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Abstract

In this paper, the concepts of fuzzy hypersoft contra 8 open and fuzzy hypersoft
contra 6 closed mappings in fuzzy hypersoft topological spaces are introduced and
their related properties are studied. Also, the relation between fuzzy hypersoft
contra 6 open, fuzzy hypersoft contra 8 semi open, fuzzy hypersoft contra 8 pre
open, fuzzy hypersoft contra 8 closed, fuzzy hypersoft contra 8 semi closed and
fuzzy hypersoft contra 6 pre closed maps are analyzed with the examples.
Moreover, the work is devoloped to fuzzy hypersoft contra 8 homeomorphism,
fuzzy hypersoft contra & C homeomorphism and some of their characteristics are
discussed.
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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 contain more uncertain and inadequate data. Traditional mathematical methods cannot
deal with these kinds of problems due to imprecise data. To deal with the problems with
uncertainty, Zadeh [28] introduced the fuzzy set in 1965 which contains the membership value in
[0,1]. A fuzzy set is a set where each element of the universe belongs to it but with some value or
degree of belongingness which lies between 0 and 1 and such values are called the membership
value of an element in that set. The topological structure on fuzzy set was undertaken by Chang
[9] as fuzzy topological space. Molodstov [11] introduced a new mathematical tool, soft set theory
in 1999 to deal with uncertainties in which a soft set is a collection of approximate descriptions of
an object. A soft set is a parameterized family of subsets where parameters are the properties,
attributes or characteristics of the objects. The soft set theory has several applications in different
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fields such as decision-making, optimization, forecasting, data analysis etc. Shabir and Naz [21]
presented soft topological spaces.

Smarandache [22] extended the notion of a soft set to a hypersoft set and then to plithogenic
set by replacing a 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 decision-making issues involving a different kinds of attributes. Saeed et al. [18,
19] studied the fundamentals of hypersoft set theory by introducing aggregate operators, relations,
functions, matrices and operations on hypersoft matrices. Abbas et al. [1] defined the basic
operations on hypersoft sets and hypersoft point in the fuzzy, intuitionistic and neutrosophic
environments. Ajay and Charisma [3] introduced fuzzy hypersoft topology, intuitionistic hypersoft
topology and neutrosophic hypersoft topology. Neutrosophic hypersoft topology is the generalized
framework which generalizes intuitionistic hypersoft topology and fuzzy hypersoft topology. Ajay
et al. [4] defined fuzzy hypersoft semi-open sets and developed an application in multiattribute
group decision-making. The concept of contra continuous function in general topology was
introduced by Dontchev [10] in 1996. Vadivel et al. [25] introduced generalized fuzzy contra e-
continuous functions in fuzzy topological spaces. Ahsan et al. [2] studied a theoretical and
analytical approach for fundamental framework of composite mappings on fuzzy hypersoft
classes.

Saha [20] defined 6 -open sets and continuous maps in fuzzy topological spaces.
Aranganayagi et al., Revathi et al., Surendra et al. and Vadivel et al. [5, 6, 12, 13, 14, 16, 23, 24,
26] introduced &-open sets, e-open sets in neutrosophic, neutrosophic soft, fuzzy hypersoft,
neutrosophic hypersoft topological spaces and studied its maps, separation axioms and compact
spaces. In 2023, Revathi et al. [15] developed contra e-continuous maps in neutrosophic soft
topological spaces. The class of sets namely, 8 open sets are playing more important role in
topological spaces, because of their applications in various fields of Mathematics and other real
fields. In 1968 Velicko [27] defined 6 open set in H-closed Topological Spaces. In [7, 8], Caldas
et al. studied various kinds of 8 open sets and their properties in topological spaces. Revathi et al.
introduced 8 open sets and studied its continuous, open and closed maps in fuzzy hypersoft
topological spaces [17].

In this paper, we develop the concepts of fuzzy hypersoft contra 6 open and fuzzy
hypersoft contra 8 closed mappings in fuzzy hypersoft topological spaces and some of their
related properties are analyzed with examples. Added to that, fuzzy hypersoft contra 8 semi open
maps, fuzzy hypersoft contra 8 pre open maps, fuzzy hypersoft contra 8 semi closed maps, fuzzy
hypersoft contra 8 pre closed maps, fuzzy hypersoft contra & homeomorphism and fuzzy
hypersoft contra & C homeomorphism are developed and the relation between them are discussed.

2 Preliminaries

Definition 2.1 /28] Let M be an initial universe. A function A from I into the unit
interval 1 is called a fuzzy set in M. For every m € M, A(m) €1 is called the grade of
membership of m in A. Some authors say that A is a fuzzy subset of M instead of saying that A
is a fuzzy set in M. The class of all fuzzy sets from M into the closed unit interval 1 will be
denoted by I™.

Definition 2.2 [11] Let I be an initial universe, Q be a set of parameters and P (M)
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(M). In other words, the soft set is a parametrized family of subsets of the set .
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Definition 2.3 [22] Let M be an initial universe and P (IM) be the power set of M.
Consider q4,92,93,---,qn for n =1, be n distinct attributes, whose corresponding attribute
values are respectively the sets Q1,Qz,...,Q, with Q;NQ; =0, for i #j and i,j€
{1,2,...,n}. Then the pair (H,Q; X Q, X...X Q) where H:Q; X Q, X...X Q, = P(M) is
called a hypersoft set over M.

Definition 2.4 [1] Let M be an initial universal set and Qq,Q5,...,Q, be pairwise
disjoint sets of parameters. Let P(IM) be the set of all fuzzy sets of M. Let E; be the nonempty
subset of the pair Q; for each i = 1,2,...,n. A fuzzy hypersoft set (briefly, FHSs) over M is
defined as the pair (H,E; X Ey X...X E,)) where H:E; X E; X...X E;, » P(MM) and H(E; x
E; X . X Ep) = {(q, (M, tg(m)):meM):q € Ey X E; X..X Ep © Q X Q3 X... X Qn} where
Ki(q)(m) is the membership value such that pg)(m) € [0,1].

Definition 2.5 /1] Let M be an universal set and (H,\y) and (G,A,) be two FHSs’s
over M. Then (H,\,) is the fuzzy hypersoft subset of (G,A;) if UM < pgg(m). It is
denoted by (H,A;) € (G,A,).

Definition 2.6 /1] Let M be an universal set and (H,\y) and (G,\,) be FHSS’s over
M. (H,N\,) is equal to (G,\1) if,uﬁ(q) (m) = ,ug(q)(m).

Definition 2.7 /1] A FHSs (H,A) over the universe set M is said to be null fuzzy
hypersoft set if pgq(m) =0, Vq €A and m € M. It is denoted by ﬁ(ﬁJt,Q)-

A FHSs (G,A) over the universal set 9t is said to be absolute fuzzy hypersoft set if
(M) =1 Vg €A and m € M. It is denoted by 1 (g o).

Clearly, Ofy,q) = Iame) and 1{me) = Omo)-

Definition 2.8 /1] Let M be an universal set and (H,\) be FHSs over M. (H,N)C is
the complement of (H,N) if,u%(q) (m) = i(gle) — U (Mm) where Vq €N and Ym € I, It is

clear that ((H,N)€)¢ = (H,N).

Definition 2.9 /1] Let M be the universal set and (H,\,) and (G,\,) be FHSs’s over
M. Extended union (H,N\) U (G,\,) is defined as

“((HAD U (GAR) = Haq(m) if g A=Az pgy(m)  if q EA—
Ay max{ug gy (M), ugy(M)}  if g EAINA,

Definition 2.10 /I, 3] Let M be the universal set and (H,\,) and (G,A,) be FHSs’s
over M. Extended intersection (H,Ay) N (G,\,) is defined as

1% ((H;M) n (G;/\z)) = Ui (M) ifq EM—NA; piggH(m)
ifq €Enyg—Ny min{pgq) (M), L) (M)} ifq EANA,
Definition 2.11 /3] Let (M, Q) be the family of all FHSs’s over the universe set M

and T € FHSs(I, Q). Then T is said to be a fuzzy hypersoft topology (briefly, FHSt) on M if
1. Oy and Iy q) belongsto T
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2. the union of any number of FHSs’s in T belongs to T
3. the intersection of finite number of FHSs’s in T belongs to 7.

Then (M, Q, 1) is called a fuzzy hypersoft toplogical space (briefly, FHSts) over .
Each member of 7 is said to be fuzzy hypersoft open set (briefly, FHSos). A FHSs (H,A) is
called a fuzzy hypersoft closed set (briefly, FHScs) if its complement (H,A)¢ is FHSos.

Definition 2.12 /3] Let (M, Q, ) be a FHSts over M and (H,N) be a FHSs in M.
Then,
1. the fuzzy hypersoft interior (briefly, FHSint) of (H,A) is defined as FHSint(H,A
) =U {(G,N):(G,A) S (H,) where (G,A) is FHSos}.
2. the fuzzy hypersoft closure (briefly, FHScl) of (H,A) is defined as FHScl(H,A
) =n {(G,N):(G,A) 2 (H,) where (G,A) is FHScs}.

Definition 2.13 /4] Let (M, Q, 1) be a FHSts over M and (H,A) be a FHSs in M.
Then, (H,N) is called the fuzzy hypersoft semiopen set (briefly, FHSSos ) if (HA) S
FHScl(int(H,N)).

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

Definition 2.14 /2] Let (M, L) and (9, M) be classes of FHSs’s over M and N with
attributes L and M respectively. Let w: I — I and v:L - M be mappings. Then a FHS
mappings b = (w,v): (M, L) - (N, M) is defined as follows, for a FHSs (H,N), in (M, L),
f(HAN), is a FHSs in (N, M) obtained as follows, for B € v(L) S M and n €N, H(H,A
Ja(B)() = Ugev-18)n asew-1(m) (@UH(H,A) 4 is called a fuzzy hypersoft image of a FHSs
(H,N). Hence ((H,N) 4, 5(H,N)4) €Y, where (HN), € (I, L), 5(H,N) 4 € (9, M).

Definition 2.15 /2] If b: (M, L) - (N, M) be a FHS mapping, then FHS class (I, L)
is called the domain of & and the FHS class (G,\) € (9, M): (G,A) = b(H,N)) for some (H,A
) € (M, L) is called the range of §). The FHS class (3, M) is called co-domain of §.

Definition 2.16 /2] If b: (M, L) —» (N, M) be a FHS mapping and (G,\)g, a FHSs in
(N, M) where w: M >N, v:L—>M and BS M. Then H1(G,N)g is a FHSs in (I,L)
defined as follows, for a€v Y (B)SL and meM , b YGNg(a)(m) =
(v(a))up(m)b_l(é,/\)g is called a FHS inverse image of (G,\)g.

Definition 2.17 /2] Let h = (w,v) be a FHS mapping of a FHS class (I, L) into a
FHS class (3t,M). Then [(i)]
1. B is said to be a one-one (or injection) FHS mapping if for both w: <M — It and
v:L - M are one-one.
2. b is said to be a onto (or surjection) FHS mapping if for both w:IM — It and
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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 b = (w,v): (M, L) > (N, M) and g = (m,n): (I,M) - (P,N)
are two FHS mappings, then their composite golY is a FHS mapping of (I,L) into (P,N)
such that for every (H,N)4 € (ML), (g°9)(HAN) 4= g®H(HN),). For BEn(M) S N and
p € P, it is defined as g(h(H,N)4(B)(p) = Uaen—l(ﬁ)ﬂ h(4),sem~1(p) (@) s

Definition 2.19 /2] Let ) = (w,v) be a FHS mapping where w: I = M and v:L -
L. Then Y is said to be a FHS identity mapping if for both w and v are identity mappings.

Definition 2.20 /2] A one-one onto FHS mapping b = (w,v): (M, L) - (I, M) is
called FHS invertable mapping. Its FHS inverse mapping is denoted by bH™1=
(0L v™H: (M, L) > (N, M).

3 Fuzzy Hypersoft Contra & Open Mapping
In this section, fuzzy hypersoft contra 6 open maps are introduced and their
characteristics are studied.

Definition 3.1 A4 mapping H: (M, L,t) = (N, M, 0) is fuzzy hypersoft contra 6 open
(resp. 0 semi open & O pre open) map (in short, FHScontra80 (resp. FHScontra8S0 &
FHScontra@PO0)) if the image of each FHSos of (M,L,t) is FHSOcs (resp. FHS0Scs &
FHSOPcs) in (t, M, o).

Proposition 3.1 The statements hold but the converse is not.
1. Each FHScontraf0 is a FHScontra8S0.

Each FHScontra80 isa FHScontraO.

Each FHScontra8S0 isa FHScontraSO.

Each FHScontraO is a FHScontra®PO.

Each FHScontra$§0 is a FHScontra8PO0.

Each FHScontraPO isa FHScontra@PO.

SANNARE e

Proof. Consider the map b: (O, L,7) —» (M, M, o)
1. Let (HA) be a FHSos in M. As b is FHScontra80, bH(H,A) is FHSOcs in
N. Since all FHSOcs are FHSOScs, H(H,A) is FHS0Scs in 9. Hence § is a FHScontradSo.
2. Let (HA) be a FHSos in M. As b is FHScontra80, bH(H,A) is FHSOcs in
N. Since all FHSOcs are FHScs, h(H,A) is FHScs in 9. Hence § is a FHScontraO.
3. Let (H,A) bea FHSos in M. As § is FHScontrafS0, H(H,A) is FHSOScs in
N. Since all FHSOScs are FHSScs, h(H,A) is FHSScs in . Hence b is a FHScontraSO.

4. Let (H,A) be a FHSos in M. As b is FHScontraO, H(H,A) is FHScs in 9.

Nanotechnology Perceptions Vol. 20 No. S15 (2024) 783-811



858 P. REVATHI Contra @ Open Maps and Homeomorphisms

Since all FHScs are FHSPcs, h(H,A) is FHSPcs in 9t. Hence § is a FHScontraPO.

5. Let (H,A) be a FHSos in M. As b is FHScontraS0O, H(H,A) is FHSScs in
N . Since all FHSScs are FHSOPcs , H(H,A) is FHSOPcs in 9. Hence b is a
FHScontra6®o.

6. Let (H,A) be a FHSos in M. As b is FHScontra®P0, H(H,A) is FHSPcs in
9N . Since all FHSPcs are FHSOPcs , H(H,A) is FHSOPcs in 9. Hence b is a
FHScontra6®o0.

Example 3.1 Let M = {my, my} and N = {ny,n,} bethe FHS initial universes and the
attributes be L = Q1 X Q, and M = Qq, X Q,, respectively. The attributes are given as:
Q1 = {a1,az, a3}, Q; = {by, b}
Q1 = {c1, €2, €3}, @z = {dy, d3}- _
Let (M, L), (I, M) be the classes of FHS sets. Let the FHSs (Hq,A3) over the universe
I be defined as

((a1; b1); {% ’ %})'
(ApAs) = {((az, b0, {7555

ng 1My

(a1, by), {20 )

T= {G(SIR,Q)' i(gm‘Q), (H1:A3)} is FHSts.

Let the FHSs'’s (61,/\1), (62,/\2), (63,/\2), (G4,/\3), (65,/\3), (66’/\3)' (67,A3) over the
universe Jt be

Gony = (((cz ), {g—8§‘1—6}>}
((c1,dy), {G'ED

(Gz,/\z) _ (((Cz,dﬂ' {f'%_%})'>
((c2,dy), {E'a})

(53,A2) _ (((Cz,dﬂ' {ST%’QT?)"
((c2,dy), {E'&})

(((c2,d1), (g oo}))
(S ERCH R
L((szdz)’{% %D)
(((cz,dy), {% %})'\
(Gs,A3) = < {(c1, d2), {% %})' ’

I«cz,dz), o )

-

-

~-
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(((c2,d1), (550 523)))
(GeA3) = < {(c1, d2), {% g})' g
((c2 d2), {550 2D )
(((c2,d1), {55 5ol
(G7,03) = {{(c1,d2), {% %})' ’

1<(C2»d2)' {ﬂ E})J

0.5’ 0.6
0= {O(‘JI,Q)J 1(91,Q)) (GlJAl)) (Gz;/\z); (63'/\2)' (64'/\3)' (G5,/\3), (G6'A3)' (G7r/\3)} is
FHSts.
Let h = (w,v): (M, L) - (I, M) be a FHS mapping as follows:
w(my) =1y, w(my) = ny,
V(Ci1»b1) = (Cg»dﬂ»v(az»bﬂ = (c1,d32), v(ay, by) = (c2,d>)
h(H1,A3) = (Ges)e _ ~
(Hy,A3) is FHSos in M and h(Hq,A3) = (Ge,NA3)€ is FHSOScs in .
b is FHScontra#SO mapping but b is not FHScontra®0 mapping because (H;,A3)
is FHSos in M but h(H;,A3) = (Ge,A3)€ is not FHSOcs in .

-

-

-

~

Example3.2 Let M = {my,my} and N = {ny,n,} bethe FHS initial universes and the
attributes be L = Q1 X Q, and M = Qq, X Q,, respectively. The attributes are given as:
Q1 ={ay,a;,a3}, Q2 = {by, b}
Q= {ClJ C2, C3}, Q2 = {dlr dZ} _
Let (M, L), (I, M) be the classes of FHS sets. Let the FHSs(Hq,A;) over the universe
P be defined as

B ((ay, b)), {(%' (%})r
(HuAs) = 3 (a2, b, {5 55

T= {ﬁ(gm'Q), i(gij), (HlﬂAl)} is FHSts.

Let the FHSs’s (G1,A1), (G2,Ay), (G3,0,), (GaA3), (Gs,A3), (Ge,A3), (G7,A3) over the
universe Jt be

((cz,dy), {%’ ;nfz})r }
((c1,d3), {%' %})
(Gz,/\z) _ (((Czld1)' {21_% gé})')
((cz,d3), {E a})
(53,/\2) _ (((Cz,d1)' {g?} gé})')
((cz,d3), {E &})

((cz,dy), {%,%Z}W
(GaA3) = { {(c, dz),{%'%}),

((cardy), 5%, 523

0.5’ 0.4

(61'/\1) =

-

-

-

-
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(((c2,d1), (55 521
(Gsna) = (e, d2), G2 52D
((c2 d2), {550 o)) )
(((c2,dn), (55 o)
(GeN3) = { ((c1, d2), {% %})' ’
1((02;512)' G2 )

((c2dp), oo T2

(Grhs) = {4(end2), (G5 52 ¢
((c2d2), (55 521 )

0= {O(‘JI,Q)J 1(91,Q)) (GlJAl)) (Gz;/\z); (63'/\2)' (64'/\3)' (G5,/\3), (G6'A3)' (G7r/\3)} is
FHSts.
Let h = (w,v): (M, L) = (I, M) be a FHS mapping as follows:
w(my) = ny, w(my) = ny,
V(Ci1»b1) = (C~2; dq),v(az by) = (c1,d3), v(ay, by) = (cz,d3)
h(HA1) = (G

-

-

-

~

~-

~-

(HllAl) is FHSos in 9t and b(ﬁllAl) = (Gl,Al)C 1s FHScs in It.
=~ b is FHScontraO mapping but b is not FHScontra80 mapping because (H;,A;) is
FHSos in M but h(H;,A;) = (G1,A,)€ is not FHSOcs in N.

Example 3.3 Let M = {my, my} and N = {ny,n,} be the FHS initial universes and
the attributes be L = Q1 X Q, and M = Q4, X Q,, respectively. The attributes are given as:
Q1 ={ay,a;,a3}, Q2 = {by, b}
Q1 = {c1,¢2,¢3}, Q2 = {dy, dy}. _
Let (M, L), (I, M) be the classes of FHS sets. Let the FHSs (Hi,A\y) over the
universeJt be defined as

((c2,dy), {gt} ;122})
GO ERI(CH Rt
((c2,dy), {g; 326})

T = {6(5}30), i((ﬁ,Q), (j‘]vl,/\3)} ~iS FHStf' ~ _ _ _
Let the FHSs’s (G1,MA1), (G2,A;), (G3,Ny), (Gy,A3), (Gs,A3), (Gg,A3), (G7,A3) over the

universe Jt be
Gy = {((Cz,dﬂ {gg 06»}
((cr, o), (22, 22y)
((cz,dy), {21; :;})}

62; 2) = My
(G22) {«cz.dz) (o, )
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Gy = {((Cz,dﬂ' {?nf?,gz}),
((c2,d3), {E E})
(2 dy), (22,123
(Ga3) = {{(cy, dz)'{%:%}%
k((Cz»dz)'{% g}b
(((c2,d1), (550 5a0))
(Gs.A3) = { {(cr, d2), {% %})' ’
1((02, da), {52, 23 )
(((c2,dr), (55 521
(Ge3) = { {(cr, d2), {%,%}): >
((c2 d2), GGg o)) )
(((cardy), (22,223
(G7.03) = {{(cr, d2), {%,%})' ’
((c2 d2), (Gg o)) )

0 = {0w,0) Lm0y (G1.A1), (G2,A2), (G3,A2), (GaA3), (Gs,A3), (Ge,A3), (G7,A3)} is
FHSts.
Let h = (w,v): (M, L) - (N, M) bea FHS mapping as follows:
w(my) = 1y, w(my) = ny,
v(ay,b1) = (€2,d1),v(az, b1) = (c1,dz), v(ay, by) = (2, d>)
H(H1,A3) = (GoN3)¢

~-

-

-

~

(H,,A3) is FHSos in M and H(H;,A3) = (Ga,A3)€ is FHSScs in 0.
=~ b is FHScontraSO mapping but § is not FHScontra8S0 mapping because (H;,A3)
is FHSos in M but H(H;,A3) = (G4,A3)€ is not FHSOScs in N.

Example 3.4 Let M = {my,m,} and N = {ny,n,} be the FHS initial universes and
the attributes be L = Q1 X Q, and M = Qq, X Q,, respectively. The attributes are given as:
Q1 ={ay,a3,a3}, Q2 = {by, b,}
Q1 = {c1,¢2,¢3}, Q2 = {dy, d5} _
Let (M, L), (I, M) be the classes of FHS sets. Let the FHSs (Hq,A{) over the universe
M be defined as

((ay, bq), {% ) %})'
(Hyns) = ((az»bl),{ﬁ nz}).

05’07

((anb2), (55, 2D

T = {ﬁ(gm‘Q), i(gm‘Q), (ﬁl,/\3)} 1s FHSts.
Let the FHSs’s (G1,A1), (G2,A2), (G3,A2), (GaAz), (Gs,A3), (Ge,A3), (G7,A3), (Gg,A3)
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over the universe 9t be

(G A) =

(GoA;) = |

(G3,A;) = |

p
(54;/\3) = 3

\
f

(Gs.A3) = <

\
»

(Ge\3) = 1

((cz,dy), {2%'
((cr, d2), {3
((c2,d), {55
((c2da), (5
((c2,d), {3
((c2da), (s
(CH R
((cr,da) (53
((c2d2), (o
((cz,dy), {%
((cr,d2), {55
((c2da), (5
((c2,d), {5
((c1,dy), {%
((c2,d3), {%:

-

-

-

-

-

~

-

-

-

-

‘;%g»,}
=)
=),
=)
=23,
=23)
=23),)
=),
I)nfip J
=21))
=),
=3 )
=h)
o

=3 )

9

9

~~

(e ), 2, 72
(G7.03) = {{(cr, d2), {%,%})' ’
((c2,d2), GGz o)) )
(((c2,dy), {% ) %})'\
(GaA3) = { {(cr, da), {%,%})' >

ny

(2, d2), (55 52 )

g =

{O(ER,Q)I 1(91,Q)1 (Gll/\l)' (GZIAZ)' (631/\2)' (64-'/\3)1 (GS'/\3)' (GG'/\3)' (G7'/\3)' (G7,/\3)} is FHSts.
Let h = (w,v): (M, L) - (M, M) bea FHS mapping as follows:

w(my) =1y, w(my) = ny,

V(‘}v1:b1) = (Ez: dy),v(az, by) = (c1,dz), v(ay, by) = (¢3,d;)

b(Hy,A3) = (GgA3)°

(H,,A3) is FHSos in M and §(H;,A3) = (Gg,A3)€ is FHSPcs in N.
b is FHScontraPO mapping but § is not FHScontraO mapping because (H;,A3) is
FHSos in M but h(H;,A3) = (Gg,A3)€ is not FHScs in 9.

Example 3.5 Let M = {my, my} and N = {ny,n,} be the FHS initial universes and
the attributes be L = Q1 X Q, and M = Qq, X Q,, respectively. The attributes are given as:
Q1 ={ay,a;,a3}, Q2 = {by, b}
Qll = {Cll C2, C3}, QZI = {dlr dZ}
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Let (M, L), (M, M) be the classes of FHS sets. Let the FHSs (H;,A3) over the universe
I be defined as

(((an,b1), (55,551
(HiAs) = {((az b)), {5, 2},

0.5° 0.7

((a,b2), (55, 2D

T = {ﬁ(gm‘Q), i(gm,Q), (Hl,/\3)} 1s FHSts.

Let the FHSs ’s (Gy,A1), (GoA,), (G3,A;), (Ganz), (Gs,A3), (GeA3), (G7.A3), (Gg,A3)
over the universe Jt be

(Cny) = ((c2,dy), {ﬁ'ﬁ}>”

(1 da), (22,12
((c2,dy), {% ) %})'
((c2 d2), (52, D)
((c2,dy), {% ) %})'
(2 d2), (22,22
({(cady), 2, 223 )
(Gah3) = 4 ((dez)'{%'%}),
((c2,d2), G5z o)) )
(((c2,d1), 550 5aI))
(Gs,A3) = {{(cr, d2), {% ﬁ})' >

L(cz,dz), Gooah)
(((c2,d1), {% %})'\
(Ge3) = { {(cr, d2), {% %})' ’
\((c2,d3), {% %})J
(((c2,d1), {% %})'\
(G7.03) = {{(cr, d2), {% %})' ’
\((c2,d3), {% %})J
((c2,dn), (55521
(Gg.A3) = {{(c1, d2), {%’%})' >

((c2.dy), 52, 723)

0.5’ 0.4

(GZ'/\Z) =

(G3.0;) =

-

-

-

-

~-

-

-

~-

-

0 = {0w,0) Lm,0) (G1,A1), (G2,A2), (G3,72), (GaA3), (Gs,A3), (Ge,A3), (G7,A3)} is
FHSts.
Let h = (w,v): (M, L) - (M, M) bea FHS mapping as follows:
w(my) = ny, w(my) = ny,
v(ay, by) = (€3,d1),v(ay, by) = (¢1,d3), v(ay, by) = (cz,d5)
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H(H1,A3) = (GgA3)°

(H,,A3) is FHSos in M and H(H,A3) = (Gg,A3)€ is FHSOPcs in 9.
~ b is FHScontrafP0 mappingbut § is not FHScontraSO mapping because (H;,A3)
is FHSos in M but H(H;,A3) = (Gg,A3)¢ isnot FHSScs in N.

Example 3.6 Let MM = {m;,m,} and N = {ny,n,} be the FHS initial universes and
the attributes be L = Q1 X Q, and M = Qq, X Q,, respectively. The attributes are given as:
Q1 ={ay,a;,a3}, Q2 = {by, b}
Q1 = {c1, €2, €3}, Q2 = {dy, d3}- _
Let (M, L), (I, M) be the classes of FHS sets. Let the FHSs (Hq,A3) over the universe
I be defined as

(((an,by), 55,251
(Funs) = i«az,bl),{%%}»
((a1; bz); {% ) ﬁ})

T= {G(SIR,Q)' i(gm‘Q), (H1:A3)} is FHSts.

Let the FHSs’s (Gy,M), (GoNy), (G3,A2), (GaA3), (Gs,A3), (GeAz), (G7,A3), (Gg,A3)
over the universe 9t be

(G.A;) = |

-

((c2,d0), {50 2D
(e, d2), {35 ﬁ»}
((cz,dy), {% %})'
((cz,dy), {% %})
((cz,dy), {% %})'
((cz,d3), {% %})
((Cz,dl).{%,%}).\
(Gas) = $ {(cr,d2), {55 52D,

((c2,d2), (52 521 )

((c2,d1), (55, o)
(Gs,hs) = $ (e da), (G2 gih ¢

((c2,d>), {% %})J

((c2,d1), (55 o)
(GoA3) = 3 ((cr,da), (52,520,

0.7’ 0.5

((c2.dy), 52, 723)

0.5’ 0.6

-

(62'/\2) =

-

-

(G3,A;) = |

-

-

-

-

-

-
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(((c2,dn), 55 521
IS ERCHARER N
((c2 d2), {550 2D )
(((c2di), {52, )
(Gons) = {((c1, ), o2 o2 ¢

1<(C2»d2)' {%,%})J

-

-

-

~-

0 = {00 Lm0y (G1.A1), (G2,A2), (G3,A2), (GaA3), (Gs,A3), (Ge,A3), (G7,A3)} is
FHSts.

Let h = (w,v): (M, L) - (I, M) be a FHS mapping as follows:
w(my) =1y, w(my) = ny,
V(Ci1»b1) = (‘—lzjdﬂ;v(az»bﬂ = (c1,d3), v(ay, by) = (c2,d3)
h(H1A3) = (GgiAs)e _ _

(Hy,A3) is FHSos in M and H(Hy,A3) = (Gg,A3)€ is FHSOPcs in It.

b is FHScontraBPO0 mapping but b is not FHScontraPO mapping because

(H,,A3) is FHSos in M but H(H;,A3) = (Gg,A3)€ is not FHSPcs in N.

Remark 3.1 From the results discussed above, the following diagram is obtained.

FHScontrafO

» .
FHScontradSO  FHScontraO

FHScontraSO FHScontraPO

.
FHScontrad PO

Theorem 3.1 A4 mapping H: (M, L,t) = (N, M, o) is FHScontra80 iff for every FHSs
(H,N) of (W, L, 1), H(FHSint(H,N)) 2 FHSOcL(H(H,N)).

Proof. Necessity: Assume § is a FHScontra@0 mapping and (H,A) is a FHSos in
(M, L,7) . Now, FHSint(H,A\) < (H,A) implies H(FHSint(H,A)) S H(H,A). Since b is a
FHScontrafO mapping, h(FHSint(H,A)) is FHSOcs in (N, M, o) such that H(FHSint(H,A
)) 2 b(H,A). Therefore H(FHSint(H,N)) 2 FHSOcL(H(H,N)).

Sufficiency: Assume (H,A) is a FHSos of (9,L,t). Then we have H(HA) =
H(FHSint(H,A)) 2 FHSOcl(H(H,N)). But FHSOcl (b(H,A) 2 B(HA). So, h(HA) =
FHSOcl(H,A) which implies H(H,A) is a FHSOcs of (N,M,0) and hence b is a
FHScontra60.
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Theorem 3.2 If Hh:(M,L,t) > I, M,0) is a FHScontraBO mapping, then
FHSint(6~1(G,N)) €y Y(FHSOcl(G,N)) for every FHSs (G,N) of (94, M, o).
Proof. Consider a FHSs (G,A) in (%, M, o). We know that FHSint(§~1(G,N)) is a
FHSos in (M,L,t). Since b is FHSScontraf0 , H(FHSint(h~1(G,A))) is FHSOcs in
(9, M,0) and hence H(FHSint(§h~(G,N))) S FHSOcl(h(H~1(G,N))) € FHSOcl(G,A). Thus
FHSint(5~1(G,N)) € h~1(FHSOCL(G,N)).

Theorem 3.3 A mapping bH: (M, L,t) = (I, M,0) is FHScontrabO iff for each
FHSs (G,A) of (!, M, o) and for each FHSos (H,A) of (M,L,T) containing H~2(G,N), there
isa FHSOos (A,A) of (B, M, o) such that (G,A) € (4,A) and H~2(A,N) S (H,N).

Proof. Necessity: Let b be a FHScontra80 mapping. Consider a FHScs (G,A) in
(M, M,0) anda FHSos (H,A) in (MM, L,7) such that H=*(G,A) € (H,A). Then (4,A) = (b(H,A
))¢ is FHSOos of (M, M,0) 3 b 1(A,A) € (H,N).

Sufficiency: Assume (H,A) is a FHSos of (3, L, 7). So H~1((H(H,A))¢) € (H,N)¢ and
GH.A)¢ is FHScs in (9, L, 7). By presumption, there is a FHS8os (A,A) of (N, M, o) such that
(b(H,N))€ € (A,A) and H~1(4,A) S (H,A)C. Therefore (H,A) € (h~1(4,A))¢. Hence (4,A)€ S

HA) € H((H71(4,N)°) € (A,A)°€ which implies H(H,A) = (AN)°. As (4,A)€ is FHSOcs of
(9, M, 0), h(H,A) is FHSOcs in (9, M, o) and hence b is FHScontraf0 mapping.

Theorem 3.4 A mapping bH:(M,L,t) > MW M,0) is FHScontrab0 iff

HY(FHSOcl(G,N)) 2 FHSint(H~1(G,N)) for every FHSs (G,A) of (3, M, o).
Proof. Necessity: Let § be a FHScontra0 mapping. For any FHSs (G,A) of

(M, M, o), p~1(G,A) S FHScl(h™1(G,A)). Therefore by Theorem 3.3, there exists a FHSOos
(AN in (WWM,0) 3 (GAN2AAN) & b AN 2 FHSint(h~1(G,A)). Hence
b~ L(FHSOclL(G,N) 2 7 1(4,A) 2 FHSint(h™1(G,N)).

Sufficiency: Let (G,A) be a FHSs in (9%, M,0) and (H,A) be a FHScs of (M, L,T)
containing h~1(G,A).

Put (4,A) = FHScl(G,N), then (G,A) € (A,A) and (A,A) is FHSOcs and H1(4,A) C
FHSint(§~*(G,N)) € (H,A). Thus by Theorem 3.3, § is FHS60 mapping.

Theorem 3.5 If Hh:(M,L,7) - (0, M,0) and g: (3N, M,c) = (P,N,p) be two fuzzy
hypersoft mappings and gob:(M,L,t) > (P,N,p) is FHScontraB0 mapping. If
g:(9,M,0) - (P,N,p) is FHScontraBlrr , then bH:(M,L,t)—-> (N, M,0) is FHSO0
mapping.

Proof. Let (H,A) be a FHSos in (9, L, 7). Then go h(H,A) is FHSOcs of (P,N,p)
because gob is FHScontra80 mapping. As g is FHScontra®lrr and gob(H,A) is
FHSOcs of (P,N,p), a (g h(H,A)) = b(H,A) is FHSOos in (N, M,c). Hence b is FHSOO
mapping.

Theorem 3.6 If b: (WM, L,t) - (O, M,0) is FHSO & g: (9, M,0) = (P,N,p) is
FHScontra@0 mappings, then gob: (M, L,t) = (P,N,p) is FHScontra60.
Proof. Let (H,A) be a FHSos in (I, L,7). Then H(H,A) is a FHSos of (%, M,0)
because h is a FHSO mapping. As g is FHScontraf0 , g(b(H,A)) = (goh)(HA) is a
FHSOcs of (P,N,p). Thus geob is FHScontra80 mapping.

4 Fuzzy Hypersoft Contra 8 Closed Mapping
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In this section, fuzzy hypersoft contra 6 closed maps are introduced and some of its
properties are discussed.

Definition 4.1 A4 mapping b: (M, L,t) = (N, M, 0) is fuzzy hypersoft contra 8 closed
(resp. 0 semi closed & 0 pre closed) (in short, FHScontra@C (resp. FHScontrafSC <&
FHScontra@®PC )) if the image of each FHScs of (W, L,t) is FHSOos (resp.
FHS6So0s, FHSOPos) in (9, M, 0)

Proposition 4.1 The statements hold but the converse is not.
1. Each FHScontra6C isa FHScontra8sScC.

Each FHScontra6C isa FHScontraC.

Each FHScontrafSC isa FHScontraSC.

Each FHScontraC isa FHScontra®PC.

Each FHScontraSC isa FHScontra6®PcC.

Each FHScontra®PC isa FHScontra6PcC.

ISR

Proof. Consider the map H: (I, L, t) —» (I, M, o)
1. Let (H,A) be a FHScs in M. As b is FHScontradC, H(H,A) is FHSOos in
N. Since all FHSOos are FHSOSos, h(H,A) is FHSASos in N. Hence § is a FHScontradSC.
2. Let (H,A) be a FHScs in M. As b is FHScontradC, H(H,A) is FHSOos in
N. Since all FHSOos are FHSos, h(H,A) is FHSos in 9. Hence § is a FHScontraC.
3. Let (H,A) bea FHScs in M. As b is FHScontradSC, h(H,A) is FHSOSos in
N. Since all FHSOSos are FHSSos, H(H,A) is FHSSos in 9. Hence b is a FHScontraSC.

4. Let (H,A) be a FHScs in M. As b is FHScontraC, H(H,A) is FHSos in 9.
Since all FHSos are FHSPos, h(H,A) is FHSPos in 9t. Hence § is a FHScontraPC.

5. Let (HA) be a FHScs in M. As b is FHScontraSC, H(H,A) is FHSSos in
N . Since all FHSSos are FHSOPos , HW(H,A) is FHSOPos in 9. Hence h is a
FHScontra6®cC.

6. Let (H,A) be a FHScs in M. As b is FHScontraPC, H(H,A) is FHSPos in
N . Since all FHSPos are FHSOPos , H(H,A) is FHSOPos in M. Hence b is a
FHScontra6®cC.

Example4.1 Let M = {my, m,} and It = {ny,n,} bethe FHS initial universes and the
attributes be L = Q1 X Q, and M = Qq, X Q,, respectively. The attributes are given as:
Q1 ={ay,a3,a3},Q; = {by, b}
Q1 = {c1, €2, €3}, Q2 = {dy, d3}- _
Let (M, L), (I, M) be the classes of FHS sets. Let the FHSs (Hq,A3) over the universe
I be defined as

((ay, b1)’{%’%})'
(HyA3) = {{(az, by), {% ) %})'
((aw,bo), (55, 5D)
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T = {ﬁ(gm‘Q), i(ﬂﬁ.Q)’Sﬁl’/\3)}~ is FHSES _ ~ ~ ~
Let the FHSS ’S (Gl,/\l), (Gz,/\z), (63,/\2), (64,/\3), (GSIAS)l (G6,/\3), (G7,/\3) over the
universe Jt be

((CZJ dl)' {I)n_;' I)n_z»’ ’

Gi,M\) = my
CM = ey, Ced)
(62’/\2) _ (((Cz’dl): {gé,%_é}):)
((cz,d3), {E,a})
(63,A2) _ (((Cz’dl): {;;,F;}):)

((c2d2), (2 o))
(((c2,d1), (550 oo}
@) = {(Cerd) 2,220, |
((c2,d2), {5 520 )
(((c2,d1), (550 5 aI))
(Gs,A3) = { ((c1, d2), {% %})' ’
1((52:012)' {% %})J

((c2d1), {53 520))

(GeA3) = < {(c1, d2), {% %})' ’
((c2d2) (55 521 )

((c2rdn), (g 52

(G7,A3) = < {(c1,da), {%:%})' g
((c2,d2), (G252 )

0= {O(ER,Q)I 1(91,Q)l (Gll/\l)l (GZ'/\Z)l (63'/\2)' (641/\3)' (65,/\3), (66'/\3)) (67,/\3)} is
FHSts.

Let h = (w,v): (M, L) - (M, M) bea FHS mapping as follows:
w(my) =1y, w(my) = ny,
V(Cil»bﬂ = (CZJ d1),v(az, by) = (c1,dz), v(ay, by) = (c2,dz)
H(H1,A3)¢ = (GeA3) _ _

(H,A3)¢ 1s FHScs in MM and H(H1,A3)¢ = (Gg,N\3) 1s FHSOS0s in €.

b is FHScontraBSC mapping but b is not FHScontraf@C mapping because

(H,,A3)€ is FHScs in M but §(H;,A3)¢ = (Gg,A3) is not FHSOos in N.

-

-

~

-

-

Example4.2 Let M = {my, m,} and N = {ny,n,} bethe FHS initial universes and the
attributes be L = Q1 X Q, and M = Qq, X Q,, respectively. The attributes are given as:
Q1 ={a1,a;,a3}, Q2 = {by, b}
Qll = {Cll €2, C3}, QZI = {dll dZ} -
Let (M, L), (I, M) be the classes of FHS sets. Let the FHSs (Hy,A1) over the universe
I be defined as
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i (a1, by), {52, 723),
(Hli/\l) = <(a2,b1) {315 ;123}>

T = {ﬁ(gm‘Q), i(m’Q)'Sﬁl'Al)}~is FHSES _ ~ ~ ~
Let the FHSs'’s (Gl,/\l), (Gz,/\z), (63,/\2), (64,/\3), (GSIAS)l (G6,/\3), (G7,/\3) over the

universe Jt be

_ (a0 dy), (2,023,
(Gl'/\l) = my My ¢
(1, da), (22,22
~ ((c2,dy), {gl; 813})
(GZ'/\Z) = my
(2 d2), (22,22
2:d1 my Mz
S
(o), (22, 223)
(((CZ' 1)1{81_:3'81_2}>1w
(Gas) = $ ((cr,d2), {55 52D,

(551/\3) = 1( (Cll dz)' {% ’
((c2,d3), {%,

r( (CZI dl)' {%

(66,/\3) = < ((c1,dy), {%

(G7,13) = 4

FHSts.

Let h = (w,v): (M, L) - (M, M) bea FHS mapping as follows:

w(my) =1y, w(my) = ny,

(((c20dr), o
((er,da), (5

(e, d2), (5

~

~-

-

-

)

((c2,d2), {52, 52 )
(((c2rdi), {52, 21))

=),
=3 )
=21))
=),
=3 )
=)

o,

((c2d2), {50 2D )
0 = {00y Lm,0) (G1,A1), (G2,A2), (G3.A2), (Ga,A3), (Gs,A3), (Ge,N3), (G7.A3)}

v(ay, by) = (¢3,dy),v(az by) = (¢1,d3), v(as, by) = (¢3,d3)

H(H1A)E = (GA)

(H;,A)€ is FHScs in M and H(H A = (G,A,) is FHSos in .

. b is FHScontraC mapping but b is not FHScontra8C mapping because (H;,A;)¢

is FHScs in M but h(H;,A,)€ = (G1,A,) is not FHSOos in N.

Example4.3 Let M = {my, m,} and N = {ny,n,} bethe FHS initial universes and the
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attributes be L = Q1 X Q, and M = Q4, X Q,, respectively. The attributes are given as:
Q1 ={ay,a3,a3}, Q2 = {by, b,}
Q1 = {c1,¢3,¢3}, Q2 = {dq, d;}. _
Let (M, L), (I, M) be the classes of FHS sets. Let the FHSs (Hq,A1) over the universe
N be defined as

(((c2,d1), s 521
(ﬁli/\3) = i((cl) dz),{%,%});
((c2d2), {55, 22D)

0.5’ 0.6
T = {ﬁ(m‘Q), i(m‘Q), (j‘[vl,/\3)} ~iS FHStf _ ~ ~ ~
Let the FHSs'’s (Gl,/\l), (Gz,/\z), (63,/\2), (64,/\3), (GSIAS)l (G6,/\3), (G7,/\3) over the
universe Jt be

(Gl,Al) _ ((CZI dl)' {’;1_;' ?_2})] }
<(C1' dZ)' {0_;' 0_;»

((CZI dl)' {% ’ ﬁ})'

0.3

((CZI dZ)' {% ’ %})
((CZI dl)' {% ’ ﬁ})'

0.7

((CZI dZ)' {% ’ ﬁ})
((CZ' dl)r {81_:3' %})3
(Gahg) =

(GZ'/\Z) =

(G3.0;) =

((cr,d2), {55 o2
((c2 d2), 5
((c2,d1), (5
(Gs.As) = 3 ((c1, ),
((c2,d2), {5
(((c20dr), o
(66,/\3) = < ((c1,dy), {%
(e, d2), (5
(((c2,d1), {% %})'\
(G7A3) = 1<(C1'd2)' {% %})' >
((c2,d2), (520 52D )
0= {G(m,Q); i(ilt,Q)' (G1.M), (G2A2), (G3.A2), (GauA3), (Gs,A3), (Ges), (G7.A3)} is
FHSts.
Let h = (w,v): (M, L) - (I, M) bea FHS mapping as follows:
w(my) = 1y, w(my) =ny,
V(glrbl) = (Czi d1),v(az, by) = (c1,dz), v(ay, by) = (cz,dz)
H(H1A3)C = (GaA3)

=1 )
=)
oo
ﬁ}) J
=h)
oo
=3 )

-

-

-

-

-

~-

-

-

~-
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(H;,A3)€ is FHScs in M and H(H;,A3)€ = (Gy4A3) is FHSSos in N.
b is FHScontraSC mapping but § is not FHScontra8SC mapping because
(H;,A3)€ is FHScs in M but §(H;,A3)¢ = (G4,A3) is not FHSOSos in N.

Example 4.4 Let M = {my, my} and N = {ny,n,} bethe FHS initial universes and the
attributes be L = Q1 X Q, and M = Q4, X Q,, respectively. The attributes are given as:
Q1 ={ay,a3,a3}, Q2 = {by, b}
Q1 = {c1, €2, 63}, Q2 = {dy, dr}. _
Let (M, L), (I, M) be the classes of FHS sets. Let the FHSs (Hq,A1) over the universe
I be defined as

(ApAs) = {((az, b1, {7555,
((a1,b2), (35,221 )

((ay, b)), 5 "ﬂ)l

T= {G(SIR,Q)' i(gm‘Q), (H1:A3)} is FHSts.

Let the FHSs’s (Gy,M), (GoNy), (G3,A2), (GaA3), (Gs,A3), (GeAz), (G7,A3), (Gg,A3)
over the universe 9t be

Gony = (e ), {‘;%;.%g}»}

((c1,dyp), %.gn
(Gz;/\z) _ (((Cz,dﬂ' {22'21_3}):)
((cz,dy), {E'a})
((c2,dy), {% m_;})'
((c2,d3), {:)n; :Z})
(((c2,dy), {21:3 :z}p
(GaN3) = {((cq,dy), {07 05}
((c2,d2), {52, 521 )
(((c2,dy), {% ) %})'\
(Gsiz) = {{(er, da), (55,52,
k((Cz,dz) {05 04})J
((c2,d1), (55, 521)
(Gos) = 3 ((c1,d2), {55,523,
((c2,d3), {g: 06})J
((c2,dy), {21; glz})'\
(Grn3) = {{(en, da), (55,52,
((c2,d2), (520521 )

(G3,A;) = |

~~

~~

~~
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((cardy), 5=, 52D,

¢ = d E g
(G81A3) - <(C11 2)' {03 ) 0.5})'

((c2d2), (55 52D)
g =
{O(ER,Q)J 1(91,@)! (GlJAl)' (GZJAZ)' (63,/\2), (64'/\3)) (GS'/\3)' (Gﬁ'/\3)' (G7'A3)r (67'/\3)} is FHSts.
Let h = (w,v): (M, L) - (I, M) be a FHS mapping as follows:
w(my) =1y, w(my) = ny,
V(‘}}»bﬂ = (Czi d1),v(az, by) = (¢1,dz), v(ay, by) = (¢2,d>)
H(H1A3) = (GgA3)

(H.,A3)¢ is FHScs in M and H(H;,A3)¢ = (Gg,A3) is FHSPos in N.
~ b is FHScontra®PC mapping but § is not FHScontraC mapping because (H;,A3)¢
is FHScs in M but h(H,,A3)¢ = (Gg,A3) is not FHSos in N.

Example4.5 Let M = {my,my} and N = {ny,n,} bethe FHS initial universes and the
attributes be L = Q1 X Q, and M = Q4, X Q,, respectively. The attributes are given as:
Q1 = {ay,a;,a3},Q; = {by, by}
Q1 = {c1, 2,3}, Q2 = {dy, d3}- _
Let (M, L), (I, M) be the classes of FHS sets. Let the FHSs (H,A3) over the universe
M be defined as

((a1; bl)r{%r%})'
(H1.A3) = { (a2, by), (5, 22D,
((anb2), (55, 2D
T = {ﬁ(gm'Q), i(gij), (Hl,A3)} 1s FHSts.

Let the FHSs’s (G1,A1), (GoA), (G3,A2), (GoA3), (Gs,A3), (GeAz), (G7.A3), (Gg,A3)
over the universe 9t be

(G~1,/\1) _ ((cz,dy), {gf%' gfg})r }
((c1,d3), {E' E})

(Gz,/\z) _ (((Cz,dﬂ' {f'%_%})'>
((c2,dy), {E'a})

Gy = | ((c2,dy), {§f§})' |
((c2,dy), {E'&})

((c2,d1), (52 o))
(Gas) = {{(er,do), (530 g D)

(CRIRE-)Y
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(((c2,d1), (550 5a3))
(Gs,A3) = < {(c1, da), {% g})' g
((c2 d2), {550 o)) )
(CHDR-A
(GeN3) = { ((c1, d2), {% %})' ’

1((02;512)' G2 )
(CEAR
(G7.A3) = < {(c1, d2), {% %}): g
((c2,d2), (Gg o)) )
(((c2,d1), 550 o))
(Gg.A3) = < {(c1, da), {%,%})' ;
((c2 d2), G55 o)) )

-

-

-

~

~-

~-

-

0= {O(‘R,Q)J 1(‘)2,Q)1 (Gll/\l)l (Gz;/\z): (63'/\2)1 (641/\3)' (05,/\3), (061/\3)' (671/\3)} is
FHSts.
Let h = (w,v): (M, L) - (Jt, M) be a FHS mapping as follows:
w(my) = ny, w(my) = ny,
V(Ci1»b1) = (Czi dq),v(az by) = (c1,d3), v(ay, by) = (cz,d3)
H(H1,A3)¢ = (GgA3)

(H;,A3)¢ is FHScs in M and H(H;,A3)C = (Gg,A3) is FHSOPos in N.
b is FHScontraBPC mapping but b is not FHScontraSC mapping because
(H,;,A3)€ is FHScs in M but §(H;,A3)¢ = (Gg,A3) isnot FHSSos in N.

Example 4.6 Let M = {my, m,} and It = {ny,n,} bethe FHS initial universes and the
attributes be L = Q1 X Q, and M = Qq, X Q,, respectively. The attributes are given as:
Q1 = {a1,ay, a3}, Q; = {by, b}
Q1 = {c1, €2, €3}, Q2 = {dy, d3}. _
Let (9, L), (It, M) be the classes of FHS sets. Let the FHSs (H;,A3) over the universe
Pt be defined as

((ay, b1)’{%’%})'
(HAs) = {((az by, (o=, 5 53,
((an,b2), (55, 2D
T = {ﬁ(gm‘Q), i(gm‘Q), (ﬁl,/\3)} 1s FHSts.

Let the FHSs’s (G, (GoAy), (G3,A2), (Ga3), (Gs,A3), (GeAz), (G7.A3), (Gg,A3)
over the universe Jt be
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Gy = | ((c2dy), {:— %}» |
<(C1' dz)' {E'ED

(62’/\2) _ (((Cz’dl): {gé,%_é}):)
((c2,dy), {E,a})

(63,A2) _ (((Cz’dl): {&f%,gé}):)
((c2,dy), {E,g})

(((c20dr), (g 52t
(Gans) = { ((cr,d2), (53 52D,
L((szdz)'{%':f}))
(((c2rdi), {53, 21))
(S ERCH AR

1((52:012)' {% %})J

-

-

~

r( (CZI dl)' {%

(66,/\3) = <{((c1, dy), {%

ez d2), {2
(((c2rdr),

~

-

-

-

-

mpz
0.7
my
0.5
mp
0.6

mp
0.5

23,
I
=3 )
=)
<

(G7.A3) = {{(cy, da), {%
1( (c2,d>), {%

((c2,dy), {% %})'\

(GaA3) = { {(cr, da), {% %})' ’
((c2d) (55 521 )

=3 )

~

-

-

0 = {00y Lm0) (G1,A1), (G2,A2), (G3,A2), (Gau/\3), (Gs,A3), (Go,A3), (G7,A3)} is
FHSts.

Let h = (w,v): (M, L) - (M, M) bea FHS mapping as follows:
w(my) =1y, w(my) = ny,
V(Cil»bﬂ = (CZJ d1),v(az, by) = (c1,dz), v(ay, by) = (c2,dz)
H(H1,A3)¢ = (GgiA3) _ _

(Hy,A3)¢ is FHScs in I and H(H,A3)¢ = (Gg,A3) is FHSOPos in N.

b is FHScontra@PC mapping but bh is not FHScontraPC mapping because

(H,;,A3)¢ is FHScs in M but §(H;,A3)¢ = (Gg,A3) is not FHSPos in N.

Remark 4.1 From the results discussed above, the following diagram is obtained.

Nanotechnology Perceptions Vol. 20 No. S15 (2024) 783-811



Contra 0 Open Maps and Homeomorphisms P. REVATHI 875

FHScontradC’

/N

FHScontradSC FHScontraC'

FHScontraSC  FHScontraPC
»
RS
“
FHScontradPC

Theorem 4.1 A mapping b: (M, L,t) » (I, M, 0) is FHScontraOC iff for each FHSs
(G.N) of (W, M,0) and for each FHScs (H,A) of (M,L,T) containing H~2(G,N), there is a
FHSOcs (A,N) of (%4, M, o) such that (G,A) € (A,A) and H~(4A,N) € (H,N).
Proof. Necessity: Let h be a FHScontra@C mapping. Consider a FHSos (G,A) in
(%, M,0) and a FHScs (H,A) in (M, L,T) such that H~1(G,A) € (H,A). Then (4A,A) =
1o — b (HA)°) is FHSOcs of (%, M, a) such that h~*(A,A) € (H,A).
Sufficiency: Assume (H,A) is a FHScs of (I, L, 7). Then (§(H,A))¢ is a FHSs of
(M, M,0) and (H,A) is FHSos in (9M,L,t) such that H=1((h(H,A))) < (HAN)C. By
hypotliseis, there is a FHS;HCS (A,N) of (3, M, o) such that (h(H,A))€ S (4,A) and H1(4,A
) € (H,A)¢. Therefore (H,A) S (5~ 1(4,A)). Hence (A,A)€ S H(H,NA) S H((H1(A,N)) S
(A,N)¢ which implies H(H,A) = (4,A)¢. Since (A,A)¢ is FHSBos of (M, M,0), H(H,A) is
FHSOos in (M, M, o) and hence b is FHScontra@C mapping.

Theorem 4.2 [If h: (M, L,v) > (N, M,0) is FHSC and g:(N,M,0) = (P,N,p) is
FHScontra@C mappings. Then gob: (M, L,t) - (P,N,p) is FHScontradC map.
Proof. Let (HA) be a FHScs in (M, L, 7). As b is FHSC mapping, h(H,A) is
FHScs in (%, M,0). As g is FHScontra8C mapping, (go b)(H,A) = g(h(H,A)) is FHSOos
in (P,N,p). Hence gob is FHScontrafC mapping.

Theorem 4.3 If h: (M, L, 1) > (M, M, 0) is FHScontradC map, then FHSOint(bH(H,A
)) 2 h(FHSint(H,N)).
Proof. The proof is obvious from Definition 4.1 .

Theorem 4.4 Let h: (M, L,7) - M, M,0) and g: (M, M,0) - (P,N,p) be
FHScontra@C mappings. If every FHSO0s of (M, M, o) is FHSos, then gobh: (M, L, 1) -
(P,N,p) is FHS6C.

Proof. Let (H,A) be a FHScs in (I, L, 7). As § is FHScontra8C mapping, H(H,A)
is FHSOos in (M, M,0) . By presumption, H(H,A) is FHSos of ({,M,0). As g is
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FHScontradC mapping, g(h(H,A)) = (g°b)(H,A) is FHSOcs in (P,N,p). Hence gob is
FHSOC mapping.

Theorem 4.5 Let Hh: (M, L, 1) = (M, M, 0) be a bijective mapping. Then the following
Statements are equivalent: [(i)]
1. bisa FHScontraf0 mapping.
2. b isa FHScontra8C mapping.
3. b1 is FHScontra@Cts mapping.

Proof. (i) = (ii):Let us assume that b is a FHScontraf80 mapping. By definition, if

(H,A) is a FHSos in (9, L, ), by presumption §(H,A) is a FHSOcs in (%, M, o). But now,
(H,A) is FHScs in (M, L, 7). So, L) — (H,A) is a FHSos in (9,L,7). By assumption,
b(l(gm'Q) — (H,/\)) 1s a FHSOcs in (ER, M, O'). Hence, 1(§n’Q) - I)(l(gm’Q) - (H,/\)) 1s a FHSOBos
in (O, M, o). Thus, b isa FHScontra8C mapping.

(i) = (iii): Let (H,A) bea FHScs in (9, L, 7). By assumption, h(H,A) isa FHSOos in
(9, M, 0). Hence, h(H,A) = (5~1)"1(H,A). So ! is a FHSOos in (%, M,0). Thus, h~1 is
FHScontrafCts.

(iii) = (i): Let (H,A) be a FHSos in (M, L,t). By assumption, (h~1)"*(H,A) = h(H,A
) isa FHScontra80 mapping.

5 Fuzzy hypersoft contra & homeomorphism

In this section, the concept of fuzzy hypersoft contra & homeomorphism is introduced and
its properties are discussed.

Definition 5.1 A bijection bH: (M, L,t) - (M, M,0) is called a FHScontraf
homeomorphism (resp. contra homeomorphism) (in short, FHSOcontraHom (resp.
FHScontraHom)) if h and H~' are FHScontra@Cts (resp. FHScontraCts) mappings.

Theorem 5.1 FEach FHScontra@Hom is a FHScontraHom. But the converse is not
true.

Proof. Assume b is FHScontra@Hom. Then b and b~! are FHScontra8Cts. We
know that each FHScontradCts function is FHScontraCts. So, h and b1 are
FHScontraCts. Thus, § isa FHScontraHom.

ExampleS.1 Let M = {my, m,} and It = {ny,n,} bethe FHS initial universes and the
attributes be L = Q1 X Q, and M = Qq, X Q,, respectively. The attributes are given as:
Q1 ={a1,a;,a3},Q; = {by, b}
Q1 = {c1, €2, €3}, Q2 = {dy, d3}- _ _
Let (M, L), (M, M) be the classes of FHS sets. Let the FHSs’s (Hy,A1), (HyA,),
(H3,Ay), (HyN3),(Hs,A3),(Hg,A3),(H,,A3), over the universe Mt be

(H1,/\1) _ {((ay b1)’{§’§?)'}
((az, by), {G’E})

Nanotechnology Perceptions Vol. 20 No. S15 (2024) 783-811



Contra 8 Open Maps and Homeomorphisms P. REVATHI 877

(Hz;/\z) _ {((apbﬂ'{gz'ﬁ})'
<(a1’b2)’{ﬁ’a}>
(((as, b1), (52, 523),)
(HA3) = < ((az,by), (53,523
((as, b2), (55 021 )
(((az, b1), {55, 21
(Fohs) = 4 (@2, by), (22,72 +

L(al,bz),{ﬂ =23 )

0.5’ 0.4

—

T = {00y Iamoy (HuA), (HaA2), (H3A3), (HyNs)} is FHSts.

Let the FHSs's (G1,MA), (Go,M), (G3,1A5), (GaA3), (Gs,A3), (Gg,A3), (G7,A3), over the
universe It be

~ ((c2, A1), {550 52D
(Gl’/\l) = 1'1.1 1'1.2
((c1,dy), {E'gb
g = {G(W,Q)J 1(9}0), (51,/\1)} is FHSts.
Let h = (w,v): (M, L) - (Jt,M) be a FHS mapping as follows:
w(my) =1y, w(my) =ny,
v(ay, by) = (¢z,dq),v(az, by) = (Cl’dZ)L V(a1)b2)~: (c2,d3)
_ - b(HllAl) = (Gl'/\l)c
and ™1 (Gy,A,) = (HyA)E

Here ! is FHScontraCts because (Hj,A;) is FHSos in M and H(H,A,) =
(Gy,A)€ is FHScs in ;. Also, § is FHScontraCts because (G;,A;) is FHSos in 9t and
H1(Gy,A,) is FHScs in M. Hence b is FHScontraHom. But b is not FHScontra@Hom
because (Gy,A;) is FHSos in 9t but h=1(G,,A,) is not FHSOcs in M.

Theorem 5.2 Consider a bijective mapping H: (M, L, ) - (N, M, ). The followings
Statements are equivalent if Y is FHScontra6Cts.
1. b isa FHScontra@C mapping.
2. bhisa FHScontra60 mapping.
3. bt isa FHScontra@Hom.

Proof. (i) = (ii) : Let h be a bijective mapping and a FHScontra8C mapping.
Therefore, h! is a FHScontra@Cts mapping. As each FHSos in (I, L,7) is a FHSOcs in
(M, M, 0). Hence § isa FHScontraf0 mapping.

(ii) = (iii) : Assume b is a bijective and FHScontraf0 mapping. Also, h~1 is a
FHScontra6Cts mapping. Therefore, § and §H~! are FHScontradCts . Thus, b is a
FHScontra@Hom.

(iii) = (i): Assume b is a FHScontra@Hom. So, b and h~! are FHScontradCts. As
every FHScs in (M, L,7) isa FHSOos in (9, M,0), b isa FHScontradC mapping.
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Theorem 5.3 Let b: (M, L,t) - (M, M,0) and g: (9N, M,0) = (P,N,p) be two FHS
mappings. Then the following hold: [(i)]
1. If gobh is FHScontraf0 and b is FHSCts, then g is FHScontra60.
2. If gobis FHSO and g is FHScontra@Cts, then b is FHScontra60.

Proof. The proof is obvious
6 Fuzzy Hypersoft contra @ C homeomorphism

The fuzzy hypersoft contra & C homeomorphism is introduced in this section and some of
its properties are analyzed.

Definition 6.1 A bijection b: (MM, L,7) > (N, M,0) is called a FHScontrad C
homeomorphism (in short, FHScontra@CHom) if b and b~ are FHScontra@lrr mappings.

Theorem 6.1 FEach FHScontra@CHom is a FHScontra@Hom. But not conversely.

Proof. Consider a FHSos (G,A) in (), M, o). Then (G,A) isa FHSOos in (%, M, o).

By presumption, h~1(G,A) is a FHSOcs in (M, L, 7). Therefore, § is a FHScontradCts
mapping. So, b and h! are FHSScontrafCts mappings. Thus, b is a FHScontra@Hom.

Example 6.1 Let M = {my, my} and N = {ny,n,} bethe FHS initial universes and the
attributes be L = Q1 X Q, and M = Q4, X Q,, respectively. The attributes are given as:
Q1 = {ay, a2}, Q2 = {b1}
Q1 = {c1,¢2} Q2 = {d1}- _ _ _
Let (9, L), (I, M) be the classes of FHS sets. Let the FHSs’s (Hy,A), (Hz,A), (H3,N)
over the universe 9t be

i — {«al.bl) T ‘;2»;
((az, by) {03 04})
(172,/\) _ {((a1,b1) {gé O;})}
((az, by) {07 06}>
3 (a1, b0, {2 52l
(H3,M) = 4 ((az, b1), {52, 523

T = {ﬁ(gm‘Q), i(gm‘Q), (Hl,/\), (HZ,/\)} 1s FHSts.
Let the FHSs's (Gy,N), (Gy,N), (Gs,A), over the universe Jt be

(61 A) = {((czfdﬂ {% %h}
’ ((c1,d3) {316 325»

~ {((CZ: dq), {312 gi»}
(GZ'A) ng ny
((c1,dy), {04 03}>

Nanotechnology Perceptions Vol. 20 No. S15 (2024) 783-811



Contra 8 Open Maps and Homeomorphisms P. REVATHI 879

<<c2,d1),{&,;‘+‘;}>,}

G3,N\) = e
(Gan) {((cl, d3), 52, 223)
o = {O(m'Q), 1(92,Q)' (Gl,/\), (GZ,/\), (63,/\)} 1s FHSts.
Let h = (w,v): (M, L) - (I, M) bea FHS mapping as follows:
w(my) =1y, w(my) = ny,
v(ay, b1) = (‘fg»d1)'v(cfz'b1) = (¢1,d)
h(HyA) = (QL/\)C
b({'{z»/\) = (G~2'/\)C
H(Hs,A) = (G3,N)¢
and
b_l(ql»/\) = (EL/\)C
b_l(QZ'A) = (I:IVZ'A)C
b1 (G3,N) = (H3,N)°

Here § is FHScontra@Hom but not FHScontra@CHom because (Gs,A) is FHSOos
in N but h~1(G3,A) = (H;,A) is not FHSOcs in M.

Theorem 6.2 If p:(MLt)-> O M,0) is a FHScontraBCHom , then

FHSOint(5~1(G,A)) € h~Y(FHScl(G,N)) for each FHSs (G,A) in (B, M, o).
Proof. Consider a FHSs (G,A) in (9, M,0). Since, FHScl(G,A) is a FHScs in

(M, M,0) and every FHScs is a FHSOcs in (4, M,0). As b is FHScontra@lrr ,
p Y(FHScl(G,N) is a FHSOos in (M, L,t) . Then, FHSOint(h~ (FHScl(G,N))) =
b~ Y(FHScL(G,N)). Here, FHSOint(H~1(G,N)) S FHSOint(h~ 1 (FHScL(G,N))) =
Y (FHScl(G,N)). Therefore,

FHSOint(b~1(G,A)) € b~ Y (FHScl(G,N)) for every FHSs (G,A) in (9, M, o).

Theorem 6.3 Let BH:(M,L,7) > O, M,0) be a FHScontraBCHom . Then
FHSOint(H~1(G,N)) S b — 1(FHSOcl(G,N)) for each FHSs (G,A) in (%, M, ).
Proof. As b is a FHScontra@CHom, Y is a FHScontra@lrr mapping. Consider a
FHSs (G,A) in (4, M,0). It is obvious that, FHSOcl(G,A) is a FHSOcs in (9, M,0). As
H~1(G,A) S H L(FHSOCL(G,N)), we have
FHSOint(H~1(G,N)) S FHSOint(Hh~1(FHSOcL(G,N)))
C h~Y(FHSOcI(G,N)).
Thus, FHSOint(h~1(G,A)) € b L(FHSOcl(G,N)).

Theorem 6.4 If (M Lt)-> O Mo) and o (O, M,0) - (P,N,p) are
FHScontra@CHom'’s, then gob isa FHSO8CHom.

Proof. Assume that § and g are two FHScontra@CHom’s. Let (G,A) be a FHSOcs
in (P,N,p). Then, h~1(G,A) isa FHSOos in (R, M, o). Then by hypothrsis, ~1(g71(G,A)) isa
FHSOcs in (M, L, 7). Hence, (g b))t isa FHSOIrr mapping. Assume (H,A) isa FHSOcs in
(M, L, 7). Then, by hypothesis, g(h) isa FHSOos in (R, M, o). Hence, g(h(G,A)) isa FHSOcs
in (P, N, p). This implies that g o h is a FHSOIrr mapping. Thus, go b isa FHSOCHom.
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7 Conclusion
In this paper, FHScontraf80, FHScontra8S0, FHScontra8P0, FHScontraf(C,
FHScontra8SC and FHScontra@PC maps are introduced and their properties are discussed.
Moreover, the relations between them are analyzed with the examples. Furthermore, the work was
extended to include FHScontra@Hom , FHScontraBCHom and some of its related
characteristics are derived.
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