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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 [29] introduced
the fuzzy set in 1965 which contains the membership value in [0,1]. The topological
structure on fuzzy set was developed by Chang [7] 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 [8] 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 [22, 23] 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 [17] in 2012,
developed neutrosophic topological space. A new mathematical tool, soft set theory
was introduced by Molodstov [12] 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
[21] developed soft topological spaces.

Maji [11] combined the neutrosophic structure and the soft set concept to
develop neutrosophic soft sets and the same was modified by Deli and Broumi [9].
Later neutrosophic soft topological spaces were presented by Bera [5]. Smarandache
[24] 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. Saqlain et al. [18] defined the aggregate op-
erators of neutrosophic hypersoft set. Ozturk and Yolcu [13] redefined the same and
developed the neutrosophic hypersoft topological spaces. Ajay and Charisma [2]
introduced fuzzy hypersoft topology, intuitionistic hypersoft topology and neutro-
sophic hypersoft topology. Ajay et al. [3] defined neutrosophic hypersoft semi-open
sets and developed an application in multiattribute group decision making.

Saha [16] defined §-open sets in fuzzy topological spaces. Vadivel et al. [25]
introduced d-open sets in neutrosophic topological spaces. In 2019, Acikgoz and
Esenbel [1] defined neutrosophic soft d-topology. The notion of e-open sets were
introduced by Ekici [10] in a general topology, Seenivasan et al. [20] in fuzzy
topological space, Chandrasekar et al. [6] in intuitionistic fuzzy topological space,
Vadivel et al. [26, 27, 28] in neutrosophic topological spaces and Revathi et al.
[14, 15] in neutrosophic soft topological spaces.
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Saqlain et al. [19] studied distance and similarity measures for neutrosophic
hypersoft set (NHSS) with construction of NHSS-TOPSIS and applications.

In this paper, we have developed the concept of neutrosophic hypersoft e-
open sets in neutrosophic hypersoft topological spaces and also some of their basic
properties with examples are specialized. Also, we discuss about neutrosophic
hypersoft e-interior and e-closure in neutrosophic hypersoft topological spaces. An
application in Covid-19 diagnosis using normalized Hamming distance involving
neutrosophic hypersoft sets is also discussed.

2. PRELIMINARIES

Definition 2.1. [17] Let 9t be an initial universe. A neutrosophic set (briefly
Ns) H is an object having the form H = {(m, uz(m),05(m),v5(m)) : m € M}
where pz — [0,1] denote the degree of membership function, o5 — [0, 1] denote
the degree of indeterminacy function and vz — [0,1] denote the degree of non-
membership function respectively of each element m € 90 to the set H and 0 <
pg(m) 4+ og(m) +vg(m) < 3 for each m € M.

Definition 2.2. [12] Let 9 be an initial universe, ) be a set of parameters and
P(9M) be the power set of M. A pair (H,Q) is called the a soft set over M where
H is a mapping H : Q — P(ON). In other words, the soft set is a parametrized
family of subsets of the set 9.

Definition 2.3. [9] Let 9 be an initial universe, Q be a set of parameters. Let
P (M) denotes the set of all neutrosophic sets of 9. Then a neutrosophic soft set
(H,Q) over M (briefly N,Ss) is defined by

(H,Q) ={(g, (m, /’LH(q)(m)70H(q)(m)7 Vha(g) (m)) :m €M) : q € Q}, where i (q) (m),
(g (M), Vi (m) € [0,1] respectively called the degree of membership func-
tion, the degree of indeterminacy function and the degree of non-membership
function of H (g). Since the supremum of each u,o,v is 1, the inequality 0 <
Lgr(q) (M) + 0 gy (M) + v, (M) < 3 is obvious.

Definition 2.4. [24] Let 9 be an initial universe and P(91) be the power set of M.
Consider q1,q2, g3, -..,qn for n > 1, be n distinct attributes, whose corresponding
attribute values are respectively the sets Q1, Q2, ..., @, with Q; N Q; = 0, for
i # jand i,j € {1,2,....,n}. Then the pair (I:I, Q1 X Q2 X ... X Q) where H :
Q1 X Q2 X ... X Qp, — P(IM) is called a hypersoft set over M.

Definition 2.5. [18] Let 91 be an initial universal set and Q1, Q2, ..., @, be pair-
wise disjoint sets of parameters. Let P(9) be the set of all neutrosophic sets of
M. Let E; be the nonempty subset of the pair Q; for each i = 1,2, ...,n. A neutro-
sophic hypersoft set (briefly, NsHSs) over 9 is defined as the pair (f[ ,E1 x Ey X
.. x E,) where H : By x Ey X ... x E, — P(9M) and H(E, x Ey x ... x E,,)) =
{(a, (m, pg (M), 05 (M), v, (M) :m e M) : ¢ € By x By x ... x By C
Q1 X Q2% ...xXQp} where () (m) is the membership value of truthiness, T i) (m)
is the membership value of indeterminacy and Vi q)(m) is the membership value
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of falsity such that iz, (m), o g, (M), Vg, (m) € [0,1]. Also, 0 < pg(,(m) +
() (M) + V() (m) < 3.

Definition 2.6. [18] Let 9 be an universal set and (H,A;) and (é,/\2)~be two
N HSSs’s over M. Then (H, A1) is the neutrosophic hypersoft subset of (G, Ag) if
K (g) (m) < Héigq) (M), 074 (M) < 0, (M), Vg, (M) < vgE (m). It is denoted by
(Ha /\1) - (G7 /\2)'

Definition 2.7. [18] Let 90 be an universal set and (H, A1) and (G, Ag) be N,HSs's
over M. (H, A1) is equal to (G, A1) if pg,(m) = pe (M), 0 g, (m) = oz, (m),
Vi (q) (M) = Véi(q) (M)-

Definition 2.8. [13] Let 90 be an universal set and ((H,A) be N,HSs over
M. ((H,N)° is the complement of NyHSs of ((H,A) if ,u%[(q)(m) = V(g (m),
a;:{(q) (m) =1-0g(,m), u;:{(q) (m) = pif(,(m) where Vg € A and Vm € 9.

It is clear that (((H,A)¢)¢ = ((H,A).
Definition 2.9. [13] A N,HSs ((H, A) over the universe set 9t is said to be null
neutrosophic hypersoft set if 117, (m) =0, og.,(m) =0, vz, (m)=1Vq €A
and m € 9. It is denoted by ﬁ(m)Q).

A N,HSs (G, \) over the universal set 90 is said to be absolute neutrosophic
hypersoft set if 1z, (m) =105, (m) =1,v5,(m) =0V € A and m € M. It is
denoted by i(gva).

Clearly, Ome) = lom,q) and 1?93@,@) = On,q)-

Definition 2.10. [13] Let M be the universal set and (H,A;) and (G, As) be
N HSSs’s over M. Extended union (H, A1) U (G, Ag) is defined as
(g (m) if g € A1 —NAs
u((H, A1) U (G, A2)) = Hé(q) (m) if €N — N1
maz{ g (M), pag M)} if g € ALNA
UH(q)(m) ifg € A1 — Ng
o((H, A1) U (G, A2)) = § 0g(,(m) ifg € Ao — Ay
maz{o g, (M), o5, (M)} if ¢ € At N A
Virg(m) ifq € At —Ag
V((H, M) U (G, A2)) = Va(g(m) ifg € Aa— Ay
min{V ) (M), Vg (M)} ifg € AL N Az

Definition 2.11. [13] Let 2 be the universal set and (H,A1) and (G, Ay) be
N HS’s over M. Extended intersection (H, A1) N (G, Ag) is defined as
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P (M) ifq € At — Az
(U A) 0 (G A) = § sy (m) 70 € Ao — A
min{ g (M), b (M} ifg € AL A
T (M) ifq € A1 —Ag
o((H,M)N(G,A2)) = 0 (m) ifg € Na—
min{o g (M), 05, (M)} ifg € ALN A2
Vg(q)(m) ifqg € N1 — Ne
V((H, A1) N (G, A2)) = § Vag(m) ifg € Ao — Ay
maz{vg ) (m), Vg, (M)} ifg € ALN A

Definition 2.12. [13] Let {(H;, A;)|i € I} be a family of N,H Ss’s over the universe
set M. Then
Ul(Hz‘, Ni) = {(m, suplpg, o (W)]ier, suplog, ) (W)]ier, inf vy, ) (m)]icr)
1€
m e M}
_ﬂI(Hi,/\i) = {(m, mf[ﬂf]i(q)(m)]ielamf[oﬁi(q)(m)]ielaSUP[Vﬁi(q)(m)]ieﬁ :
S
m e M}
Definition 2.13. [13] Let (Y, Q) be the family of all N;HSs’s over the universe set
M and 7 C NyHSs(Y, Q). Then 7 is said to be a neutrosophic hypersoft topology
(briefly, NyHSt) on 9 if
(1) 6(m7Q) and 1(5)]17@) 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 NyHSs’s in 7 belongs to 7.

Then (I, Q,7) is called a neutrosophic hypersoft toplogical space (briefly,
N HSts) over M. 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 Ses) 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. [13] Let (9, Q, 7) be a N,HSts over M and ((H,A) € N,HSs(Y,
Q) be a NgHSs. Then, the neutrosophic hypersoft interior (briefly, NsHSint) of
((H,A) is defined as N,HSint((H,A) = U{(G,A) : (G,A) C ((H,A) where (G, )
is NyHSos}.

Definition 2.15. [13] Let (9, Q, 7) be a N, H Sts over 9 and ((H,A) € N,HSs(Y,
Q) be a NyHSs. Then, the neutrosophic hypersoft closure (briefly, NsHScl) of
((H,A) is defined as NyHScl((H,A) = N{(G,A) : (G,A) D ((H, A) where (G, A) is
NsHScs}.

Definition 2.16. [3] Let (9%, Q, 7) be a N,H Sts over 9 and ((H, A) € N,HSs(IM,
Q) be a NyHSs. Then, ((H,A) is called the neutrosophic hypersoft semiopen set
(briefly, NyHSSos) if ((H,\) € NyHScl(int((H,A)).
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A N,H Ss((lfl ,/\) is called a neutrosophic hypersoft semiclosed set (briefly,
N HSScs) if its complement ((H,A)€ is a NgHSSos.

Definition 2.17. [19] Consider two N,HSs’s (H, A1) and (G, A2) over M. The nor-
malized Hamming distance for these two sets are given by dy g ((H, A1), (G, A2)) =

n . . . . . .
3 3 |y = nl + lot = o6l + vy = vl
1=

3. NEUTROSOPHIC HYPERSOFT J-OPEN SETS IN N HSts

Definition 3.1. Let (9,Q,7) be a NyHSts over M. A N,HSs ((H,A) is said
to be a neutrosophic hypersoft regular open set (briefly, NyHSros) if ((H,A) =
N HSint(N,HScl((H,A)). The complement of N,H Sros is called a neutrosophic
hypersoft regular closed set (briefly, NgHSrcs) in 9.

Definition 3.2. Let (9, Q,7) be a N,HSts over M and ((H,A) be a N,HSs on
M. Then the neutrosophic hypersoft

(i) é-interior (briefly, NyHSint) of ((H,A) is defined by

N HSsint((H,A) = | J{(G,A) : (G, A) € ((H, )
and (G, A) is a N,HSros in 9} .
(ii) d-closure (briefly, NsHScl) of ((H,A) is defined by

N HSScl((H,N) = ﬂ{(é, A): (G,A) D ((H,A)
and (G, A) is a N,HSres in O}

Definition 3.3. Let (9, Q,7) be a N,HSts over 9. A N,HSs ((H, A) is said to
be a neutrosophic hypersoft

(i) semi-regular if ((H,A) is both NyHSSos and N,HSScs.
(ii) pre open set (briefly, N,HSPos) if ((H,A) C NyHSint(N,HScl((H, )
(iii) d-open set (briefly, NyHSdos) if ((H,A) = N HSSint((H,N)
(iv) d-pre open set (briefly, NyHSdPos) if (H,\) C N,HSint(N,HS3cl((H,N))
(v) d-semi open set (briefly, NyHS8Sos) if ((H,A) C N HScl(N HSSint((H,N))

The complement of NyHSdos (resp. NyHSPos, NyHSdPos & NsHS0Sos)
is called a NyH S (resp. NgHS pre, NgH S0 pre & N,H S semi) closed set (briefly,
NgHSébcs (resp. NgHSPcs, NyHSdPes & NgHSISes)) in 9.

The family of all NyH Sdos (resp. NgHSdcs, NgHSros, NgHSrcs, NyHSPos,
N HSPcs NgHS0Pos, NsHSO0Pcs, NydHS5Sos & N HSIScs) of M is denoted by

N,HSSOS(M) (resp. N,HSSCS(OMN), Ny HSrOS(9M), NyHSrOS(9M), N,HSPOS(M
N,HSPCS(OM), Ny HSSPOS (M), N,HSSPCS(M), N,HSSSOS(IM) & N,HSSSCS(M)).

Definition 3.4. Let (M, Q,7) be a NyHSts over M and ((H,A) be a NyHSs on
M. Then the neutrosophic hypersoft
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(i) é-pre (resp. d-semi) interior (briefly, NsHS§Pint (resp. NyHS0Sint)) of
((H, A) is defined by

N, HS6Pint(( = UG, A (G.A) S ((H, A

and (G, A) is a NyHS 6Pos (resp. NSHSéSos) in M} )
(ii) d-pre (resp. d-semi) closure (briefly, Ny HS6Pcl (resp. NsHS6Scl)) of ((H, N)
is defined by

N HS6Pl(( =((G.A): (G,A) 2 ((H, )
and (G, A) is a NyHSOP cs (resp. NSHS5SCS) in 9}

Definition 3.5. Let (9, Q,7;) be an intuitionistic hypersoft topological space
(briefly, T HSts) over 9. An intuitionistic hypersoft set (briefly, THSs) ((H, A) is
said to be an intuitionistic hypersoft regular open set (briefly, IHSros) if (H,A) =
THSint(IHScl((H,A)). The complement of IHSros is called an intuitionistic
hypersoft regular closed set (briefly, IHSrcs) in 9.

Definition 3.6. Let (M, Q,77) be an THSts over M and ((H,A) be an THSs on
M. Then the intuitionistic hypersoft (briefly, IHS)

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

THSé&int(( = UG, ) (G.A) S ((H, N

and (G, A) is a IHSros in zm} )
(ii) o0-closure (briefly, THScl) of ((H,A) is defined by

THSSc(( =((G.A) : (G,A) 2 ((H, )
and (G, A) is a IHSrcs in zm}

Definition 3.7. Let (M, Q, 77) be an THSts over 9. An THSs ((H,A) is said to
be an intuitionistic hypersoft

(i) semi-regular if ((H,A) is both THSSos and THSScs.
(ii) pre open set (briefly, IHSPos) if ((H,A) C IHSint(IHScl((H,N)
(iit) d-open set (briefly, IHSdos) if ((H,A) = IHSSint((H, A)
(iv) d-pre open set (briefly, IHS6Pos) if (H,A) C THSint(IHSScl((H, )
(v) d-semi open set (briefly, IHS6Sos) if (H,A) C THScl(IHSSint((H,AN))

The complement of I HSdos (resp. IHSPos, [HS0Pos & [HSJSos) is called
a THS6 (resp. THS pre, [HS6 pre & I HS6 semi) closed set (briefly, I HSdcs (resp.
THSPcs, IHS§Pcs & THS6Scs)) in M.

The family of all I HSdos (resp. THSdcs, IHSros, IHSrcs, I[HSPos, [HSP
cs IHSOPos, IHSPcs, IHS6Sos & IHS6Scs) of M is denoted by THSSOS(IM)
(resp. THSSCS(OM), IHSrOS(M), IHSrOS(M), IHSPOS(M), IHSPCS(M),
THSOPOS(OM), THSSPCS(M), THSSSOS(IM) & THSSSCS(M)).
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Definition 3.8. Let (9%, Q,77) be a IHSts over M and ((H, A) be a THSs on M.
Then the intuitionistic hypersoft
(i) d-pre (resp. d-semi) interior (briefly, I HS§Pint (resp. IHS3Sint)) of ((H, )
is defined by

THSsPint((H, A) = | JUG, A) : (G.A) S ((H,A)

and (G, A) is a THSPos (resp. ITHS8So0s) in M} .
(ii) d-pre (resp. d-semi) closure (briefly, THSdPcl (resp. THSIScl)) of ((H,A) is
defined by

THSSP((H, ) = {(G.A) : (G,A) 2 ((H,A)
and (G, A) is a ITHS§Pes (resp. THSOScs) in 9}

Definition 3.9. Let (9, Q,7r) be a fuzzy hypersoft topological space (briefly,
FHSts) over M. An fuzzy hypersoft set (briefly, FHSs) ((H,A) is said to be a
fuzzy hypersoft regular open set (briefly, FHSros) if ((H,A) = FHSint(FHScl
((H,\)). The complement of FHSros is called a fuzzy hypersoft regular closed set
(briefly, FFHSrcs) in 9.

Definition 3.10. Let (9, Q,7r) be a FHSts over M and ((H,A) be a FHSs on
M. Then the fuzzy hypersoft (briefly, FHS)

(i) d-interior (briefly, FHSint) of ((H,A) is defined by
FHS&int((H,A) = U{(G,A) : (G,A) C ((H,A) and (G, A) is a FHSros
in Mt}
(ii) d-closure (briefly, FHScl) of ((H,A) is defined by
FHSSc((H,N) = (G, A): (G,A) 2 ((H,A) and (G, A) is a FHSrcs in
m}

Definition 3.11. Let (9, Q,7r) be a FHSts over M. 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,A) C FHSint(FHScl((H, )

(iii) d-open set (briefly, FHSdos) if (H,A) = FHSint((H,A)

(iv) &-pre open set (briefly, FHS3Pos) if (H,A) C FHSint(FHSScl((H, N))

(v) d-semi open set (briefly, FHSSos) if ((H,A\) € FHScl(FHS§int((H,A))

The complement of F'HSdos (resp. FHSPos, FHS)Pos & FHS)Sos) is
called a FHSJ (resp. FHS pre, FHS) pre & FHS§ semi) closed set (briefly,
FHSécs (resp. FHSPcs, FHS§Pcs & FHS0Scs)) in M.

The family of all FHSdos (resp. FHSdcs, FHSros, FHSrcs, FHSPos,
FHSPcs FHS6Pos, FHS0Pcs, FHS§Sos & FHS6Scs) of M is denoted by
FHSOS(OMN) (resp. FHSICS(OM), FHSrOS(M), FHSrOS(M), FHSPOS(M),
FHSPCS(M), FHSSPOS(OM), FHSSPCS(M), FHSSSOS(IM) & FHSISCS(M)).

Definition 3.12. Let (9, Q,7r) be a FHSts over 9 and ((H,A) be a FHSs on
M. Then the fuzzy hypersoft
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(i) 0-pre (resp. O-semi) interior (briefly, FHSéPint (resp. FHSOSint)) of
((H,A) is defined by FHSsPint((H,A) = U{(G,A) : (G,A) C ((H,A) and
(G, A\) is a FHS3Pos (resp. FHS8Sos) in M}

(ii) o0-pre (resp. d-semi) closure (briefly, F'HS0Pcl (resp. FFHSScl)) f((ﬁ N)
is defined by FHSSPcl((H,N) = N{(G,A) : (G,A) D ((H,A) and (G, A) is a
FHS§Pcs (resp. FHSIScs) in M}

Example 3.13. Let 9t = {my, my} be a NsHS initial universe and the attributes
be 1, Q2. The attributes are given as:
Ql = {a’lva’27a’3}7 QQ == {blabQ}-

Suppose that

Ey ={ay, a2}, Bz = {b1}

Dy ={a1}, Dy = {b1,b2}
are subsets of Q; for each i = 1,2. Then the N;HS's (Hl,/\l), (ﬁg,/\z), (lflg, A3),
(Hy, A3) over the universe 9t are as follows.

(fﬁ A1) = {«al’bl) {080802’060803} ’

((az,b1), {0.7,0.8,0.3’ 0.5,0.5,0.2 }
}

)
)
( ), )
( )
( 1), {020406’030506>’
((az, b1), {0708037050502}>’
( )
( )
( )

(

(a1,b1 {020406’030506
(a1,b2), {0505047040505
(

S
i
=

2) {050504’040505

Y

) {080802’060803
) 0.7,0.8,0.3’ 0.5,0.5,0.2
((a1,b2), {050504’ 040505}>
Then 7 = {O(Dﬂ,Q)a l(DJT,Q)a (Erh /\1)7 (HQ, /\2)7 (Hg, /\3)7 (H4, /\3)} is a NyHSts.

Remark 3.14. From NgHSt we can deduce IHSt and FHSt. 1HSt 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 3.15. Let 9 = {m;, m2} be an IHS initial universe and the attributes
be @1, Q2. The attributes are given as:
Q1 = {a1,az,a3}, Q2 = {b1,b2}

Suppose that

Ey ={a1, a2}, B2 = {b1}

Dy = {a1}, Dy = {b1,ba}
are subsets of @; for each i = 1,2. Then the IHSs (ﬁl,/\l), (,E[27/\2)7 (1573,/\3)7
(Hy, A4) over the universe 9 are as follows.

(Fi n) = {<(a1,b1) Aoses 3152, OS‘ES}),}

((az,b1), 0703’0502 )
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2 ((a1,01), {5505 03061
Hy, No) = 0.2,0.6° 0.3,0.6
(H2:12) { <(a1’b2)’{0.?,(1)4’ 0.265”
- (a1, 1), {0.12“,(1).6’ o.gl,g.e}>7
(Hs, N3) = { ((az,b1), {0';1)(1)'3, 0.5*“’32}%

((a1,02) {5567 5ae5 )

~ {(a1, 1), {0.31,6.27 0.23,3}>7
(Hu, As) = 4 ((a2,00), {5283 7233 ),
((a1,b2), 0.21,6 1 0405 ))

—~ o

Then 7 = {O(DZTI,Q)’ l(Dﬁ,Q)a (Erl, /\1)7 (]:[2, /\2), (ﬁg, /\3)7 Hy, /\3)} isa ITHSts.

Example 3.16. Let M = {my, my} be an FHS initial universe and the attributes
be 1, Q2. The attributes are given as:

Ql = {a17a27a3}; QQ = {b17b2}
Suppose that
Ey ={a1,a2}, By = {b1}
Dy = {a1}, D2 = {b1,ba}

are subsets of @; for each ¢ = 1,2. Then the FHSs (Hi, A1), (Ha, Ag), (Hs, As3),
(Hy4,Aq) over the universe 9 are as follows.

] _ <(a13b1)v{g7g}>7
o = {1 B
7 _ <(a1ab1)a{%’g}>v
tro) = { B R R
~ <(a1,b1),{%,%}>7

(H37/\3): <(a2ab1)a{8%>%}>v
((a1,b2),{T%, 55 1)
~ <(a15b1)a{8%57 8%}>7
(H4’/\3) = <(a2ab1)a{3%,%}>v
((a1,b2), {55, 55 1)
Then 7 = {0(931’@), 1(931,@), (ﬁl,/\l),( Ng, /\2),( ~3,/\3)7 (f{4,/\3)} is a FHSts.

4. NEUTROSOPHIC HYPERSOFT e-OPEN SETS IN N H Sts

Definition 4.1. A set (H,A) is said to be a neutrosophic hypersoft
(i) e-open set (briefly, N,HSeos) if (H,\) C N HScl (NSHS(Sint(fI, A))UNHS
int(NsHSSel(H, N)).
(ii) e*-open set (briefly, N,HSe*os) if (H,A) C N HScl(NyHSint(NyHSécl
(H,N)).
The complement of a NgH Se-open set (resp. NgH Se*o0s) is called a neutro-

sophic hypersoft e- (resp. e*) closed set (briefly, NyH Secs (resp. NsHSe*cs)) in
M.
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The family of all NyH Seos (resp. N;HSecs NyHSe*os & NyH Se*cs) of M is
denoted by NyHSeOS (M) (resp. NyHSeCS(IM), NyHSe*OS(M) & N;HSe*CS
().

Definition 4.2. A set (H,A) is said to be a neutrosophic hypersoft

(i) e interior (briefly, J\TSHS’einf(H7 A) is defined by )
N HSeint(H,N) = U{(L,A) : (L,A) C (H,N) & (L, A) is a NgHSeos in
(ii) e closure (briefly, NSHSecg(ﬁ, A) is defined by )
NsHSecl(H,N) = N{(L,A) : (H,A) C (L,A) & (H,N) is a NyHSecs in
Proposition 4.3. The statements are correct, but the converse is not.
(i) Every NyHSos (resp. NgHScs) is a NgHS0Sos (resp. NgHS0Scs).
(ii) Every NsHSos (resp. NoHScs) is a NgHS6Pos (resp. NgHSIPcs).
(iii) Every NyHS0Sos (resp. NsHSScs) is a NgHSeos (resp. NgH Secs).
(iv) Every NyHS6Pos (resp. NyHS0Pcs) is a NyHSeos (resp. NgH Secs).
(v) Every N HSeos (resp. NsHSecs) is a NyHSe*os (resp. NyHSe*cs).

Proof. Consider,
(i) If (H,A) is a N,HSos, then (H, A) =N, HS'mt( ,A). So, (H,A) = NyHS
int(H,N) C NyHScl(N, HS(Smt(H A). . (H,A) is a N; HS(SSOS
(ii) If (H,A) is a NyHSos, then (H,A) = N, HSmt( ,A). So, (H,A) = N,HS
int(H,N) C NSHSz’nt(NsHSécl(H, A)). . (H,A) is a N, Hsapos
(iit) If (H,A) is a N,HS8Sos, then (H,\) C N, HScl(N HS§int(H,N)) € NJHS
cl(N,HSSint(H,N\)) U N,HSint(NJHSScl(H, A)). . (H,A) is a NyHSeos.
(iv) If (H,A) is a NyHS&Pos, then (H,\) € N,HSint(N,HSScl(H,N)) € N,HS
cl(N,HSSint(H,N)) U NyHSint(NyHSOcl(H, A)). . (H,A) is a N,HSeos.
(v) If (H,A) is a NyHSeos then (H,A) C NyHScl(N,HSdint(H,N)) U NHS
int(NyHSScl(H,N)). So (H,A) € NHScl(N,HSsint(H,\)) U N HSint
(NJHSSCl(H,N)) € NHScl(NHSint(NJHSSCl(H,A))). . (H,A) is a
N ,HSe*os.
This holds true for their closed sets as well. O

Remark 4.4. The diagram shows NgH Seos’s in NgH Sts.

Example 4.5. Let M = {m;, my,m3} be a NsHS initial universe and the at-
tributes be @1, Q2, Q3. The attributes are given as:

Q1 ={a1,a2,a3}, Q2 = {b1,b2}, Q3 = {c1, ¢, c3}
Suppose that
By ={ay, a2}, By = {b1,ba}, E3 = {c1,ca}
Cy = {a1,az,a3},Co = {b1,b2},C3 = {c1, 2}
D ={az,a3}, Dy = {b1,b2}, D3 = {c1}



188 S. ARANGANAYAGI ET AL.

/

N HSeos ‘ ‘ N HSe*os ‘

FIGURE 1. NyHSeos’s in NyH Sts

are subsets of @; for each ¢ = 1,2, 3. Then the N;HSs (Hi, A1), (Ha, Ag), (Hs, Ag),
(Hy, N2), (Hs, A2) over the universe 9t are as follows.

(F1, A1) = {<<((‘Zlvl;1>ccl)) {0.8.81&,0.9’ 0.3,8;3,0.3’ 0.2,0.2,0.6 >>’}
2,92,62 070408’070308’050508
_ <(a17b1>cl) {070508’030403’030503}>’
(H2, N2) = {«a?vb% c2), {050507’080308’060407}>’}
((as, b1, 1), {040507’040406’010306 )
- {(a1,b1,¢1), {5 80508’0331403’030503 )
(Hz, N2) = {((a27b2, c2), { 70507’0831308’060507}>’}
((a3,b1, 1) { 0.4,0.5,0.7° 0.4,0.4,0.6° 0.1,0.3,0.6 >
_ <<a17b17 1> {070109’0381203’020206>’
(Ha, N2) = {«a?vb?v c2), {050408’070308’050408}>’}
((as, b1, 1), {040507’040406’010306 )
~ ((a1,b1,¢1), {080109’0331203’020206%
(Hs, N2) = {«a%z’?’ c2), {070408’070308’050508}>’}
<(a3,b1, 1)7{0.4,0.5,0.7’ 0.4,0.4,0.6° 0.1,0.3,0.6 >
(gﬁ’/\g) {((a27b1,cl)7{ )0302’08()5(]2’07()5(]2}>’}
(a3, b2, ¢1), {550%03: 070601 09.0.603))
(7, ) = {<(a17blvcl)7{080508’0331503’030503 >’}
((az, bz, c2), {0.7,0.5,0.7’ 0.8,0.6,0.8" 0.6,0.5,0.8}>

Then 7 = {0m,q), Lm,Q) (Hi, A1), (Hay A2), (Hsy A2), (Hy,y As), (Hs, A2)}
is a NgH Sts. Then,

(i) (Hs, )¢ is NyHSeos but not NyHS§Pos
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(ii) (Hy, A1) is NyHSeos but not N,HSSos
(iii) (H7, /A1) is NsHSe*os but not NyH Seos
Theorem 4.6. The statements are true.

(i) NyHSSPel(H,N) D (H,N)UN;HScl(NHSSint(H, N)).
(i) NoHSOPint(H,A) C (H, )N NyHSint(N;HSOCI(H, N)).
(i) NyHSSScl(H,N) 2 (H,N) U N HSint(NyHSScl(H,N)).
)

(iv) N,HS8Sint(H,N) C (H, )ﬂNSHScl(NSHSémt(ﬁ A)).

Proof. (i) Since NyHSOPcl(H, ) is NyHS6Pcs, we have
N HSCcl(NsHSSint(H, N)) € NyHScl(NyHS§int(N,HSSPcl(H, A)))
C N,HS6Pcl(H,N).

Thus (H,A) U NSHScl(NSHS(%nt(ﬂ',/\)) C N,HSSPcl(H,A). The other cases
are similar. (]

Theorem 4.7. (H, ) is a N,HSeos iff (H,\) = Ny HSSPint(H, N)UN,HS5Sint
(H, A).

Proof. Let (H,A) be a NyHSeos. Then (H,A) C NyHScl(NHSSint(H,N)) U
NSHSint(NsHS(icl(I:I, /\)) By Theorem 4.6, we have
N HS6Pint(H,N) U N,HS6Sint(H, M)
C (H,N) N (NHSint(NsHSSCl(H, A))) U ((H,A) N Ny HSel(NsHSSint(H, N)))
= (H,N) N (N;HSint(N,HSScl(H, N)) N NyHScl(NHSSint(H, N))
= (H,NA).

Conversely, if (H, \) = NyHSSPint(H, N\\UN,HS3Sint(H, A) then, by The-
orem 4.6

(H,N) = N,HS§Pint(H,\) UN,HS6Sint(H, \)
C ((H,N) N N HSint(N;HSScl(H,A))) U ((H, \) N NyHScl(NyHSdint(H, N)))
= (H,N) N (N;HSint(NyHSScl(H, N)) U NsHScl(NyHSSint(H, N)))
C N HSint(N;HSbcl(H, N)) U N,HScl (N HSSint(H,N))

and hence (H, A) is a N HSeos. O

Theorem 4.8. The union (resp. intersection) of any family of NyHSeOS(9M)
(resp. NyHSeCS(OM)) is a NyHSeOS(M) (resp. NgHSeCS(M)).
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Proof. Let {(H,N), : a € 7} be a family of N;HSeos’s. For each a € 7, (H, ), C
N HScl(N;HSGint((H, N)a)) U NsHSint(NoHSSCl((H, N)a)).

JH, Ao € | NeHScl(N HSSint((H, A)a)) U NoHSint (N HSSl((H, A)a))

acT aceT
C Ny HSel(NHSSint(U(H, N)a)) U NsHSint(NsHSScl(U(H, N)a))
The other case is similar. O

Remark 4.9. The intersection of two NyH Seos’s need not be NyH Seos.

Example 4.10. Let 9 = {m;,my} be a NsHS initial universe and the attributes
be @1, @2, Q3. The attributes are given as:

Q1 ={a1,a2}, Q2 = {b1,b2}, Q3 = {c1, 2}
Suppose that

Ey = {a1,a2}, By = {b1,b2}, B3 = {c1,c2}

Cy = {az},Cy = {b1,b2},Cs = {c1, ca}

are subsets of @; for each i =1,2,3. Then the N;HSs (Hi, A1), (Hz,A2), (Hz, A1)
& (Hy, A3) over the universe 9 are as follows.

(Eﬁ /\1) _ {<(a17b1acl) {0,2,31.30.7’ 0.1,31.30,5}>7}

(az, b2, c2), {0.3,81/11067 530506

(
(ff27/\2) = {<<((C; 1211
((

(fI3,/\1):{ a1, b

1), {0381%07’050502 >v}
c1), {0404057030504}>
1) {0.1,0.5,0.17 0.2,0.5,0.1}>7}
((az, b2, c2), {0.2,3%,0.57 0.1,3%,0,6}>
~ ~ ~ ((ar,01,¢1) {50807 5z0502))
(Hi, A3) = (Ha, A2) N (Hs, A1) = { (a2, b1, 1), {0404057 030504}>
((az, bz, c2), {020305’010006}>
Then 7 = {O(ng (M,Q)> (Hy,A)} is a NyHSts. Then (Ha, Ao) & (Hs, Ay) are
N H Seos but (Hg,/\g) (H3,/\1) is not NoH Seos.

,C
)
)

Proposition 4.11. If (H,A) is a
(i) NyHSeos and NyHSdint(H,A) = On.q), then (H, A) is a NyHS5Pos.
(ii) N,HSeos and NyHSScl(H,A) = O ), then (H,A) is a N,HS6Sos.
(iii) NsHSeos and NzHSécs, then (I~{,~/\) is a NyHS0Sos.
(iv) NgHS6Sos and NyHSdcs, then (H,A) is a NgH Seos.

Proof. (i) Let (H,A) be a N,HSeos, that is
(H,N) C NyHScl(N,HSSint(H, A)) U N HSint(N;HSScl(H, N))
= O(n,) U N, HSint(N,HSScl(H, )

= N,HSint(N;HSScl(H, N))
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(ii) Let (H,A) be a N HSeos, that is
T,N) C NyHScl(N,HSSint(H, N)) U NyHSint(N,HSScl(H, N))
= N HScl(N,HSSint(H,A)) U0 o)
= N,HScl(N,HSéint(H,N))
Hence (H, M) is a NyHS6Sos.
(iii) Let (H,A) be a NgHSeos and NyHSdcs, that is
(H,N) C NyHSel(N,HSSint(H,A)) U N HSint(NsHSScl(H, A))
= N,HScl(N,HSéint(H,N)).
Hence (H,A) is a NyHS6Sos.
(iv) Let (H,A) be a NyHS6Sos and NgHSdcs, that is
(H,A) C NyHScl(N;HSSint(H,N))
C N,HSel(N;HSSint(H,A)) U N HSint(NsHSSCl(H, N)).

Hence (H, A) is a N,HS6Pos.
)
(

Hence (H, A) is a N,HSeos.

Theorem 4.12. (H,A) is a NyHSecs (resp. N HSeos) iff (H,A) = N HSe
cl(H,N) (resp. (H,N\) = NgHSeint(H,N)).

Proof. Suppose (H,A\) = N HSecl(H,\) = ﬂ{( A) )
is a NyHSecs}. This means (H,A) € N{(L,A) : (fI,/\) C (L,A) & (L,A) is a
N,HSecs} and hence (H, A) is N,HSecs.

Conversely, suppose (H,A) be a N,HSecs in 9. Then, we have (H,A) €
N{(L,A) : (H,A) C (L,A) & (L,A) is a N,HSecs}. Hence, (H,A) C (L,A)
implies (H,A) = N{(L,A) : (H,A) C (L,A) & (L,A) is a NyHSecs} = N,HSe
cl(H,A). Similarly (H,A\) = N,HSeint(H, A).

]

Theorem 4.13. Let (H,A) and (L, A) in 9, then the N,H Secl sets have

(1) NSHSECZ(O(gm @) = 0om,q), NsHSecl(1om,q)) = Lom,q)-
(ii) NsHSecl(H,N) is a NyHSecs in M.
(iii) N HSecl(H,A) € NoHSecl(L,N) if (H,A) C (L, N).
(iv) NSHSecl(N HSecl(H,N)) = NyHSecl(H, ).

Theorem 4.14. Let (H, /\) and (L, A) in 9, then the N, HSeint sets have
(i) NSHSeint(Ig,/\) is a N HSeost m. )
(iii) NsHSeint(H,N) C NyHSeint(L,A) if (H,N) C (L, A).
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(iv) NSHSeint(NSHSeint(ﬁ,/\)) = N HSeint(H,N).

Proof. The proofs are directly from definitions of NgH Seint set
Proposition 4.15. Let (H,A) and (L, A) are in 9, then
(i) NoHSecl(H,N)® = [NHSeint(H, N)]°,
NsHSeint(H,N)° = [NsHSecl(H, N)]°. )
(i) NyHSecl((H, ) (L,N)) 2 NyHSecl(H,\) U N;HSecl(L,\),
N, HSecl(( A) N (L, N)) C N HSecl(H, ) N N,HSecl(L, N).
(i) NyHSeint((H,A) U (L,A)) 2 NyHSeint(H, A) U NHSeint(L, \),
NsHSeint((FI, AN (L, A N)) € N HSeint(H,\) N NyHSeint(L, A).

Remark 4.16. As seen in the following example, the equality of (ii) in Proposition
4.15 does not have to be true.

Example 4.17. Consider the Example 4.10. Let

(g5 /\2) _ {((ah by, 01), {0.8,31.;),0‘2’ 0.6,31.?5,0.1 }>a}

((az,b1,c1), {0.4731‘%370.4 ) 0.132,0.4 b

((a1,b1,¢1), 0181502702815302 ),

{(az,b1,c1), {0406047070404}>

((az, b, c2), {0.2,0.3,0.5’ 0.1,0.5,0.6 ) }

Then N HSECl(ﬁg,/\l) = 1(9)? Q) N, HSECZ(H5,/\2) = (H5,/\2) &

N HSecl(Hs, A1) N\ N HSecl(Hs, A2) = (Hs, As). Also, NyHSecl((Hs, A1) N
(H5,/\2)) N, HS€CZ(H6,/\3) (Hla/\l)

Hence, N, H Secl((Hsz, A )N(Hs, Az)) C
N HS@CZ(Hg,/\l) NN, HSecl(H5,/\2)

(Hﬁa/\:}) = (ﬁg,/\l) N (1315,A2) = {

Proposition 4.18. If (H,A) is in 90, then

(i) N HSecl((H,N) 2 N,HScl(NHSsint((H

, A))NNsH Sint (NyHSScl((H, N)).
(ii) NyHSeint((H,N) C NyHScl(NHSéint((H,

/\))UNSHS’mt(NgHS(scl((IiT N)).
Proof. (i) NyHSecl((H,

A)is a NyHSecs and ((H,N) € NyHSecl((H,A), then
N,HSecl((H,

A) 2 N HScl(NsHSSint(NsHSecl((H, N))) N NsHSint
(NHSSCl(NHSecl((H, N)))
D N,HScl(N,HS5int((H,N)) N NyHSint(N,HSScl((H, N)).

(ii) NyHSeint((H,A) is a NyHSeos and ((H,\) D N HSeint((H

A), then
N HSeint((H,\) € NyHSecl(N,HS6int(N,HSeint((H

A))) U N H Sint
(N, HSScl(NyHSeint((H, N)))
C N HScl(NHSSint((H,A)) U NyHSint(NsHSScl((H, N)).

O
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Theorem 4.19. Let ((f[, A) be in 9, then

(i) NHSecl((H,N) = NJHSSPl((H, ) N N, HS6Scl(H, N).
(ii) NyHSeint(H,N\) = NJHSOPint(H,N) N N,HSISint(H, N).

Proof. (i) It is obvious that, Ny H Secl(H, ) € NyHSSPcl(H, N\NNN,HSOS cl(H, N).
Conversely, from Definition 4.2, we have

N HSecl(H,N) 2 NyHScl(N;HS§int(NyHSecl(H, N))) N NyH Sint
(NsHSScl(NHSecl(H, N)))
D N,HSel(N;HSSint(H,A)) N NyHSint(NsHSScl(H, N)).

Since NSHSecl(f{, A) is NgH Secs, by Theorem 4.6, we have
N HSSPcl(H,N) N NyHSSScl(H, N)

= (H,A) UN,HScl(N,HSSint(H,N)) N ((H, ) UN;HSint(N,HSScl(H, N)))

= (H,N) N (N;HScl(N,HSbint(H, N)) N N,HSint(N,HSScl(H, N)))

= (H,N) C N,HSecl(H,N).

Therefore, NyHSecl(H,N) = NyHSSPcl(H, N) N NyHSSScl(H, A). (i) is similar
from (i).
U

Theorem 4.20. Let (H,A) be in M. Then

(1) NSHSGCI(I(QR’Q) —(H,N)) = Lom,0) — NSHSeint(ﬁ, A).
(ii) NSHS(iint(l(gm’Q) — (]:[,/\)) = lon,q) — NSHSECZ(I:[, A).

5. APPLICATION IN CoOVID-19 DIAGNOSIS USING NORMALIZED HAMMING
DISTANCE

In this section, normalized Hamming distance is applied in an example to
diagnose Covid-19.

Example 5.1. Consider 2 patients visiting hospital with the following symptoms:
Fever, Dry cough, Head ache, Body pain, Difficulty in breathing and Chest pain.
The symptoms of Covid-19 patients can be categorized as

Severe symptoms = Difficulty in breathing, Chest pain

Most common symptoms = Fever, Dry cough

Less common symptoms = Headache, Body pain

Using the NyH S model problem, the examination can be done whether the patients
have the possibility of suffering from Covid-19 or not. Let 9t be the universal set
M = {my, my} = {Covid-19, No Covid-19}. The attributes are given as:

@1 = {a; = Difficulty in breathing, as = Chest pain}
Q2 = {b; = Fever, by = Dry cough}
Q3 = {c1 = Headache, ¢o = Body pain}
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We define the NyH S's’s which give the degree of association, indeterminacy and the
degree of non-association between the Covid-19 patients and the Covid-19 symp-
toms and between the 2 patients visited and their symptoms.

The N,HSs (H,A) describes the evaluation of the Covid-19 patients and their
symptoms as per the hospital records.

)

{090402’010607}’

{ 0.9,0.4,0.3 ’ 0.2,0.3,0.6 } ’

)s )
c2), )
); )
ay, by, ¢ 2; {080504’020208}5’
c1), )
)s )

)

)

{080504’ 010507} )
((az,b1,c2), {0.9,0.3,0.47 0.1,0.4,0.8 )

The N,HSs’s (G, A) & (P, A) describe the evaluation of the 2 patients visited and
their symptoms respectively.

(a1,b1,c1 7{010509’090206} )

(a1,b1,c 27{0 0607’090403}’
(a1,b2,¢1 7{000508’090604}’
(
(

ay, by, o ’{010407’090703}’

ag, b1, 1 7{0.2,0.5,0.8’ 0,9,0.3,0.5} )

(ag,ba, 1 7{010704’080402} )

(az,ba, ca 7{010408’090503} )

1,01,¢1 ,{ 80204’030507}’
al,b1, C2 ’{(.7,0.6,().2’0.2,0.5,().7 )

a1,b2,¢1), {5 80305’040600}’

9

€1 {080404’030105} )
{070503’030406} )
((az,b1,c2), {0.7,0.3,0.47 0.2,0.5,0.5}>

Using normalized Hamming distance, we get

) )
) )
) )
) )
) )
) )
) )
(ag, b1, ¢ 2)’{010507’090302 )
) )
) )
) )
c2) )
c1) )
c1), )
), )

dvu((H,N), (G, N)) = 0.4167
dnm((H,N), (P,N)) = 0.1458.

As the distance between the Covid-19 patient and the 2nd patient is lesser than
1st patient, there is larger possibility for the 2nd patient suffering from Covid-19.
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