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Abstract. The purpose of this paper is to introduce and study fuzzy hypersoft
continuous maps and fuzzy hypersoft semi continuous maps in fuzzy hypersoft topological
spaces. Basic properties of fuzzy hypersoft continuous and semi continuous maps are
analysed with examples. It is extended to fuzzy hypersoft irresolute maps and its related
characteristics are also investigated. Moreover, an application in Covid-19 diagnosis is
given using tangent similarity measure.

1 Introduction

The real world decision making problems in medical diagnosis, engineering, economics,
management, computer science, artificial intelligence, social sciences, environmental sci-
ence and sociology contains more uncertain and inadequate data. The traditional math-
ematical 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]. A fuzzy set is a set where each element of the
universe belongs to it but with some value or degree of belongingness which lies be-
tween 0 and 1 and such values are called membership value of an element in that set.
The topological structure on fuzzy set was undertaken by Chang [8] as fuzzy topological
space. Molodstov [10] introduced a new mathematical tool, soft set theory in 1999 to
deal uncertainties in which a soft set is a collection of approximate descriptions of an
object. Soft set is a parameterized family of subsets where parameters are the properties,
attributes or characteristics of the objects. The soft set theory have several applications
in different fields such as decision making, optimization, forecasting, data analysis etc.
Shabir and Naz [19] presented soft topological spaces.

Smarandache [20] extended the notion of a soft set to a hypersoft set and then to
plithogenic set by replacing function with a multi-argument function described in the
cartesian product with a different set of attributes. This new concept of hypersoft set is
more flexible than the soft set and more suitable in the decision-making issues involving
different kind of attributes. Abbas et al. [1] defined the basic operations on hypersoft sets
and hypersoft point in all the universe of discourses. Ajay and Charisma [3] introduced
fuzzy hypersoft topology, intuitionistic hypersoft topology and neutrosophic hypersoft
topology. Neutrosophic hypersoft topology is the generalized framework which general-
izes intuitionistic hypersoft topology and fuzzy hypersoft topology. Ahsan et al. [2] stud-
ied a theoretical and analytical approach for fundamental framework of composite map-
pings on fuzzy hypersoft classes. Several researchers [5, 6, 11, 12, 13, 14, 15, 22, 23, 27, 28]
studied different kind of open sets in neutrosophic soft, neutrosophic crisp, fuzzy hyper-
soft, neutrosophic hypersoft topological spaces and studied its maps.

Surya et al. [24, 25, 26] and Sri et al. [21] introduced g-Rung linear diophantine
fuzzy hypersoft set and Bipolar linear diophantine fuzzy hypersoft set and studied its



728 K. Chitirakala, D. Sobana, A. Vadivel and P. Surendra

appliations in MADM. Ajay et al. [4] defined fuzzy hypersoft semi-open sets and de-
veloped an application in multiattribute group decision making. Kabbur et al. [9] and
Arora et al. studied similarity measures in soft nano sets and pythagorean fuzzy sets.
Said Broumi and Irfan Deli [16] studied application of medical disgnosis in neutrosophic
refined sets. Saqlain et al. [17] studied single and multi-valued neutrosophic hypersoft
set and tangent similarity measure of single valued neutrosophic hypersoft set.

In hypersoft environment, some kind of open sets are introduced and their applications
are studied so far. No investigation on continuous maps is initiated. There is a need
to study continuity in the hypersoft environment because it is a fundamental concept
in topology and has many applications in contemporary mathematics. This leads us to
develop continuity and semi continuity in fuzzy hypersoft topological spaces.

In this paper, we develop the concept of fuzzy hypersoft continuity and semi continuity
in fuzzy hypersoft topological spaces and some of their basic properties are analyzed
with examples. Added to that, we discuss some characterizations and properties of fuzzy
hypersoft irresolute maps. Also, an application in Covid-19 diagnosis is explained with
the example using tangent similarity measure.

2 Preliminaries

Definition 2.1. [29] Let 9% be an initial universe. A function A from 97 into the unit
interval I is called a fuzzy set in 9. For every m € M, A(m) € [ is called the grade
of membership of m in A. Some authors say that A\ is a fuzzy subset of 9 instead of
saying that A is a fuzzy set in 91. The class of all fuzzy sets from 91 into the closed unit
interval I will be denoted by I™.

Definition 2.2. [10] Let 9t be an initial universe, @ be a set of parameters and P(901) be
the power set of M. A pair (H,Q) is called the a soft set over 9t where H is a mapping
H:Q — P(M). In other words, the soft set is a parametrized family of subsets of the
set 1.

Definition 2.3. [20] Let 9t be an initial universe and P(9) be the power set of 9.
Consider q1, 2, g3, ---, ¢, for n > 1, be n distinct attributes, whose corresponding attribute
values are respectively the sets Q1, @2, ..., @, with Q; N Q; =0, for ¢ # j and 4,j €
{1,2,...,n}. Then the pair (H, Q| X Q2 X ... x Q) where H : Q; x Q2 X ... X Q,, = P(IM)
is called a hypersoft set over 9.
Definition 2.4. [1] Let 9t be an initial universal set and Q,Qa,...,Q, be pairwise
disjoint sets of parameters. Let P(9) be the set of all fuzzy sets of 9. Let F; be the
nonempty subset of the pair @; for each i = 1,2,...,n. A fuzzy hypersoft set (briefly,
FHSSs) over M is defined as the pair (H, By x Ey X ... X Ey,) where H : Ey x Ey X ... X E, —
P(M) and H(Ey x B> X ... X Ep) = {(¢, (M, pggqy(m)) :m €M) : g € By X Er x ... X By, C
Q1 X Q2 X ... X Qn} Where iz, (m) is the membership value such that g, (m) € [0, 1].
Definition 2.5. [1] Let 9 be an universal set and (IjI,AJ) and (G, A;) be two FHSSs’s
over M. Then (H, /\12 is the fuz~zy hypersoft subset of (G, A\2) if fig7(,) (M) < pg g (M)
It is denoted by (H, A1) C (G, Ay).
Definition 2.6. [1] Let 9t be an universal set and (H,A) and (G, A;) be FHSSs’s over
on. (H,/\]) is equal to (G,/\]) if Mﬂ(q)(m) == Mé(q)(m)
Definition 2.7.[1] A FHSs (H,A) over the universe set 91 is said to be null fuzzy
hypersoft set if 177, (m) =0, Vg e Aand m € M. It is denoted by On, ).

A FHSs (é, A) over the universal set 2 is said to be absolute fuzzy hypersoft set if
B (m) =1Vg € Aand m € M. It is denoted by (o @)

Clearly, OEDJT,Q) = 1(93@@) and IEDDT,Q) = O(EDT,Q)~
Definition 2.8. [1] Let 9 be an universal set and (H,A) be FHSs over M. (H,N)° is
the complement o~f (H,N) if ,ujq(q)(m) = Lm,@) — Hf(g(m) where Vg € A and Vm € .
It is clear that ((H,A)¢)¢ = (H,A).
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Definition 2.9. [1] Let 9 be the universal set and (H,Ay) and (G, Ay) be FHSs’s over
M. Extended union (H, A1) U (G, A,) is defined as

p((H, M) U (G, A2)) = § agg(m) i g€ Ay = A
maz{p gy (M), peg (M)}t ifg€ AN

Definition 2.10. [1, 3] Let M be the universal set and (H,A;) and (G, A;) be FHSs’s
over M. Extended intersection (H, A1) N (G, A;) is defined as

) ) g (m) ifqg € A=A
n((H, A1) NG, A2)) = S Bagy(m) ifg € Ao — A

Definition 2.11. [3] Let (9, Q) be the family of all FHSs’s over the universe set 9t
and 7 C FHSs(9M,Q). Then 7 is said to be a fuzzy hypersoft topology (briefly, F HSt)
on M if

(i) Oom,@) and 1(an ) belongs to 7
(ii) the union of any number of FFHSs’s in 7 belongs to 7
(iii) the intersection of finite number of F'HSs’s in 7 belongs to 7.

Then (M, Q, 7) is called a fuzzy hypersoft topological space (briefly, F'H Sts) over 9.
Each member of 7 is said to be fuzzy hypersoft open set (briefly, F'HSos). A FHSs
(H, M) is called a fuzzy hypersoft closed set (briefly, FHScs) if its complement (H,A)®
is FHSos.

Definition 2.12. [3] Let (M, Q,7) be a FHSts over 9 and (H,A) be a FHSs in 9N.
Then,

(i) the fuzzy hypersoft interior (briefly, F'H Sint) of (H,A) is defined as F H Sint(H, N) =
U{(G,A) : (G,A) C (H, ) where (G,A) is FHSos}.

(ii) the fuzzy hypersoft closure (briefly, FHScl) of (H, A) is defined as FHSecl(H, N) =
N{(G,N): (G,N) D (H,A) where (G,A) is FHScs}.

Definition 2.13. [4] Let (M, Q,7) be a FHSts over 9 and (H,A) be a FHSs in ON.
Then, (H,A) is called the fuzzy hypersoft semiopen set (briefly, FHSSos) if (H,A) C
FHScl(int(H, N)).

A FHSs (H,N) is called a fuzzy hypersoft semiclosed set (briefly, FHSSes) if its
complement (H, )¢ is a FHSSos.

Definition 2.14. [2] Let (91, L) and (N, M) be classes of FFHSs’s over M and N with
attributes L and M respectively. Let w : 9 — 9 and v : L — M be mappings.
Then a FHS mappings b = (w,v) : (M, L) — (M, M) is defined as follows, for a
FHSs (H,N)a in (M, L), f(H,N)4 is a FHSs in (M, M) obtained as follows, for 8 €
v(L) C M and n € M, h(H,AN)4(8)(n) = U ()push(H,N) 4 is called
acv=1(B) () A,s€w=!(n)
a fuzzy hypersoft image of a F'HSs (H,N). Hence ((H,A)a,b(H,N)a) € b, where
(Ha /\)A - (Qﬁ, L)ah(Hy /\)A - (ma M)

Definition 2.15. 2] If b : (I, L) — (M, M) be a FHS mapping, then FHS class
(9, L) is called the domain of h and the FHS class (G,A) € (M, M) : (G,A) =bh(H, N))
for some (H,A) € (M, L) is called the range of . The FHS class (M, M) is called
co-domain of b.

Definition 2.16. [2] If h: (M, L) — (N, M) be a FHS mapping andN(é’, N)p,a FHSs
in (M, M) where w : M - N, v: L - M and B C M. Then f)fl(G,é\)B isa FFHSs
in (M, L) defined as follows, for o € v~'(B) C L and m € M, h='(G,A)p(a)(m) =
(v(a)pp(m)h~ (G, A) g is called a FHS inverse image of (G, A)p.
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Definition 2.17. [2] Let h = (w,v) be a FHS mapping of a FFHS class (9, L) into a
FHS class (M, M). Then

(i) b is said to be a one-one (or injection) F'HS mapping if for both w : 9t — N and
v: L — M are one-one.

(ii) b is said to be a onto (or surjection) F'HS mapping if for both w : MM — 9 and
v:L — M are onto.

If § is both one-one and onto, then b is called a one-one onto (or bijective) correspondance
of FHS mapping.

Definition 2.18. 2] If h = (w,v) : (M, L) — (M, M) and g = (m,n) : (N, M) — (P, N)
are two F'H S mappings, then their composite g o b is a F'HS mapping of (9, L) into
(P,N) such that for every (H,A)4 € (M, L), (gobh)(H,N)a = g(h(H,N)a). For g €
n(M) C N and p € P, it is defined as g(h(H, A) 4(5)(p) = U (o) ps-
aen=(8) [\ b(A),sem~!(p)

Definition 2.19. [2] Let h = (w,v) be a FHS mapping where w : 9 — 9 and v :
L — L. Then b is said to be a F'HS identity mapping if for both w and v are identity
mappings.

Definition 2.20. [2] A one-one onto FFHS mapping h = (w,v) : (M, L) - (N, M)
is called FHS invertable mapping. Its FHS inverse mapping is denoted by h~!
(w=hv=hH (M, L) — (N, M).

Definition 2.21. [18] Let 9 be an initial universal set and @y, Q2, ..., @, be pairwise
disjoint sets of parameters. Let P(91) 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 neutrosophic hypersoft set
(briefly, Ny H Ss) over M is defined as the pair (H, By x Ey X ... x E,) where H : Ey x ) X
o X By = P(OM) and H(E) X Ep X ... X Ep) = {(q, (M, g gy (M), 054 (M), Vi) (m)) :
meM) :qe By xErx...xE, CQ) xQy%...xQ,} where ,ug(q)(m) is the membership
value of truthiness, oz, (m) is the membership value of indeterminacy and v, (m) is
the membership value of falsity such that pg,)(m), 05 (M), vy, (m) € [0,1]. Also,

0 < pyz(qy(m) 4+ 0 (g (M) + v (m) < 3.

Definition 2.22. [17] Consider two neutrosophic hypersoft sets (H, A1) and (G’,~ Az) over
M. The tangent similarity measure for these two sets are given by S ((H, A1), (G, A\2)) =

n . . . . . .
{% _Zl[l —tangs (I — pel + 1oy —ogl + vy — va)l}-
=

3 Fuzzy Hypersoft Continuous Maps

In this section, fuzzy hypersoft continuous maps are introduced and its related properties
are discusssed.

Definition 3.1. Consider any two FHSts (M, L, 7) and (N, M,5). Amaph: (M, L,7) —
(M, M,0) is called as FHS

(i) continuous (in short,F’HSC'ts) if the inverse image of each FHSos in (M, M, o) is
a FHSos in (M, L, 7).

(ii) semi-continuous (in short, FHSSCts) if the inverse image of each FHSos in
(M, M,0) isa FHSSos in (MM, L, 7).

Example 3.2. Let 9 = {m;,m} and 91 = {n;,n,} be the FHS initial universes and
the attributes be L = Q; x Q2 and M = Q) x Q) respectively. The attributes are given
as:

Q1 = {a1,a2,a3}, Q2 = {by, b2}
Q1 = {c, 2,63}, Q5 = {d1,da}-
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Let (M, L), (M, M) be the classes of FHS sets. Let the F'HSs’s (Hi,A), (Hy,A2),
(Hs, N\3), (Ha, A3) over the universe 9t be
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over the universe 91 be

7= {0n.q) Lom,q) ({jl,ﬁl),(ﬁzwz)y Hs, A3), (
Let the FHSSs's (Gl, Al), (GQ, Az), (G3, A3), (
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o ={0m.0), Lim.0), (G, A1), (G2, \2), (G3,A3), (Ga, A3)} is FHSts.
Let h = (w,v): (M, L) — (M, M) be a FHS mapping as follows:

w(ml) = nz,w(mz) =ny,
u(al,bl) :N(Cz,dl),l/(gz,bl) = (Cl,~d2), I/(al,b%) = (Cz,dz)
b='(Gi, A1) = (Hi, M), b H(Ga, ) = (Hp, M),
h=1(G3,A3) = (H3,A\3), 071 (G, A3) = (Ha, A3)

The inverse image of each FFHSos in (M, M,0) is a FHSos in (MM, L, 7).
Sh=(w,v): (ML) > M, M) is FHSCts.

Example 3.3. Let 9 = {m;,m} and 91 = {n;,n,} be the FFHS initial universes and

the attributes be L = @ x Q2 and M = Q) x Q) respectively. The attributes are given
as:

Q1 ={a1,a2,a3}, Q2 = {b1, b2}
Qll = {61562563}7 QIZ = {dlad2}~

Let (9, L), (M, M) be the classes of FHS sets. Let the FHSs’s (Hi,Ay), (HyA2),
(H3,N3), (Ha, N3), (Hs, A1), (Hg, Az) over the universe 9t be

. _ ((a1,01),{5%: 02 1)
(Hy, A1) {((az,bl),{%7%}>}
oy b (s 53,
(Hz, N\2) {((al,bz),{%ymﬁ})}
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B <(a17b1)7{%78%}>7
(H37A3) = <(a27b1)7{(r)%78%}>7
<(a17b2)7{%78%}>
B <(a17b1)7{%78%}>7
(H47A3) = <(a27b1)7{(r)%78%}>7
<(a17b2)7{%78%}>
7 _ <(al7b1)7{%78%}>7

(Hs, A1) = { <(a2,b1),{%, %D }
gt _ <(a17b1)7{%78%21}>7

(Hg, \2) {<(a1,b2),{%,%}>}

T = {()(931742), i(Em,Q)aN(ﬁlaAl)y (ﬁz,Az), (ﬁ3,A3) (ﬁ } is FHSts.
Let the FHSs (G, A1) be defined as

)

ol
W
(=3
[\S)

n

=2
S

(o) = {“Cz’d”’{{

<(Cl7

Y

=
n
(=3
Ll\

51
5}
o= {(N)(m’Q), I(‘ﬁ,Q)y (é],A])} is FHSts.
Let h = (w,v): (M, L) — (M, M) be a FHS mapping as follows:

w(ml) = ﬂz,w(mz) =ny,
v(ar,br) = (e2,dv), v(ag, b1) = (c1,da), v(ai, b2) = (c2, da)
b= (G, A1) = (Hs, Ay)

(G1,A\1) is FHSos in M and b~ (G, Ay) = (Hs, A1) is FHSSos in M.
The inverse image of each FHSos in (M, M,0) is a FHSSos in (M, L, 7).
Sh=(w,v): (O, L) — (N,M) FHSSCts.

Proposition 3.4. Fach FHSCts is FHSSCts. But the converse need not be true.

Proof. Let (G,A) be a FHSos in M. Since h is FHSCts, h~1(G,A) is FHSos in
9. Since all FHSos are FHSSos [4], h=1(G,A) is FHSSos in 9. Hence b is a
FHSSCts. m

Example 3.5. In Example 3.3, b is FHSSCts but not F'HSCts because (G1, A1) is
FHSos in M but h=1(Gy, A1) = (Hs, Ay) is not FHSos in N.

Theorem 3.6. A map h : (M, L,7) — (N, M,0) is FHSCts iff the inverse image of
each FHScs in 0N is FHScs in .

Proof. Let (G, A) be a FHScs in M. This implies that (G, A)¢ is FHSos in 9. Since b
is FHSCts, h='((G, A)¢) is FHSos in M. Since h~'((G,A)¢) = ()~ (G, A)¢, b~ G, N)
isa FHScs in M.

Conversely, let (G,A) be a FHSos in M. Then (G,N)¢is a FHSes in M. By hy-
pothesis, h~1((G, N)°) is FHSCS in 9. Since, h~'((G,A)°) = (h~1(G, A)°, (h~ (G, N))°
is FHScs in M. Therefore (h=' (G, N)) is a FHSos in M. Hence, b is FHSCts. o

Theorem 3.7. Let b : (M, L,7) — (M, M,0) be a FHSCts map and g : (N, M,0) —
(P,N,p) be a FHSCts, then gob : (M, L,7) — (P, N,p) is a FHSCts.

Proof. Let (K,A) be a FHSos in P. Then g~!(K,A) is a FHSos in 9, by hypothesis.
Since h is a FHSCts map b~ (g7 (K,A)) is a FHSos in M. Hence go b is a FHSCts
map. |

Theorem 3.8. Let h: (MM, L,7) — (M, M,0) be a FHSCts map. Then the following
conditions are hold:

(i) W(FHSCl(H,N)) < FHScL(h(H, M), for all FHScs(H, A) in 9.
(ii) FHScl(h~" (G, N)) < b= (FHSc(G,N)), for all FHScs(G,A) in N.
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Proof. (i) As FHScl(h(H,A\))isa FHScsin M and b is FHSCts, h~' (FHScl(h(H, N)))
is a F'HScs in M. Now, as (H,A) < b~ Y(FHScl(h(H,AN))), we have FHScl(H,A) <
b= (FHSC(h(H, N))). Therefore B(FHSC(H,N)) < FHScl(h( N)).
(ii) By replacmg (H,A) with (G A) in (i), it is followed that F)(FHScl(h i(e ,A))) <
FHScl(h(h~" (G, N))) < FHScl(G, A). Hence, FHScl(h~ (G, N)) < b~ (FHSC(G, N)).
m

Remark 3.9. If h is FHSC'ts then,

(i) h(FHSc(H,A)) need not be equal to FHScl(h(H, A)) where (H,A) € I

(ii) FHScl(h~'(G, A)) need not be equal to b= (FHScl(G, A)) where (G, A) € N
Example 3.10. Let 9t = {m;, m;} and 91 = {n;,n,} be the FHS initial universes and

the attributes be L = Q; x Q2 and M = Q) x Q) respectively. The attributes are given
as:

Q1 ={a1,a2,a3}, Q2 = {b1, by}
Q] - {61562563} QZ {dladZ}

Let (M, L), (M, M) be the classes of FHS sets. Let the FHSs’s (Hy, Ay) and (Hy, ;)
over the universe 9 be

— <(a27b1)7{(r)n_4]17%}>7

(Hh/\l) {<(a17b2)7{%7%}>}
_ <(a17b1)7{%78%}>7

(H27 /\2) B { <(a27b2)7 {m_é7 m_§}> }

T = {(N)(gm’Q), i(DJT,Q)a (}?1, A])} is FIEISts.
Let the FHSs's (G, A1) and (G2, A;) over the universe 0 be defined as

3 _ <(C27d1)7{%7ﬁ}>7
(G, A1) {((Cl,dz),{%,&ﬂ}
_ <(C27d1)7{%7%}>7
(Ga, N2) = {<(Cz,d2),{"—'5, %H}

0= {6(91,@), I(m,Q), (G1,A1)} is FHSts.
Let h = (w,v) : (M, L) = (N, M) be a FHS mapping as follows:

(ml) =M,w (mz) =ny,
V(G‘l?b ) ( 29 ) (aza ) (QZadl)a (alabz) Clad%) aZbe) = (627d2)
b= (G1, M) = (Hi, A1), b7 H(Ga, Ag) = (Ha, Aa)

Then b is FHSCts.

(i) B(FHSCl(H, \2)) = O @), but FHScl(h(Hz, A2)) = (G1,A1)°. Hence
h(FHScl(Ha, N2)) # FHScl(h(Hz, Aa))-

(i) FHScl(h~"(Gp, A2)) = 6(931’@), but b~ (FHScl(G,, A2)) = (Hy, A1)¢. Hence
FHSc(h™ (G2, \y)) # b~ (FHSC(Ga, Ay)).

Theorem 3.11. b is FHSCts iff h~'(FHSint(G,N)) < FHSint(G, A) for all FHSes
(G,N) in M.

Pmof. Let h be a FHSCts and (G,A) € M. FHSint(G, A) is FHSos in 91 and hence,
b~ (FHSint(G,N)) is a FHSos in 9. Therefore, FHSint(h™ (FHSmt(G N))) =
h- (FHSmt(G A)). Also, FHSint(G,N) < (G A) implies that h~ (FHSmt(G N)) <
h~ (G N). Therefore, FHSint(h_l(EHSint(G A))) < FHSint(h~'(G,A)). That is,
h= Y (FHSint(G,N)) < FHSint(h~1(G, N)). } 3
Conversely, let h~'(FHSint(G,A)) < FHSint(h~'(G, A)) for all subset (G,A) of
N. If (G,A) is FHSos in M, then FHSint(G,N) = (G,A). By assumption, we have
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b= (FHSint(G, A))~ < FHSin (h Y(G,N). Thus (h=1(G,A) < EHSz'nt(h_l(Q,/\)).
But FHSint(h~'(G, /\)) h=1(G,A). Therefore, FHSint(h='(G,A)) = bh=YG,A).
That is, h~1(G, A) is FHSos in M, for all FHSOS(G A) in N. Therefore, h is FHSCts

on M. 0

Remark 3.12. If h is FHSCts, then FHSint(h~'(G, A\)) need not be equal to
h=Y(FHSint(G,N)) where (G,A) € N

Example 3.13. Consider the Example 3.10.
b= (Ga, Az) = (Ha, o)
FHSint(Hy, \2) = 0o, 0)
. FHSint(h~"(Ga, 1)) = Oom.0)-
But FHSmt(GQ, A2) = (G1, A1)
f) (G],A]) (Hly/\l)

b~ (FHSint(G,, Az) = (Hy, A )
Hence FHSint(h~(G2, A2)) Y(FHSint(Ga, Ny)). 5
Therefore FHSint(h~ (G A)) need not be equal to h~'(FHSint(G, N)).

4 Fuzzy Hypersoft Irresolute Maps

Fuzzy hypersoft irresolute maps are introduced and studied in this section.

Definition 4.1. A map_ h: (M, L,7) = (N, M,0) is called a FHS irresolute (in short,
FHSIrr) map if h=1(G,A) is a FHSSos in (M, L,7) for every FHSSos (G,A) of
(M, M,0).

Example 4.2. Let 9 = {m;,m;} and 91 = {ny,n,} be the FHS initial universes and
the attributes be L = Q; x Q2 and M = Q) x Q) respectively. The attributes are given
as:

Q1 ={a1,a2,a3}, Q2 = {b1, by}
Q/l = {61562563}7 le = {dlad2}~

Let (9, L),(M, M) be the classes of FHS sets. Let the FHSs’s (Hi, A1), (Ha, A2),
(H3, A3), (H47 N3), (Hs, A1), (He, A\z) over the universe 9 be
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o= {(N)(m’Q), i(g@Q), (él, Al)} is F'H Sts.
Let h = (w,v): (M, L) — (M, M) be a FHS mapping as follows:

w(ml) = ﬂz,w(mz) =ny,
v(ai,bi) = (e2,d1), v(az,b1) = (c1,da), v(ar, b2) = (c2, )
b= (G, A1) = (Hs, A1)

(G1, A1) is FHSSos in M and b= (G, Ay) = (Hs, A\y) is FHSSos in M.
The inverse image of each FHSSos in (M, M,0) is a FHSSos in (M, L, 7).
Sh=(w,v): (ML) — (N,M) FHSIrr.

Theorem 4.3. Leth : (M, L,7) = (N, M,0) be a FHSIrr map. Thenb is a FHSSCts
map. But not conversely.

Proof. Let b be a FHSIrr map. Let (G, A) be any FHSos on 1. Since every F'HSos
is a FHSSos, (G, A) is a FHSSos in M. By hypothesis, h~!(G, A) is a FHSSos in 9.
Hence, h is a FHSSCts map. O

Example 4.4. Consider the Example 3.10. ~ ~

Here b is FHSSCts because, (G, ;) is FHSos in M and h='(G1, A1) = (Hy,Ay) is
FHSSos in 9 but b is not FHSIrr because (Ga, Ay) is FHSSos in Mand h=' (G2, \y) =
(I;fz, Az) isnot FHSSos in M. Then b is a FHSSCts map but not FFHSIrr map. Hence
the converse part is proved.

Theorem 4.5. Let h: (M, L, 7) = (N, M,0) and g: (N, M,0) — (P,N,p) be FHSIrr
maps, then goh: (M, L,7) — (P,N,p) is a FHSIrr map.

Proof. Let (K,A) be a FHSSos in P. Then g~'(K,A) is a FHSSos in M. Since b is a
FHSIrr map, h='(g7'(K,A)) is a FHSSos in 9. Hence go b FHSIrr map. i

Theorem 4.6. Let h : (M, L,7) — (N, M,0) be a FHSIrr map and g : (N, M,0) —
(P,N,p) is a FHSSCts map, then go b : (M, L,7) — (P, N, p) is a FHSSCts map.

Proof. Let (K,A) be a FHSSos in P. Then g (K, A) is a FHSSos in M. Since, b is a
FHSIrr map, b= (g7 (K,A)) is a FHSSos in M. Hence, goh is a FHSSCts map. O

5 Application in Covid-19 Diagnosis using Tangent Similarity
Measure

Proposition 5.1. The tangent similarity measure Sp((H, A1), (G, A2)), satisfies the fol-
lowing properties:

(Z) 0 S ST((I;L/\I)’ (éy /\2)) S 1.
(7’7’) ST((Hv /\1)7 (G7A2)) = ST((G7 /\2)7 (gvAl))'
(iii) (H, A1) = (G, N) iff ST((H, M), (G, A7) = 1.

(iv) If(P,A3_) is a FHSs in M and (I:IJAl) - (~C~¥, A2) C (P, A3), then:‘S’T((I:L/\l), (A, A\3))
< ST((Ha A1)7 (Ga AZ)) and ST((H7 /\l)a (Aa /\3)) < ST((GyAZ)y (Ay /\3))'

Proof. (i) Since the value of tangent function and the membership value of F HSs’s are
in the interval [0, 1], the similarity measure based on the tangent functions which is
arithmetic mean of these tangent functions, are also in [0, 1].
Therefore, 0 < Sp((H, A1), (G, A\2)) < 1.

(ii) Proof is obvious.

(iii) For any two FHSs’s (H,A;) and (G, Ay) in 9, if (H,A;) = (G,Az), then
'“Z(H,/\l) = 'UZ(G‘,Az)’ for i =1,2,...,n. Thus, we obta~in |'“Z(H,A~]) - '“Z(G‘,/\z)| =0.

And so the tangent similarity measure St ((H, A1), (G,Az2)) = 1. Conversely, let
St((H, A1), (G, A2)) = 1. Since tanZT = 1, this implies that |'u§f1,m) — “éG‘,Az)| =0.

. i
Therefore, we obtain H,n

=l 50 for i =1,2,3,...,n. Hence, (H, A1) = (G, ).



736 K. Chitirakala, D. Sobana, A. Vadivel and P. Surendra

(iv) If (H,A1) C (G,A2) C (P,A3), then Mzﬁ#\l) < MEG‘,/\z) < MZ(P,/\3)7 for i =
1,2,3,...,n.

Thus,webave R

‘“EH,/\,) N 'uzé,/\z)‘ §~ |,u21:1’/\]) B M’Eﬁ,/\})|7 |’“2G‘,/\2) _ “EP,/\Q‘ < |,u21:1’/\]) _FEP,A3)| ~

Hence,N(H, Al)Ng (G7 /\2) C (]DN: /\3)' TNhGIl, ST((H7 /\l)a (P7 A3)) < ST((Ha Al): (Ga /\2))
and ST((H, Al), (F)7 /\3)) < ST((G'7 Az), (F)7 /\3)).

As the tangent function is increasing with the interval [0, ], the proof is completed.

Hence, the tangent similarity measure for these two sets are given by

Sr((H, M), (Gy ) = {4 g [1 = tan (|uly — pis )]} 0

5.1 Algorithm

Now, the algorithm based on the proposed similarity measure is given.

As per the medical history, the various symptoms of Covid-19 are Fever, Headache,
Dry Cough, Body pain, Chest pain and Difficulty in breathing. 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 hospi-
tal records as FH,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 tangent 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 relation 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,Ss’s
by considering the relation 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 tangent 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
higher chance for the patient to be suffering from Covid-19.



FUZZY HYPERSOFT CONTINUOUS MAPS 737

Formulate the symptoms of Covid-19 as F'H,Ss’s

|

Formulate the symptoms of patients visited as F'H,Ss’s by comparing with the Covid-19 symptoms

l

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

1

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

l

Compare both the similarity measures. The greater similarity gives the larger possibility of Covid-19

Figure 1. Flowchart of the proposed algorithm

Example 5.2. 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 fuzzy hypersoft 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 = {m;,my} = {Covid-19, No Covid-19}. The attributes are given as:

Q1 = {a; = Difficulty in breathing, a; = Chest pain}
Q> = {b; = Fever, b, = Dry cough}
@3 = {¢; = Headache, ¢, = 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 FHSs (H, A\) describes the evaluation of the Covid-19 patients and their symptoms
as per the hospital records.

((ar,b1,¢1), {75, 53}
<(a1,b1762),{%, %}%
((a1,b2,¢1),{5%: 03 )
(.H,A)Z <(a1,b2762),{%,%}>7
((a2,b1,¢1),{g%: 03 1)
<(a27 b2vcl)7 {81_5;7 %}%
((a2,b2,2), {5, 53 1)
<(a27 blvc2)7 {E)n_év %D
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The FHSs’s (G,A) and (P, A) describe the evaluation of the 2 patients visited and
their symptoms respectively.

<(a1,b1,61), %’%Da
<(a17b17c2)7 %7%}>7
<(a1,b2,61), %’%Da

R
as, 1,61), ﬁ’m}>a

<((12,b2761), %7%}%
<(a2ab2a62)a %’ %Da
<(a27b17c2)7 %7 %}>

E
3

(=) o (=) o (=) o (=)
SESEZESESESES
Szolzol ooz sEs
O N I B A )
RSN

I e T T N e S N S e T e N W SN

o
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oIS
——
b

Using tangent similarity measure, we get

ST((IN{7 A): (Qa /\)) =0.7976

Sr((H,N), (P, A)) = 0.9623.

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.

There are several similarity measures in fuzzy environment such as tangent similarity
measure, cotangent similarity measure, cosine similarity measure etc. If the similarity
between the two sets is more close to 1, there is a possiblity of more similarity between
the given two sets. Using this concept, we have arrived for a decision in the above
example. The other kind of similarities also give the same results. All the similarities
can be applied in both fuzzy and neutrosophic environments depends on the membership
functions.

6 Conclusion

In this paper, FHSCts and FHSSCts maps are introduced and its properties are an-
alyzed with the examples. Then FHSCts maps are compared with FFHSSCts maps
by means of theorems and examples. In addition, these maps are extended to FHSIrr
maps which is compared with FHSCts and FHSSCts maps. Further, an application
in diagnosing Covid-19 using tangent similarity measure is discussed with an example.
In coding, facial recognition and patterns, similarity measures have extensive scope of
applications. In future, these findings can be extended to fuzzy hypersoft open map-
ping, fuzzy hypersoft closed mapping and fuzzy hypersoft homeomorphic functions. The
application work can be extended with the other similarity measures, entropy, distance,
value and score functions.
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