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1. Introduction

Fuzzy topology is an important research field izzipy mathematics which has been
established by Chang [1] in 1968 based on Zadgy'soncept of fuzzy sets. Later, the
notion of an intuitionistic fuzzy set wastroduced by Atanassov [3] in 1986 which
take into account both the degrees of membershibrmmmembership subject to the
condition that their sum does not exceed 1. Cokdraworker [5,6,7,] introduced the
basic concepts of the theory of intuitionistic fuzapological spaces. Since then, Coker et
al. [8], Singh et al. [9], Lee et al. [10], Saddstal. [11], Ahmed et al. [12,13,14,15,16] ,
Mahabub et al. [18,19,20] and Saiful et al. [238},subsequently initiated a study of
intuitionistic fuzzy topological spaces by usingtuitionistic fuzzy sets. Various
researchers work particularly on intuitionisticZyzegular spaces [17]. Currently Alamgir
[21] and Islam [23] are working in the field fuzingic. In this paper, we investigate some
properties and features of intuitionistic fuzzyukgSpace.

2. Notationsand preliminaries

In this section we recall some basic definitiond dmown results of fuzzy sets,
intuitionistic sets, intuitionistic fuzzy sets, wpgy and their mappings.
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Through this paper is a nonempty set, ands are constants i(0,1). T is a
topology, t is a fuzzy topologyy is an intuitionistic topology and is an intuitionistic
fuzzy topologyA andu are fuzzy setsd = ( iy, v,) is intuitionistic fuzzy set. By 0 and
1, we denote constant fuzzy sets taking values Qlardpectively.

Definition 2.1. [1]. Let X be a non empty set. A famityof fuzzy sets iX is called a fuzzy
topology (FT, in short) o if the following conditions hold.

(1) 0,1¢€t,

2 Anuet, foralliuceEt,

(3) U 4; € t, for any arbitrary family; €t, j € J}.
The above definition is in the sense of C. L. ChaRge pair(X,t) is called a fuzzy
topological space (FTS, in short), members afe called fuzzy open sets (FOS, in short)
in X and their complements are called fuzzy closed(§€S, in short) irX.

Definition 2.2. [17]. Suppos€ is a non empty set. An intuitionistic sebnX is an object
having the formrd = (X, 41, A,) whered;andA, are subsets df satisfying4d,; n 4, = ¢.
The setd4, is called the set of member &fwhile 4, is called the set of non-memberAf
In this paper, we use the simpler notatibe- (4,, 4,) instead ofd = (X, A;,4,) for an
intuitionistic set.

Remark 2.1. [17]. Every subsed of a nonempty séf may obviously be regarded as an
intuitionistic set having the form = (4, A°) whered® = X — A.

Definition 2.3. [17]. Let the intuitionistic setd andB in X be of the formal = (4,,4,)
and B = (By, B;) respectively. Furthermore, I§#i;,j € J} be an arbitrary family of
intuitionistic sets ink, whered; = (A{", 4®)). Then

(@) Ac BifandonlyifA; € B; and4, 2 B,

(b) A=BifandonlyifA < B andB < A4,

(c) A =(A4,,4,), denotes the complement Af

(d) n4; = (n4Pua®),

(e) ud; = (UA®, naP),

) ¢. = (¢, X) and X. = (X, ¢).

Definition 2.4. [15]. LetX be a non empty set. A famiffy of intuitionistic sets inY is
called an intuitionistic topology (IT, in short) éhif the following conditions hold.

(1) ¢. . X. €T,

(2) AnBeTforallA,BEeT,

(3) U 4; € T for any arbitrary familjf4; € T,j € J}.
The pair(X,T) is called an intuitionistic topological space (| short), members of
are called intuitionistic open sets (I0S, in shantX and their complements are called
intuitionistic closed sets (ICS, in short)Xn

Definition 2.5. [3]. Let X be a non empty set. An intuitionistic fuzzy deflFS, in short)
in X is an object having the fora = {(x, u (x),v4(x)): x € X}, wherey, and v, are
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fuzzy sets inX denote the degree of membership and the degreemsfmembership
respectively withp,(x) + v, (x) < 1.

Throughout this paper, we use the simpieationd = (py,v,) instead of
A = {(x, pa(x),va(x)): x € X} for intuitionistic fuzzy sets.

Remark 2.2. Obviously every fuzzy setin X is an intuitionistic fuzzy set of the form
(4,1 - 1) = (4,1° and every intuitionistic set = (4, 4,) in X is an intuitionistic fuzzy
set of the forn{1,,,14,)-

Definition 2.6. [3]. Let X be a nonempty set adgiB are intuitionistic fuzzy sets ati be
given by(u,, v,) and(ug, vg) respectively, then

(@) ASBif uy(x) < ug(x) andvy(x) = vg(x) forallx € X,

(b)A=Bif A< BandB c 4,

(©) A = (Va, a),

(dANB = (uaNup, vaUvg),

() AUB = (ua VU up, va Nvp).

Definition 2.7. [5]. Let{4; = (HA]-:VA,-) ,j € J} be an arbitrary family of IFSs iXi. Then
(@) NAj=(Npaj Uvg;),
(b) UA; = (Upa; Nvg;),
€ 0.=0D, 1. =1 0.

Definition 2.8. [5]. An intuitionistic fuzzy topology (IFT, in slij on a nonempty sét is
a familyt of IFSs inX, satisfying the following axioms:

(1) 0.,1. €,

(2 AnB € 1,forall4,B € T,

(3) U 4; € t for any arbitrary family{4; € 7, j € J}.
The pair(X, ) is called an intuitionistic fuzzy topological sa@FTS, in short), members
of T are called intuitionistic fuzzy open sets (IFO$short) inX, and their complements
are called intuitionistic fuzzy closed sets (IF@Sshort) inX.

Remark 2.3. [16]. Let X be a non empty set add< X, then the sef may be regarded as
a fuzzy set irX by its characteristic functioh,: X — {0,1} c [0,1] which is defined by
(1 if x €A
1aC0) = {0 ifx @A ie.,if x €A
Again, we know that a fuzzy sgtin X may be regarded as an intuitionistic fuzzy set by
(4,1 —-2) = (4, 1. So every sub sdtof X may be regarded as intuitionistic fuzzy set by

(14,1 —1,) = (14, 140).

Theorem 2.1. Let (X,T) be a topological space. Thé&,7) is an IFTS wheret =

{(1A}., 1,6),) €] 4; € T}.
Proof: The proof is obvious.

Note 2.1. Abover is the corresponding intuitionistic fuzzy topologiyT .

151



Md. Saiful Islam, Md. Sahadat Hossaimd Md. Aman Mahbub

Theorem 2.2. Let (X, t) be a fuzzy topological space. Thgfyz) is an IFTS where =
{(4, A°): 1 €t}
Proof: The proof is obvious.

Note 2.2. Abover is the corresponding intuitionistic fuzzy topologjyt.

Theorem 2.3. Let (X,7) be an intuitionistic topological space. ThéK,t) is an
intuitionistic fuzzy topological space where

T ={(1A,.1, la,),0 €1 A= (A, Ap) €T},
Proof: The proof is obvious.

Note 2.3. Abover is the corresponding intuitionistic fuzzy topologfy7 .

Definition 2.9. [3] Let X andY be two nonempty sets aifidX — Y be a function. I4 =
{O, pa(x), va(x)):x € X} and B ={(y,ug(y), vg(y)):y €Y} are IFSs inX andY
respectively, then the pre imageBtinderf, denoted by ~1(B) is the IFS inX defined
by
f7HB) = {(6 F e (), (F T (ve)) (0)): x € X}={(x, up (f (X)), vp (f (x))): x € X}
and the image of4 under f, denoted byf(A) is the IFS inY defined by
FA={{y, Fua) ), (FW)I(3)):y € Y}, where for eacly € Y

sup , -1

Fu)) = {M*@) pal) I TT0) %
0 otherwise

FNG) = {xefyfm va@) if FL) % ¢
1

otherwise

Definition 2.10. [5] Let (X,7) and (Y,6) be IFTSs. A functionf:X - Y is called
continuous iff ~*(B) € 7 for all B € § andf is called open if (4) € & for all 4 € 7.

Definition 2.11. [20]. A fuzzy topological spacgX, t) is called fuzzy regular if for any
fuzzy point x, € X and closed set in X with x, € 1 there exists u, v € t such that
Xq €U, A cvandunv=0.

Definition 2.12. [8]. Let A = (uy4, v,) be a IFS irX andU be a non empty subsetXfThe
restriction ofd toU is a IFS inU, denoted by |U and defined by |U = (u4|U, v4|U).

Definition 2.13. Let (X,7) be an intuitionistic fuzzy topological space aids a non
empty sub set of then 7, = {A|U: A € t} is an intuitionistic fuzzy topology oli and
(U, ty) is called sub space @, 7).

Definition 2.14. [8] Let a, f € [0,1] and+f < 1 . An intuitionistic fuzzy point (IFP in
short)x (4 ) Of X is an intuitionistic fuzzy set i¥ define by

_(@p) ify=x
* @) = { (0.1) ify+x
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An IFPx (4 gy is said to belong to an IFS= (u4, v4) if @ < py(x) andf > v, (x).

Definition 2.15. [17] An intuitionistic fuzzy topological spad&, 1) is called IF-Regular
if for all intuitionistic fuzzy pointx (, gy and all intuitionistic fuzzy closed sét= (ur, vr)
with x o gy € F there exists intuitionistic fuzzy sets= (u4,v4), B = (4p,vg) € T Such
thatx(arﬁ) €A, FcBandAnB=0..

3. Intuitionistic fuzzy regular spaces

In this section, we introduce four new notions mthitionistic fuzzy regular spaces and
form an implication among them. Also, we discuss ¥arious features and properties of
these concepts.

Definition 3.1. Letr € (0,1). An intuitionistic fuzzy topological spad&, 7) is called.

(1) IF-Regular(r-i) if for allx € X and closed sét = (ug, vp) With ug(x) < vp(x),
there existsd = (uy,v4), B = (ug,vg) € T such thatuy(x) > r,v4(x) < r and
F c Bwith (ug Nug) € (v4 Uvg).

(2) IF-Regular(r-ii) if for allx € X and closed sét = (ug, vy) With ug(x) < vy (x),
there existsA = (uy4,v4), B = (Up,vg) € T such thatu,(x) > r,v,(x) = 0 and
F c Bwith (uy Nug) € (v4 Uvg).

(3) IF-Regular(r-iii) if for allx € X and closed sdt = (ug, vg) With ug(x) < vp(x),
there existsA = (uy,v4), B = (ug, vg) € T such thatu,(x) > r,v,(x) <r and
F c B with (uy Nug) =0 and(v, Uvg)(y) >0 forally € X.

(4) IF-Regular(r-iv) if for allx € X and closed sét = (ug, vp) with up(x) < ve(x),
there existsA = (uy4,v4), B = (Up,vg) € T such thatu,(x) > r,v,(x) = 0 and
F c B with (uys Nug) =0 and(v, Uvg)(y) >0 forally € X.

Theorem 3.1. Let (X, T) be a topological space a@¥, 7) be its corresponding IFTS where
T = {(1Aj, 1Aj),j €]: A€ T} . Then(X,T) is Regulare (X, 1) is IF-Regular(r-k) for
anyk € {i, i, iii, iv}.

Proof: Suppos€X,T) is regular space. Lete X and(1g, 1) is closed in(X, 7) with
1p(x) < 1pc(x). Now clearly1z(x) =0 and1zc(x) =1. Sox ¢ F. Again since
(1g, 1) is closed in(X, 7), thenF is closed in(X, T).

Since (X, T) is regular, then there exisdsB € T such thatt € A, Fc B andANB =
@.

By the definition ofr, we get (1,4, 14¢),(15,15c) ET asA,B € T.

Clearly1,(x) =1, 14c(x) = 0 and(1p, 1zc) € (15, 15¢).

Now for anyy € X we get(1, N 15)(y) = Lanp(¥) = 14(y) = 0.

and  (1yc U1ge)(y) = Lyeype(¥) = Lanpye () = 1pc(y) = 1x(y) = 1. e, (14N
15) © (14¢ U 150)

Therefore for any € (0,1), we getl (x) > 1, 1c(x) <r and(1p, 1gc) € (15, 15¢)
with (1, N 1g) © (14c U 15¢). So(X, 1) is IF-Regular(r-i).

Conversly, supposgX, 1) is IF-Regular(r-i). Lek € X, F is closed in(X,T) with x & F.
Clearly (1g,1gc) is closed in(X,t). Sincex ¢ F, 1z(x) =0 and 1p(x) = 1. i.e,,
1p(x) < 1gc(x). Since(X, 1) is IF-Regular(r-i), then there exidtsy, 14¢), (1, 1pc) €T

153



Md. Saiful Islam, Md. Sahadat Hossaimd Md. Aman Mahbub

such thatly(x) > 7, 14c(x) <71; ug(x) <r,vg(x) >r and(lg, 1pc) € (15, 15c) with
(14n1p) c (14U 150).

By the definition oft, it is clear thatl, B € T

Now1,(x) > 7, 1e(x) <r 1) =1,14(x)=0=>x€A

Again (15, 1pc) € (1,1gc) > 1, c 13> F C B.

Now for anyy € X, (1, N15)(y) < (14c U 15)(¥) = (1,Nn15)(y) =0 and (14 U
1ga)(y) =1

Now (1, N1p)(y) =0= (14n8)(Y) =0=>y € ANB=>ANB =¢.

Therefore for any € X, F is closed in(X,T) with x € F there existsA,B € T, x € A,
FcBandANnB = ¢.

So(X,T) is regular.

Similarly we can prove this theorem for= ii, iii, iv.

Theorem 3.2. Let (X, t) be a fuzzy topological space afi 7) be its corresponding IFTS
wheret = {(1,1A°) : 1 € t}. Then (X, t) is fuzzy regulas (X, 1) is IF-Regular(r-k) for
anyk € {i,ii, iii, iv}. wherer € (0,1).

Proof: Suppose(X,t) is fuzzy regular. Letkr € X and (4, A°) is closed in (X, 7) with
Alx) < 1°(x).

Consider fuzzy point; in X. Sinceld(x) < A°(x), thenA(x) # 1. Sox; ¢ A and clearly
Ais closed in(X, t) as(4, 1°) is closed (X, 7).

Now since(X, t) is fuzzy regular, then there existsv € t such thatk; e u, 1 < v and
unv=_0.

By the definition oft, it is clear thafu, u¢), (v, v°) € t.

Now x; € u impliesu(x) = 1,u(x) = 0. Thereforeu(x) > r, uc(x) <r.

Againi c v implies(4, A°) c (v, v°).

And finallyu nv =0 implies(u N v) c (u U v°).

Therefore(X, 7) is IF-Regular(r-i).

Similarly we can prove this theorem for= ii, iii, iv.

Theorem 3.3. Let (X, 1) be a IFTS. Then we have the following implications

IF-Regular (-ii)
[ IF-Regular r-(iv) IF-Regular (-) |
IF-Regular (r-iii)

Proof: SupposgX, 1) is IF-Regular (r-iv). Letr € X and closed st = (up, vy) with
ur(x) <vp(x), Since (X,t) is IF-Regular (r-iv), then there exists= (uy,v4),B =
(ug,vg) € T such thatu,(x) >r,vy(x) =0 and F c B with (usnNug) =0 and
(vqUvg)(y) > 0 forally € X.

Now v4(x) = 0 = v4(x) <r, so(X, ) is IF-Regular (r-iii). i.e., IF-Regular r-(i& IF-
Regular r-(iii).

Again (us Npug) =0 and(vy Uvg)(y) >0forallye X = (uyNug) € (v4 Uvg). SO
(X,7) is IF-Regular (r-i). i.e., IF-Regular (r-iigp IF-Regular (r-i).

Similarly we can show that IF-Regular (r-i#) IF-Regular (r-ii)= IF-Regular (r-i).
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The reverse implications are not true in generatiwban be seen as the following
examples:

Example 3.1. LetX = {x, y} andt be an intuitionistic fuzzy topology ot generated by
A ={(x,0.6,0.1),(y,0.3,0.4)}, B ={(x,0.2,0.3),(y,0.5,0.2)}. Consider the closed set
F = A° ={(x,0.1,0.6), (y,0.4,0.3)}, If r = 0.5, then clearly(X, 7) is IF-Regular(r-i) but
not IF-Regular(r-ii) and IF-Regular(r-iii).

Example 3.2. LetX = {x, y} andt be an intuitionistic fuzzy topology ot generated by
A ={(x,0.6,0.0), (y,0.3,0.4)}, B = {(x,0.2,0.3),(y,0.5,0.2)}. Consider the closed set
F = A° ={(x,0.0,0.6), (y,0.4,0.3)}, If r = 0.5, then clearly(X, t) is IF-Regular(r-ii) but
not IF-Regular(r-iv).

Example 3.3. LetX = {x, y} andt be an intuitionistic fuzzy topology ot generated by
A ={(x,0.6,0.0),(y,0.3,0.4)}, B = {(x,0.2,0.3),(y,0.5,0.2)}, and C=
{(x,0.6,0.0), (y,0.3,0.4)}. Consider the closed fet= C¢ = {(x,0.0,0.6), (v, 0.4, 0.3)},
If r = 0.5, then clearly(X, 7) is IF-Regular(r-iii) but not IF-Regular(r-iv).

Theorem 3.4. Let (X,7) be a IFTS and,s € (0,1) with r <s, then (X,7) is IF-
Regular(s-ii)= (X,7) is IF-Regular(r-ii) andX, 1) is IF-Regular(s-ivl» (X, 1) is IF-
Regular(r-iv).

Proof: Letx € X, F = (ugp, vr) is closed in(X,t) with up(x) < vp(x). Since(X, 1) is
IF-Regular(s-ii), there exists = (4, v4), B = (ug, vg) € T such thati, (x) > s,v4(x) =
0 andF c B with (u, Nug) < (v4 Uvg). Sincer < s, we can writgu, (y) > r,v4(y) =
0. Thereforg(X, 7) is IF-Regular(r-ii).

Similarly we can show that IF-Regular(s-#) IF-Regular(r-iv).

The reverse implications are not true in generatlwban be seen as the following
examples:

Example 3.4. LetX = {x, y} andt be an intuitionistic fuzzy topology ot generated by
A ={(x,0.6,0.0),(y,0.3,0.4)}, B = {(x,0.2,0.3),(y,0.5,0.2)}. Consider the closet set
F = A° ={(x,0.0,0.6),(y,0.4,0.3)}. If r = 0.5 ands = 0.7 then clearly (X, 1) is IF-
Regular(r-ii) but not IF-Regular(s-ii).

Example 3.5. Let X = {x, y} andt be an intuitionistic fuzzy topology ot generated by
A ={(x,04,0.0),(y,0.0,0.3)}, B ={(x,0.0,0.3),(y,0.5,0.2)}. Consider the closet set
F = A° ={(x,0.0,0.4),(y,0.3,0.0)}. If r = 0.3 ands = 0.5 then clearly (X,7) is IF-
Regular(r-ivi) but not IF-Regular(s-iv).

Theorem 3.5. Let (X, 1) be an intuitionistic fuzzy topological space dhis a non empty
sub set of X. Then (X,7) is IF-Regular(r-kp (U,ty) is IF-Regular(r-k) fork €
{i, ii, iii, iv}.

Proof: Suppos€X, 1) is IF-Regular(r-i).

Letx € U, F|U = (ug|U, vp|U) is closed in(U, ty) with (ug|U)(x) < (vp|U)(x).
Clearlyx € X, F = (ug,vp) is closed in(X, t) with uz(x) < vp(x) as(U,1y) is sub space
of (X, 7).
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Since(X, ) is IF-Regular(r-i), then there exisAs= (u4,v,4), B = (ug,vg) € T such that
Ua(x) >r,vy(x) <r, Fc Bwith (uy Nug) € (v4 Uvg).

Since (U, ty) is sub space ofX, 1), then clearlyA|U = (uy|U, v4|U) € Ty, B|U =
(ug|U, vglU) € ty such that(u,|U)(x) > 1, (v4|U)(x) <r, (F|U) c (B|U) with
((ualU) 0 (upl|U)) < ((valU) U (vp|U)).

Therefore(U, 7) is IF-Regular(r-i).

Similarly we can prove this theorem for= ii, iii, iv.

Hence the properties IF-Regular(r-k)= i, ii, iii, iv are hereditary.

Theorem 3.6 . Let (X, 1) be an IFTS, then we have the following inplicatiovherer €
(0,1).

IF-Regular(-iii) )

\4
\‘1 IF-Regular(-) |

Proof: SupposgX,1) be IF-Regular. Let € X and IFCSF = (ug,vr) With pup(x) <
vp(x). Consider the IFR (... Sinceur(x) < vp(x), itis clear thar < uz(x) andr >
vp(x) isimpossible. So () & F = (up, vp). Since(X, 1) is IF-Regular, there exists=
(4a,va), B = (up,vg) € T such thak .,y EA,F c BandAnB =0..

NOW X () €A = 1T < pa(x) andr > vy (x). i.e.,us(x) > 1,v,(x) <.

Again sinceANB =0., thenu, Nug =0 andvyUvg =1.i.e, (ugNug) € (vq U
Vg).

He)nce(X, 7) is IF-Regular(r-i).

Again suppos€X,t) be IF-Regular. Lek € X and IFCSF = (ug, vp) With pp(x) <
vp(x). Consider the IFR ;... Sinceup(x) < vp(x), itis clear that < up(x) andr >
vp(x) isimpossible. So .,y & F = (up, vp). Since(X, 1) is IF-Regular, there exists=
(ua,Vva), B = (up,vg) E Tsuchthak ,, ) €A, FcBandANnB =0..

NOW X () €A = 1T < pa(x) @andr > vy (x). i.e.,ua(x) > 1,v4(x) <.

Again sinceAN B = 0., thenu, Nug =0 andv, Uvg = 1.

Now sciencer, Uvg = 1,soforally e X, (vqUvg)(y) =1ie.,(v4Uvg)(y) >0
Hence(X, 7) is IF-Regular(r-iii).

The remaining implication may be proved as TheaBe3n

[ IF-Regula

Theorem 3.7. Let (X,7) and (Y,8) be IFTSs andf:X - Y is one-one, open and
continuous. Then(Y,d8) is IF-Regular(r-ky» (X,7) is IF- Regular (r-k) fork €
{i, ii, iii, iv}.

Proof: Suppos€Y, §) is IF- Regular(r-i). Lex € X, F = (up, vg) is closed in(X,7) with
Up(x) <vp(x). Nowf(x) =y €Y andf(F) = (f(ug), f (vg) is closed inY, §) asf is
open. Sinc¢ is one-one thefi 1 (y) = {x}

Now f(ur) () = S8 e (@) = 1p() And (V) = o v (p) = v ()
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Thereforef (up)(y) < f(vp)(y) aspp(x) < vp(x),
Since (Y, 8) is IF- Regular(r-i). there exists = (14, v4), B = (1p,vg) € § such that

ta(y) > 1,v4(y) <randf(F) c B with (ua N pp) € (V4 U vp).

Sincef is continuous, thefi=1(A)=( f~*(uu), f~*(v,)) € T and

fB=(f"(us), f*(vp)) ET

Now we havef ' (1) (x) = pa(f (X)) = ua(y) > 7, f (V) (x) = va(f (X)) =

va(y) <.

And f(F) € B = f~1(f(F)) < f~'(B). BUtF < f1(f(F)) [5].

SoF c f~4(B).

Finally for anyz € X we get

(F7H ) 0 M (p)) (@) = min(f (ua) (2), fH(up)(2)) =

min(pa(f (2)), up (f (2)) = (14 0 pp)f (2) and

(FTr) VU 1 vR) (@) = max(f T (va) (2), f 7 (v)(2)) = max(va(f (2)), v (f (2))
= (V4 Uvp)f(2)

But (us N up) © (v4 U vp), therefore(uy N pp)f(z) < (va U vp)f(2)

So(f 7 (ua) N f (W)@ < (f ' (a) U f ' (v8)) (2)

i.e., (f_l(ﬂA) nf_l(ﬂs)) - (f_l(VA) Uf_l(VB))-

Therefore(X, 1) is IF- Regular (r-i).

Similarly we can prove this theorem for= ii, iii, iv.

Theorem 3.8. Let (X,7) and(Y,d) be IFTSs andf: X - Y is one-one, onto, continuous
and open. The@X, 7) is IF-Regular(r-k}=» (Y, d) is IF-Regular(r-k) fok € {i, ii, iii, iv}.
Proof: Suppos€X, 1) is IF- Regular(r-i). Ley € Y andF = (ug, V) is closed in(Y, &)
with up(y) <ve().
Sincef is one-one and onto, then there exists a unigaeX such thatf(x) = y. i.e.,
1) = {x}.
Clearlyf~1(F) = (f "Y(up), f ~1(vg)) is closed in(X, ) asf is continuous.
Now £~ (up) (x) = pp(f (X)) = 1p () <ve(y) = ve(f(x)) = f T (vp) (%)
e, fH (up) () < fTHE) ().
Since(X, 7) is IF- Regular(r-i), then there existgls= (uu,v4), B = (1g, vg) € T such
thatu, (x) > r,v4(x) <7 andf~1(F) c B with (i, N ug) € (v4 Uvp).
Clearlyf(A) = (f (1a), f(va)) € 6, f(B) = (f(up), f(vp)) € 8 asf is open.
Now f () () = ;-3 Ha(P) = pa(x) > and
WA = pepipyva(®) = valx) <.
And f~Y(F) c B = f(f~1(F)) c f(B). Butf(f~1(F)) = F asf is onto [5].
SO F c f(B).
Finally, for anyz € Y, there exists a unique € X such thaf (w) = z.i.e.,f"1(z) = {w},
Now (f (1a) N f (up)) (2)=min(f (1a)(2), f (5)(2))

= min (peicu;l?l(z) Ha (p): pef—sfgg):uB (p)) = mln( Ha (W), Up (W))z( Ua n HB)(W)
And (f(va) U f(vp))(2) = max(f (va) (2), f (v)(2)) =

max (e 10 Va®), eyt Ve (D) )= max( vaw), va(w)) = (v4 Uvp)(W)
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But (ug Nug) € (Vg Uvp) = (g Nup(w) < (vg Uvg)(w) = (f(ﬂA) N f(HB))(Z) <
(fva) U f(vp))(2)

i.e., (f(ﬂA) n f(liB)) - (f(VA) U f(VB))

Therefore(Y, §) is IF-Regular(r-i).

Similarly we can prove this theorem for= ii, iii, iv.

Corollary 3.1. If (X,t) and(Y, ) are IFTSs andf: X —» Y is a homeomorphism then
(X, 1) is IF-Regular(r-k) if and only ifY, §) is IF-Regular(r-k) fok € {i, ii, iii, iv}.

Remark 3.1. IF-Regular(r-k) fork € {i, ii, iii, iv} are topological property.

4. Conclusion

In this article, we have given four new ideas dliitmonistic fuzzy regular space and
established some relationships among them. We bbserved from theorem 3.1 and
theorem 3.2 that our notions are well defined.oAi®m theorem 3.5 we say that the
notions are hereditary. We observed from theoréaBd theorem 3.6 that our notion IF-
Regular(r-i) is most general among all given ndatioof intuitionistic fuzzy regular
topological spaces. Finally, we have observedahahotions convey topological property
in the sense of intuitionistic fuzzy regular space.
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