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ABSTRACT  

Application of fuzzy soft sets in decision making problems is one of the most recent topics developed while trying to 

solve real life problems in an imprecise environment. It has been accepted that for the complement of a fuzzy soft set as 

initiated by Maji, the set theoretic axioms of contradiction and exclusion are not valid. In this context, Neog and Sut put 

forward a new definition of complement of a fuzzy soft set and showed that all the properties of complement of a set in 

classical sense are satisfied by fuzzy soft sets also according to the proposed definition of complement. In this paper, 

we have applied our new notion of complement of a fuzzy soft set to obtain the solution of a decision problem in an 

imprecise environment. Our work is an attempt to apply our notions of fuzzy soft complement and fuzzy soft matrix 

together with a new fuzzy matrix operation “addition” in a decision making problem.    

 

Keywords: Soft set, fuzzy soft set, fuzzy matrix, fuzzy soft matrix, fuzzy soft complement, membership value matrix. 
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1. INTRODUCTION: 

 

In the Zadehian theory of fuzzy sets [11], the classical set theoretic axioms of contradiction and exclusion are not 

satisfied. H. K. Baruah [1] reintroduced the notion of fuzzy sets in a different way and put forward an extended 

definition of fuzzy sets. According to him, two functions, namely fuzzy membership function and fuzzy reference 

function are necessary to represent a fuzzy set completely. The fuzzy membership value is the difference between the 

fuzzy membership function and the fuzzy reference function. Accordingly, the definitions of union and intersection of 

fuzzy sets have been proposed. The notion of complement of a fuzzy set has been given a new look and using this new 

definition of complement, the classical set theoretic axioms of contradiction and exclusion are found to be valid for 

fuzzy sets also [1]. Neog and Sut [6,7] further modified the notions initiated by Baruah [1] to avoid degenerate cases 

and generalized the notion of union and intersection of fuzzy sets taken over different universes [10]. 

 

In 1999, Molodstov [5] initiated the notion of soft sets and later in 2003, Maji [3] put forward a hybrid model known as 

fuzzy soft set, which is a combination of soft set and fuzzy set. Neog and Sut [7,8] showed with counter examples that 

the axioms of contradiction and exclusion are not valid in case of soft sets and fuzzy soft sets if we use the notion of 

complement initiated by Maji [3,4]. Accordingly, in [7,8], Neog and Sut put forward  new definitions of complement of 

soft sets and fuzzy soft sets and showed that all the properties of complement of a set are satisfied by soft sets and fuzzy 

soft sets according to the proposed definition of complement.  

 

Matrices play an important role in the broad area of science and engineering. However, the classical matrix theory 

sometimes fail to solve the problems involving uncertainties, occurring in an imprecise environment. In [9], Neog and 

Sut proposed a matrix representation of a fuzzy soft set and successfully applied the proposed notion of fuzzy soft 

matrix in medical diagnosis using fuzzy soft complement initiated in [7]. In this paper, we have defined the “addition 

operation” for fuzzy matrices and an attempt has been made to apply our notion in solving a decision problem.  

 

2.  PRELIMINARIES: 

 

In this section we furnish below some earlier works on soft sets, fuzzy soft sets and fuzzy soft matrices in brief. 

________________________________________________________________________________________________ 
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Definition: 2.1[5] A pair (F, E) is called a soft set (over U) if and only if F is a mapping of E into the set of all subsets 

of the set U.  

 

In other words, the soft set is a parameterized family of subsets of the set U. Every set EF ∈εε),( , from this family 

may be considered as the set of ε  - elements of the soft set (F, E), or as the set of ε - approximate elements of the soft 

set. 

 

Definition: 2.2[3] A pair (F, A) is called a fuzzy soft set over U where )(
~

: UPAF → is a mapping from A into )(
~

UP  . 

 

Definition: 2.3[7] A fuzzy soft set (F, A) over U is said to be null fuzzy soft set (with respect to the parameter set A), 

denoted by ϕ~  if )(, εε FA∈∀  is the null fuzzy setϕ . 

 

Definition: 2.4[7] A fuzzy soft set (F, A) over U is said to be absolute fuzzy soft set (with respect to the parameter set 

A), denoted by A
~

 if )(, εε FA∈∀  is the absolute fuzzy set U. 

 

Definition: 2.5[7] The complement of a fuzzy soft set (F, A) is denoted by (F, A) c and is defined by (F, A) c = (F c, A) 

where )(
~

: UPAF
c →  is a mapping given by [ ]cc

FF )()( αα = , A∈∀α . 

 

Definition: 2.6[9] (Matrix Representation of a Fuzzy Soft Set) Let }..........,.........,,{ 321 mccccU =  be the universal set 

and E be the set of parameters given by }............,.........,,{ 321 neeeeE = . Then the fuzzy soft set ( )EF,
�
can be 

expressed in matrix form as A = nmija ×][
 
or simply by ][ ija , i = 1,2,3…………..m ; j = 1,2,3……………..n and 

( ))(),( 21 ijijij cca µµ=  ; where )(1 ij cµ  and )(2 ij cµ represent the fuzzy membership function and fuzzy reference 

function respectively of ic  in the fuzzy set )( jeF  so that )()()( 21 ijijiij ccc µµδ −=  gives the fuzzy membership 

value of ic . We shall identify a fuzzy soft set with its fuzzy soft matrix and use these two concepts interchangeable. 

The set of all nm ×  fuzzy soft matrices over U will be denoted by nmFSM ×  . 

 

Example: 2.1[9] Let },,,{ 4321 ccccU =  be the universal set and E be the set of parameters given by { }321 ,, eeeE = . 

We consider a fuzzy soft set 

 

( )EF,
   

( ) ( ) ( ) ( ){ }{ ,0,6.0,,0,2.0,,0,1.0,,0,7.0,)( 43211 cccceF ==
            

                  
( ) ( ) ( ) ( ){ },0,5.0,,0,1.0,,0,6.0,,0,8.0,)( 43212 cccceF =

 

                 
( ) ( ) ( ) ( ){ }}0,3.0,,0,7.0,,0,2.0,,0,1.0,)( 43213 cccceF =

 
 

We would represent this fuzzy soft set in matrix form as  

 

( ) ( ) ( )
( ) ( ) ( )
( ) ( ) ( )
( ) ( ) ( )

34

34

0,3.00,5.00,6.0

0,7.00,1.00,2.0

0,2.00,6.00,1.0

0,1.00,8.00,7.0

][

×

×

�
�
�
�

�

�

�
�
�
�

�

�

=ija �

 

Definition: 2.7[9] We define the membership value matrix corresponding to the matrix A as ( ) ( ) nmijAAMV ×= ][δ , 

where ( ) =ijAδ )()( 21 ijij cc µµ −  mi ......,3,2,1=∀
 
and nj ......,3,2,1=  , where )(1 ij cµ  and )(2 ij cµ represent the fuzzy 

membership function and fuzzy reference function respectively of ic  in the fuzzy set )( jeF .  

 

3.  FUZZY SOFT SETS IN DECISION MAKING: 

 

Definition: 3.1 Let }..........,.........,,{ 321 mccccU =  be the universal set and E be the set of parameters given by

}............,.........,,{ 321 neeeeE = . Let the set of all nm ×  fuzzy soft matrices over U be nmFSM × . Let nmFSMBA ×∈,  , 

where [ ] ( ))(),(, 21 ijijijnmij ccaaA µµ==
×  

and [ ] ( ))(),(, 21 ijijijnmij ccbbB χχ==
×

. To avoid degenerate cases we 

assume that ( ) ( ))(),(max)(),(min 2211 ijijijij cccc χµχµ ≥  for all i and j. We define the operation ‘addition (+)’ between 

A and B as 
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,CBA =+ where [ ] ( ) ( )( ))(),(min,)(),(max, 2211 ijijijijijnmij ccccccC χµχµ==
×  

 

If jicc ijij ,  0)()( 22 ∀== χµ  , then our definition reduces to 

 

,CBA =+
 
where [ ] ( ) ( )( )0,0min,)(),(max, 11 ijijijnmij ccccC χµ==

×  

�������������������������������������������������������
( )( )0,)(),(max 11 ijij cc χµ= �

�������������������������������������������������������
( ))(),(max 11 ijij cc χµ= , which is the definition of addition (max) of 

 

two fuzzy matrices [2] in the usual sense where fuzzy reference function is 0. 

 

Example: 3.1 Let },,,{ 4321 ccccU =  be the universal set and E be the set of parameters given by { }321 ,, eeeE = . We 

consider the fuzzy soft sets 

 

( )EF,
   

( ) ( ) ( ) ( ){ }{ ,0.0,5.0,,3.0,6.0,,1.0,5.0,,0.0,3.0,)( 43211 cccceF ==
          

   
( ) ( ) ( ) ( ){ },2.0,8.0,,1.0,7.0,,5.0,9.0,,1.0,7.0,)( 43212 cccceF =  

                 
( ) ( ) ( ) ( ){ }}0.0,3.0,,2.0,7.0,,0.0,7.0,,2.0,6.0,)( 43213 cccceF =

 
 

( )EG,
   

( ) ( ) ( ) ( ){ }{ ,1.0,4.0,,2.0,5.0,,2.0,7.0,,1.0,8.0,)( 43211 cccceG ==
            

                 
( ) ( ) ( ) ( ){ },0.0,7.0,,0.0,8.0,,0.0,9.0,,0.0,9.0,)( 43212 cccceG =

 

                 
( ) ( ) ( ) ( ){ }}3.0,8.0,,1.0,6.0,,1.0,9.0,,3.0,5.0,)( 43213 cccceG =

 
 

The fuzzy soft matrices representing these two fuzzy soft sets are respectively   

( ) ( ) ( )
( ) ( ) ( )
( ) ( ) ( )
( ) ( ) ( )

34
0.0,3.02.0,8.00.0,5.0

2.0,7.01.0,7.03.0,6.0

0.0,7.05.0,9.01.0,5.0

2.0,6.01.0,7.00.0,3.0

×

�
�
�
�

�

�

�
�
�
�

�

�

=A and  

( ) ( ) ( )
( ) ( ) ( )
( ) ( ) ( )
( ) ( ) ( )

34
3.0,8.00.0,7.01.0,4.0

1.0,6.00.0,8.02.0,5.0

1.0,9.00.0,9.02.0,7.0

3.0,5.00.0,9.01.0,8.0

×

�
�
�
�

�

�

�
�
�
�

�

�

=B

�

 

Here 

( ) ( ) ( )
( ) ( ) ( )
( ) ( ) ( )
( ) ( ) ( )

34
0.0,8.00.0,8.00.0,5.0

1.0,7.00.0,8.02.0,6.0

0.0,9.00.0,9.01.0,7.0

2.0,6.00.0,9.00.0,8.0

×

�
�
�
�

�

�

�
�
�
�

�

�

=+ BA �

 

Proposition: 3.1 Let nmFSMCBA ×∈,, . Then the following results hold. 

(i) A + B = B + A  ( Commutative Law) 

(ii) (A + B) + C = A + (B + C) ( Associative Law) 

 

 

Proof: The proof is straight forward and follows from definition. 

 

Definition: 3.2 Let nmFSMBA ×∈, . Let the corresponding membership value matrices be [ ]
nmijAAMV

×
= )()( δ and 

[ ]
nmijBBMV

×
= )()( δ , i = 1,2,3…………..m ; j = 1,2,3……………..n. Then the score matrix ),( BAS would be defined as 

[ ]
nmijBAS

×
= ρ),(  where ijBijAij )()( δδρ −= . 

 

Definition: 3.3 Let nmFSMBA ×∈, . Let the corresponding membership value matrices be [ ]
nmijAAMV

×
= )()( δ , 

[ ]
nmijBBMV

×
= )()( δ  respectively and the score matrix be [ ]

nmijBAS
×

= ρ),( , i = 1,2,3…………..m ; j = 

1,2,3……………..n. Then the total score for each ic
 
in U would be calculated by the formula �

=

=
n

j

ijiS

1

ρ  

Suppose U is a set of certain number of cities, E is a set of parameters related to healthy environment of a city which 

vary with time. We construct a fuzzy soft set (F, E) over U representing the healthy environment of the cities at an 

instant t, where F is a mapping )(
~

: UFEF → , )(
~

UF  is the  set of all fuzzy subsets of U. We further construct another  
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fuzzy soft set (G, E) over U representing the healthy environment of the cities at an instant t /. The matrices A and B 

corresponding to the fuzzy soft sets (F, E) and (G, E) are constructed.  We compute the complements ( )c
EF ,  and 

( )c
EG,  and write the matrices A  and B  corresponding to ( )c

EF ,  and ( )c
EG,  respectively. Using definition 3.1 we 

compute A + B, which represents the maximum membership of healthy environment of the cities between the time 

instances t and t / and then compute BA + , which represents the maximum membership of non - healthy environment 

of the cities between the time instances t and t / . Using definition 2.7, we compute ( )BAMV +  and  ( )BAMV + . The 

score matrix ( ) ( )( )BABA
S

++ ,
 is constructed using definition 3.2 and the total score iS

 
for each ic

 
in U is calculated using 

definition 3.3. Finally we would find ( )i
i

k SS max=  , then we conclude that the city ck has the maximum healthy 

environment between the time instances t and t / respectively. If Sk has more than one value, the process is repeated by 

reassessing the parameters for healthy environment. 

 

4. ALGORITHM: 

 

1. Input the fuzzy soft matrices ( )EF , and ( )EG, . Also write the fuzzy soft matrices A and B corresponding to ( )EF ,  

and ( )EG,  respectively.  

2. Write the fuzzy soft matrices ( )c
EF , and ( )cEG, .  Also write the fuzzy soft matrices A  and B  corresponding to 

( )c
EF ,  and ( )c

EG,  respectively. 

3. Compute A + B and MV (A + B). 

4. Compute BA +  and MV ( BA + ). 

5. Compute the score matrix ( ) ( )( )BABA
S

++ ,
. 

6. Compute the total score iS
 
for each ic

 
in U. 

7. Find ( )i
i

k SS max=  , then we conclude that the city ck has the maximum healthy environment between the time 

instances t and t / respectively.  

8. If Sk has more than one value, then go to step (1) and repeat the process by reassessing the parameters for healthy 

environment.       

 

5.  APPLICATION IN A DECISION MAKING PROBLEM: 

 

Let ( )EF ,  and ( )EG, be two fuzzy soft sets representing the healthy environment of four cities { }4321 ,,, ccccU =
 
at 

instants t and t / respectively. Let { }1 2 3( ), ( ), ( )E e less Crowdness e Noise free e non Pollution= − − −  be the 

set of parameters which would vary with time. 

 

( )EF , ( ) ( ) ( ) ( ){ }{ ,0,6.0,,0,1.0,,0,5.0,,0,7.0,)( 43211 cccceF ==
 

 ( ) ( ) ( ) ( ){ }0,7.0,,0,5.0,,0,6.0,,0,9.0,)( 43212 cccceF =  

 ( ) ( ) ( ) ( ){ }}0,9.0,,0,4.0,,0,4.0,,0,5.0,)( 43213 cccceF =   

 

( )EG, ( ) ( ) ( ) ( ){ }{ ,0,5.0,,0,3.0,,0,4.0,,0,6.0,)( 43211 cccceG ==
 

 
( ) ( ) ( ) ( ){ }0,3.0,,0,7.0,,0,9.0,,0,8.0,)( 43212 cccceG =  

   ( ) ( ) ( ) ( ){ }}0,6.0,,0,1.0,,0,9.0,,0,5.0,)( 43213 cccceG =  

 

These two fuzzy soft sets are represented by the following fuzzy matrices respectively. 

 

       e1    e2             e3      e1    e2             e3                 

�
�
�
�

�

�

�
�
�
�

�

�

=

)0,9.0()0,7.0()0,6.0(

)0,4.0()0,5.0()0,1.0(

)0,4.0()0,6.0()0,5.0(

)0,5.0()0,9.0()0,7.0(

4

3

2

1

c

c

c

c

A     and  

�
�
�
�

�

�

�
�
�
�

�

�

=

)0,6.0()0,3.0()0,5.0(

)0,1.0()0,7.0()0,3.0(

)0,9.0()0,9.0()0,4.0(

)0,5.0()0,8.0()0,6.0(

4

3

2

1

c

c

c

c

B

 

 

The fuzzy soft sets representing the non-healthy environment of the four cities { }4321 ,,, ccccU =
 
at instants t and t / 

respectively are given by 
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( )cEF, ( ) ( ) ( ) ( ){ }{ ,6.0,1,,1.0,1,,5.0,1,,7.0,1,)( 43211 cccceF
c ==

 
  ( ) ( ) ( ) ( ){ }7.0,1,,5.0,1,,6.0,1,,9.0,1,)( 43212 cccceF

c =
 

  ( ) ( ) ( ) ( ){ }}9.0,1,,4.0,1,,4.0,1,,5.0,1,)( 43213 cccceF
c =   

 

( )cEG, ( ) ( ) ( ) ( ){ }{ ,5.0,1,,3.0,1,,4.0,1,,6.0,1,)( 43211 cccceG
c ==

 

  
( ) ( ) ( ) ( ){ }3.0,1,,7.0,1,,9.0,1,,8.0,1,)( 43212 cccceG

c =  

  ( ) ( ) ( ) ( ){ }}6.0,1,,1.0,1,,9.0,1,,5.0,1,)( 43213 cccceG
c =

 
 

These two fuzzy soft sets are represented by the following fuzzy matrices in order. 

 

    e1   e2            e3      e1  e2               e3                 

�
�
�
�

�

�

�
�
�
�

�

�

=

)9.0,1()7.0,1()6.0,1(

)4.0,1()5.0,1()1.0,1(

)4.0,1()6.0,1()5.0,1(

)5.0,1()9.0,1()7.0,1(

4

3

2

1

c

c

c

c

A      and 

�
�
�
�

�

�

�
�
�
�

�

�

=

)6.0,1()3.0,1()5.0,1(

)1.0,1()7.0,1()3.0,1(

)9.0,1()9.0,1()4.0,1(

)5.0,1()8.0,1()6.0,1(

4

3

2

1

c

c

c

c

B

 

 

Then the fuzzy soft matrix A + B represents the maximum membership function of healthy environment of the cities 

between the time instances t and t /.  

 

The membership value matrix MV (A + B) gives the respective membership values for healthy environment of the 

cities. 

                        e1         e2              e3                e1     e2       e3                                

�
�
�
�

�

�

�
�
�
�

�

�

=+

)0,9.0()0,7.0()0,6.0(

)0,4.0()0,7.0()0,3.0(

)0,9.0()0,9.0()0,5.0(

)0,5.0()0,9.0()0,7.0(

4

3

2

1

c

c

c

c

BA

 

 and  ( )
�
�
�
�

�

�

�
�
�
�

�

�

=+

9.07.06.0

4.07.03.0

9.09.05.0

5.09.07.0

4

3

2

1

c

c

c

c

BAMV    

 

Again the fuzzy soft matrix BA +
 
represents the maximum membership function of non - healthy environment of the 

cities between the time instances t and t /.  

 

The membership value matrix MV ( BA + ) gives the respective membership values for non - healthy environment of 

the cities between the time instances t and t /. 

 

                       e1        e2              e3                                 e1    e2     e3             

�
�
�
�

�

�

�
�
�
�

�

�

=+

)6.0,1()3.0,1()5.0,1(

)1.0,1()5.0,1()1.0,1(

)4.0,1()6.0,1()4.0,1(

)5.0,1()8.0,1()6.0,1(

4

3

2

1

c

c

c

c

BA   and  ( )
�
�
�
�

�

�

�
�
�
�

�

�

=+

4.07.05.0

9.05.09.0

6.04.06.0

5.02.04.0

4

3

2

1

c

c

c

c

BAMV

 
 

We now calculate the score matrix ( ) ( )( )BABA
S

++ ,
�and total score for healthy environment of each city.     

    

                                 e1      e2        e3                   

( ) ( )( )   

5.001.0

5.02.06.0

3.05.01.0

4.07.03.0

4

3

2

1

,

�
�
�
�

�

�

�
�
�
�

�

�

−−

−
=

++

c

c

c

c

S
BABA

 
 

Total score for healthy environment:     

0.6

0.9-

0.7

1.4

 

4

3

2

1

S

S

S

S
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We see that S1 has the maximum value and thus conclude that the city c1 has got the highest total score and hence the 

city having the most healthy environment among all the cities between the instances t and t /. 

 

 

6.  CONCLUSION: 

 

We have applied the notion fuzzy soft matrices and complement of fuzzy soft sets in a decision making problem. We 

hope that our work would enhance this study on fuzzy soft sets as well as matrices. 
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