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Abstract: In fuzzy soft set theory, many matrices of various sorts are defined in this study. Here, we have
discussed all of these concepts and applied new algorithm of choice matrices on these matrices with the help of
relevant examples. Additionally, an effective method for solving real-world decision-making problems based on
fuzzy soft sets that may involve multiple decision-makers has been created.
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I.  Introduction :

We require approaches that offer some type of flexible information processing capacity in order to
handle real-life ambiguous circumstances. To resolve such issues, earlier [3] have defined different types of soft
matrices recently [1] and [2] presented remarkable work on Fuzzy soft matrices based on soft set theory [9] and
[10].

In the year 1999, Molodtsov [6] first introduced soft set as a completely generic mathematical
instrument for modeling uncertainty. Researchers choose the kind of parameters they need to simplify the
decision-making process since there are virtually no limitations in characterizing the objects, which makes it
more effective in the absence of incomplete information. Further studies on soft set theory, fuzzy soft set theory,
and related topics have been conducted by Maji et al. [9, 10, 11]. Maji et al. [9] also employ rough set theory's
notion of attributes reduction to minimize However, using this method, one can also obtain an artificial optimal
choice object. As a result, Chen et al. [4] demonstrated that the method of attributes reduction in rough set
theory cannot be directly transferred to parameters reduction in soft set theory, but he did not disclose the
intricate procedure of parameters reduction in soft set theory. The complete procedure for parameter reduction
with the use of SQL (Structured Query Language), which Chambelin and Boyce [5] established, is provided by
Zouetal. in [12].

In addition, Zhi Kong et al. [14] have provided a new concept of fuzzy soft set nhormal parameter
reduction and proposed an algorithm for it. Additionally, Zou and Xiao's[13] data analysis methods for soft sets
with partial data were provided..

For reflecting actual states of partial data in soft sets, the methods proposed in [13] are better. However,
rough sets or fuzzy soft sets are typically used in the applications of soft set theory to help solve problems. A
new soft set-based decision-making approach (uni-int decision-making method) [8] was developed by Cagman
et al. and picks a set of ideal elements from the options. Additionally, they provided a concept for soft matrices,
which are just soft set representations. This depiction has a number of benefits. In a computer, matrices and the
soft sets they represent can be easily stored and operated upon. Additionally, Cagman et al. [7] have suggested
an approach for handling situations involving soft sets and many operations. But the Cagman technique is
exceedingly time-consuming and has a high computational complexity for soft set based decision making
situations with more than two decision makers. Therefore, in [1], we first described various types of soft
matrices, choice matrices, and provided some operations on them. We then used a novel method that uses these
choice matrices and the newly proposed soft matrices operations to address soft set based decision making
problems. This novel approach has the advantage of being able to solve any soft set-based decision-making
problem with a large number of decision makers extremely quickly and with a minimally complex computing
process.

We have the idea of a fuzzy soft matrix was put forth in this presentation. Then, after providing
suitable examples, we defined various types of fuzzy soft matrices. Here, we have also suggested the idea of a
decision matrix connected to a fuzzy soft set. further presented some operations on choice matrices and fuzzy
soft matrices. Finally, we have provided a new technique for solving fuzzy soft set-based decision-making
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issues using these choice matrices and recently described operations of fuzzy soft matrices. The uniqueness of
this novel strategy is that it can readily answer any fuzzy soft-based decision-set forming problem involving a
large number of decision-makers, and the computational process is relatively straightforward.

Il.  Preliminaries
Fuzzy Soft Set Matrix:

Let (Fa, E) be a fuzzy soft set over U. Then a subset of UXE is uniquely defined by Ra = {(u.e) : e€A,
ueFa(e)} which is called a relation form of (Fa, E). Now the characteristic function of Ra is written by yra :
UXE — [0,1] s.t, if the yra(u.e) = p(u.e) [ where p(u.e) is the membership value of the object u associated with
the parameter e.]

Now if the set of universe U = {uy, U,..................Un) and the set of parameters E= {ey,e2,,.......... en}, then Ra
can be presented by a table as in the following form

e e ] e en
Uy Xra(U1,€1) Yra(Uu€) Xra(U1,€n)
U, %ra(Uz,€1) waluzg) %ra(U2,€n)
Un xra(Um,E1) XealUm€) | Xra(Um,En)

which is called a fuzzy soft matrix of order mxn corresponding to the fuzzy soft set (Fa,E) over U. A fuzzy soft
set (Fa.E) is uniquely characterized by the matrix [a;Jmxn. Therefore we shall identify any fuzzy soft set with its
fuzzy soft matrix and use these two concepts as interchangeable.

Example :

Suppose the initial universe set U contains five Houses hy, hy, hs, hs, hs and parameter set
E = { costly, elegant, cheap, comfortable, Size )= {e1,e2,.€3,64,€s).

A ={ey.e3e465} CE

Let F:A—P(U) such that

F(ey) = {h1/0.8, h,./0.3, h3./0.6, h4/0.5, hs/0.2}.

F(ez2) = {h1/0.8, h2./0.2, h3./0.5, ha/0.4, hs/0.1}.

F(es) = {h1/0.3, h2./0.7, h3./0.5, ha/0.4, hs/0.9}

F(es)= {h1/0.8, h2./0.6, h3./0.4, h4/0.2, h5/0.7}.

F(es)= {h1/0.5, h2./0.2, h3./0.8, h4/0.3, hs/0.3}.

Then we write a fuzzy soft set describing the quality of the houses is given by,
(F, E) = {(e1.{h1/0.8, h2./0.3, h3./0.6, h4/0.5, hs/0.2}),

(e2, {h1/0.8, h./0.2, h3./0.5, ha/0.4, hs/0.1}),

(es, {n1/0.3, h2./0.7, h3./0.5, h4/0.4, hs/0.9}),

(es, {n1/0.8, h2./0.6, h3./0.4, h4/0.2, hs/0.73}),

(es{h1/0.5, h2./0.2, h3./0.8, h4/0.3, hs/0.3})}.

and then the relation form of (F,A) is written by.
Ra = ({{h1/0.8, h2./0.3, h3./0.6, h4/0.5, hs/0.2},e1),
({h1/0.8, h2./0.2, h3./0.5, ha/0.4, hs/0.1},€5),.
{h1/0.3, h2./0.7, h3./0.5, h4/0.4, hs/0.9},e3),
{h1/0.8, h2./0.6, h3./0.4, h4/0.2, hs/0.7},e4),
{h1/0.5, h3./0.2, h3./0.8, h4/0.3, hs/0.3},e5).

Hence the fuzzy soft matrix (a;;,) is written by

0.8 0.8 03 0.8 05
03 0.2 0.7 06 0.2
05 05 04 08 06
05 04 04 02 0.3
02 01 09 0.7 03
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Row-Fuzzy Soft Matrix: A fuzzy soft matrix of order 1xn i.e., with a single row is called a row-fuzzy soft
matrix. Physically, a row-fuzzy soft matrix formally corresponds to a fuzzy soft set whose universal set contains
only one object.

Column-Fuzzy Soft Matrix : A fuzzy soft matrix of order mx1 i.e., with a single column is called a column-
fuzzy soft matrix. Physically, a column-fuzzy soft matrix formally corresponds to a fuzzy soft set whose
parameter set contains only one parameter.

Square Fuzzy Soft Matrix : Fuzzy soft matrix of order mxn is said to be a square fuzzy soft matrix if m =n ie.,
the number of rows and the number of columns are equal. That means a square-fuzzy soft matrix is formally
equal to a fuzzy soft set having the same number of objects and parameters.

Null Fuzzy Soft Matrix: A fuzzy soft matrix of order mxn is said to be a null fuzzy soft matrix or zero fuzzy
soft matrix if all of it’s a elements are zero. A null fuzzy soft matrix is denoted by ®@. Now the fuzzy soft set
associated with a null fuzzy soft matrix must be a null fuzzy soft set.

Complete or Absolute Fuzzy Soft Matrix : A fuzzy soft matrix of order mxn is said to be a complete or
absolute fuzzy soft matrix if all of its elements are one. A complete or absolute fuzzy soft matrix is denoted by,
Ca. Now the fuzzy soft set associated with an absolute fuzzy soft matrix must be an absolute fuzzy soft set.

Slant Fuzzy Soft Matrix : A square fuzzy soft matrix of order mxn is said to be a slant-fuzzy soft matrix if all
of its non-diagonal rudiments are zero.

Transpose of a Fuzzy Soft Matrix : The transpose of a square fuzzy soft matrix( aij) of order mxn is another
square fuzzy soft matrix of order nxm attained from( a;;) by changing its rows and columns. It's denoted by( aj)".
thus the fuzzy soft set associated with( aj;)" becomes a new fuzzy soft set over the same elements and over the
same set of parameters.

Choice Matrix: It is a square matrix whose rows and columns both indicate parameters. If £ is a choice matrix,
then its element &(i, j) is defined as follows:

&(i, j) = 1 when i-th and j-th parameters are both choice parameters of the decision makers
= 0 otherwise, i.e. when atleast one of the i-th or j-th parameters is not under choice.

There are different types of choice matrices according to the number of decision makers. Like the choice
matrices associated with a soft set based decision making problem; here also the choice matrices only contain
the digits 0 and 1, the only difference is about the nature of the associated parameters. We may realize this by
the following example.

Example:

Suppose that U be a set of four companies,

say,

U = {c1.Cy, C3,Ca} Let E be a set of parameters, given by, E={costly, working environment, good salary, posh
area, cheap} = {e4, ez, €3, 4,65} (5ay)

Now let the fuzzy soft set (F, E) describing the quality of the companies, is given by, basis of his choice
parameters working environment, good salary, cheap which form a subset P of the parameter set E.

(F.E)={ costly companies = {c1/0.9, ¢,/0.2, ¢3/0.4. c4./0.8),

companies with working environment = {c1/0.8, ¢,/0.3, ¢3/0.5. ¢4./0.4

companies with good salary = {¢1/0.9, ¢,/0.2, c3/0.4. ¢4./0.8),

companies in posh area = {¢1/0.7, ¢,/0.9, c3/0.4. c4./0.8),

cheap companies = {c1/0.1, ¢,/0.7, c3/0.5. ¢4./0.2)}

Suppose Mr. Bajaj wants to procure a company on the basis on the choice parameters working environment,
good salary and cheap which form a subset B of the parameter set E.

Therefore B= {e2,e3,65}

Now the choice matrix of Mr.Bajaj is,
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es N
000O0O
0110 1
&p)s=es|0 1 10 1
000O0O
0110 1

~ J

Now let the choice parameter set of Mr khetan is K={ e, ez, €3, €4}

Now suppose Mr.Bajaj and Mr.Khetan together wants to procure a company according to their choice
parameters.

Then the combined choice matrix of Mr. Bajaj and Mr Khetan is

e ek N
000O0TGO
11110

(éij) (B,K)=€B 11110
0000 O
11110
N\ /

[Here the entries ej; = 1 indicates that e; is a choice parameter of Mr.Bajaj and e; is a choice parameter of
Mr.Khetan. Now ej; = O indicates either e; fails to be a choice parameter of Mr.Bajaj or e; fails to be a choice
parameter of Mr.Khetan.] Again the above combined choice matrix of Mr.bajaj and Mr.Khetan may be also
presented in its transpose form as,

e €s N

0110 1

0110 1
Gi)xe=ex |01 10 1

0110 1

000O0DO

N Y

Now let us see the form of the combined choice matrix associated with three decision makers. Suppose that Mr.
Zing is willing to buy a company together with Mr Bajaj and Mr.Khetan on the basis of his choice parameters
working environment, good salary, posh area, which form a subset Z of the parameter set E. Therefore Z={e,
3,84}

Then the combined choice matrix of Mr.Bajaj , Mr.Khetan and Mr.Zing will be of three different
types which are as follows,
(i) When set of common choice parameters of Mr.Bajaj and Mr.Khetan considered.

4 € Bk N
000O0TDOO
01100
Ei)zex=ez|0 110 0
01100
00O0O0TDO

- /

[Since the set of common choice parameters of Mr.Bajaj and Mr.Khetan is, B"K={e;,es}]

[Here the entries eij = 1 indicates that e;, is a choice parameter of Mr.Zing and e;, is a common choice parameter
of Mr. Bajaj and, Mr.Khetan.

. Now ejj = 0 indicates either e;, fails to be a choice parameter of Mr.ing or e;, fails to be a common choice
parameter of Mr.Bajaj and Mr. Khetan.
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(if) When set of common choice parameters of Mr.Khetan Mr. Zing considered , so K"Z={e,,es e 4}

e € krz N
000O0DO
01110
(éij) (By K"Z) = €p 01110
000O0O
01110

~ /
(iii) When set of common choice parameters of Mr. bajaj Mr. Zing considered , so BAZ={e,,es}

e €z ~N

(&ii) (<, zrm) = €K

cooocoo
el N Y
cooooo
coocoooo

oORr Rk R

~ ),

Symmetric Fuzzy Soft Matrix:
A square fuzzy soft matrix A of order nxn is said to be a symmetric fuzzy soft matrix, if its transpose be equal to
it, i.e., if AT = A. Hence the fuzzy soft matrix (aj) is symmetric, if aj=aj;.

I1l.  Choice Matrix Algorithm:

This new approach is specially based on choice matrices. These choice matrices represent the choice
parameters of the decision makers and also help us to solve the fuzzy soft matrix based decision making
problems with least computational complexity. So by the help of these newly choice matrices and proposed the
operations on them we are presenting the following algorithm:

Step-1: First construct the combined choice matrix with respect to the choice parameters of the decision makers.

Step-2: Compute the product fuzzy soft matrices by multiplying each given fuzzy soft matrix with the combined
choice matrix as per the rule of multiplication of fuzzy soft matrices.

Step-3: Compute the sum of these product fuzzy soft matrices to have the resultant fuzzy soft matrix (R;).

Step-4: Then compute the weight of each object (O;) by adding the entries of its concerned row (i-th row) of R;,
and denote it as W(Oy).

Step-5: The object having the highest weight becomes the optimal choice object. If more than one object have
the highest weight then any one of them may be chosen as the optimal choice object.

To illustrate the basic idea of the algorithm, now we apply it to a fuzzy soft set based decision making problem.

I11. Choice Matrix Algorithm : This new approach is especially grounded on choice matrices. These choice
matrices represent the choice parameters of the decision makers and also help us to break the fuzzy soft matrix
grounded decision problems with least computational complexity. So by the help of these recently choice
matrices and proposed the operations on them we're presenting the following algorithm

Step-1: First construct the concerted choice matrix with respect to the choice parameters of the decision
makers.

Step- 2: compute the product fuzzy soft matrices by multiplying each given fuzzy soft matrix with the
concerted choice matrix as per the rule of multiplication of fuzzy soft matrices.

Step- 3: compute the sum of these product fuzzy soft matrices to have the attendant fuzzy soft matrix( R;).
Step- 4: also compute the weight of each object( Oi) by adding the entries of its concerned row (i- th row) of
Rj, and denote it as W(Os).
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Step- 5: The object having the highest weight becomes the optimal choice object. If further more than one
object have the highest weight also any one of them may be chosen as the optimal choice object. To illustrate
the introductory idea of the algorithm, now we apply it to a fuzzy soft set grounded decision making problem.

IV.  Case Study: Decision making of the Problem:

Two friends Ravi and Shyamsundram together want to buy a Agriculture Farm among three farms.
Ravi is interested to purchase the farm for his personal use and Shyamsundram is interested for business
purpose. The set of parameters of these three farms Fi,F», F3; are area, Productivity, Location and commercial
benefit. Ravi is interested in Productivity and location of the Farm while preferences of Shyamsundaram are
Productivity and commercial benefits of the farm.
Let the set of universe U consist of three Farms F1,F,, Fs. and the set of parameters
E= { area, Productivity, Location and commercial benefit }={e1,e2,e3,e4}

So the sets of choice parameters of Ravi and Shyamsundram respectively, are
A = { Productivity, Location}= {e;,es} C E and
B = { Productivity, Commercial benefit = {e,,es} CE

Now let according to the choice parameters of Ravi and Shyamsundram, we have the fuzzy soft sets (F,A) and
(G, B), both describing the importance of the Farms according to Ravi and Shyamsundram respectively.

Let the fuzzy soft matrices of the fuzzy soft sets (F, A) and (G, B) are respectively,

0 09 05 0
Aj= 0 06 08 0
0 05 04 0

(=1

08 0 06
0.5 0 0.7
06 0 08

Bik =

o O

Now the problem is to select the Farm among the three farms which satisfies the choice parameters of
Ravi and Shyamsundram as much as possible.

The Choice matrix of Ravi is

ea

O kF O

0 O
1 0
10
00

coo®©

And choice matrix of Shyamsundram is

€s
0 0 0 O
ee{0 1 0 1
0 0 0 O
01 0 1

1) The combined choice matrix of Ram and Shyamsudram is,

DOI: 10.35629/4767-11015562 WWW.ijmsi.org 60 | Page



Decision Making By Choice Matrices Algorithm with Fuzzy Soft Matrix

ea
0 0 0 O
es (0 1 1 O
00 0O
01 1 O

or it may be presented in its transpose form

3]

coco©
or RO
coo©°
oORr R,ro

2) Corresponding product fuzzy soft matrices are

0 09 05 0
Ua = 0 06 08 0 ®
0 05 04 0
B
0 0 0 0
ea 0 1 0 1
01 0 1
00 0 0

014 0 14

= The Normalized form of 014 0 14
0090 09

Dividing each element of array by 7.d , we get

=10 019 0 0.19
0 019 0 0.19
0 012 0 0.12

0 08 0 06
Us =005 0 07 ®
0 06 0 08
' ea
0 0 0 0 014 14 0
ee|0 1 1 0 = The Notmalized foomof [0 1.2 12 0
00 0 0 014 14 0
0 1 1 0
.

Dividing each element of the array by 8.0, we get

e

0 018 018 0
= 0 015 015 0
0 018 018 0

~
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3) The sum of these product fuzzy soft matrices is,

= 0019 0 019
0019 0 019 | P
0 012 0 0.12

<

0.18 0.18
015 015 0
018 0.18 0

<o o
o

0 0.19 0.18 0.19
=10 019 0.15 0.19] =R;
0 0.18 0.18 0.12

4) Now the weights of the ponds are,
W(F.) = 0+0.19+0.18+0.19 = 0.56
W(F,) = 0+0.19+0.15+0.19 = 0.53
W(Fs) = 0+0.18+0.18+0.12 = 0.48

5) The agriculture Farm associated with the first row of the resultant fuzzy soft matrix ( R;) has the highest
weight {W(F1) = 1.09}, therefore F1 will be the optimal choice Farm. Hence Ravi and
Shyamsundram will buy the Farm F1, according to their choice parameters.

V.  Conclusion:
In this paper first we have defined different types of fuzzy soft matrices. Moreover we have proposed
the concept of choice matrix which represents the choice parameters of the decision makers associated with a
fuzzy soft set based decision making problem. Finally we have presented a new algorithm using these choice
matrices to solve fuzzy soft set based decision making problems. The speciality of this new method is that it
may solve any fuzzy soft set based decision. making problem involving huge number of decision makers easily
along with a very simple computational procedure.
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