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Abstract

In this article, the concept of fuzzy hypersoft § (resp. semi, pre, § semi & & pre)-separation axioms in fuzzy
hypersoft topological spaces are introduced by developing fuzzy hypersoft ¢ (resp. semi, pre, d semi & §
pre)-neighbourhood with respect to fuzzy hypersoft points. Also, the properties and relations between fuzzy
hypersoft 0 (resp. semi, pre, J semi & ¢ pre)- T;- spaces (i = 0, 1,2, 3,4) are discussed.

Keywords: F'H,S § (resp. semi, pre; 6 semi & § pre)-neighbourhood; F'H,S § (resp. semi, pre, § semi
& § pre)-separation axioms; F'H,S ¢ (resp. semi, pre, ¢ semi & ¢ pre)- T;- space (i = 0,1, 2, 3, 4).
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1 Introduction

The real world decision making problems in medical diagnosis, management, computer science, engineering,
artificial intelligence, economics,social sciences, environmental science and sociology contains more uncertain
and inadequate data. The traditional mathematical methods cannot deal with these kind of problems due to
the imprecise data. To deal the problems with uncertainty, Zadeh?" introduced the fuzzy set in 1965 which
contains the membership value in [0,1]. A fuzzy set is a set where each element of the universe belongs to
it but with some value or degree of belongingness which lies between 0 and 1 and such values are called
membership value of an element in that set. The topological structure on fuzzy set was undertaken by Chang”
as fuzzy topological space. The soft set theory was introduced by Molodstov! in 1999 to deal uncertainties
in which a soft set is a collection of approximate descriptions of an object. Soft set is a parameterized family
of subsets where parameters are the properties, attributes or characteristics of the objects. The soft set theory
have several applications in different fields such as decision making, optimization, forecasting, data analysis
etc. Consequently, the soft topological spaces were developed by Shabir and Naz 12

Smarandache!® extended the notion of a soft set to a hypersoft set and then to plithogenic set by replacing
function with a multi-argument function described in the cartesian product with a different set of attributes.
This new concept of hypersoft set is more flexible than the soft set and more suitable in the decision-making
issues involving different kind of attributes. Abbas et. al® defined the basic operations on hypersoft sets and
hypersoft point in all the universe of discourses. Ajay and Charisma® introduced fuzzy hypersoft topology,
intuitionistic hypersoft topology and neutrosophic hypersoft topology. Neutrosophic hypersoft topology is the
generalized framework which generalizes intuitionistic hypersoft topology and fuzzy hypersoft topology. Ajay
et.al® defined fuzzy hypersoft semi-open sets and developed an application in multiattribute group decision
making.
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Saha!? defined J-open sets in fuzzy topological spaces. Vadivel et al.”® introduced J-open sets in neutrosophic
topological spaces. The neutrosophic soft §-topology was developed by Acikgoz and Esenbell' In 2019, the
separation axioms on neutrosophic soft topological spaces were studied by Aras et al® The soft b-separation
axioms were introduced by Khattak et al® and pre-separation axioms were developed by Acikgoz et al? in
neutrosophic soft topological spaces. Revathi et al'? developed neutrosophic soft e-separation axioms in
neutrosophic soft topological spaces. Ozturk'!' introduced separation axioms in fuzzy hypersoft topological
spaces.

The goal of this paper is to introduce fuzzy hypersoft § (resp. semi, pre, d semi & J pre)-neighbourhood and
fuzzy hypersoft J (resp. semi, pre, § semi & § pre)-separation axioms in fuzzy hypersoft topological spaces
using fuzzy hypersoft points. In addition, the characteristics of fuzzy hypersoft  (resp. semi, pre, J semi & §
pre)- T;- spaces (i = 0, 1,2, 3, 4) and relations between them are studied.

2 Preliminaries

t,20

The definitions of fuzzy set? soft set,'? hypersoft set'® and fuzzy hypersoft set® are considered in this paper.

Definition 2.1. % Let (&, A;) and (¥, Ay) be two FH,Ss’s over M. Then (&, A;) is the fuzzy hypersoft
subset of (W, A2) if 115, (M) < g g (M)

It is denoted by (®, A1) C (T, Ag).

Definition 2.2. B Let (@, A1) and (¥, Ag) be FH,Ss’s over M. (P, A;) is equal to (¥, Ay) if L (q) (M) =
u"il(q)(m)'

Definition 2.3. ¥ A FH,Ss (&), A) over M is called null fuzzy hypersoft set if /%(q)(m) = 0,Vq € A and
m € M. Itis denoted by ﬁ(m,Q).

A FH,Ss (¥, A) over M is called absolute fuzzy hypersoft set if ué(q)(m) =1Vqge ANandm € M. Itis
denoted by 1(9317@.

Clearly, 6?931,@) = i(m’Q) and i?zm,Q) = f)(gm,Q).

Definition 2.4. % Let (®, A) be FH,Ss over M. (®, A)¢ is the complement of (®, A) if u%(q)(m) = 1?931 o~
Ifr(q) (M) Where Vg € A and Vm € DN It is clear that (P, N)0)¢ = (@, A).

Definition 2.5. 9 Let (®, A;) and (T, Ag) be F'H,Ss’s over M. Extended union (®, A1) U (T, Ag) is defined
as

,ué(q)(m) if ge Al — N2
M((q)v /\1) U (\Ila /\2)) = lu\i/(q) (m) if qe N2 —"N
max{pgq) (M), thg(q) (M)} ifq € AN A

Definition 2.6. B4 Let (®, A1) and (¥, A) be FH,Ss’s over M. Extended intersection (@, A1) N (¥, Ag) is
defined as

,ui,(q)(m) if ge N —Aq
u((2,A1) N (W, A2)) = 4 pgq)(m) if g€ A2 — Ay
min{pg g (M), L) (M)} ifq € AL N A2

Definition 2.7. # Let (90, Q) be the family of all F'H,Ss’s over M and 7 C FH,Ss("M, Q). Then 7 is said
to be a fuzzy hypersoft topology (in short, £'H, St) on M if

@) ()(gﬁQ) and I(gﬁ,Q) belongs to 7
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(ii) the union of any number of F'H,Ss’s in 7 belongs to 7

(iii) the intersection of finite number of F'H,Ss’s in 7 belongs to 7.

Then (90, Q, 7) is known as a fuzzy hypersoft toplogical space (in short, F'H, Sts) over 9. Each member of
7 is said to be fuzzy hypersoft open set (in short, F'H,So0s). A FH,Ss (®, A) is known as a fuzzy hypersoft
closed set (in short, F'H, Scs) if its complement (®, A)° is F' H,Sos.

Definition 2.8. * Let (9, Q, 7) be a F'H, Sts over 9 and ((f, A) be a FH,Ss in 9. Then,

(i) the fuzzy hypersoft interior (in short, F'H,,Sint) of (®, A) is defined as F'H,, Sint(®, A) = U{(F, A) :
(¥,A) C (P, A) where (U, A) is FH,Sos}.

(i) the fuzzy hypersoft closure (in short, FH,Scl) of ((f, A) is defined as FHyScl(é, A) = N{(T,A) :
(¥,A) D (®,A) where (¥, A) is FHyScs}.

Definition 2.9. 5 Let (M, Q, 7) be a FH,Sts over M and (®, A) be a FH,Ss in 9. Then, (¥, A) is called
the fuzzy hypersoft semiopen set (in short, F H,SSos) if (®,A\) C FH,Scl(int(®, A)).

A FH,Ss (®, ) is called a fuzzy hypersoft semiclosed set (in short, F'H, SScs) if its complement (&, A)° is
aFFH,SSos.

Definition 2.10. 2 Let FH,S’s (<i>7 A) be the family of all FH,S’s over M and letm € M, 0 < ¢ < 1,
q € Q. Then the F'H,Ss m is known as fuzzy hypersoft point (in short, F'H, Sp) and is defined as follows:
For each n € M,
pifg =qandn=m
m (q)(n) =
0if g’ # qorn # m.

Definition 2.11. " Let md, and nf'o/, be two F'H,Sp’s. For the F H, Sp’s m{, and n:'o/, over a common universe
M, we say that F'H,Sp’s are distinct points, if mj, N n:;, = O, ). It is clear that mj, and ng, are distinct
FH,Spsiffm #nandq # q.

Definition 2.12. ™ Let (MM, Q, 7) be FH,Sts over M. A FH,S’s (®,A) in (M, Q,7) is called a fuzzy
hypersoft neighbourhood (in short, F"H, Snbd) of the F'H,Sp m, € (®, A), if there exists a F'H,Sos (¥, A)
such that m{, € (B, A) C (D, A).

Definition 2.13. ' Let (M, Q, 7) be a FH,Sts over M. Let (&, A) be a F'H,Ss over M and md bea F'H,Sp
over .

(i) m} is a fuzzy hypersoft interior point (in short, F'H,Sintp) of (®,A), if (¥,A) C (P, A) for some
(V,A) € FH,Snbd of the F'H,Sp m{,.

(i) m isa fElZZy hypersoft adherent point (in short, FH,Sadhp) of (®, A), if (¥, A) (P, A) ¢ 0o, Q)
for any (¥, A) € FFH,Snbd of the F'H, Sp m{,.

Theorem 2.14. T Let (9%, Q,7) be a F H, Sts over 9 and (®, A) be a F H,,Ss over M. Then

(i) FH,Sint(®,A) =J{m% : m% isa FH,Sintp of (2, A)}.
(ii) FH,Scl(®,A) =U{md : m% is a FH,Sadhp of (&, A\)}.

Definition 2.15. ™' Let (9, Q, 7) be a F H, Sts over 9t and (&, A) be an arbitrary FH,S’s . Then 7 ., =
{(®,A) N (T, A) : (,A) € 7} is called FH,St on (®,A) and ((iﬁ/\),%@’A),Q) is known as a fuzzy
hypersoft topological subspace (in short, F'H, Stss) of (9, Q, 7).
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3 Fuzzy hypersoft §-separation axioms

Definition 3.1. Let (9, Q, 7) be a F H,Sts over M. A FH,Ss (®, A) is said to be a fuzzy hypersoft regular
open set (in short, F'H,Sros) if (®,A) = FH,Sint(FH,Scl(®,A)). The complement of FH,Sros is
known as a fuzzy hypersoft regular closed set (in short, F'H,Srcs) in 9.

Definition 3.2. Let (M, Q,7) be a F H, Sts over M and (P, A) be a F H,Ss on M. Then the fuzzy hypersoft

(i) d-interior (in short, F'H, Sint) of (®, A) is defined by F H,Sdint(®, A) = J{(T,A) : (¥, A)
and (¥, A) is a FH,Sros in M}

N

(@,1)

(i) J-closure (in short, F'H,Scl) of (®, A) is defined by FH,Sdcl(®,A) = N{(¥,A) : (,A) D (D, A)
and (¥, A) is a F H,Srcs in M}

Definition 3.3. Let (9, Q,7) be a FH,Sts over M. An FH,Ss (¥, A) is said to be a fuzzy hypersoft

(i) semi-regular if (®, A) is both F'H,SSos and F H,SScs.
(i) pre open set (in short, FH,SPos) if (&, A) C FH,Sint(FH,Scl(®, \)
(iii) d-open set (in short, F' H, Sd0s) if (®, A) = F H,S&int(®, A)
(iv) d-pre open set (in short, F H,S6Pos) if (®,A) C FH,Sint(FH,S5cl(®, N))

(v) d-semi open set (in short, F'H,S6Sos) if (&), N) C FHyScl(FHySémt(&), N))

The complement of F'H,Sdos (resp. FH,SPos, FH,SiPos & FH,S0Sos) is called a FH,S56 (resp.
FH,S pre, FH,Sé pre & F'H,S0 semi) closed set (in short, F'H,Sécs (resp. F'Hy,SPcs, FH,S6Pcs &
FH,56S5cs)) in M.

The family of all F'H,Sdos (resp. F'H,Sécs, FH,Sros, FH,Srcs, FH,SPos, FH,5Pcs FH,SiPos,
FH,S§Pcs, FH,S6Sos & FH,SéScs) of M is denoted by F H,SSOS (M) (resp. FH,SSCS(M), FH,S
rOS(M), FH,SrOS(M), FH,SPOS(M), FH,SPCS(IM), FH,SOPOS(M), FH,SSPCS(IM), FH,
S6SOS(M) & FH,SSSCS(M)).

Definition 3.4. Let (9, ), 7) be a F'H,,Sts over M and (®,A) be a FH,Ss on M. Then the fuzzy hypersoft

(i) d-pre (resp. J-semi) interigr (in sh9rt, F Hyt%??int (resp. FH,56S8int)) of (<i>7/\) is defined by
FH,S5Pint(®,A) = U{(T,A) : (I, A) C (®,A) and (U, A) is a FH,S6Pos (resp. FH,S8Sos) in
o}

(ii) 0-pre (resp. d-semi) closure (in short, F'H,SéPcl (resp. F'H,50Scl)) of (é, A) is defined by F'H, S0P
cl(®,A) = N{(T,A) : (I,A) D (®,A) and (T, A) is a FH,S§Pcs (resp. FH,S3Scs)in M}

Definition 3.5. Let (M, Q,7) be FH,Sts over M. A FH,S’s (®,A) in (M, Q,7) is known as a fuzzy
hypersoft § (resp. semi, pre, § semi & § pre)- neighbourhood (in short, F"H,,Sd(resp. semi, pre, 6 semi & ¢
pre)-nbd) of the F'H, Spm}, € (@, A), if there exists a F'H,Sdos (resp. F'H,SSos, F H,SPos, FH,S3Sos
& FH,S5Pos) (¥, A) such that m% € (U, A) C (P, A).

Theorem 3.6. Let (M, Q, 7) be FH,Sts over Mand (P, A) be a FH,S’s on 9. Then (&, A) is a F'H,Sdos
(resp. F'H,SSo0s, FH,SPos, FH,S6Sos & FH,S0Pos) iff (®, \) is a F'H,S)- (resp. semi, pre, § semi &
0 pre)nbd of its F'H,Sp’s.

https://doi.org/10.54216/IJNS.230102 20
Received: May 12, 2023 Revised: August 18, 2023 Accepted: November 06, 2023



International Journal of Neutrosophic Science (IJNS) Vol. 23, No. 01, PP. 17-26, 2024

Proof. Let (®,A) be a FH,Sdos (resp. FH,SSos, FH,SPos, FH,S3Sos & FH,S5Pos) and md €
(®, A). Then, md, € (®,A) C (®,A). Thus (O, A) is a FH,S$ (resp. semi, pre, § semi & & pre)-nbd ofmq

Conversely, let (&, A) be a FH,S6 (resp. semi, pre, § semi & & pre)-nbd of its F'H,Sp’s. Let md € (®,A).
Since (®, A) is a F'H, S (resp. semi, pre, 6 semi & § pre)-nbd of the FFH,Sp mg,, there exists (U,A) eT
such that m{, € (¥, A) C (@, A). Since (@, A) = [J{m{, : m}, € (¢, A)}, it follows that (, A) is a union of
FH,Séos (resp. FH,SSos, FH,SPos, FH,S0Sos & FH,S6Pos)’s. Then (P, A) is a FH,Séos (resp.
FH,SSo0s, FH,SPos, FH,50S0s & FH,S6Pos). O

The F'H,S4 (resp. semi, pre, 0 semi & 4 pre)-nbd system of a F'H,Sp md, denoted by J(m, @), is the
family of all its F'H,S¢ (resp. semi, pre, § semi & & pre)-nbd’s.

Theorem 3.7. The F'H, S0 (resp. semi, pre, 0 semi & & pre)-nbd system (J(m{, Q) at m{, in a F'H,Sts
(0, Q, 7) has the following properties:

() If (<i>, A) € Um3,Q), thenmd € (@, A).
(i) If (@,A) € U(m3, Q) and (©,A) C (Q, A), then (2, A) € J(mT, Q).
(iii) (é, A)and (B, A) € J(m3, Q), then (®,A) N (¥, A) € U(mT, Q).

(iv) If (i), A) € U(mi, Q), then there exists a (T, A) € U(md, Q) such that (T,A) € U(ng},,, Q) for each
P E (TN

Proof. The proofs of (i), (ii) and (iii) directly follow from the Definition 3.5

(iv) Let (®,A) € U(mZ, Q). Then there exists a F'H,Sdos (resp. F'H,SSos, 'H,SPos, FH,56S0s &
FH,S5Pos) (¥, A) such that md € (I, A) C (®,A). Then by Theorem (T,A) € Um, Q). So
for each n?o, (T, A), (B, M) € (ni,, Q).

O

Definition 3.8. Let (M, Q,7) be F'H,Sts over M. Let mJ and zgl, be distinct F'H,Sp’s. If there exist
FH,Séos (resp. FH,SSos, FH, SPOS FH,S6So0s & FHySépos)’s (®,A) and (¥, A) such that md €
(®,A) and md N (T, A) = O(gm Q) orn, € (¥, A) and nq (®,A) = O(om,0)» then (M, Q, 7) is known as
a fuzzy hypersoft & (resp. semi, pre, & sem1 & 6 pre)- Tp- space (in short, F'H,S¢ (resp. F'H,SS, FH,SP,
FH,S6S, & FH,S6P)- Ty- space).

Definition 3.9. Let (M, Q,7) be F'H,Sts over M. Let m?, and nq/ be distinct F'H,Sp’s. If there exist
FH,Sbos (resp. FH,SSos, FH, SPos FH, S(SSos & FH 557703) s (®,A) and (¥, A) such that md €
(®,A), md N (T,A) = O(Dn @ and nl, € (T, A), nd, N (D,A) = O(om,q)- then (O, Q,7) is known as a
fuzzy hypersoft d (resp. semi, pre, & seml & 9 pre)- T1 space (in short, F'H,S6- (resp. FH,SS, FH,SP,
FH,S56S, & FH,S)P) Ti- space).

Definition 3.10. Let (M, Q,7) be F'H,Sts over M. Let md, and ni, be distinct F'H,Sp’s. If there exist
FH,Sdos (resp. FH,SSos, FH,SPos, FH,S6So0s & FH,S§Pos)’s (®,A) and (¥, A) such that mg, €
(@, N), nj;, € (\il, A) and (<i>7 AN (T, A) = O, q), then (IM, @, 7) is known as a fuzzy hypersoft J- (resp.
semi, pre, § semi & 0 pre) T5- space (in short, F'H, S (resp. FH,SS, FH,SP, FH,SS, & FH,S6P)-
T5- space).

Example 3.11. Let 9t = {m;, my} be the F'H, S initial universe and the attribute be Q = Q1 x Q2. The
attribute is given as:
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Q1 ={a1,a2} & Q2 = {b1} and
A ={dq1 = (a1,b1) & g2 = (az,b1)}.

Let m1(o 8)° m1(o 2y m2(0 3) and 1112(0 5) be FH,Sp’s. Let (M, Q) be the class of FH,S sets. Let the
FH,Ss's (B1,A), (Do, A), (B3, A), (Dy, A), (B5,A), (Pg, A), (7, A) and (Pg, A) over the universe D be

= { oo e N )
o ={{ B D)
o ={ o i) 80
o [T
@0 = { oo (B}
aon {0 R
@ ={ o (i 8}
- B

T = {6(931,62)7 i(im,Qﬁ ((Iglv /\)a ((I;Qa /\)7 ((537 /\)a ((1;43 /\)7 ((557 /\)7 ((I;Ga /\)7 (677 /\)7 ((I;Sv /\)} is FHyStS

Hence, (9, Q,7) is a FH,Sts over M. Here, (g, A) and (Pg, A) are FH,S os’s. Also, (M, Q,7) is a
FH,S56- Ty- space but not a F"H,,S6- T’ - space because for F'H,Sp’s m?%o.s) and m2(0 5)° , (O, Q,7)isnota
FH,S0-Ti- space.

Example 3.12. Consider a set of natural numbers 9t = N and a parameter set Q = {A}. Let the F H, Sp’s be

so . Now we can take ¢, appropriate values and the F'H, Sp’s nl, , m{, ~are distinct F' H,Sp’s iff n # m.
It is obvious that there is one-to-one compatibility between the set of natural numbers and the set of F H,Sp’s
N% = {n{ }. Here we define cofinite topology on this set. Then F'H,Ss’s (®,A) is a FH,Sdos iff the finite

FH,Sp’s are discarded from N9. Hence, (9, Q, 7) is a F H,S§- Tl— space but not a FHyS(5- T5- space.

Theorem 3.13. Let (9, Q), 7) be a FH,Sts over M. Then (M, Q, 7) isa FH,S¢ (resp. FH,SS, FH,SP,
FH,S6S, & FH,SOP)-Ti- spaceiff each F'H,Spisa FFH,Sdcs (resp. FH,SScs, FH,SPcs, FH,50Scs
& FH,SdPcs).

Proof. Let (M, Q,T) be a FH,S6 (resp. FH,SS, FH,SP, FH,SéS, & FH,S6P)- T1- space and m{, be
an arbitrary F'H,Sp. Let ni, € (md)°. Then m{, and nj;, are distinct F'H,Sp’s. Thus m # norq # q.
Since (M, Q,T) is a FF'H,S6 (resp. FH,SS, FH,SP, FH,S6S, & FH,S6P)- T1- space, there exists a
FH,Séos (resp. FH,SSos, FH,SPos, FH,S6Sos & FH,S6Pos) (\If A) such that n( s € e (T,A)
and m}, N (T,A) = Ogan,q)- Since mg, N (,A) = 0o, q)» we have nw, (T,A) C (m md)¢. Thus (mg)°
is a FHySéo0s (resp. FH,SSos, FH,SPos, FH,S0Sos & FH,SPos), ie, mf}, is a FHySécs (resp.
FH,SScs, FH,SPcs, FH,50Scs & FH,S)Pcs).

Conversely, suppose that each F'H,Sp m} is a FH,Socs (resp. FH,SScs, FH,SPcs, FH,56Scs &
FH,SoPcs). Then (m{)¢ is a F'H,Sdos (resp. F'H,SSos, FH,SPos, 'H,S5Sos & FH,S5Pos). Let
md N ni, = Ogm,0)- Thus, n‘;l, € (m)® and my N (m%)° = Owm,q)- So (M,Q,7T) is a FH,S (resp.
FH,SS, FH,SP, FH,SS, & FHyS6P)- T;- space on M. O
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Theorem 3.14. Let (M, ), 7) be a FH,Sts over M. Then (M, Q,7) is a FH,S6 (resp. FH,SS, FH,SP,
FH,S0S, & FHyS0P)- T- space iff for distinct F'H,Sp’s md, and nj;,, there exists a F'H,Sdos (resp.
FH,SSos, FH,SPos, FH,S5S0s & FH,S5Pos) (®, A) containing m?, but not nj;/ such that nj;, does not
belong to F'H,Scl(®, ).

Proof. Let m{, and nz;, be two F'H,Sp’s in FH,S) (resp. FH,SS, FH,SP, FH,SS, & FH,S)P)-
Ty- space (M, Q, 7). Then there exist disjoint F'H,Sdos (resp. FH,SSos, FH,SPos, FH,S6S0s &
FLHySé’Pf)s)’s (®,A) and (\/il,/\) such that m{, 6~ (B, A), ng, € (\i/’/\/) Since mg, N nl, = 0(9;17@) and
(@, N)N(W, A) = Oam,@)» 1, does not belong to (P, A). It implies that n, does not belong to F'H, Scl(®, A).

Conversely suppose that, for distinct F'H,Sp’s m?O, nj;,, there exists a F'H,Sdos (resp. F'H,SSos, F'H,SPos,

FH,S6S0s & FH,S5Pos) (P, A) containing mg, but not nz;, such that n?;, g1 -y does notbelong to FH,Scl(®, ).
Then nj;', € (FH,Scl(®,N))°, i.e., (®,A) and (FH,Scl(®,A))° are disjoint F H,Sdos (resp. FH,SSos,

FH,SPos, FH,S0S0s & F H,S§Pos)’s containing mJ, ng, respectively. O

Theorem 3.15. Let (M, Q,7) be a FH,S¢ (resp. FH,SS, FH,SP, FH,SéS, & FH,S6P)- T'- space for
every F'H,Sp m}, € (®,A) € 7. If there exists a F'H,Sdos (resp. FH,SSos, FH,SPos, FH,S6Sos &
FH,S5Pos) (¥, A) such that md, € (U, A) € FH,Scl(¥,A) C (®,A), then (M, Q,7) is a FH, S5 (resp.
FH,SS, FH,SP, FH,SS, & FH,S6P)- Ts- space.

Proof. Suppose that mgﬂni, = O(om,)- Since (M, Q, 7) isa F'H,,S6 (resp. FH,SS, FH,SP, FH,S4S, &
FH,S6P)-T1- space, md and n;';/ are F'H,Sdcs (resp. FH,SScs, FH,SPcs, FH,5)Scs & FH,SiPcs)’s
in 7. Then m}, € (nfg/)C € 7. Thus there exists a F'H,Sdos (resp. FH,SSos, FH,SPos, FH,56Sos
& FH,S6Pos) (¥,A) in 7 such that m& € (¥,A) C FH,Scl(¥,A) C (nd,)°. So, we have n%, €
(FH,Scl(¥,7)e, m3 € (9, A) and (¥, A) N (FH,S(¥,A)° = On.q), i-c., (O, Q,7) is a FH,S5
(resp. FH,SS, FH,SP, FH,S0S, & I'H,S§P)- T>- space. O

Remark 3.16. Let (M, Q,7) be a 'H,S§ (resp. FH,SS, FH,SP, FH,S0S, & F'H,SéP)- T;- space for
i = 0,1,2. For each m # n, FFH,Sp’s m, and n,/ have neighbourhoods satisfying conditions of ¢ (resp.
FH,SS, FH,SP, FH,S4S, & FH,S5P)- T;- space in F'H, Sts (9, 79) for each q € Q because m{, and

nd, are distinct F'H,Sp’s.

Definition 3.17. Let (9, Q,7) be F H,Sts over M. Let (&, A) be a F'H, Sdcs (resp. FH,SScs, FH,SPcs,
FH,S56Scs & FH,S0Pcs)and m:‘pﬂ(i), N) = O¢om,q)- If there exist F'H, Sdos (resp. F'H,SSos, FH,SPos,
FH,S680s & FH,S5Pos)’s (Y1,A) and (Y5, A) such that md, € (Y1, A), (®,A) € (Ta,A) and (Y1, A) N
(T~2, A) = Ogn,q). then (I, Q,7) is known as a fuzzy hypersoft 0 (resp. semi, pre, 6 semi & 0 pre)- reg-
ular (in short, FH,S¢ (resp. FH,SS, FH,SP, FH,SS, & FH,SéP)-regular) space. (M, Q,7) is said
to be a fuzzy hypersoft § (resp. semi, pre, § semi & ¢ pre)- 13- space (in short, F'H,S¢§ (resp. F'H,SS,
FH,SP, FH,S0S, & FH,S)P)- Ts- space) if it is both a F'H,S§ (resp. F'H,SS, FH,SP, FH,S50S, &
FH,S§P)-regular and F'H, S0 (resp. F'H,SS, FH,SP, FH,56S, & FH,S§P)- T- space.

Theorem 3.18. Let (M, Q,7) be FH,Sts over M. (M, Q,7) is a FH,So6 (resp. FH,SS, FH,SP,
FH,SS, & FH,SP)- Ts- space iff for every m € (®,A) € 7, there exists (T,A) € 7 such that
md € (T,A) € FH,Scl(Y, ) C (2,A).

Proof. Let (M, Q,T) be a F'H,,S6- T3- space and m{, € (®,A) € 7. Since (I, Q,7) is a FH,SJ (resp.
FH,SS, FH,SP, FH,S5S, & FH,S5P)- Ts- space for the F'H, Sp md, and F'H,Sécs (, N\)¢, there exist
(T1,A), (T2,A) € 7such that md, € (YT1,A), (®,A)¢ C (Yo, A) and (Y1, A) N (T2, A) = Ogon,q)- Then
we have m}, € (T1,A) C (T2,A)¢ C (®,A). Since (Y2,A)¢ is a F'H,Sdcs (resp. F'H,SScs, FH,SPcs,
FH,S§Scs & FH,S6Pcs), FH,Scl(YT1,N) C (Ta, N)°.
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Conversely, let m% N (Q, A) = O(an,q) and (2, A) be a FH, Sécs (resp. FH,SScs, FH,SPcs, FH,S3S cs
& FH,S6Pcs). Then md, € (€2, A)° and by hypotheis, we have md, € (T, A) € FH,Scl(T,A) C (€, A)°.
Thus mf, € (T, A), (€2,A) € (FHy,Scl(T,A))¢and (T,A) N (FH,Scl(T,N))¢ = O, q)- Hence (M, Q, 7)
isa FF'H,S¢ (resp. FH,SS, FH,SP, FH,54S, & FH,S0P)- 13- space. O

Definition 3.19. A F'H,Sts (M, Q,7) over M is known as a fuzzy hypersoft § (resp. semi, pre, J semi & §
pre)-normal (in short, F'H, S (resp. FH,SS, FH,SP, FH,S6S, & F H,S)P)-normal) space, if for every
pair of disjoint F H,,Sdcs (resp. FH,SScs, FH,SPcs, FH,S6Scs & FH,S§Pcs)’s (1, A), (P2, A), there
exist disjoint F'H,Sdos (resp. FH,SSos, FH,SPos, FH,S6Sos & FH,S5Pos)’s (1, ), (Qa, A) such
that (®1,A) C (21, A) and (o, A) C (Qa, A). (M, Q, 7) is said to be a fuzzy hypersoft § (resp. semi, pre,
semi & ¢ pre)- Ty- space (in short, F'H,S6 (resp. FH,SS, FH,SP, FH,S0S, & FH,S0P)- T,- space) if
it is both a FH,S¢ (resp. FH,SS, FH,SP, FH,54S, & FH,S)P)-normal and F'H,S) (resp. F'H,SS,
FH,SP, FH,S4S, & FH,S0P)- T- space.

Theorem 3.20. Let (9, @), 7) be a F'H, Sts over M. Then (M, Q, 7) is a FH,S¢ (resp. FH,SS, FH,SP,
FH,S6S, & FH,SOP)- Ty- space iff for each FFH,Socs (resp. FH,SScs, FH,SPcs, FH,S6Scs &
FH,S§Pcs) (®,A) and FH,Séos (resp. FH,SSos, FH,SPos, FH,S5So0s & FH,S5Pos) (Q, A\) with
(®,A) C (Q,A), there exists a F'H,Sdos (resp. FH,SSos, FH,SPos, FH,S5S0s & FH,S5Pos) (T, )
such that (®, A) C (T,A) € FH,Scl(T,A) C (Q,A).

Proof. Let (M, Q,7) be a FH,SS (resp. FH,SS, FH,SP, FH,S5S, & FH,S5P)- Ty- space. Let (P, A)
bea FH,Sécs (resp. FH,SScs, FH,SPcs, FH,S6Scs & FH,S5Pcs) and let (&, A) C (Q, A) € 7. Then
(Q,A)¢is a FH,Sécs (resp. FH,SScs, FH,SPcs, FH,S5Scs & FH,S6Pcs) and (®,A\) N (2, A)¢ =
O(om,q)- Since (M, Q,7) is a FFH, S0 (resp. FH,SS, FH,SP, FH,S0S, & }j’HyS(sP)- 1:4- space, there
exist F'H, Sdos (resp. FH,SSos, FH,SPos, FH,S6Sos & FH,S§Pos)’s (Y1,A) and (T2, A) such that
(®,A) C (T1,A), (Q,A) C (T, A) and (Y1, A)N (T2, A) = Oam ). Thus (@, A) C (Y1, A) C (Lo, A)¢ C
(Q,A), (To,A) is a FH,Sécs (resp. FH,SScs, FH,SPcs, FH,S6Scs & FH,S5Pcs) and (T1,A) C
(T2, A)E. So, (B, A) C (Y1,A) C FH,Scl(T1,A) C (Q,A).

Conversely, let (<I;1, A), (<152,/\) be two disjoint F'H,Sécs (resp. FHySScs, FH,SPcs, FH,S0Scs &
FH,S§Pcs)’s. Then (Cﬁl,/\) C (<I;2,/\)C. By hypothesis, there exists a F'H,Sdos (resp. FH,SSos,
FH,SPos, FH,S6S0s & FH,S6Pos) (T, A) such that (®;,A) C (T,A) C FH,Scl(T1,A) C (Pg, A)°.
Thus (Y, A), (FH,Scl(Y, N))¢ are FH,Séos (resp. FH,SSos, FH,SPos, FH,S6Sos & FH,S5Pos)’s
and (®1,A) C (T, A), (D2,A) C (FH,Scl(T,A))¢ and (T, A)N(FH,Scl(T,A))¢ = 0on.q)- So (M, Q,7)
isa 'H,S¢ (resp. FH,SS, FH,SP, FH,5S, & FH,S0P)- T,- space. O

Theorem 3.21. Let (M, Q,7) be a FH,Sts over M. If (M, Q,7) is a FH,S6 (resp. FH,SS, FH,SP,
FH,S56S, & FH,SOP)- T;- space, then the FH,Sts ((@,A),%(&,7A),Q) is a FH,S0 (resp. FH,SS,
FH,SP, FH,S4S, & FH,S0P)- T;- space for i = 0, 1,2, 3.

Proof. Let md, ng, € ((i)7/\)7%(‘i’,A)’Q) such that m% N ng, = O(am,@)- Then there exist F'H,Sdos
(resp. FH,SSos, FH,SPos, FH,S6S0s & FH,S0Pos)’s (21, A) and (P2, A) satisfying the conditions of
FH,S6 (resp. FH,SS, FH,SP, FH,S5S, & F'H,S§P)- T;-space such that m{, € (451, A), ng/ € (<I;2, A).
Thus, m¢ € (®1,A) N (P, A) and ng, € (®z,A)N (P, A). Also, the FH,Sdos (resp. FH,SSos, FH,SPos,
FH,S5680s & FH,S6Pos)’s (®1,A) N (P, A), (®2,A) N (P, A) in 74 ,, satisfy the conditions of F'H, 55
(resp. FH,SS, FH,SP, FH,S6S, & FH,S)P)- T;- space fori =0, 1,2, 3. O

Theorem 3.22. Let (M, Q,7) be a FH,Sts over M. If (M, Q,7) is a FH,S6 (resp. FH,SS, FH,SP,
FH,S5S, & FH,S5P)- Ty- space and (Q, A) is a FH,Sdcs (resp. FH,SScs, FH,SPcs, FH,S5Scs
& FH,S6Pcs) in (M, Q,7), then ((2, A), Faun)s Q) is a FH,S6 (resp. FH,SS, FH,SP, FH,S5S, &
FH,S6P)- T;- space.

Proof. Let (M, Q,7) be a FH,S6 (resp. FH,SS, FH,SP, FH,S5S, & FH,S6P)- Ty- space and (Q, )
be a FH,Sécs (resp. FH,SScs, FH,SPcs, FH,S6Scs & FH,S6Pcs) in (M, Q,7). Let (21, A) and
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(22, 1) be two FH, Sécs (resp. FH,SScs, FH,SPcs, FH,S6Scs & FH,S6Pesys in (2, A), 7 0): Q)
such that (€21, A)N(Qa, A) = O¢om,)- When (Q,A)isa FH,Sdcs (resp. FH,SScs, FH,SPcs, FH,S6Scs
& FH,S6Pcs)in (M, Q, 7), (1, A) and (Qa, A) are F H,Sécs (resp. FH,SScs, FH,SPcs, FH,S5Scs &
FH,S§Pcs)’sin (M, Q, 7). Since (M, Q, 7) isa F H,S6 (tesp. FH,SS, FH,SP, FH,S6S, & FH,S6P)-
Ty- space, there exist F'H, Sdos (resp. F'H,SSos, FH,SPos, FH,5§Sos & FH,S6Pos)’s (T1,A) and
(’fg, /\) such that (QN1, /\) - (fl, /\), (QQ, /\) - (fg, /\) and (fh /\) N (’fg, /\) = O(gm’Q). Then (Q~1, /\) =
(T1,A) N (2, A), (2, A) = (Lo, A) N (Q,A) and ((T1,A) N (2,A)) N (T2, A) N (2, A)) = Ogam ). Hence
((2,7), T 0y Q) is a FH,S6 (resp. FH,SS, FH,SP, FH,S08, & FH,S5P)- Ty- space. O

4 Conclusions

In this paper, F'H,S0 (resp. semi, pre, 0 semi & § pre)-separation axioms in F'H,Sts are introduced and
studied using F'H,Sp’s. The relation and properties between F'H, S0 (resp. semi, pre, § semi & ¢ pre)- T;-
spaces (i = 0,1,2,3,4) are also discussed. The future work can involves the investigation of F'H, S (resp.
semi, pre, 0 semi & ¢ pre)- compactness, F'H, S (resp. semi, pre, § semi & J pre)- connectedness and F'H, S
contra J (resp. semi, pre, 6 semi & J pre)- continuous functions.
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