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In this paper, a new approach for decision making problem is introduced by extending the definition of
fuzzy soft set for multiple parameter sets and is called extended fuzzy soft set. Also, few operations
such as “AND” and “ MaxMin ” are defined on extended fuzzy soft sets and illustrated with examples.
Further an algorithm for decision making using the concept of extended fuzzy soft set is presented. The
decision making process includes construction of comparison matrix and ranking strategy is based on
the row sum of comparison matrix. Finally an application of proposed algorithm for decision making is

presented.
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INTRODUCTION

To handle the uncertainties in the imprecise data arising
in most of real life problems in engineering, social and
medical science, economics, environment, etc., Zadeh
(1965) introduced the concept of fuzzy set and fuzzy set
operations and further various researchers have
extended it to an intuitionistic fuzzy set (Atanassov and
Gargov, 1989), interval intuitionistic fuzzy set (Atanassov,
1986) in which information to handle the uncertain
information is more precise. Under these environments,
different types of approaches are discussed by the
researchers to solve the decision-making problems (Xu,
2007; Garg, 2018a, b; Xu and Yager, 2006; Garg, 2017,
Garg and Kumar, 2018). As there is an inadequacy of the
parameterizations tool associated with these approaches,
Molodtsov (1999) introduced soft sets as general
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mathematical tool for dealing with objects which have
been defined using a very general set of characteristics
and applied the soft theory into several directions, such
as, game theory, operations research, Riemann
integration, theory of probability, theory of measurement,
and so on. Maji et al. (2002) presented application of soft
sets in decision making problems. Maji et al. (2001)
introduced the concept of the fuzzy soft sets by using the
ideas of fuzzy sets (Zadeh, 1965) and then many
interesting applications of fuzzy soft set theory have been
proposed by various researchers. Roy and Maji (2007)
presented applications of fuzzy soft sets for decision
making problem. Som (2006) defined soft relation and
fuzzy soft relation on the theory of soft sets. Mukherjee
and Chakraborty (2008) worked on intuitionistic fuzzy soft
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relations. Aktas and Cagman ((2007) compared soft sets
with the related concepts of fuzzy sets and rough sets.
Yang et al. (2007) worked on operations on fuzzy soft
sets. Zou and Xiao (2008) introduced the soft set and
fuzzy soft set into the incomplete environment. Yang et
al. (2009) presented the combination of interval-valued
fuzzy set and soft set. Kong et al. (2008) introduced the
normal parameter reduction in the fuzzy soft sets.
Majumdar and Samanta (2010) presented generalized
fuzzy soft sets for decision making problems. Zhao and
Jia (2015) presented decision making method based on
Cartesian products of fuzzy soft sets. Garg et al. (2016)
defined the notion of the fuzzy number intuitionistic fuzzy
soft sets. However, for solving the decision making
problems, various researchers have utilized different
aggregation operators (Garg and Arora, 2018a, b, c;
Arora and Garg, 2018a, b) and information measures
(Garg and Arora, 2017a, b; Mukherjee and Sarkar, 2014;
Rajarajeswari and Dhanalakshmi, 2014; Arora and Garg,
2018c) under the soft set environment. In this paper, a
new approach for decision making problem is introduced
by extending the definition of fuzzy soft set for multiple
parameter sets and is called as extended fuzzy soft set.
Also, few operations such as “AND” and “ MaxMin” are
defined on extended fuzzy soft sets and illustrated with
examples. Finally an algorithm for decision making was
presented and the decision making process includes
construction of comparison matrix and ranking strategy
based on the row sum of comparison matrix (Roy and
Maiji, 2007; Kong et al., 2009).

BASIC DEFINITIONS
Definition 1

A fuzzy set A of a non empty set X is characterized by a
membership function g, : X —[0,1], where ,(X)

represents “degree of membership” of X in A, for X € X

and |* represents family of all fuzzy sets on X (Zadeh,

1965).

Definition 2

Let X be an initial universe and Ebe a set of
parameters, a pair (F,A) denoted by F,for AcEis

called fuzzy soft set, where Fis mapping given by
F:A—1* (Maji et al., 2001).

Definition 3

The Cartesian “AND” product of two fuzzy soft sets FA

and Fyover a common universe X denoted by
H. =F,AF;, is defined as H.:AxB-—>1"and
H.(a,b) =F,(a) AF;(b), where (a,b) e AxB (zhao
and Jia, 2015).

Definition 4

Comparison matrix is a square matrix (C“-) in which rows
and columns are labeled by the object names of the

m
universe and the entries Cij = Z(aik —ajk)where o is

k=1

the membership value of i" object for k™ parameter
(Roy and Maiji, 2007; Kong et al., 2009).

EXTENDED FUZZY SOFT SETS

Here, fuzzy soft set definition is extended for two
parameter sets and named it as extended fuzzy soft set.

Suppose X is an initial universe and EandKare
primary and secondary set of parameters. Let | X denote
family of all fuzzy sets over X and E* denote family of
all fuzzy soft sets over X with respect to the parameter

setE. Forany AcK, apair (F", A)denoted by F,is
called extended fuzzy soft set over X , where Fiis a
mapping given by F :A—>E”defined by
Fo(k)=F;, (K)defined by F. (K)=gif ke Aand
R, (K) = gif ke A.

Example 1

Consider a universal set X ={X, X,, X3, X,}, primary
parameter set E :{el, €, e3} and secondary parameter
set  K={k,k, k;, k,}and let A={k,k;}and
B={k,, k;}. Define extended fuzzy soft sets as
Fa={(, Fe, (k). (k. F, ()} and
Fo ={(k, Fe, (), (Ks, e, (s)) | where
{ ww {02040604} {OWMH
LK% %X X b X X kX
{% ww {0-10-70-30-6} {08060405}}
Xk X4

X1X2X3X4 X1X2X3X
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Table 1. Tabular representation of extended fuzzy soft sets.

Fe, (k) X X, X3 X,
e 0.1 0.3 0.4 0.7
e 0.2 0.4 0.6 0.4
e, 0.8 0.7 0.9 0.1
Fe, (k) X X, Xy X,
e 0.2 0.6 05 0.8
e, 0.1 0.7 0.3 0.6
e 0.8 0.6 0.4 05
Fe, (k) X %, X3 Xy
e 0.3 0.5 0.6 0.8
e 0.1 0.9 0.4 0.7
e 0.1 0.6 0.4 0.6
Fe, (k3) X, X, X X,
e 0.2 0.4 0.6 0.7
e 0.2 0.5 0.6 0.8
e 0.9 0.8 0.4 0.2

F (k):{Q:{EE@%}e :{EQEE}%:{%%%%}}
e % X [T e T [T T X X

0.2 0.4 06 0.7 0.2 05 0.6 0.8 0.9 08 04 0.2
Fe, () =18 =1 &= &=

Xl X2 X3 x4 Xi X2 X3 X4 Xl XZ X3 X4

The above extended fuzzy soft sets can also be
represented in a tabular form as shown below and
throughout the paper following representation has been
used for representing extended fuzzy soft sets and also
similar representation for fuzzy soft as well as fuzzy sets
shown in Table 1.

Definition 5

The Cartesian “AND” product of two extended fuzzy soft
sets F; and Fjover a common universe X denoted by

H. =F AF;, is defined as H:AxB—>E*and
Hs(a,b) = R, (@) AR, (b) » where (a,b) e AxB.
Example 2

The Cartesian “AND” product of F; and Fg (as defined

in Example 1) is given by

{6 k)R, (k) AP, (D] (kKR () AP (| ()

Ho =F, AF, =
l{(ka ko) (Fe, () A Fe, () (s k)R, (k) A Fe, (k)

where Table 2 shows extended fuzzy soft set Hé .

Definition 6

The MaxMin operators on “AND” products of two
extended fuzzy soft sets F,: and F,; are defined as:

Max, Min,[H; (2.)] = v { (F1(2) A F; ()}

(2)
Max,Min,[Hc (a,b)] = v { A (F\(a) A Fs (0))} -
Example 3
The MaxMin operatons on  “AND” product
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Table 2. Extended fuzzy soft set Hé

(ki k) X, X, X; X (kk) X, X, X; X,
(e, €) 0.1 03 0.4 0.7 (e, e) 0.1 03 0.4 0.7
(e &) 0.1 03 0.4 0.7 (e &) 0.1 0.3 0.4 0.7
(e &) 0.1 03 0.4 0.6 (e &) 0.1 03 0.4 0.2
(e, e) 0.2 0.4 0.6 0.4 (e, 8) 0.2 0.4 0.6 0.4
(e, &) 0.1 0.4 0.4 0.4 (e, &) 0.2 0.4 0.6 0.4
(e, &) 0.1 0.4 0.4 0.4 (e, &) 0.2 0.4 0.4 0.2
(&) 03 05 0.6 0.1 (e, €) 0.2 0.4 0.6 0.1
(& 8) 0.1 0.7 0.4 0.1 (& 8) 0.2 05 0.6 0.1
(e, 8) 0.1 0.6 0.4 0.1 (&, &) 0.8 0.7 0.4 0.1
(ks k) X, X X X, (ks k3) X, X X X,
(e &) 0.2 05 05 0.8 (e &) 0.2 0.4 05 0.7
(e &) 0.1 0.6 0.4 0.7 (e &) 05 05 05 0.8
(e &) 0.1 0.6 0.4 0.6 (e &) 0.2 0.6 0.4 0.2
(e; &) 0.1 05 03 0.6 (e, €) 0.1 0.4 03 0.6
(e, 8,) 0.1 0.7 03 0.6 (e, 8,) 0.1 05 03 0.6
(e, &) 0.1 0.6 03 0.6 (e, &) 0.1 0.7 03 0.2
(e;e) 0.3 0.5 0.4 0.5 (e €) 0.2 0.4 0.4 0.5
(& €) 0.1 0.6 0.4 05 (&) 0.2 05 0.4 05
(e, &) 0.1 0.6 0.4 05 (&, &) 0.8 0.6 0.4 0.2
H. =F, AF, obtained in Example 2 are shown below: /\{FEA (k) AF, (k) Fe, (k) A, (kz)}
Max, Min,[H¢ (a,b)] = a\E/A{D/E\B(F; @ AR (0)} ! A { FEA (k) A FEB (ks), FEA (k) A FEB (ks)}
/\{FEA (k) AR, (k). Fe, (k) AR, (ks)} Ak k), (ks k)
=V =V =F,(say)
{A{FEA (ko) A P, (), P, (ko) A, (ks)}} {A{(kl ks), (s ks)}} ©)
= V{/\{(kl kZ)’ (kl ks)}} = F.(say) where Table 4 shows fuzzy soft set Fy
/\{(ks Ky): (ks k3)} ° “) '

where Table 3 show fuzzy soft set FC _ APPLICATION IN DECISION MAKING PROBLEM
Suppose a set of projects are to be evaluated in two stages based

M Min.TH> a,b)]=v{A E*(a2) AE (b on a certain set of parameters. In each stage two evaluators
D a[ C( )] beB{aeA( A( ) B ®)} evaluate the projects and assign the marks between 0 and 100 and
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Fe X X, X X,
(e &) 0.2 0.4 05 0.7
(e e,) 01 05 0.4 0.7
(e &) 01 0.6 0.4 0.2
(e, €) 0.2 0.4 0.6 0.6
(e, &) 01 05 0.4 0.6
(e, &) 0.1 0.6 0.4 0.2
(& €) 0.2 0.4 0.6 05
(& 8) 0.1 0.5 0.4 0.5
(& 8) 0.1 0.6 0.4 0.2
Table 4. Fuzzy soft set FD .
Fo X X, X X,
(e &) 0.1 0.3 0.4 0.7
(e &) 01 03 0.4 0.7
(e &) 01 0.3 0.4 0.6
(e, e) 0.1 0.4 03 0.4
(e, &) 04 0.4 03 0.4
(e, &) 0.1 0.4 0.3 0.4
(&, €) 0.3 0.5 0.4 0.1
(&) 0.2 0.6 0.4 0.1
(&5 85) 0.8 0.6 0.4 0.1

problem here is to rank the projects based on the evaluation. Here,
we present an algorithm to solve this decision making problem for
which marks allotted are converted on the scale of 0 to 1 to get
extended fuzzy soft sets and these sets will be the input for the
proposed algorithm.

Algorithm:
Step 1: Input extended fuzzy soft sets F; and FB*

Step 2: Perform Cartesian AND product of F; and FB* to obtain

*

Hc

Step 3: Apply MaxMin operators on Hé to obtain fuzzy soft
sets Fc and FD

Step 4: Apply MaxMin operators on Fc and FD to obtain four

fuzzy sets

Step 5: Construct comparison matrix (Roy and Maji, 2007) of fuzzy
sets obtained in step 4, in which both rows and columns are labeled
by project names and the entries are (Kong et al., 2009)

4
. . ~th
C; = Z(aik — ;) Where @ is the membership value of |
)
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Table 5. Marks allotted by evaluators ki, ks, ks and ks.

ke X, X, X; X Xs Xs X; Xs Xs X0
€ 80 60 40 60 80 70 60 20 50 80
e, 70 50 60 70 70 70 70 20 50 70
€, 60 90 50 80 40 40 40 30 40 70
k2 X X X Xy X5 X5 X X X X0
€ 60 80 70 70 70 40 60 20 10 90
e, 10 50 70 60 50 30 80 40 10 70
€, 80 60 60 50 80 70 10 30 10 80
ks X, X, X, X Xs Xs X; Xs Xs X0
€ 80 60 60 20 90 70 80 40 20 70
e, 60 30 80 80 70 60 10 40 70 60
€, 80 40 50 50 60 50 30 80 30 40
Ka X X X3 Xy X5 X X7 X X X0
€ 50 40 70 50 80 80 80 60 70 20
e, 60 70 50 30 80 70 80 40 90 60
€, 70 60 50 90 60 50 80 30 50 70

4
project for kth fuzzy set and then compute row sum r, :ZC“
j=1
Step 6: The decision is rank(x,) > rank(xj) it ;> rj and

rank(x) = rank(x;)if I, =T,

Example 4

Suppose ten projects need to be evaluated based on a certain set
of parameters by four evaluators in a pair in two different stages
and projects to be ranked. Let

X =X, X, Xay Xy X, X1 X0, X, Yo, Xig}be @ st of

projects and parameter (primary) seth{el,ez, 83}. Let

secondary parameter (evaluators) set K ={k1, k2! k3,k4}and
A:{kl, kz}&BZ{k3, k4}be two pairs of evaluators. The

marks allotted by the four evaluators are presented in Table 5.

Implementation of Algorithm

Step 1: Based on the evaluation of projects with respect to set
parameters by the four evaluators, let the corresponding extended

fuzzy soft sets be Fj = {(kl, Fe, (k). (k,, e, (kz))}and
F; = {(kg, FEB (kg)), (k4, FEB (k4))} , where Table 6 shows

the extended fuzzy soft sets FA and FB

Step 2: Perform Cartesian AND Product of FA and FB :

e k)R (k) A (kD ()R, () A (),

He=FAF; = 6)
{6 ko), (o)A R, (kD Ko, () AR, (k)

Step 3: MaxMin operators on “AND” products that is, F.=
Max,Min,[H¢ (a,b)] and Fp = Max,Min,[H (a,b)] (Tables 7
and 8).

Step 4: Apply MaxMin operators on F and Fyto get various
fuzzy sets (Table 9).

Step 5 and 6: The Comparison table of the above fuzzy sets, row
sum and ranking (Table 10).
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Fe, (k) X X X X X X X% X X X
e 0.8 0.6 0.4 0.6 0.8 0.7 0.6 0.2 05 08
e, 0.7 05 0.6 0.7 0.7 0.7 0.7 0.2 05 0.7
e, 0.6 0.9 05 0.8 0.4 0.4 0.4 0.3 0.4 0.7
Fe, (k) X X, Xs X, Xs Xs X, Xg X, X
e 0.6 0.8 0.7 0.7 0.7 0.4 0.6 0.2 0.1 0.9
e, 0.1 05 0.7 0.6 05 03 0.8 0.4 0.1 07
e, 0.8 0.6 0.6 05 0.8 0.7 0.1 03 0.1 08
Fe, (ks) X N N X X X X XX X
e 0.8 0.6 0.6 0.2 0.9 0.7 0.8 0.4 0.2 07
e, 0.6 03 08 0.8 0.7 0.6 0.1 0.4 0.7 0.6
e, 0.8 0.4 05 05 0.6 05 0.3 0.8 03 0.4
Fe, (k) X X, X, Xy Xs Xs X; X, Xs X0
e 05 0.4 0.7 05 08 0.8 0.8 0.6 0.7 0.2
e, 0.6 0.7 05 03 0.8 0.7 0.8 0.4 0.9 0.6
e, 0.7 0.6 05 0.9 0.6 05 0.8 03 05 07
(k; ks) X X Xs X Xs X5 X; X, Xs X0
(e e) 0.8 0.6 0.4 0.2 0.8 0.7 0.6 0.2 0.2 0.7
(e, 8) 0.6 0.3 0.4 0.6 0.7 0.6 0.1 0.2 0.5 0.6
(e &) 0.8 0.4 0.4 0.5 0.6 0.5 0.3 0.2 0.3 0.4
(e, &) 0.7 05 0.6 0.2 0.7 0.7 0.7 0.2 0.2 0.7
(e, &) 0.6 03 0.6 0.7 0.7 0.6 0.1 0.2 0.5 0.6
(e, &) 0.7 0.4 05 05 0.6 05 0.3 0.2 03 0.4
(e, €) 0.6 0.6 05 0.2 0.4 0.4 0.4 03 0.2 0.7
(&) 0.6 03 05 0.8 0.4 0.4 0.1 03 0.4 0.6
(65 85) 0.6 0.4 05 05 0.4 0.4 0.3 03 0.3 0.4
(k k) X X X X X X X X X Xg
(e &) 05 0.4 0.4 05 08 0.7 0.6 0.2 0.5 0.2
(e &) 0.6 0.6 0.4 03 0.8 0.7 0.6 0.2 0.5 0.6
(e&) 0.7 0.6 0.4 0.6 0.6 05 0.6 0.2 0.5 0.7
(e, &) 05 0.4 0.6 0.5 0.7 0.7 0.7 0.2 05 0.2
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Table 6. Contd.

(e, 8) 0.6 0.5 05 0.3
(e, €) 07 05 05 07
(e, &) 05 0.4 0.5 0.5
(& 8) 0.6 0.7 05 0.3
(& &) 0.6 0.6 05 0.8
(k; k;) X X, X, X,
(e &) 0.6 0.6 0.6 0.2
(e &) 0.6 0.3 0.7 0.7
(e &) 0.6 0.4 05 05
(e, &) 0.1 05 0.6 0.2
(e, &) 0.1 0.3 07 06
(e, €) 0.1 0.4 05 05
(e, &) 0.8 0.6 06 0.2
(e 8,) 0.6 0.3 06 05
(&, €5) 0.8 0.4 05 05
(kz k4) X X, X3 X,
(e &) 0.5 0.4 0.7 0.5
(e &) 0.6 0.7 05 03
(e &) 0.6 0.6 05 07
(e, &) 0.1 0.4 0.7 0.5
(e, 8) 0.1 05 05 03
(e, €) 0.1 05 05 0.6
(&, &) 0.5 0.4 0.6 0.5
(e;8,) 0.6 0.6 0.5 0.3
(e, &) 0.7 0.6 0.5 0.5

0.7 0.7 0.7 0.2 0.5 0.6
0.6 0.5 0.7 0.2 0.5 0.7
0.4 0.4 0.4 0.3 0.4 0.2
0.4 0.4 0.4 0.3 0.4 0.6
0.4 0.4 0.4 0.3 0.4 0.7
X; Xs X, X, X, X
0.7 0.4 0.6 0.2 0.1 0.7
0.7 0.4 0.1 0.2 0.1 0.6
0.6 0.4 0.3 0.2 0.1 0.4
0.5 0.3 0.8 0.4 0.1 0.7
0.5 0.3 0.1 0.4 0.1 0.6
0.5 0.3 0.3 0.4 0.1 0.4
0.8 0.7 0.1 0.3 0.1 0.7
0.7 0.6 0.1 0.3 0.1 0.6
0.6 0.5 0.1 0.3 0.1 0.4
X Xs X, X, X, X
0.7 0.4 0.6 0.2 0.1 0.2
0.7 0.4 0.6 0.2 0.1 0.6
0.6 0.4 0.6 0.2 0.1 0.7
0.5 0.3 0.8 0.4 0.1 0.2
0.5 0.3 0.8 0.4 0.1 0.6
0.5 0.3 0.8 0.3 0.1 0.7
0.8 0.7 0.1 0.3 0.1 0.2
0.8 0.7 0.1 0.3 0.1 0.6
0.6 0.5 0.1 0.3 0.1 0.7

RESULTS AND DISCUSSION

The performance of the algorithm is illustrated with an
example of ranking ten different projects which are
evaluated by four evaluators based on three different
parameters. The ranking strategy is based on value of

row sum ( I;) as depicted in Table 10. The project with

highest row sum (I;) is ranked number 1 and the project
with lowest row sum (r;) is given last rank. For the

example under discussion, project x5 has the highest row
sum that is, 6.2 and is given rank 1 and the project xg has
the least row sum and hence assigned last rank. If two or
more values in the row sum are same then the
corresponding projects will be assigned the same ranks
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Fe X, X Xs Xy X5 Xs X, X X9 X0
(e e) 05 0.4 0.6 0.2 0.8 0.7 0.6 0.2 0.2 0.2
(e &) 0.6 03 05 0.3 0.7 0.6 0.1 0.2 0.5 0.6
(e &) 0.7 0.4 05 05 0.6 05 03 0.2 0.3 0.4
(e, €) 05 0.4 0.6 0.2 0.7 0.7 0.8 0.4 0.2 0.2
(e, &) 0.6 03 05 0.3 0.7 0.6 0.1 0.4 0.5 0.6
(e, &) 0.7 0.4 05 05 0.6 05 03 03 0.3 0.4
(& 8) 05 0.4 0.6 0.2 0.8 0.7 0.4 03 0.2 0.2
(& 8) 0.6 03 05 03 0.7 0.6 0.1 03 0.4 0.6
(&; &) 0.7 0.4 0.5 0.5 0.6 0.5 0.3 0.3 0.3 0.4
Table 8. Fuzzy soft set F= Max,Min,[H. (a,b)] .
Fo X, X X3 X, Xs X5 X Xs X9 X10
(e, e) 0.6 0.6 0.4 05 0.7 0.4 0.6 0.2 0.1 0.7
(e &) 0.6 0.6 0.4 0.6 0.7 0.4 0.6 0.2 0.1 0.6
(e &) 0.6 0.6 0.4 0.6 0.6 0.4 0.6 0.2 0.1 0.7
(e, &) 0.1 05 0.6 05 05 03 0.7 0.2 0.1 0.7
(e, 8,) 0.1 05 0.6 0.6 05 03 0.7 0.2 0.1 0.6
(e, &) 0.1 05 05 0.6 05 0.3 0.7 0.2 0.1 0.7
(&) 0.6 0.6 05 05 0.4 0.4 0.1 0.3 0.1 0.7
(& 8) 0.6 0.6 05 05 0.4 0.4 0.1 0.3 0.1 0.6
(& 8,) 0.6 0.6 05 05 0.4 0.4 0.1 0.3 0.1 0.7
Table 9. Various fuzzy sets after applying MaxMin operators on Fc and FD

Fuzzy sets X X X3 X4 X Xg X7 X3 X X1
Max,Min, (F.) 05 03 05 0.2 0.6 05 0.1 03 0.2 0.2
Max, Min, (F.) 0.7 0.4 0.6 05 0.7 0.7 0.4 0.2 0.4 0.6
Max, Min, (F;) 0.6 0.6 05 05 0.6 0.4 0.7 0.3 0.1 0.6
Max, Min, (F,) 0.1 05 0.4 05 0.4 03 0.1 0.2 0.1 0.7
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Table 10. Comparison table, row sum and ranking.

Row Row sum

sum X X X3 Xy X5 Xg X Xg X X0 ) Rank
X 0.0 0.1 -0.1 0.2 -04 0.0 0.6 0.9 11 -0.2 22 4
X, -0.1 0.0 -0.2 0.1 -0.5 -0.1 0.5 0.8 1.0 -0.3 12 5
X5 0.1 0.2 0.0 0.3 -0.3 0.1 0.7 1.0 1.2 -0.1 3.2 3
X, -0.2 -0.1 -0.3 0.0 -0.6 -0.2 0.4 0.7 0.9 -04 0.2 6
Xs 0.4 0.5 0.3 0.6 0.0 0.4 1.0 1.3 15 0.2 6.2 1
Xs 0.0 0.1 -0.1 0.2 -04 0.0 0.6 0.9 11 -0.2 22 4
X; -0.6 -0.5 -0.7 -0.4 -1.0 -0.6 0.0 0.3 0.5 -0.8 -3.8 7
Xg -0.9 -0.8 -1.0 -0.7 -1.3 -0.9 -0.3 0.0 0.2 -1.1 -6.8 8
X -1.1 -0.6 -1.2 -0.9 -1.5 -1.1 -0.5 -0.2 0.0 -1.3 -8.4 9
X0 0.2 0.3 0.1 0.4 -0.2 0.2 0.8 1.1 1.3 0.0 4.2 2

which can be seen for projects x; and Xs.

CONCLUSION

Here, a new approach for decision making problem is
introduced by extending the definition of fuzzy soft set for
multiple parameter sets called extended fuzzy soft set.
Some operations such as “AND” and “MaxMin” are
defined. Finally an algorithm for decision making was
presented and the decision making process includes
construction of comparison matrix and ranking strategy
based on the row sum of comparison matrix. The
proposed algorithm is illustrated with an example where
ten different projects are evaluated and ranked based on
the marks allotted by four different evaluators.

Data availability

The data used in this study is a randomly generated data
to validate the algorithm presented in the paper and is not
real time data.

CONFLICT OF INTERESTS

The authors have not declared any conflict of interests.

REFERENCES

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

Arora R, Garg H (2018a). Robust aggregation operators for multi-criteria
decision making with intuitionistic fuzzy soft set environment. Scientia
Iranica 25:931-942.

Arora R, Garg H (2018b). Prioritized averaging/geometric aggregation
operators under the intuitionistic fuzzy soft set environment. Scientia
Iranica 25:466-482.

Arora R, Garg H (2018c). A robust correlation coefficient measure of
dual hesistant fuzzy soft sets and their application in decision making.
Engineering Applications of Artificial Intelligence 72:80-92.

Atanassov KT (1986). Intuitionistic fuzzy sets. Fuzzy Sets and Systems
20: 87-96.

Atanassov K, Gargov G (1989). Interval-valued intuitionistic fuzzy sets.
Fuzzy Sets and Systems 31:343-349.

Garg H, Agarwal N, Tripathi A (2016). Fuzzy number Intuitionistic fuzzy
soft sets and its properties. Journal of Fuzzy Set Valued Analysis
2016:196-213.

Garg H (2017). Novel intuitionistic fuzzy decision making method based
on an improved operation laws and its application. Engineering
Applications of Atrtificial Intelligence 60:164-174.

Garg H, Arora R (2017a). Distance and similarity measures for Dual
hesitant fuzzy soft sets and their applications in multi criteria
decision-making problem. International Journal for Uncertainty
Quantification 7:229-248.

Garg H, Arora R (2017b). A nonlinear-programming methodology for
multi-attribute  decision-making  problem  with interval-valued
intuitionistic fuzzy soft sets information. Applied Intelligence 1-16, doi:
10.1007/s10489-017-1035-8.

Garg H (2018a). Some arithmetic operations on the generalized
sigmoidal fuzzy numbers and its application. Granular Computing
3:9-25.

Garg H (2018b). Some robust improved geometric aggregation
operators under interval-valued intuitionistic fuzzy environment for
multi-criteria decision -making process. Journal of Industrial and
Management Optimization 14:283-308.

Garg H, Kumar K (2018). An advanced study on the similarity measures
of intuitionistic fuzzy sets based on the set pair analysis theory and
their application in decision making. Soft Computing 1-12, doi:
10.1007/s00500-018-3202-1.

Garg H, Arora R (2018a). Generalized and Group-based Generalized
intuitionistic fuzzy soft sets with applications in decision-making.
Applied Intelligence 48:343-356.

Garg H, Arora R (2018b). Novel scaled prioritized intuitionistic fuzzy soft
interaction averaging aggregation operators and their application to
multi criteria decision making. Engineering Applications of Atrtificial
Intelligence 71:100-112.

Garg H, Arora R (2018c). Dual hesitant fuzzy soft aggregation operators
and their application in decision making. Cognitive Computation



doi: 10.1007/s12559-018-9569-6.

Kong Z, Gao L, Wang L, Li S (2008). The normal parameter reduction of
soft sets and its Algorithm. Computers & Mathematics with
Applications 56:3029-3037.

Kong Z, Gao L, Wang L (2009). Comment on A fuzzy soft set theoretic
approach to decision making problems. Journal of Computational and
Applied Mathematics 223(2):540-542.

Maji PK, Roy AR, Biswas R (2001). Fuzzy soft sets. Journal of Fuzzy
Mathematics 9(3):589-602.

Maji PK, Roy AR, Biswas R (2002). An application of soft sets in a
decision making problem. Computers and Mathematics with
Applications 44(8):1077-1083.

Majumdar P, Samantha SK (2010). Generalized fuzzy soft sets.
Computers and Mathematics with applications 59(4):1425-1432.

Molodtsov D (1999). Soft set theory-first results. Computers and
Mathematics with Applications 37(4):19-31.

Mukherjee A, Sarkar S (2014). Similarity measures for interval-valued
intuitionistic fuzzy soft sets and its application in medical diagnosis
problem. New Trends in Mathematical Sciences 2:159-165.

Mukherjee A, Chakraborty SB (2008). On intuitionistic fuzzy soft
relations. Bulletin of Kerala Mathematics Association 5(1):35-42.

Rajarajeswari P, Dhanalakshmi P (2014). Similarity measures of
intuitionistic fuzzy soft sets and its application in medical diagnosis.
International Journal of Mathematical Archive 5:143-149.

Roy AR, Maji PK (2007). A fuzzy soft set theoretic approach to decision
making problems. Journal of Computational and Applied Mathematics
203(2):412-418.

Som T (2006). On the theory of soft sets, soft relation and fuzzy soft
relation. National Conference on Uncertainty: A Mathematical
Approach, Burdwan pp. 1-9.

Anil and Patil 71

Xu ZS, Yager RR (2006). Some geometric aggregation operators based
on intuitionistic fuzzy sets. International Journal of General Systems
35:417-433.

Xu ZS (2007). Intuitionistic fuzzy aggregation operators. |EEE
Transactions of Fuzzy Systems 15:1179-1187.

Yang X, Yu D, Yang J, Wu C (2007). Generalization of soft set theory:
from crisp to fuzzy case. Advances in Soft Computing 40:345-354.
Yang X, Lin TY, Yang J, Li Y, Yu D (2009). Combination of interval-
valued fuzzy set and soft set. Computers and Mathematics with

applications 58:521-527.

Zadeh LA (1965). Fuzzy Sets. Information and Control 8:338-353.

Zhao H, Jia J (2015). Fuzzy soft relation and its application in decision
making. In Modelling, Identification and Control (ICMIC), 2015 7th
International Conference on IEEE. pp. 1-4.

Zou Y, Xiao Z (2008). Data analysis approaches of soft sets under
incomplete information. Knowledge-Based Systems 21:941-945.



