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Abstract

In this paper, neutrosphic hypersoft J-open sets are introduced by defining the neutrosophic hypersoft regular
open sets, pre-open sets, d-interior and d-closure. Under the guidance of these definitions, neutrosophic hypersoft §
semi-open sets and 0 pre-open sets are also introduced. Further, we have deduced inuitionistic hypersoft topology
and fuzzy hypersoft topology from the neutrosophic hypersoft topology. Moreover, we discuss about the relations
between neutrosphic hypersoft J-open sets, § semi-open sets, § pre-open sets, semi-open sets and pre-open sets and
their properties with examples.
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1 Introduction

The real world decision making problems in medical diagnosis, engineering, economics, management, computer science,
artificial intelligence, 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 [20] introduced the fuzzy set in 1965 which contains the membership value in [0,1]. The
topological structure on fuzzy set was developed by Chang [6] as fuzzy topological space. Then Atanassov [4] extended
this idea as Intuitionistic fuzzy set in 1983 which includes both membership and non-membership values. Coker [7]
introduced intuitionistic fuzzy set in a topology as intuitionistic fuzzy topological space. Nevertheless, it can deal only
with the incomplete data but not with the inconsistent or indeterminate data. To overcome this issue, Smarandache
[16, 17] introduced the neutrosophic set which contains membership, indeterminacy and non-membership values which
are independent to each other. It can handle all kind of real life situations containing inconsistent, incomplete and
indeterminate data. Salama and Alblowi [13] in 2012, developed neutrosophic topological space. A new mathematical
tool, soft set theory was introduced by Molodstov [10] in 1999 to deal uncertainties in which a soft set is a collection of
imprecise interpretations 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. Shabir and Naz [15] developed soft topological spaces.

Maji [9] combined the neutrosophic structure and the soft set concept to develop neutrosophic soft sets and the same
was modified by Deli and Broumi [8]. Later neutrosophic soft topological spaces were presented by Bera [5]. Smarandache
[18] 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.
Saglain et.al. [14] defined the aggregate operators of neutrosophic hypersoft set. Ozturk and Yolcu [11] redefined the
same and developed the neutrosophic hypersoft topological spaces. Ajay and Charisma [2] introduced fuzzy hypersoft
topology, intuitionistic hypersoft topology and neutrosophic hypersoft topology. Ajay et.al. [3] defined neutrosophic
hypersoft semi-open sets and developed an application in multiattribute group decision making.

Saha [12] defined d-open sets in fuzzy topological spaces. Vadivel et al. [19] introduced d-open sets in neutrosophic
topological spaces. In 2019, Acikgoz and Esenbel [1] defined neutrosophic soft d-topology.
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In this article, we develop the concept of neutrosophic pre-open sets, § open sets, § semi-open sets and § pre-open
sets thereby defining the neutrosophic hypersoft regular open set, d-interior and d-closure and also the relations between
them are discussed with the theorems and examples. Added to that, we have proved with an example that neutrosophic
hypersoft topology is the generalized framework which generalizes intuitionistic hypersoft topology and fuzzy hypersoft
topology.

2 Preliminaries

Definition 2.1 [13] Let Y be an initial universe. A neutrosophic set (briefly Ns) L is an object having the form
L=y, pr),o®),ve(y)) :y € Y} where ur — [0, 1] denote the degree of membership function, o, — [0, 1] denote
the degree of indeterminacy function and vy, — [0, 1] denote the degree of non-membership function respectively of each
element y € Y to the set L and 0 < pr(y) + or(y) + vi(y) <3 foreach y € Y.

Definition 2.2 [10] Let Y be an initial universe, ) be a set of parameters and P(Y) be the power set of Y. A pair
(H,Q) is called the a soft set over Y where H is a mapping H : Q — P(Y). In other words, the soft set is a parametrized
family of subsets of the set Y.

Definition 2.3 [8] Let Y be an initial universe, @ be a set of parameters. Let :P(Y) denotes the set of all neutrosophic sets
of Y. Then a neutrosophic soft set (H, Q) over Y (briefly NySs) is defined by (H, Q) = {(g, (y, uH(q)(y), UH(q)(y), l/g(q)(y» :
y €Y):q€ Q}, where ug(¥): o) (¥): V(g (y) € [0,1] respectively called the degree of membership function, the
degree of indeterminacy function and the degree of non-membership function of A (¢). Since the supremum of each p, o, v
is 1, the inequality 0 <y, (¥) + 07 (¥) + V(g (y) < 3 is obvious.

Definition 2.4 [18] Let Y be an initial universe and P(Y") be the power set of Y. Consider q1, ¢2, g3, ..., g, for n > 1, be
n distinct attributes, whose corresponding attribute values are respectlvely the sets @1, Qg, vy Qn with @, NQ; =0,
fori# jandi,j € {1 2,...,n}. Then the pair (H, Q1 X Q2 X ... x Q,,) where H : Q1 X Q2 X ... x Q, — P(Y) is called a
Hypersoft set over Y.

Definition 2.5 [14] Let Y be an initial universal set and Q1, Q2, ..., @, be pairwise disjoint sets of parameters. Let P(Y")
be the set of all neutrosophic sets of Y. Let E; be the nonempty subset of the pair @; for each i = 1,2, ..., n. A neutrosophic
hypersoft set (bmeﬂy7 N, HSs) over Y is defined as the pair (H, E; x Fy X ... x E,,) where H : F; x Eg X..xE, - P(Y)and

H(E; x Ey x ... x Ey,) = {(q, (y, L) W) Tm @) VW) 1y €Y) g€ E1 x By x .. x E, C QX Qg X ... X Qn} where
I (q) (y) is the Inembership value of truthiness, ag(q)(y) is the membership value of indeterminacy and ) (y) is the
membership value of falsity such that 117, (¥), 07 (¥): Vi (g (¥) € [0,1]. Also, 0 < pug ) (¥) + 0 (¥) + V(g (y) < 3.

Definition 2.6 [14] Let Y be an universal set and (
neutrosophic hypersoft subset of (G, A2) if Ii1(q) (y) <

It is denoted by (H, A1) C (G, As).

H,A;) and (G, As) be two NyHSs’s over Y. Then (H,A;) is the
L) ¥ T i) () < 06 W), Vi (W) < Ve (¥)

Definition 2.7 [14] Let Y be an universal set and (H,A;) and (G, Ag) be NyHSs’s over Y. (H, A1) is equal to (G, A1)
if 116y (W) = 1) 9): 9 110)(Y) = TG00) W) Vi) () = Vg ()-
Definition 2.8 [11] Let Y be an universal set and (H, A ) be NyHSs over Y. (H,A)¢ is the complement of N,HSs of
(H: A) if “?{(q)f Y) = Vi), o f{(q)( y) =1-0py), v (y) = W(q(y) where Vg € A and Vy € Y. It is clear that
((H, 7)) = (H, 7).
Definition 2.9 [11] A N,HSs (H,A) over the universe set Y is said to be null neutrosophic hypersoft set if g (y) =
0, 07(9)(W) =0, vg(,(y) =1Vg € Nand y € Y. It is denoted by 0(v,Q)-

A N,HSs (G, A) over the universal set Y is said to be absolute neutrosophic hypersoft set if Bag¥) =L0q) =
l,l/H(q)(y) :~0 Vq € /~\ and y € }f It is d(jnoted by i(y,Q).

Clearly, OEY,Q) = 1(Y,Q) and 1EY>Q) = O(Y,Q)-

Definition 2.10 [11] Let Y be the universal set and (H, A1) and (G, Ag) be NyHSs’s over Y. Extended union (H, A;)U
(G, A2) is defined as

3 L) i g €A — A2
u((H, M) U (G, A2)) = S g (y) i ¢ €M =N
maz{pg ) (Y) e @)} g€ A NA



Ug(q)(y) if g€ Ny —ANg
o((H,M)U(G,12) = 06 (y) if g€ N — N
maz{o g (), 06 W)} if g € AN A
Vi () g€ A — N
v((H, M) U (G, A)) = Ve (y) g€ ns—m
min{v ) (¥): Ve (W)} if ¢ € A1 N A2

Definition 2.11 [11] Let Y be the universal set and (f{,/\l) and (G,/\g) be N,HS’s over Y. Extended intersection
(H, A1) N (G, Ng) is defined as

Pigy) g€ n—NAs

p((H, A1) NG A2)) = § Beag(Y) g €Ay — Ny
min{ g (Y)s Bég (W)} i g € At As
Ty if g€ —Ns

o((H, )N (G, N2)) = (g (y) ifq€Nr— N
min{o g V), 06 (W)} g€ AN A
Vi W) g€ — N

V((H, M) N (G A2) = Ve () g€ na—N
maz{ve ) (¥), Ve W)} if g€ AmnAs

Definition 2.12 [11] Let {(H;, A;)|i € I} be a family of N,HSs’s over the universe set Y. Then

_g](ﬁia Ni) = {{y, suplug ( ;]zeI,SUP[UHi(q)( Nier,inf [vig, ) Wier) 1y € Y}
N (0 = {0 ol o @liersinflo o @lier, suplva, o ier) -y € Y.

Definition 2.13 [11] Let (Y, Q) be the family of all NyHSs’s over the universe set Y and 7 C N,HSs(Y, Q). Then 7 is
said to be a neutrosophic hypersoft topology (briefly, NyHSt) on Y if

(i) O¢v,q) and 1y q) belongs to 7
(ii) the union of any number of N;HSs’s in 7 belongs to 7
(iii) the intersection of finite number of NsHSs’s in 7 belongs to 7.

Then (Y, Q, 7) is called a neutrosophic hypersoft toplogical space (briefly, NyH Sts) over Y. Each member of 7 is said
to be neutrosophic hypersoft open set (briefly, NyHSos). A N;HSs(H,A) is called a neutrosophic hypersoft closed set
(briefly, N,H Scs) if its complement (H,A\)€ is N,H Sos.

The intuitionisic hypersoft topological space and fuzzy topological space are defined in [2].

Definition 2.14 [11] Let (Y,Q,7) be a N,HSts over Y and (H,A) € N, HSs(Y,Q) be a NsHSs. Then, the neutro-
sophic hypersoft interior (briefly, N, H Sint) of (H,A) is defined as NyHSint(H,A) = U{(G,A) : (G,A) C (H A) where
(G, N)isN,HSos}.

Definition 2.15 [11] Let (Y,Q,7) be a N,HSts over Y and (H,N) € N,HSs(Y,Q) be a N;HSs. Then, the neutro-
sophic hypersoft closure (briefly, NyHScl) of (H,A) is defined as NyHScl(H,\) = N{(G,A) : (G,A) 2 (H,\) where
(G,N)isNsHScs}.

Definition 2.16 [3] Let (Y,Q,7) be a NyHSts over Y and (ﬁ,/N\) € N;HSs(Y,Q) be a NgHSs. Then, (H,A) is called
the neutrosophic hypersoft semiopen set (briefly, NsHSSos) if (H,\) C NsHScl(int(H, N)). }

A N;HSs(H,A) is called a neutrosophic hypersoft semiclosed set (briefly, NoHSSes) if its complement (H,A) is a
N,HSSos.

3 J-open sets in Neutrosophic Hypersoft Topological Spaces

Definition 3.1 Let (Y,Q,7) be a NyHSts over Y. A N,HSs (H, A) is said to be a neutrosophic hypersoft regular open
set (briefly, NsHSros) if (H,\) = N HSint(NsHScl(H,A)). The complement of N, HSros is called a neutrosophic
hypersoft regular closed set (briefly, NsHSrcs) in Y.

Definition 3.2 Let (Y,Q,7) be a N,HSts over Y and (H,A) be a N;HSs on Y. Then the neutrosophic hypersoft



(i) d-interior (briefly, N,HSint) of (H,A) is defined by

N HSdint(H,A\) = U{(G,A) : (G,A\) C (H,A) and (G, A) is a NJHSros in Y}
(ii) d-closure (briefly, NyHScl) of (H,A) is defined by

N.HS6cl(H,N) = N{(G,A): (G,A) D (H,A) and (G, A) is a NyHSres in Y}

Definition 3.3 Let (Y,Q,7) be a NyHSts over Y. A NyHSs (H, A) is said to be a neutrosophic hypersoft
(i) semi-regular if (H,A) is both N,HSSos and N,HSScs.
(ii) pre open set (briefly, N,HSPos) if (H,A\) C N,HSint(N,HScl(H,N)

)
)

(iii) d-open set (briefly, NyHSdos) if (H,\) = NyHSdint(H, )

(iv) &-pre open set (briefly, NyHSdPos) if (H,N) C Ny HSint(N,HSScl(H, N))
)

(v) d-semi open set (briefly, N,HS6Sos) if (H,A) C NyHScl(N,HSSint(H,A))

The complement of NyHSdos (resp. NyHSPos, NgHS0Pos & N;HSISos) is called a NyHSO (resp. N HS pre,
N HS§ pre & NyHS6 semi) closed set (briefly, NgHSdcs (resp. NsHSPcs, NyHSIPcs & NsHS0Scs)) in Y.

The family of all NgHSdos (resp. NsHSdcs, NgHSros, NgHSrcs, NyHSPos, NydHSPcs NyHS0Pos, NsHSoPcs,
N HS6So0s & N;HS6Scs) of Y is denoted by NyHSSOS(Y) (resp. NsHSSCS(Y), NSHSrOS(Y), NJHSrOS(Y),
NsHSPOS(Y), NyHSPCS(Y), NydHSSPOS(Y), NsHSOPCS(Y), NydHSSSOS(Y) & NyHSOSCS(Y)).

Definition 3.4 Let (Y,Q,7) be a N,HSts over Y and (H,A) be a N;HSs on Y. Then the neutrosophic hypersoft
(i) d-pre (resp. d-semi) interior (briefly, NyHS&Pint (resp. N HS6Sint)) of (H, A) is defined by
N HSsPint(H,N) = U{(G,A) : (G,A) C (H,A) and (G, A) is a NyHS5Pos (resp. N,HS6Sos) in Y}
(ii) d-pre (resp. d-semi) closure (briefly, Ny HSOPcl (resp. NoHS8Scl)) of (H, A) is defined by
N HSSPcl(H,N) = ({(G,A): (G,A) D (H,A) and (G, A) is a NyHS6Pcs (resp. NyHSScs) in Y}
Definition 3.5 Let (Y,Q,7;) be an intuitionistic hypersoft topological space (briefly, /HSts) over Y. An intuition-
istic hypersoft set (briefly, ITHSs) (H,A) is said to be an intuitionistic hypersoft regular open set (briefly, IHSros)

if (H,A) = IHSint(IHScl(H,A)). The complement of IHSros is called an intuitionistic hypersoft regular closed set
(briefly, THSres) in Y.

Definition 3.6 Let (Y,Q, ;) be an IHSts over Y and (H,A) be an IHSs on Y. Then the intuitionistic hypersoft
(briefly, THS)

(i) d-interior (briefly, THSint) of (H,A) is defined by
THSoint(H,N) = U{(G,N) : (G,N) C (H,N) and (G,A) isa IHSrosin Y}
(ii) d-closure (briefly, ITHScl) of (H, A) is defined by
THSScl(H,N) = ({(G,A) : (G,A) D (H,A) and (G, A) is a THSrcs in Y}
Definition 3.7 Let (Y,Q, 1) be an IHSts over Y. An IHSs (H,A) is said to be an intuitionistic hypersoft
(i) semi-regular if (H, A) is both THSSos and IHSScs.
(ii) pre open set (briefly, IHSPos) if (H,A) C THSint(IHScl(H,\)
(iii) d-open set (briefly, THSdos) if (H,A\) = THSdint(H, \)
(iv) d-pre open set (briefly, I HS§Pos) if (H,A) C THSint(IHS3cl(H,N))
(v) d-semi open set (briefly, IHS3Sos) if (H,A) C THScl(IHS§int(H,A))

The complement of IHSdos (resp. IHSPos, IHS0Pos & [HSISos) is called a THS§ (resp. THS pre, IHSO pre &
THS6 semi) closed set (briefly, [HSdcs (resp. THSPcs, IHSPcs & THS§Scs)) inY.

The family of all THSdos (vesp. IHSdcs, IHSros, IHSrcs, IHSPos, IHSPcs THS0Pos, IHS§Pcs, IHS§Sos &
THS6Scs) of Y is denoted by THSSOS(Y) (resp. THSSCS(Y), IHSrOS(Y), IHSrOS(Y), IHSPOS(Y), [HSPCS(Y),
THS6POS(Y), IHSSPCS(Y), IHS5SOS(Y) & THS3SCS(Y)).



Definition 3.8 Let (Y,Q, 1) be a IHSts over Y and (H,A) be a IHSs on Y. Then the intuitionistic hypersoft
(i) o0-pre (resp. d-semi) interior (briefly, IHSdPint (resp. [HSSint)) of (H,\) is defined by THS§Pint(H,N) =
U{(G,A) : (G,A) C (H,A) and (G, A) is a THS§Pos (resp. THS0So0s) in Y}

(ii) d-pre (resp. d-semi) closure (briefly, IHS§Pcl (resp. IHS0Scl)) of (H, A) is defined by THSSPcl(H, A) = N{(G, A) :
(G,A) D (H,A) and (G, A) is a ITHS§Pcs (resp. ITHS6Ses) in Y}

Definition 3.9 Let (Y,Q,7r) be a fuzzy hypersoft topological space (briefly, F'HSts) over Y. An fuzzy hypersoft set
(briefly, FHSs) (H, A) is said to be a fuzzy hypersoft regular open set (briefly, F'H Sros) if (H, A) = FHSint(FHScl(H, N)).
The complement of FHSros is called a fuzzy hypersoft regular closed set (briefly, FHSrcs) in Y.

Definition 3.10 Let (Y,Q,7r) be a FHSts over Y and (H,A) be a FHSs on Y. Then the fuzzy hypersoft (briefly,
FHS)

(i) d-interior (briefly, FHSint) of (H,A) is defined by FHSSint(H, ) = J{(G,A) : (G,A) C (H,A) and (G, A) is a
FHSrosin Y}

(ii) d-closure (briefly, FHScl) of (H,A) is defined by FHSScl(H,A) = N{(G,A) : (G,A) D (H,A) and (G,A) is a
FHSresinY}

Definition 3.11 Let (Y,Q,7r) be a FHSts over Y. An FHSs (H, A) is said to be a fuzzy hypersoft
(i) semi-regular if (H,A) is both FHSSos and FHSScs.
(ii) pre open set (briefly, FHSPos) if (H,\) C FHSint(FHScl(H, )

(iii) d-open set (briefly, F HSdos) if (H,A) = FHS§int(H, N)

(iv) d-pre open set (briefly, FHS§Pos) if (H,A) C FHSint(FHSScl(H, N))

(v) d-semi open set (briefly, FHS3Sos) if (H,A) C FHScl(FHSSint(H,A))

The complement of FHSdos (resp. FHSPos, FHS6Pos & FHSSos) is called a FHSS (resp. FHS pre, FHSS
pre & FHS) semi) closed set (briefly, FHSdcs (resp. FHSPcs, FHS§Pcs & FHS6Scs)) in Y.

The family of all FHSdos (resp. FHSdcs, FHSros, FHSrcs, FHSPos, FHSPcs FHS0Pos, FHS§Pcs, FHS6Sos
& FHS6Scs) of Y is denoted by FHSSOS(Y) (resp. FHS6CS(Y), FHSrOS(Y), FHSrOS(Y), FHSPOS(Y),
FHSPCS(Y), FHSOPOS(Y), FHSSPCS(Y), FHSISOS(Y) & FHSISCS(Y)).

Definition 3.12 Let (Y, Q,7r) be a FHSts over Y and (H,A) be a FHSs on Y. Then the fuzzy hypersoft
(i) d-pre (resp. d-semi) interior (briefly, F'HS§Pint (vesp. F'HS0Sint)) of (H,A) is defined by FHS§Pint(H,N) =
U{(G,A) : (G,A) C (H,A) and (G, A) is a FHSdPos (resp. FHS0Sos) in Y}
(ii) d-pre (resp. d-semi) closure (briefly, F'HS0Pcl (resp. FHSScl)) o f (H,N) is defined by FHSSPcl(H,N) =
(G, N) : (G,N) D (H,N\) and (G, A) is a FHSdPcs (resp. FHS§Scs) in Y}
Example 3.1 Let Y = {y1,y2} be a NsHS initial universe and the attributes be @1, Q2. The attributes are given as:
Q1 = {a1,a2,a3}, Q2 = {b1,b2}.
Suppose that

By ={ay, a2}, By = {b1}
Dy ={a1}, Dy = {b1,b2}

are subsets of Q; for each ¢ = 1,2. Then the NyHS's (ﬁIl, A1), (ﬁ[g, Na), (ﬁI37/\3), (ﬁ4,/\3) over the universe Y are as
follows.
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Then 7 = {O(Y,Q)v 1(Y7Q)’ (Hl, /\1), (ﬁg, /\2), (ﬁg, /\3), (.E[47 /\3)} is a NSHStS

Remark 3.1 From N H St we can deduce IHSt and FHSt. IHSt is obtained by considering the membership values
and non membership values whereas F'H St is obtained by considering only membership values. For example,

Example 3.2 Let Y = {y1,y2} be an THS initial universe and the attributes be Q1, Q2. The attributes are given as:
Q1 = {a1,a2,a3}, Q2 = {b1,b2}
Suppose that

By ={ai, a2}, By = {b1}
D ={a1}, Dy = {b1,bs}

are subsets of Q; for each i = 1,2. Then the THSs (Hy, A1), (Ha, A2), (Hs,A3), (Ha,A4) over the universe Y are as

follows.

(v ) = {<<(((Zl,l;1)v {04%1(1).27 0.3,2(2)‘3}%}

25 1)> {0.7,0.3’ 0.5,0 2}>

~ _ ((a1,01), {o.zy,lo.csv O.él,%.6}>’
(Ha, h2) = { ((a1,02), {5257 5405 ) }

) <(alvb1)v{o.2ylo.67 03{{20.6}%

(H3, /\3) = {<(a27 bl)’ {0"?,10.37 0‘520‘2}%

((a1,52), {5267 5i03 )

~ ((ar,01), (o s ).

(Hy,N3) = {<(a'27 b1), {047y,10.37 0.5y,2042}>’

<(a17 b2)7 {0 5,10 4 0.4,20 5}>

Then 7 = {O(Y,Q)7 1(Y,Q)a (Hl, A1), (HQ, N2), (Hg, A3), (FL;, /\3)} is a THSts.
Example 3.3 Let Y = {y1,y2} be an FHS initial universe and the attributes be @1, Q2. The attributes are given as:

Ql = {a’17a’27a’3}7 QQ = {b17b2}
Suppose that

Ey ={ay, a2}, By = {b1}
Dy ={a1}, Dy = {b1,b2}

are subsets of Q; for each i = 1,2. Then the FHSs (Hy, A1), (Ha, A2), (Hs, A3), (Hy, A4) over the universe Y are as
follows.
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Then 7 = {0¢v,0), L(v,q); (ﬁl, A1), (1:12, N2), (f{g, A3), (H47 A3)} is a F'HSts.
Theorem 3.1 The N,;HSd-interior operator satisfies,

(i) NJHS&int(H,A) C (H,A)

(i) (H,A) C (G,A) = N,HSSint(H,\) € NyHSSint(G, N)
(iit) NyHS&int((H,A) N (G,A)) = NyHSSint(H, ) 0 NyHSint(G, )
(iv) N HSdint(H,A) is the greatest N,HSdos containing (H, A)



(v) N HS&int(H,A) = (H,A) iff (H,\) is N,HSéos
(vi) N HSdint(N,HSSint(H,N)) = NoHSSint(H, A)
(vil) (Y — NJHS&int(H,\)) = NJHSScl(Y — (H, N)).
Proof.
(i) N HS§int(H,N) =U {(G,A): (G,A) C (H,N) & (G, A) is a NyHSros}. Thus, N,HSdint(H,A) C (H,A).

(ii) NoHSSint(G,A) =U {(L,A): (L,A) C (H,A) & (L, N) is a NyHSros} 2 NyHSSint(H, A). Thus,
N HSdint(H,N) C N HScSmt(G A).
U {

(iii) N HSsint((H,N) N (G, A)) (L,A) -
(L,A) C (H,N& (L,A) is a NgHSros}) N(U
N HS§int(G, N). Thus N HS§int((H, )N

(L,A) € ((H,N) N (G,N) & (L,A) is a NgHSros} = ({U(L,A) :
U{(L,A): (L,N) C (G, A) & (L, A) is a NyHSros} = N,HSSint(H, A)N
N(G,N)) = N HSéint(H,N) N NyHS&int(G, A).

\_/v

(iv) If (G, A) is a any N HSédos contained in (H,N), then (H,A\) C N,HSSint(H,A). Hence, N,HSdint(H,A) is the
greatest NyHSdos containing (H, A).

(v) Suppose (ﬁi/\) is any NsHSdos of Y. Then, the greatest NsHSdos contained in (H,A) is itself. Therefore,
N,HS8int(H,N) = (H, A).

(vi) By (iv), the greatest N,HSéos containing N HS&int(H, A) is itself. Hence, N,HS&int(N,HSdint(H,A) =
N,HS8int(H,N).

(vil) NgH Séiqt(ﬁ[ ,\) is the greatest N,HSdos containing (H,N). The complement is the smallest N, H Sécs contained
inY — (H,A). Therefore, Y — NgHSdint(H,N)) = NeHSocl(Y — (H, N)). [ ]

Theorem 3.2 The N H S)-closure operator satisfies,

(i) (H,A) C N,HSScl(H,N).

(i) (H,A) C (G,A) = N,HSScl(H,N) € N,HSScl(G, N).
(iii) N HSScl((H,N) U (G,N)) = NyHSScl(H,N) U Ny HSScl(G, N).
(iv) N HSScl(H, A) is the smallest N,HSdcs € (H, A).

(v) NyHSGScl(H,N) = (H,A) iff (H,A) is a N,HSdcs.
(vi) NoHSScl(NyHSScl(H,N)) = NyHSSCI(H, N).
(vii) (Y — NyHSScl(H,N)) = N,HSSint(Y — (H,A)).
(viil) y € NyHSScl(H, A) iff (H,N) N (L, A) = 0(y,q) for every NyHSS0s (L, A) containing y.

Proof.

(viili) Suppose, y € NyHSS3cl(H, N). Let (L, A) be a N,HSd0s containing y. If (H,A) N (L, A) = O(YQ), then Y — (L, A)
is a N HSécs containing (H,A) and so y ¢ (H,A), a contradiction. Therefore, (H,A) N (L,A) # Ov,)- If
y ¢ N, HSécl(H A), then there exists a N,HSdcs(L, ) containing (H A) which contains y ¢ (L,A)°. Then

(L,A) =Y — (L, N)¢ is a NyHSdos containing y such that (H,A) N (L,A) = O(v,q), & contradiction. Therefore,
y € NJHSScl(H, N).

The other cases follow from the Theorem 3.1. [ ]

Remark 3.2 The Theorems 3.1 and 3.2 are also true for N,HSdPos & NyH S6Sos of their respective interior and closure
operators.

Theorem 3.3 The statements are hold for NyH Sts, but not the converse.
(i) Every NyHSros (resp. NyHSrces) is semi-regular.

(ii) Every NyH Sros (resp. NsHSres) is NgHSdos (resp. NgHSdcs).

(iii) Every NyH Sdos (resp. NyHSdcs) is NgHS0Sos (resp. NsHS0Scs).



(iv) Every NgHSdos (resp. NsHSdcs) is NgHSos (resp. NsHScs).
(v) Every NyHSos (resp. NgHScs) is NoHSdos (resp. NsHSécs).
(vi) Every NyHSos (resp. NyHScs) is NgHSPos (resp. NgHSPcs).

(viii) Every NyHSPos (resp. NyHSPcs) is NgHS6Pos (resp. NsHSScs).

@
Proof.

)
)
)
(vii) Every N,HS6Sos (resp. N,HS3Scs) is N,HSdos (vesp. NyHSdcs).
)
x)

Every NyHS semi-regular set is NgHS6Sos.

(i) If (H,A) is NyHSros, then Ny HSint(N,HScl(H,N)) = (H,/ :
(H,N) is NgHSScs. Now NgHSint(NsHScl(H,N)) € (H,A) C NHScl(N HSint(H,N)). Hence (H,A) is
N;HSSos. So, (H,N) is NgHS semi-regular.

H,A). Then, NyHSint(N,HScl(H,A)) C (H,A). Hence,

(iit) If (H,A) is NsHSéos, then (H’,/\)~: N HS§int(H,N) € NyHScl(N,HSdint(H, A)). Hence, (H,A) C
NyHScl(NsHSdint(H, N)). So, (H,N) is NsHS§Sos.

(iv) If (H,A) is NyHSdos, then (H,\) = N,HS&int(H,\) C N HSint(H,A). So, (H,A) is NyHSos.
(v) If (H,A) is NyHSos, then (H,A) = NyHSint(H,\) C NyHScl(NyHSint(H, N)). So (H,A) is NyHSSos.
(vi) If (H,A) is NyHSos, then (H,\) = NyHSint(H,A) C N,HSint(N,HScl(H,\)). So,(H,A) is NyHSPos.
(vii) If (H,A) is NyHS6Sos, then (H,A) C N,HScIN,HS(sint(H,N)) € N,HScl(N,HSint(H,A)). So, (H,A) is
N, HSSO
(vili) If (H,A) is N,HSPos, then (H,A) C N,HSint(N;HScl(H,N)) € N,HSint(N;HSScl(H,N)). So (H,A) is
N,HS6Pos.
The proofs of (ii) and (ix) are obvious. ]

Example 3.4 Let Y = {y1,92,y3} be a NsHS initial universe and the attributes be @Q1,Q2,Q3. The attributes are
given as:

Ql = {a17a27a3}7 QQ = {b17b2}7 Q3 = {01362303}
Suppose that
Ey ={a1,a2}, By = {b1,b2}, E3 = {c1, 2}

Cl = {a17a27a3}702 = {b17b2}7c3 - {61702}
Dy = {az, a3}, Do = {b1,b2}, D3 = {c1}

are subsets of Q; for each i = 1,2,3. Then the N,HSs (Hy, A1), (Hz, A2), (Hs, A2), (Ha,A2), (Hs, A2) over the universe
Y are as follows.

(ﬁ1,/\1) _ {«al’blvcl)’{osomgv033/22037020206} 7}
((az, bz, 2)’{070408’0703087050508}
_ ((a1,b1,c 1)’{07050870:’,(2)424037030503}>7
(Ha,Na) = {<(a2vb2v 2)’{0.5,0.5,0.77 0.8,0.3,0.8’ 0.6,0.4,0.7}>’}
<(a37b1> 1)7{0.4,0.5,0.7’ 0.4,(?)!.4,0.6’ 0.1,0.3,0.6 >
~ <(a1, by, 1)7 {0.8,0.5,0.8’ 0.3,(131.4,0,37 0.3,0.5,0.3}>7
(H3z, N2) = {«a?’b?’ 2)’{07050770833087060507}>7}
<(“37b17 1)’{0405077040406’010306}
~ «al’bh 1)’{070109’0302037020206}’
(Hi,N2) = {<(a2’b27 2)’{05040870703087050408} 7}
((as,b1,c 1)’{0405077040406’010306}
_ ((a1 by, c 1)’{08010970.3,02.0.37020206}>7
(Hs,N2) = {((a2 ba, ¢ 2)’{0.7,0.4,0.8’ 0.7,(2)4.3,0.8’ 0.5,0.5,0.8}>’}
((a37b17 1)7{0.4,0.5,0.7’ 0.4,(?)!.4,0.6’ 0.1,0.3,0.6 >
(g&/\g) _ {((a yb1,c 1)’{0.9,0.3,0.2’0.8,(1)1.5,0.270.7,0.5,0.2} 7}
<<a37b27cl)’{080003’0736017090602}



Then 7 = {O(Y,Q)a 1(Y7Q)’ (Hl,/\l), (.E[Q,/\Q), (ﬁg, /\2), (ﬂ47/\2), (I::’5, /\2)} is a NSHStS. Then,

N2)¢ is NyHS0So0s but not NsH Sos

i

2, N\2)¢ is NgHS6Pos but not NyH Sos

i

4,\2) is NyH Sos but not N,HSdos

3,N\2)¢ is NgHS6Sos but not NyHSdos

i

i

i

(vi 3,N\2)¢ is NyHSSos but not NyH Sos

(vii is NgHSSos but not NgHS6Sos

Hg, N3) is NyHSPos but not NyHSos

i) (Hs
if) (
iii) (
iv) (
(v) (Hy, A2)¢ is N,HS5Pos but not N,HSPos
) (
) (H:
(viii) (
) (

)
)
)
)
)
A2)
)
)

(ix Hs, N\o)¢ is NJHS semi-regular but not NgH Sros

Remark 3.3 From the results discussed above, we obtain the following diagram in N ¢H Sts.

N HSros » NJHS60S —02—o-—» NHS0S —0—ouu N,HSPos

| |

NsHSsemi-regular ~—— N,HS0508 —onuy N,HSS0$ ——— N,HSPos

Proposition 3.1 The union (resp. intersection) of any family of NyHSISOS(Y) (resp. NyHSISCS(Y))isa NJHSSSOS(Y)
(resp. NgdHSSSCS(Y)).

Proof. Let (H,A))a:a€7)) bea family of NsH S0Sos’s. For each a € 7, ( 1,N))a € NoHScl(N,HSSint(H, N))a).
U (H,A)a € U NyHSel(N,HSSint(H, M) C NyHScl(N,HSSint(H, N)y).

acT acT
The other case is similar. [ |

Remark 3.4 Proposition 3.1 is also true for NyHS6POS(Y), NyHSSPCS(Y), NdHSSOS(Y), NNHSOCS(Y), NyHSPOS(Y)
& PCS(Y).

Proposition 3.2 The intersection of any family of NyHSPOS(Y) (resp. NyHSSOS(Y), NJHSOPOS(Y) & NHS6SOS(Y))
need not be a NyHSPOS(Y) (resp. NsHSSOS(Y), NydHSIPOS(Y) & NyHSISOS(Y)).

Example 3.5 Consider the N,H Sts in the Example 3.4. Suppose there are two NsHSs’s (f[7,/\1) and (f[g,/\l) as
follows:

i <(a1’b1’cl)’{080008’0304047040300}>7
72 = 4 (g, by, ). { b
a2,92,€2), 0806037070408’050607
«al’blv €1 ’{07050270404037030602}>
( ) )

v}

Then, (H7, A1) and (Hg, A1) are NyHSPos’s but (Hr, A1) N (Hg, A1) is not NyHSPos.

(Hs, A1) = {

(az, b2, c2 ’{06050570803017070503

Example 3.6 Let Y = {y1,y2} be a NsHS initial universe and the attributes be @1, Q2. The attributes are given as:

Q1 = {a1,a2,a3}, Q2 = {b1,b2}.
Suppose that

Ei ={ai,a2}, B> = {b1}
Dy ={a1},Da = {b1, b2}

are subsets of Q; for each i = 1,2. Then the N,HSs (Hy, A1), (Ha, A2), (Hs, A3), (Hs, A3), (Hs, A1), (Hg, A2) over the
universe Y are as follows.



(Fi,n) = {<(a1’b1)’{080802’060803}>’}
((a2,01),{570%505 550503

(ff2,/\2) _ {<(a1’b1)’{0204067030506} 7}
((a1,b2),{550%505 550503

R ((a1,b1), {0.2,04.0.6’ 0.3,05,0.6 9%

(H3,N3) = {<(a2vb1)v 0.7,0.8,0.570.5,(%,0.2 >’}
{(a1,b2), {0.5,0.5,0.57 0.5,5%,0.5 )

~ ((a1,b1), 0.8,0.8,0.270.6,328,0.3 )

(Ha,N3) = {«“2’(71)’ 0708035 0505032 >7}
<(a1,b2),{050505,050505}>

(Hs, A1) = {<(a1’bl)’{0205077050204 7}
((a2,b1), {555 406> 550504}

(ffs,/\z)z {<(a1’b1)’{0302077040205}>7}
((a1,b2),{550%5054> 560508

Then 7 = {O(YQ), Liv,Q); (Hy, A1), (Ha, A2), (Hs, A3), (Hy, A3)} is a NoHSts. Here (Hs, A1) and (Hg, Ag) are NyHSS0s’s
but (H5,/\1) (Hg,/\2> is not NyHSSos.

Proposition 3.3 If (H,A) is a N,HSdos and (G, A) is NyHSPos, then (H,A\) N (G, A) is a NyHS5Pos.

Proof. (H,A) N (G,A)

c
N HSint(N,HSdcl(H, N\) N

N HS§int(H,A) N NHSint(N;HSScl(G,A)) C NHSint((H,N) N NyHSScl(G,N)) C
(G, A)). Therefore,( ) (G, A) is a NyHSS Pos. ]

Remark 3.5 The proposition is also true if (G, A) is a NyHS6Sos, NyHSSos & N HSPos.

4 Conclusion

In this study, neutrosphic hypersoft pre-open sets, § open sets, § semi-open sets and J pre-open sets are introduced
and their properties are discussed with the examples. Neutrosophic hypersoft topology is a general framework which
generalizes the concept of intuitionistic hypersoft topology and fuzzy hypersoft topology which we have proved with an
example. Since the real world is full of indeterminacy, uncertain and inadequate data, neutrosophic hypersoft toplogy
have a major role in the emerging research field. This work can be applied in real world decision making problems
involving more attributes for making a better decision.
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