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In this paper ,we introduce and study the concept of Regular and Weak Regular
in intuitionistic topological spaces ,we find the relations among of the kinds of
Regular space in intuitionistic topological spaces and the relation between of kinds
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of Weak Regular and the last , the relation between of themselves.

Introduction:

The concept of fuzzy set was introduced by
Zadeh (1965) in his classical paper . A fuzzy set A in
Xis a function from X to unit interval [0,1] . For any x
in X the number A(X) is called the membership degree
of X in A.

After the discovery of the fuzzy subset , much
attention has been paid to generalize the basic concept
of classical topology in fuzzy setting and thus a
modern theory of fuzzy topology has been developed
.The nation of fuzzy subset naturally plays a very
significant role in the study of fuzzy topology which
was introduced by Chang C.L. in (1968) also Bayhan
and Coker in (1996).

In 1983, Atanassov introduced the concept of
"Intuitionistic fuzzy set" and Atanassov (1984) and
(1986) using a type of generalized fuzzy set Coker
(1997) , while a fuzzy set gives a degree of
membership of an element in a given set ,intuitionistic
fuzzy sets give both degree of membership and a non-
membership .Both degrees belong to the interval [0,1]
, and their sum should not exceed 1, formally an
intuitionistic fuzzy set A in X was defined as an object
of the form A={(x, s (x), ya(x): x € X)} , where p (x)
is called the degree of membership of x in A and
va(x) the degree of non-membership of x in A,
and 0 < pa(x)+ya(x) <1, for each xe X . Coker
(1997)

After introducing the concept of fuzzy sets by Zadeh
(1965) ,several researchers were conducted on
generalizations of notion of fuzzy set , and after the
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idea of intuitionistic fuzzy set which the first published
by Krassimir Atanassov (1988) , also Atanassov with
Stoeva (1983) , many works appeared in the literature
.Later , the concept is used to define intuitionistic
fuzzy special sets by Coker (1996) , and intuitionistic
fuzzy topological spaces are introduced by Coker
(2000) , and Malghan ,R.S. with Benchalli,S.S. (1981)
, also Fora A.A(1989) in "Separation axioms for fuzzy
spaces" and separation axioms in intuitionistic fuzzy
topological spaces by Bayhan ,S. and Coker, D.
(1996), (2003) .In this direction , some preliminary
concepts are also defined by Coker (1997)
Additionally , Coker,D. and Demiric ,M.(1995)
defined fuzzy point , and Coker (1996) generalized
intuitionistic points .

Bayhan and Coker (2001) "On separation axioms in
ituitionistic topological spaces" and Abdullah (2007)
introduced "Weak form for separation axioms in
intuitionistic topological spaces" and Yaseen (2008)
introduced another generalization of separation axioms
also Mousa (2009) introduced more generalization on
some separation axioms in ituitionistic topological
spaces .

In this paper we introduced and study the concept
of regular and weak regular in intuitionistic
topological spaces , and study the relations of them
with proved and given counter examples.

Preliminaries
Definition 2.1 [7] :

Let X be a non-empty set. An intuitionistic set A in
X is an object having the form A=(x, A;, A,) where A;
and A, are subsets of X satisfying the condition
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Ai1NA=0. The set A; is called the set of member of A,
while A; is called the set of non-member of A.

Definition 2.2 [7]:

Let X a non-empty set, and let A=(x,A;,A,) and
B=(x,B;,B,) be two intuitionistic sets,furthermore
let{A;,i € I} be an arbitrary family of intuitionistic sets
in X, where A; = (x, Agl),Agz)) .Then
1- AcBifandonlyifA; € B, and A, 2 B,.

2- A=Bifandonly if AC B and BC A.

3- The complement of an intuitionistic set A in X is
denoted by A and defined by A=(x, A,,A,).

4- FA=(x,A1,AT), SA=(x, A%, A,).

5 UA=(xUAD,N AP nA=xn AN uAP),

6- B=(x,0,X),X=(x,X,0).

7- @ =(x,0,AcX).

Definition 2.3 [7]:

Let X be a non-empty set , peX be a fixed element
in X, and let A=(x, A, A,) be an intuitionistic set (IS,
for short ) . The intuitionistic point p in X (IP, for
short ) is an intuitionistic set defined by
p=(x, {p}, {p}©) .The vanishing intuitionistic point p in
X (VIP , for short ) in an intuitionistic set defined by
p=(x, 8, {p}°).

The IS p is said to be contained in A (p €A, for
short ) if and only if p€ A;. And similarly p contained
in A (p €A, for short ) if and only if pe A,.For a
given IS A'in X, we may write A=(U {p:p € A} U (U
{P:p € A}) , and whenever A is not a proper IS (i.e. if
A is not of the form A=(x,A;,A,) where A; UA, # X
) ,then A=U {p: p € A} hold.

In general ,any IS A in X can be written in the form
A=AUA where A=U{p:peA} and A=U{p:P €
A}

Definition 2.4 [11] :

Let X and Y be two nonempty sets and f:X-Y be

a function :

a) If B =(x,B;,By) is an IS in Y . Then the
preimage of B under f is denoted by f=1(B) is
an IS in X and defined by f~1(B)=
(x,£71(B1), f71(By)) .

b) If A=(x,A,A,)isan IS in X . Then the image of
A under f denoted by f(A)=(y,f(A;),f(A}))
,where
£(A) = (f(A$))° .
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Definition 2.5 [12] :

An intuitionistic topology on a nonempty set X is a
family T of an intuitionistic sets in X satisfying the
following conditions :

1) @, XeT.

2) T is closed under finite intersections.

3) Tis closed under arbitrary unions.

The pair (X, T) is called an intuitionistic
topological space (ITS, for short) .Any element in T is
usually called intuitionistic open set (10S, for short).

The complement of an IOS ina ITS (X,T) is called
intuitionistic closed set (ICS, for short) .

Definition 2.6 [7] :
Let (X,T) be an ITS . Then:
T0,1:{FG :G=(x,Gy,Gy) €T}
To, ={SG:G =(x,G1,G,) € T} , are intuitionistic
topologies on X . Furthermore
T* ={G;:G =(x,G4,G,) € T},
T = {GS: G = (x,G4,G,) € T}, are topologies on X.
Next, we give the definition of interior and closure
of ISAINITS (X,T).

Definition 2.7 [11] :

Let (X,T) be ITS and let A=(x,A;,A,) be an
intuitionistic subset (IS's ,for short) in a set X. The
interior (IntA ,for short) and closure (CIA ,for short)
of a set A of X are defined:

IntA=U {G:G € A,G € T},
CIA=N{F:AC F,Fe T}

In other words The IntA is the largest
intuitionistic open set contained in A, and CIA is the
smallest intuitionistic closed set contained A . i.e. ,
IntACA and AcCIA .

$3-Regular space in intuitionistic topological
spaces :

Now, we introduce new definition of regular space
in intuitionistic topological spaces.

Definition 3.1:
Let X be a non-empty set and T is an intuitionistic

topology . Then (X,T) is said to be:

1- R(i) if for each x¢ X and FEX F is an
intuitionistic closed set and X ¢ F, then there exist
UVE TsuchthatkeU,FcVandUnV =0
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2- R(it) if for each xe X and FESX , F is an
intuitionistic closed set and X &F , then there exist
U,V €T such that ¥ €U, FCV and UnV=0

3- R(iii) if for each xeX and FESX , F is an
intuitionistic closed set and X ¢F , then there exist
U,VET such that % €U, FEV and US V

4- R(iv) if for each xeX and FESX , F is an
intuitionistic closed set and X &F , then there exist
U,VET such that X €U , FEV and US V.

In the following , we give the relation of the
different kinds of R(k) where ke {i, i, iii, iv}, which
appears in definition 3.1 .

Theorem 3.2:

Let (X,T) be an intuitionistic topological space .
Then the following implication are valid and the
converse is not true in general :

R(ii) E— R(i)
R(iv) R(iii)
Proof :
R(i)—R(ii)

Let (X,T) be satisfies R(i) if for each xeX and
FceX, Fis an intuitionistic closed set and ¥ ¢F . Then
there exist U,VET such that ¥ eU ,FSV and UnV=@
X eU=xeU; and since U=(x, U;,U,) and U; N U, =
@ that's implies x¢ U, @ ¥€Uand FEV,UNV =
@ therefore (X, T) is satisfies R(ii)

R(iii)—R(iv)

Let (X,T) is satisfies R(iii) if for each xe X,F € X
JFis ICS and ¥ & F . Then there exists U,V€ T such
that¥ € U,F €V and US V
XeU ©xeU, and , since U=(x,U,,U,) and U; N
U, = ¢ that's impliesx¢ U, @ ¥ € Uand FEV ,U €
V therefore (X,T) is satisfies R(iv)

R(i)—R(iii)

Let (X,T) is satisfies R(i) if for each xe X ,F
X FisICSand X ¢ F. Then there exists U,V& T such
that¥ €U, FSVand UNV =0
FeU=>x¢V,sinceUNV =0
that's implies ¥ € V ,therefore US V
therefore (X, T) is satisfies R(iii)

R(ii)—R(iv)

Let (X,T) is satisfies R(ii)if for each xeX , FE€ X ,
Fis ICS and ¥ € F. Then there exists U,VET such
that¥ e U, FSVandUnV =@
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feU=%e¢V, sinceuUnV =09
That's implies X¥ € V , therefore UC V
Therefore (X, T) is satisfies R(iv)
Now , we give the examples to the reverse
implications of theorem 3.2.

Example 3.3 :
R(ii)»R(i)

Let X={a,b,c},T={0,X A B B,A} where
A=(x,{a, b},{c}) B=(x,®,{a,b}) For each ae

X ,a ¢ F. Then there exist U,V such that U=A and
V=AandUnV =@

GEAGEACA,ANA=0
beA,b¢B<B,ANB=0
E€eC,EgACACNA=D

Therefore (X,T) is satisfies R(ii)
Buté€A,gB<SB,ANB#

Therefore (X,T) is not satisfies R(i)

Example 3.4 :
R(iii)»R(i)

Let X={a,b,c} ,
A=(x,{a, b}, ®)

For each ae X ,d ¢ F. Then there exists U,V such
that U=Aand V=Aand UnV = @
GEAdGEACAACA

beA,bgAcA,AcA

Therefore (X,T) is satisfies R(iii)

Buta€A,ia¢A CAANA+D

Therefore (X,T) is not satisfies R(i)

Example 3.5:

1. R(iv)»R(iii)

Let X={a,b,c},T ={0,X,A,B, A} where
A=(x,{a}, ), B=(x,{a,c},®) , for each ac X ,a ¢ F.
Then there exists U,V such that U=A and V=4 and
unv =9
GeEAGeACAACA
E€eA,C¢BCAACA
Therefore (X,T) is satisfies R(iv)

Buté e B,é¢BCA,BEZA
Therefore (X,T) is not satisfies R(iii)
2. R(iv)-»R(ii)

Recall example 3.5 and when (X,T) satisfies R(iv) ,
then (X,T) is not satisfies R(ii) ,because , d€
AGeACA,ANA+D.

In this theorem , we give the condition to get the
new theorem difficult of the theorem 3.2 (this theorem
3.6 is a weak of theorem 3.2) .

T={0,X,4,A}  where
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Theorem 3.6 :
Let (X,T) be an ITS , and for each A=(x, 44, 4,)
and A, UA, =X . Then:

1- R(i)eR(ii)
2- R(ii)eR(iv)
3- R(iii)eR(iv)
4- R(i)eR(iii)
Proof :
1- R(i)eR(ii)

We were proving R(i)=R(ii) , now we want to
prove R(ii)=R(i) , let (X,T) is satisfies R(ii) if for
each x€e X,F S X , Fis ICS and ¥ & F there exists
UVE Tsuchthat¥ € U,F S VandUnV =@,
YeUex¢lU, =>x€U, , since UyulU, =X ,
then if xe U, then ¥ € U (by the relationX¥ € U & x €
Uy)

Therefore (X, T) is satisfies R(i).
2- R(i)eR(iv)

We were proving R(ii)=R(iv) , now we want
prove R(iv)=R(ii) , let (X,T) is satisfies R(iv) if for
each xe X ,FC X , Fis ICS and ¥ ¢ F there exists
UVe TsuchthatX € U,F <V and UC V.
¥€U = ¥ €Vand that's mean xg¢V, =x€V, ,
since V; UV, = X , therefore ¥ ¢ VV that's implies Un
V=20.

Therefore (X,T) is satisfies R(ii).
3-R(iii)=R(iv)

We were proving R(iii)=R(iv) , now we want to
prove R(iv)=R(iii) , let (X,T) is satisfies R(iv)if for
each x€e X,F S X , Fis ICS and ¥ ¢ F there exists
U,VE T suchthat¥ € U,F €V and UC V.

From (1) and (2) we can say (¥ € U = % € U and UC
V=UnV=0),therefore (X,T) is satisfies R(iii).
4-R(i)=R(iii)

We were proving R(i)=R(iii)
prove R(iii)=R(i) in a similar way.
Weak Regular space in intuitionistic topological
spaces :

Now, we introduce new definition of weak regular
space in intuitionistic topological spaces.

Definition 4.1 :

Let X be anon-empty set, and T be an IT . Then (X,T)
is said to be :

1- wR(i) if foreachxe X ,FC X ,FisICSand X ¢

F there exists UVET such that xe U, FcV

andUnV =9.

, now we want to
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2- WwR(ii) if for each xe X ,F < X , F is ICS and
X & F there exists UVE T such that ¥ € U ,F <
VandUnV =0.

In the last , we give the relation of the different
kinds of wR(k) where ke {i,ii,} and kind of R(K)
where ke {i, ii,} , which appears in definition 4.1 and
definition 3.1 .

Theorem 4.2 :

Let (X,T) be an ITS . Then the following
implications are valid and the converse is not true in
general :

WR(ii)) ———»  WR(i)

Proof :

R(iiT R(i)T
WR(i)—WR(ii)

_
Let (X,T) is satisfies wR(i) if foreachxe X ,F € X

,FisICS and ¥ ¢ F. Then there exists U,VE T such

that¥ e U,F S VandUNV =@

And since ¥ € U = ¥ € U from the above prove of

theorem 3.2

R(i)—wR(i)

Let (X,T) is satisfies R(i) if foreachxe X ,F € X ,
Fis ICS and ¥ ¢ F. Then there exists U,VE T such
that ¥ € U,F S VandUnV =0andsince@ <@
thus @ = @.

Therefore (X,T) is satisfies wR(i)

In a similar way we can prove R(ii)—wR(ii).

The reserve implication in theorem 4.2 are not true
in general , the following counter example show the
cases.

Example 4.3 :
wR(i)-»R(i)

Let X={a,b,c},T ={0,X,A, B, B} where
A=(x,{c},{a,b}) , B=(x,{a,b},@) , for each a€e
X,d & F. Then there exists U,V such that U=B and
V=BandUnV =9
i€B,i¢BCSB,BNB=90

beB,b¢B<SB,BNB=9
CEA,TZACSB,ANB=90,
Therefore , (X,T) is satisfies wR(i).
Buti€B,i¢BSB,BNB=J,
Therefore , (X,T) is not satisfies R(i).
Example 4.4 :

1. wR(ii)»R(ii)
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Let X={a,b,c}, T ={8,X A B,C} where
A=(x,{a},{c}), B=(x,{b,c},{a}) , C=(x,0,{a,c}) , for
each a€ X,3 ¢ F. Then there exists U,V such that
U=Aand V=BandUnV =@

5€eA,5¢ACB,ANB=0

beC,bgBcA,CNA=9
¢eB,¢BCSA,BNA=0,
Therefore , (X,T) is satisfies wR(ii) .
Buti€A,i¢ACB,ANB =%,
Therefore , (X,T) is not satisfies R(ii) .
2. WR(ii)-»WR(i)

Recall example 4.4 and when (X, T) satisfies wR(ii)
, then (X,T) is not satisfies WR(i), because , b€
B,bgAcB,BNB+0.
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