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Abstract 
Molodtsov pioneered the concept of fuzzy soft set, which was a hybrid of fuzzy set and soft 
set. The fuzzy soft set is used in the Technique for Order Preference by Similarity to Ideal 
Solution (TOPSIS) method to deal with imprecision in order to obtain the best compromise 
solution, which is the solution that is closest to the ideal solution, and the theory is 
demonstrated using multi-observer performance evaluation. Two distinct FPIS and FNIS 
values were used in this study: maximum and minimum values, as well as universal set values 
(1,1,1). (0,0,0). Additionally, this study utilised three distinct distance formulas: separation 
distance, Euclidean distance, and Chu's distance. Two numerical examples of multi- criteria 
decision making (MCDM) problems were used in this study to demonstrate the methods' 
consistency. Thus, it is demonstrated that our proposed methods are consistent with the 
ranking given by both examples. 
Keywords: Fuzzy Soft Set, Fuzzy Ideal Solution, Distance, Multi-criteria Decision Making, 
TOPSIS. 
 
Introduction  

Molodtsov (1999) pioneered the use of soft set theory as a mathematical tool for 
resolving ambiguities that traditional mathematical theory is incapable of resolving. The soft 
set theory has been applied to a wide variety of fields, including engineering, economics, and 
social sciences, to aid in problem solving (Molodtsov, 1999). A detailed theoretical study was 
conducted and presented on the application of soft set theory to decision-making problems 
involving the reduction of rough sets (Maji, Biswas, & Roy, 2003). They were also the first to 
introduce the concept of fuzzy soft set in 2001, combining fuzzy set and soft set theory. Roy 
and Maji (2007) present a method for object recognition from inaccurate multi-observer data 
in their article "A fuzzy soft set theoretic approach to decision making problems." The method 
entails creating a comparison table for decision making from a fuzzy soft set in a parametric 
sense (Roy & Maji, 2007). The final decision is made based on the comparison table's 
maximum score. Majumdar and Samanta (2010) defined generalised fuzzy soft sets and their 
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properties in their article "Generalised fuzzy soft sets." Additionally, they demonstrated how 
fuzzy soft sets can be used to solve decision-making and medical diagnosis problems. The 
authors discussed the similarity of two generalised fuzzy soft sets in the context of medical 
diagnosis. To summarise, modified fuzzy soft sets will be more effective at resolving a variety 
of uncertainty problems and will produce more natural results (Majumdar & Samanta, 2010). 
The are many other study of fuzzy soft and their extensions in MCDM (Alcantud et al., 2016; 
Alsager et al., 2018; Bashir & Salleh, 2012; Beg & Rashid, 2016; Khan et al., 2019; Li et al., 
2019; Mokhtia et al., 2020; Sun et al., 2018; Wang, et al., 2015; Wang & Qin, 2019). 

TOPSIS is a practical method for dealing with MCDM in the real world. Hwang and Yoon 
first introduced TOPSIS in 1981. It aids decision makers in organising the problem at hand and 
conducting analyses, comparisons, and rankings of alternative solutions. The TOPSIS 
approach's objective is for the most preferred alternative to be the closest to the positive 
ideal solution and the furthest from the negative ideal solution. The purpose of this study was 
to introduce the TOPSIS method for decision making based on different ideal solution and 
distance formula of fuzzy soft. The researcher proposed a new decision-making model in 
which the outcomes of various examples led to similar conclusions. Thus, the new model is 
relevant for aggregation, is relatively simple to implement, and will not impose a greater 
computational burden than the TOPSIS method. 

This paper is structured as follows. The following sections Section 2 presents the 
fundamental definitions of soft sets, fuzzy soft sets, fuzzy TOPSIS, the ideal solution in fuzzy 
TOPSIS, and the fuzzy soft set distance formula in TOPSIS. Section 3 discusses fuzzy soft sets 
in TOPSIS that have a variety of ideal solutions and distance formulas. This section provides 
an overview of the integrated fuzzy TOPSIS method's flowchart and details the steps involved 
in creating a fuzzy soft set in TOPSIS. Section 4 discusses two numerical examples involving 
the use of a fuzzy soft set in TOPSIS with varying ideal solution values and also varying distance 
formulas. Finally, section 5 brings the paper to a close. 
 
Preliminaries 

In this section, we briefly review basic theoretical background on soft sets, fuzzy soft sets, 
fuzzy TOPSIS, the ideal solution in fuzzy TOPSIS, and distance formula of fuzzy soft set in 
TOPSIS. 

  
Definition of Soft Set 
Molodtzov (1999) first introduced soft set as a mathematical method to solve problems 
involving uncertainties. Soft set is an alternative to solve the problems associated with data 
loss, incomplete data and ambiguous data. Soft set consist of universal set, parameters and 
function. Let U be the universe set and K be the set of parameters or attributes with respect 
to U. Then soft set is defined as follows; 
A pair (F,R) is called soft set over U, where R K  and F is a mapping given by →: ( )F R P U . In 

other words, a soft set over U is a parameterized family of subsets of U. R is the parameter 
set of the soft set (F,R) and for  , ( )e R F e  may be considered as the set of e-elements or e-

approximate elements of soft sets (F,R). Thus, (F,R) is defined as: 
 

 =   = ( , ) { ( ) ( ): , ( ) Ø if e RF R F e P U e K F e  (1) 
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Definition of Fuzzy Soft Set  
Maji, Biswas and Roy (2001) presented the concept of fuzzy soft sets. Fuzzy soft sets are 

defined as follows; A pair (F,R) is a fuzzy soft set over U where →
~

: ( )F R P U  is mapping from R 

into 
~

( )P U  where when 
~

( )P U  denotes the set of all fuzzy sets on U and R E . In other words, 

let x U  and e R . F(e) is a fuzzy subset of U and it is called crisp subset of U, then (F,R) is 
degenerated to be the standard soft set (Maji et al. 2001). Let ( )( )F e x  denote the degrees of 

membership that objects x  holds parameter e , and then ( )F e  can be written as a fuzzy set 

such that: 
 

 = ( ) { / ( )( )| }F e x F e x x U  (2) 
 
For instance, if we take example soft set above, with  
 

=1 1 2 3 4( ) { / 0.8, / 0.2, / 0.1, / 0.3}F e f f f f , 

=2 1 2 3 4( ) { / 0.9, / 0.5, / 0.8, / 0.2}F e f f f f , 

=3 1 2 3 4( ) { / 0.5, / 0.1, / 0.6, / 0.7}F e f f f f  

then, 
= = =1 1 2 3 4 2 1 2 3 4( , ) { ( ) { / 0.8, / 0.2, / 0.1, / 0.3}, ( ) { / 0.9, / 0.5, / 0.8, / 0.2}}F R F e f f f f F e f f f f  

 
Definition of Fuzzy TOPSIS 
In this study, the mathematical concept of Fuzzy TOPSIS is shown as below: 
 
Step 1: Build the fuzzy decision matrix, FDM.  

 
 
 

=
 
  

1 2 3

1 11 12 13

2

3 1 2 3m m m

C C C

A x x x

FDM A

A x x x

   (3) 

 
And criteria are composed by the following equation: 
 

 ( )= 1 2, , mW W W W  (4) 

 
Step 2: Normalized the fuzzy decision

 

matrix (NFDM) by using relative performance of the 
generated design alternatives. 

 
=

= =


2

1

ij

ij
m

iji

X
NFDM R

X
 (5) 

 
Step 3: Determine the weighted normalized fuzzy decision matrix. 

 = = ij j ijV V W R  (6) 

Where j = 1, 2…, m and i = 1, 2, …, n
 

Step 4: Identify the Fuzzy Positive Ideal Solution (FPIS, +A ) and Negative Ideal Solution  

(FNIS, −A ).
 

Step 5: Calculate the distance of each alternative from the ideal and non-ideal solution.  
Step 6: Measure the closeness coefficient of each alternative to the ideal solution. 
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For each competitive alternative the closeness coefficient of the potential location with 
respect to the ideal solution is computed. 

 
−

+ −
=

+

i
i

i i

S
C

S S
    0 1iC  (7) 

Step 7: Rank preference order 
The rank of alternatives will be obtained according to the closeness coefficient in descending 
order which allow relatively better performances to be compared. According to the value iC , 

the higher the value of closeness coefficient, the higher the ranking order and hence the 
better the performance of the alternatives. 
 
Ideal Solution in Fuzzy TOPSIS 
There are two values of fuzzy positive ideal solution (FPIS) and fuzzy negative ideal solution 
(FNIS) that have been used. One of the universal set of FPIS and FNIS values are (1,1,1) and 
(0,0,0) and the other values are maximum value and minimum value. Both of these FPIS and 
FNIS values are frequently used by many researchers but in this study, we would like to 
compare both values and determined which one is more suitable.  
A value FPIS and FNIS that have been used are (1,1,1) and (0,0,0) based on the weighted 
normalized fuzzy decision matrix that the range fit to the closed interval [0,1]. The FPIS, A+ 
and FNIS, A- were decided as defined in the following equations (Alidoosti, Yazdani, Fouladgar, 
& Basiri, 2012). For benefit criterion, FPIS and FNIS are classified as: 

 ( )+
= 1,1,1,...,1A  and ( )−

= 0,0,0,...0A  (8) 

 
While for cost criterion, FPIS and FNIS are classified as: 

 ( )+
= 0,0,0,...0A  and ( )−

= 1,1,1,...,1A      (9) 

 
The other FPIS and FNIS is presented by Hwang and Yoon (1981) for solving MCDM problem. 
The concept of FPIS refer to the chosen alternative that have the shortest distance from the 
positive ideal solution and FNIS refer to the chosen alternative that have the longest distance 
from the negative ideal solution. For example, FPIS maximize the benefit criteria and minimize 
the cost criteria whereas the FNIS maximize the cost criteria and minimize the benefit criteria. 
The FPIS values is determined by the maximum value and FNIS values is determined by the 
minimum value to select the best alternative in solving problems. The maximum and 
minimum values can be defined as follows:  
 

 ( )  + + + +
= = =1 2, ,..., max 1,2,...,m j ijA v v v v j m  (10) 

 

 ( )  − − − −
= = =1 2, ,..., min 1,2,...,m j ijA v v v v j m  (11) 

 
Distance Formulas  
This study used FPIS, FNIS with three different kind of distance formula to compare whether 
there is a different between the ranks of the closeness coefficient of each alternative. The 
distance formula that has been used are Separation distance, Euclidean distance and distance 
formula by Chu (2002). Separation distance is applied by Hwang and Yoon (1981) in the 
TOPSIS method to obtain the closeness coefficient of each alternative. The distance +(S and 
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− )S  of each alternative from +A  and −A  can be currently calculated by the area compensation 

method as shown in equation (16) and (17).  
 

 + +

=
= −

2

1
( )

n

j ijj
S V V    =1,...,i m    (12) 

 

    − −

=
= −

2

1
( )

n

j ijj
S V V    . =1,...,i m .  (13) 

 
Roshandel, Miri-Nargesi, Hatami-Shirkouhi (2013) apply Euclidean distance in the study of the 
hierarchical fuzzy TOPSIS by formula: 
 

       and s = number of alternatives (14) 

 

       and s = number of alternatives (15) 

 
Chu (2002) applied distance in the study of fuzzy TOPSIS approach by formula: 
 

     (16) 

 

        (17) 

 
TOPSIS of Fuzzy Soft Sets with Distinct Ideal Solutions and Distance Formulas 
In this section, we present the flowchart of integrated fuzzy TOPSIS and the steps of fuzzy soft 
set in TOPSIS to further explained the study. 
 
Flowchart of Integrated Fuzzy TOPSIS Method 

The fuzzy TOPSIS method introduced by Hwang and Yoon (1981) was analyze in the fourth 
step where the values of FPIS and FNIS was changed to the universal values (1,1,1) and (0,0,0) 
and the fourth step where two other distance methods were applied. The flowchart is 
illustrated as below: 

2

1
)(

1
jij

n

i
VV

s
S

+
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+
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Numerical Examples 
In this section, we will present two numerical examples of applications that we will 

incorporate into our methodologies in order to demonstrate the practicality of our suggested 
method. 

 
The first application that we obtained is from an article by Eraslan (2015) assume that a 

real estate agent has a set of different types of houses which may be characterized by a set 
of all parameter. For the parameters   stand for “cheap”, “modern”, “large” respectively. Then 
we can give the following examples, suppose that three decision makers come to the real 
estate agent to buy a house. Firstly, each decision maker has to consider their own set of 
parameters. Then, they can construct their fuzzy soft sets. Next, we select a house on the 
basis for the sets of decision makers’ parameters. Assume that decision makers and construct 
fuzzy soft sets, respectively as follows: 

 

  

 

First, there are given three matrix representations on fuzzy soft set: Let  such 

that = house 1, = house 2, = house 3 and represented in Table 1, Table 2 and Table 3, 

respectively. 
 
 
 
 
 

( )  

( )  

( )  
32131

32121

32111

/2.0,/7.0,/3.0

/1.0,/6.0,/2.0

/5.0,/2.0,/5.0

uuuxD

uuuxD

uuuxD

=

=

= ( )  

( )  

( )  
32132

32122

32112

/7.0,/3.0,/2.0

/2.0,/9.0,/4.0

/8.0,/6.0,/1.0

uuuxD

uuuxD

uuuxD

=

=

= ( )  

( )  

( )  
32133

32123

32113

/1.0,/1.0,/6.0

/6.0,/5.0,/1.0

/7.0,/2.0,/3.0

uuuxD

uuuxD

uuuxD

=

=

=

},,{
321

uuuU =

1
u

2u 3
u

Figure 1: Flowchart of Integrated Fuzzy TOPSIS method 
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                Table 1: Fuzzy Soft Set,                                           Table 2: Fuzzy Soft Set,  

 House, i 
Criteria, j 

 Cheap Modern Large 

 
 0.50 0.20 0.30 

 
 0.20 0.60 0.70 

   0.50 0.10 0.20 

  
              Table 3: Matrix Representation of Fuzzy Soft Set,  

 House, i 
Criteria, j 

 Cheap Modern Large 

 
 0.10 0.40 0.20 

 
 0.60 0.90 0.30 

 
 0.80 0.20 7.00 

 

First step, establish the fuzzy decision matrix (FDM) by finding the average of fuzzy soft set as 
shown in Table 4. Then, normalize the fuzzy decision

 

matrix (NFDM) by using relative 
performance of the generated design alternatives as in Table 5.  Next, calculating the 
weighted normalized fuzzy decision matrix (WNFDM). Given weighted vector, 

, then weighted normalized fuzzy decision matrix, V is obtained as Table 

6. 
 
Table 1 
FDM 

House, i 
Criteria, j 

Cheap Modern Large 

 0.30 0.23 0.37 

 0.33 0.67 0.37 

 0.67 0.30 2.43 

 
Table 2 
NFDM 

House, i 
Criteria, j 

Cheap Modern Large 

 0.3727 0.2990 0.1489 

 0.4100 0.8709 0.1489 

 0.8324 0.3900 0.9776 

 
Table 3 
WNFDM 

House, i 
Criteria, j 

Cheap Modern Large 

 0.1267 0.1106 0.0432 

( )SF ,
1

( )SF ,
2

1
u

2u

3
u

( )SF ,
3

1
u

2u

3
u

( )29.0  ,37.0  ,34.0=W

1
u

2u

3
u

1
u

2u

3
u

1
u

House, i 
Criteria,j 

Cheap Modern Large 

 0.30 0.10 0.60 

 0.20 0.50 0.10 

 0.70 0.60 0.10 

1
u

2u

3
u
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 0.1394 0.3222 0.0432 

 0.2830 0.1443 0.2835 

 

Then, next step is identified the Fuzzy Positive Ideal Solution (FPIS, ) and Negative Ideal 

Solution (FNIS, ) as shown in Table 9. Table 10 shows the ranking of alternatives based on 
TOPSIS of fuzzy soft sets with distinct ideal solutions and distance formulas. 
 
Table 4 
First application of different FPIS and FNIS result 

Maximum and minimum value of FPIS 
and FNIS 

FPIS, = ( ) 

FNIS, = ( ) 

Universal set of FPIS and FNIS 
FPIS, =  

FNIS, =  

 
Next, measure the relative closeness of each alternative to the ideal solution. The result of 
the relative closeness is based on three different distance formulas with two different FPIS 
and FNIS values. The relative closeness Ci   and ranking of alternatives shown as Table 10. 
 
Table 10 
Ranking of alternatives 

 

Relative closeness 
of Separation 

distance by Hwang 
& Yoon (1981) 

Relative closeness 
of Euclidean 
distance by 

Roshandel, Miri-
Nargesi, Hatami-
Shirkouhi (2013) 

Relative closeness 
of distance by Chu 

(2002) 

Article by 
Eraslan 

and 
Karaaslan, 

(2015) 

Maximu
m and 

minimu
m 

values 
of FPIS 

and 
FNIS 

Ran
k 

Ci 
Ran

k 
Ci 

Ran
k 

Ci 
Ran

k 
Hous

e 
3 

House 1 = 
0.0000 

3 
House 1 = 

0.0000 
3 

House 1 = 
0.0000 

2 
House 2 = 

0.4309 
2 

House 2 = 
0.4309 

2 
House 2 = 

0.3688 
3 

Hous
e 1 

1 
House 3 = 

0.6186 
1 

House 3 = 
0.6186 

1 
House 3 = 

0.7074 

Univers
al set of 

FPIS 
and 
FNIS 

Ran
k 

Ci 
Ran

k 
Ci 

Ran
k 

Ci 

2 
Hous
e 2 

3 
House 1 = 

0.0995 
3 

House 1 = 
0.0995 

3 
House 1 = 

0.0935 

2 
House 2 = 

0.1956 
2 

House 2 = 
0.1956 

2 
House 2 = 

0.1683 
1 

Hous
e 3 

1 
House 3 = 

0.2430 
1 

House 3 = 
0.2430 

1 
House 3 = 

0.2369 

 

2u

3
u

+
A

−
A

+
A 2835.0,3222.0,2830.0

−
A 0432.0,1106.0,1267.0

+
A )0000.1,0000.1,0000.1(

−
A )0000.0,0000.0,0000.0(
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The second example taken from Das and Borgohain (2012).Suppose Mr.X is interested to buy 

a car from among the set of cars on the basis of the set  (costly), 

(comfort), (fuel efficiency), (maintenance)} of selection criteria called the parameters and 

suppose Mr. X is interested to buy the car on his own preference weightage to the selection 
criteria.  
 

    
 

Table 11 
Ranking of alternatives 

 

Relative closeness 
of Separation 

distance by Hwang 
& Yoon (1981) 

Relative closeness 
of Euclidean 
distance by 

Roshandel, Miri-
Nargesi, Hatami-
Shirkouhi (2013) 

Relative closeness 
of distance by Chu 

(2002) 

Study by 
Das and 
Borgohai
n (2012) 

Maximu
m and 
minimum 
values of 
FPIS and 
FNIS 

Ran
k 

Ci 
Ran

k 
Ci 

Ran
k 

Ci 
Ran

k 
Ca
r 

2 
Car 1 = 
0.5040 

2 
Car 1 = 
0.5040 

1 
Car 1 = 
0.5844 

3 
Car 2 = 
0.0944 

3 
Car 2 = 
0.0944 

3 
Car 2 = 
0.3584 

2 
Ca
r 1 

1 
Car 3 = 
0.8616 

1 
Car 3 = 
0.8616 

2 
Car 3 = 
0.5389 

Universal 
set of 
FPIS and 
FNIS 

Ran
k 

Ci 
Ran

k 
Ci 

Ran
k 

Ci 

3 
Ca
r 2 

2 
Car 1 = 
0.3440 

2 
Car 1 = 
0.3440 

2 
Car 1 = 
0.1728 

3 
Car 2 = 
0.3150 

3 
Car 2 = 
0.3150 

3 
Car 2 = 
0.1594 

1 
Ca
r 3 

1 
Car 3 = 
0.3639 

1 
Car 3 = 
0.3639 

1 
Car 3 = 
0.1729 

 
Conclusion 
 According to our proposed method's ranking, TOPSIS of fuzzy soft sets with distinct ideal 
solutions and distance formulas is consistent with Eraslan's (2015) and Das and Borgohain’s 
(2012) rankings. In summary, the comparative study of FPIS and FNIS, as well as the distance 
formula in fuzzy soft set on TOPSIS, is important because it can aid future researchers in 
solving problems and making decisions.  
 The present study utilised two distinct FPIS and FNIS values: maximum and minimum 
values, as well as universal set values (1,1,1). (0,0,0). Additionally, three distinct distance 
formulas were used in this study: separation distance, Euclidean distance, and Chu's distance. 
Comparing these instances to those obtained through other approaches indicates that the 

},,{
321

cccU =
1

{sS =
2s

3
s

4s

( )  

( )  

( )  

( )  7./,6./,3./

4./,4./,6./

5./,3./,4./

4./,7./,8./

32141

32131

32121

32111

cccsF

cccsF

cccsF

cccsF

=

=

=

= ( )  

( )  

( )  

( )  8./,6./,4./

6./,3./,9./

4./,3./,7./

4./,8./,5./

32142

32132

32122

32112

cccsF

cccsF

cccsF

cccsF

=

=

=

= ( )  

( )  
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( )  8./,4./,6./

8./,7./,4./

4./,7./,5./

4./,9./,2./

32145
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ranking results are consistent regardless of which of these distance methods and distinct 
types of FPIS and FNIS values are employed. It is possible to suggest that these three distance 
formulas, as well as various types of FPIS and FNIS, could be utilised in conjunction with the 
MCDM technique. 
 For future research, it is recommended to conduct additional comparisons of FPIS and 
FNIS and to investigate additional distance formulas, as there are numerous distance formulas 
in fuzzy TOPSIS proposed by previous researchers. 
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