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ABSTRACT

Fuzzy Soft Set theory is a general mathematical tool for dealing with the uncertainties present in most of our real life
situations. In our daily life we are facing some problems in which the correct decision making is essential. In other side
we have confused about the correct solution. In this paper, to overcome this problem, the Multi-Criteria Decision
Making (MCDM) approach based on aggregation operators of interval-valued fuzzy soft matrix have been discussed.
Some relevant properties have also been studied. Finally the algorithm based on aggregation operators of interval-
valued fuzzy soft matrix is proposed with example to illustrate the new approach.

Keywords: Fuzzy Soft Set, Fuzzy Soft Matrix, Interval-Valued Fuzzy Soft Matrix, Aggregation Operators, Decision
Making Problem.

1. INTRODUCTION

Lotfi A.Zadeh [12] introduced fuzzy set theory in 1965, which is an excellent mathematical tool to handle the
uncertainty arising due to vagueness. Fuzzy set theory has wider scope of applicability in almost all the branches of
science. Molodtsov [8] introduced the concept of soft set that can be seen as a new mathematical theory for dealing
with uncertainty. The soft set theory has been applied to many different fields with great success. Maji et al. [6] worked
on theoretical study of soft set in detail and presented an application of soft set in the decision making problem using
the reduction of rough sets. Soft set theory has a rich potential for applications in several directions, few of which has
been explained by Molodtsov in his pioneer work. Ali et al. [1] introduced the analysis of several operations on soft set.
Maji et al. [5] introduced the concept of fuzzy soft set (FSS) by combining fuzzy set and soft set. Cagman and
Enginoglu [2] defined soft matrices which were a matrix representation of soft set and constructed a soft max-min
decision making method. Cagman and Enginoglu [4] defined fuzzy soft matrices and constructed a decision making
problem. Yang et al. [11] combined interval-valued fuzzy set and soft set models to introduce the concept of interval-
valued fuzzy soft set (IVFSS). Mitra Basu et al. [7] presented the concept of Matrices in Interval-valued fuzzy soft set
theory and its application. Rajarajeshwari et al. [9] have introduced a new concept by the combination of interval-
valued fuzzy soft set and soft matrices with examples and different properties which are called Interval-Valued Fuzzy
Soft Matrix (IVFSM). They also introduced some new operations on IVFSM such as arithmetic mean, weighted
arithmetic mean, geometric mean, harmonic mean and weighted harmonic mean with some properties of IVFSM in
decision making. Multiple criteria decision making (MCDM) problem is a well-known branch of decision theory. It has
been found in real life decision situations. Stephen Dinagar and Rajesh [10] presented On t-Conorm operators of
interval-valued fuzzy soft matrix and its application in MCDM. Cagman et al. [3] presented Fuzzy Soft Set Theory and
its applications. Also in this work the concept of a new approach on aggregation operators of interval-valued fuzzy soft
matrix and its applications in multi criteria decision making have been studied. In this paper the sections are organized
as follows: In section 2, we considered some formal definitions and important notations that are very useful to develop
the concept of this article. In section 3, we presented some basic properties of aggregation operators of interval-valued
fuzzy soft set. In section 4, we presented algorithm based on aggregation operators of interval-valued fuzzy soft matrix.
In section 5, application of a decision making problem is discussed. In section 6, we conclude the paper with a
summary and outlook for further research.
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2. PRELIMINARIES

In this section, we present the basic definitions of fuzzy soft set, fuzzy soft matrix [4] and interval-valued fuzzy soft
matrix [3] that are useful for subsequent discussions. Throughout this work, U refers to an initial universe, E is a set
of parameters and A < E. From now on, a set of all fuzzy sets over U will be denoted by F(U). I',,I'g, T'¢...... ,

etc.and y,, Vg,V --ee , etc. will be used for f s-sets and their fuzzy approximate functions respectively.

Definition 2.1: Let U be an initial universe, E be the set of all parameters, Ac E and y,(X) be a fuzzy set over
U for all Xe E. Then, an f s-set I', over U is a set defined by a function ¥ representing a mapping
va E—>F(U) suchthat y,(X)=¢ if Xg A

Here, y, is called fuzzy approximate function of the f s-setI",, the value y,(X) is a fuzzy set called X -element of

the f s-set for all X € E, and ¢ is the null fuzzy set. Thus, an f s-set I, over U can be represented by the set of
ordered pairs

Ly ={(x7.(x):x€ E,y,(x) e F(U)}.
Note that from now on, the sets of all f s-sets over U will be denoted by FS(U).

Example 2.1: Assume that U ={u,, U,,U,,U,, U} is a universal setand E ={X, X,, X, X, } is a set of all
parameters. If A={X,, X5, X,}, 7.(X,)={0.5/u,,0.8/u,}, y,(X;)=¢ and y,(X,) =U, thenthe f s-set
I, iswrittenby I', ={(x,,{0.5/u,,0.8/u,}),(x,,U)}.

Definition 2.2: Let I, € FS(U). Then a fuzzy relation form of ", is defined by
Ry ={(ttg, (U, %)/ (u,x)):(u,x) eU xE},

where the membership function of Mg, is written by

ILIRA ‘UxE _)[011]1 luRA (U, X) :'u}/A(X)(u)'

If U ={u,u,,uUs,...,u .}, E={X,X%,X;,.... X, }and Ac E, then the R, can be presented by a table as in
the following form

R, X X o X,

U Hg, (U, %) Hg, (U, %,) Hg, (U, X,)
U, Hr, (uy, %) Hr, (Uy, X,) Hg, (uy, ;)
un, Hg, Uy, %) Hg, (Up, X,) o Hg, Uy, %,)

If & = g, (u;, X; ), we can define a matrix

Xuo Xp o o X,
X X oo X
21 22 2n
[aij ]m><n = .
Xml XmZ e an

which is called an mxn f s-matrix of the f s-set I", over U.

Example 2.2: Let us consider Example 2.1. Then the relation form I', is written by
Ry =405 (Uy%,), 0. 8 (U %), 1/ (Uy, X, ), 1/ (Uy %), 17 (U, %), 17 (U %,).1/ (U5, %)}
Hence, the f s-matrix [a] is written by
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0 0 01
0 05 01
[4;1 =|0 0 01
0 08 01
0 0 01

Definition 2.3: Let I', € IVFS(U). Assume that U ={u,u,,U,,......u.}, E={X,X%,,X;,.....; X,} and
Ac E, thenthe I', can be presented by the following table,

1—‘A Xl X2 o Xn

! [’UVAL(xl) (ul)’ 'HVAU(xl) (ul)] [’UVAL(m (ul)’ ’UVAU(xz) (ul)] [#}'Auxﬂ) (ul)’ 'u;’Au(xn) (ul)]
u2 [’LlyAL(xl) (UZ)’ 'Ll}/AU(xl) (uz)] [ﬂ}/AL(xz) (UZ)’ ﬂyAU(xz) (UZ )] o [’Ll;/AL(xn) (UZ)’ ﬂ7AU(xn) (UZ)]
um [’Ll}/AL(xl) (um)! ﬂVAU(xl) (um)] ['Ll;/AL(xz) (um)’ ’Ll;/AU(xz) (um)] o [’LI7AL(xn) (um)1 'Ll;/AU(xn) (um)]

1=12,3,.....,n, then the interval-valued fuzzy soft set I", is uniquely characterized by a matrix,
(ay.a,) (a,,a,) - (&, ,a,)
(3] = Ay 3n) (Bn8,) -+ (3 ,3)
ijdmxn : : . :
(amli’ a‘ml+) (am27 ! am2+) t (amn7 ! aanr)

is called an Mx N interval-valued f s- matrix of the interval-valued f s-set I", over U.

Definition 2.4: Let I'y € IVFS(U). Then, the interval-valued cardinal set of I",, denoted by CI", and defined by
CFA ={:ucl"AL (X)l:ucFAU (X) / X X€ E}v
is a interval-valued fuzzy set over E. The membership function Her of CI',, is defined by

|7/AL (X)| |7/Au (X)q
ul

[lucFAL ':ucFAU ] E—> [011]! [/ucFAL (X)! Iucl"AU (X)] = |:

Where |U | is the cardinality of universe U, and [|7AL (X)| , |}/AU (X)|:| is the scalar cardinality of interval-valued

fuzzy set [7/AL (X): 7 au (X)]

Note that the set of all interval-valued cardinal sets of the interval-valued f s-sets over U will be denoted by
CcIVES(U). Itis clear that CIVFS(U) < IVF(E).

Definition 2.5: Let I'y, € IVFS(U)and cI', € cCIVFS(U). Assume that E ={X,, X,, X;,....., X, }and Ac E,
then CI", can be presented by the following table

E | Xl XZ . Xn

to | Dty Ot OO Dty O) b, OO T, (60t (%,)]
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If a; =[sr, (X)), e, (X)] for j=1,2,3,.....,n, then the interval-valued cardinal set CI', is uniquely

characterized by a matrix,

[ Jo = [ a0 7), (B 8" ) (B4 2,1 )]

which is called the interval-valued cardinal matrix of the interval-valued cardinal set CI", over E.

Definition 2.6: Let I', € IVFS(U) and cI", € IVFS(U). Then interval-valued f s-aggregation operator, denoted
by IVFS,, ., is defined by IVFS, :cIVFS(U)x IVFS(U) — IVF(U), IVFS, (cT,,T,) =T

where T, ={(s (U),p. (u))/u:ueU}isainterval-valued fuzzy set over U. "4 is called the aggregate

agg

interval-valued fuzzy set of the interval-valued f s-set I'y. The membership function yr of T ais defined as
A

follows:

1

it ot JU 108D D, (0t T S, 0Ot O, ()t ()

where |E| is the cardinality of E.

Definition 2.7: Let ', € IVFS(U) and T, be its aggregate interval-valued fuzzy set. Assume that
U ={u,u,,....,u,}, then the F*A can be presented by the following table

A Hi
G| e @ @]
b e @) ()]

mo | Lo (U)o (U]
If a, = [’UF*AL ), Mo (u)]for i =1,2,3,.....,m,then I, is uniquely characterized by the matrix,
(8 ,2y)
[ail]mxl = (a217 ’-a21+)
(@ny 8y )

which is called the aggregate matrix of F*A over U.

Definition 2.8: The associated real number of an interval number A= (a,b) is denoted by R(A) and is defined as

a+b
R(A)=——.
(A) 5

445
Example 2.8: An associated real number of the interval number A = (4,5)is R(A) = - =4.5

Theorem 2.9: Let I', € IVFS(U) and Ac E. If M. .M ,M . are representation matrices of I, CI",

1
cTa A

and T, respectively, then |E| X Mr*A =M, xM TCrA

where MTCFA is the transposition of MCFA and |E|is the cardinality of E.

Proof: It is sufficient to consider [ail]mXl = [aij }mxn X [aij Tlxn .

Theorem 2.9 is applicable to computing the aggregate interval-valued fuzzy set of an interval- valued f s-set.
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3. SOME PROPERTIES OF AGGREGATION OPERATOR OF INTERVAL-VALUED FUZZY SOFT SET

Definition 3.1: Let I', € IVFS(U). Then, the complement I'"°, of T", is an interval-valued f s-set such that

Ve (X) = 7°5(X), forall x e E, where y°,(X) is complement of the set ,(X).

Proposition 3.1: Let I", € IVFS(U). Then,
() (F°))° =T,
(i) Ty =T;

Proof: By using the fuzzy approximate functions of the interval-valued f s-set, the proofs are straightforward.

Definition 3.2: Let I',,I"; € IVFS(U). Then, the union of I", and 'y, denoted by I",, OFB, is defined by its
fuzzy approximate function

Y a0e (X) =74 () Uyg(x) forall xeE.

Proposition 3.2: Let I',,I'g,I'c € IVFS(U). Then,

Gr,ur,=r,
@y r,Jr, =T,
iy [, 0T, =T,

v I,Ur,=r,ur,
) (FA OFB)OFC :FAO(FB UFC)

Proof. The proofs can be easily obtained from Definition 3.2.

Definition 3.3: Let I',,I'; € IVFS(U). Then, the intersection of I", and I', denoted by I", ﬁFB, is defined by
its fuzzy approximate function

Y pe () =74 () Ny (x) forall x e E.

Proposition 3.3: Let I",,I'z,I'c € IVFS(U). Then,

) T,NT, =T,
) I,NT, =T,
(i) T, =T,

vy T,NT, =, NT,
(v) (FAﬁFB)ﬁrc =rAﬁ(FB ﬁl_‘c)

Proof: The proofs can be easily obtained from Definition 3.3.

Proposition 3.4: Let I",,I'y € IVFS(U). Then, De Morgan’s laws are valid as follows:

() (C,UTE)* =T, NI

(i) (T, NT,)° =", UTS,

Proof: The proofs can be obtained by using the respective approximate functions. For all X € E,

(@) 7 a0y () =7 555 (%)
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= (7. () Uy (X))

= (A ()" N (s (X))

=7 ()N (%)

=7, )Ny (X)

=V e (X)
The proof of (ii) is similar.
Proposition 3.5: Let I',,I'g,I'c € IVFS(U). Then,
() (N, U Nre) =(r, Urg) N(r, Ure)
(i) (TN (s UTe) = (L NT) U, M)

Proof: Forall X € E,
(i) : Y aefic) X)=r.(xU Vic (X)
=7a() U (X)
=7, 0QU (7 () N 7c (X))
= (7. QU5 ()N (7a () Uy (X))
=708 (07,400 (X)

- 7(AOB)ﬁ(AUC)(X)'
The proof of (ii) is similar.

4. ALGORITHM BASED ON AGGREGATION OPERATORS OF INTERVAL-VALUED FUZZY SOFT
MATRIX

Step-1: Construct an interval-valued f s-set I', over U.
Step-2: Find the interval-valued cardinal set CI', of I',.
Step-3: Find the aggregate interval-valued fuzzy set F:\ of I',.

Step-4: Find the best alternative from this interval-valued set that has the largest membership grade by max ,ur:\ (c).

Step-5: Select the candidate according to the maximum value of R(C) and verify that they will get the high interval
value.

5. APPLICATION OF A DECISION MAKING PROBLEM

Suppose a company wants to fill position. There are six candidates who form the set of alternatives,
U ={c,,c,,c,,C,,Cs,C}. The hiring committee consider a set of parameters, E ={e,,e,,e,,e,,e,} ={young

age, high percentage, computer knowledge, friendly approach, fluency in language} respectively. After a serious
discussion each candidate is evaluated from the goals and constraint point of view of according to a chosen subset

A={e,,e;,e.} of E. Finally, the committee applies the following steps:

Step-1: The committee constructs an interval-valued f s-set I, over U.
I, ={(e,,{(0.2,0.7)/c,,(0.3,0.8) / c,,(0.1,0.5) / ¢, (0.4,0.9) / c, }),
(e,,{(0.1,0.6)/c,,(0.2,05)/c,,(0.3,0.7)/c,}),
(e.,{(0.3,0.9)/c,,(0.41) I c,,(0.2,0.9)/c,,(0.3,0.8)/c. D}.
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Step-11: The interval-valued cardinal is computed,

o, ={(0.1,0.4)/e,,(0.1,0.3) /e,,(0.2,0.6) / e}

Step-111: The aggregate interval-valued fuzzy set is found by theorem 2.9,
0
0 0 (0.2,0.5) 0 (0.004,0.030)
0 (0.30.8 0 04,1 0.022,0.184
( ) ( ) (0.1,0.3) | _ ( )
0
0 (0.1,0.5) 0 (0.3,0.8) (0.014,0.136)
_0 (0.4,0.9 0

0 (0.207) (0.106) 0 (0.30.9)]- _ [(0.018,0.200)
0
. (0.1,0.4)

0 0 (0307) 0 (0.20.9) = (0.014,0.150)
0
. 1(0.2,0.6) |

0 (0.008,0.072) |

that means,
I, ={(0.018,0.200) / c,, (0.004,0.030) / c,, (0.022,0.184) / c,, (0.014,0.150) / c,,

(0.014,0.136) / c,, (0.008,0.072)}.

Step-1V: The largest membership grade is chosen by max . (¢) = (0.018,0.200).
A

Step-V: Finally by using the definition 2.8, we verified that C, is the suitable candidates for the company, as
R(c,) > R(c,) > R(c,) > R(c;) > R(c,) > R(c,).

6. CONCLUSION

In this paper, we have discussed the concept based on aggregation operators of interval-valued fuzzy soft matrix in
decision making problem. Also we proposed an algorithm based on aggregation operators of interval-valued fuzzy soft
matrix to solve the discussed notion with a new approach and relevant illustration is added to justify the above said
concept.
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