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Abstract Hypersoft set is an extension of soft set where there is more
than one set of attributes occur and it is very much helpful in multi cri-
teria group decision making problem. In Hypersoft set, the function F is
a multi-argument function.In this paper we have used the notion of Fuzzy
Hypersoft Set(FHSS) which is a combination of Fuzzy set and Hypersoft set
and in earlier research work the concept of Fuzzy Hypersoft set was miss-
ing. Fuzzy Hypersoft Set gives more flexibility as compared to Fuzzy Soft
Set(FSS) to tackel the parameterized problems of uncertainty.To overcome
the issue where FSS cannot be used, there is a dire need of another environ-
ment which is known as FHSS. It works well when there is more complexity
involved in the parametric data.This work includes some basic set theoretic
operations and for the reliability and the authenticity of these operations,
we have successfully applied them in some suitable examples.All these oper-
ations are very useful in various decision making problems.
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1 Introduction

Uncertainty is a part and parcel of our life and it exist in various forms . The
classical set theoretical approach can’t find out any way to deal with incom-
plete information i.e the information which is blurred.For scientific compu-
tation of such types of data we need a powerful tool which gives us a precise
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idea of an object. Finally, Fuzzy set theory was introduced by L.A.Zadeh[1]in
1965 for dealing with uncertain, incomlete information in a systematic way.In
fuzzy set theory, every object of the set has some membership value and it
is called degree of membership and it always lies in the unit closed inter-
val[0,1]. In classical set theory, there is only two possibilities of an object i.e
we choose 1 for belongingness and 0 for non belongingness of an object. So,
Fuzzy set theory is the extension of classical set theory in which we are en-
abled to extend the range of a domain under fuzzy environment where each
object is a fuzzy word or fuzzy sentence, fuzzy axiom etc.An element be-
longs to a fuzzy set means it takes any value which ranges from 0 to 1.1t has
been successfully applied in different branches of Mathematics such as game
theory, pattern recognition, image processing, optimization, probability,logic
etc. It gives a general framework for modeling the vague concept.But, we
know that every theory has its own limitations.Using fuzzy set theory ,we
only determine the degree of membership of an object,but there is no scope
of non-membership degree. But we have experienced with the co-existance
of agreement-disagreement, truth-falsity, success-failure, action-reaction etc
in real life scenerio to make a balance between two opposite concept.To re-
alise the importance of non-membership value along with membership value
another set theoretical notion whics is known as Intuitionistic fuzzy set(IFS)
was introduced by K.Attanosov[2]in 1986.In IFS, every object has two values
such as membership and non-membership values which depend on each other
and their sum always less or equal to 1.After the introduction of fuzzy set
theory, many researchers and mathematicians work on it in several directions
and applied it successfully in decision making problem and developed new
theories, propositions , axioms etc. Some of their contributions are given in
(3, 4, 5]

Due to the more complexity in the nature of uncertainty in a data the
above mentioned types of sets are not sufficient for mathematical model-
ing. Which leads to the introduction of Soft set(SS). Soft set was introduced
by Molodtsov[6] in 1999.1t is the more general framework of modeling the
vagueness in parametric manner. It has been successfully applied in different
fields with great success.Some of the novel works on soft set theory given
in [7, 8,9, 10, 11, 12]. By combining the fuzzy set and soft set a new con-
cept called Fuzzy soft set(FSS) was introduced by Maji et al.[13] in 2001.In
[14, 15],FSS theory has been successfully applied.

Recently, Smarandache [16] generalize the concept of Soft set to Hypersoft
set(HSS), where the function F is transformed into multi-attribute function.
The main motivation of using HSS is that when the attributes are more than



one and further bisected, the soft set environment cannot be applied to han-
dle such types of cases.So, there is a worth need to define a new approach to
solve such type of problems.

In this work we have introduced the concept of Fuzzy Hypersoft Set(FHSS)
which is a combination of Fuzzy set and Hypersoft set. Then we have defined
different set theoretic operations on them and then there is an attempt to
use these operations successfully in multi criteria decision making problem
with the help of a suitable example.

2 Preliminaries

This section includes some basic operations with examples which are useful
for subsequent discussions.

2.1 Definition [1]

Let X be a non empty set. Then a fuzzy set A is a set having the form
A ={(z,pa(z)) : x € X}, where the function py : X — [0, 1] is called the
membership function and p4(z) is called the degree of membership of each
element r € X.

2.2 Definition [6]

Let U be an initial universe and F be a set of parameters. Let P(U) denotes
power set of U and A C E. Then the pair (F, A) is called a soft set over U,
where F' is a mapping given by F': A — P(U).

2.3 Definition [13]

Let U be an initial universe and E be a set of para meters. Let IV be the set
of all fuzzy subsets of U and A C E . Then the pair (F, A) is called a fuzzy
soft set over U, where F' is a mapping given by F': A — IY.

2.4 Definition [16]

Let £ be the set of universe and P(€) be a power set of €. Consider [*,1%,.......1",
for n > 1, be n well defined attributes, whose corresponding values are re-
spectively the set L', L2 .......L™ with L'NLJ = ¢, for i#j andi,j € {1,2,....,n}
then the pair(F, L' x L? X L3 X ....ccoocvn.. x L™) is said to be Hypersoft set
over &, where F': L' x L? x ... x L" — P(§).



2.4.1 Example

Let U = {c1, ¢, c3,¢4} be the set of universe and N = {ci,c3} € U. We
consider the attributes be x; = Size, x5 = Color, x5 = Costprice(in dollar)
, vy = Mileage and x5 = Model and their respective values are respectively
given by

Size = X; = {small, medium, big}

Color = Xy = {white, black, red, blue}

Costprice(in dollar) = X5 = {1000, 1050, 1080, 2000}

Mileage(in kmpl) = X, = {24,21,27,19}

Model = X5 = {Maruti Suzuki Dzire, Honda Amaze,Tata Tigor, Ford
Figo}

Let the function be :

F: X; x Xy x X3 x Xy x X5 — P(U)

In respect of N, one has assume that

F = ({big,red, 1080, 27, Honda Amaze}) = {c1, c3}

3 Fuzzy Hypersoft set

In this section we have defined Fuzzy Hypersoft set and some set theoretic
operations along with suitable examples.

3.1 Definition

Let ¢ be the universe of discourse and P(s) be the power set of ¢, suppose
[Y2,.....0", for n > 1, be n well defined attributes, whose corresponding
values are respectively the set L',L?,...... L™ with L' N L7 = ¢, for i#j and
i,je{1,2,...,n}and L' x L? x ..... x L™ = S, then the pair (F,95) is said
to be Fuzzy Hypersoft set(FHSS) over ¢, where F: L' x L? x ..... x L™ —
P(s) and Ts=F(L' x L* x ..... X L")={< z,u(F(S))) > x € <}, where
i is the membership function which determines the value of the degree of
belongingness and p : ¢ — [0, 1].

3.1.1 Example

Let us consider an example where we have proposed a data which is suitable
for selecting a plot of land by the decision makers. Suppose ¢ be the set
of decision makers to decide the best plot given as ¢={d', d? d*, d* d°} and
A={d", d3,d°} C.

Consider the set of attributes as P'=Plot size(in sq.ft), P?= Plot location,



P3=Cost of plot(in sq.ft) and P*=Surrounding of a plot and their corre-

sponding values are given as
P1={2000, 1745, 1100, 900, 1245}, P>={ Ramnagar, Badharghat, AkhauraRoad, KrishnaNagar.

P3={4135, 3812, 3907, 2547}, P*={ Shoppingmall, Railwaystation, Airport, Multispecialisthosp:
Therefore, F': P x P? x P x P* — P(s)
We have the following tables for their fuzzy values

Table 1: Decision making fuzzy values for the size of the plot

Pl(Plot size in sq.ft) | d' | & | @ | d* | &°
2000 0.6 | 0.5]0.7]041]0.8
1745 0609101]05]0.5
1100 0.6 | 07104108105
900 03102105]|061|0.2
1245 0.5107108]|06|0.8

Table 2: Decision making fuzzy values for the location of the plot
P?(Plot location) | d* | d* | d&® | d* | &°
Ramnagar 0.81090.7|08|09
Badharghat 07108106 | 07|06
Akhaura Road | 0.6 | 0.8 | 0.5 | 0.6 | 0.8
Krishna Nagar | 0.4 | 03| 0.2 ] 0.3 0.2
Narsingarh 0.8106 0510709

Table 3: Decision making fuzzy values for the cost of the plot

P3(Plot cost in per sq.ft) | d' | @2 | & | d* | &°
4135 0.5]104]08|05]|0.7
3812 0.8|1061]08]|06]|0.8
3907 0.8 04108106 |09
2547 06|06 1]05]|07|0.6

Table 4: Decision making fuzzy values for the surrounding of the plot

P*(Plot surrounding) | d' | &% | & | d* | &°
Shopping Mall 07106080508
Railway Station 0.6 040508 0.7
Airport 0.5 071061 08]|0.7
Multispecialist Hospital | 0.3 | 0.7 | 0.5 | 0.4 | 0.7
Highway 04]07]0606|0.8




Then for the set A={d", d®,d°} we define the Fuzzy Hypersoft set in the
following form:
F={1100, Ramnagar, 3812, Shoppingmall}={< d*, (1100, 0.6), (Ramnagar, 0.8), (3812, 0.8), (sho
, < d3,(1100,0.4), (Ramnagar, 0.7), (3812, 0.8), (shoppingmall, 0.8) >, < d°, (1100, 0.5), (Ramnag

}

In a similar manner we can construct 5 x 5 x 4 x 5 = 500 such fuzzy
Hypersoft set for set A as far as the attribute values are concered. Though
it is large number but with the help of Data Science both the computation
process and its stroage are a very easy practice. So, their is a lot of choices
made by the decision makers among which we can choose the one which is
suitable for us in all the perspective. Such type of facility is not available if
we use fuzzy soft set. So, the concept of Fuzzy Hypersoft set gives us a scope
to extend our critical thinking in a systematic manner and it also the need
of the hour and by using it we also redefine or extend the earlier concept by
introducing various properties on Fuzzy Hypersoft sets and all these proper-
ties are more valid and more reliable as compared to the existing one.

It is to be noted that the set of all Fuzzy Hypersoft Set over ¢ is denoted
by FHSS(s.)

3.2 Definition

Let I's € FHSS(s), where L' x L? x ... x L" = S. If Vo € ¢, S=® then 'y
is called an FHS-null set and it is denoted by I'.

3.3 Definition

Let I's € FHSS(s), where L' x L? x ..... X L™ = S. If S is a crisp set and
Vo € ¢ I'g = ¢ then I'g is called the FHS-universal set.

3.4 Definition

Let I's, I’y € FHSS(s). Then I's is said to be a FHS-sub set of I'z i.e
['s CI'p if SCT and p(F(S)) < p(F(T)).

3.5 Proposition
For I's,I'r,T'r € FHSS(s), we have the following results:

1. ForI'sCIl'yand 'y Cl'gy = I's=1¢

2. ForFSQFTandFTQFR = [ CI'g
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3. Ty C Ty

3.6 Definition

Let I's € FHSS(<).Then the complement of I'g is denoted by(I's)¢ and it is
defined as (I's)*={< z,1 — u(F(S)) >: z € }.

3.7 Proposition

We have the following propositions which are based on FHS-complement set

1. (Tg)e =

2. (T'p)¢ =< (in case of crisp set)

3. TsUl'r)=T¢ NI (De Morgans law)
4. T'sNI'r)=T5UTl% (De Morgans law)

3.8 Definition

Let I's,I'r € FHSS(s). Then their union is denoted by I's U I'r and it is
defined as
s Uy = {< z,maz(u(F(9)),w(F(T))) > Ve € SNT}

3.9 Definition
Let I's,I'r € FHSS(s). Then their intersection is denoted by I's N 'y and

it is defined as
LCsNTr ={< z,min(u(F(S)), u(F(T))) >:Ve e SNT}
3.10 Proposition
For any ', I'r,I'gr € FHSS(s) we have the following:

1. TsUl'r=T'7rUTlgand 's NT'r =TrNTg

2. TsU(TrUTlg) =(TguUl'r)Ulgand TsN(I'rNTR) = (TsNT7)UTR
3. TsU(CsNTy) =g and TgN (Cs UTy) = O
(
(

)
4. FS U FT ﬂFR) = (FS UFT) N (FS UFR) and
)

IsN (D7 ULR) = (s NT7) U (D NTR)



4 Weightage of Fuzzy Hypersoft Set in Deci-
sion Making

In example 3.1.1, we have determined only one Fuzzy Hypersoft set though
there are 500 different choices are available.As we know that Computer sci-
ence is an integral part of Mathematics then by using suitable software we
can easily enumerate all these 500 cases within few minutes as it is quite
difficult to do manually, thats why we avoid such lengthy calculation. But
one thing is there among these 500 cases, which is the best choice for the
customer? Without any proper decision making of all the items we donot
say, this or that is the best choice or there may be a multiple choices for
the customer. For that purpose we need to find the weitage of each Fuzzy
Hypersoft set by using the following formula:

WZlFHbl‘S(gﬂ Sy maz(p(d)) | Epy |

where | FHSS(s) |= number of Fuzzy Hypersoft sets over ¢
maz(p(d"))= maximum fuzzy membership value with respect to the decision
maker
| Zpy |= number of fuzzy attribute values corresponding to the set of at-
tribute

We have to determine W for each and every Fuzzy Hypersoft set of the
given problem. After that we choose the best choice for the customer which
has the maximum weightage. In case of a tie there may be a multiple choice
for a customer. In such case it depends on him or her to pick up the suitable
choice as he or she wish to pick.

5 Application

There is a huge scope of the use of Fuzzy Hypersoft set in various ar-
eas such as forecasting,bussiness management,traffic control,pattern recog-
nition,similarity measures,cryptography,neural networking,computer science
,data science,sociology etc.

6 Conclusion

Here we have used the nevel concept known as Hypersoft set which was
introduced by F.Smarandache in 2018(168-170).By combining the fuzzy set



and hypersoft set a new concept Fuzzy Hypersoft set is introduced.Fuzzy
Hypersoft set is the more generalized form of Fuzzy soft set.So in this paper
an attempt has been made to study the new concept of Fuzzy Hypersoft set
and its types and discuss some set theoretic operations and proposition on
them.With the help of an reliable and valid example it also be shown that
how this concept is more effective in multicriteria decision making problem
as compared to the earlier existing concepts.It also be discussed in which area
we can apply this concept successfully.In future we also extend this concept
by introducing intuitionistic fuzzy set,interval valued fuzzy set,complex fuzzy
set,interval valued intuitionistic fuzzy set,rough set etc.

References

[1] L.A.Zadeh,Fuzzy Sets, Information and Control 8(1965), 338-353.

[2] K.Atanassov, Intuitionistic fuzzy sets,Fuzzy Sets and Systems 20(1986),
87-96.

[3] H.J.Zimmermann,Fuzzy set theory and its applications,Kluwer Aca-
demic Publishers,1993.

[4] K.Atanassov and G.Gargov, Interval valued intuitionistic fuzzy
sets,Fuzzy Sets and Systems 3(1989),343-349.

[5] M.Gorzalczany,A method of inference in approximate reasoning based
on interval-valued fuzzy sets, Fuzzy Sets and Systems 21(1987),1-17.

[6] D.Molodtsov,Soft set theory-first result, Computers and Mathematics
with Applications 37(1999), 19-31.

[7] ML.IL.ALi,F.Feng,X.Liu,W.K.Min and M.Shabir,On some new operations
in soft set theory,Computers and Mathematics with Applications
57(2009),1547-1553.

[8] H.Aktas and N.Cagman,Soft sets and soft groups,Information Sciences
177(2007),2726-2735.

[9] N.Cagman and S.Enginoglu,Soft set theory and uni-int decision mak-
ing,European Journal of Operational Research 207(2010),848-855.

[10] N.Cagman and S.Enginoglu,Soft matrix theory and its decision mak-
ing,Computers and Mathematics with Applications 59(2010),3308-3314.



[11] P.K.Maji,A.R.Roy and R.Biswas,An application of soft sets in a deci-
sion making problem,Computers and Mathematics with Applications
44(2002),1077-1083.

[12] P.K.Maji,R.Biswas and A.R.Roy,Soft set theory,Computers and Math-
ematics with Applications 45(2003),555-562.

[13] P.K.Maji,R.Biswas and A.R.Roy,Fuzzy soft sets,Journal of Fuzzy Math-
ematics 9(2001),589-602.

[14] N.Cagman,S.Enginoglu and F.Citak,Fuzzy soft set theory and its appli-
cations,Iranian Journal of Fuzzy Systems 8(2011),137-147.

[15] A.R.Roy and P.K.Maji,Afuzzy soft theoretic approach to decision
making problems,Journal of Computational and Applied Mathematics
203(2007), 412-418.

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

10



