}withtopology y= {Y,®,D,E}, where D
=(x,{1},{2}) , E={(x,{1,2},0). Defineafunctionf: X—> Y by f(a) =1, f(b) =3,

f(c) =2.Thenf islrw-closed map because every image is Irw-closedin (Y, y) for every
intuitionistic regular semi open set of (X, T),but not/rga-closed map because for every
intuitionistic regular a-open in (X, T)thereis no image satisfylrga-closedin (Y, y) .
Example 3.6.LetX = {a, b, c} with topologyT = {X,®, A, B}, where A=(x, {a}, @) ,B
=(x,{a,c},®),Y = {1,2,3}withtopology y= {V,@,C,D}, whereC =(x,{1},{2}),
D=(x,{1,3},0). Defineafunctionby f: X— Y by f(a) =1,f(b) =3,f(c) =

2.Then f islrwg-closed map because every imageis lrwg-closed in (Y, y) for

every intuitionistic closed set of (X, T), but not Iwg-closed map because for every
intuitionistic closed set of (X, T), thereis no image satisfy Iwg-closed in (Y, y) .

Example 3.7.LetX = {a, b, c} with topologyT = {X,®, A , B}, where A=( x, 3, {b}),
B=(x,{a}, @) ,Y = {1,2,3}withtopology y= {¥,®,C,D}, where C=(x, @, {2})
D=(x,{1,2},8),30X={X,8,A,B,E,F}, whereE =( x, {b} @) , F =( x, 3, @) ,0Y
={X,8,C,D,G,H}, where G =(x,{2},@) , H=( x,d,8) Define afunction f: X— Y

by f(a) =1, f(b) = f(c) =2 .Thenf isIg*-closed map because every imageis
Ig*-closedin (Y, y) for every intuitionistic g-closed set of(X, T),but no tlwg-closed

map because for every intuitionistic closed set of (X, T),there is no image satisfy lwg-
closedin (Y, y).

Example 3.8.LetX = {a, b} withtopology T = {X,®, A, B}, where A=(x, @, {b}) ,B
=(x,0,{a}) ,C=(x,0,0),Y = {1,2,3}withtopology y= {¥,®,D ,E, F}, where D
=(x,3,{1}) .E=(x,8,{3}) ,F =(x,3,8) .Defineafunctionf: X—> Y by f(a) =1 =
f(b)2 .Then fislwg-closed set because every imageis lwg-closedin (Y, y) for every
intuitionistic closed set of (X, T), but not Iw-closed map because for every intuitionistic
closed set of (X, T), thereis no image satisfy Iw-closed in (Y, y) . Also f isnot Ig-closed
map because for every intuitionistic closed set of (X, T), thereisno image satisfy Ig-
closedin(Y,y).

Example 3.9.LetX = {a, b, c} with topology T = {X, @, A, B}, where A=(x, {a}, {b}) B
=(x,{a},¥),Y = {1,2,3}withtopology y= {V,®,C, D}, where C =(x, {3},{1}) ,D

=(x, {3}, @) .Defineafunctionf: X— Y by f(a) =3, f(b) =1,f(c) = 2.Then f islrg-
closed map because every imageis|Irg-closed in (Y, y) for every intuitionistic closed set
of (X, T), but not Iw-closed map because for every intuitionistic closed set of (X, T), there
isnoimage satisfy Iw-closed in (Y, y) .



Example 3.10.LetX = {a, b} with topology T = {X, @, A, B, C}, where A=(x, {a}, {b}) .B
=(x,{a},d) ,C=(x,0,08),and SOX={Y,B,4,B,C,D}, whereD =(x, {b},@),Y =
{1,2,3}with topology y= {¥, @, E, F}, where E =(x, {1}, {2}) ,F =(x, {1}, @), SOY
={Y,®,C ,E,F,G}where G =( x,{2},0),Definea function f: X— Y by f(a) = 1,

f(b) =2,f(c) =3 .Thenfislswg-closed map because every imageis|swg-closedin
(Y, y) for every intuitionistic semi-closed in (X, T),but not Iw-closed map because for
every intuitionistic closed set of (X, T),thereisno image satisfy Iw-closed in (Y, y) .
Example 3.11.LetX = {a, b} with topology T = {X, @, A, B, C}, where A =(x, {a}, {b}) ,B
=(x,{a}, @) ,C=(x,@,0) ,POX={X,0,A,B,C,D}, where D =( x,{b},d) E
=(x,0,{b}) Y = {1,2,3withtopology y={V,®,C, E, F}, where E =(x, {1},{2}) ,F
=(x,{1},8),POY ={Y,®,C,E ,F, G, H}, where G =( x,{2}, @) H =( x, 0, {2}) .Definea
functionf: X— Y by f(a) =1, f(b) = f(c) = 3 .Thenf islpwg-closed map because
every imageislpwg-closedin (Y, y) for every intuitionistic pre-closed in (X, T') , but not
Igpr -closed map because for every intuitionistic closed set of(X, T), thereis noimage
satisfy |gpr-closed in (Y, y) .

Example 3.12.LetX = {a, b} with topology T = {X, @, A, B}, where A =(x, {a}, {b, c}) ,B
=(x,{b,c},{a}),Y = {1,2,3}with topology y= {¥, @, C, D}, where C=(x, {1},{2,3}),D
=(x,{1,3},{2}).Defineafunctionf: X— Y by f(a) =1, f(b) = f(c) = 3.Thenfislg-
closed map because every imageisl g-closedin (Y, y) for every intuitionistic g-closed in
(X, T) , but not Iw -closed map because for every intuitionistic closed set of(X, T), thereis
no image satisfy lw-closedin (Y, y) .

Remark 3.13 .by transitive: Irga-closedmap — = lrwg-closed map,

Iw-closed map —=>1rwg-closed map ,Iw-closed map —>  Irg-closed map ,

Ir g-closed map——=> Ipwg-closedmap ,Iw-closed map —> I gpr —closed map
and lgpr -closed set —> [g*-closed set

.Remark 3.14 .The following examples show that the Iswg-closed map and 1 gpr-
closed map are independent.

Example 3.15.Recall Example3.10.we see that fis |swg-closed map because every
image islswg-closedin (Y, y) for every intuitionistic semi-open in (X, T),but not

| gpr-closed map because for every intuitionistic closed set of (X, T') thereis no image
satisfy Igpr-closed in (Y, y) .

Example 3.16.LetX = {a, b, ¢} with topology T = {X, @, A , B}, where A =(x, {a}, 3),B
=(x,d,0),Y = {1,2,3}withtopology y= {¥,®,C, D}, where C =(x, {3},{1}).D
=(x,{3},0). Defineafunctionf: X— Y by f(a) =3, f(b) = f(c) = 1.Thenfislgpr -
closed map because every imageis | gpr-closed in (Y, y) for every intuitionistic closed set
of (X, T),but not Iswg-closed map because for every intuitionistic closed set of (X, T),
thereisnoimage satisfy Igpr-closedin (Y, y) .

Remark 3.17.The following examples show that the Iwg-closed map and I swg-closed
map are independent.
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Example 3.18.Recall Example3.10.we seethat f isIswg-closed map because every
imageis Iswg-closedin (Y, y) for every intuitionistic semi-open in (X, T),but not Iwg-
closed map because for every intuitionistic closed set of (X, T),thereis no image

satisfy Iwg-closed in (Y, y) .

Example 3.19.Recall Example3.8. we seethat f is lwg-closed map because every image
islwg-closed in (Y, y) for every intuitionistic closed set of (X, T),but not Iswg-closed
map because for every intuitionistic semi-closed in(X, T),thereisno image satisfy Iswg-
closedin (Y, y) .

Remark 3.20.The following examples show that the |swg-closed map and Ipwg-
closedmap are independent.

Example 3.21.LetX = {a, b, c} with topology T = {X,®,A , B, C}, where A =(x, {a},{b}) ,B
=(x,{a},?) ,C =(x,@,{b}), SOX={X,0,A,B,C,D}, whereD =(x,@,d),POX=TY =
{1,2,3}with topology y= {¥,@,E, F,G}, where E =(x, {1},{2}) ,F =(x,{1},0),C
=(x,@,{b}), OY={V,8,A,B,C,D}, POY = TThen f is Iswg-closed map because every
imageislswg-closed in (Y, y) for every intuitionistic semi-closed in (X, T),but notlpwg-
closedmap because for every intuitionistic pre-open in(X, T),thereis no image satisfy
Ipwg-closedin (Y, y) .

Example 3.22.Recall Example3.11.we seethat f is1pwg-closedmap because every
imageis Ipwg-closedin (Y, y) for every intuitionistic pre-open in (X, T),but not Iswg-
closed map because for every intuitionistic semi-closed in(X, T),thereisno image satisfy
Iswg-closedin (Y, y) .

Remark 3.23.The following examples show that the I g*-closed map and Irw-closed

map are independent.

Example 3.24.Recall Example3.7. we seethat f is I g*-closed map because every image
islg*-closedin (Y, y) for every intuitionistic g-closed set of(X, T),but not Irw-closed map
because for every intuitionistic regular semi closed set of (X, T),thereisno image satisfy
lrw-closed in (Y, y) .

Example 3.25.Recall Example 2.3. we see that f is Irw-closed map because every
image islrw-closedin (Y, y) for every intuitionistic regular semi closed set of (X,

T),but not but not/ g*-closed because for every intuitionistic g-closed set of(X,
T),thereisno image satisfy Ig*-closedin (Y, y) .

Proposition 3.26.1f a mapping f : (X, T) — (Y, y) islrga-closed, thenlrga —

cl(f(A)) c f(cl(A)) for every subset A of (X, T) .

Proof.Suppose that f islrga-closed and A cX. Then cl(A) isintuitionistic closed in X
and so f(cl(A)) islrga -closed in (Y, y). We have f(A) < f(cl(A)),sothat Irga-
cl(f(A)) drga-cl(f(cl(A)))— (i) . Snce f(cl(A)) islrga-closed in (Y, y), so that
lrga-cl(f(cl(A))) = f(cl(A))— (ii), From (i) and (ii), we have lrga-cl(f(A)) c
f(cl(A) for every subset Aof (X, T).

Remark 3.7The converse of the above Proposition 3.25.isnot true in general as seen
from the following example.
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Example 3.28.LetX = {a, b, c} with topology T = {X, @, A , B}, where A =(x, {a}, {b}) ,B
=(x,{a},®),Y = {1,2,3}withtopology y= {¥, @, C, D}, where C =(x,{3},{1}) ,D
=(x,{3},0) .Defineafunctionf: X— Y by f(a) =3, f(b) =1,f(c) = 2. Then
lga-cl(f(A)) < f(cl(A)) for every subset A of (X, T) .But fisnot Irga- closed,
becausetherelsnot Irga-closedin (Y, y) .

Theorem 3.29.Let (X, T) and (Y, y)be two intuitionistic topological spaces where
lga-cl(A) = lw-cl(A) for every subset Aof Y andf: (X, T) — (Y, y)beamap, then
the following are equivalent.

(i) fislrga-closed map.

(i) lrga-cl(f(A)) < f(cl(A)) for every subset Aof (X, T) .

Proof.(i) =(ii) Follows from the Proposition 3.25.

(i) =(i) Let A be any intuitionistic closed set of (X, T) .Then A= cl(A) and s0 f (A)=
lrga-cl(f(A)) c f(cl(A)) by hypothesis. We have f(A) c lrga-cl(f (4))

Thereforef (A)= Irga -cl(f(A)). Also f (A)= Irga- cl(f(A))= lw-cl(f (A))by
hypothesis. That isf (4) = lw-cl(f(A)) and so f(A) islw-closed in(Y, y) . Thus f(A) is
lrga -closed set in (Y, y)and hencefis Irga -closed map .

Theorem 3.30.Amapf: (X, T) — (Y, y)islrga-closed if and only if for each subset S
of (Y, y)and each an intuitionistic open set U containingf ~1(S) cU, thereisan lrga-
open set Vof(Y, y)such that S cV andf =1 (V) cU.

Proof.Supposef islrga -closed. Let S cY and U be an intuitionistic open set of (X,

71, Ty)such that f~1(S) cU. Now X — U = ( x, U,, U, isan intuitionistic closed set in (X,
T) .Sncefislrga - closed, f(X — U)islrga-closed setin(Y,y).ThenV=Y — f(X —
Disanlrga-opensetin (Y, y). Notethat =1 (S) cU impliesS cVandf~1(V) = X -
FUf(X — U) cX— (X — U)=U.Thatisf (V) cU.

For the conversg, let F be an intuitionistic closed set of (X, T) .Then f~1(f(F)¢) cF¢
andF¢ isanintuitionistic openin (X, T) . By hypothesis, there exists an Irga-open set
Vin (Y, y)suchthat f(F)¢ cVand f~1(V) c F¢ and soF c (f ! (V)) ¢.Hence

vec f(F) c f((f~Y(V))¢) cV¢ whichimpliesf(V )cV¢. Snce V¢ islrga-
closed, f(F) islrga-closed. That is f (F)islga-closed in (Y, y)and therefore fis Irga-
closed .

Remark 3.31.The composition of twolrga-closed maps need not be an intuitionistic
closed map in general and thisis shown by the following example.

Example 3.32.Let X = {a, b, c}, with topology T = {)?, 0,A ,B},where A
=(x,{a},{b, c}) B=(x,{a}, @), Y = {1,2,3}withtopology y= {¥, 3, C,D}, where C
=(x,{3,2}, {1}), D =(x, {3}, @), Z={e, f, g}with topology 8 = {Z,@,E,F,G,H}
where E =(x, {e},{g}), F =(x,{f},0), G=(x,0,{g}), H = (x,{e, f},@).Definef : (X,
T) — (Y,y)by f(a) = 1, f(b) = 3and f(c) = 2and g : (Y, ¥)— (Z, B) by f(1) = 1(2) =
f(3)= e. Then f and g are Irga-closed maps,but their compositionge f: (X, T) — (Z,
B) isnot Irga-closed map, because K =(x, {b, c}, {a})isan intuitionistic closed in (X,
T),butg o f(F)=g ° f(K)=g(f(K)) = g(K) = (x,{f}{ghwhichisnotIrga -
closedin (Z, B) .
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Theorem 3.33.1ff: (X, T) — (Y, y)isan intuitionistic closed map and g : (Y, y)— (Z,
B) islrga-closed map, then the composition g f: (X, t) — (Z, B) islrga-closed map

Proof. Let F be any an intuitionistic closed set in (X, T) . Sncefisan intuitionistic
closed map, f(F) ishi closed setin (Y, y) .Sncegislrga-closed map, g(f(F)) is
lrga-closed setin (Z, B) . Thatisg o f (F) = g(f(F)) islrga-closedand hence

g o fislrga-closed map.

Theorem 3.34.Let (X, T) , (Z, B) be two intuitionistic topological spaces, and

(Y, y) betopological spaceswhere every Irga-closed subset is an intuitionistic closed
.Then the composition g o f :(X,T) — (Z, B) of thelrga-closed mapsf: (X, T) — (Y,
B) and g :(Y,y)— (Z,B) islrga-closed .

Proof.Let A bea anintuitionistic closed set of (X, T) .Sncefislrga-closed, f(A) is
lrga- closedin (Y, y) . Then by hypothesis, f(A4) isan intuitionistic closed . Snce
gislrga-closed, g(f(A))islrga-closedin (Z, f) and g(f(A)) = g o f(A).Therefore
g o fislrga-closed .

Theorem 3.35.1famapf: (X, T) — (Y, y) islrga-closed and A isan intuitionistic
closed of X, then f;: (A, T14,T24)— (Y, 01,0,) islrga-closed.

Proof.Let F be an intuitionistic closed set of A. Then F = AN E for some an
intuitionistic closed setE of (X, 74, 7,) and so F isan intuitionistic closed set
of(X,T).Sncefislrga-closed, f(F) islrga-closed set in (Y, y) . But f(F) = f4(F)
and therefore f, : (4,714 ,724)— (Y, 04, 0,) islrga-closed.Analogousto rga-closed
maps, we define rga-open map as follows.

Definition 3.36. Amapf: (X, T) — (Y, y) iscalled anlrga-open mapif the image f(A)
islrga-openin (Y, y) for each anintuitionistic open set Ain (X, T) .Fromthe
definitions we have the following results.

Corollary 3.37.(i)Every an intuitionistic open map is Irga-open but not conversely.
(i) Every lw-open map is Irga-open but not conversely.

(i) Every lrga-open map is Irg-open but not conversely.

(iv) Every | ga-open map is lrwg-open but not conversely.

(v) Every Irga-open map is | gpr-open but not conversely.

Theorem 3.38.For any bijection map f: (X, T) — (Y, y) ,the following statements are
equivalent:

) fF: (X, T) — (Y, y) islrga-continous.

(i) fis lrga-open map.

(iti) fislrga-closed map.

Proof.(i) =(ii) Let U be an intuitionistic open set of (X, T) . By assumption,
(F"HW)= fU) islrga-openin(Y,y) andsof islrga-open.

(i1) =(iii) Let F =(x, F,, F;)be a an intuitionistic closed set of (X, T) . Then F¢ isan
intuitionistic open set in(X, T) . By assumption, f(F¢) islrga-openin (Y, y) . That
isf(F¢) = f(F)“islrga-openin (Y, y)and therefore f (F) is Irga-closed in(Y,
v).Hence f isrga-closed.

(iii) =(i) Let F be an intuitionistic closed set of (X,T) . By assumption, f (F)islrga-
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closedin (Y, y) . But f(F) = (f~1)71(F) and therefore f ~tis an intuitionistic
continuous .

Theorem 3.39.1famap f:(X, T) — (Y, y) islrga-open, then (int(A)) clrga-

int(f (A)ffor every subset Aof (X, T) .

Proof .Letf: (X, T) — (Y, y) beanintuitionistic open map and A be any subset of (X,
T) .Then int(A) isanintuitionistic openin (X, T) and so f (int(A)) isIrga-openin

(Y, y)Wehave f (int(A)) < f(A). Thereforef (int(A)) cClrga- int(f(4)).

Remark 3.40.The conver se of the above Theorem need not be true in general as seen
from the following example..

Example3.41.Let X= {a,b},T = {X,0,A,B} where A=(x,{a},{b}) B =(x,{a}, D),
Y = {1,2}withtopology y= {¥,,C, D}, where C=(x,{2},{1}), Definea function f: X—
Ybyf(a) =2, f(b) =1.In(Y,y),lrga-int(f(A))= f(A) for every subset Aof (X, T) .
So f(int(A)) c f(A) =lrga-int(f (A)) for every subset A of X. But fis not Irga-open
map, since for the an intuitionistic open set Aof (X, T) , f(A) isnot Irga-openin (Y, y) .
Theorem 3.42.1f afunction f : (X, T) — (Y, y) islrga-open, then

fYlrga- cl(B)) < cl(f~(B)) for each subset B of (Y, y) .

Proof.Letf:(X, T) — (Y, y) beanlrga-open map and B be any subset of (Y, y)
Thenf~Y(B) c cl(f~1(B)) and cl(f~*(B)) isanintuitionistic closed set in (X, T) .

So thereexistsa Irga-closed setK of (Y, y) suchthat B ¢ K and f~1(K) c
cl(f~1(B)).Now Irga-cl(B) clrga-cl(K) =K, asKislrga-closed set of (Y, y)
Therefore f~1(Irga-cl(B))cf ™! (K)and so f~1(Irga-cl(B)) cf ~1(K) c
cl(f~1(B)).Thus f~1 (Irga-cl(B)) c cl(f~1(B)) for each subset of Bof (Y, 7).
Remark 3.43.The conver se of the above Theorem need not be true in general

as seen from the following example.

Example 3.44.Let X = {a, b, c}, with topology T = {X,8,A,B},where A

=(x,{a, b}, {c}) B=(x,{b},@),Y = {1,2,3}withtopology y={¥, 3, C,D}, where C
=(x,{3,1},4), D =(x, {3}, @). Let fbe the identity map from (X, T) to (Y,y) .In(Y,y),
lrga-cl(B) = Bfor every subset B of (Y, y) .So f "1 (Irga-cl(B)) = f~Y(B) c cl(f~*(B))
for every subset B of(Y, y) . But f isnot Irga-open map, since for the an intuitionistic open
satA=(x,{a, b}, {c})of (X, T), f(A) = f(x,{a, b}, {c}))whichisnot Irga-openin (Y, y)
\We define another new class of maps called bi rga™-closed maps which arestronger than
bi rga-closed maps.

Definition 3.45. Amap f: (X, T) — (Y, y) issaidto be lrga*-closedmapif theimage

f(A) isIrga-closedin (Y, y) for every lrga-closedset Ain (X, T) .

Theorem 3.46.Every Irga*-closed map is Irga-closed map but not conversely.

Proof.The proof follows from the definitions and fact that every an intuitionistic

closed set is Irga-closed.

The conver se of the above Theorem s not true in general as seen from the following
example.

Example 3.47.Recall Example3.41.we seethat f Irga-closedmap but not Irga*-

closed map.Since {a}isbi rga-closed set in(X, T),but itsimage under fis {a}, which

isnot bi rga-closed in(Y, y) .
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Theorem 3.48.1ff: (X, T) — (Y,y) and g : (Y,y)— (Z, B)are Irga*-
closedmaps,then their composition g o f :(X,T) — (Z, B)isalso Irga™-closed.
Proof.Let F bearga-closed setin (X, T) .Sncefislrga*®-closed map, f(F) islrga-
closed setin (Y, y) . Snce g islrga*-closed map, g(f (F)) islrga-closed setin (Z,

B) .Thereforeg o fis Irga*-closedmap.

We define another new class of maps called Irga™-open maps whichare stronger

thanlr ga-open maps.

Definition 3.49.Amapf: (X, T) — (Y, y) issaid to be Irga*-openmap if the image
f(A) isIrga-open setin (Y, y) for every Irga-open setAin (X, T) .

Remark 3.50.Snce every an intuitionistic open set is an Irga-open set, we have every
Irga™open map is Ir ga-open map. The converseis not true in general as seen from
the following example.

Example 3.51.Let X = {a, b}, with topology T = {X,0,A,B,C},where A=(x,{a},d) ,B
=(x,{b},0),C =(x,0,0),Y = {1,2,3}withtopology y={¥, @, C, D}, where D
=(x,{3},0) . Definef :(X, T) — (Y,y) by f(a) = 1, f(b) = 3. Then f is Ir ga-open mapbut
not Irga*-open map, since for the Irga-open set Bin (X, T)f (B)=f ({x, {b}, @)) =

(x, {1}, @)which is not Irga-open setin(Y, y) .

Theorem 3.52.1ff: (X, T) — (Y,y)and g : (Y,y)— (Z, B) are Irga™-open maps,

then theircomposition g o f: (X, T) — (Z, B)isalso Irga*-open.

Proof.Proof issimilar to the Theorem 3.48.
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