
Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=tsys20

International Journal of Systems Science

ISSN: (Print) (Online) Journal homepage: https://www.tandfonline.com/loi/tsys20

Determining the membership degrees in the
range (0, 1) for hypersoft sets independently of the
decision-maker

Orhan Dalkılıç

To cite this article: Orhan Dalkılıç (2022): Determining the membership degrees in the range (0, 1)
for hypersoft sets independently of the decision-maker, International Journal of Systems Science,
DOI: 10.1080/00207721.2021.2023686

To link to this article:  https://doi.org/10.1080/00207721.2021.2023686

Published online: 13 Jan 2022.

Submit your article to this journal 

View related articles 

View Crossmark data

https://www.tandfonline.com/action/journalInformation?journalCode=tsys20
https://www.tandfonline.com/loi/tsys20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/00207721.2021.2023686
https://doi.org/10.1080/00207721.2021.2023686
https://www.tandfonline.com/action/authorSubmission?journalCode=tsys20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=tsys20&show=instructions
https://www.tandfonline.com/doi/mlt/10.1080/00207721.2021.2023686
https://www.tandfonline.com/doi/mlt/10.1080/00207721.2021.2023686
http://crossmark.crossref.org/dialog/?doi=10.1080/00207721.2021.2023686&domain=pdf&date_stamp=2022-01-13
http://crossmark.crossref.org/dialog/?doi=10.1080/00207721.2021.2023686&domain=pdf&date_stamp=2022-01-13


INTERNATIONAL JOURNAL OF SYSTEMS SCIENCE
https://doi.org/10.1080/00207721.2021.2023686

Determining the membership degrees in the range (0, 1) for hypersoft sets
independently of the decision-maker

Orhan Dalkılıç

Department of Mathematics, Mersin University, Yenişehir/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 becomemore preferable than soft sets. However, themembership degree
of an object in hypersoft sets is 0 or 1. In order to express this situation in the range (0, 1), manymath-
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
ondecision-makers, are proposed in this paper.Moreover, twodecision-making algorithms aregiven
to use these concepts in an environment of uncertainty. Finally, the decision-making process for the
given algorithms is analysed.
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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; Dalkılıç, 2021b, 2021d; Dalkılıç & Demir-
taş, 2020, 2021a, 2021b; Demirtaş & Dalkılıç, 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 et al., 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 (Dalkılıç, 2021a; Demirtaş et al., 2020; Kamacı
et al., 2018; Khalil & Hassan, 2019; Petchimuthu
& Kamacı, 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 themulti-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
(Dalkılıç, 2021b, 2021c; Demirtaş & Dalkılıç, 2019;
Gilbert Rani &Muthulakshmi, 2020; Ihsan et al., 2021;
Rahman et al., 2021; Saeed et al., 2021; Saqlain,
Jafar, et al., 2020; Smarandache, 2018; Zulqarnain
et al., 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
degreesmoremathematically 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
andMuthulakshmi (2020), Saeed et al. (2020), Saqlain,
Jafar, et al. (2020), Saqlain, Moin, et al. (2020), espe-
cially for the hypersoft sets mentioned in this section.

Throughout this paper; R = {r1, r2, . . . , rm} is an
initial universe and 2R is the power set of R.

Definition 2.1 (Zadeh, 1965): A fuzzy set F over R is
a set defined byμF : R → [0, 1].μF is called themem-
bership function of F, and the value μF(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 = {〈μF(r)/r〉 : r ∈ R} (1)

Example 2.2: Let R = {r1 : yellow, r2 : pink, r3 :
orange, r4 : brown, r5 : purble, r6 : 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/r3〉, 〈0/r4〉, 〈0.85/r5〉,
〈0.2/r6〉}

or

F = {〈0.42/r1〉, 〈0.36/r2〉, 〈0.7/r3〉, 〈0.85/r5〉,
〈0.2/r6〉}.

Definition 2.3 (Gilbert Rani &Muthulakshmi, 2020;
Smarandache, 2018): Let ξ1, ξ2, . . . , ξn, for n ≥ 1, be
the distinct attributes whose corresponding attribute
values belong to the sets

P1 = {p11, p21, . . . , pl11 , . . . , pm1
1 } for 1 ≤ l1 ≤ m1,

P2 = {p12, p22, . . . , pl22 , . . . , pm2
2 } for 1 ≤ l2 ≤ m2,

...
...

Pn = {p1n, p2n, . . . , plnn , . . . , pmn
n } for 1 ≤ ln ≤ mn,

respectively, where Pi ∩ Pj = ∅ for 1 ≤ i, j ≤ n and i 
=
j. Then,

(i) a pair (�, P) is called a hypersoft set over R, where
� is themapping given by� : P → 2R, whereP =∏n

i=1 Pi = P1 × P2 × · · · × Pn. Thus a hypersoft
set (�, P) over R can be represented by the set of
ordered pairs,

(�, P) =

⎧⎪⎪⎪⎨
⎪⎪⎪⎩
({pl11 , pl22 , . . . , plnn },
�({pl11 , pl22 , . . . , plnn })) :
{pl11 , pl22 , . . . , plnn } ∈ P,
�({pl11 , pl22 , . . . , plnn }) ∈ 2R

⎫⎪⎪⎪⎬
⎪⎪⎪⎭

(2)

(ii) a pair (� ,R) is called an inverse hypersoft set over
P, where � is the mapping given by � : R → 2P,
where P =∏n

i=1 Pi = P1 × P2 × · · · × Pn. Here
2P is the power set of P. Thus an inverse hypersoft
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set (� ,R) over P can be represented by the set of
ordered pairs,

(� ,R) = {(r,�(r)) : r ∈ R,�(r) ∈ 2P} (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 = {r1, r2, r3, r4, r5, r6, r7} be the
set of most preferred hybrid cars. Let ‘ξ1 : engine
capacity’, ‘ξ2 : colour’, ‘ξ3 : fuel type’ distinct attributes
whose attribute values belong to the sets P1, P2, P3,
respectively. Also, let P1 = {p11 : smallest, p21 : biggest},
P2 = {p12 : white, p22 : red, p32 = blue}, P3 = {p13 :
diesel}. Here, since P =∏3

i=1 Pi = P1 × P2 × P3, then

P =
{ {p11, p12, p13}, {p11, p22, p13}, {p11, p32, p13},

{p21, p12, p13}, {p21, p22, p13}, {p21, p32, p13}
}

Then;

(i) by Definition 2.3(i), we can describe the hyper-
soft sets as�({p11, p12, p13}) = {r1, r3, r4},�({p11, p22,
p13}) = {r2, r4, r6, r7}, �({p11, p32, p13}) = {r2, r6},
�({p21, p12, p13}) = {r3, r5, r7}, �({p21, p22, p13}) =
{r4, r5, r7} and �({p21, p32, p13}) = {r2, r3, r5, u7}.
Thus we obtain a hypersoft set

(�, P) =

⎧⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎩

({p11, p12, p13}, {1/r1, 1/r3, 1/r4}),
({p11, p22, p13}, {1/r2, 1/r4, 1/r6, 1/r7}),

({p11, p32, p13}, {1/r2, 1/r6})
({p21, p12, p13}, {1/r3, 1/r5, 1/r7}),
({p21, p22, p13}, {1/r4, 1/r5, 1/r7}),

({p21, p32, p13}, {1/r2, 1/r3, 1/r5, 1/r7})

⎫⎪⎪⎪⎪⎪⎪⎬
⎪⎪⎪⎪⎪⎪⎭

or

(�, P) =

⎧⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎩

({p11, p12, p13}, {r1, r3, r4}),
({p11, p22, p13}, {r2, r4, r6, r7}),
({p11, p32, p13}, {r2, r6})
({p21, p12, p13}, {r3, r5, r7}),
({p21, p22, p13}, {r4, r5, r7}),
({p21, p32, p13}, {r2, r3, r5, r7})

⎫⎪⎪⎪⎪⎪⎪⎬
⎪⎪⎪⎪⎪⎪⎭

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

�(r1) = {{p11, p12, p13}},
�(r2) = {{p11, p22, p13}, {p11, p32, p13}, {p21, p32, p13}},
�(r3) = {{p11, p12, p13}, {p21, p12, p13}, {p21, p32, p13}},

�(r4) = {{p11, p12, p13}, {p11, p22, p13}, {p21, p22, p13}},
�(r5) = {{p21, p12, p13}, {p21, p22, p13}, {p21, p32, p13}},
�(r6) = {{p11, p22, p13}, {p11, p32, p13}},
�(r7) = {{p11, p22, p13}, {p21, p12, p13}, {p21, p22, p13},

{p21, p32, p13}}.
Thus we obtain an inverse hypersoft set

(� ,R) =

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(r1, {1/{p11, p12, p13}}),
(r2, {1/{p11, p22, p13}, 1/{p11, p32, p13},

1/{p21, p32, p13}}),
(r3, {1/{p11, p12, p13}, 1/{p21, p12, p13},

1/{p21, p32, p13}}),
(r4, {1/{p11, p12, p13}, 1/{p11, p22, p13},

1/{p21, p22, p13}}),
(r5, {1/{p21, p12, p13}, 1/{p21, p22, p13},

1/{p21, p32, p13}}),
(r6, {1/{p11, p22, p13}, 1/{p11, p32, p13}}),
(r7, {1/{p11, p22, p13}, 1/{p21, p12, p13},
1/{p21, p22, p13}, 1/{p21, p32, p13}})

⎫⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎬
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎭

or

(� ,R) =

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(r1, {{p11, p12, p13}}),
(r2, {{p11, p22, p13}, {p11, p32, p13},

{p21, p32, p13}}),
(r3, {{p11, p12, p13}, {p21, p12, p13},

{p21, p32, p13}}),
(r4, {{p11, p12, p13}, {p11, p22, p13},

{p21, p22, p13}}),
(r5, {{p21, p12, p13}, {p21, p22, p13},

{p21, p32, p13}}),
(r6, {{p11, p22, p13}, {p11, p32, p13}}),
(r7, {{p11, p22, p13}, {p21, p12, p13},

{p21, p22, p13}, {p21, p32, p13}})

⎫⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎬
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎭

In the remainder of the paper, the parameterswill be
shown as {pl11 , pl22 , . . . , plnn } = pl1,...,ln1,...,n 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 themembership 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 themembership 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;
Saqlain, Jafar, et al., 2020; Zulqarnain 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 degrees in (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 rk ∈ R \
�(pt1,...,tn1,...,n ) and rj ∈ �(pt1,...,tn1,...,n ), the relational hyper-
soft membership degree of rk to �(pt1,...,tn1,...,n ) is exp-

ressed with the help of mapping given by
(�,P)
� :

P[R\�(pt1,...,tn1,...,n )] → [0, 1). The mapping (Relational
Hypersoft Membership Function) is given as follows:
(1 ≤ k, j ≤ m, 1 ≤ tk ≤ mk, 2 ≤ mk for k = 1, 2, . . . , n
andm, n ≥ 2)
(�,P)
� ({pt1,...,tn1,...,n }rk)

= 1
(m − 1)(−1 +∏n

i=1mk)

×
∑

rj∈�(pt1,...,tn1,...,n )

⎡
⎢⎣ ∑
pl1,...,ln1,...,n ∈P

⎛
⎝ (�,P)ϒ

pl1,...,ln1,...,n

(rk, rj)

⎞
⎠
⎤
⎥⎦ (4)

where
(�,P)
ϒ

pl1,...,ln1,...,n

(rk, rj)

=
{

1, μ
�
(
pl1,...,ln1,...,n

)(rk)+ μ
�
(
pl1,...,ln1,...,n

)(rj) = 2

0, otherwise
,

∀pl1,...,ln1,...,n ∈ P

is amapping given by
(�,P)
ϒ

pl1,...,ln1,...,n

(rk, rj) : [R \�(pt1,...,tn1,...,n )] ×

�(pt1,...,tn1,...,n ) → {0, 1}. Here μ
�(pl1,...,ln1,...,n )

is the member-

ship function of�.

Example 3.2: Let R = {r1, r2, r3, r4, r5=m} and P1 =
{p1=m1

1 }, P2 = {p12, p22, p3=m2
2 }, P3 = {p13, p2=m3

3 }. If

�({p11, p12, p13}) = {r1, r3, r4, r5},
�({p11, p22, p13}) = {r2, r3, r5},
�({p11, p32, p13}) = {r1, r2, r3, r4},
�({p11, p12, p23}) = {r1, r2, r4, r5},
�({p11, p22, p23}) = {r1, r3, r4},
�({p11, p32, p23}) = {r2, r3, r4, r5}

for P = P1 × P2 × P3; then the hypersoft set (�, P) is
written by

(�, P) =

⎧⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎩

({p11, p12, p13}, {r1, r3, r4, r5}),
({p11, p22, p13}, {r2, r3, r5}),
({p11, p32, p13}, {r1, r2, r3, r4}),
({p11, p12, p23}, {r1, r2, r4, r5}),
({p11, p22, p23}, {r1, r3, r4}),
({p11, p32, p23}, {r2, r3, r4, r5})

⎫⎪⎪⎪⎪⎪⎪⎬
⎪⎪⎪⎪⎪⎪⎭
.

Now let’s calculate all relational hypersoftmembership
degrees for (�, P).

For t1 = 2, t2 = 2, t3 = 1:

Since r2=k ∈ [R \�(p1,1,11,2,3)],
(�,P)
ϒ
p1,1,11,2,3

(r2, rj) = 0 for

rj ∈ �(p1,1,11,2,3). Thus we have

(�,P)
� ({p1,1,11,2,3}r2)

= 1
4.5

⎡
⎢⎢⎢⎣
(�,P)
ϒ
p1,2,11,2,3

(r2, rj)+
(�,P)
ϒ
p1,3,11,2,3

(r2, rj)+
(�,P)
ϒ
p1,1,21,2,3

(r2, rj)

+
(�,P)
ϒ
p1,2,21,2,3

(r2, rj)+
(�,P)
ϒ
p1,3,21,2,3

(r2, rj)

⎤
⎥⎥⎥⎦ ,

∀rj ∈ �(p1,1,11,2,3)

=

⎡
⎣ (0 + 1 + 0 + 1)+ (1 + 1 + 1 + 0)

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

⎤
⎦

20
= 11/20
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Similarly,
For t1 = 1, t2 = 2, t3 = 1:

Since r1, r4 ∈ [R \�(p1,2,11,2,3)], then
(�,P)
� ({p1,2,11,2,3}r1) =

7/20 and
(�,P)
� ({p1,2,11,2,3}r4) = 10/20.

For t1 = 1, t2 = 3, t3 = 1:

Since r5 ∈ [R \�(p1,3,11,2,3)], then
(�,P)
� ({p1,3,11,2,3}r5) =

11/20.
For t1 = 1, t2 = 1, t3 = 2:

Since r3 ∈ [R \�(p1,1,21,2,3)], then
(�,P)
� ({p1,1,21,2,3}r3) =

13/20.
For t1 = 1, t2 = 2, t3 = 2:

Since r2, r5 ∈ [R \�(p1,2,21,2,3)], then
(�,P)
� ({p1,2,21,2,3}r2) =

8/20 and
(�,P)
� ({p1,2,21,2,3}r5) = 8/20.

For t1 = 1, t2 = 3, t3 = 2:

Since r1 ∈ [R \�(p1,3,21,2,3)], then
(�,P)
� ({p1,3,21,2,3}r1) =

11/20.
In addition, we can write by matrix form as

(�, P) =

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

r1 r2 r3 r4 r5
p1,1,11,2,3 1 11/20 1 1 1
p1,2,11,2,3 7/20 1 1 1/2 1
p1,3,11,2,3 1 1 1 1 11/20
p1,1,21,2,3 1 1 13/20 1 1
p1,2,21,2,3 1 2/5 1 1 2/5
p1,3,21,2,3 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.

Definition 3.3: Let (� ,R) ∈ IHS(P). For ps1,...,sn1,...,n ∈
P \�(rj) and pt1,...,tn1,...,n ∈ �(rj), the inverse relational
hypersoft membership degree of ps1,...,sn1,...,n to �(rj) is

expressed with the help of mapping given by
(� ,R)
� :

RP\ψ(rj) → [0, 1). The mapping (Inverse Relational
Hypersoft Membership Function) is given as fol-
lows: (1 ≤ j ≤ m, 1 ≤ sk, tk ≤ mk, 2 ≤ mk for k =

1, 2, . . . , n andm, n ≥ 2)

(� ,R)
�

(
r
[ps1,...,sn1,...,n ]
j

)

= 1
(m − 1)(−1 +∏n

i=1mk)

∑
pt1,...,tn1,...,n ∈�(rj)

×
[∑
r∈R

(� ,R)
ϒr (ps1,...,sn1,...,n , pt1,...,tn1,...,n )

]
(5)

where

(� ,R)
ϒr (ps1,...,sn1,...,n , pt1,...,tn1,...,n )

=
{

1, μ�(r)(p
s1,...,sn
1,...,n )+ μ�(r)(p

t1,...,tn
1,...,n ) = 2

0, otherwise
,

∀r ∈ R

is a mapping given by
(� ,R)
ϒr : [P \�(rj)] ×�(rj) →

{0, 1}. Here μ�(r) is the membership function of� .

Proposition 3.4: Let (�, P) ∈ HS(R) and (� ,R) ∈
IHS(P). Then,

(�,P)
ϒ

pl1,...,ln1,...,n

(rk, rj) =
(�,P)
ϒ

pl1,...,ln1,...,n

(rj, rk)

and

(� ,R)
ϒr (ps1,...,sn1,...,n , pt1,...,tn1,...,n ) =

(� ,R)
ϒr (pt1,...,tn1,...,n , ps1,...,sn1,...,n ).

Proof: Straightforward. �

Example 3.5: Consider Example 3.2, we have

�(r1) = {{p11, p12, p13}, {p11, p32, p13}, {p11, p12, p23},
{p11, p22, p23}},

�(r2) = {{p11, p22, p13}, {p11, p32, p13}, {p11, p12, p23},
{p11, p32, p23}},

�(r3) = {{p11, p12, p13}, {p11, p22, p13}, {p11, p32, p13},
{p11, p22, p23}, {p11, p32, p23}},

�(r4) = {{p11, p12, p13}, {p11, p32, p13}, {p11, p12, p23},
{p11, p22, p23}, {p11, p32, p23}},

�(r5) = {{p11, p12, p13}, {p11, p22, p13}, {p11, p12, p23},
{p11, p32, p23}}.
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Thus the inverse hypersoft set (� ,R) is written by

(� ,R) =

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(r1, {{p11, p12, p13}, {p11, p32, p13},
{p11, p12, p23}, {p11, p22, p23}}),
(r2, {{p11, p22, p13}, {p11, p32, p13},
{p11, p12, p23}, {p11, p32, p23}}),
(r3, {{p11, p12, p13}, {p11, p22, p13},

{p11, p32, p13}, {p11, p22, p23}, {p11, p32, p23}}),
(r4, {{p11, p12, p13}, {p11, p32, p13}, {p11, p12, p23},

{p11, p22, p23}, {p11, p32, p23}}),
(r5, {{p11, p12, p13}, {p11, p22, p13},

{p11, p12, p23}, {p11, p32, p23}})

⎫⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎬
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎭

.

Now let’s calculate all inverse relational hypersoft
membership degrees for (� ,R),

For r1=j:
Since p1,2,11,2,3 ∈ [P \�(r1=j)] for s1 = 1, s2 = 2 and

s3 = 1; then
(� ,R)
ϒr1 (p

1,2,1
1,2,3, p

t1,t2,t3
1,2,3 ) = 0 for pt1,t2,t31,2,3 ∈

�(r1). Thus we have
(� ,R)
�

(
r
[p1,2,11,2,3]
1

)

= 1
4.5

⎡
⎢⎢⎢⎢⎢⎢⎢⎣

(� ,R)
ϒr2 (p

1,2,1
1,2,3, p

t1,t2,t3
1,2,3 )

+
(� ,R)
ϒr3 (p

1,2,1
1,2,3, p

t1,t2,t3
1,2,3 )

+
(� ,R)
ϒr4 (p

1,2,1
1,2,3, p

t1,t2,t3
1,2,3 )

+
(� ,R)
ϒr5 (p

1,2,1
1,2,3, p

t1,t2,t3
1,2,3 )

⎤
⎥⎥⎥⎥⎥⎥⎥⎦
,

∀pt1,t2,t31,2,3 ∈ �(r1)

=

[
(0 + 1 + 1 + 0 + 0)+ (1 + 1 + 0 + 1 + 0)

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

]
20

= 7/20

Similarly,
For r1:

Since p1,3,21,2,3 ∈ [P \�(r1)], then
(� ,R)
� (r

[p1,3,21,2,3]
1 ) =

11/20.
For r2:

Since p1,1,11,2,3, p
1,2,2
1,2,3 ∈ [P \�(r2)], then

(� ,R)
� (r

[p1,1,11,2,3]
2 )

= 11/20 and
(� ,R)
� (r

[p1,2,21,2,3]
2 ) = 8/20.

For r3:

Since p1,1,21,2,3 ∈ [P \�(r3)], then
(� ,R)
� (r

[p1,1,21,2,3]
3 ) =

13/20.
For r4:

Since p1,2,11,2,3 ∈ [P \�(r4)], then
(� ,R)
� (r

[p1,2,11,2,3]
4 ) =

10/20.

For r5:

Since p1,3,11,2,3, p
1,2,2
1,2,3 ∈ [P \�(r5)], then

(� ,R)
� (r

[p1,3,11,2,3]
5 )

= 11/20 and
(� ,R)
� (r

[p1,2,21,2,3]
5 ) = 8/20.

In addition, we can write by matrix form as

(� ,R) =

⎧⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎩

{p11, p12, p13} {p11, p22, p13} {p11, p32, p13}
r1 1 7/20 1
r2 11/20 1 1
r3 1 1 1
r4 1 1/2 1
r5 1 1 11/20

{p11, p12, p23} {p11, p22, p23} {p11, p32, p23}
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)
� ({p1,1,11,2,3}r2) = 11/20 = 11/20 =

(� ,R)
� (r

[p1,1,11,2,3]
2 ),

(�,P)
� ({p1,1,11,2,1}r1) = 7/20 = 7/20 =

(� ,R)
� (r

[p1,2,11,2,3]
1 ),

(�,P)
� ({p1,1,11,2,1}r4) = 1/2 = 1/2 =

(� ,R)
� (r

[p1,2,11,2,3]
4 ),

(�,P)
� ({p1,1,11,3,1}r5) = 11/20 = 11/20 =

(� ,R)
� (r

[p1,3,11,2,3]
5 ),

(�,P)
� ({p1,1,11,1,2}r3) = 13/20 = 13/20 =

(� ,R)
� (r

[p1,1,21,2,3]
3 ),

(�,P)
� ({p1,1,11,2,2}r2) = 2/5 = 2/5 =

(� ,R)
� (r

[p1,2,21,2,3]
2 ),

(�,P)
� ({p1,1,11,2,2}r5) = 2/5 = 2/5 =

(� ,R)
� (r

[p1,2,21,2,3]
5 ),

(�,P)
� ({p1,1,11,3,2}r1) = 11/20 = 11/20 =

(� ,R)
� (r

[p1,3,21,2,3]
1 ).

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

Proposition 3.7: Let (�, P) ∈ HS(R) and (� ,R) ∈
IHS(P). Then,

(�,P)
� ({pa1,...,an1,...,n }rb) =

(� ,R)
� (r

[pa1,...,an1,...,n ]
b )

for 1 ≤ b ≤ m, 1 ≤ ak ≤ mk for k = 1, 2, . . . , n and
m, n ≥ 2.

Proof: This proof is easily obtained from Defini-
tions 3.1 and 3.3. �
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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 = {r1, r2, . . . rt , . . . , rm}, Pk =

{p1k, p2k, . . . ptkk , . . . , pmk
k }, P =∏n

k=1 Pk, for
1 ≤ tk ≤ mk, 1 ≤ t ≤ m, k = 1, 2, . . . , n and
m, n ≥ 2
Step 1: Input the hypersoft set (�, P) ∈ HS(R) as
follows:

(�, P) = {(pt1,...,tn1,...,n ,�(pt1,...,tn1,...,n )) : p
t1,...,tn
1,...,n ∈ P,

�(pt1,...,tn1,...,n ) ∈ 2R}
Step 2: Calculate all relational hypersoft member-
ship degrees using the hypersoft set.

Step 3: Calculate the
(�,P)⊕

(rt) of objects rt :

(�,P)⊕
(rt) =

∑
∀pt1,...,tn1,...,n ∈P

μ
�(pt1,...,tn1,...,n )

(rt)

where

μ
�(pt1,...,tn1,...,n )

(rt)

=
{

1, rt ∈ �(pt1,...,tn1,...,n )
(�,P)
� ({pt1,...,tn1,...,n }rt), rt ∈ R \�(pt1,...,tn1,...,n )

Step 4: Find x, for which
(�,P)⊕

(rx) =
max{

(�,P)⊕
(rt) : 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 =

{r1, r2, r3, r4, r5, r6}. 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 ‘ξ1 : sizes’, ‘ξ2 : costs’, ‘ξ3 :
warming type’, ‘ξ4 : house expenses per month’ and
these values are given as P1 = {p11 : small, p21 : large},
P2 = {p12 : cheap, p22 : economic, p32 = expensive}, P3 =
{p13 : air conditioning}, P4 = {p14 : much, p24 : little};
respectively. Then, for P =∏4

i=1 Pi,

P =
{

p1,1,1,11,2,3,4, p
1,1,1,2
1,2,3,4, p

1,2,1,1
1,2,3,4, p

1,2,1,2
1,2,3,4, p

1,3,1,1
1,2,3,4, p

1,3,1,2
1,2,3,4,

p2,1,1,11,2,3,4, p
2,1,1,2
1,2,3,4, p

2,2,1,1
1,2,3,4, p

2,2,1,2
1,2,3,4, p

2,3,1,1
1,2,3,4, p

2,3,1,2
1,2,3,4

}

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

(�, P) =

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(p1,1,1,11,2,3,4, {r1, r2, r3, r5, r6}),
(p1,1,1,21,2,3,4, {r1, r3, r4, r6}),
(p1,2,1,11,2,3,4, {r2, r3, r5, r6})
(p1,2,1,21,2,3,4, {r1, r2, r3, r4}),
(p1,3,1,11,2,3,4, {r3, r4, r5, r6}),
(p1,3,1,21,2,3,4, {r1, r3, r5, r6})
(p2,1,1,11,2,3,4, {r1, r2, r4, r5, r6}),
(p2,1,1,21,2,3,4, {r1, r3, r4, r5}),
(p2,2,1,11,2,3,4, {r2, r3, r4, r5})
(p2,2,1,21,2,3,4, {r1, r2, r3, r5}),
(p2,3,1,11,2,3,4, {r1, r3, r4, r5, r6}),
(p2,3,1,21,2,3,4, {r2, r3, r4, r5, r6})

⎫⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎬
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎭

Step 2: For (�, P), since

r4 ∈ [R \�(p1,1,1,11,2,3,4)], r2, r5 ∈ [R \�(p1,1,1,21,2,3,4)],

r1, r4 ∈ [R \�(p1,2,1,11,2,3,4)], r5, r6 ∈ [R \�(p1,2,1,21,2,3,4)],

r1, r2 ∈ [R \�(p1,3,1,11,2,3,4)], r2, r4 ∈ [R \�(p1,3,1,21,2,3,4)],

r3 ∈ [R \�(p2,1,1,11,2,3,4)], r2, r6 ∈ [R \�(p2,1,1,21,2,3,4)],

r1, r6 ∈ [R \�(p2,2,1,11,2,3,4)], r4, r6 ∈ [R \�(p2,2,1,21,2,3,4)],

r2 ∈ [R \�(p2,3,1,11,2,3,4)], r1 ∈ [R \�(p2,3,1,21,2,3,4)];

then
(�,P)
� ({p1,1,1,11,2,3,4}r4) = 27/55,
(�,P)
� ({p1,1,1,21,2,3,4}r2) = 18/55,
(�,P)
� ({p1,1,1,21,2,3,4}r5) = 28/55,
(�,P)
� ({p1,2,1,11,2,3,4}r1) = 24/55,
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(�,P)
� ({p1,2,1,11,2,3,4}r4) = 2/5,
(�,P)
� ({p1,2,1,21,2,3,4}r5) = 27/55,
(�,P)
� ({p1,2,1,21,2,3,4}r6) = 21/55,
(�,P)
� ({p1,3,1,11,2,3,4}r1) = 23/55,
(�,P)
� ({p1,3,1,11,2,3,4}r2) = 4/11,
(�,P)
� ({p1,3,1,21,2,3,4}r2) = 4/11,
(�,P)
� ({p1,3,1,21,2,3,4}r4) = 23/55,
(�,P)
� ({p2,1,1,11,2,3,4}r3) = 36/55,
(�,P)
� ({p2,1,1,21,2,3,4}r2) = 4/11,
(�,P)
� ({p2,1,1,21,2,3,4}r6) = 24/55,
(�,P)
� ({p2,2,1,11,2,3,4}r1) = 2/5,
(�,P)
� ({p2,2,1,11,2,3,4}r6) = 23/55,
(�,P)
� ({p2,2,1,21,2,3,4}r4) = 2/5,
(�,P)
� ({p2,2,1,21,2,3,4}r6) = 23/55,
(�,P)
� ({p2,3,1,11,2,3,4}r2) = 24/55,
(�,P)
� ({p2,3,1,21,2,3,4}r1) = 27/55.

Step 3: The value
(�,P)⊕

(r1) for r1=t is calculated as
follows:

(�,P)⊕
(r1) =

∑
∀pt1,...,tn1,...,n ∈P

μ
�(pt1,...,tn1,...,n )

(r1)

=
[

1 + 1 + 24/55 + 1 + 23/55 + 1
+1 + 1 + 2/5 + 1 + 1 + 27/55

]

= 10.836.

Similarly,

(�,P)⊕
(r2) = 8.854,

(�,P)⊕
(r3) = 11.654,

(�,P)⊕
(r4) = 9.709,

(�,P)⊕
(r5) = 11,

(�,P)⊕
(r6) = 9.654.

Step 4: Since
(�,P)⊕

(r3) = max{
(�,P)⊕

(rt) : 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 = {r1, r2, . . . rj, . . . , rm}, Pk =

{p1k, p2k, . . . plkk , . . . , pmk
k }, P =∏n

k=1 Pk, for
1 ≤ lk ≤ mk, 1 ≤ j ≤ m, k = 1, 2, . . . , n and
m, n ≥ 2
Step 1: Input the inverse hypersoft set (� ,R) ∈
IHS(P) as follows:

(� ,R) = {(rj,�(rj)) : rj ∈ R,�(rj) ∈ 2P}.
Step 2: Calculate all inverse relational hypersoft
membership degrees using the inverse hypersoft
set.

Step 3: Calculate the
(� ,R)⊕

(rj) of objects rj:

(� ,R)⊕
(rj) =

∑
∀pl1,...,ln1,...,n ∈P

μ�(rj)(p
l1,...,ln
1,...,n )

where

μ�(rj)(p
l1,...,ln
1,...,n )

=
⎧⎨
⎩

1, pl1,...,ln1,...,n ∈ �(rj)
(� ,R)
�

(
r
[pl1,...,ln1,...,n ]
j

)
, pl1,...,ln1,...,n ∈ P \�(rj)

Step 4: Find x, for which
(� ,R)⊕

(rx) =
max{

(� ,R)⊕
(rj) : 1 ≤ j ≤ m}.

Proposition 4.2: Let (�, P) ∈ HS(R) and (� ,R) ∈
IHS(P). Then,

(i)
(�,P)⊕

(r) =
(� ,R)⊕

(r); ∀r ∈ R.
(ii) μ

�(pl1,...,ln1,...,n )
(r) = μ�(r)(p

l1,...,ln
1,...,n ) for 1 ≤ lk ≤ mk,

k = 1, 2, . . . , n and n ≥ 2, ∀r ∈ R.

Proof: It can be proved simply. �
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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 (� ,R) that

expresses the current uncertainty situation is given by

(� ,R) =

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(r1, {p1,1,1,11,2,3,4, p
1,1,1,2
1,2,3,4, p

1,2,1,2
1,2,3,4, p

1,3,1,2
1,2,3,4,

p2,1,1,11,2,3,4, p
2,1,1,2
1,2,3,4, p

2,2,1,1
1,2,3,4, p

2,3,1,1
1,2,3,4}),

(r2, {p1,1,1,11,2,3,4, p
1,2,1,1
1,2,3,4, p

1,2,1,2
1,2,3,4, p

2,1,1,1
1,2,3,4,

p2,2,1,11,2,3,4, p
2,2,1,2
1,2,3,4, p

2,3,1,2
1,2,3,4}),⎛

⎝r3,
⎧⎨
⎩

p1,1,1,11,2,3,4, p
1,1,1,2
1,2,3,4, p

1,2,1,1
1,2,3,4,

p1,2,1,21,2,3,4, p
1,3,1,1
1,2,3,4, p

1,3,1,2
1,2,3,4, p

2,1,1,2
1,2,3,4,

p2,2,1,11,2,3,4, p
2,2,1,2
1,2,3,4, p

2,3,1,1
1,2,3,4, p

2,3,1,2
1,2,3,4

⎫⎬
⎭
⎞
⎠,

(r4, {p1,1,1,21,2,3,4, p
1,2,1,2
1,2,3,4, p

1,3,1,1
1,2,3,4, p

2,1,1,1
1,2,3,4,

p2,1,1,21,2,3,4, p
2,2,1,1
1,2,3,4, p

2,3,1,1
1,2,3,4, p

2,3,1,2
1,2,3,4}),⎛

⎝r5,
⎧⎨
⎩
p1,1,1,11,2,3,4, p

1,2,1,1
1,2,3,4, p

1,3,1,1
1,2,3,4, p

1,3,1,2
1,2,3,4,

p2,1,1,11,2,3,4, p
2,1,1,2
1,2,3,4, p

2,2,1,1
1,2,3,4,

p2,2,1,21,2,3,4, p
2,3,1,1
1,2,3,4, p

2,3,1,2
1,2,3,4

⎫⎬
⎭
⎞
⎠,

(r6, {p1,1,1,11,2,3,4, p
1,1,1,2
1,2,3,4, p

1,2,1,1
1,2,3,4, p

1,3,1,1
1,2,3,4,

p1,3,1,21,2,3,4, p
2,1,1,1
1,2,3,4, p

2,3,1,1
1,2,3,4, p

2,3,1,2
1,2,3,4}),

⎫⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎬
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎭

.

Step 2: For (� ,R), since

p1,2,1,11,2,3,4, p
1,3,1,1
1,2,3,4, p

2,2,1,1
1,2,3,4, p

2,3,1,2
1,2,3,4 ∈ [P \�(r1)],

p1,1,1,21,2,3,4, p
1,3,1,1
1,2,3,4, p

1,3,1,2
1,2,3,4, p

2,1,1,2
1,2,3,4, p

2,3,1,1
1,2,3,4 ∈ [P \�(r2)]

p2,1,1,11,2,3,4 ∈ [P \�(r3)],
p1,1,1,11,2,3,4, p

1,2,1,1
1,2,3,4, p

1,3,1,2
1,2,3,4, p

2,2,1,2
1,2,3,4 ∈ [P \�(r4)],

p1,1,1,21,2,3,4, p
1,2,1,2
1,2,3,4 ∈ [P \�(r5)],

p1,2,1,21,2,3,4, p
2,1,1,2
1,2,3,4, p

2,2,1,1
1,2,3,4, p

2,2,1,2
1,2,3,4 ∈ [P \�(r6)];

then

(� ,R)
� (r

[p1,2,1,11,2,3,4]
1 ) = 24/55,

(� ,R)
� (r

[p1,3,1,11,2,3,4]
1 ) = 23/55,

(� ,R)
� (r

[p2,2,1,11,2,3,4]
1 ) = 2/5,

(� ,R)
� (r

[p2,3,1,21,2,3,4]
1 ) = 27/55,

(� ,R)
� (r

[p1,1,1,21,2,3,4]
2 ) = 18/55,

(� ,R)
� (r

[p1,3,1,11,2,3,4]
2 ) = 4/11,

(� ,R)
� (r

[p1,3,1,21,2,3,4]
2 ) = 4/11,

(� ,R)
� (r

[p2,1,1,21,2,3,4]
2 ) = 4/11,

(� ,R)
� (r

[p2,3,1,11,2,3,4]
2 ) = 24/55,

(� ,R)
� (r

[p2,1,1,11,2,3,4]
3 ) = 36/55,

(� ,R)
� (r

[p1,1,1,11,2,3,4]
4 ) = 27/55,

(� ,R)
� (r

[p1,2,1,11,2,3,4]
4 ) = 2/5,

(� ,R)
� (r

[p1,3,1,21,2,3,4]
4 ) = 23/55,

(� ,R)
� (r

[p2,2,1,21,2,3,4]
4 ) = 2/5,

(� ,R)
� (r

[p1,1,1,21,2,3,4]
5 ) = 28/55,

(� ,R)
� (r

[p1,2,1,21,2,3,4]
5 ) = 27/55,

(� ,R)
� (r

[p1,2,1,21,2,3,4]
6 ) = 21/55,

(� ,R)
� (r

[p2,1,1,21,2,3,4]
6 ) = 24/55,

(� ,R)
� (r

[p2,2,1,11,2,3,4]
6 ) = 23/55,

(� ,R)
� (r

[p2,2,1,21,2,3,4]
6 ) = 23/55.

Step 3: The value
(� ,R)⊕

(r1) for r1=j is calculated as
follows:
(� ,R)⊕

(r1) =
∑

∀pl1,...,ln1,...,n ∈P
μ�(r1)(p

l1,...,ln
1,...,n )

=
[

1 + 1 + 24/55 + 1 + 23/55 + 1
+1 + 1 + 2/5 + 1 + 1 + 27/55

]

= 10.836.

Similarly,
(� ,R)⊕

(r2) = 8.854,
(� ,R)⊕

(r3) = 11.654,
(� ,R)⊕

(r4) = 9.709,
(� ,R)⊕

(r5) = 11,
(� ,R)⊕

(r6) = 9.654.

Step 4: Since
(� ,R)⊕

(r3) = max{
(� ,R)⊕

(rj) : 1 ≤ j ≤ m} =
11.654, we find that r3 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.

Ethical approval

This article does not contain any studies with human
participants or animals performed by any of the
authors.

Data availability statement

Data sharing is not applicable to this article as no new
data were created or analysed in this study.

Disclosure statement

No potential conflict of interest was reported by the author(s).

Notes on contributor

Orhan Dalkılıç received his M.Sc. in Mathematics in 2020
from the University of Mersin, Turkey and is now a Ph.D.
student in the same field. His research interests are topology
fuzzy set theory, rough set theory, soft set theory, neutro-
sophic set theory, decision making and their applications. He
is the founder of virtual fuzzy parameterized soft sets with his
co-authors.

ORCID

Orhan Dalkılıç http://orcid.org/0000-0003-3875-1398

References

Bordbar, H., Khademan, S., Borzooei, R. A., Zahedi, M. M., &
Y. B. Jun (2021). Double-framed soft set theory applied to
hyper BCK-algebras.NewMathematics and Natural Compu-
tation, 17(1), 215–228. https://doi.org/10.1142/S179300572
1500113

Cetkin, V., Aygunoglu, A., & Aygun, H. (2016). A new
approach in handling soft decision making problems. Jour-
nal of Nonlinear Sciences and Applications, 9(1), 231–239.
https://doi.org/10.22436/jnsa

Dalkılıç, O. (2021a). A novel approach to soft set the-
ory in decision-making under uncertainty. International
Journal of Computer Mathematics, 98(10), 1935–1945.
https://doi.org/10.1080/00207160.2020.1868445

Dalkılıç, O. (2021b). An application of VFPFSS’s in decision
making problems. Journal of Polytechnic. https://doi.org/10.
2339/politeknik.758474

Dalkılıç, O. (2021c). Generalization of neutrosophic para-
metrized soft set theory and its applications. Journal of Poly-
technic. https://doi.org/10.2339/politeknik.783237

Dalkılıç, O. (2021d). Relations on neutrosophic soft set and
their application in decision making. Journal of Applied
Mathematics and Computing, 67, 257–273. https://doi.org/
10.1007/s12190-020-01495-5

Dalkılıç, O., & Demirtaş, N. (2020). Bipolar soft filter. Journal
of UniversalMathematics, 3(1), 21–27. https://doi.org/10.337
73/jum.679829

Dalkılıç, O., & Demirtaş, N. (2021a). Bipolar fuzzy soft
D-metric spaces. Communications Faculty of Sciences Uni-
versity of Ankara Series A1 Mathematics and Statistics, 70(1),
64–73. https://doi.org/10.31801/cfsuasmas.774658

Dalkılıç, O., & Demirtaş, N. (2021b). VFP-soft sets and its
application on decision making problems. Journal of Poly-
technic. https://doi.org/10.2339/politeknik.685634

Demirtaş, N., & Dalkılıç, O. (2019). An application in the
diagnosis of prostate cancer with the help of bipolar soft
rough sets. In International Conference on Mathematics and
Mathematics Education (ICMME 2019) (p. 283).

http://orcid.org/0000-0003-3875-1398
https://doi.org/10.1142/S1793005721500113
https://doi.org/10.22436/jnsa
https://doi.org/10.1080/00207160.2020.1868445
https://doi.org/10.2339/politeknik.758474
https://doi.org/10.2339/politeknik.783237
https://doi.org/10.1007/s12190-020-01495-5
https://doi.org/10.33773/jum.679829
https://doi.org/10.31801/cfsuasmas.774658
https://doi.org/10.2339/politeknik.685634


INTERNATIONAL JOURNAL OF SYSTEMS SCIENCE 11

Demirtaş, N., & Dalkılıç, O. (2020). Decompositions of soft α-
continuity and soft A-continuity. Journal of NewTheory (31),
86–94.

Demirtaş, N., Hussaın, S., & Dalkılıç, O. (2020). New
approaches of inverse soft rough sets and their applications
in a decisionmaking problem. Journal of AppliedMathemat-
ics and Informatics, 38(3–4), 335–349.https://doi.org/10.143
17/jami.2020.335

Gilbert Rani,M., &Muthulakshmi, K. (2020). Inverse hypersoft
set theory. Journal of Shanghai Jiaotong University, 16(10),
114–120.

Hayat, K., Ali, M. I., Karaaslan, F., Cao, B. Y., & Shah, M.
H. (2020). Design concept evaluation using soft sets based
on acceptable and satisfactory levels: An integrated TOP-
SIS and Shannon entropy. Soft Computing, 24(3), 2229–2263.
https://doi.org/10.1007/s00500-019-04055-7

Ihsan, M., Rahman, A. U., & Saeed, M. (2021). Hypersoft
expert set with application in decision making for recruit-
ment process. Neutrosophic Sets and Systems, 42, 191–207.
https://doi.org/10.5281/zenodo.4711524

Kamacı, H., Saltık, K., Fulya Akız, H., & Osman Atagün,
A. (2018). Cardinality inverse soft matrix theory and its
applications in multicriteria group decision making. Jour-
nal of Intelligent and Fuzzy Systems, 34(3), 2031–2049.
https://doi.org/10.3233/JIFS-17876

Khalil, A. M., & Hassan, N. (2019). Inverse fuzzy soft set
and its application in decision making. International Jour-
nal of Information and Decision Sciences, 11(1), 73–92.
https://doi.org/10.1504/IJIDS.2019.096630

Molodtsov, D. (1999). Soft set theory-first results. Com-
puters & Mathematics with Applications, 37(4–5), 19–31.
https://doi.org/10.1016/S0898-1221(99)00056-5

Petchimuthu, S., & Kamacı, H. (2019). The row-products
of inverse soft matrices in multicriteria decision making.
Journal of Intelligent and Fuzzy Systems, 36(6), 6425–6441.
https://doi.org/10.3233/JIFS-182709

Rahman, A. U., Saeed, M., & Dhital, A. (2021). Decision mak-
ing application based on neutrosophic parameterized hyper-
soft set theory. Neutrosophic Sets and Systems, 41, 1–14.
https://doi.org/10.5281/zenodo.4625665

Rahman, A. U., Saeed, M., Smarandache, F., & Ahmad, M. R.
(2020). Development of hybrids of hypersoft set with com-
plex fuzzy set, complex intuitionistic fuzzy set and complex
neutrosophic set (38). Infinite Study.

Saeed, M., Ahsan, M., & Abdeljawad, T. (2021). A develop-
ment of complex multi-fuzzy hypersoft set with application
in MCDM based on entropy and similarity measure. IEEE
Access, 9, 60026–60042. https://doi.org/10.1109/ACCESS.
2021.3073206

Saeed, M., Ahsan, M., Siddique, M. K., & Ahmad,M. R. (2020).
A study of the fundamentals of hypersoft set theory. Interna-
tional Journal of Scientific and Engineering Research, 11(1),
2229–5518.

Saqlain, M., Jafar, N., Moin, S., Saeed, M., & Broumi, S. (2020).
Single and multi-valued neutrosophic hypersoft set and
tangent similarity measure of single valued neutrosophic
hypersoft sets. Neutrosophic Sets and Systems, 32, 317–329.
https://doi.org/10.5281/zenodo.3723165

Saqlain, M., Moin, S., Jafar, M. N., Saeed, M., & Smaran-
dache, F. (2020). Aggregate operators of neutrosophic
hypersoft set. Neutrosophic Sets and Systems, 32(1), 294–
306.

Sarwar, M., Akram, M., & Shahzadi, S. (2021). Bipolar fuzzy
soft information applied to hypergraphs. Soft Computing,
25(5), 3417–3439. https://doi.org/10.1007/s00500-021-056
10-x

Smarandache, F. (2018). Extension of soft set to hypersoft set,
and then to plithogenic hypersoft set. Neutrosophic Sets and
Systems, 22, 168–170.

Suebsan, P. (2019). Inverse int-fuzzy soft bi-ideals over semi-
groups. Annals of Fuzzy Mathematics and Informatics, 18(1),
15–30. https://doi.org/10.30948/afmi

Zadeh, L. A. (1965). Fuzzy sets. Information and Control,
8(3), 338–353. https://doi.org/10.1016/S0019-9958(65)902
41-X

Zulqarnain, R. M., Xin, X. L., & Saeed, M. (2021). A Develop-
ment of Pythagorean fuzzy hyper soft set with basic opera-
tions and decision-making approach based on the correla-
tion coefficient. Theory and Application of Hypersoft Set, 6.
https://doi.org/10.5281/zenodo.4788064

https://doi.org/10.14317/jami.2020.335
https://doi.org/10.1007/s00500-019-04055-7
https://doi.org/10.5281/zenodo.4711524
https://doi.org/10.3233/JIFS-17876
https://doi.org/10.1504/IJIDS.2019.096630
https://doi.org/10.1016/S0898-1221(99)00056-5
https://doi.org/10.3233/JIFS-182709
https://doi.org/10.5281/zenodo.4625665
https://doi.org/10.1109/ACCESS.2021.3073206
https://doi.org/10.5281/zenodo.3723165
https://doi.org/10.1007/s00500-021-05610-x
https://doi.org/10.30948/afmi
https://doi.org/10.1016/S0019-9958(65)90241-X
https://doi.org/10.5281/zenodo.4788064

	1. Introduction
	2. Preliminaries
	3. Membership degrees for (inverse) hypersoft set theory
	4. The proposed decision-making approaches
	5. Conclusion
	Disclosure statement
	ORCID
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.90
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.90
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [609.704 794.013]
>> setpagedevice


