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I. INTRODUCTION
In2011[6]introducedQuasia-Closed,Stronglya-ClosedandWeaklyalrresolute Functions in
topological spaces. In the present paper we define quasi intuitionistic a-open function, quasi
intuitionistic a-preopen function, intuitionistic a-normal and intuitionistic a-quasi normal spaces
and obtain their basicproperties.

Il. PRELIMINARIES
Definition2.1.[4]AnintuitionisticsetAisanobjecthavingtheform<X,A1,A2>where A1 and A2 are
subsets of X satisfying A1NA2=¢. The set A1 is called the set of members of A, while A2 is called
the set of nonmembers of A. Furthermore, let{Aj:i€l}beanarbitrary familyofintuitionisticsetsinX,

whereA; =< X, A}, A? > then

° (P"’: <X9 o, X >5 X~= <X3 X: (P>

J Aif A€ B;and A,2B,

. A =<X,A2,A1>

. A-B=ANB

. [1A=<X A A>

. <>A= <X, A, A,>

. NA;, =< X,nALUA? >and ,U A, =< X,U Al,n A? >,

Definition 2.2.[4] An intuitionistic topological space on a nonempty set X is a family © of
intuitionistic sets in X satisfying the following axioms:

e p~, X~ET
. GiN G2 € tfor G1,G2 €t
J U Gj€ertfor any arbitraryfamily {Gj:i€J}crt

Inthiscasethepair(X,t)iscalledintuitionistictopologicalspaceandanyintuitionistic set in T is known
as an intuitionistic open set in X, and the complement of intuitionistic open sets is known as
intuitionistic closed set inX.

Definition 2.3.[10] Let (X, T ) be an intuitionistic topological space. An intuitionistic set A of X is
said to be

. Intuitionistic semiopen if A <l cl(l int(A))
. Intuitionistic preopen if A <l int(l cl(A))
. Intuitionistic regular open if A =1 int(l cl(A)).

Thefamilyofallintuitionisticpreopenandintuitionisticregularopensetsof(X,t)
aredenotedbylPOS(X)andIROS(X)respectively.

Definition 2.4.[4] Let (X, T )be an intuitionistic topological space on X and A =<X, A;, A,>be an
intuitionistic set in X. Then the several topologies generated by (X, t )are

*1,={[]A:A€T}
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*T,={<>AIAET]

e, ={A1: <X A, A>€ET}
= {(A)% <X, A, A>E T}
Definition 2.5.[4]

) If B = <Y, B,, B,>is an intuitionistic set in Y , then the preimage of B under f , denoted
by f ~1(B), is the intuitionistic set in X defined by  f1(B)= <X f 1(B,).f1(B,)>
. If A =<X, f(A,)), f(A,)>is an intuitionistic set in X, then the image of A under f, denoted

by f(A), is the intuitionistic set in Y defined by  f(A)= <Y,f(A)),f (A,)>where f (A,) =Y-
(f(X-Az)).

I11. ON QUASI INTUITIONISTIC A-OPENMAPS
Definition 3.1.An intuitionistic map f : (X, 1 )= (Y, o) is said to be quasi intuitionistic a -open if the
image of every intuitionistic o - open set in X is intuitionistic openin Y .
Theorem 3.2.Every quasi intuitionistic a-open map is intuitionistic open
Proof.Let U be intuitionistic open in X. Since every intuitionistic open set is intuitionistic a-open,
U is intuitionistic a-open in X. Then f (U) is intuitionistic open in Y . Hence f isintuitionistic
open.
Theorem3.3.An intuitionistic map f:(X,1)—(Y,0)is said to be quasi intuitionistica-
openiffforeverysubsetUof X, f(Ia int(U))cl int (f(U))
Proof.Let f be quasi intuitionistic a-open function. For an intuitionistic set U of X,I int(U) c U
andla int(U)isanintuitionistica-openset.Hence,f(I1a int(U))cf(U).Asf(la
int(U))isintuitionisticopen,f(Iaint(U)) cl int(f(U)).
Conversely,assumef(Iaint(U))clint(f(U)).IfUisintuitionistica-openinX
thenf(U)=f(Iaint(U))clint(f(U)).Butweknowthatlint(f(U))cf(U).
Thereforef(U)=Ilint(f(U)andsofisquasiintuitionistica-open.
Lemma 3.4.An intuitionistic function f : (X, 1 ) — (Y, o) is quasi intuitionistic a-open then Io int
1(B)cf (1 int(B))for every set B of Y .
Proof.Let B be any intuitionistic set in Y and/a infl(B) is an intuitionistic a-open set in X.As f
is quasi intuitionistic a-open, f (I intf~1(B)) <l int f(f~1(B))cl int(B).Thusla int f1(B)cf 1(I
int(B)).
Definition 3.5.An intuitionistic subset S is called intuitionistica- neighbourhood of a point x-in X if
there exists an intuitionistic a-open set U such that x_e UcS
Theorem 3.6.Let (X, z )and (Y, o) be intuitionistic topological space and f : (X, ¢ ) — (¥, o) be an
intuitionistic function. Then the following are equivalent.
(i) [fis quasi intuitionistica-open.
(i) ForeachsubsetUofX, f(a int(U)) cl int(f(U)).
(iii) For each x_€ X and each intuitionistic a-neighbourhoodU of x_& X there exists intuitionistic
neighbourhoodV off(x_) inY such thatV cf (U).
Proof.(i) )=(ii) By Theorem
(i) =(iii) Assume (ii) holds. Let x_eX and U be an arbitrary intuitionistic a- neighbourhood of x_
€X. Then there exists an intuitionistic a-open set V in X such that x. eV cU . Then by (ii) f (V)
=f((V)) dint(f (V)) and hencef(V ) = lint(f(V )). Therefore it follows f(V ) is intuitionistic open
in Y such thatf (x_) &f (V) cf(U). Hence (iii) holds.
(iii)=(i) Assume (iii) holds, let U be an arbitrary intuitionistic «-open set in X. Then for each
y_€ef (U), by (iii) there exists intuitionistic neighbourhoodV of y_in Y suchthatV <f(U). AsV is
an intuitionistic neighbourhood of y_there exists intuitionistic open set W inY suchthaty ewW cV.
Thus,f(U) =u W/, € f(U) which is intuitionistic open in Y. this implies f is intuitionistica-open.
Theorem 3.7.An intuitionistic function f: (X, ) = (Y, o) is quasi intuitionistic a-open iff for any subset B
of Y and for any intuitionistic a-closed set F of X
containingf_1(B)thereexistsintuitionisticclosedsetGoncontaininnguch that f _1(G) cF.
Proof.Let F be quasi intuitionistic a-open function. Let B Y and F be intuitionistic a-closed
set of X containing f _1(B). Put G =Y -f X - F ). ASf_l(B)C FwehaveB c

G.Asfisquasiintuitionistica-open,Gisintuitionistic cIosedinY.Thenf_l(G)cF.Converser,IetU
beintuitionistica-openinX. PutB=Y -f(U)thenX - Uisintuitionistica-
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cIosedianontainingf_l(B).By hypothesis, there exists intuitionistic closed set Gof Y such that

B c Gandf _1(G) cX - U.Hence, f(U)cY -G.SinceB cG,Y -GcY-B=f(U) weobtain f (U)
=Y - Gwhich is intuitionistic open. Therefore it follows f is quasi intuitionistica-openfunction.
Theorem 3.8.Let (X, 7), (¥, o) and (Z, o) be intuitionistic topological space and f : (X, z) — (Y, 0),9: (¥, 0) —
(Z, i) be two intuitionistic functions and g * f : (X, ) — (Z, ) be quasi intuitionistic a-open.Then
(i). Iffisintuitionistica-opensurjective,thengisquasiintuitionistico-open.
(ii). Ifgisintuitionisticcontinuousandinjective,thenfisquasiintuitionistic a-open.
Proof. (i). LetU beintuitionisticopeninX,thenf(U)isintuitionistica-open in Y . As g of is quasi
intuitionistic a-open, g(U ) = gef [f (U )] is intuitionistic open in Z. Hence g is quasi intuitionistic a-
open.

(ii). Let V beintuitionistic a-open in X. As g of is quasi intuitionistic a-open, g of (V) is
intuitionistic open in Z. Since gis intuitionistic continuous,
f(V) = g(g of (V)) is intuitionistic openinZ.

V. ON QUASI INTUITIONISTIC A-PREOPENFUNCTION
Definition4.1.Let(X,7)beanintuitionistictopologicalspaceandA=<X,A,,A,>be an intuitionistic set in X.
Then intuitionistic pre-interior of A,denotedby Ip-
int(A)isdefinedastheunionofallintuitionisticpreopensetscontainednA.

Definition 4.2.An intuitionistic map f : (X, ) — (¥, o) is said to be quasi intuitionistic a-preopen if
the image of every intuitionistic a-open set in X is intu- itionistic preopenin Y .

Theorem4.3.An intuitionisticmap  f:(X;7)—(Y,0)is said to be  quasi intuitionistico-
preopeniffforeverysubsetUofX,f(la int(U)) clpint(f(U))

Proof.Let f be quasi intuitionistic a-preopen function.In general we know that Ipint(U)
cUand/aint(U)isanintuitionistica-

openset.Hence,f(laint(U)) cf(U).Asf(laint(U))isintuitionisticpreopenthenf(Zaint(U))
clpint(f(U)).Conversely, assume f(Zaint(U)) c Ipint(f(U)).IfUisintuitionistica-
openinXthenf(U)=f({ainz(U))clpint(f(U)).Butweknowthatlpint(f(U)) cf(U).Thereforef(U)=Ipint(f(
U).Thereforefisquasiintuitionistica-preopen.
Lemmad4.4.Anintuitionisticfunctionf:(X,7)—(Y,o)isquasiintuitionistic  a-preopen then Iaintfl(G)
Cf’l(lpint(G)) for every setttof Y .

Proof.Let G be an intuitionistic set of Y . Then Iainfl(G) is an intuitionistic a-open in X.As fis
qguasi intuitionistic ~ a-preopen, f (]ocintf_l(G)) clpintf(f_l(G)) clpint(G).Therefore
Taintt~1(G) =F~ L(1pint(G))

Definition4.5. AnintuitionisticsetSiscalledintuitionisticpre-neighbourhoodof a point x_.in X if there
exists an intuitionistic pre-open set U such that x_e U cS

Theorem 4.6.Let (X, = )and (Y, o) be intuitionistic topological space and f : (X, ) — (Y, o) be an
intuitionistic function. Then the following are equivalent.

(i) f is quasi intuitionistica-preopen.

(i) For each intuitionistic set U of X, f (aint(U)) clpint(f (U)).

(iii) For each x~& X and each intuitionistic a-neighbourhoodU of x_& X there

exists intuitionistic pre neighbourhoodV of f(x_) in'Y such that vV cf (U).

Proof.(i) =(ii) By previous theorem

(i) =(iii)AssumeforanintuitionisticsubsetUofX,f(/aint(U)) clpint(f(U)).
Letx_eXandUbeanarbitraryintuitionistica-neighbourhoodofx_eX.Then there exists an
intuitionistic  a-open set V in X such that x& V <cU . Then,
f(V)=Ff(laint(V)) clpint(f(V))andhencef(V)=Ipint(f(V)). Therefore f(V ) = W is intuitionistic
preopen in Y such that f(x_.)eW <f(U). Hence (iii) holds.

(iii) =(i) Assume (iii) holds, let U be intuitionistic a-open set in X. Then for every

y_f (U), by (iii) there exists intuitionistic pre-neighbourhoodV of y_in Y such that V c f (U). As V is
an intuitionistic pre-neighbourhood of y_there exists intuitionistic preopen set in Y . This implies f is
quasi intuitionistic a-preopen.

Theorem 4.7.An intuitionistic function f : (X, ) — (Y, o) is quasi intuitionistic a-preopen iff for any subset
B of Y and for any intuitionistic a-closed set F of

Xcontainingf‘1(B)thereexistsintuitionisticpreclosedsetGoncontainingB such that f _1(G) cF
Proof.Let F be quasi intuitionistic a-preopen function. Let B Y and F be intuitionistic a-closed set
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of X containing f _1(B). Put G= Y-f(X -F ). Asf_l(B)CF we have B < G. Since f is quasi

intuitionistic a-preopen, Gis intuitionistic preclosed in Y . Thenf _1(G) cfF . Conversely, let U be
intuitionistica-open in X. Put B =Y - f (U ) then X - U is intuitionistivca-closed in X containingf
_1(B). By hypothesis, there exists intuitionistic preclosed set Gof Y such that B ¢ Gand f _1(G)
cX - U . Hence, f (U)cY - G. On theotherhandB cGY -G cY-B=f (U). ThusfU) =Y -
Gwhich is intuitionistic preopen. Therefore f is quasi intuitionistica-preopen function.
Lemma4.8.Let(X;7),(Y,0)and(Z,0)beintuitionistictopologicalspaceandf: (X;7) —(Y,0), 0:(Y,0) = (Z, n) be
two intuitionistic functions and g : (X;z) —(Z,;7)bequasiintuitionistica-preopen.Then

. If f is intuitionistic a-continuous, preopen then g is quasi intuitionistic
a-preopen.
. Iffisintuitionisticpre irresolute,fisquasiintuitionistica-preopen.

Proof.Let U be intuitionistic a-open in Y . Then since fisintuitionistica-continuous, f _1(U ) is
[ ]

intuitionistic a-open in X. Since g is quasi intuitionistic a-preopen, g(U) = g o f [f _1(U )] is

intuitionistic preopen inZ.Hence g is quasi intuitionistic a-preopen.
LetVbeintuitionistica-openinXthengf(V)isintuitionistic preopenin

Z.Asgisintuitionisticpreirresolute,f(V):g*1(go f(V))isintuitionistic preopen in Y.Hence f is quasi

intuitionistic a-preopen.

Theorem 4.9.Let f : (X7) =(Y, o) and g : (Y,0) > (Z, ) betwointuitionisticfunctions. Then the following

statements arevalid:

. Iff: (X ©)- (Y, o) is intuitionistic a-open and g : (Y, o) = (Z, #) is lpre-a-open,, theng f: (X, )
— (Z, n) is intuitionistic a-open.

. Iff: (X 7)— (Y, o) is lpre-a-open and g : (Y, o) »(Z, ) is quasi intuitionistica-open.

. If f: (X t) - (Y, o) is quasi intuitionistic a-open and g : (¥, o) = (Z, #) is intuitionistic preopen
then gof : (X, ) = (Z ) is quasi intuitionistic a-preopen

. If f: (X ) =(Y, o) is intuitionistic a-open and g : (Y, o) =(Z, n) is quasi intuitionistic a-open
theng of : (X, z) — (Z, ) is intuitionistic open.

5. Intuitionistic a-Normal And «-Quasi Normal

Definition 5.1.An intuitionistic topological space (X, t) is intuitionistic normal iff for every pair L, M
of disjoint intuitionistic closed sets of X there exists intuitionistic open sets G and H such that L <
G,M cHand G c HC.

Definition5.2. Anintuitionistictopologicalspace(X,z)isintuitionistica-normal if for every pair F,, F,of
disjoint intuitionistic closed sets of X there exists disjoint intuitionistic a-open sets U and V such that
F,cU and F,cV and U € VC,

Definition  5.3.An intuitionistic  topological space (X, 1) is intuitionistica-quasi
normalifforeverypairofdisjointintuitionisticclosedsetAandintuitionistica-closed set B of X there exists
intuitionistic a-open sets U and V such that A €U, B €V and U €V C.

Theorem 5.4.1f(X,7)isintuitionistica-
normalthenforeverypairofintuitionisticopensetsUandVwhoseunionisX_thereexistsintuitionistica-closedsets
AandBsuchthatA cU,B cV andA UB = X_..

Proof.Let U and V be a pair of intuitionistic open sets in intuitionistic a-normal space (X, 7) such that

U UV = X_. Then U € and V © are intuitionistic closed sets. Since (X, T) is intuitionistic a-normal
there exist intuitionistic a-open sets U,and V,suchthat U® cU1,V¢ cV1 andU1 cVC LetA=U

Cand B =V C. ThenA and B are intuitionistic a-closed sets such that A cU ,B ¢V and AUB = X_.
Theorem  5.5.An intuitionistic  topological space (X, ©) is  intuitionistic — a-quasi
normaliffeveryintuitionisticclosedsetAandintuitionistica-opensetVcontaining A there is intuitionistic a-open
set U suchthat A cU Cloacl(U) cV

Proof.Suppose (X, 7) is intuitionistic a quasi-normal in which A is intuitionistic closed and V is
intuitionistic a-open containing A. Then V € is intuitionistica- closed such that An V © = ¢_. Since (X,
7) is intuitionistic a quasi-normal there exists intuitionistic a-open sets U andW suchthat A © U .,V

Ccw and U cW Clie. Ac UcW CcV. Since W C s intuitionistic a-closed set Ucontaining

intuitionistic a-open set U , U<Tacl(U)SW €. Therefore A €U Slacl(U)<SV . Conversely, let A and B
be disjoint pair of intuitionistic closed set and intuitionistic a-closed set respectively. Then ANB = ¢

=A <BC and BC is intuitionistic a-open. Then by hypothesis, there exists intuitionistic a-open
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set U such that A € U CZlacl(U ) cBC. This implies A € U, B c[lacl(U )I¢ and U clacl(U ).
Hence (X, ) is intuitionistica-quasinormal.

Theorem 5.6./ntuitionistic a-quasi normality is a topological property

Proof.Let (X, 7)be intuitionistic a quasi-normal and let (Y, o) be intuitionistic a-homeomorphic image
of (X, ) under intuitionistic a-homeomorphism f .Toshow that (Y, o) is intuitionistic a quasi-normal,
let A and B be pair of disjoint intuitionistic closed and intuitionistic a-closed sets in Y .Since fis
intuitionistic a—continuous,f_l(A)andf_1(B)areintuitionistiCa—closedinX. Alsof_l(A)ﬂ f
1) =t 1anB) = f “1(p.) = ¢_. So, f “1(A) and f ~1(B)are disjoint intuitionistica-
closedofX.SinceXisintuitionistica-quasinormal,thereexists intuitionistica-
opensetsUanstuchthatf_1(A)§U,f_l(B)gVandUﬂV = @_.. Butf _1(A) U =f (f _1(A)) cf
U =A < f (U ). Similarly B <& f(V ). Alsosincefisbijectiveintuitionistica-
open,f(U)andf(V)areintuitionistica-opensetsofY suchthatf(U) nf(v) f(UNV)=¢p_=f(U)
c(f(V))C.Hence(Y,o0) isintuitionisticaquasinormal.So,intuitionistica-quasinormalisatopological
property.
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