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1. Introduction

The "fuzzy sets" was firstly defined by Zadeh [13] in (1965). Atanassov [2] in (1986) initiated the

study of "intuitionistic fuzzy sets". In (1999), Molodtsov [7] introduced the concept of "soft set".
Maji, Biswas and Roy [5,6] in (2001), investigated the "fuzzy soft sets" and " intuitionistic fuzzy
soft sets". In (2011), Shabir and Naz [10] presented "soft topology" and "soft separation axioms".
The concepts of "fuzzy soft topology" and "fuzzy soft mappings" constructed by Pazar and Aygun
[9] in (2012). Yin, Li and Jun [12] in (2012) gave the " intuitionistic fuzzy soft mappings". The
notions of "intuitionistic fuzzy soft topology" and "a continuity of an intuitionistic fuzzy soft
mappings" studied by Turanli and Es [11] in (2012). The "intuitionistic fuzzy soft interior (closure)"
discussed by Bayramov and Gunduz [3] in (2014). Ismail and Deniz [8] in (2013) defined the
"intuitionistic fuzzy soft separation axioms". In (2014) Kandil, Tantawy, EI-Sheikh and Abd El-latif
[4] investigated the "intuitionistic fuzzy softa separation axioms". Abd El-latif and Rodyna [1] in
(2016) studied the properties of " fuzzy soft a T; spaces", i = 1,2,3,4.In the present paper we study

of the properties of "intuitionistic fuzzy soft a separation axioms" with some base theorems.

2. Preliminaries

In this section we recall the fundamental definitions and properties which it is needed in our paper.

Definition (2.1)[7]:

Let Xbe an initial universe set, E be a set of parameters, A be a non-empty subset of E and P(X)
denote the power of X. A pair ( f, A) denoted by f} is called soft set over X, where f is a mapping
given by f:A - P(X) .

Definition (2.2)[2]:

An intuitionistic fuzzy (IF, in short) set A over the universe X can be defined as follows: A =
{(x,ua(x),va(x)): x € X}, where the mappings pus:X - I[,v4:X — [ denote the degree of
membership and the degree of non-membership to the set A respectively, with the property 0 <
Ua(x) + v4(x) <1, for each x € X. The set of all intuitionistic fuzzy sets over X denoted by
IF(X).

Definition(2.3)[2]:
Let X be a non-empty set. If A = {{x, uy(x),v,(x)) : x € X},B = {{x, ug(x),vg(x)) : x € X}
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be two IF sets in X. Consider the following symbols:(1) A € B ©pu,(x) < ug(x)andv,(x) =
vp(x),Vx €X.
(2Q)A=B& Ac Band B C A.
(3)A° = {{x,v4(x), pa(x)) : x € X}.

(4 AN B = {{x, uy(x) A g (x),v4(x) Vvp(x)) : x € X}

(5) AU B = {{x, us(x) V ug (x),v4(x) Avg(x)) : x € X}.
(6)An IF null set defined as: {{x,0,1) : x € X} and is denoted by 0 .
(7)An IF absolute set defined as: {(x, 1,0) : x € X} and is denoted by 1 .

Definition (2.4)[6]:

Let Xbe an initial universe set, E be a set of parameters, A be a non-empty subset of E and IF (X)
denote the collection of all IF subsets of X. A pair (F,A)is called intuitionistic fuzzy soft (IFS, in
short) set over X, where F is a mapping given by F: A - IF(X) . In general, for everye € A, F(e)
is an IF set of X . Clearly F(e) can be written as {(x, ttp(o)(x), Vp(e)(x)) : x € X ,e € AS E} . The

set of all intuitionistic fuzzy soft sets over X with parameters from E denoted by IFS(Xg).

Definition (2.5)[6]:
Let (F, A) and (G, B) be two IFS sets over X . Then:
(1)Union:(F,A) U (G,B) = (H,C) ,where C=AUBandVe€C(C,

F(e) , if eeA—B
H(e) =4G(e) , if eeB—A
F(e)uG(e),if e€e ANB

(2)Intersection:(F,A) N (G,B) = (H,C);,C=AnBandVe€eC,H(e)=F(e)nG(e).
(3)Subset:(F,A) € (G,B), where (i) AS B(ii)Ve € A, F(e) € G(e)

(4) Complement: (F,A)¢ = (F¢,A), where F¢:A - IF(X) is a mapping given by F¢(e) =
[F(e)]°,Ve€EA.

ie.If F(e) = {(x, up(e)(x),vp(e)(x)) :x €X,e €A CSE},then

Fe(e) = [F(@)]° = {{x, Ve (X) ,r (X)) : X €X € €A S E}.

(5)Absolute IFS set:(F,A) is said to be absolute IFS set denoted by 15 if Ve € A, F(e) is the
absolute IF set 1 of X.

(6)Null IFS set:(F, A) is said to be null IFS set denoted by Oy if Ve € A, F(e) is the null IF set 0
of X.
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Definition (2.6)[12]:
Let IFS(Xg), IFS(Yp) be two IFS classes and ¢@:X =Y , ¢: E = D be two mappings. Then a
mapping (@, $): IFS(Xg) = IFS(Yp) is defined as: (i) For (F, A) € IFS(Xg), the image of (F,A)
under (@, ¢) denoted by (@, p)(F,A) = (¢(F), p(A)) is an IFS setin IFS(Yp) given by

Supxew_l(y),eeAnqb_l(d) #F(e)(x) ; <P_1(y) * 0
0 ; otherwise

ﬂ(p(F)(d)(y) = { and

InfxE(p_l(y),eeAn(p_l(d) VF(e)(x) ) (p_l(y) + 0

i forall d € p(A) and y €Y.
1 ; otherwise

Vory@(¥) = {

(ii) For (G,B) € IFS(Yp), the inverse image of (G, B) under (¢, ¢) denoted by (¢, )" 1(G,B) =
(p™1(G), ¢ X(B)) is an IFS set in IFS(Xg) given by Uy-1(5ye)(X) =
He(p(eyy (@ (X)) andv -1y ) (X) = Vgpe) (@ (x)) , forall e € ¢~*(B) and x € X.

The IFS mapping (¢, @) is called surjective (resp. injective) if ¢ and ¢ are surjective (resp.

injective).

Theorem (2.7)[12]:

Let (¢, ): IFS(Xg) = IFS(Yp) be an IFS mapping. Then the following statements hold:
(D(F,A) € (9, 0) (@, p)(F,A),V(F,A) € IFS(X:). If (¢, ¢) is injective, then the equality
holds.
2)(p,9)((p,9)1(G,B)) € (G,B), VY(G,B) € IFS(Yp). If (¢, ) issurjective, then the equality
holds.
B)((p, p)(F,A)° E (o, p)((F,A)°),V(F,A) € IFS(Xg). If (¢, ¢p) isbijective, then the equality
holds.
D, )1 ((G,B)) = ((¢,$)7(G, B))°, V(G,B) € IFS(Yp) .
(5)(p, ¢)(05) =0p, (@, d)(1g) E 1p. If (¢, ¢) issurjective, then the equality holds.

©)@, ®)2(05) = 0p , (@) (1) = 1p.
(DIf (F,4) € (G, 4), then (¢, $)((F, A)) E (¢, $)((G, A), Y (F,A), (G, A) € IFS(Xg).
(®)If (F,B) € (G,B), then (¢, )" ((F,B)) E (¢, $)'((G,B)), V(F,B), (G, B) € IFS(Yp) .
99,97 (Tjes (G, B);) =Uje; (0. 4)7*((G,B);))  and (9. $) (e, (G, B);) =
e (0. $)7((G,B);),¥(G, B € IFS(Yp) .
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(10) (9, $)(Tje; (F,A);) =Uje; (0, $)((F,A))) and
(0, ) (Njey (F,A);) ENje; (0, ¢)((F,A);),V(F,A); € IFS(Xg) . If (¢, ¢) is injective, then the
equality holds.

Definition (2.8)[11]:
Let t € IFS(Xg), then T is said to be intuitionistic fuzzy soft topology (IFST, in short) on X if the

following conditions hold:

()0g,1; € T, (ii) If (F,A),(G,B) € 7,then (F,A) N (G,B) € T,

(iii) If (F,A); € 7, then Uje; (F,A); € T.

In this case the pair (Xg, T) is called intuitionistic fuzzy soft topological space (IFSTS, in short) and
each IFS set in 7 is known as an intuitionistic fuzzy soft open set (IFSOS, for short). An IFS set is

called intuitionistic fuzzy soft closed set (IFSCS, for short) if and only if its complement is IFSOS.

Definition (2.9)[11]:
Let (Xg, 71), (Yp, T2) be two IFSTSs. An IFS mapping (¢, ¢): (Xg, 1) = (Yp, T,) is called:
(i) IFS continuous if V(G,B) € 7,, (¢, $)"*((G,B)) € 1, .
(ii) IFS open if V(F,A) € t,,(¢p,d)((F,A)) € 1, .

Definition (2.10)[8]:
Let (Xg, 7) be an IFSTS and Y be a non-empty subset of X. Then:t, = {(H,C): (H,C) =
Yz 0 (F,A),V(F,A) € t}is said to be IFST on Y and (Y, Ty) is called IFS subspace of (Xg, 7).

Definition (2.11)[8]:
An TFS set (F,A) is said to be IFS point denoted by ey if for the element e € A,F(e) # 0 and
F(e\) =0,Ve € A—{e}.

Definition (2.12)[8]:
An IFS point ey is said to be in IFS set (G,A) denoted by ep € (G,A) if for the element e €

A,F(e) S G(e).ie. ppe)(x) < pgey(xX)and Ve (x) = vge)(x), VX EX,e €A .

Definition (2.13)[3]:
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Let (Xg, ) be an IFSTS and (F,A) € IFS(Xg) . (i) The IFS interior of (F,A), defined
as: IFS int(F,A) =0 {(H,C): (H,C) is IFS0S,(H,C) € (F,A)}. (ii) The IFS closure of (F,A),
defined as: IFS cl(F,A) =0 {(H,C): (H,C) is IFSCS, (F,A) € (H,C)}.

Theorem (2.14)[3]:
Let (Xg, t) be an [FSTS and (F, A), (G, B) € IFS(Xg). Then:
(VIFS int(F,A) A IFS int (G, B) = IFS int((F,A) i (G, B)).
()IFS int(F,A) UIFS int(G, B) € IFS int((F,A) U (G, B)).
(3)IFS cl(F,A) UIFS cl(G,B) = IFS cl((F,A) U (G, B)).
(DIFS cl((F,A) 0 (G,B)) EIFS cl(F,A) A IFS cl(G,B).
(5)(IFS int(F,A))¢ = IFS cl((F, A)°).
(6)(IFS cl(F,A)) = IFS int((F, A)°).

3. Intuitionistic Fuzzy Soft a Open(Closed)Sets

In this section we define the intuitionistic fuzzy soft a open (closed) sets and we study the interior

(closure) of them.

Definition (3.1):
Let (Xg, ) be an IFSTS . An IFS set (F,A) over X is said to be IFSa open set if

(F,A) CIFS int(IFS cl(IFS int(F,A))) . The complement of an IFSa open set is called
IFSa closed set. We denote the set of all /FSa open sets and all IFSa closed sets by IFSaOS (Xg)
and [FSaCS(Xg) respectively.

Theorem (3.2):
Let (Xg, 7) be an IFSTS and (F,A) € IFSa0S(Xg). Then:

(i) The union of IFSa open sets is [FSa open set.

(ii) The intersection of IFSa closed sets is I[FSa closed set.

Proof:

() Let{(F,A);,j €]} E IFSa0S(Xg) = Vj €], (F,A); € IFS int(IFS cl(IFS int(F,A);))

= Uje; (F,A); EUje; (IFS int(IFS cl(IFS int(F, A);)))

C IFS int(Uje; IFS cl(IFS int(F,A);)) (Theorem: 2.14(2))
C IFS int(IFS cl(Uje; IFS int(F,A);)) (Theorem: 2.14(3))
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C IFS int(IFS cl(IFS int Uje; (F,A);)) (Theorem: 2.14(2))

= Uje) (F,A); € IFSa0S(X5), Vj €] .

(i) Let {(G,B);,j €]} € IFSaCS(Xg) = (G,B)," is IFSa open set, Vj € ] = from (i) we get:
Uje; (G,B)° € IFSa0S(Xg) = [Uje, (G, B)°1° € IFSaCS(Xg)

=Nje; (G,B); is IFSaclosed set, Vj € ] . n

Definition (3.3):
Let (Xg,7) be an IFSTS and (F,A) € IFS(Xg). Then:

(i) The IFSa interior of (F,A), denoted by IFSa int(F,A) and is defined as: IFSaint(F,A) =
U{(H,C):(H,C) € IFSa0S(Xg),(H,C) € (F,A)}

(ii) The IFSa closure of (F,A), denoted by IFSa cl(F,A) and is defined as: [FSacl(F,A) =
N{(H,C):(H,C) eIFSacs,(F,A) € (H,C)}.

Theorem (3.4):
Let (Xg, ) be an IFSTS and (F, A), (G,B) € IFS(Xg). Then:
(DIFSaint(1g) = 1p and IFSaint(0g) = 0z. (2)IFSa int(F,A) € (F,A).
(3)IFSa int(F, A) is the largest IFSa open set contained in (F, A).
(4)(F, A) is IFSa open set if and only if IFSa int(F,A) = (F,A).
(5) If (F,A) € (G,B), then IFSa int(F,A) € IFSa int(G,B).

(6)IFSa int (IFS« int (F, A)) = IFSa int(F, A).
(DIFSaint(F,A) U IFSa int(G,B) € IFSa int((F,A) U (G, B)).
(8)IFSaint((F,A) i (G,B)) € IFSa int(F,A) A [FSa int (G, B).
Proof:It's clear.m

Theorem (3.5):

Let (Xg, 7) be an IFSTS and (F, A), (G,B) € IFS(Xg). Then:

(DIFSacl(1g) = 1z and IFSacl(0g) = 0. (2)(F,A) € IFSacl(F,A).

(3)IFSa cl(F, A) is the smallest IFSa closed set contains (F, A).

(4)(F, A) is IFSa closed set if and only if IFSa cl(F,A) = (F, A).

(5) If (F,A) € (G,B), then IFSa cl(F,A) € IFSa cl(G,B).
(6)IFSacl(IFSacl(F,A)) = IFSa cl(F, A).

(DIFSacl(F, A) UIFSa cl(G,B) € IFSa cl((F,A) U (G, B)).
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(8)IFSa cl((F,A) A (G,B)) € IFSa cl(F,A) A IFSa cl(G, B).
Proof: Obvious.m

Lemma (3.6):
Let (Xg, ) be an IFSTS. Then:(i) Every IFS open set in (Xg, ) is IFSa open set.

(it) Every IFS closed set in (X, 7) is IFSa closed set.

Proof:

(i) Let (F,A) be an IFS open set in (Xg,7) = IFS int(F,A) = (F, A)
Since (F,A) € IFS cl(F,A) = IFS int(F, A) € IFS int(IFS cl(F, A))

= (F,A) € IFS int(IFS cl(IFS int(F, A))) = (F,A) is IFSa open set
(ii) Let (G, B) be an IFS closed set in (Xg,7) = (G,B)€ is IFS open set

= By (i), we have: (G, B)¢ is IFSa open set = (G, B) is IFSa closed set.m

Theorm (3.7):
Let (Xg, ) be an IFSTS and (F,A) € IFS(Xg). Then:
(D[IFSaint(F,A)]¢ = [FSa cl(F,A)¢. (i)[IFSa cl(F,A)]¢ = IFSa int(F, A)°.
Proof:
(i) Since IFSaint(F,A) =U{(H,C):(H,C) € IFSa0S,(H,C) € (F,A)} = [IFSa int(F,A)]¢ =
N{(H,C)¢:(H,C)¢ € IFSaCS, (F,A)* € (H,C)°} = IFSa cl(F, A)¢

(it) Similar as (i) m

Theorm (3.8):
Let (Xg, 7) be an IFSTS and (F,A) € IFS(Xg). Then:

(i)(F, A)is IFS open set if and only if IFS cl(IFS int(F,A)) = IFS cl(F,A).
(i) If (G, B) € 7, then IFS cl(F,A) 0 (G,B) € IFS cl[(F,A) A (G, B)].
Proof: It's clear. ]

Theorm (3.9):
Let (Xg,7) be an IFSTS, (F,A) € IFSOS(Xg) and (G,B) € IFSa0S(Xg) Then, (F,ANn(G,B) e
IFSa0S (Xg).
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Proof:

Let (F,A) € IFSOS(X;) and (G, B) € IFSa0S(X;)

= (F,A) A (G,B) € IFS int(F, A) i\ IFS int(IFS cl(IFS int(G, B)))

= IFS int[(F, A) A IFS cl(IFS int(G, B))] (Theorem: 2.14(1))
€ IFS int[IFS cl((F,A) A IFS int(G, B))] (Theorem: 3.8 (ii))

€ IFS int[IFS cl(F, A) & IFS cl(IFS int(G, B))] (Theorem: 2.14(4))

= IFS int[IFS cl(F,A)] & IFS int[IFS cl(IFS int(G, B))] (Theorem: 2.14(1))

= [FS int[IFS cl(IFS int(F,A))] A IFS int[IFS cl(IFS int(G, B))](Theorem: 3.8 (i))

= IFS int(IFS cl(IFS int[(F,A) B (G, B)])) = (F,A) & (G,B) € IFSa0S(Xy). m

Theorm (3.10):
Let (Xg,t) be an IFSTS, (F,A) € IFS(Xg) . Then, (F,A) € I[FSaCS(Xg) if and only if
IFS cl(IFS int(IFS cl(F,A))) € (F, A).

Proof: It's clear. ]

Corollory (3.11):

Let (Xg,7) be an IFSTS, (F,A) € IFS(Xg). Then, (F,A) € IFSaCS(Xg) if and only if (F,A) =
(F,A) U IFS cl(IFS int (IFS cl(F, A))).

Proof: It's obvious from Theorem (3.10) . [ |

4. Intuitionistic Fuzzy Soft o Continuous Mappings
In this section we define the intuitionistic fuzzy soft a continuous (open, closed and irresolute)
mappings and we prove some results of them. We denote the intuitionistic fuzzy soft mapping (¢, ¢)

by ®.

Definition (4.1):

Let (Xg,11), (Yp, T,) be two IFSTSs. An IFS mapping @ = (¢, d): (Xg,t1) = (Yp,72) is called:
(1)IFSa continuous if @~ 1((G,B)) € IFSa0S(Xg),V(G,B) € 1, .

(2)IFSa open if @((F,A)) € IFSa0S(Yy),V(F,A) €1, .

(3)IFSa closed if ®((F,A)) € IFSaCS(Y,),V(F,A) € IFSCS(Xp).

(4)IFSa irresolute if @~ 1((G,B)) € IFSa0S(Xg),V(G,B) € IFSa0S(Yp).
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Theorm (4.2):

(1) Every IFS continuous map is [FSa continuous.
(2) Every IFS open map is IFSa open. (3) Every IFS closed map is IFSa closed.
Proof: It's clear from Lemma (3.6). =

Theorem (4.3):
Let (Xg,71), (Yp,T,) be two IFSTSs and @: (Xg,7,) = (Yp,T,) be an IFSa mapping . Then the
following statements are equivalent: (1)@ is [FSa continuous.
(2)®~1((G,B)) € IFSaCS(Xz),V(G, B) € IFSCS(Yp).
(3)@[IFSacl(F,A)] € IFS cl[®((F,A)],V(F,A) € IFS(Xg).
(A)IFSa cl[®~1((G, B))] € ®~[IFS cl(G, B)],V(G, B) € IFS(Yp).
(5)®~1[IFS int(G, B)] € IFSaint[®~((G, B))], V(G, B) € IFS(Yp).
Proof:
(1> 2) Let (G,B) € IFSCS(Y,) = (G, B)° € IFSOS(Y,) and ®~1((G,B)°) € IFSa0S(Xy) (
Definition: 4.1). Since @~1((G, B)¢) = [®~1((G, B))]¢ (Theorem: 2.7)
= ®~1((G,B)) € IFSaCS(Xx).
(2 = 3) Let (F,A) € IFS(Xg) = from (2) and (Theorem: 2.7), we get:
(F,A) € o~ [@((F, A)] E @~ [IFS cl &((F, A))] € IFSaCS (Xz)
= (F,A) € IFSa cl (F,A) € ¢~1[IFS cl &((F, A))]
= O[IFSa cl (F,A)] € ®[@~L(IFS cl ®((F,A)))]
= from (Theorem: 2.7), we get: @[IFSa cl (F,A)] € IFS cl &((F,A)).
(3= 4) Let (G,B) € IFS(Yp) and (F,A) = ®~1((G,B)) = from (3), we get:
@[IFSacl ®71((G,B))] C IFS cl ®[®@~1((G, B))] = by (Theorem: 2.7), we have:
IFSacl @=1((G,B)) € ¢~ [@(IFSa cl d~1((G, B)))] € ®~1[IFS cl & (@~ 1((G, B)))]
& &~1(IFS cl(G, B)) = IFSacl #~1((G, B)) € ¢~1(IFS cl(G, B)).
(4=05) Let (G,B) € IFS(Yp) = (G,B)¢ € IFS(Yp) = from 4), we get:
IFSacl @~ 1((G,B)) € @~ 1(IFS cl(G,B)¢) = by (Theorem: 2.7), (Theorem: 2.14) and (Theorem:
3.7), we have: @=L (IFS int (G, B)) € IFSa int ~1((G, B)).
(5=1) Let (G,B) € IFSOS(Yp) = IFS int(G, B) = (G, B) and®~1(IFS int(G,B)) =
®»=1((G,B)) € IFSa int #~1((G,B)) (by5)
Since IFSaint ®~1((G,B)) € &~1((G,B)) (Theorem: 3.4)
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= IFSaint ®~1((G,B)) = ®~1((G,B)) € IFSa0S(Xy) = & is IFSa continuous. m

Theorem (4.4):

Let (Xg, 71), (Yp, T,) be two IFSTSs and @: (Xg,1,) = (Yp, 72) be an IFSa mapping.Then, @ is an
IFSa open if and only if @[IFS int(F,A)] € IFSa int[®((F, A))],V(F,A) € IFS(Xg).

Proof:

(=) Let @ be an IFSa open map and (F,A) € IFS(Xg) = IFS int(F,A) € 7, and

@[IFS int(F,A)] € IFSa0S(Yp) (Definition:4.1) = @P[IFS int(F,A)] =
IFSa int[@(IFS int (F, A))] € IFSa int[@((F,A))]

(&) Let (F,A) € t41. By the condition we get:

O[IFS int(F,A)] = &((F,A)) € IFSa int[®((F,A))] € IFSa0S (Yp)

Since IFSa int[®((F, A))] € @((F, A)) = IFSaint[®((F,A))] = @((F,A)) €
IFSa0S(Yp),V (F,A) € T,= @ is IFSa open map. [

Theorem (4.5):

Let (Xg, 71), (Yp, 75) be two IFSTSs and @: (Xg,t,) — (¥, 7,) be an [FSa mapping.Then, @ is an
IFSa closed if and only if IFSa cl[@((F, A))] € [IFS cl(F, A)],V(F, A) € IFS(Xg).

Proof: Similar as Theorem (4.4). m

5.Intuitionistic Fuzzy Soft o Separation Axioms

In this section we define the intuitionistic fuzzy soft aT; spaces, i = 1,2,3,4and we introduce some of

its basic properties.

Definition (5.1):

An IFSTS (Xg, 1) is said to be IFSa T, space if for every pair of distinct IFS points e, ey, there
exists an I[FSa open set (F, A) such that.eg € (F,A), ey, & (F,A) orey € (F,A),es & (F,A).

Example(5.2):

Let X = {xy, x5, %3, %4}, E = {e1, €5, e5} and 7 be the discrete intuitionistic fuzzy soft topology on X.

Then(Xg, 7) is IFSa T, space.

Theorem (5.3):
An IFS subspace (Y, 7y) of an IFSa Ty space(Xg, 7) is IFSa T, space.
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Proof:

Let e, ey, be two distinct IFS points in (Y, Ty). Since (Yg, Ty) be a subspace of (Xz, T) = e, ey are
two distinct IFS points in (Xg, 7)

Since (Xg,7) be IFSa T, space = IIFSa open set (F, A) in T such that: eg € (F,A), ey & (F,A) or
ew € (F,A),es & (F,A)=>(H,C) =Yz 0 (F,A),V(F,A) € tis IFSa open set in Ty, such that: eg €
(H,C),ey, & (H,C)orey € (H,C),es & (H,C)

Hence (Yg, Ty) is IFSa T, space. [ |

Definition (5.4):

An IFSTS (Xg, 7) is said to be IFSa T, space if for every pair of distinct IFS points eg, ey, there exist
an [FSa open sets (F, A), (G, B)such that:eg € (F,A), ey, & (F,A) and ey, € (G,B), es ¢ (G, B).

Example (5.5):

Let X = {x1,%,,x3},E = {e,,e,,e3} and T be the discrete intuitionistic fuzzy soft topology on X.

Then(Xg, ) is IFSa T, space.

Theorem (5.6):
An IFS subspace (Y, 7y) of an IFSa T, space(Xg, 1) is IFSa T, space.
Proof: Similar as Theorem (5.3). [

Theorem (5.7):

If every IFS point of an IFSTS (X, 7) is IFS« closed set, then (Xg, T) is IFSa T; space.
Proof:

Let eg, ey, be two distinct IFS points of (X5, T) = eg, ey, are IFSa closed sets = ef, efj,are distinct
IFSa open sets such that: es € efj, ey, € e, and ey € e, es & e§ = (Xg, 1) is IFSa T, space.

Definition (5.8):

An IFSTS (Xg, 7) is said to be [FSa T, space if for every pair of distinct IFS points eg, ey, there exist
disjoint IFSa open sets (F, A), (G, B) such that: e € (F, A) and ey, € (G,B).
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Example (5.9):

Let X = {xy,x,,x3,%,} ,E = {e;, e,, e5} and 7 be the discrete intuitionistic fuzzy soft topology on X.

Then(Xg, 1) is IFSa T, space.

Theorem (5.10):
An IFS subspace (Y, 7y) of an IFSa T, space(Xg, ) is IFSa T, space.
Proof:Similar as Theorem (5.3). |

Theorem (5.11):
If every IFS point of an IFSTS (Xg, T) is IFSa closed set, then (X, 7) is IFSa T, space.
Proof: Similar as Theorem (5.7). [ ]

Proposition (5.12):

(1) Every IFSaT, space is IFSaT; space.

(2) Every IFSaT, space is [FSaT, space.

(3) Every IFSaT, space is [FSaT, space.

Proof:

(1) Let (Xg, T)be an IFSaT, space and eg, ey, be two distinct IFS points

= 3 disjoint IFSa open sets (F,A),(G,B) such that: e; € (F,A) and e, € (G,B) . Since
(F,A)B (G,B) =0z > e & (G,B) and ey & (F,A) = es€ (F A, ey & (F,A) and ey €
(G,B),es & (G,B). Thus, (Xg, t)is IFSaT; space.

(2) Let (Xg, T)be an IFSaT, space and eg, e, be two distinct IFS points

= JIFSa open sets (F,A), (G, B) such that: e € (F,A), ey & (F,A) and ey € (G,B),es & (G,B).
Then, there exists an IFSa open set containing one of the IFS point but not the other.

Thus, (Xg, )is IFSaT, space.

(3) Let (Xg, T)be an IFSaT, space= By (1), we have: (Xg, t) is IFSaT; space.

= From (2), we get: (Xg, ) isSIFSaT, space. ]

Theorem (5.13):

For every pair of distinct IFS points e, ey, of an IFSaT, space (Xg,7), there exists an IFSa closed
set (H, C) such that: e € (H,C), ey, & (H,C) and ey, & IFSa cl(H,C).
Proof:
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Let eg, ey, be two distinct IFS points of an IFSaT, space(Xg,T)

= 3 disjoint IFSa open sets (F,A), (G, B) such that: eg € (F,A) and ey € (G,B) = es € (G, B)¢
and ey € (G,B)° = (G,B)° = (H,C) isIFSa closed set containing eg but not e, and e, €&
IFSa cl(H,C) = (H,C). [ |

Definition (5.14):
Let (Xg, 7) be an IFSTS, (H, C) be an [FSa closed set and eg be an IFS point such that eg & (H, C).

If there exist disjoint IFSa open sets (F, A), (G, B) such that: eg € (F,A) and (H,C) € (G, B), then
(Xg,7) is called IFSa regular space. An IFSTS (Xg, 1) is said to be IFSaT; space if it is [FSa
regular and /FSaT; space.

Theorem (5.15):

Let (Xg, ) be an [FSa regular space, (H, C) be an IFSa open set and eg be an IFS point such that
es € (H,C) , then there exists an IFSa open set (F,A) such that: es € (F,A) and
IFSa cl(F,A) € (H,C).

Proof:

Let (H,C) be an [FSa open set containing IFS point eg in [FSa regular space(Xg,7) = (H,C)¢ is
IFSa closed set such that eg & (H,C)¢. By hypothesis, there exist disjoint IFSa open sets
(F,A),(G,B) such that: eg€ (F,A) and (H,C0)C(G,B)=(GB)FC(HC) and
(F,A) € (G,B)° = IFSacl(F,A) € (G,B)° € (H,C) =we get an IFSa open set (F, A) containing
es and IFSa cl(F,A) € (H,C)m

Theorem (5.16):
An IFS subspace (Y, 7y) of an IFSa T; space(Xg, 7) is [FSa T5 space.

Proof:
By Theorem (5.6), we get: (Yz,Ty) is IFSa T, space.

To prove that (Yg, Ty) is IFSa regular space let (H, C) be an IFSa closed set and eg be an IFS point
in (Yg, Ty) such that eg & (H, C). Since (Xg, T) be an IFSa T; space = (Xg, ) is IFSa regular space
= there exist disjoint [FSa open sets (F,A),(G,B) in 7 such that: es€ (F,A) and
(H,C) € (G,B)=>Y; N (F,A),Y; 0 (G, B) are disjoint IFSa open sets in Ty, such that:

es €Y N (F,A) and (H,C) CY; N (G,B) = (Yg,1y) is IFSa regular space. Therefore (Yg,Ty) is
[FSa T; space. [
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Definition (5.17):
Let (Xg,7) be an IFSTS and (H,C), (K, D) be disjoint IFSa closed sets. If there exist disjoint [FSa
open sets (F,A), (G, B) such that: (H,C) € (F,A) and (K,D) € (G, B), then (Xg, 1) is called IFSa

normal space. An IFSTS (Xg, 7) is said to be [FSaT, space if it is [FSa normal and IFSaT; space.

Theorem (5.18):

An IFSTS (Xg,7) is IFSa normal space if and only if for every IFSa closed set (H,C) and IFSa
open set (K,D) such that (H,C) € (K,D), there exists IFSa open set (F,A) such that
(H,C) € (F,A) and IFSacl(F,A) € (K,D).

Proof:

(=) Suppose that (X, 7) be an IFSa normal space, (H, C) be an IFSa closed set and (K, D) be an
IFSa open set such that (H,C) € (K,D) = (H,C),(K,D)¢ are disjoint IFSa closed sets. By
hypothesis, there exist disjoint IFSa open sets (F,A),(G,B) such that: (H,C) € (F,A) and
(K,D)¢ € (G,B). Since (F,A) € (G,B)° = IFSacl(F,A) € IFSacl(G,B)¢ = (G,B)¢
Since(G,B)¢ € (K,D) = IFSa cl(F,A) € (K, D).

(&) Suppose that the condition holds and (J,5),(L,W) be disjoint IFSa closed sets
=(/,5) € (L,W)° . By condition, there exists IFSa open set (F, A) such that (/,S) € (F, A)

and  IFSacl(F,A) € (L, W) = (L, W) € [IFSa cl(F,A)]¢ and [IFSa cl(F,A)]° @ (F,A) = Op,
where (F,A) and [IFSacl(F,A)]¢ are IFSa open sets= (Xg,7) is IFSa normal space. m

Theorem (5.19):

An IFSa closed subspace (Yg, Ty) of an IFSa normal space(Xg,7) is IFSa normal space.

Proof:

Let (H,C), (K, D) be disjoint IFSa closed sets in (Yg, Ty)

=Y; 0 (H,C) and Yz N (K, D) are IFSa closed sets in (Xg,7)

Since (Xg,7) be an IFSa normal space = there exist disjoint IFSa open sets(F, A), (G, B) in T such
that: Y, A" (H,C)C(F,A) and Y,N(K,D)S(G,B)=>Y;,A(H,C)ZY;,N(F,A) and
Yz 0 (K,D) €Yz 0 (G,B), for some disjoint IFSa open setsYg N (F,A),Y; 0 (G,B) in 7y . Thus

(Yg, Ty) is IFSa normal space.m
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