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1. Introduction

Considering the application of soft fuzzy set in basic sciences, engineering and medicine, we came to examine a
type of application of this set in one of the technical and engineering disciplines. We examined this set and designed
the soft internal multiplication in this application space with the help of space L* and definition, and the need for an
operator in this design made us define the cumulative operator on the soft fuzzy set and examine its properties. We
turned it into matrix operations so that we could get results for more complex calculations than software R.
Software R is a programming language and software environment for statistical calculations and data science. It
contains a wide range of statistical techniques of linear modeling and non-linear and graphic capabilities. To start
the design, we had to define electric waves and their types and wave characteristics, and we did the design and
calculations both manually and with the help of software and mentioned it. In soft fuzzy sets, the operator
Cumulative is the best choice according to the desired criteria in the following articles, we will work on the use of
this operator and how to select it in medical sciences.
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2. Preliminaries

In this section, we present the basic definitions of soft set theory [23] and fuzzy set theory [39] that are useful
for subsequent discussions. These definitions and more detailed explanations related to the soft sets and fuzzy sets
can be found in [4, 21, 23] and [41], respectively. Then we have defined f s-sets and their operations. In the soft
sets, given in Section 2, the parameter sets and the approximate functions are crisp. But in the fs-sets, while the
parameters sets are crisp, the approximate functions are fuzzy subsets of U. From now on, we will use T, Ty, I
..., etc. for fs-sets and w4, ug, lc,-.., etc. for their fuzzy approximate functions, respectively. Throughout this

work, U refers to an initial universe, E is a set of parameters, P (U) is the power set of U,and AcC E .
Definition 1: A soft set f, over U is a set defined by a function f, representing a mapping

faif » PU)suwchthat £,(x) = ¢ if xgA

Here, f, is called approximate function of the soft set f,, and the value f, (x) is a set called x-element of the soft
set for all x E. It is worth noting that the sets f, (x) may be arbitrary, empty, or have nonempty intersection. Thus a
soft set over U can be represented by the set of ordered pairs:

fa={Gxfa (X)) XeE, f(x) € P(U)}.
Note that the set of all soft sets over U will be denoted by S(U ).
Definition 2: Let U be a universe. A fuzzy set X over U isaset defined by a function
Ue representing a mapping:
pe:U - [0,1],

Ue is called the membership function of X, and the value pe(u) is called the grade of membership of ueU.
The value represents the degree of u belonging to the fuzzy set X. Thus, a fuzzy set X over U can be represented
as follows:

X = {(puX/w:u U,pX (), [0,1]}
Note that the set of all the fuzzy sets over U will be denoted by F (U ) .
Definition 3: An fs-set T's over U is a set defined by a function u, representing a mapping
Ya i E > F(U) suchthat y,(x) = ¢ if xgA.
Here, v, is called fuzzy approximate function of the fs-set FA, and the value y,(x) is a set called
x-element of the fs-set for all x € E. Thus, an fs-set I'a over U can be represented by the set of ordered pairs
= {(puax) s x € E,ua(x) € F (U )}
Note that the set of all fs-set over U will be denoted by FS(U ).
Definition 4: Let [, e FS(U ). If uy(x) = @ for all xeE, then T} is called an empty fs-set, denoted by Ij.
denoted by T;. If A = E, then the A-universal fs-set is called universal fs-set, denoted by Tj.

Definition 5. Let T, T, eFS(U). Then, T, is an fs-subset of Ty, denoted by T, Tp, if
Ya (x) < yg (x) forall xeE.

Definition 6: Let Iy, I3 e FS(U ). Then, I, and Iy are fs-equal, writtenas [, and T , if and only if ya(x) =
ye(x) for all xeE.

Definition 7: Let I, I € FS(U). Then, the union of I, and Iz, denoted by I, N Tj, is defined by its
fuzzy approximate function
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J/AnB(X) = ya(X) N ye(x) forallx € E.

Definition 8: A vector space consists of a set V (elements of V are called vec-tors), a field F (elements of Fare
called scalars), and two operations. An operation called vector addition that takes two vectors v,w €V, and
produces a third vector, written v+ w € V. An operation called scalar multiplication that takes a scalar c € Fand a
vector v € V, and produces a new vector, written cve V. which satisfy the following conditions:

1. Associativity of vector addition: (u+v) +w=u+ (v+w)forallu,vyweV.

2. Existence of a zero vector: There is a vector in V, written 0 and called the zero vector, which has the property
that u+ 0 = u forallueV.

3. Existence of negatives: For every u € V, there is a vector inV, written —u and called the negative of u, which
has the property that u + (—u) = 0.

4. Associativity of multiplication: (ab)u = a(bu) foranya,b € Fandu € V.
5. Distributivity: (a+b)u = au+bu and a(u+v) = au+av forall a,b€F andu,v €V.
6. Unitarity: lu = uforallu € V.

Definition 9: If x is a vector space over F(C,R), a semi-inner product on y is a function u: y X y — F such that
all» B inFand x,y,zin ¥, the following conditions are satisfied:

a) u(¥x+By,z) =vu(xz) + Bu(y,z)
b) u(x,xy+ Bz) = vu(x,y) + Bu(x, z)
c) uxx)=0

d) u(xy) =u(y,x)

e) u(x,0)=u(0,y) =0 forall x,yin.

f) if u(x,x) =0 ,thenx =0, An inner product on xin this paper will be denoted by < x,y >= u(x,y).
Corollary 1: if <.,.> is a semi-innerproduct on x and lIxll =< x,x >1/2.

For all x iny ,then
a) lIx+yl <lxll+llyl for x,y in ¥
b) lxxll = Ixllxll for ¥ in F and x in y if <.,.>isaninner product, then
c) lixll =0 impliesx = 0.

Definition 10: We defined spaces L7(R) for all p € [1,00]. The case p = 2 plays a very special role [8]. We
have:

12[0.27] ={f: [0.27] - C: (f(|f|2dt)%) < oo}
<f.g>=[f.gdt : forall f.g € L*[0.2n]

1
df—g) =If-gl=[[If-gl*dt].
In this article, we used the five types of electric waveforms (Figures 1-5) [3].
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3. fs-aggregatiom

In this section, we define an fs-aggregation operator that produces an aggregate fuzzy set from an fs-set and its
cardinal set. The approximate functions of an fs-set are fuzzy. An fs-aggregation operator on the fuzzy sets is an
operation by which several approximate functions of an fs-set are combined to produce a single fuzzy set which is
the aggregate fuzzy set of the fs-set. Once an aggregate fuzzy set has been arrived at, it may be necessary to choose
the best single crisp alternative from this set.

Definition 11: Let [, e FS(U). Assume that U = {uq,u,,u3, ..., U}, E = {s1,52,53,...,Sm}, and A C E,
then the T, can be presented by Table 1:

Table 1. Membership function matrix

M X1 X3 e Xn

Uy Hya(xy) (ul) Hya(xy) (ul) #]/A(xn) (ul)
Uz Hya(xy) (uz) HyA(xy) (uZ) .uyA(xn) (uz)
Un Hya(xy) (um) HyAa(xy) (um) HyA(xy) (um)

where  uy,(x)(u) isthe membership function of 4. If a;; wuya(x;)(w;) ,fori = 1,2,...,m and
j = 1,2,...,n, thenthefs-setTy is uniquely characterized by a matrix,

ai1 Q12 = Qi

[a- ] _ | @21 Q22 S /77
Ulmxn : : . :

AGm1 Am2 -+ Amn

is called an mxn fs-matrix of the fs-set I over U.

Definition 12: Let T, e FS(U). Then, the cardinal set of T4, denoted by cI’; and defined by
TA = {ucTA (x) /x: x € E},

is a fuzzy set over E. The membership function u.r, of cIy, is defined by

Hergi B> [01]. per, (o) = 142,

where |U] is the cardinality of universe U , and y,(x) is the scalar cardinality of fuzzy set y,(x).
Note that the set of all cardinal sets of the fs-sets over U will be denoted by cFS(U ).
Itis clear that cFS(U ) < F (E).
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Definition 12: Let T, € FS(U ) and c[, e cFS(U ). Assume that E = {xq,x5, ..., X} and AcE, then c[4 can be
presented by Table 2:

Table 2. Cardinal matrix

E xl xZ xn

MCFA ‘ HCFA (xl) HCFA ('xZ) HCFA (xn)
If al; = pcl'A (x;) for j = 1,2,...,n, then the cardinal set c['A is uniquely characterized by a matrix,

[alj]lxn = [all ai ...aln]

which is called the cardinal matrix of the cardinal set cI's over E.

Definition 14: Let T, FS(U ) and ¢, ecFS(U ). Then fs-aggregation operator, denoted by
FSagg, is defined by
FSagg : cFS(U)XFS(U) - F (U), FSagg(cTA,TA) = Iy

where FSagg is a fuzzy set over U .I" is called the aggregate fuzzy set of the fs-set I . The membership function
ury, of I is defined as follows:

1
pry U - [01]. ppy (W) = EZ ther , Oty a (X py a0y (W),
XEE
where |E| is the cardinality of E.

Definition 15: Let T, € FS(U ) and I4 be its aggregate fuzzy set. Assume that U = {uy, uy, us, ..., up,}, then the I
can be presented by Table 3:

Table 3. Aggregate matrix
T4 | b,

Ui | HUry (u1)
U2 | Hry (uz)

Um tul"fq (um)

Ifagy = I (us) fors = 1,2,...,m, then I} is uniquely characterized by the matrix

a1
_ | @21
[aij]mm -
Am1
which is called the aggregate matrix of I;” over U.

Theorem 1. Let [,€FS(U) and ACE. If Mp,, M., and ply are represtation matrixses I, cI, and I
respectively, then

|E| X My, = Mry X M,

where MCTFA is the transposition of M., and |E| is the cardinality of E.
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Proof. Itis sufficient to consider [a;;lmx1 = [aii]mxn X [ali]:xn'

Theorem 1, it is applicable to computing the aggregate fuzzy set of an fs-set.

4. Application

Once an aggregate fuzzy set has been arrived at, it may be necessary to choose the best alternative from this set.
Therefore, we can make a decision by the following algorithm.

Step 1: Construct an fs-set I’y over U,
Step 2: Find the cardinal set cIy of T'a,

Step 3: Find the aggregate fuzzy set I;" of Iy,
Step 4: Find the best alternative from this set that has the largest member-ship grade by max pl7; (w).

Example 1: Suppose a company wants to choose the desired wave from among the four waves in space to design its
oscillators according to the criteria it considers. There are four candidates who form the set of alternatives. Let
U € L?[0,2n], U = {uy,uy,us,us}: uqiSin wave ,u,:squre wave ,us:triangular wave, u,:sawtooth wave.
Technical and Engineering Department company consider a set of parameters, A = {x;, x5, x3}:.

Fors = 1,2,3 the parameters x, stand for “High energy", "Low slop"," The area under the curve is large", respectively.
After a serious discussion each candidate is evaluated from the goals and constraint point of view of according to a
chosen subset A = {x4, x,, x3} of E. Finally, Technical and Engineering Department company applies the following
steps:

Step 1: The committee constructs an fs-set I’y over U,

Iy ={(x,{038/u;,0.57 /u,,1/u;,085/u,}),(x,,{0.21 /u;,0.36 fu, ,1 /us,
021 /us 1), (x3,{1/uy,0/uy,05/u3,0/us})}

Step 2: The cardinal is computed,
CFA = {0.7/x1, 0.18/x2, 0375/ X3}
Step 3: The aggregate fuzzy set is found by using Theorem 2.6,

038 021 17 o, 0.23
Mr*=l 057 03 0“0'18 _| o015
a=311  1 os||% 0.355
085 021 04103750 |59

that means,
Iy = £0.23/u4,0.15/u,,0.335/ u3,0.21/ u,}.

Step 4: Finally, the largest membership grade is chosen by
max pirs (u) = 0.355,

which meansthat the candidate us has the largest membership grade, hence he may be selected for the job.
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Software separation calculations:

[ Reui (32:bif) - RConsolel o oY
R file Edit View Misc Packages Windows Help NEE

|

> m1

11 [,2] [,3
1,] 0.38 0.21 1
[2,1 0.57 0.30 0
[3,] 1.00 1.00 oO.
4] 0.85 0.21 0

12,1 0.1510000

[3,] 0.3558333

4,1 0.2109333

> ms

[1] 0.2262667 0.1510000 0.3558333 0.2109333
N

5. Conclusions

A soft set is a mapping from parameter to the crisp subset of universe. However, the situation may be more
complicated in real world because of the fuzzy characters of the parameters. In fs-sets, the soft set theory is
extended to a fuzzy one and then the fuzzy membership is used to describe parameter approximate elements of
fuzzy soft set. To do this, we first defined the fs-sets and their operations. We then presented the decision making
method for the fs-set theory. Finally, we provided an example demonstrating the successfully application of this
method. It may be applied to many fields with problems that contain uncertainty, and it would be beneficial to
extend the proposed method to subsequent studies. However, the approach should be more comprehensive in the
future to solve the related problems.

Conflict of interest: The authors declare that they have no known competing financial interests or personal
relationships that could have appeared to influence the work reported in this paper.
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