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Abstract - In this paper we introduce completely normal in intuitionistic topological spaces and study the relation among them .Also
we introduce a weak completely normal in intuitionistic topological spaces and study the relation among them . Finally we study the
relation between completely normal and weak completely normal in intuitionistic topological spaces .
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1- INTRODUCTION

he concept of fuzzy set was introduced by Zadeh
T[lS] in his classical paper 1965. After the discovery

of the fuzzy sets much attention has been paid to
generalize the basic concepts of classical topology in fuzzy
setting and thus a subset naturally plays a very significant
role in the study of fuzzy topology which 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 a type of
generalized fuzzy set, Later, the concept is used to
define intuitionistic fuzzy special sets by Coker [7], and
intuitionistic fuzzy topological spaces are introduced by
Coker [8]. In this direction, the concept of separation
axioms in intuitionistic fuzzy topological spaces which
introduced by Bayhan, S.and Coker, D [5]. Also
concept of intuitionistic topological spaces which
introduced by Coker in 2000 [9] .In this paper we
introduce completely normal in intuitionistic topological
spaces and study the relation among them .Also we
introduce a weak completely normal in intuitionistic
topological spaces and study the relation among them
Finally we study the relation between completely normal
and weak completely normal in intuitionistic topological
spaces .

PRELIMINARIES

Definition 1.1 [7]

Let X be a non-empty set. An intuitionistic set A is an

object having the form A= X,Ai,A2>,where A and
are subsets of X satisfying A;NA,=0 . The set A is

called the set of members of A, while is called the

set of nonmembersof 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,A1,A2> and

B= <X, B, Bz>be intuitionistic = sets  respectively,

furthermore, let {A;i € J} be an arbltrary famﬂy of
intuitionistic sets in X , where A —<x Ai Ai > then
AcB 1fandonly1fAicB and B, CA2 A =B if
and only 1f Ac Band BcA, The complement of Ais

denote A> and efmed by A = <X A, A2>
XU,:E’ 2;

e
Deflmtlon 1 2 [7]X - X ¢>

Let X be anonempty set,p € Xa fixed element in X,
and let A=(XA, A2>be an intuitionistic set (IS, for
short ).The IS p defined by P =zx, {p}, {p}cz is called
an intuitionisti point (IP for'short) in .The IS
p= ZX,¢, p C} is called a vanishing intuitionistic
point* (VIP, for short ) in X .The IS p is said to be
contained in A.(pe A, for short) if and only if p € A ,and
similarly IS [ contained in A. ( P € A, for short) if and
onlyif P& A, .For agiven IS A in X, we may
write A= (U{p: pe AJUU{p: p € A}).and whenever A
is not a proper IS (ie,if A is not of the form
A=(xA,A) (whereAUA ¢X), then A=(U{p:pe Afjhold
. In general, any IS A in X can be written in the form
A=AUAwhere A={p: pe Aland A=U{p: p e A}.

Definition 1. 4 [7]

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

a) If B:<YvBlsz

(inverse image) of

is an IS in Y, then the reimage
under f is denoted by f *(B) isan

IS in X and defined by f (B )—<X f(B,), f’l(Bz».
b)If A=(X,A, A2>1s an ISin X, then the image of A
under f denoted by f(A)is an IS in Y defined by

(
f(A)=(y, f(A), f(Az)> ,where f(A)=(f(A2)f-
Definition 1.5 [7],[8]
An intuitionistic topology on a nonempty set X is a
family T of an intuitionistic sets in X satisfying the
following conditions.
(@9) 5 , X eT.
(2) T isclosed under finite intersections.
(3) T isclosed under arbitrary unions.
The pair(X ,T)is called an intuitionistic topological
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space ( ITSfor short ) . Any element in T is usually

called intuitionistic open set (IOS for short).The

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

Definition 1. 6 [ 14]

Let(X,T) be an ITS and let A= <X, A, A2> 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:Gc AGeT},

CIA = ﬂ{F :AcF,F eT} In other words: The

intA is the largest intuitionistic open set contained in A,

and ClA is the smallest intuitionistic closed set contain

A ie, intAcA and AcCIA. In the following

definition we give a product of an intuitionistic set and

a product of an intuitionistic topological space .

Definition 1. 7 [5] ,[14]

Giving the nonempty set X, we define the diagonal A X

as IS inXx X in the following way:

Ax<(xl' Xz)v {<X1’ Xz): X = Xz}’ {(Xl’ Xz): X # X2}>-

Now we are ready to give the definition of IP and

VIP of the product XXY .

Definition 1.8. [5]

Let X and Y be two nonempty set's and
p,g)e X xY be a fixed element in X XY, then the IP
P,q) is contained in U xV((p,q)J xV for short) if

and only if(p, q) eU,UV,, and IVP(S, () is contained

in  UXV ((@, 4 =<V for short) if and only if

(p,a)e (UZC xV, | or equivalently(p, q) € (U2C xV,

Definition 1.9.[12 |

Let(X ,T)be an ITS, then (X ,T)is said to be:

a)R(i) if and only if for each xe X and F < X, F isICS

andX ¢ F there exists U,V eT such  that

XeU,FcV and UNV =4¢.

b) R(ii) if and only if for each xe X and F < X,Fis

ICS and X « F there exists U,V T such that

X¢gU,FcV and UNV =4¢.

c) R(iii) if and only if for each xe Xand F < X,Fis

ICS and X € F there exists U,V €T such that

XeU,FcV andU cV .

d) R(iv) if and only if for each xe Xand F < X,Fis

ICS and X e F there exists U,V T such that

XeU,FcV and UcV.

Definition 1.10.[12 ]

Let (X ,T)be an ITS, then (X ,T)is said to be:

a) wR(i) if and only if for each xe Xand F < X,Fis

ICS and X e F there exists U,V eWOX such that

XeU,FcV and U NV = ¢ . Where WO(X) is set of

all weak intuitionistic open setin X .

b) wR(i) if and only if foreachx e X and F < X,Fis

ICS and X & F there exists U,V eWOX such that

X eU,F cVandU NV = ¢ . Where WO(X) is set of all

weak intuitionistic open setin X .

SECTION.2 COMPLETELY NORMAL IN INTUITIONISTIC
TOPOLOGICAL SPACES

In  this paper we introduce completely normal in
intuitionistic topological spaces and study the relation

among them .Also we introduce a weak completely
normal in intuitionistic topological spaces and study the
relation among them .

Defintion 2-1

Let(X ,T)be an ITS, and let Ec X .We say two sets F, G
are separation for set E iff satisfies the following conditions
F.G=4E=FUG(FNG)U(GNF)=¢
Definition 2-2

Let (X ,T)be an ITS, then (X ,T)is said to be:

a) CN(i) if and only if foreach x e X ,E < X and F,G are
separation for E there exists U,V €T such that
XeF,FcU , X¢G,GgV andu NV =¢ -

b) CN(ii) if and only if for each xe X ,E < X and F,G
are separation for E there exists U,V T such that
XeFcU,X¢gGcVadunv=¢-

c) CN(iii) if and only if for eachxe X E < X and F.G
are separation for E there exists U,V €T such that
XeFcU,X¢GcV andU cV .

d) CN(iv) if and only if for eachxe X ,E € XandF,G
are separation for E there exists U,V €T such that
XeFcU,XegGcV andU cV .

Proposition 2-3

Let (X T )be an ITS, then the following implications
are valid:

CN(li) » CN(ii)
CN(iii) > CN(vi)

Proof: CN(i) ———— > CN(ii)

Let (X ,T)be satisfies CN(@)if for eachxe X ,E < X,
and F,G are separation for E there exists U,V T such that
XeF,FcU ,X¢G,GcVandunv=¢.XecFcU
iff x e Fand since ynv =4 sothat x ¢ G iff XeFcU.
Similarly If X¢G <V, we get XgGcVand unv=¢
.Therefore (X T )be satisfies CN(ii) .

CN(i) ———— > CN(iii)

Let (X T )be satisfies CN(i) if for eachxe X,E < X
and F,G are separation for E there exists U,V T such that
XeF,FcU,X¢GGcVandunv=¢,XeF,FcU iff
X¢G,GcV and sinceunv=¢,50 thatXeG,GcV.
ThereforeU cV Similarly If X ¢ G,G <V , we get and
U cV .Therefore (X ,T)be satisfies CN(iii).

CN(ii) ———— > CN(iv)

Let(X ,T)be satisfies CN(ii) if for each, xe X ,EcX
and F,G are separation for E there exist U,V €T such that
XeFcU,XegGcVanduny=¢.XeFcUiff XgG,GcV,
since y NV =¢ -This implies X ¢ G,G cV , therefore U cV
Similarly f X ¢ F <V ,weget X¢GcV and UcV.
Therefore (X ,T)be satisfies CN(iv)

CN(iil)) —— > CN(vi)

Let (X T )be satisfies CN(ii) if for eachx e X ,Ec X
and F,G are separation for E there exists U,V €T such that
XeF,FcU, X¢G,GcVand UcV.XeF,F cUiff
xekR cU since<x, F, Fz> and F, N F, = ¢ ,this implies
x¢F, iff XeFcUand UcV Similarly If X¢G,GcV and
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UcV,weget XgGcVand UcV.

In general the converse of the diagram appears in
Proposition 2-3 is not true in general . The following
counter examples show the cases .

Example 2-4: LetX = {a, b} and defineT = {(Z X, A, B,C}
where A= (bl &} 8 {16, 5).C = 1. bh) Then (X,T
satisfies CN(ii) because for eachxe X ,Ec X, F= <X,{
<X é, { }) are separation for E there exists A BeT suc
that 3¢F cAagGcB, and ANB=4 Alsoh eGcBhgFcA
b € GEB , and AB=¢,But (X T)is not satisfies
CN(i),because there is no exist two open sets satisfies
condition of CN(i).
Example 2-5 LetX {ab and define T=1,X,AB,C E,F}
,where A= :%X X¢¢ D=(x { }>
E —<X,¢, hen x T) satisfies CN(iii) because
for each X e X Ec X and a} {b}),G :<X,?b},¢> are
separation for E there ex1sts ABeTsuch that
decHcAa¢GcD andAcD.AlsobeGcF,bgEcCE
and FcE. But (X T )is not satisfies CN(i),because there
is no exist two open sets satisfies condition of CN(i)
Example 2-6: Let X = {a,b and define T = {5 XA, B,C},
where A=(x,¢,{a}), B=(x¢,{bj),C (x , ¢> Then  (x,T)
satisfies CN(iv),because for each e X,EcX and
<X R { }> X ¢ b}} are separation for E there exists
ABeT such that aeFcAae¢GcBand AcB. Also
beGeBbgFcA and Bc A.But (X,T)is not satisfies
CN(iii),because there is no exist two open sets satisfies
condition of  CN(ii).Also (x,T)is not satisfies
CN(ii),because there is no exist two open sets satisfies
condition of CN(ii) .
Definition 2-7
Let(X ,T)be an ITS, then(X T )is said to be:
a) WCN(i) if and only if for each x € X ,Ec X and F,G are
separation for E there exists U,V e WOX such that
XeF,FcU ,X¢G,GcV andunv=y4 -
b) WCN(i) if and only if for each xe X ,Ec X and F,G
are separation for E there exists U,V e WOX such that
XeFcU,X¢gGcVandunv=¢-.
¢) WCN(iii) if and only if for each xe X, Ec X and F,.G
are separation for E there exists U,V € WOX such that
XeF,FcU ,6Xe¢G,GcV and UcV.
d) WCN(v) if and only if foreach x e X, Ec X and F,G
are separation for E there exists U,V € WOX such that
XeFcU,XgGcV and UV .

Proposition 2-8

Let (X ,T)be an ITS, then the following implications are
valid:

WCN() » WCNI(ii)

WCNI(ifi) —————  WCN(vi)

Proof : WCN(i) ——— > WCN(ii)

Let (X ,T)be satisfies WCN(i) if for each x e X ,Ec X
and F,G are separation for E there exists U,V e WOX
suchthatX e F,F cU , X¢G,GcV and unv = ¢

X eF, FCU1ff xe K cU and since unv = $ SO
that X ¢ G cV iff X e F cU,. Similarly If XeGcV

,weget X¢GcV and unv = ¢ -Therefore (X T)be
satisfies WCN(i).

WCN(i) ——> WCN(iii)

Let (X T )be satisfies WCN(i) if for each x e X ,EcX
and F,G are separation for E there exists U,V e WOX
suchthat Xe F,FcU,X¢G,GcV and unNv=4¢

XeF,FcUiff Xeccvand since unv =450
that X e G cV . Therefore U cV Similarly If XgGcV , we
get X¢GcV and UcV .Therefore (X,T )be satisfies
WCN((iii).

WCN(ii ) ——> WCN(iv)

Let (X ,T)be satisfies WCN(ii)if for each x e X ,Ec X
and F,G are separation for E there exist U,V e WOX such
thatXx e FcU ,Xeccevandunv=¢.XeF cU

iff XeG <=V, since unv =¢ Thisimplies X e G =V,
therefore UV Similarly If XgF <V, we get
X eG Vv andUcV .Therefore(x T )be satisfies WCN(iv).

WCN(iii) ——> WCN(vi)

Let (X,T) be satisfies WCN(iii) if for eachx e X ,Ec X
and F,G are separation for E there exists U,V e WOX
suchthat X e F cU,, XeGcV and UcV
XeFcoU iff xeFcU, s1nceXFl,F>and
F. NF, =¢ ,¢this implies x ¢ F cVU iff Xe F —U and
U cV .Similarly If XeGcVand UcV, we get
XeGcVvand Ucy

In general the converse of the diagram appears in
Proposition 2-8 is not true in general . The following
counter examples show the cases .

Example 2-9: Let X :{a, b} and define T = {¢ X, A ,C,D},
where A=(x4,{a}) , B=(x4,}b}), C=(x.4.4),D=(x, {})and
WO(X) =T .Then (x T ) satisfies WCN(ii

because foreach xe X, EcX,F= <X Rt { }> :<X,¢,{b}>
are separation for E there exists A, B ¢ WOX such that
deFcAagGcB and ANB=4-AlsobeGcBbegFcA
and ANB=4- But(X ,T)is not satisfies CN(i),because
there is no exist two weak open sets satisfies condition of
WCN() .

=

Example  2-10:  Let X = ,b and define
T={4,X,AB.C,D,E,F| ,where (,a¢21 {b},{a}g,
C=(x, ¢{ }) and WOX) =T . en(X T)satis ies
CN(iii),because for each xe X ,EcX and F= < {b}, {a})
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G =(x {a},§) are separation for E there exists A, B € WOX
such  that deGcAagFcB and Bc A.Also
beF c B, beG c A and BcA . But(X T)1s not satisfies
WCN() ,because there is no exist two weak open sets
satisfies condition of WCN().

Example 2-11: Let X ={a,b} and define T :{&,)Z,A B.C,D|,
where A=(x4,{a)) , B=(x$,{b}), C=(x4,4),D=(x fa}g) and
WO(XX) =T . Then(X , T )satisties WCN(vi)because for each
x€X,EcX,F= <X ¢{ }> <X ¢{ }) are separation for B
there exists A, B eWOX _such that e FcAaeGcB
and AcB. Also beGCBbgFCAand BcA But(X T)
is not satisfies CN(iii)because there is no exist two weak
open sets satisfies condition of WCN(iii). Also (X ,T)is
not satisfies WCN(ii).because there is no exist two weak
open sets satisfies condition of WCN(ii).

3- THE RELATIONS BETWEEN COMPLETELY NORMAL
AND WEAK COMPLETELY NORMAL

In this section we introduce the relation between
completely normal and weak completely normal in
intuitionistic topological spaces .

Proposition 3-1

Let (X ,T)be an ITS, then the following implications are
valid:

CNI(ii)

CN({) —»  WCN@EH——»WCN(i)

CN(iv

CN(iii) —» WCN(iii) ——»WCN(iv)
Proof : CN(i) ——>WCN()

Let (X T )be satisfies CN(i) if for each x e X ,Ec X and
F,G are separation for E there exists U,V T such that
XeF,FcU ,xeccvand unNv =4

since every intuitionistic open set is intuitionistic weak
open set , so that there exists U,V e WOX such that
XeF,FcU, x¢ccv and unv-= ¢ -Therefore
(X T)be satisfies  WCN(i).

CN(ii) ——— > WCN(ii)

Let (X,T) be satisfies CN(ii) if for each x € X ,Ec X and F,G
are separation there exists U,V eWOX such that
XeF,FcU,XeGcvand UNV=¢. since every
intuitionistic open set is intuitionistic weak open set , so that
there exists U,V eWOX such that XeF,FcU,
XeGcVvand unNv :5. Therefore (X ,T)be satisfies
WCN(ii)

CN(iii) ——> WCN(Gii)

Let (X ,T)be satisfies CN(iii) if for each x e X ,EcX
and F , G are separation for E there exists U,V €T such that
XeF,FcU, X¢G,GcVand UcV. since every
open set is weak open set , so that there exists
U,V eWOX suchthat Xe F,FcU, X¢G,GcV
and U cV .Therefore (X T )be satisfies WCN(iii).

Remark 3-2 : by transitive:

CN(i )——> WCN(ii) , CN(i) ——> WCN(iii)
WCN(i)———> WCN(iv) ,CN(ii)——>WCN(iv)
CN(iii ) ——> WCN(iv).

In general the converse of the diagram appears in
Proposition 3-1 is not true in general . The following
counter examples show the cases .

Example 3-3: Let X = {a, b} and define T = (Z X A,B} ,where
A=(x4{a)) , B=(x4,¢), andWO(X)=TU{C,D} where
C= X,{a ,{b}), D :<X, b}, {a} .Then (X , T ) satisfies
WCN(i),because for each x € X, EE Xand F= < { }, {b}>,
G é} are separation for E there exists
A, B eWOX_ such that deFcC,agGcD and COD= é-
Alsoh eGcDbgFcC and cND=¢. But (X T)IS not
satisfies CN(i) ,because there is no exist two open sets
satisfies condition of CN(i) .

Example 3-4: Let X ={a,bjand define T = {(Z X, A, B{,where

A=(x44al), B=(x¢¢)and WO(X)=TU{C,D,E]| where
C={x4,bj), D=(xibhaf), E=(x{a}f}) Then (X ,T)
satisfies CN(n) because for each xe X, EcXand

F :<X,{ . are separation_ for E there
exists A Be OX such thaticFcEd¢GcD and
DNE=4 AlsoheGcDb¢FcE ,andpnE=¢.But (X,T)is
not satisfies CN(ii)because there is no exist two open sets
satisfies condition of CN(ii) .

Example 3-5: Let X _{a b}and define T _{[j X, A}, where
A:§x, a,}bB, and WO(X) TU{BC E.F H} where
B=(xbjlap  C={xdb)D Sx¢{}> =(xb}.6),
F :<X, a ,¢>,H :<X,¢,¢>.Then (X, T )satisfies WCN(iii),
because for each xe X, EcX andF =<X, {a}, b}>,
G :<X, {b} {a}2< ,are separation for E there exists
A,BeWOX such that §eFcAdgGcB and AcB. Also
bchB b ¢FcA andBc A . But (X T)1s not satisfies
CN(iii) because there is no exist two open sets satisfies
condition of CN(iii) .

Example 3-6: Let = {a b}and defmeT ¢ C}
where A:(X,qﬁ,{a ), B=(x4.¢) { > and
WO(X) =T U{D,E} where, D=(x,{b} = ,{ {}
Then (X , T )satisfies WCN(iv )because for each xe X
cXandF = gx,¢, {b}> G= <x,¢, {a}> are separation for E t
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exists A, B eWOX suchthat 3¢GcAdgFcC,and ACC
. Also peFcCbeGeA and CSABut (X,T)is not
satisfies CN(iv) , because there is no exist two open sets
satisfies condition of CN(iv) .
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