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Determining the membership degrees in the range (0, 1) for hypersoft sets

independently of the decision-maker

Orhan Dalkili¢

Department of Mathematics, Mersin University, Yenisehir/Mersin, Turkey

ABSTRACT

Today, Molodtsov's soft set has been generalised to hypersoft sets, and the use of hypersoft set the-
ory for uncertain data has become more preferable than soft sets. However, the membership degree
of an object in hypersoft setsis 0 or 1. In order to express this situation in the range (0, 1), many math-
ematical models have been constructed by considering hypersoft sets together with fuzzy sets and
their derivatives. However, these mathematical models require the decision-maker to express the
membership degrees. It is a very difficult task for a decision-maker to determine a value in (0, 1) and
the probability of an error is very high. For this reason, the concepts relational hypersoft member-
ship degree and inverse relational hypersoft membership degree, which are given less dependent
on decision-makers, are proposed in this paper. Moreover, two decision-making algorithms are given
to use these concepts in an environment of uncertainty. Finally, the decision-making process for the

given algorithms is analysed.

1. Introduction

Uncertain data encountered in many fields need to be
addressed during data analysis to increase the robust-
ness of the results. Since classical mathematics cannot
successfully model uncertain data, researchers have
made different efforts. Fuzzy set theory, one of the first
results of these efforts, was proposed by Zadeh (1965).
This theory, which can express the belonging (i.e.
membership degree in the range [0, 1]) of an element
to any set, is a very successful mathematical model. In
particular, it is noteworthy that membership degrees,
which are only expressed as 0 and 1 in classical mathe-
matics, are generalised. However, fuzzy sets have some
difficulties in modelling uncertainty problems, espe-
cially in the application phase. Molodtsov (1999), who
thinks that the main reason for these difficulties is the
lack of a parameterisation tool, introduced the soft
set theory to the literature in 1999. Since these sets
allow us to express objects associated with a partic-
ular parameter set, better mathematical models for
uncertainty problems can be developed. Moreover, this
theory has been successfully applied in many fields
such as the theory of measurement, game theory, Rie-
mann Integration, smoothness of functions and so on.
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Since this theory proposed by Molodtsov can suc-
cessfully express uncertain situations, the application
areas of soft sets continue to increase rapidly (Bordbar
et al., 2021; Dalkilig, 2021b, 2021d; Dalkili¢ & Demir-
tas, 2020, 2021a, 2021b; Demirtas & Dalkilig, 2020;
Hayat et al., 2020; Sarwar et al., 2021).

The contribution of the parameterisation tool in
soft set theory has led to the construction of different
mathematical models. One of them is inverse soft sets
(Cetkin etal., 2016), which offer a different approach to
decision-making problems by considering the inverse
of the mapping between parameter and object set in
soft set theory. It can be said that the studies on inverse
soft set theory have increased especially in recent
years (Dalkilig, 2021a; Demirtas et al., 2020; Kamaci
et al., 2018; Khalil & Hassan, 2019; Petchimuthu
& Kamaci, 2019; Suebsan, 2019). Another important
mathematical model is the hypersoft set theory intro-
duced by Smarandache (2018). These sets are con-
structed by replacing the approximate function of
Molodtsov’s soft sets with the multi-argument approx-
imation function. Moreover, the inverse hypersoft sets
(Gilbert Rani & Muthulakshmi, 2020) are suggested
for hypersoft set, inspired by inverse soft sets.
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For all these mathematical models developed for
uncertainty problems based on parametric data, the
membership degrees are expressed as 0 and 1. In
order to overcome this situation, many theories
have been proposed by considering all these theo-
ries together with fuzzy sets and their derivatives
(Dalkilig, 2021b, 2021¢; Demirtas & Dalkilig, 2019;
Gilbert Rani & Muthulakshmi, 2020; Thsan et al., 2021;
Rahman et al, 2021; Saeed et al., 2021; Saqlain,
Jafar, et al, 2020; Smarandache, 2018; Zulgarnain
etal., 2021). However, the task of expressing the mem-
bership degrees expressed in these theories is depen-
dent on the decision-makers. In other words, the
membership degree expressed by the decision-makers
is directly accepted and the uncertainty is tried to be
overcome. However, accurately expressing a member-
ship degree in (0, 1) is quite a challenge. Therefore, the
motivation of this paper is to express the membership
degrees more mathematically as independently as pos-
sible from the decision-makers. For this purpose, the
concepts relational hypersoft membership degree and
inverse relational hypersoft membership degree are
proposed. Moreover, some of its properties are exam-
ined and examples are given for a better understand-
ing of the concepts. In addition, two algorithms are
proposed to better construct the decision-making pro-
cess of the proposed concepts under uncertain data.
How these decision-making algorithms can be applied
on an uncertainty problem is also illustrated. Finally,
the decision-making process under uncertainty for the
proposed algorithms is discussed.

2. Preliminaries

In this section, some theories from the literature are
reminded to support the concepts expressed in the
rest of the proposed paper. Some supporting infor-
mation is also provided. More detailed explanations
can be found in Smarandache (2018), Gilbert Rani
and Muthulakshmi (2020), Saeed et al. (2020), Saglain,
Jafar, et al. (2020), Saqlain, Moin, et al. (2020), espe-
cially for the hypersoft sets mentioned in this section.
..sTy} is an
initial universe and 2R is the power set of R.

Throughout this paper; R = {r,r,.

Definition 2.1 (Zadeh, 1965): A fuzzy set F over R is
asetdefined by ur : R — [0, 1]. uuf is called the mem-
bership function of F, and the value pp(r) is called the
grade of membership of r € R. The value represents

the degree of r belonging to the fuzzy set F. Thus a
fuzzy set F over R can be represented as follows:

F={(up(r)/r): 7 € R} (1)

Example 2.2: Let R = {r; : yellow,r; : pink,r3 :
orange, ry : brown, rs : purble, re : blue} be a set of
colours. If the memberships of yellow, pink, orange,
brown, purble and blue are defined as 0.42, 0.36, 0.7,
0, 0.85 and 0.2, respectively; then the fuzzy set F on R
can be written as

F = {(0.42/r1),(0.36/r2), (0.7/13), (0/r4), (0.85/r5),
(0.2/76)}

or

F = {(0.42/r1), (0.36/r2), (0.7/r3), (0.85/75),
(0.2/16)}.

Definition 2.3 (Gilbert Rani & Muthulakshmi, 2020;
Smarandache, 2018): Let &1,&>,...,&,, forn > 1, be
the distinct attributes whose corresponding attribute
values belong to the sets

I
Py ={p.pl .. opfse. Py forl <l < my,
I
Py =Py P35 s Prre e Py} forl < b < my,
Py ={pLp% .., phn . pmy forl <1, < my,

respectively, where P; N P; = ffor 1 <i,j < nandi #
j. Then,

(i) apair (P, P) is called a hypersoft set over R, where
@ is the mapping given by @ : P — 2K where P =
[1L, Pi=P; x P, x - x P,. Thus a hypersoft
set (®, P) over R can be represented by the set of
ordered pairs,

(', lp’g,l. . pf;“}l,
OUplt,pE, .., 00D

((D,P)= l(l{pllzp2 l,,p })) (2)
{py>p5>.-.»pi} €P,

I

({pl,p5,....pnY € 2R

(ii) apair (W, R) is called an inverse hypersoft set over
P, where W is the mapping given by W : R — 2F,
where P =[], Pi=P; x P, X -+ x P,. Here
2P is the power set of P. Thus an inverse hypersoft



set (W, R) over P can be represented by the set of
ordered pairs,

(W,R) ={(r,¥(r):re R¥ () €2’} (3)

State that the set of all the hypersoft sets [inverse
hypersoft sets] over R [P] will be denoted by HS(R)
[IHS(P)].

Remark 2.4: Each hypersoft set can be uniquely rep-
resented as an inverse hypersoft set.

Example 2.5: Let R = {r,ry,13,74, 75,76, 77} be the
set of most preferred hybrid cars. Let ‘& : engine
capacity’, ‘&, : colour’, ‘€3 : fuel type’ distinct attributes
whose attribute values belong to the sets P;, P, Ps,
respectively. Also, let Py = {p1 : smallest, p? : biggest},
P, = {p) : white, p3:red, p3=blue}, P3={p}:
diesel}. Here, since P = ]_[?:1 P; = P; x P x P3,then

={ {1323} (P1> 23 P31 (P113. 23 }
{p}. b, P31 (P13, 3} {01 3o P3)
Then;

(i) by Definition 2.3(i), we can describe the hyper-
soft sets as D ({p}, p3, p3}) = {r1, 73,74}, @({p1, p5,
o) ={rnrare st @Uplps pih) = {r2 16,
O ({pt. p3 p3h) = {rs,rs, 7}, @(Uptpdpih =
{rs, 15,17} and  ®({p?, p3,p3}) = {r2, 13,15, u7}.
Thus we obtain a hypersoft set

({1, p3s p3}{1/11,1/13,1/74}),
(pl. p3. p3h {1 /12, 1/14,1/16,1/17}),
({ph. 3. pAL {1 /12, 1/76})
({p}. ph, p3) A1 /13, 115, 1/17)),
({p% 3. i1 (1 /14, 1/15,1/17)),
({php3. pih{1/12,1/13,1/15,1/17})

(P, P) =

or

({P%’P%)Pé}) {7’1, r3, 1’4}),
Aph p3. pi} {ras ras e, 17)),
({p1> 3. p3} {12 76)
d{p}.p3 p3) A3, s, m7)),
(p} p3p3} {ras s, 7)),
(p3, p3> P3} (125 73,75, 17))

(ii) by Definition 2.3(ii), we can describe the inverse
hypersoft sets as

(d,P) = |

w(r) = {{p},p3- P3}}
W(r) = {{p}.p3 p3} (P} P2 P31 (P P2 P31
W(r3) = {{p1, p3- p3} (01 P P31 10T 23 P31
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W (ra) = {{p}, po P31 P15 P31 (01, 93 P31,

W(rs) = {{p, ps P31 {p1. 03 P31, (01, 23 P31},

W(re) = {{p1.p5 3} P113: 3}

W(ry) = {{p1,p3 03} (P15 3} 103, 3. 23
{1 2. p3})-

Thus we obtain an inverse hypersoft set

(ri, {1/{p1, P2 P3IDs

(r2, {1/1p1, 5, P3}, 1/1p1, 3 31>
1/{p3, 05 31D,

(r3, (1/{p}> p3> P33, 1/1pT, 3> P35
1/{p3, 05 31D,

(ra: {1/{p1. P2 P3). 1/ (P13 P3) |
1/{p1, p3: p3})>

(s, {1/{p%, 3. p3}, 1/1p3 p3. P31},
1/{p}. p3- P31D)

(s, {1/{p1, 3> P3 ) 1/1p1, 23, 3D

(r7, {1/{p1, 5 P3}, 1/1pT. 2> 3}

1/{p?.p%. 3}, 1/{p3. p3. P31D)

(U,R) = |

or

(r, {{p1> P2 P31,

(r2, {{p1> p3, 3} (P13 3D
P, 03 P31,

(rs, {{p1> p3> 3} {01, P2 P
Pt P3P

(ra, {{p1> 03> 3} {01 23> P3 )
{p1, 05,31,

(rs, {{p3, p3> 3} (01 03, P31
P, 03 P

(re, {{p1> P35, 3> 1,93, P3ID),

(r7, {{p1> P3>3 (01 P2 3D

P33, 030 (02, 3. P31

(W,R) =

In the remainder of the paper, the parameters will be
shown as {plll, plzz, ces pl,?} = plll’.'.'_",ll" for convenience.

3. Membership degrees for (inverse) hypersoft
set theory

In this section, the membership degrees expressed
by decision-makers for hypersoft sets and inverse
hypersoft sets are discussed. The concepts relational
hypersoft membership degree and inverse relational
hypersoft membership degree are proposed to accu-
rately determine the membership degrees expressed in
the range (0, 1). In addition, some properties related to
these concepts were analysed.
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First, let’s consider the membership degrees desired
to be expressed in the range (0,1) by the decision-
makers for hypersoft sets. For this, fuzzy hypersoft sets
(Smarandache, 2018), which are actually a combina-
tion of fuzzy sets and hypersoft sets, are proposed.
Moreover, many proposed mathematical models are
available (Rahman et al.,, 2020; Saeed et al., 2021;
Saqglain, Jafar, et al.,, 2020; Zulgarnain et al., 2021).
However, since it is a very difficult task to express
a value in (0, 1), we can talk about a possible mar-
gin of error in the membership degrees expressed by
decision-makers. In addition to these, it is clear that
only values 0 and 1 are expressed by the decision-
makers will cause less errors. For this reason, it is
aimed to determine the membership degrees in (0, 1)
by using only values 0 and 1 for hypersoft sets. In this
way, we propose the concept of relational hypersoft
membership degree, which we built with this moti-
vation for hypersoft sets. Thus we can express the
membership degreesin (0, 1) of all objects correspond-
ing to a parameter by making use of hypersoft sets that
express an uncertainty environment.

Definition 3.1: Let (®,P) € HS(R). For ry € R\
q’(Ptlbm;,t") and rj € q’(ptll """ t"), the relational hyper-

,,,,, ool
Treees ty

,,,, o) is exp-

(®,P)
ressed with the help of mapping given by ® :
Hoeoln
PRGN [0,1). The mapping (Relational
Hypersoft Membership Function) is given as follows:
(I1<kj<ml<t<m,2<mefork=12,...,n
and m,n > 2)

.....

)
X ey || @
1 n

,,,,,

>

.....

.....

,,,,,

ship function of ®.

Example 3.2: Let R = {r1,72,73,74,5—,} and Py =
077" P2 = (030305 ") Py = (php3 ") I
O(p1, Py p3)) = (11,73, 74, 75},
D ({p1,p3: p3)) = (12,13, 75,
O{pl.p3.p3D) = {r1, 12, 13,14},
O{pl.p3.p3) = {r1, 12, 1415},
({p1, 3, P31 = {r1,3,7al,
D ({p1, 3, P31 = {r2,73,74,75)

for P = Py x P, x Ps3; then the hypersoft set (P, P) is
written by

({P},P%’Pé}’ {7'1, r3, 14, 7'5}),
({piap%apé}’ {72’ r3, 75})’
({p1>p3 P3b {1 r2s 3,14, |

Upy Py P3birt, 12, 145 15},
({p1> 3 P53} (1113, 74})s
dph, p3. p3} {r2s 13, 14 15))

(®,P) =

Now let’s calculate all relational hypersoft membership
degrees for (P, P).
Fortij =2, tp =2,t3 = 1:

. 11,1 (®.P)
Since r— € [R\ ®(p1:223)], Il (r2,1) =0 for

1,2,3
rj € CIJ(pt;;). Thus we have
(®,P)
© (P23
(®,P) (D,P) (D, P)
) Y () + X (ror) + 1 (2, 1))
_ 1,2,3 P123 P123
T 45 (®,P) (®,P) ’
+ Y (r,r)+ X (r2,79)
1,2,2 1,3,2
P23 Pi23

Vrj € ©(pry3)
O+1+0+D+(1+1+140)
+(1+0+14+1)+(0+04+0+0)
+O0+14+1+4+1)
20

=11/20



Similarly,
Forti =1, tp =2,t3 = 1:

. 1,2,1 (©.P) L2,1yry
Sincery,rs € [R\ ®(pyy3)], then © ({py33}") =

(@P) 121
7/20and © ({p;5;3}"™) = 10/20.
Forti =1,tp =3,t3 = 1:
. 1,3,1 h (©:P) L3,1yrsy
Since r5 € [R\ <I>(p1,2,3)], then ©® ({p1)2,3} ) =
11/20.

Forti=1,t =1,t3 = 2:
[R\ @(p;y3)], then ‘© ({p“z}”) =

Since r3 €
13/20.

Forti =1, tp =2,t3 = 2:
1,2,2 (@) 1224r
Smcerz,r5 € [R\ ®(pyy3)]. then © ({p133}7?) =
8/20 and ' © ({Piﬁﬁ}’s) = 8/20.
Forti =1,tp =3,t3 = 2:

(®,P)
Since r; € [R\ <I>(pi:;:§)], then © ({pizgﬁ}rl) =
11/20.
In addition, we can write by matrix form as

r P r3 r4 rs
PrYs 1 11/20 1 1 1
Py | 7/20 1 1 1/2 1

@,P)=1{ pr33 1 1 1 1 11/20
Py 1 1 13/20 1 1
P33 1 2/5 1 1 2/5
P33 | 11/20 1 1 1 1

Now, let’s focus on inverse hypersoft sets, a the-
ory based on the inverse application of the mapping
between parameter and object set. For these sets, we
ask the decision-makers to specify only membership
degrees 0 and 1, as well. Similarly, we aim to deter-
mine the membership degrees in (0, 1) by making use
of these values. For this, the concept of inverse rela-
tional hypersoft membership degree is proposed. Thus
we can express the membership degrees in (0, 1) of all
parameters corresponding to an object by making use
of inverse hypersoft sets that express an uncertainty
environment.

.....

(¥,R)
expressed with the help of mapping given by &

RP\W() s [0,1). The mapping (Inverse Relational
Hypersoft Membership Function) is given as fol-
lows: (1 <j<m, 1 <sp,tx <my, 2<my for k=

INTERNATIONAL JOURNAL OF SYSTEMS SCIENCE . 5

1,2,...,nand m,n > 2)

(¥.R) < (p; ’"':”])
= r

[ZT 3 pi t")} (5)

Y, (p n »P1 t,,)

_ L omen@l; 2 e () =2
0, otherwise

Vre R

(W,R)
is a mapping given by Y, : [P\ W(r)] x ¥(rj)) —
{0, 1}. Here gy is the membership function of W.

Proposition 3.4: Let (®,P) € HS(R) and (V,R) €
IHS(P). Then,

...........

..........

Proof: Straightforward. [

Example 3.5: Consider Example 3.2, we have

W (r1) = {{p1, p3 03} (P13, D3} {1 3o D3
{p1p3. P31,

W (r2) = {{p1, 3 b3} {P1- 23> P31 {1 P2 D3
(1.5 P31

W (rs) = {{p}, p5 P31 {P1, P35 P31 (P1- 23 D3
o} 05 3L P15, 31,

W (ra) = {{p}, p5 P31 {P1. P35 P31 (BT, P2 D3
(P13 p3) i1 3, P31},

W(rs) = {{p1, p3» 03} (P15, D3} {1 3o D3
{p1- 2. P3})-
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Thus the inverse hypersoft set (¥, R) is written by

(1> {{p1> P> 3} (P13 P},
{p1 23 P31 P1 P2, P
(r2, ({p1> 3 P35} (P13 P3 )
2NN RTINS ZADE
(3, {{p1 P2 3} (1> P2 P31
{p1>p3 P31 {1 2. P31 (P13, 31D,
(4> {{p1> P2 3}, (P13 P3)> (P12 P,
{1 05 35 {1 23 P31,
(rs, {{p1> P> P35} P13 P31
{pl ph 31 P13 P31
Now let’s calculate all inverse relational hypersoft
membership degrees for (¥, R),
For r1=j:
Since pi%é € [P\ W(ri=)] for s =1, s = 2 and

(W,R) =

(W,R)
. 1,2,1 _t1,tat3 162,13
s3=1; then Yy (p133p153 ) =0 for p;53° €
W (r1). Thus we have

R (1513
& (7

(}If’R) 1,2,1 _ t1,t2,t3
rn (P13 P13 )

)
FT 0l g5
| el |
vp133" € W)
[ O+1+14+04+0)+(1+14+0+1+0) ]

1
4.5

+0+04+0+0+0)+(1+0+1+0+0)

20
=7/20

Similarly,
For ry:
(W,R) 1,3,2
Since py33 € [P\ W(r)], then & (#’ 23l
11/20.
For ry:

[pl,l,l]
(r2 1,2,3 )

Since 1’33, p153 € [P\ W(r2)], then

o 12
=11/20and E (r, ") = 8/20.

For rs:

(¥,R)

Since pyy3 € [P\ W(r3)], then

13/20.
For ry:

(q;r,‘R) (P12
o (r3 1,2,3 ) _

(W,R) 1,2,1
Since pi23 € [P\ W(r)], then & (> =

10/20.

For rs:
R Ipi)

1,3,1 _1,2,2 = ("5

Since py’y3,p1'y3 € [P\ W(rs)], then
W iz
=11/20and E (r; ™) = 8/20.

In addition, we can write by matrix form as

)

{pLp3p3) {pLp5p3}  (pl.p3sp3}
r 1 7/20 1
r | 11/20 1 1

(W, R) = r3 1 1 1

r4 1 1/2 1
75 1 1 11/20
{13030 {p1.p5p3) (P13 P3)

1 1 11/20

1 2/5 1 |
13/20 1 1 '

1 1 1

1 2/5 1

Remark 3.6: Consider Examples 3.2 and 3.5, the com-
parison of the results obtained is as follows:
(®,P) (W,R) r,LLI
O ((priiy) =11/20=11/20= E (23]
(®,P) (\p’_,‘R) [p1’2’1]
O (py1)") =7/20=7/20= E (r, "’
S

= (r

@@P) LLlyrgy _ _ _
(piatH =1/2=1/2=

@P) )
© (pr31}°) =11/20=11/20= E (r5 ™),

@P) 11 r (W.R) [ph12
O ((pris)™) =13/20=13/20= E (13 %),

(©.7) (W,R) 1,22
O (pyys)™) =2/5=2/5= lpi3)

& (),
(®F) (\IJ’_,‘R) [p122]
© ({pié»é}@) =2/5=2/5= E (rs 123ly
e (WR) 132
O (phihm =11/20=11/20= & (">,

Moreover, the matrix representations of the results
obtained are transposes of each other.

Proposition 3.7: Let (®,P) € HS(R) and (V,R) €
IHS(P). Then,

(®,P) Alseensln T, (lIJ’_)‘R)
O (i = 2 (o

.....

for 1<b<m, 1 <ax <my for k=1,2,...,n and
m,n > 2.

Proof: This proof is easily obtained from Defini-
tions 3.1 and 3.3. u



4. The proposed decision-making approaches

In this section, two novel decision-making algorithms
for uncertainty problems are proposed based on the
concepts proposed in the previous section.

First, a decision-making algorithm based on the
concept of relational hypersoft membership degree,
which we propose for hypersoft sets, is constructed as
follows:

Algorithm 1 Determine the best object based on a
hypersoft sets.

Require: R = {ri,r2,...75 ..., Tm}s b=
Phph. P, P=[li P for
1<t <my, 1<t<m, k=12,...,n and
m,n=>2
Step 1: Input the hypersoft set ($, P) € HS(R) as
follows:

(@, P) = {17 PPy M) : piy" € P
o(p)) € 28

Step 2: Calculate all relational hypersoft member-
ship degrees using the hypersoft set.

(®,P)
Step 3: Calculate the € (r¢) of objects r:

(®,P)
@ (rt) = Z ,u,q>(pt1, ,,,,,,,,, tn)(rt)
VP
where
Md)(ptll """ t")(rt)
1, 1 € CD(p """ )
= (,P) Hseestnyry tseenln
© ({pl,...,n ¥4, e € R\ CI)(pl,...,n )
(®,P)
Step 4: Find x, for which & (ry) =
(®,P)

max{ P (ry) : 1 <t < m}.

Now, let’s give an example to show the principles
and steps of Algorithm 1 in an environment of uncer-
tainty:

Example 4.1: Suppose a person wants to buy a
house. For this purpose, he/she has determined
some houses that he/she thinks are most suitable
for him/her, and the set of these houses is R =
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{r1,12, 73,14, 75,7¢}. In order to determine the most
suitable house for this person, we must analyse
the parametric values of the houses. Let the dis-
tinct parametric values chosen for the determined
houses be expressed as ‘& :sizes’, ‘&, : costs’, ‘&3 :
warming type’, ‘€4 : house expenses per month’ and
these values are given as Py = {p}] : small, p?} : large},

= {p} : cheap, p3 : economic, p3 = expensive}, P3 =
{p) : air conditioning}, Py = {p} : much,p? : little};
respectively. Then, for P = ]_[?:1 P,

L1 1,112 1,211 1,212 L 1,311 1,312
p— P1,2,3,4)P1,2,34’P1234’P1234>P12 3.4 ’P1234’
= SHARIVASRE 3T 2371 23710

P12,34’P1234’P1234’P1234’P1234)P1234

Step 1: We can express the evaluation result of these
values for the houses with the help of a hypersoft set as

follows:
(Pl,%,é,zlp {r1, 72,73, 75, 76}),
(Pi’é’é’zp {r1, 713,74, 76})s
(P},g’é o {12, 13,75, 76})
(Pi,é,;zp {r1, 12,13, 74}),
(P}’Z’é’zp {r3, 74,75, 76}),
(®,P) = (2P111234’{71,f3,rs,r6})

(Pl 2 3 4» {r1,r2, 14,15, 76}),
(Pl 234’ {r1, 13,14, 75}),
(Pig,;,}p {r2, 13,14, 15})
Pron (r s,

(PS;}; {r1, 73,74, 15, 76}),

(P1’2’3’4’ {7’2, 13,14, 15, 7’6})

Step 2: For (®, P), since
ry € [R\ ®(pryyhl,
1,2,1,1
ri,r4 € [R\ @(p739)]
rn € [R\ (330,
2,1,1,1
r3 € [R\ @(p730)]
r,16 € [R\ @235,
r e [R\ @3y,

then

r,1s € [R\ @(pyy3p),
rs,re € [R\ ®(py53)];
rrs € [R\ ®(py33D],
ra. s € [R\ ®(p}y3 D],
rar6 € [R\ ®(p53 D],
r € [R\ ®(p135D)

(%P)({ LLLIvray _ 5755
Prazal™) =27/55,
(®,P)

© (plz3a)™ = 18/55
(®,P)

O (sl =28/

(®,P)
® (proyal™) = 24/55,
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ot =2
O apiim = 2755,
O pitir =21
O aplaiin = 2355,
O i = 4
O (i = 411,
O pitir =29/
O apai = 36755,
O iz = 4,
O g = 2055
Caizsin =2
O apir = 23755,
O apim =2
O i =29/
O i = 2455
CACE=0REE

(®,P)
Step 3: The value &P (r1) for ri—; is calculated as

follows:

,,,,,

[ 14+1+24/55+1+23/55+1
| 414+142/54+1+1427/55

= 10.836.
Similarly,
(®,P) (®,P)
P () =8854, P (r3) =11.654,
(D,P) (d,P)
@D (r9) =9709, @ (r5) =11,
(®,P)
B (r¢) = 9.654.

(®,P) (®,P)
Step 4: Since € (r3) =max{ P (1) :1 <t <m} =
11.654, we find that r3 is the best house choice.

Second, a decision-making algorithm based on the
concept of inverse relational hypersoft membership
degree, which we propose for inverse hypersoft sets, is
constructed as follows:

Algorithm 2 Determine the best object based on an
inverse hypersoft sets.

Require: R = {r,13,... Tjs - . s Tmbs b=
P} pis - .pﬁf, ot P=Il2 P for
1<hh<mg, 1<j<m, k=12,...,n and
m,n > 2
Step 1: Input the inverse hypersoft set (V,R) €
IHS(P) as follows:

(W,R) = {(rj, ¥(r))) : rj € R, W(r)) € 2*}.

Step 2: Calculate all inverse relational hypersoft
membership degrees using the inverse hypersoft

set.
(W,R)

Step 3: Calculate the €D (1)) of objects 7;:

(W.R)

VPZ11 ,,,,, b p

,,,,, n

.....

.....

=1 LR [ [ (-
g (rj b D)l e py W)

(¥,R)

Find x, for which & (ry) =

Step 4:
(¥,R)
max{ @ (r) : 1 <j < m).

Proposition 4.2: Let (®,P) € HS(R) and (V,R) €
IHS(P). Then,

(®,P) (W,R)

(i) @@= & (r;VreRr

.....

Proof: It can be proved simply. |



Now, let’s give an example to show the principles
and steps of Algorithm 2 in an environment of uncer-

tainty:

Example 4.3: Consider Example 4.1. Then,

Step 1: The inverse hypersoft set (W,R) that
expresses the current uncertainty situation is given by

LLLL  LL12 1212 1,312
(”lé{lplllz321’1?112234’21’111234’1’1234’
P1234’P1234’P1234’P1234})
( {1111 1,21,17712,1,2 2111
P P PLag Pl
P1’2’3’4 P1’2’3’141§1’2;3’241})1
AEhEshiisg
P1234’P12231%»P12233141’P1231%’ »
(W, R) = P1’2’3’4 P1234 P1234’P1234
»R) = (rand 512 13,
4 P12331’171234’171234’171223@
P1234P1234’P1234’P1234})
211 1311 1312
P1234’11’11235;11;12232151;11234’
'y PiePialiae ()
1171234>191234I’1234311
(76, g1’11223§1’11’11123§1’3l’111234 P1234
P1’2’3’4’P1 234123, 4>P1’2’3’4})

Step 2: For (W, R), since

R e e b

LN S S

-

s

D23 PLasw PLasa € [P\ (),

25w P2 PLasm Prass € [P\ W(r2)]
2% \ W(rs3)],

prs pi%éi,piiéip?%éie[P\\If(m)],
P1234’P1234 € [P\ W(rs)],

1212 21,12 2211 2212 )
P13 PTase Prase Prass € [P\ W(re)l;

)

»—t[\)b—‘ NP—‘ Nb—‘ NN

9

P
P
€

1
1,
1,
1,
2,
1
1
1
1,

then

g sl _24/55 g (P 9355,
N T L
Y ) _yggss, B (PR 2o,
UG gy, (B gy,
(“’a%gf’??éh) — 24/55, (q’a’R)(g 11y = 3655,
(WE’R)(ripH ) = 27/55, (WE’R)( [pi%i)_z/s
@R i .

2 (r, ") = 23/55, E(f1 )_2/5
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(U,R) [,LLL2 (U,R) [,l212

g (o eily Zogss, B (o 1'2’3"*]) — 27/55,
(W,R) 12,12 (¥,R)

g (el Z o155, B (é )_24/55,
(V,R) 2,2,1,1 (W,R) 2212

g (el Z o355, & (N2l Z o355,

(W,R)
Step 3: The value € (r1) for ri—;j is calculated as

follows:

(W,R)
D= ) MW(n)(Pl,’f.’.',’ )
VP1,4..,nln ep
[ 14+ 1+424/55+1+23/55+1
+14142/5+141427/55
= 10.836.
Similarly,
(¥,R) (¥,R)
@ () =8.854, P (r3) = 11.654,
(¥,R) (W,R)
(W,R)
B (r6) = 9.654.
(¥,R) (¥,R)

Step 4: Since @ (r3) =max{ P (1)) : 1 <j<m}=
11.654, we find that r; is the best house choice. As a
result, we determine that r3 is the most suitable house
for the assumed problem.

Remark 4.4: In (inverse) hypersoft sets, the member-
ship degree of an object (a parameter) is 0 or 1. Thanks
to this paper, we can express this membership degree
in the range (0, 1). Therefore, the proposed decision-
making algorithms are better for achieving near-ideal
results than all existing algorithms for (inverse) hyper-
soft sets. Some results for the algorithms given in this
paper can be given as follows:

(i) The decision-making process for the current
uncertainty problem usually focuses on objects
providing parameters or parameters providing
objects. In both cases, it focuses on one correct
result. In this case, Algorithms 1 and 2 are equiv-
alent. In other words, no matter which algorithm
is chosen, the same result is achieved.

(ii) The basis of the proposed decision-making app-
roaches is the hypersoft set and the inverse hyper-
soft set. Therefore, Algorithms 1 and 2 can be
applied to many mathematical models such as
(plithogenic) fuzzy hypersoft sets (Smarandache,
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2018), (plithogenic) intuitionistic fuzzy hyper-
soft sets (Smarandache, 2018), (plithogenic) neu-
trosophic hypersoft sets (Smarandache, 2018),
plithogenic (crisp) hypersoft sets (Smarandache,
2018), single and multi-valued neutrosophic
hypersoft sets (Saqlain, Jafar, et al., 2020), com-
plex multi-fuzzy hypersoft sets (Saeed et al,
2021), pythagorean fuzzy hypersoft sets (Zulqar-
nain et al, 2021), neutrosophic parameterised
hypersoft sets (Rahman et al., 2021) and hypersoft
expert sets (Ihsan et al., 2021).

5. Conclusion

Soft sets, which were put forward to deal with uncer-
tainty problems based on parametric data, have led
to the construction of many mathematical models.
Hypersoft sets, which is one of these mathemati-
cal models, is a generalisation of soft sets and has
become more preferred due to the increasing num-
ber of parameters in uncertainty problems. However,
in this set model, the membership degree of an object
is expressed as 0 or 1. In order to express the member-
ship degrees in the range (0, 1), various fuzzy hybrid
models of hypersoft sets were constructed. However,
the determination of membership degrees in the range
(0,1) is focused on the decision-maker. Therefore,
in this paper, the concepts relational hypersoft mem-
bership degree and inverse relational hypersoft mem-
bership degree are proposed to express these values
independently of the decision-maker. Some examples
are given for a better understanding of these con-
cepts. Moreover, two algorithms are proposed so that
the proposed concepts can be used in the decision-
making process. Finally, an analysis based on the pro-
posed algorithms is given. We hope that the concepts
given in this paper can be useful in expressing future
mathematical models more independently of the
decision-maker.
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