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Many real-world problems face strenuous in making decisions. Many theories have evolved for dealing with such
problems. The present paper deals with Fuzzy Binary Soft Sets and their applications to Multi Criteria Decision Making
(MCDM) problems. Then introduced an expanded matrix representation of Fuzzy Binary Soft Sets, an extended resultant

matrix, and operator, and an algorithm to solve a proposed problem.
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Introduction

Nowadays, many real-woztld problems face strenuous in making decisions. Some problems can be
solved by human vision and human thinking, but in some of the problems, making decisions looks
hard because the data that exist with the problems are difficult to analyze. In such cases, mathematical
principals can be used to solve such problems.

Many theories have evolved for dealing with such problems. Zadeh [1] introduced the concept of
fuzzy sets, which assign membership value to each set element. The real-world applications can also
be solved by the concepts of Fuzzy differential equations and fuzzy linear programming [2]—[9]. The
main application of fuzzy sets is Multi Criteria Decision Making (MCDM) Problem which has a large
domain to solve. Many researchers solve the different types of MCDM problems [10]—[14]. But if we
have some criteria to deal with, then fuzzy sets are inefficient for such problems. Molodtsov [15]
introduced the concept of soft sets, which deal with parameter problems. The concept of soft sets
solves many applications, but soft sets won't assign the membership value to the members of the
universal set. In some cases, soft sets may not efficiently deal with real-time applications.

Roy and Maji [16] discussed the MCDM problems using fuzzy soft sets, which deal with a universal
set with parameters and assign the membership value to the elements of the universal set using a
comparison matrix. Kong etal. [17] discussed the fuzzy soft sets and their applications in the MCDM
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problem by the resultant matrix. Using a comparison matrix, Snekaa et al. [18] solved the MCDM
problems by combining a fuzzy analytic hirachy process with a fuzzy soft set.

The concept of fuzzy soft sets deals with the problems associated with one universal set. Ahu Acikgoz
et al. [19] defined and studied some of the properties of binary soft sets, which deal with the two
universal sets and a parameter set. Binary soft sets may solve some applications that are not solved by
soft sets, but it doesn't assign the membership value to the elements of universal sets. In some cases, it
may also be insufficient to solve real-time problems as it won't rank the elements of universal sets. The
concept of a Fuzzy Binary Soft Set for problems involving two universal sets and a parameter set with
a membership value is very useful.

Fuzzy Binary Soft Sets are efficient in solving problems containing two universal sets; it also solves the
data that exist with the problems that binary soft sets cannot solve. Metilda and Subhashini [20]
discussed the MCDM problem using a Fuzzy Binary Soft Set that deals with two universal sets and a
parameter set; it also assigns the membership value to the elements of universal sets according to the
parameters. This method ranks the elements of universal sets sepatately. However, they don't relate each
element of one universal set to another universal set.

In some situations, real-time applications involve two universal sets, and we may need to compare the
two independent sets and rank the pair. In such cases, fuzzy binary soft may help to solve such
applications. This paper discussed the MCDM problem by Fuzzy Binary Soft Set. We defined an

algorithm that relates each element of one universal set to another universal set and ranks them
accordingly.

2 | Preliminaries

Definition 1 ([1]). Let X be a universal set and A be a function defined by
A: X = [01]or pa: X — [01].

Then A is called a Fuzzy set of X.

Definition 2 ([1]). Let A and B be two Fuzzy sets of X; then, their union and intersection are given by
AV B = max{A(x), B(x)},

and

A A B = min{A(x), B(x)}.
Definition 3 ([15]). Let X be an initial universal set, E be a set of parameters, and A C E, and F be a
function defined by

F: A — P(X).

Then (F, A) is called Soft Set over X.

Definition 4 ([21]). Let X be a universal set, E be a set of parameters, and A C E and F be a mapping,

F: A — P(X),

where P(X) is a set of all fuzzy subsets of X. Then (F, A) is called fuzzy soft set over X.
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Definition 5 ([22]). Let X be a universal set, E be a set of parameters, and (F, A) and (G, B) be two fuzzy
soft sets over X, then their union (H, C) where C = AU B is defined by

(E(e), ifee A-B,
(H,C) = { G(e), ifeecB-A,
\F(e) ¥ G(e),  ifee ANB.

Definition 6 ([22]). Let X be a universal set, E be the set of parameters, and (F, A) and (G, B) be two fuzzy
soft sets over X, then their intersection (J, C) where C = A N B is defined by

(F(e), ifee A-B,
(1,C) = {G(e), ifecB-A,.
| A(e) AB(e), ifee ANB.

Definition 7 ([19]). Let Uy and Uz be two universal sets. E be a set of parameters, A C E. Let F be a
function defined by

F:A - P(U;) X P(U,).
Then the set (F, A) is called Binary Soft Set over Uy and U..

Definition 8 ([17]). Resultant matrix is a square matrix (cj) in which object names of universal set label
rows and columns, and the entries are ¢;; = YL, oj—oj where o is the membership value of the it object

and kth parameter.
3 | Fuzzy Binary Soft Sets

Definition 9. Let U; and U; be two universal sets, E be the set of parameters, and A CE. Let F be a
function defined by

F:A — P(U;) x P(U,),

where P(U;) and P(U,) are a set of all fuzzy sets of Uj and Uy, respectively. Then (F, A) is called Fuzzy
Binary Soft Set over Uy and Us.

Example 1. Let U; = {uy, u,, u3} be set of badminton players from city X, and U, = {v;,v,,v3} be set of
badminton players from city Y.

E = {e,(strength), e,(fitness), e3(Power), e4(Defence)} be a set of parameters. Let A = {e1, 5, €3}, and F be a
function,

F: A — P(U;) x P(U,).

Defined by
09 04 07, 02 02 08
F(el) - ({u_llu_zlu_g,}’ {V_1’V_2’V_3}’
04 03 06, 0.1 05 0.6
F(eZ) - ({11_1,11_2,11_3}, {V_llV_le_g},

06 05 07, 03 08 09
Fles) = (122,227, (82,02 &0

uz  ug ! V1,V2,V3 !

ic, (F,A) = {(el,{% 04 07, (02 %,%}),(ez{% 03 06, (01 05 %})’

,u2,u3 V1,V2 v3 u1,u2,u3 V1’V2,V3



0.6 05 0.7, 03 08 09

(est— — I

ulluz’ug, / V1’V2’V3 ’
Then (F, A) is a Fuzzy Binary Soft Set.
3.1 | Matrix Representation of Fuzzy Binary Soft Sets

Fuzzy Binary Soft Sets can be represented systematically in the form of a matrix. This section gives the
matrix representation of the Fuzzy Binary Soft Sets. Rows of the matrix are labeled with parameters,
and columns are labeled with elements of universal sets. The matrix representation of the Fuzzy Binary
Soft Set discussed in Example 1 is given as follows:

u; u; uz Vv; Vy; V3
€1109 04 0.7 02 02 08
M(F,A)=¢e2(04 03 06 01 05 0.6]|
€306 05 0.7 03 0.8 09

3.2 | Expanded Matrix Representation of Fuzzy Binary Soft Sets

After representing the Fuzzy Binary Soft Sets in the form of the matrix, we can split the matrix into two
matrices according to two universal sets. The expanded matrix representation of Fuzzy Binary Soft Set
discussed in Example 1 is given by

uq Uy us

€1710.9 04 0.77
M,(F,A)=¢2[04 03 06],
€310.6 0.5 0.74

Vi V2 V3
€170.2 0.2 0.87
M,(F,A)=€2[01 05 06],
€310.3 0.8 0.9

where M;(F, A) is the matrix corresponding to the first universal set and M,(F, A) is the matrix

corresponding to the second universal set.

Definition 10. Let (F, A) be Fuzzy Binary Soft Set over U; and Us. Let My(F, A) and M,(F, A) be
Expanded Matrices of (F, A) then the AND operator of M;(F, A) and M,(F, A) with respect to the
parametet, ¢ is denoted by Py(F, A) and defined by

(Pe(F, A))(x y) = M1 (E, A)() A (Ma(F, A))(y)).

Example 2. Consider expanded matrices of a Fuzzy Binary Soft Set defined in Example 1, then AND
operator is given by

(ug,vy) (ug,vp) (ug,vs) (uzvy) (uzva) (uz,va) (usvi) (us vz) (uz, vs)
0.2 0.2 0.8 0.2 0.2 04 0.2 0.2 0.7
P* =101 0.4 0.4 01 0.3 0.3 01 0.5 0.6
0.3 0.6 0.6 0.3 0.5 0.5 0.3 0.7 0.7
Definition 11. Let M (F, A) and M,(F, A) be expanded matrices of Fuzzy Binary Soft Set (F, A) over Uj
and U,. An extended resultant matrix is a resultant matrix in which rows and columns atre labeled with
order pair elements of Uy and U,.
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4 | Application of Fuzzy Binary Soft Sets in MCDM Problem

Mr. V wants to choose the best course in city X's college. He has a choice of 4 colleges and four subjects.

Let Uy = {uq, up, us, uy} be a set of his choice of colleges in X and U, = {vq,v,, 73,74} be a set of courses to

be selected by Mr. V with respect to some parameters A = {e, €5, €3, €4}. With the available data, we must

choose the best course in a good college. The data we have is given by

(F,A) = [(er,{

(e 0.4 05 0.8 0.2
¥ w uwp vz vy

02 04 07 0.1

ul'uz'u3'u4

8

We define an algorithm to solve the given problem as follows:

B
0.7 03 02 038

222 o |

V1’V2,V3,V4

03 02 08 0.7

7 4 7
vy vy vy vy

Ditea f

06 0.8 04 0.2

u1’u2’U3,U4

ullu2’u3’U4

0.1 0.3 09 07} {03 02 0.1 0.8
7

4 7 7
vi vy vy vy
04 01 08 05
_/_I_I_ )'

Vi V2 V3 V4

Step 1. Write given data in a Fuzzy Binary Soft Set and represent it in a matrix form.

Step 2. Convert the given Fuzzy Binary Soft Set into an expanded matrix form.

Step 3. Apply and operator defined in Definition 10 for expanded matrices obtained in S7gp 7.

Step 4. Find the extended resultant matrix (Definition 17).

Step 5. Find the row sum of all the rows of the extended resultant matrix.

Step 6. Highest row sum is given the rank 1.

For the problem stated above, we apply the algorithm and discuss the result as follows:

Step 1. Representing the given Fuzzy Binary Soft Set data in matrix form:

C[Uu1r U2 Uz Ug Vi Vp
€1102 04 07 01 03 02
€2101 03 09 07 03 02
€104 05 08 02 07 03
€410.6 08 04 02 04 0.1
Step 2. Expanded matrix representation.
Crup U Uz Uy *rvi
€1102 04 07 01 €110.3
€101 03 09 07|, €203
€3104 05 08 02 €310.7
€4106 08 04 02 €4104

Step 3. Applying AND operator.

V3
0.8
0.1
0.2
0.8

Va
0.2
0.2
0.3
0.1

Vy
0.7
0.8].
0.8
0.5

V3
0.8
0.1
0.2
0.8

Vy
0.7

0.8].

0.8
0.5

b



Table 1. Matrix after AND product.

* [(M1,U1) (u1,07)  (uy,03) (uq,04) (Up,01) (up,0y) (Up,v3) (Up,0y) (“3,01) (u3,07)  (usz,03) (u3,04) (u4,771) (1g,07)  (uy,03) (”4,04)]

€11 0.2 0.2 0.2 0.2 0.3 0.2 0.4 0.4 0.3 0.2 0.7 0.7 0.1 0.1 0.1 0.1 |

€2 I 0.1 0.1 0.1 0.1 0.3 0.2 0.1 0.3 0.3 0.2 0.1 0.8 0.3 0.2 0.1 0.7 |

€ 0.4 0.3 0.2 0.4 0.5 0.3 0.2 0.5 0.7 0.3 0.2 0.8 0.2 0.2 0.2 0.2 |

esl 04 0.1 0.6 0.5 0.4 0.1 0.8 0.5 0.4 0.1 0.4 0.4 0.2 0.1 0.2 02 |
Step 4. Expanded resultant matrix.

Table 2. Extended resultant matrix.

r 0 04 0 -0.1 -0.4 0.3 -0.4 -0.6 -0.6 0.3 -0.3 -1.6 0.3 0.5 0.5 -0.17
(ug,v1) -0.4 0 -0.4 -0.5 -0.8 -0.1 -0.8 -1 -1 -0.1 -0.7 -2 -0.1 0.1 0.1 -0.5
81’:;2; 0 0.4 0 -0.1 -0.4 0.3 -0.4 -0.6 -0.6 0.3 -0.3 -1.6 0.3 0.5 0.5 -0.1
(uijvi) 0.1 0.5 0.1 0 0.3 0.4 -0.3 -0.5 -0.5 0.4 -0.2 -15 0.4 0.6 0.6 0
(Uy, V1) 04 0.8 04 0.3 0 0.7 0 -0.2 -0.2 -0.7 0.1 -1.2 0.7 0.9 0.9 0.3
(u,,v,)|—0.3 0.1 -0.3 -0.4 -0.7 0 -0.7 -0.9 -0.9 0 -0.6 -1.9 0 0.2 0.2 -04
(uy,vs3)] 04 0.8 04 0.3 0 0.7 0 -0.2 -0.2 -0.7 0.1 -1.2 0.7 0.9 0.9 0.3
(uz,v4)| 0.6 1 0.6 0.5 0.2 0.9 0.2 0 0 0.9 0.3 -1 0.9 1.1 1.1 0.5
(uzv1) | 0.6 1 0.6 0.5 0.2 0.9 0.2 0 0 0.9 0.3 -1 0.9 1.1 1.1 0.5
(us, v2) | 0.3 0.1 03  -04  -07 0 07  -09  -09 0 -06  -19 0 02 02  -04
83’53; 0.3 0.7 0.3 0.2 -0.1 0.6 -0.1 -0.3 -0.3 1.3 0 -1.3 0.6 0.8 0.8 0.2
(uzlvf) 1.6 2 1.6 1.5 1.2 1.9 1.2 1 1 1.9 1.3 0 1.9 2.1 2.1 15
(u4/V2) -0.3 0.1 -0.3 -0.4 -0.7 0 -0.7 -0.9 -0.9 0 -0.6 -1.9 0 0.2 0.2 -0.4
(u4,/v3) -0.5 -0.1 -0.5 -0.6 -0.9 -0.2 -0.9 -1.1 -1.1 -0.2 -0.8 =21 -0.2 0 0 -0.6
(uyvy) -0.5 -0.1 -0.5 -0.6 -0.9 -0.2 -0.9 -1.1 -1.1 -0.2 -0.8 =21 -0.2 0 0 -0.6

L 0.1 0.5 0.1 0 0.3 0.4 -0.3 -0.5 -0.5 0.4 -0.2 -15 0.4 0.6 0.6 0
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Step 5. Let R; be the row sum of the it row. Then

Ri= -18 (uy,vy)
Ry= 82 (uy,vy)
Rz3= -18 (uy,vs)
Ry= 04  (uy,vy)
Rs= 32  (upvy)
Re= -66 (upvy)
Ry= 32  (upvj)
Rg= 7.8 (upvy)
Rog= 78 (uzvy)
Rip= -6.6 (usvy)
Ryp= 37 (u3v3)
Rip= 238 (u3vy)
Riz= -6.6 (uyvy)
Rig= 98 (uyvy)
Ris= 98 (uyvs3)
Rig= 04 (uy,vy).
0.8
= 0.6 N
5
2
S 04 o
024 &\ i\
L R s e e e e e

Fig. 1. Parameter graph.

Note: The parameter graph is a graph that is drawn by associating the value of (u;,v;) for i =1,2,34

obtained after applying the and product corresponding to each parameter.

26
24 H
22
20
18
16
14
12
10
E 8 ’
0; 6 4 //
2 ‘2"3 /-\ ’
0 ] A \
=2 ' /
—4—: .\ / \/
-6 % &
-8 3 4 |
-10 4
12 3

uU,*u,

Fig. 2. Resultant graph.

Note: The resultant graph is a graph obtained by plotting the values of (u;, v;) for i = 1,2,3,4 corresponding

to their row sum obtained after S7gp 5.



5 | Result and Discussion

The main aim of our paper is to relate one universal set to another universal set of a Fuzzy Binary Soft
Set. In our problem, we must decide which course is best in uy, u,, #3 and uy college and which college
is better for vy, v,, v3 and v, course. For this, we discuss the Fuzzy Binary Soft Set, matrix representation
of the Fuzzy Binary Soft Set, and expanded matrix representation of the Fuzzy Binary Soft Set. Matrix
representation of Fuzzy Binary Soft Sets gives the simple representation of the given data, and we can
easily analyze the data in the matrix representation. After that, the new representation of the Fuzzy
Binary Soft Set is defined and called an expanded matrix representation; it is represented by separating
the data of universal sets. This expanded matrix is useful for relating one universal set to the other
universal set by the operator (Definition 17).

Further, construct an algorithm to conclude the problem. The first step reduces the given data into a
Fuzzy Binary Soft Set and represents it in a matrix form; this step will help to reduce the matrix into
expanded matrix form, S7ep 2. In Step 3, apply and operator defined in Definition 10 to get an extended
resultant matrix (Definition 17). An expanded matrix will help to relate one universal set to another
universal set which can be obtained by an extended resultant matrix, which is the next step of our
algorithm. In S7gp 5, after obtaining an extended resultant matrix, take a row sum in which we can get
some information.

Considering row sums, we can rank the colleges u;, for i = 1,2,3,4 for courses v;, for i = 1,2,3,4. Similatly,
we can rank the courses v; for i =1,2,3,4 in colleges u; for i =1,2,3,4. This can be obtained by fixing u;
for i =1,2,3,4 and varying v; foi =1,2,3,4r. In the same way, fixing v; for i =1,2,3,4 and varying u; for
i=1,234.

Clearly, we can see that for uy, v, got the highest row sum and v; and v3 got the same row rank. This
can also be seen in Fig 2. In Fig 2, consider the curve regarding the element u; ie.,
(11, v1), (U1, v5), (1, v3) and (uy, v4) we can see that (11, v4) Reaches the highest peak among them. (1, v;)
and (uq,v3) are at the same height. We can analyze the parameter graph (I7g. 7) in such same rank cases
to conclude which is best. In Fig. 7, we can see that (1, v3) reaches a maximum value corresponding to
the parameter e;. So, between vy and v;, v3 is our choice. By g 7, the decision also be taken by
preferring the parameter. If we prefer e; over ey, then (uy,v;) reaches the maximum peak. So, in that
case v; will be the better choice. In the same way, we can see that the course v, is the better choice
among all the colleges.

Suppose Mr. V wants to choose the better college for a particular course; we fix the course v; for i =
1,2,3,4 and vary u; fori =1,2,34.

For the course vy, (u3,71) has the highest row sum, and in the graph, (u3,v;) reaches the maximum
corresponding to v;. So, u3 is the best choice for v; course. In the same way, we can conclude that, for
Uy, U, anduy, the college u3 is the best choice.

From the resultant graph (Fig. 2), we can conclude which pair is best by seeing the highest peak and the
wortst pair by seeing the lowest peak. So, by Fig. 7 (u3,v,) is the best pair. The pairs (14, v;) and (uy, v3)
are the worst pairs.

Some pairs got the same row sum; in such cases, it is difficult to decide which is best by just analyzing
the resultant graph; in that case, the parameter graph (Fig. 7) gives the result. (11,v;) and (11, v3) are at
the same position in the resultant graph, but in the parameter graph, we can see that (1, v3) reaches a
maximum value corresponding to the parameter 4. So, we choose (11, v3) over (11, vy).

From the resultant matrix, clearly, the 12th row has the highest row sum, which corresponds to (i3, vy).
The resultant graph can also decide this by seeing the highest peak, which cotresponds to (us, v4). So,
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v, the course is best in u3 college. Metlida and Subhashini [20] discussed the application of Fuzzy Binary
Soft Sets, but their method fails to relate one universal set's element to anothet. The cutrent work gives
better results than Metlida and Subhashini [20] as the proposed method relates the elements of both the
universal sets and gives the result.

6 | Conclusion

This paper discusses the problem involving two universal sets and a parameter set that assigns the
membership values to universal sets. This method can solve a problem involving two universal sets that
want a simultaneous solution. This method can be utilized for a parameter set that contains a finite number
of parameters. If two rows got the same row sum, then we can conclude by plotting a parameter graph.
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