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Abstract

The purpose of this paper is to introduce and study fuzzy hypersoft open maps, fuzzy hypersoft semi open
maps, fuzzy hypersoft pre open maps, fuzzy hypersoft § open maps, fuzzy hypersoft & pre open maps, fuzzy
hypersoft § semi open maps, fuzzy hypersoft e open maps, fuzzy hypersoft o open maps, fuzzy hypersoft e*
open maps and their respective closed maps in fuzzy hypersoft topological spaces. Also, we have discussed the
properties of various forms of fuzzy hypersoft open and closed maps. Moreover, a new cotangent similarity
measure for fuzzy hypersoft sets is introduced and an application in Covid-19 diagnosis is explained with an
example.
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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. The fuzzy set was introduced by Zadeh?* in 1965 to deal the real world decision making
problems with uncertainty which contains the membership value in [0,1]. In fuzzy set, every element of the
universe is a member of the set but with some value or degree of belongingness called as membership value
of an element which lies between 0 and 1. The fuzzy topological space was developed by Chang® In 1999,
the soft set theory was introduced by Molodstov! Soft set is a collection of parameters which describe the
characteristics, properties or attributes 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.Z

By replacing function with the cartesian product of a multi-argument function with a different set of attributes,
Smarandache!® extended the notion of a soft set to a hypersoft set and then to plithogenic set. 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
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in all the universe of discourses. The topological structures of fuzzy hypersoft set, intuitionistic hypersoft
set and neutrosophic hypersoft set were developed by Ajay and Charisma® Fuzzy hypersoft topology and
intuitionistic hypersoft topology are generalized by the general framework neutrosophic hypersoft topology.
Fuzzy hypersoft semi-open sets were defined and an application in multiattribute group decision making were
developed by Ajay et al

Saha!# defined d-open sets in fuzzy topological spaces. Vadivel et al®“2ll introduced J-open sets in neutro-
sophic topological spaces. In 2019, Acikgoz and Esenbel! defined neutrosophic soft 6-topology. The notion
of e-open sets were introduced by Ekici” in a general topology, Seenivasan et al 1% in fuzzy topological space,
Chandrasekar et alZ in intuitionistic fuzzy topological space, Vadivel et al*223 in neutrosophic topological
spaces and Revathi et al 213 in neutrosophic soft topological spaces. Aras and Bayramov® introduced neu-
trosophic soft continuity in neutrosophic soft topological spaces. The concepts of e-continuity, e-irresolute
maps, e-open maps, e-closed maps and e-homeomorphisms were developed by Vadivel et al 2223 in neutro-
sophic topological spaces and Revathi et all3' in neutrosophic soft topological spaces. Ahsan et al® studied
a theoretical and analytical approach for fundamental framework of composite mappings on fuzzy hypersoft
classes.

Saqlain et al'> studied single and multi-valued neutrosophic hypersoft set and tangent similarity measure of
single valued neutrosophic hypersoft set. Jafar et al!¥ studied trigonometric similarity measures for neutro-

sophic hypersoft sets with application to renewable energy source selection.

In this paper, we develop the concept of fuzzy hypersoft open maps, open maps, 6 open maps, 6 open maps,
4 open maps, e open maps, § « open maps, e* open maps and their respective closed maps in fuzzy hypersoft
topological spaces and some of their basic properties are analyzed with examples. Also, an application in
Covid-19 diagnosis is explained with the algorithm and example using cotangent similarity measure for fuzzy
hypersoft sets.

2 Preliminaries

Definition 2.1. ** Let © be an initial universe. A function A from © into the unit interval I is called a fuzzy
set in ©. For every x € O, A(x) € [ is called the grade of membership of y in A\. Some authors say that A
is a fuzzy subset of © instead of saying that X is a fuzzy set in ©. The class of all fuzzy sets from © into the
closed unit interval I will be denoted by 1.

Definition 2.2. U/ Let © be an initial universe, Y be a set of parameters and P(©) be the power set of ©. A
pair (9 () is called the a soft set over © where 0 is a mapping f : ¥ — P(O). In other words, the soft set is a
parametrized family of subsets of the set O.

Definition 2.3. ¥ Let © be an initial universe and P(©) be the power set of ©. Consider vy, vy, vs, ..., v, for
n > 1, be n distinct attributes, whose corresponding attribute values are respectively the sets T1, Yo, ..., T,
with Y, N Y; = 0, fori # jand ¢,j € {1,2,...,n}. Then the pair (#, T1 x Yo x ... x T,) where
6:T1 xYox..xTy— P(©) is called a hypersoft set over ©.

Definition 2.4. 2 Let © be an initial universal set and Y1, Y5, ..., T,, be pairwise disjoint sets of parameters.
Let P(©) be the set of all fuzzy sets of ©. Let E; be the nonempty subset of the pair Y; for each i =
1,2,...,n. A fuzzy hypersoft set (briefly, F'H,Ss) over O is defined as the pair (6, 1 x Es X ... x E,)
where 6 : By x Ey x ... X E, — P(0) and (E; x Ey x ... x E,) = {(v, (X Mgy (X)) X €0O) v e
EixEyx..xE, CTyxYTox...xY,} where I () () is the membership value such that Mé(v)(X) € [0,1].

Definition 2.5. 2 Let © be an universal set and (61, (1) and (-, C2) be two F H, Ss’s over ©. Then (6;,(;) is
the fuzzy hypersoft subset of (62, G2) if 1177,y (X) < () (X)-
It is denoted by (61, (1) C (62, Ca).

Definition 2.6. 2 Let © be an universal set and (6}, ¢;) and (62, () be FH,Ss’s over ©. (61,¢;) is equal to
(02, C2) if Mg”l(v)(X) = Mg”z(v)(X)‘
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Definition 2.7. 2 A F H,Ss (6,, ¢) over the universe set © is said to be null fuzzy hypersoft set if I, (o) (X) =
0,V v € (and x € O. Itis denoted by f)(@,y).

A FH,Ss (62, ¢) over the universal set © is said to be absolute fuzzy hypersoft set if 14, () (x) =1Yv e
and x € ©. Itis denoted by 1(93).

Clearly, 0 vy = 1(o,1) and 175 v, = 00 7).

Definition 2.8. 2 Let © be an universal set and (6, ¢) be F H,Ss over ©. (61, ()¢ is the complement of (6, ¢)
if u;:(v) (x)=1er) — I,y (X) where Vv € Cand Vx € ©. Itis clear that ((61,¢)%)* = (61, ¢).

Definition 2.9. 2 et © be the universal set and (6~1, ¢1) and (@, (2) be FH,Ss’s over ©. Extended union
(61,C1) U (02, (2) is defined as

i i I, () (X) if v € G — G2
(01, C) U (02,C2)) = § #g,y(X) if vEGL—G
maar{u(;l(v) () Hgiz(v)(X)} ifved NG

Definition 2.10. 224 Let © be the universal set and (9~1,§1) and (0~2, ¢2) be FH,Ss’s over ©. Extended
intersection (01, (1) N (02, (2) is defined as

) ) I, (o) (X) ifv € G —C
1((01,C1) N (02,C2)) = § Hg, ) (X) ifv € C—G
mi”{ﬂe}(v)(X)vMgiz(v)(X)} ifvenNg
Definition 2.11. * Let (O, T) be the family of all F'H,Ss’s over the universe set © and 7 C FH,Ss(0,T).
Then 7 is said to be a fuzzy hypersoft topology (briefly, F"H,St) on © if
6)) 6(@71—) and i(@,T) belongs to 7
(ii) the union of any number of F'H,Ss’s in T belongs to 7

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

Then (©, T, 7) is called a fuzzy hypersoft topological space (briefly, F'H, Sts) over ©. Each member of 7 is
said to be fuzzy hypersoft open set (briefly, F H,Sos). A FH,Ss (61, () is called a fuzzy hypersoft closed set
(briefly, F'H,, Scs) if its complement (61, ()¢ is F H,Sos.

Definition 2.12. ¥ Let (©, Y, 7) be a FH,Sts over © and (#1,() be a FH,Ss in ©. Then,

(i) the fuzzy hypersoft interior (briefly, F'H, Sint) of (61,¢) is defined as F'H,Sint(61,¢) = U{(6a,¢) :
(62,¢) C (61, () where (6, () is FH,Sos}.

(ii) the fuzzy hypersoft closure (briefly, F"H,Scl) of (61,¢) is defined as FH,Scl(6;,¢) = N{(6a,¢) :
(62,¢) 2 (61, () where (62,() is F'HyScs}.

Definition 2.13. 5 Let (©, T, 7) be a FH,Sts over © and (61,¢) be a FH,Ss in ©. Then, (61, () is called
the fuzzy hypersoft semiopen set (briefly, F'H,,SSos) if (61,() C FH,Scl(int(61,()).

A FH,Ss (61, ¢) is called a fuzzy hypersoft semiclosed set (briefly, FH,SScs) if its complement (01,¢)¢ is
a FH,S5Sos.

Definition 2.14. "% Consider two neutrosophic hypersoft sets (6, ¢) and (62, ¢) over ©. The cotangent simi-
larity measure for these two sets based on the cotangent function is given by

See((61,€), (62,)) = & ;cot[% + 5 (I, — p, |V |oh, — o, 1V 15, — v, 1)]

where V denotes the maximum operator.
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3 More on Open Maps in Fuzzy Hypersoft Topological Spaces

In this section, various forms of open sets, closed sets, respective interior and closure operators, fuzzy hypersoft
open maps, fuzzy hypersoft semi open maps, fuzzy hypersoft pre open maps, fuzzy hypersoft § open maps,
fuzzy hypersoft § semi open maps, fuzzy hypersoft § pre open maps, fuzzy hypersoft e open maps, fuzzy
hypersoft § a open maps and fuzzy hypersoft e* open maps are introduced and their related properties are
discussed.

Definition 3.1. Let (O, Y, 7) be a fuzzy hypersoft topological space (briefly, F'H,Sts) over ©. An fuzzy
hypersoft set (briefly, F'H,S's) (9~1, () is said to be a fuzzy hypersoft regular open set (briefly, F'H,Sros)
if (01,¢) = FHySint(FHyScl(gl, ¢)). The complement of F'H,Sros is called a fuzzy hypersoft regular
closed set (briefly, F'H{,Srcs) in ©.

Definition 3.2. Let (O, Y, 7) be a FH,Sts over © and (#1,() be a FH,Ss on ©. Then the fuzzy hypersoft
(briefly, F H,S)

(i) d-interior (briefly, FH, Sint) of (6y,¢) is defined by F H,S&int(6;,¢) = J{(62,¢) : (82,¢) C (61,¢)
and (62, ¢) is a FH,Sros in ©}

(ii) d-closure (briefly, F'H,Scl) of (61, ) is defined by FH,S5cl(61,¢) = N{(62,¢) : (62,¢) 2 (61,0)
and (02,¢) isa FH,Srcsin ©}

Definition 3.3. Let (©,T,7) be a FH,Sts over ©. An FH,Ss (61,) is said to be a fuzzy hypersoft

(i) semi-regular if (6, ¢) is both FH,SSos and F'H,SScs.
(ii) pre open set (briefly, F H,SPos) if (61,¢) € FH,Sint(FH,Scl(6:,C)
(iii) d-open set (briefly, F'H,Sdos) if (6;,¢) = FH,S&int(6y,¢)
(iv) d-pre open set (briefly, FH,SdPos) if (01,¢) C FH,Sint(FH,S5cl(0;,¢))
(v) &-semi open set (briefly, F H,S3Sos) if (01,¢) C FH,Scl(FH,Sdint(0;,())
(vi) e-open set (briefly, F H, Seos) if (61,¢) C FH,Scl(FH,Ssint(0:,¢))UFH,Sint(FH,Sscl(61,()).
(vii) & a-open set (briefly, FH, Séa0s) if (1, ¢) C FH,Sint(FH,Scl(FH,Sdint(61,())).
(viii) e*-open set (briefly, FH,Se*0s) if (61,¢) C FH,Scl(FH,Sint(FH,S5cl(6:,())).
The complement of F'H,Sdos (resp. FH,SPos, FH,SéPos, FH,S6Sos, FHySeos, FH,S6cos &
FH,Se"os)is calledaFH S¢ (resp. F H, Spre FH S(Spre FH,Sésemi, FH,Se, FH Séa&FH ySe’)

closed set (briefly, F'H, S(Scs (resp. F H, SPcs FH, S(SPcs FH, S(SScs FH, Seos FH, S(Sacs&FH Se*cs))
in ©.

The family of all F'H,Sdos (resp. F'H,Sécs, FH,Sros, FH,Srcs, FH,SPos, FH,5Pcs FH,SiPos,
FH,S6Pcs, FH,S0Sos, FH,S56Scs, FHySeos, FH,Secs, FH,Séaos, FHy Séacs, FH,Se*os &
FH,Se*cs) of O is denoted by FFH,S605(0©) (resp. FH,S6CS(©), FH,SrOS(©), FH,SrOS(0©),
FH,SPOS(©), FH,SPCS(©), FH,S§POS(®), FH,SéPCS(0), FH,S6505(©), FH,S6SCS(0),
FH,S5e0S5(0©), FH,SeCS(0©), FH,S55005(©), FH,S6aCS(0), FH,Se*OS(0) & FH,Se*CS(0)).

Definition 3.4. Let (O, Y, 7) be a F H,Sts over © and (61,() bea FH,Ss on ©. Then the fuzzy hypersoft

(i) 0-pre (resp. 6-semi) interior (briefly, F'H,SdPint (resp. F H,S0Sint)) of (9~1, () is defined by F'H,S
6Pint(01,¢) = U{(02,¢) : (62,¢) C (61,¢) and (62, C) is a FH,S5Pos (resp. F H,S3Sos)in O}

(ii) d-pre (resp 0-semi) closure (briefly, F'H,S6Pcl (resp. FH,SdScl)) of (01, () is defined by FH,S
oPcl(61,¢) = N{(02,C) : (82,¢) D (61,¢) and (6, ¢) is a FH,S6Pcs (resp. FH,S5Scs) in ©}
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N

(iii) e interior (briefly, F'H, Seint(61,¢) is defined by F H,Seint(6:,¢) = U{(L,¢) : (L, ()
(L,¢) isa FH,Seos in ©}.

C (01,0) &

(iv) e closure (briefly, FH,Secl(6:,() is defined by FH,Secl(61,¢) = N{(L,¢) : (61,¢) € (L,¢) &
(61,¢) is a FH,Secs in ©}.

Definition 3.5. Consider any two F'H,Sts (©,L,7) and (2, M,0). Amaph : (©,L,7) = (2, M,0) is
called as F'H,S

(i) continuous (briefly, F'H,SCts) if the inverse image of each F'H,Sos in (Q,M,0) is a FH,Sos in
(©,L,7).

(ii) semi-continuous (briefly, F'H,SSCts) if the inverse image of each F'H,Sos in (2, M, o) is a FH,S
Sosin (O, L, 7).

(iii) pre-continuous (briefly, F'H, SPCts) if the inverse image of each F'H,Sos in (2, M,0) is a FH,S
Posin (O, L, ).

(iv) ¢ continuous (briefly, F'H,S5Cts) if the inverse image of each F'H,Sosin (Q, M, o) isa FH,Séos in
(©,L, 7).

(v) ¢ semi continuous (briefly, F'H,S0SCts) if the inverse image of each F'H,Sos in (2, M,0) is a
FH,S6So0sin (0,L,T).

(vi) § pre continuous (briefly, F'H, S0P Cts) if the inverse image of each F H,,Sos in (Q, M, o) isa FH,S6Pos
in(0,L,7).

(vii) e continuous (briefly, F'H,SeC'ts) if the inverse image of each F'H, Sos in (2, M, o) is a FH,Seos in
(©,L,7).

(viii) da continuous (briefly, F'H, S6aCts) if the inverse image of each F H,Sos in (2, M, o) is a FH,S
daosin (O, L, 7).

(ix) e* continuous (briefly, F'H,Se*Cts) if the inverse image of each F'H,Sos in (2, M, o) is a FH,S
e*osin (O, L, 7).

(x) e-irresolute (resp. irresolute, J irresolute, P irresolute, §P irresolute, 4S irresolute, S« irresolute, e*
irresolute) (briefly, F'H,Selrr (resp. F'H,SIrr , FH,SéIrr, FH,SPIrr, FH,S6PIrr, FH,S56S
Irr, FH,Séalrr, FH,Se*Irr)) if the inverse image of every F'H,Seos (resp. F'H,Sos, FH,Sdos,
FH,SPos, FH,S§Pos, FH,SéSos, FH,Saos & FH,Se*os) in (2, M, ) is a FH,Seos (resp.
FH,Sos, FH,Séos, FH,SPos, FH,S§Pos, FH,S6Sos, FH,Saos & FH,Se*os)in (0, L, 7).

Definition 3.6. Consider any two F'H,Sts (©,L,7) and (2, M,0). Amaph : (©,L,7) = (Q,M,0) is
called as ' H,S

(i) open (briefly, F'H,SO) if the image of each F'H,Sos in (©, L,7)isa FH,Sosin (2, M, o).

(ii) semi-open (briefly, F'H,SSO) if the image of each FH,Sosin (0, L, 7) isa FH,SSos in (0, M,0).
(iii) pre-open (briefly, F H,SPO) if the image of each F'H,Sos in (©, L, 7)is a FH,SPosin (Q, M, o).
(iv) ¢ open (briefly, F'H, S60) if the image of each F'H,Sos in (O, L, 7)isa FH,Séosin (2, M, o).

(v) 0 semi open (briefly, F'H,S6SO) if the image of each FH,Sos in (©,L,7) is a FH,S6Sos in
(Q,M, o).

(vi) ¢ pre open (briefly, F'H, S6PO) if the image of each F H,Sosin (0, L, 7)isa FH,SéPosin (2, M, o).
(vii) e open (briefly, F'H, SeO) if the image of each FH,Sosin (0, L, 7) is a FH,Seos in (2, M, o).
(viii) dcv open (briefly, F'H,S5cO) if the image of each F'H,Sos in (©, L,7)is a FH,Séaws in (2, M, o).

(ix) e* open (briefly, F'H,Se*O) if the image of each F'H,Sos in (©, L,7)isa FH,Se*osin (2, M, o).
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Proposition 3.7. The statements are correct, but the converse need not be true.

(i) Every FFH,S00 is a FH,SO.
(ii) Bvery FH,SO isa FFH,SSO.
(iii) Every FH,SOisa FH,SPO.
(iv) Every F'H,S60 is a FH,S6S0.
(v) Every FH,S00 is a FH,SOPO.
(vi) Every FH,S00 is a FH,SeO.
(vii) Every FH,S6S0 is a F H,SeO.
(viii) Every F'H,S0PO isa F'H,SeO.
(ix) Every FH,S0S0 is a FH,Se*O.
(x) Every FH,S0a0 isa FH,Se*O.
(xi) Every FFH,S600 is a FH,S5PO.
(xii) Every F'H,Se*Oisa FH,SeO.

Proof. Consider a mapping b : (0, L, 7) — (Q, M, o).
(i) Let (61,¢) be a FH,Sos in ©. Since b is FH,S50, h(61,¢) is FH,Sdos in Q. Since all FH,Sdos

are FH,Sos, h(01,¢) is FH,Sos in Q. Hence b is a FH,SO.

(ii) Let (0~1, ¢) be a FH,Sos in ©. Since b is F'H, SO, f)(0~1, ¢) is FHySos in Q. Since all F'H,Sos are
FH,SS0s25(61,¢) is FH,SSos in Q. Hence b is a FH,SSO.

(iii) Let (61,¢) be a FH,Sos in ©. Since b is FH,SO, h(6:,¢) is FH,Sos in Q. Since all FH,Sos are
FH,SPos, h(61,¢) is FH,SPos in Q. Hence h isa FH,SPO.

(iv) Let (6,¢) be a FH,Sos in ©. Since by is FH,S50, h(6y,¢) is FH,Sdos in Q. Since all FH,Sd0s
are F'FH,S6Sos, h(61,() is FH,S6Sos in Q. Hence by is a F H,S6SO.

(v) Let (0~1, ¢) be a FH,Sos in ©. Since b is FH,S60, h(0~1, () is FH,Sd0s in Q. Since all FH,Sdos
are FH,SdPos, h(6:1,() is FH,S5Pos in Q. Hence b is a F'H,S6PO.

(vi) Let (61,¢) be a FH,Sos in ©. Since h is F'H,S50, h(6:,¢) is FH,Sdos in Q. Since all FH,S5os
are F'H,Seos, §(01,() is FH,Seos in Q2. Hence ) is a F'H,,SeO.

(vii) Let (61,¢) be a FH,Sos in ©. Since b is FH,S3SO, h(6y,¢) is FH,S3Sos in Q. Since all
FH,S§Sos are FHySeos, §(61,() is FH,Seos in 2. Hence ) is a F'H,,SeO.

(vii) Let (6;,¢) be a FH,Sos in ©. Since b is FH,S6PO, §(0y,¢) is FH,S5Pos in Q. Since all
FH,S0Pos are FH,Seos, §(01,() is FH,Seos in 2. Hence ) is a F'H,,SeO.

(ix) Let (6;,¢) be a FH,Sos in ©. Since b is FH,S5SO, h(6,¢) is FH,S6Sos in . Since all
FH,S6So0s are FH,Se*os, §(61,() is FH,Se*os in ). Hence h is a FH,Se*O.

(x) Let (9~1, ¢) be a FH,Sos in ©. Since b is FH,S6a0, b(0~1, ¢) is FH, Sdéaos in 2. Since all FH,S
daos are FHySe*os, h(01,() is FHySe*os in Q0. Hence b is a FH,Se*O.

(xi) Let (61,¢) be a FH,Sos in ©. Since b is FH,S6a0, h(6,¢) is FH,Sdaos in Q. Since all FH,S
daos are FH,SdPos, h(61,() is FH,SiPos in Q. Hence h is a FH,S§PO.
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(xii) Let (6;,¢) bea FH,Sosin ©. Since b is F H,Se*O, h(61,¢) is F H,Se*os in Q. Since all FH,Se*os
are FFH, Seos, §(0s,() is FH,Seos in Q2. Hence ) is a F'H,,SeO.

Proposition 3.8. (i) FH,S5a0O and F'H,S0SO are independent to each other.
(ii) FH,Se*O and I'H,S§PO are independent to each other.
Remark 3.9. The diagram shows F'H,SO maps in F H,Sts.

FH,SSO e FH,SO ________, FH,SPO

I

FH,S650 + ______  FH,550 FH,55PO
| =
\USS()
l
FH,5640
FH,S500

Figure 1. F'H, S open maps in F'H,Sts

Example 3.10. Let © = {x1, x2} and Q@ = {1, @2} be the FH,S initial universes and the attributes be
L =7 xTyand M = T x T} respectively. The attributes are given as:

Tl = {alaGQaa?)}vTQ = {b17b2}
T = {c1,c2,¢3}, Yo = {d1, da}.

Let (O, L), (2, M) be the classes of F'H,S sets. Let the ' H,Ss’s (01,¢1), (02, (), (0, C3), (B4, (3)s (05, G1)s
(06, C2) over the universe © be

y ~ a1, 00), {55 3% 1),
(0174‘1) B { <(a2,b1), {%(Efv(()))(%D}
). _ <(a1ab1)a{%7¥}>7
(02742) B { <(alab2)a {0)(%’(2))(?2’5}>}
- <(a1ab1)>{%’%}>v

(03,¢3) = <(a2ab1)7{())§7177%}>7

<(a1’b2)v{ﬁa§%}>

- <(a1ab1)7{(§7187%}>7

(04,C3) = <(a2ab1)7{8€%’%}>7

((a1,02), {55, 35 1)

) _ <(a17b1)7{%>%}>7
dc =1y B )

) ~ a1, 00), {55 21,
o= o o A )

7={0©1) Lo, (01,0), (02,C), (03,(3), (04, G) } is FH,Sts.
Let the F'H,Ss (11,(1) over the universe  be defined as

https://doi.org/10.54216/1JNS.210203 38
Received: January 19, 2023 Revised: April 23, 2023 Accepted: May 05, 2023



International Journal of Neutrosophic Science (IJNS) Vol. 21, No. 02, PP. 32-58, 2023

Iy _ <(62ad1)a{gv%}>,
e ={ e (o B

o = {01y, Liar): (¥1,G1)} is FH,Sts.
Leth = (w,v) : (Q,M) — (O, L) be a F'H, S mapping as follows:
w(pr) = X2, w(p2) = X1,
v(ea,di) = (a1,b1),v(c1,d2) = (az,by), v(ca, d2) = (a1, bs)

h(v1,G1) = (05,¢1)

(¢1,C1) is FHySos in Q and (41, ¢1) = (65,¢1) is FH,SSos in ©.
. his FH,SSO but not FH,SO because h(11,¢1) = (05, (1) is not FH,Sos in ©.

Example 3.11. Let © = {x1, x2} and Q@ = {1, @2} be the FH,S initial universes and the attributes be
L =7 xYTyand M = T x T, respectively. The attributes are given as:

Tl = {alaa23a3}7T2 = {b17b2}
T, = {e1,¢2,¢3}, 15 = {d1, da}.

Let (©, L), (Q, M) be the classes of FH,S sets. Let the FH,Ss’s (01,(1), (02,C2) 5 (03,83) , (04,G) &
(05, ¢1) over the universe © be

) _ <(a1’b1)7{¥7¥}>7
dnc =1y B )
- [ la ), {95, 9% 1
e =y B )

((a1,01), {55, 31,
(93a<3) = <(a2’b1)7{8<_7177 %}%

<(a17b2)7{%’(§%}>
- <(a1ab1)7{(§%p%}>v
(047<3) = <(a2ab1)7{())(:7177 %}%

<(alab2)a{%a())%}>
) _ <(a1’b1)7{%vﬁ}>v
dc =1y B A )

7 ={01) L), (01,0), (02,C), (05,(3), (04, G)} is FH,Sts.

Let the F'H,Ss (11, (1) over the universe  be defined as
7 _ <(62,d1),{ﬁ,%}>,
e ={ o {5 )

g = {G(QﬁT), 1(Q7T), (’L/;l, Cl)} is FHyStS

Leth = (w,v) : (Q,M) — (O, L) be a F'H, S mapping as follows:
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w(p2) = x1,w(p1) = X2,
l/(CQ,dl) = (Cbl,bl),ll(cl,dg) = (ag,bl), U(Cg,dg) = (al,bg)

b1, G1) = (05,¢1)

(41,¢1) is FH,Sos in Q and b(<p1, (1) = (05, 1) is FH,SPos in ©.
o his FH,SPO. But by is not FH, SO because h(1)1, (1) = (05,¢1) is not FH,Sos in ©.

Example 3.12. Let © = {x1, x2} and Q@ = {1, @2} be the FH,S initial universes and the attributes be
L =7 xTyand M = T x T respectively. The attributes are given as:

Tl = {a17a2aa3}7’r2 = {blva}
T/1 - {61,62,63},T’2 = {d17d2}-

Let (©, L), (2, M) be the classes of F'H,S sets. Let the F'H,Ss’s (0~1,§1), (9~2,§2) , (0~3,C3) , (9~4,C3) &
(05, C1) over the universe © be

) _ <(a1ab1)7{¥>¥}>7
6= oy &0 300
-y (e, ), {55, 93,
e = B )

<(a1;b1)7{8(7127%}>7

(03,¢3) = { ((az,b1), {3, 5% )

<(a1762)7{%ﬂ(§%}>

B <(a1’b1)7{8<%87%}>7

(04,C3) = <(a2ab1)7{(§717’%}>7

((a1,02). {55, 3% 1)

). _ <(a1ab1)7{%7%}>7
(05741) - { <(112,b1), {OX%’%%}>}

7={0©1) Lo, (01,0), (02,C), (03,(3), (04, G3) } is FH,Sts.

Let the F'H,Ss (11, (1) over the universe  be defined as

- <(62,d1),{%,6’%}>,
(1, G1) = § ((e1, d2) {T%, 55 1),
<(027 d2)7 {%7 ap%}>

o= {01 Lo 1), (41,¢1)} is FH,Sts.
Leth = (w,v) : (Q,M) — (O, L) be a F'H,S mapping as follows:
w(p2) = x1,w(p1) = Xx2.
v(cz,di) = (a1,b1),v(c1,d2) = (az,b1), v(cz, d2) = (a1, b2)

b(t1,¢1) = (63, Ca)
(¢1,¢1) is FH,Sos in Q and h(41, (1) = (63, Gs) is FH,Sos in ©.
. his FH,SO. But b is not F'H,,S60 because h(1)1, (1) = (03,¢3) is not FH,Sdos in O.
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Example 3.13. Let © = {x1,x2} and Q = {¢1, p2} be the FH,S initial universes and the attributes be
L=7; xTyand M = T} x Y} respectively. The attributes are given as:

Tl = {a1,a2,a3},T2 = {b17b2}
T = {e1,c,c3}, Y5 = {d1,da2}.

Let (O, L), (2, M) be the classes of F H,S sets. Let the FH,Ss’s (61, (1), (62, Ca) » (83, C3) & (64, 3) over
the universe © be

) _ <(alab1)7{¥’¥}>7
dna =1y B )
3 a1, 00), {55 &1,
e ={ i
B <(a1ab1)7{%7%}>7
(037C3): <(a2ab1)7{(§717’%}>7

((a1,02), {55, 55 1)

B ((a1,b1), {35, &%),
(01,C3) = <(a2’b1)7{8<7177%}>7
((a17b2)7 {%’ S%D

7 ={01) L), (01,0), (02,C), (05,(3), (04, G)} is FH,Sts.

Let the F'H,Ss (11,(1) over the universe §2 be defined as

ey Y
(1, G1) = { <(Cl7d2)7{(£7(£}> }

o = {01y, L1y, (¥1,G1)} is FH,Sts.
Leth = (w,v): (2, M) — (0, L) be a FH,S mapping as follows:
w(p2) = x1,w(p1) = Xx2»
v(ca,d1) = (a1,b1),v(c1,d2) = (az, by), v(ca,d2) = (a1, bs)

b1, ¢1) = (61,¢1)

(¢1,¢1) is FHySos in Q and (41, ¢1) = (61,¢1) is FH,S580s in ©.
o his FH,S6SO. But b is not F H, S0 because h(1)1, (1) = (61, 1) is not FH,Sdos in ©.

Example 3.14. Let © = {x1, x2} and Q@ = {1, p2} be the FH,S initial universes and the attributes be
L =7 xYTyand M = T x T}, respectively. The attributes are given as:

Tl = {alaa23a3}7T2 = {b17b2}
T\ = {e1,¢2,¢3}, 15 = {d1, da}.

Let (O, L), (2, M) be the classes of F H,S sets. Let the FH,Ss’s (61,¢1), (62,Ca) » (03,C3) & (04, 3) over
the universe © be
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). — <(a1;b1)7{¥7¥}>7
(917C1) B { <(a27b1)a {03(230)((35}>}
) _ <(a1ab1)7{%7¥}>7
(02742) B { <(alab2)a {0)(%’(2))(?2’5}>}
~ <(a1ab1)7{%7%}>7
(93,C3) = <(a2ab1)7{8<_7177%}>7

((a1,b2), {55, 5% 1)
- <(a1ab1)7{())%;7%}>7
(04’C3) = <(a2ab1)7{€)<_7177%}>7
((a1,b2),{3%, 3% 1)

T = {O(Q,T)7 I(@,T)7 (élv Cl)v (0~27 <2)7 (9~37 <3)7 (9~47 C3)} is FHyStS

Let the F'H,Ss (11, (1) over the universe ( be defined as

)
5 ho [

- <(62,d1),{%, . }>,
(1, G1) = § ((e1,d2) {T5, &3 1),
{& &

eSS

o = {0r), Loy, (¥1,¢1)}is FH,Sts.
Leth = (w,v): (,M) — (O, L) be a FH,S mapping as follows:
w(p2) = x1,w(p1) = Xx2»
v(ca,dr) = (a1,b1),v(c1,dz) = (az,b1), v(ca,da) = (a1, b2)
b1, 1) = (3, Ca)

(wl, ¢1) is FHy,Sos in 2 and h(¢1, G1) = (93, (3)is FH,SdPosin ©.
. his FH,SSPO. But b is not F'H,S60 because b4, Cl) (937 (3) is not FH,Sdos in O.

Example 3.15. Let © = {x1,x2} and Q@ = {1, @2} be the FH,.S initial universes and the attributes be
L=7; x Yyand M = T} x Y respectively. The attributes are given as:

T1 = {al,a2,a3},T2 = {bl,bg}
Tll = {01702763}a’r/2 = {d17d2}.

Let (©, L), (92, M) be the classes of F H,S sets. Let the F H,Ss’s (9~1, ¢1), (9~2, Ca), (03, () & (§4, (3) over
the universe © be

al,bl ,{
az,bl ,{

mL

o

% %
m‘w@"’

(01,¢1) =

g
o= {0
i

OXOX
H
(=)

<
=

alabl 7

o
oke

O
Skak

—_— ,_A_‘f—ﬁaf—ﬁa ,_A_‘f—h
o

(=)
(=)

s
<

Cll,b1 y
a?abl 7

(03,¢3) =

(=N
mhﬂhwh
OXO‘XO‘
oo Loy

<

SRS
i v oy

\_,_,w—“wd \_,_,w—“wd ~_,_a*—ﬂ ~_,-/W-‘
H/—/ H/_/ H/—/ H/—/

- <(a1ab1)7
(94’C3) = <(a2ab1)7
((ar
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7={0©1) Lo, (01,0), (02,C), (05,(3), (04, G)} is FH,Sts.

Let the F'H,Ss (11,(1) over the universe  be defined as

)

1
7

s

o
0

27}>,}

(1,61 = {<<(<Cc?,ililz))’,{{ '

o
Slea
[=T"3
N
—
~

i

g = {G(QﬁT), 1(Q7T)7 (’L/;l, Cl)} is FHyStS
Leth = (w,v) : (Q, M) — (O, L) be a F'H,S mapping as follows:
w(p2) = x1,w(P1) = X2,
v(cz,d1) = (a1,b1),v(c1,d2) = (az,b1), v(ca, d2) = (a1, b2)

b(v1,G1) = (61,¢1)

(1&1, ¢1)is FHySos in Q and h(?ﬁl, G1) = (61, ¢1)is FHy,Seos in ©.
s his FH,SeO. But b is not F'H, S5O because h(wl, ¢1) = (01, ¢1) is not FH,Sdos in O©.

Example 3.16. Let © = {x1,x2} and Q@ = {1, @2} be the FH,.S initial universes and the attributes be
L=7; x Yyand M = T} x Y respectively. The attributes are given as:

Tl = {al,ag,a3},’I‘2 = {bhbg}
Tll = {01702703},T/2 = {dl,dg}.

Let (O, L), (2, M) be the classes of F H,S sets. Let the FH,Ss’s (61, (1), (62, Ca) » (83, C3) & (64, 3) over
the universe © be

al;bl 7{X17X2}>7}
(61, 0,87 0,6
1) = { ((az.b1). {32, 32 )
a1,b1), {5% XQ}>}
97 ) ’ 02170.32, s
%) = { ((ar,b2), {32, &2 1)
alubl 7{(3(7127%}%
(63,¢3) = < ((az,br) ,{8%,3%}%
((a1,02), {55, 55 1)
al;bl ’{8(718’%}%
04a<3 a2ab1 7{&7}77%}%
a17b2 7{%)&%}>

7={0e1): L), (01,C1), (02,C2), (03, C3), (04, (3)} is FH,Sts.

Let the F'H,Ss (11, (1) over the universe ( be defined as

B ((c2,d1), {E5, §3 1)
(Y1,¢1) = 3 ((c1,d2), {{%, %]}),

o = {0,1); L1, ($1,G)} is FH,Sts.
Leth = (w,v): (Q,M) — (0,L) be a FH, S mapping as follows:
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w(p2) = x1,w(p1) = X2,
l/(CQ,dl) = (Cbl,bl),ll(cl,dg) = (ag,bl), U(Cg,dg) = (al,bg)

h(v1, 1) = (05,¢s)

(11,¢1) is FHySos in Qand (41, 1) = (03,C3) is FH,Seos in ©.
. his FH,SeO. But by is not FH,S6SO because h(1)1, (1) = (63,(3) is not FH,SdSos in ©.

Example 3.17. Let © = {x1, x2} and Q@ = {1, @2} be the FH,.S initial universes and the attributes be
L=7; x Yyand M = T} x Y respectively. The attributes are given as:

Tl - {al,GQ,CLg},Tg = {blva}
Tll = {61702703}7T/2 = {dlvdZ}'

Let (©,L), (2, M) be the classes of F'H,S sets. Let the F H,Ss’s (0~1, ¢1), (0~2, C2), (9~3, (3), (674, (3), (0~5, ¢1),
(%, G) & (9}, ¢1) over the universe © be

). _ <(a1ab1)7{¥7¥}>7
@ ={ o A 38}
). _ <(a1ab1)7{¥’¥}>7
e = B )
B <(a1ab1)7{%7%}>7

(03,C3) = <(a2ab1)7{(§717’%}>7

((a1,02), {55, 55 1)

B <(a1ab1)7{%7%}>7

(04,C3) = <(a2ab1)7{8€717’%}>7

<(a1’b2)’{ﬁv 86725}>

) _ <(a1’b1)7{¥>¥}>7
dc =1y B A )

7 _ <(a1’b1)7{¥7¥}>7
o= o o B A )

y a1, 00), {55 21,
(077C1) B { <(a27bl)a {(%a%(%}> }

T = {G(Q,T)v 1(®,T)7 (élv 41)7 (0~27 <2)7 (0~37 <3)7 (0~47 C-?’)} is FHyStS

Let the F'H,Ss (11, (1) over the universe  be defined as

. {0 03h)
(W1, G1) = { ((cr,do). (£, 1) }

o= {G(Q,Y)7 1(9,1{)7 (1517 ¢1)}is FH,Sts.
Leth = (w,v): (2, M) — (0,L) be a FH, S mapping as follows:
w(p2) = x1,w(p1) = X2,
I/(CQ, dl) = (al, b1)7 I/(Cl, d2) = (a2’ bl)’ l/(CQ, d2) — (alv b2)

h(d1,G1) = (67,¢1)
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(¢1,¢1) is FHySos in Q and (41, ¢1) = (67,¢1) is FHySeos in ©.
. his FH,SeO. But by is not FH,S6PO because h()1, (1) = (67,¢1) is not FH,SéPos in ©.

Example 3.18. Let © = {x1,x2} and Q@ = {1, @2} be the FH,S initial universes and the attributes be
L=7; xTyand M = T} x Y} respectively. The attributes are given as:

Tl = {alaa23a3}7T2 = {b17b2}
T\ = {e1,¢2,¢3}, 15 = {d1, da}.

Let (O, L), (2, M) be the classes of F H,S sets. Let the FH,Ss’s (61,¢1), (02, () » (03, C3) & (04, (3) over
the universe O be

al;bl ) L7ﬁ}>7

9174‘1 { a23b1 a 03(21;7)%%3}>}
7b b £7ﬁ b)

o= (i i S
<(a1;b1)7{8€7127%}>
93 C3 <(a2ab1)7{8<7177%}>
((a1,02), {55, 3% 1)
<(a17b1)7{3<7187%}>
947<3 <(a2ab1)>{%’())%}>
<(a/1ab2)a{3<7157(>)<25}>

7= {01, Lo1), (01,61, (02,C2), (03, G). (04, G3)} is FH, Sts.

Let the F'H,S's (1/;1, (1) over the universe Qbe defined as

i ((c2,dv), {E5, E51)
(1/)1,@) = <(clad2)7{(f}) %}%
((c2,d2), {E%, 55 1)

o = {0r), L), (¥1,¢1)}is FH,Sts.
Leth = (w,v): (Q,M) — (O, L) be a FH, S mapping as follows:
w(p2) = x1,w(p1) = X2,
v(ca,d1) = (a1,b1),v(c1,d2) = (az,b1), v(ca, d2) = (a1, b2)

b(d1,C1) = (05, )

(¢1,¢1) is FH,Sos in Q and h(41, (1) = (63,Gs) is FH,Se*os in ©.
o his FH,Se*O. But b is not F'H,,S6SO because h(yn, (1) = (03, (3) is not FH,S6Sos in ©.

Example 3.19. Let © = {x1,x2} and Q@ = {1, @2} be the FH,.S initial universes and the attributes be
L=7; x Yyand M = T} x Y respectively. The attributes are given as:

Tl = {a17a27a3}aT2 = {b],bQ}
Tg. = {01,62,03},T/2 - {dl,dg}.
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Let (O, L), (2, M) be the classes of FH,S sets. Let the FH,Ss’s (01,(1), (02,C2), (03,C3), (0s,(3) &
(05, ¢1) over the universe © be

) _ <(a1’b1)7{¥7ﬁ}>7
dnc =1y B )
). _ <(a1ab1)7{¥’¥}>7
e ={ (o

((a1,01),{3%, 331>
(93a<3) = <(a2’b1)7{8<7177 %Dv

<(a17b2)7{%a§%}>
. <(a1,b1),{(§%,%}>,
(04743) = <(a2ab1)7{())<7177 %}%

((a1,02), {55, &% 1)
) _ <(a1’b1)7{%7ﬁ}>7
dc =1y B A )

7 ={01) L), (01,0), (02,C), (05,(3), (04, G)} is FH,Sts.

Let the F'H,Ss (11, (1) over the universe (2 be defined as

O‘g
=
[

—

:/
—

I <(623d1)a{
(¢1,C1) = { <(Cl,d2),{ [

)
o=
ol°
Z;H‘Ew
—~
~

o = {01y, Liar): (1, G1)} is FH,Sts.

Leth = (w,v) : (Q,M) — (O, L) be a F'H, S mapping as follows:

w(p2 = x1),w(p1) = xa»
I/(Cz,dl) = (&1,()1),1/(61,[12) = ((12,()1), V(CQ,dQ) = (a17b2)

h(v1,G1) = (05,¢1)

(41,¢1) is FH,Sos in Qand h(¢1, (1) = (05, 1) is FH,Se*os in ©.

. bhis FH,Se*O but not FH,S5a0 because h(¢1,¢1) = (05, (1) is not FH,S5aos in ©.
Also, h(¢1,¢1) = (05,¢1) is FH,S6Pos in ©.

s his FH,SOPO but not F'H,S5a0 as h(iﬁl, ¢1) isnot FH,Sécos in ©.

Example 3.20. Let © = {x1,x2} and Q = {¢1, p2} be the F'H, S initial universes and the attributes be
L=7; xYyand M = T} x Y respectively. The attributes are given as:

T ={a1,a2}, Yo = {b1}
Tll = {01,82},T/2 = {dl}

Let (©, L), (Q, M) be the classes of FH,S sets. Let the FH,Ss’s (61,¢), (62,C), (63,¢), (84,€), (5,¢),

(86, ¢), (67,¢) & (B3, ¢) over the universe © be
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T = {O(Q,T)7 I(®,T)7 (9~17 C)» (9~27 C)? (0~37 C)v (9:11 C)? (0~57 C)v (éﬁa C)? (9~77 C)v (9~87 C)} is FHyStS

Let the F'H,Ss (1)1, ) over the universe  be defined as

o= {O(Q"r), i(Q;r), (w], ¢)}is FH,Sts.

Leth = (w,v): (2, M) — (0,L) be a FFH, S mapping as follows:

W(SOQ) = XlaW(Spl) = X2
V(Cg,dl) = (al,bl),u(cl,dl) = (ag,bl)

b1, ¢) = (61, €)

(¢1,¢) is FH,Sos in Qand b(¢1,¢) = (61, ) is FH,Se*os in ©.
o his FH,Se*O. But b is not F'H, SeO because h(11, () = (61,() is not F'H,Seos in ©.

Example 3.21. Let © = {x1,x2} and Q@ = {1, @2} be the FH,.S initial universes and the attributes be
L=7; x Yyand M = T} x Y respectively. The attributes are given as:

Tl = {a17a27a3}aT2 = {b],bQ}
TS. = {01,02,03},T/2 = {dl,dg}.

Let (©, L), (€2, M) be the classes of F'H,, S sets. Let the F'H,,S's’s (01,61), (62, C2), (03,C3), (B4, C3), (05, (1),
(06, C2) & (07, (1) over the universe © be
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ar,by), { X1 ><2}>}
9 — ) 7 0870.6 b
e ={ ey (0
ay,by), { X5 X2}>}
(@ 1), {55 051
(b2 2) = { ((ar,2), {35, 3% )
alabl 7{8(7127%}%
(03,G3) = a2,b1 ,{86*17»%}%
b (85 55
Cl]_,bl ’{%’%}%
047(3 a?;bl 7{867}77%}%
alabQ a{%a%]ﬁ
a,by), { X5 x2}>}
0 ) 7 0270.4 b
(8, 1) = { (a2, 1), {85, 5 1)
ay,by), {22 X2}>}
(6 _ 01). {55 030
67(2 { Cll,bQ 9 3(715?86725}>
a,by), { X5 ><2}>}
0 ) 7 0270.4 b
e ={ ey (0

7= {01, Lo ), (1,(1), (02,C2), (03, C3), (04, G3)} is FH, Sts.

Let the FFH,Ss’s (1/;1, G) & (1/;2, (1) over the universe € be defined as

g1 = {G(Q,T)a i(Q,T)v (1/;1,<1)} and 09 = {O(Q,T)v 1(Q,T)a (’(/;2,41)} are FHyStS’S. Let [’) (w V) :
(Q,M) — (©, L) be a FH,S mapping as follows:

w(pz2) = x1,w(p1) = X2,
I/(CQ,dl) = (al,bl),l/(cl,dg) = (ag,bl), V(Cg,dg) = ((Zl,bg)

b1(v1,C1) = (63,C3)

b2(v2, 1) = (67,C1)

(11,¢1) is FH,Sos in Qand by (41, (1) = (65, C3) is FH,Sdcos in ©.

b1 is FHyS60O but not F'H,S5SO because 51(1/;1, ¢1) = (9~3, (3) is not FH,S6Sosin ©.
Also, ha (11, C1) = (07,¢1) is FH,S3Sos in ©.

. ba is FH,S5S0 but not F H,S6aO because ha (11, (1) = (67, ¢ ) is not FH,Séaos in ©.
Hence, F'H,,S0a0 and F'H,S3SO are independent to each other.

Example 3.22. In the Example[3.17} (41, (1) is FH,Sos in Q and (41, 1) = (67,¢1) is FH,Se*os in ©.
s his FH,Se*O but not F H,S6PO because h(z/?l, G1) = (97, ¢1) isnot FH,S6Pos in ©.

Also, in the Example (wl, ¢1) is FHySos in Q2 and f)(z/Jl, G1) = (01,¢) is FH,SPos in ©.

. his FH,S§PO but not F H,Se*O because h(wl, (1) = (91, ¢1) isnot FH,Se*osin ©.

Hence, F'H,Se*O and F H,S 5770 are independent to each other.

https://doi.org/10.54216/1JNS.210203 48
Received: January 19, 2023 Revised: April 23, 2023 Accepted: May 05, 2023



International Journal of Neutrosophic Science (IJNS) Vol. 21, No. 02, PP. 32-58, 2023

Theorem 3.23. Amap b : (Q,M,0) — (©,L,7) is FH,SeO (resp. FH,SO, FH,S60, FH,SPO,
FH,SS0, FH,S0PO, FH,56S0, FH,5600, FH, Se*O) iff the image ofeach FH, Scs in Q is FH S
ecs (resp FH, Scs FH, S(Scs FH, SPCS FH, SScs FH,S6Pcs, FH,S6Scs, FH, S(Sozcs FH,Se* cs)
in O©.

Proof. Let (91,4) be a F'H,Scs in . This implies that (01,4) is FHySos in Q. Since b is F'H,SeO,
H((61,¢)°) is FH,Seos in ©. Since h((61,¢)¢) = (h(61,¢)), h(61,¢) is a FH,Secs in ©.

Conversely, let (6;,¢) be a FH,Sos in €. Then (6, Q)¢ is a F'HyScs in €. By hypothesis, b((01,¢)°) is

FH,Secs in ©. Since, h((61,¢)°) = (h(61,¢))¢, (h(61,¢))¢ is FH,Secs in ©. Therefore, (h(61,¢)) is a
FH Seos in ©. Hence, b is 'H,SeO.

The other cases are similar. ]

Theorem 3.24. A mapping by : (Q, M, o) — (O, L,7) is FH,SeO iff for every FH,Ss (61, ¢) of (Q, M, o),
h(FH,Sint(01,¢)) C FH,Seint(h(61,¢)).

Proof. Necessity: Let h be a F'H, SeO mapping and (6,¢) be a FH,Sos in (Q, M, o).

Now, FH,Sint(6,() C (61,¢) implies h(FH,Sint(61,¢)) € h(61,¢). Since b is a FH,SeO map-
ping, h(FH,Sint(61,¢)) is FH,Seos in (0, L,T) such that h(FH,Sint(0;,¢)) C h(61,¢). Therefore
b(FH,Sint(6,,¢)) C FH,Seint(h(fy,C)).

Sufficiency: Assume (61, ¢) is a F H,Sos of (2, M, ).

Then §(61,¢) = b(FH,Sint(61,¢)) C FHy,Seint(h(61,()). But FH,Seint(h(61,¢)) < h(61,¢). So
h(61, ¢) = FH, Semt(@l, ¢) which implies h(él, ¢)isa FHySeos of (©, L, 7) and hence h is a F H,SeO.
O

Theorem 3.25. If b : (0, M,0) — (O, L, 7) is a F H,SeO mapping, then F H,Sint(h~(61,¢)) C b~ (F
H,Seint(61,()) for every FH,Ss (61,() of (O, L, 7).

Proof. Let (0,¢) be a FH,Ss of (, L, 7). Then FH,Sint(h~'(6;,¢)) is a FH,Sos in (Q, M, o). Since b
is FH,SeO, h(FH,Sint(h='(6:,¢)))is FH,SeO in (O, L, 7) and hence we have h(F H,Sint(h~(61,¢)))
C FH,Seint(h(h='(61,¢))) C FH,Seint(1,¢). Thus FH,Sint(h='(61,¢)) C h~ (FH,Seint(6:,()).

O

Theorem 3.26. A mapping b : (0, M,0) — (0, L, 7) is FH,SeO iff for each FH,Ss (62,) of (6, L,7)
and for each FH,Scs (61, () of (2, M, o) containing h=1(02,¢), there is a FHySecs (1, ¢) of (O, L, 7) such

that (6,¢) C (61,¢) and b= (4,¢) € (61, ¢).

Proof. Necessity: Assume b is a F'H,SeO mapping. Let (05, ¢) be the FH,Scs of (O, L, 7) and (61,¢)isa
FH,Scs of (Q M, o) such that h=1(6,¢) C (6y,¢). Then (¥,¢) = (h(61,¢)°) is FH,Secs of (©,L,)
such that =" (¢, ¢) € (01, ).

Sufficiency: Assume (6y,¢) is a FH,Sos of (Q, M, o). Then h='((h(61,¢))°) C (61,¢)¢ and (6y,¢)° is
FHyScsin (2, M, o). By hypothesis, there is a F'H,, Secs (65, ¢) of (©, L, 7) such that (b(6y, C))c < (62,¢)
and b (927 <) = (017 C) Therefore (917 C) = (b (927 C)) Hence (927 C) C b(ela ) (( (927 C))C)
- (92,0 which implies h(@l,g) (02, ¢)°. Since (02, ()¢ is FHySeos of (0, L, ), h(Hl,C) is FH,SeO
in (©, L, 7) and thus b is F'H,SeO mapping. O

Theorem 3.27. A mapping b : (2, M,0) — (O, L,7) is FHySeO iff b~ (FH,Secl(0,¢)) € FH,Scl
(h=1(62,¢)) for every FH,Ss (62,¢) of (©,L, 7).
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Proof. Necessity: Assume b is a F'H,SeO mapping. For any FH,Ss (62,¢) of (©,L,7), h~1(f,¢) C
FH,Scl(h~*(62,)). Hence, by Theorem there exists a F'H,Secs (0, ¢)in (0, L, 7) such that (6, () C
(61,¢) & b~(61,¢) € FH,Scl(h~*(62,()). Therefore we obtain that h ' (F H,Secl(fa,¢)) € h~1(6;,¢) C
FH,Scl(h(6,0)).

Sufficiency: Assume (62,¢) is a FHySs of (6,L,7) and g@],() is a FHyScs of (€2, M,0) containing
b= (02,¢). Put (¥,¢) = FH,Scl(6a,), then (02,¢) C (¥,¢) and (,() is FHySec and h~'(¢,¢) C
FH,Scl(h~'(fa,¢)) C (61,¢). Then by Theorem [3.26} b is F H,SeO mapping. O

Theorem 3.28. If h : (Q,M,0) — (©,L,7)and g : (©,L,7) — (P,p,Q) be two F'H,S mappings and
goh: (Q,M,0) = (P,p,Q)is FH,SeO.If g : (©,L,7) — (P, p,Q) is FH,Selrr,thenh : (U, M,0) —
(©,L,7)is FHySeO mapping.

Proof. Let (61,C) be a FH,Sos in (Q, M, o). Then (g o h)(61,¢) is FH,Seos of (P, p,Q) because g o b is
FH,SeO mapping. Since g is FHySelrr and (g o b)(61,¢) is FH,Seos of (P, p,Q), g~ (g o h(61,¢)) =
h(61,¢) is FH,Seos in (O, L, 7). Hence § is F'H, SeO mapping. O

Theorem 3.29. Let h : (Q,M,0) — (©,L,7) be a FH,SO mapand g : (©,L,7) — (P,N,p) be a
FH,SeO (resp. FH,SO, FH,S60, FH,SPO, FH,SSO, FH,S0PO, FH,S6S0, FH,S500, FH,S
e*0) map, then go ) : (Q,M,0) — (P,N,p) is a FH,SeO (resp. FH,SO, FH,S60, FH,SPO,
FH,SSO, FH,SéPO, FH,S6S0, FH,S6a0, FH,Se*0).

Proof. Let (01,¢) be a FH,Sos in €. Then h(6;,() is a FH,Sos in ©, by hypothesis. Since g is a F H,SeO

map, g(h(61,¢)) is a F'H,Seos in P. Hence g o h is a F'H, SeO map.

The other cases are similar. O

Remark 3.30. The Theorems [3.24] [3.23] [3.26| and [3.27] are also true for FH,Sos, FH,SPos, FH,S5Sos,
FH,S6Pos, FH,S0Sos, FH,Séaos & F'H,Se*os of their respective closure and interior operators.

4 More on Closed Maps in Fuzzy Hypersoft Topological Spaces

Definition 4.1. A mapping b : (©,L,7) — (,M,0) is FH,S e-closed (resp. closed, ¢ closed, §-semi
closed, 6-pre closed & e*-closed) (briefly, F'H,SeC (resp.F H,SC, FH,S6C, FH,S0SC, FH,SdPC &
FH,Se*C)) if the image of every F'H,S closed set of (©,L,7) is FH,Sec (resp. F'H,Sc, FH,Sic,
FH,S0Sc, FH,SéPc & FH,Se*c)setin (2, M,0).

Theorem 4.2. The statements are correct, but the converse need not be true.

(i) Every FH,S6C isa FH,SC.
(ii) Every FH,SCisa FH,SSC.
(iii)y Every FH,SC isa FH,SPC.
(iv) Every FH,S6C isa FH,S6SC.
(v) Every FH,S6C isa FH,SOPC.
(vi) Every FH,S6C is a FH,SeC.
(vii) Every FH,S0SC isa FH,SeC.
(viii) Every FH,S6PCisa FH,SeC.
(ix) Every FH,S6SC isa FH,Se*C.
(x) Every FH,S0aC isa FH,Se*C.
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(xi) Every FFH,Sé6aCis a FH,S6PC.
(xii) Every F'H,Se*Cisa FFH,SeC.

Proof. Consider a mapping b : (©,L,7) — (Q, M, o).
(i) Let (61,¢) be a FH,Scs in ©. Since b is FH,S5C, h(61,¢) is FH,Sdcs in Q. Since all F H,Sdcs

are F'H,Scs, h(9~1, ¢)is FHyScsin Q. Hence hisa FH,SC.

(i) Let (61,¢) be a FH,Ses in ©. Since b is FH,SC, h(61,¢) is FH,Scs in Q. Since all FH,Scs are
FH,SScs? h(01,¢) is FH,SScs in Q. Hence b is a FH,SSC.

(iii) Let (61,¢) be a FH,Scs in ©. Since b is FH,SC, §(6;,¢) is FH,Scs in Q. Since all FH,Scs are
FH,SPcs, h(0:1,¢) is FH,SPcs in Q. Hence h is a FH,SPC.

(iv) Let (61,¢) be a FH,Scs in ©. Since b is FH,S5C, h(6,¢) is FH,Sdcs in Q. Since all FH,Sdcs
are F'FH,S6Scs, h(01,¢) is FH,SdScs in Q. Hence his a FH,S6SC.

(v) Let (61,¢) be a FH,Scs in ©. Since b is FH,S5C, h(6,¢) is FH,Sdcs in Q. Since all FH,S5cs
are FH,SéPcs, h(61,¢) is FH,S5Pcs in Q. Hence b is a FH,SoPC.

(vi) Let (61,¢) be a FH,Scs in ©. Since by is FH,S5C, h(6:,¢) is FH,Sdcs in Q. Since all FH,Sdcs
are F'H,Secs, h(61,() is FH,Secs in 2. Hence b is a FF H, SeC.

(vii) Let (61,¢)bea FH,Scsin ©. Since b is F H,S6SC, h(61,(¢) is FH,SScs in Q. Since all F H,S5Scs
are F'H,Secs, h(61,() is FHySecs in €. Hence b is a F'H, SeC.

(vii) Let (6;,¢) be a FH,Scs in ©. Since b is FH,SOPC, §(6,¢) is FH,S§Pcs in Q. Since all
FH,S0Pcs are FH,Secs, (01, () is FH,Secs in Q. Hence  is a FH,SeC.

(ix) Let (6;,¢)bea FH,Scsin©. Since b is FH,S6SC, h(61,¢) is F H,S5Scs in Q. Since all F H,S6Scs
are FFH,Se*cs, h(601,() is FH,Se*csin ). Hence h is a F H, Se*C.

(x) Let (6y,¢) bea FH,Scsin©. Since b is FH,S5aC, h(0y,¢) is F H,Sdacs in Q2. Since all FH,Sdacs
are FH,Se*cs, h(01,¢) is FHySe*csin (). Hence by is a FH,Se*C.

(xi) Let (61,¢) bea FH,Scsin ©. Since h is F H,S5aC, h(61,() is FH,Sdacs in Q. Since all F H,S5acs
are FH,SéPecs, h(0:1,¢) is FH,SIPcs in Q. Hence h is a FH,S6PC.

(xii) Let (61,¢) bea FH,Scsin©. Since §) is FH,Se*C, b(6, ¢)is FH,Se*cs in (2. Since all FH,Se*cs
are F'FH,Secs, h(62, () is FH,Secs in 2. Hence ) is a F H, SeC.

O
Proposition 4.3. (i) F'H,50aC and F'H,S0SC are independent to each other.
(i) FH,Se*C and F'H,S§PC are independent to each other.
Remark 4.4. The diagram shows F'H, SC maps in F'H,Sts.
FH,S5C FH,SC _______ | FH,SPC
FH,S55C o FH,SC | FH,S5PC
\ FHHI'SE(‘ /
FH,Se"C
FH,S5aC
Figure 2. F'H,S closed maps in F'H,Sts
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Example 4.5. In Example , b is F'H,SSC mapping but not F'H,SC mapping because (1&1,(1)0 is
FH,Scsin Qand h()1,(1)¢ = (@5,¢1)¢ is FH,SScs but not FH,Scs in ©.

Example 4.6. In Example , b is FH,SPC mapping but not FH,SC mapping because (¢1,(;)° is
FH,Secsin Qand h(2p1,¢1)° = ($5,¢1)¢ is FH,SPcs but not FH,Scs in ©.

Example 4.7. In Example , b is F H,SC mapping but not F'H,S6C mapping because (1, C1)¢ s
FHyScsin Qand h(1)1,(1)¢ = (P3,(3)¢ is FH,Scs but not FH,Sdcs in ©.

Example 4.8. In Example , b is FH,S6SC mapping but not F'H,S5C mapping because (y, 1) is
FH,Secsin Qand h(¢1,(1)° = (¢1,¢1)° is FH,S6Ses but not FH,Sdcs in ©.

Example 4.9. In Example , b is F H,Sé¢PC mapping but not F'H,SéC mapping because (1[)1, ¢1)e is
FHyScsin Qand h(y1, ()¢ = (93,(3)¢ is FH,S6Pcs but not FH,Sdcs in ©.

Example 4.10. In Example , b is FH,SeC mapping but not F'H,S5C mapping because (1,(;)¢ is
FHy,Secsin Qand h(¢1, ()¢ = (¢1,¢1)° is FHySecs but not FH,Sdcs in ©.

Example 4.11. In Example , b is F"H,SeC mapping but not F'H,S6SC mapping because (1[)1, ¢1)¢ is
FHy,Scsin Qand h(¢1, ()¢ = (P3,(3)¢ is FHySecs but not FH,SéScs in ©.

Example 4.12. In Example , h is F'H,SeC mapping but not F'H,S§PC mapping because (¢1,¢1)° is
FH,Secsin Qand h(¢1,1)° = (@7, ¢1)¢ is FHySecs but not FH,S§Pcs in ©.

Example 4.13. In Example , b is F H,Se*C mapping but not F'H,SISC mapping because (7]11, ¢1)¢is
FHyScsin Qand h(2p1,(1)° = (P3,¢3)° is F H,Se*cs but not F'H,S6Scs in O.

Example 4.14. In Example[3.19] b is F H,Se*C (resp. F'H,S§PC’) mapping but not F'H,SéaC mapping
because (11,¢1)¢ is FH,Scs in Q and h(¢1,(1)¢ = ($5,¢1)¢ is FHySe*es (resp. FH,SdPcs) but not
FH,Séacs in ©.

Example 4.15. In Example , b is F'H,Se*C mapping but not F'H,SeC mapping because (1/31, ¢)¢ is
FHySesin Qand b1, Q) = (¢1,¢)¢ is F HySe*cs but not F HySecs in ©.

Example 4.16. In Example b, is F-H,SéaC mapping but not F'H,SISC mapping because (1/31, G1)°
is FH,Scsin Qand b, (¢1,1)¢ = (@3, C3)¢ is FH,Sdacs but not FH,S3Scs in ©. Also, by, is FH,S6SC
mapping but not F'H,S6aC mapping because (1/11,C1) is FHyScs in Q and b, (1/11,C1) = (¢7,G)° 1
FH,S56Scs but not F HySdacs in ©.

Example 4.17. Consider the Example In the Example (zﬁl, ¢1)¢is FHyScs in Q and h(z/?l, Q)=
(67,¢1)¢ is FH,Se*cs in ©,

s his FH,Se*C but not F H,S6PC because h(iﬁl, 1) = (0~7, ¢1)¢isnot FH,SéPcs in O.

Also, in the Example (41,C1)¢ is FHySes in Qand (41, (1) = (61,¢1) is FH,S3Pes in ©.

. his FH,S§PC but not FH,Se*C because h(v1,¢1)¢ = (61,¢1)¢ is not FH,Se*cs in ©.

Hence, F'H,Se*C and F'H,S0PC are independent to each other.

Theorem 4.18. A mapping b : (©,L,7) — (Q,M,0) is FH,SeC (resp. FH,SC, FH,S5C, FH,SPC,
FH,SS8C, FH,S6PC, FH,S0SC, FH,S0aC, FH Se*C) map iff for each FH,Ss (62,¢) of (0, M, o)
and for each F'H,Sos (01,¢) of (©,L,) containing h~1(fs,¢), there is a F'H,Seos (resp. FH,Sos,
FH,Sé0s, FH,SPos, FH,SSos, FH,SéPos, FH,S5Sos, F H,S5aos, FH,Se*o0s) (1,) of (2, M, o)
such that (65, ¢) € (,¢) and b~ (1, ¢) € (61, €).

Proof. Necessity: Assume b is a F H, Sep mapping. Let (02, () be the FH Scs of (Q, M, o) and (61, ¢)
isa FH,Sos of (©,L 7') such that h=*(2,¢) C (61,¢). Then (¢,¢) = Q — h=1((61,¢)°) is FH,Seos of
(Q, M, o) such that h=2 (¢, ¢) C (61, ).

Sufficiency: Assume (6;,¢) isa FH,Scs of (6, L, 7). Then (h (61,¢))¢isa FH,Ss of (0, M, o) and (9},()'
is FH,Sos in (O, L, 7) such that b= ((h(6;, )) ) € (61,¢)°. By hypothesis, there is a F'H, Seos (1, () of
(Q, M, ) such that (h(6y,¢))¢ C (4,¢) and b= (1), ¢) C (61, ¢)¢. Therefore (61,¢) € (5~ (1), ). Hence
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h=(,¢))%) C (¥, ¢)¢ which implies (61, ¢) = (1, ¢)°. Since (¢}, ¢)¢ is FH,Secs

(,€)° S b( ( C
is FH,Secin (Q, M, o) and thus b is F H,SeC mapping.

b,¢)Ch
of (Q, M,0), h(61,¢)

The other cases are similar. O

Theorem 4.19. If h : (©,L,7) = (Q,M,0)is FH,SC and g : (Q, M,0) — (P,p,Q) is FH,SeC (resp.
FH,SC, FH,S0C, FH,SPC, FH,SSC, FH,SéPC, FH,56SC, FH,S0aC, FH,Se*C) map, then
goh:(©,L,7) = (P,p,Q)is FH,SeC (resp. FH,SC, FH,S6C, FH,SPC, FH,SSC, FH,SPC,
FH,S6SC, FH,SéaC, FH,Se*C).

Proof. Let (61,¢) be a FH,Scs in (O, L, 7). Then h(6y,¢) is FH,Ses of (Q, M, o) because b is FH,SC
mapping. Now (g o §)(61,¢) = g(h(61,()) is FH,Secs in (P, p, Q) because g is F'H,SeC mapping. Thus
gobis F'H,SeC mapping.

The other cases are similar. O

Theorem 4.20. Ifh : (O, L,7) — (Q, M, ¢) is F H,SeC map, then FH,Secl(h(61,¢)) C h(FH,Scl(6:,()).

Proof. Obvious. O

Theorem 4.21. Leth : (©,L,7) — (Q,M,0) and g : (Q, M,0) — (P,p,Q) are FH,SeC mappings. If
every F'H,Secs of (0, M,0)is FH,Secs, thengo bl : (0,L,7) — (P,p,Q) is FH,SeC.

Proof. Let (01,() be a FH,Scsin (0, L, 7). Then h(0y,¢) is FH,Secs of (Q, M, o) because b is F'H,SeC
mapping. By hypothesis, h(61, () is FH,Scs of (2, M, o). Now g(h(61,¢)) = (g o h)(61,¢) is FH,Secs in
(P, p, Q) because g is F'H, SeC mapping. Thus g o h is F'H, SeC mapping. O

Theorem 4.22. Let h : (©,L,7) — (Q, M, o) be a bijective mapping. Then the following statements are
equivalent:

(i) hisa FH,SeO (rtesp. FH,S0, FH,S60, FH,SPO, FH,SS0, FH,S0PO, FH,S6SO, FH,S
0a0, FH,Se*O) mapping.

(ii) hisa FH,SeC (resp. FH,SC, FH,S6C, FH,SPC, FH,SSC, FH,S0PC, FH,S6SC, FH,S
daC, FH,Se*O) mapping.

(ii)) b= is FH,SeCts (resp. FH,SCts, FH,S6Cts, FH,SPCts, FH,SSCts, FH,S6PCts, FH,S
0SCts, FH,SéaCts, F H,Se*Cts) mapping.

Proof. (i) = (ii): Let us assume that b is a /"H,,SeO mapping. By definition, (01,¢)isa FH,Sosin (0, L, ),
then h(0y,¢) isa FH,Seos in (0, M, o). Here, (61, ¢) is FH,Scsin (©, L, 7). Then Y — (61, ¢) isa F H,Sos
in (©, L, 7). By assumption, h(Y — (6y,¢)) is a FH,Seos in (Q, M, o). Hence, Z — h(Y — (6,()) is a
FH,Secsin (2, M, o). Therefore, b is a F'H, SeC mapping.

(i) = (iii): Let (61,¢) be a FH,Scs in (0, L, 7). By (ii), h(d1,¢) is a FH,Secs in (2, M, ). Hence,
h(61,¢) = (h=1)~1(01,¢). So h~isa FH,Secs in (Q, M, o). Hence, h~! is FH,SeCts.

(iii) = (i): Let (41, ¢) be a FH,Sos in (6, L, 7). By (iii), (h=1)~1(81,¢) = h(81,¢) is a F H,SeO mapping.

The other cases are similar. O

Remark 4.23. The Theorems [.18| #.20|and [4.21] are also true for F'H, Scs, FH,SPcs, FH,SScs, FH,S
0Pcs, FH,50Scs, FH,Soacs & F H,Se*cs of their respective closure operators.
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5 Cotangent Similarity Measure for Fuzzy Hypersoft Sets

In this section, we use cotangent functions to construct a new similarity measure for F'H,, Ss’s.

Definition 5.1. Consider two F'H,S's’s (9~1, () and (§2, () over ©. The cotangent similarity measure for these
two sets based on the cotangent function is given by

Sar((61,€), (62,¢)) = % écot[g + 2 (| — )]

Proposition 5.2. The cotangent similarity measure Sc,((61,C), (A2, )), satisfies the following properties:

(i) 0< Sce((61,0), (02,¢)) < 1.
(i) Sci((61,C), (02.C)) = Sce((62,¢), (61,¢)).
(iii) (01,¢) = (02, C) iff Sc((61,€), (02,¢)) = 1.

(iv) If (05,¢) is a FH,Ss in © and (01,¢) € (62,¢) € (f3,¢). then Sc:((61.). (65.€)) < Scu((61.€),
(02, C)) and SCt((Gla C)’ (037 C)) < SCt((927 C)v (03’ C))

Proof. (i) Since the value of cotangent function and the membership value of F'/{,Ss’s are in the interval
[0, 1], the similarity measure based on the cotangent functions which is arithmetic mean of these cotangent
functions, are also in [0, 1]. Therefore, 0 < S ((01,¢), (62,¢)) < 1.

(i1) Proof is obvious.
(iii) For any two FH,Ss’s (61,¢) and (62,¢) in @, if (61,¢) = (6a,C), then g, o) = Hig,cp fori =
1,2, ..., n. Thus, we obtain |u(9~1’0 — “(9},0' =0.

And so the cotangent similarity measure Scy((61,C), (ég, ¢)) = 1. Conversely, let SCt((éla ¢). (62, () =1
Since cot = 1, this implies that
Ia,¢) ~ Figoyl = O

i

G0.0) = Hidroy fori=1,2,3,...,n. Hence, (01,() = (62, ().

Therefore, we obtain p

(iv) If (61,¢) C (fa,¢) C (63, ¢), then /ﬂ@@ < ,ﬂ@’o < “Ee},cr fori =1,2,3,...,n.
Thus, we have

Moy ~ Mo = Wi~ Fiano)

W0y ~ Mol < Mg, 0~ Fig, o)

Hence, (61,¢)  (62,¢) C (03, ). Then, Sci((61,¢), (65,¢)) < Scr((61,€), (6,¢)) and
Sci((01,€), (03,€)) < Sc((02,€), (03,0)).

As the cotangent function is decreasing with the interval [0, 7], the proof is completed. O

Similarly, the weighted version of cotangent similarity measure is given as

WSCt((§17 C)v (6~27 C)) = % é WZCOt[% + %(“,Lzél — M;}D]

where 0 < Wy, Wo, W3, ..., W,, < 1with Y W, = 1.

i=1
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6 Algorithm

In this section, the algorithm based on the proposed similarity measure is given.

As per the medical history, the various symptoms of Covid-19 are Fever, Headache, Body pain, Dry Cough,
Difficulty in breathing and Chest pain. We categorize these symptoms as the distinct set of severe symptoms,
most common symptom and less common symptoms.

Severe symptoms = Difficulty in breathing, Chest pain
Most common symptoms = Fever, Dry cough
Less common symptoms = Headache, Body pain

We can formulate the symptoms of the Covid-19 patients collected from the hospital records as F'H,Ss’s
by considering the membership values as *’Covid-19” and "No Covid-19’. Now, consider the patients visiting
hospital with Covid-19 symptoms. Let us formulate those patients’ symptoms as the F'H,Ss’s using the
defined category of the symptoms. Using the proposed cotangent similarity measure, the examination can be
done by comparing the symptoms of the Covid-19 patients and the patients visiting hospital with the symptoms
related to Covid-19. Thus, a decision can be made whether the patients have the possibility of suffering from
Covid-19 or not.

We next give the implementation steps of the proposed algorithm based on cotangent similarity measure for
FH,Ss’s in which the flow chart of the proposed alogorithm is shown in the figure.

Step 1: Formulate the symptoms of Covid-19 patients as a F'H,,S's by considering the degree of association
between the Covid-19 patients and the Covid-19 symptoms.

Step 2: Formulate the symptoms of the two patients visited the hospital as F'H,S's’s by considering the
association between the patients and the Covid-19 symptoms.

Step 3: Find the similarity between the symptoms of the Covid-19 patients and the 1st patient visited hospital
using the proposed cotangent similarity measure.

Step 4: Find the similarity between the symptoms of the Covid-19 patients and the 2nd patient visited hospital
using the proposed cotangent similarity measure.

Step 5: Compare both the similarity measures. The more the similarity, there is a larger possibility for the
patient to be suffering from Covid-19.

Formulate the symptoms of Covid-19 as FHSs

|

Formulate the symptoms of patients visited as FHSs’s by comparing with the Covid-19 symptoms

I

Find the cotangent similarity between the Covid-19 patient and the 1st patient

|

Find the cotangent similarity between the Covid-19 patient and the 2nd patient

|

Compare both the similarity measures. The greater similarity gives the larger possibility of Covid-19
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Figure 3. Flowchart of the proposed algorithm

7 Application in Covid-19 Diagnosis using Cotangent Similarity Measure

Example 7.1. 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 catego-
rized as

Severe symptoms = Difficulty in breathing, Chest pain

Most common symptoms = Fever, Dry cough

Less common symptoms = Headache, Body pain

Using the fuzzy hypersoft model problem, the examination can be done whether the patients have the possibil-
ity of suffering from Covid-19 or not. Let © be the universal set © = {x1, x2} = {Covid-19, No Covid-19}.
The attributes are given as:

T = {a; = Difficulty in breathing, a; = Chest pain}
T = {b; = Fever, by = Dry cough}
Y3 = {¢1 = Headache, co = Body pain}

We define the fuzzy hypersoft sets which give the degree of association between the Covid-19 patients and the
Covid-19 symptoms and between the 2 patients visited and their symptoms.

The FH,Ss (0~1, () describes the evaluation of the Covid-19 patients and their symptoms as per the hospital
records.

<(a1,b1,01),{%,8%}>,
<(a1’b1’62)’{%78%}>,
5o ) (a1, b2,02),15%: 65 1)
0= {0z, br, ), {85, 1),
<(a27b2701)7{%ﬂ§%}>7
<(a2’b2’62)7{%’8%}>,
< anblvc?)v{%’a%})

The FFH,Ss’s (9}7 ¢) and (9~3, ¢) describe the evaluation of the 2 patients visited and their symptoms respec-
tively.

<(alablvcl)a{%aé{%}>v
<(a17b1762)7{%7€)<_729}>7
<(a17b2,01),{%,%}>,
N _ <(a/lab2ac?)a{%7%}>a
0209 = 9 {(az. bror). {85 83 ).
((az,b2,c1), {55, 65 1),
<(02,b2762),{%,3§729}>,
< a27b1702),{%, SC%}>
((a1,b1,¢1),{5%, 53 1)
<(alablvc2)a{%aé%}>v
<(a17b27cl)7{%7€)<_724}>7
N _ <(a17b2702)7{%a8%1}>7
09 0= 1Y ((a2.br.er). {15, 82,
<(a2,b2,81),{%,%}>,
((az,b2,c2),{5%, 55 1),
<(a2,b1762),{8<71,3<f22}>
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Using the proposed cotangent similarity measure, we get

Sc((01,¢), (62,¢)) = 0.1943

Sc((61,€), (05, C)) = 0.7369.

As the similarity 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.

8 Conclusions

In this paper, ¥ H, S0, FH,SSO, FH,S60, FH,5SO, FH,S6PO, FH,SeO, FH,56 O and F H,Se*O
maps and their respective closed maps are introduced in F'H,Sts. Also, their properties and relations between
them are analyzed with the examples. Further, a cotangent similarity measure for F'H,Ss’s is introduced
and an application in diagnosing Covid-19 using cotangent similarity measure is discussed with an example.
In future, these findings can be extended to various forms of fuzzy hypersoft homeomorphic functions and
separation axioms.
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