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1. INTRODUCTION 

The theory of fuzzy sets initiated by Zadeh [3] is a very useful tool to deal with uncertainty. In 

1999, Molodtsov [2] put forward the concept of soft set as a new mathematical tool to deal with 

uncertainties. Since its introduction, the notion of soft set has gained respectable attention. In 

recent times, researchers have been working towards fuzzification of soft set theory. Maji et al. 

[5] combined fuzzy sets with soft sets and introduced the concept of fuzzy soft sets. These results 

were later revised and improved by Ahmad and Kharal [1]. 

Matrices play a vital role within the broad space of science and engineering. Yong Yang and 

Chenli Ji [8] initiated a matrix illustration of a fuzzy soft set and successfully applied the 

proposed notion of fuzzy soft matrix in certain deciding issues that contain uncertainty. Neog et 

al.[7] and Borah et al. [4] extended the notion of fuzzy soft matrices put forward in [8]. In our 

work, we have put forward the notion of sum, difference and product of fuzzy soft matrices 

along with some properties and application in decision problem. 
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2. PRELIMINARIES 

In this section, we first recall the basic definitions related to fuzzy soft sets which would be used 

in the sequel. 

Definition 2.1 [2]  

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    ),( , from this family may be considered as the set of  - elements of the soft set 

(F, E), or as the set of  - approximate elements of the soft set. 

Definition 2.2 [5] 

A pair (F, A) is called a fuzzy soft set over U where )(
~

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

UP . 

Here )(
~

UP represents the fuzzy subsets of U. 

Definition 2.3 [1] 

Let U be a universe and E a set of attributes. Then the pair (U, E) denotes the collection of all 

fuzzy soft sets on U with attributes from E and is called a fuzzy soft class. 

Definition 2.4 [5] 

A soft set (F, A) over U is said to be null fuzzy soft set denoted by   if )(  ,  FA  is the null 

fuzzy set 0  of U, where Uxx =   0)(0 . 

We would use the notation ( )A ,  to represent the fuzzy soft null set with respect to the set of 

parameters A.  

Definition 2.5 [5] 

A soft set (F, A) over U is said to be absolute fuzzy soft set denoted by A
~

 if )(  ,  FA  is the 

absolute fuzzy set 1  of U where Uxx =   1)(1 . 

We would use the notation ( )AU ,  to represent the fuzzy soft absolute set with respect to the set 

of parameters A.  

Definition 2.6 [5]  
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For two fuzzy soft sets (F, A) and (G, B) in a fuzzy soft class (U, E), we say that (F, A) is a fuzzy 

soft subset of (G, B), if  

(i) BA    

(ii) For all A , ( ) ( ) GF   and is written as (F, A) ~  (G, B). 

Definition 2.7 [5] 

Union of two fuzzy soft sets (F, A) and (G, B) in a soft class (U, E) is a fuzzy soft set (H, C) 

where  BAC =  and C , 

 










−

−

=

BAGF

ABG

BAF

H









 if         ),()(

 if                     ),(

 if                     ),(

)(  and is written as ( ) ( ) ( )CHBGAF ,,
~

, = . 

Definition 2.8 [1]  

Let (F, A) and (G, B) be two fuzzy soft sets in a soft class (U, E) with BA . Then Intersection 

of two fuzzy soft sets (F, A) and (G, B) in a soft class (U, E) is a fuzzy soft set (H, C) where 

BAC = and C , )()()(  GFH = . We write ( ) ( ) ( )CHBGAF ,,
~

, = , where   is the 

operation intersection of two fuzzy sets. 

Definition 2.9 [6] 

The complement of a fuzzy soft set (F, A) is denoted by (F, A)c and is defined by (F, A)c = (Fc, A) 

where )(
~

: UPAF c →  is a mapping given by  cc FF )()(  = , A . 

Definition 2.10[5]    

If (F, A) and (G, B) be two fuzzy soft sets, then “(F, A) AND (G, B)” is a fuzzy soft set denoted 

by ( ) ( )BGAF   ,  ,    

and is defined by ( ) ( ) ( )BAHBGAF =  ,  ,  ,  , where ( ) ( ) ( ),,  GFH = A and B  , 

where   is the operation intersection of two fuzzy sets. 

Definition 2.11[5]    

If (F, A) and (G, B) be two fuzzy soft sets, then “(F, A) OR (G, B)” is a fuzzy soft set denoted by

( ) ( )BGAF  , ,   and is defined by ( ) ( ) ( )BAKBGAF =  , , ,  , where ( ) ( ) ( ),,  GFK = A and

B  ,  where   is the operation union of two fuzzy sets. 
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3. FUZZY SOFT MATRIX THEORY 

Definition 3.1 [4] 

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

}............,.........,,{ 321 neeeeE = . Let EA  and ( )AF, be a fuzzy soft set in the fuzzy soft class 

( )EU , .Then we would represent the fuzzy soft set ( )AF,  in matrix form as 

nmijnm aA  = ][
 
or simply by ][ ijaA = , i = 1,2,3…………..m ; j = 1,2,3……………..n , 

where 









=

Ae

Aec
a

j

jij

ij
  if                               0

    if                      )(
  

Here )( ij c  represents the membership of ic  in the fuzzy set )( jeF . We would 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 would be denoted by nmFSM   . 

Example 3.1  

Let },,,{ 4321 ccccU =  be the universal set and E be the set of parameters given by

},,,,{ 54321 eeeeeE = .  

Let   EeeeP = 421 ,,  and ( )PF,  is the fuzzy soft set 

( )PF,
    

( ) ( ) ( ) ( )  ,5.0,,7.0,,6.0,,7.0,)( 43211 cccceF == ( ) ( ) ( ) ( ) ,5.0,,1.0,,6.0,,8.0,)( 43212 cccceF =  

          ( ) ( ) ( ) ( ) 3.0,,7.0,,4.0,,1.0,)( 43214 cccceF =  

The fuzzy soft matrix representing this fuzzy soft set would be represented in our notation as 

 

54
0.03.00.05.05.0

0.07.00.01.07.0

0.04.00.06.06.0

0.01.00.08.07.0





















=A

 

Definition 3.2 (Fuzzy Soft Matrix Sum) 

Let     nmijij FSMbBaA == , . Then Fuzzy soft matrix sum of BA, is defined by 

nmijnmnmnm cCBA  == ][ , where jibac ijijij  and  allfor  ),max(= . 
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Example 3.2 

Let  4321 ,,, ccccU =  be the set of four cars under consideration and  

 Luxurious)(),nologyModernTech(,Efficient) Fuel(),Beautiful(),Costly( 54321 eeeeeE =  be the set of 

parameters and   A = {e1,e2,e3}  E . We consider 

(F, A) = {F(e1) = { (c1, 0.7), (c2,0.1), (c3,0.2), (c4,0.6)},  

     F(e2) = { (c1, 0.3), (c2,0.8), (c3,0.4), (c4,0.5)}, 

     F(e3) = { (c1, 0.1), (c2,0.2), (c3,0.7), (c4,0.3)}} as the fuzzy soft set 

representing the ‘attractiveness of a car’ according to Mr. X. 

Let B = {e3, e4} E and  

(G, B) = {G(e3) = { (c1, 0.2), (c2,0.5), (c3,0.1), (c4,0.7)},  

          G(e4) = { (c1, 0.8), (c2,0.4), (c3,0.1), (c4,0.6)}} be the fuzzy soft set 

representing a ‘good car’ according to the same person Mr. X. These two fuzzy soft sets would be 

represented by the fuzzy soft matrices  

44
03.05.06.0

07.04.02.0

02.08.01.0

01.03.07.0





















=P  and 

44
6.07.000

1.01.000

4.05.000

8.02.000





















=Q  respectively.  

Then 444444  = CBA
  

44
}4.0,0max{}7.0,3.0max{}0,5.0max{}0,6.0max{

}1.0,0max{}1.0,7.0max{}0,4.0max{}0,2.0max{

}6.0,0max{}5.0,2.0max{}0,8.0max{}0,1.0max{

}8.0,0max{}2.0,1.0max{}0,3.0max{}0,7.0max{





















=  

44
4.07.05.06.0

1.07.04.02.0

6.05.08.01.0

8.02.03.07.0





















=  
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Proposition 3.1  

Let nmFSMBA , .Then 

(i) AA = 0
~

 

(ii) UUA
~~

=  

(iii) ABBA =  

(iv) ( ) ( )CBACBA =  

Proof:     

 Let  
nmijaA


=

,
 

nmijbB


= ,  
nmijcC


= be three fuzzy soft matrices . 

0
~

  )( Ai       Aaa
nmijnmij ===


)0,max(

 

UAii
~

  )( 
 

    Ua nmnmij

~
1)1,max( === 

 

BAiii   )(    
nmijij ba


= ),max(

 

 
nmijij ab


= ),max(  

AB=  

( ) CBAiv   )(

 

   
nmijnmijij cba


= ),max(  

 
nmijijij cba


= ),,max(  

 

( )CBA        
nmijijnmij cba


= ),max(  

 
nmijijij cba


= ),,max(  

( ) ( ).   Hence CBACBA =  

Definition 3.3 (Fuzzy Soft Matrix Difference) 

Let     nmijij FSMbBaA == , . Then Fuzzy soft matrix difference of BA, is defined by  

nmijnmnmnm cCBA  == ][ , where jibac ijijij  and  allfor  )1,min( −= . 
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Example 3.3 

For the two fuzzy soft matrices A and B given in Example 3.2, we have  

444444  = CBA
  

44
}4.01,0min{}7.01,3.0min{}01,5.0min{}01,6.0min{

}1.01,0min{}1.01,7.0min{}01,4.0min{}01,2.0min{

}6.01,0min{}5.01,2.0min{}01,8.0min{}01,1.0min{

}8.01,0min{}2.01,1.0min{}01,3.0min{}01,7.0min{





















−−−−

−−−−

−−−−

−−−−

=

 

44
}6.0,0min{}3.0,3.0min{}1,5.0min{}1,6.0min{

}9.0,0min{}9.0,7.0min{}1,4.0min{}1,2.0min{

}4.0,0min{}5.0,2.0min{}1,8.0min{}1,1.0min{

}2.0,0min{}8.0,1.0min{}1,3.0min{}1,7.0min{





















=

 

44
03.05.06.0

07.04.02.0

02.08.01.0

01.03.07.0





















=  

Definition 3.4 (Scalar Product of a Fuzzy Soft Matrix) 

Let A = nmija ][ , )( ijij ca =  ; where )( ij c  represents the fuzzy membership respectively of ic . 

Also let ]1,0[k
 
be a scalar. Then kA  is defined as - 

    kA   nmijak = ][
  

   nmij ck = )]([
 

( ) 
nmij ck


= )(,min 

 

Example 3.4 

Let 

















=

0.11.06.0

2.09.02.0

3.04.01.0

A  be a fuzzy soft matrix representing a fuzzy soft set and k = 0.3. Then  

kA   A3.0=   

















=

)3.0,0.1min()3.0,1.0min()3.0,6.0min(

)3.0,2.0min()3.0,9.0min()3.0,2.0min(

)3.0,3.0min()3.0,4.0min()3.0,1.0min(

 

















=

3.01.03.0

2.03.02.0

3.03.01.0
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Definition 3.5 (Fuzzy Soft Matrix Product) 

Let us consider a fuzzy soft set over a universe having ‘m’ elements and the corresponding set of 

parameters  

having ‘n’ parameters and let A = nmija ][ , )( ijij ca =  ; where )( ij c  represents the fuzzy 

membership respectively of ic be the corresponding fuzzy soft matrix. 

Also let us consider another fuzzy soft set over a universe having ‘n’ elements and the 

corresponding set of parameters having ‘p’ parameters and let B = pnjkb ][ , )( jkjk cb =  ; where 

)( jk c represents the fuzzy membership of jc  be the corresponding fuzzy soft matrix.  

We now define BA  . , the product of A and B as, 

BA  .  pmikd = ][
  

( )  njpkmicc
pmjkij ,.....2,1for  1,1 , )(),(minmax ==




 

Example 3.5 

Let 

44
03.05.06.0

07.04.02.0

02.08.01.0

01.03.07.0





















=A  and 

34
3.02.00

7.01.00

6.04.00

8.03.00





















=B  be two fuzzy soft matrices. 

Then      BA.  

34
)0,3.0,5.0,6.0max()0,1.0,4.0,3.0max()0,0,0,0max(

)0,7.0,4.0,2.0max()0,1.0,4.0,2.0max()0,0,0,0max(

)0,2.0,6.0,1.0max()0,1.0,4.0,1.0max()0,0,0,0max(

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





















=

 

34
6.04.00

7.04.00

6.04.00

7.03.00





















=  

From the above example, it is seen that even if the product BA  .  is defined, AB  .  may not be 

defined. Also when both BA  . and AB  .  are defined they may not be equal. The following 

example makes it clear.  
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Example 3.6  

Let 

















=

0.11.06.0

2.09.02.0

3.04.01.0

A  and 

















=

0.02.03.0

6.06.05.0

3.04.01.0

B  be two fuzzy soft square matrices representing 

two fuzzy soft sets.  

Then BA  .   


































=

0.02.03.0

6.06.05.0

3.04.01.0

0.11.06.0

2.09.02.0

3.04.01.0

  

















=

3.04.03.0

6.06.05.0

4.04.04.0

 

and

 

AB  .   


































=

0.11.06.0

2.09.02.0

3.04.01.0

0.02.03.0

6.06.05.0

3.04.01.0

 

















=

3.03.02.0

6.06.06.0

3.04.03.0

 

We see that ABBA  .  .   

Example 3.7 (Positive Integral Powers of Fuzzy Soft Matrices) 

 

Let 

















=

0.11.06.0

2.09.02.0

3.04.01.0

A  be a fuzzy soft square matrix. 

 

Then  AA      



































=

3.01.06.0

2.05.02.0

3.04.01.0

  

3.01.06.0

2.05.02.0

3.04.01.0

   

















=

3.04.03.0

2.05.02.0

3.04.03.0
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We would write AA  . 2A=

















=

3.04.03.0

2.05.02.0

3.04.03.0

 

Definition 3.6  

Let A = nmija ][ , )( ijij ca =  ; where )( ij c  represents the fuzzy membership respectively of ic . 

We define 

 AT = mnmn

T

ij FSMa  ][ , where .ji

T

ij aa =
 

Proposition 3.2  

Let nmFSMBA , . Then the following results hold. 

(i)  ( ) AA
TT =     

(ii)  ( ) TTT
BABA =   

Proof:  

(i) Let    A
  nmija = ][   

nmij c = )]([  

Now,        TA    T

nmij c


= )(
 

mnji c = )]([
 

( )TTA   
T

mnji c = )]([
 

nmij c = )]([  

A=
 

(ii) Let    A
  nmija = ][   

nmij c = )]([  

and    B
  nmijb = ][   

nmij c = )]([  
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Now,   BA    nmijij cc = ))](),([max( 
 

          ( )TBA   
T

nmijij cc = ))](),([max( 
 

mnjiji cc = ))](),([max( 
 

mnjimnji cc  = )]([)]([ 
 

T
nmij

T
nmij cc  = )]([)]([ 

      

TT BA =
  

Definition 3.7 (Fuzzy Soft Symmetric Matrix) 

Let A = nmija ][ , )( ijij ca =  ; where )( ij c  represents the fuzzy membership respectively of ic , 

be a fuzzy soft square matrix. Then A is said to be a fuzzy soft symmetric matrix if AT = A 

Example 3.8 

Let A   

















=

3.02.03.0

2.05.02.0

3.02.03.0

 be a fuzzy soft square matrix. We see that 

TA   

















=

3.02.03.0

2.05.02.0

3.02.03.0

A=

 

By definition, A is a fuzzy soft symmetric matrix. 

Definition 3.8 (Fuzzy Soft Idempotent Matrix)  

Let A = nmija ][ , )( ijij ca =  ; where )( ij c  represents the fuzzy membership respectively of ic , 

be a fuzzy soft square matrix. Then A is said to be a fuzzy soft idempotent matrix if A2 = A 

Example 3.9 

Let A 

















=

3.05.03.0

2.05.02.0

2.04.03.0

  be a fuzzy soft square matrix. 

Then AA     2
A=



































=

3.05.03.0

2.05.02.0

2.04.03.0

3.05.03.0

2.05.02.0

2.04.03.0
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=

3.05.03.0

2.05.02.0

2.04.03.0

 

Thus AA  .  
2

A=  

















=

3.05.03.0

2.05.02.0

2.04.03.0

A=

 

It follows that A  is a fuzzy soft idempotent matrix. 

 

4.  APPLICATION IN DECISION MAKING PROBLEM 

Let ( )EF,  and ( )EG, be two fuzzy soft sets representing a good car among the cars  321 ,, cccU =
 

according to Mr. X and Mrs X. respectively. 

Let  )litycomfortabi(),hnologylatest tec(),lookstylish ( 321 eeeE =  be the set of parameters. 

(F, E)  = {F(e1) = { (c1, 0.7), (c2,0.1), (c3,0.2)}, F(e2) = { (c1, 0.3), (c2,0.8), (c3,0.4)},  

  F(e3) = { (c1, 0.1), (c2,0.2), (c3,0.7)}} 

(G, E)  = {G(e1) = { (c1, 0.3), (c2,0.5), (c3,0.3)}, G(e2) = { (c1, 0.4), (c2,0.6), (c3,0.2)},  

        G(e3) = { (c1, 0.4), (c2,0.3), (c3,0.6)}} 

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

















=

7.04.02.0

2.08.01.0

1.03.07.0

A    and   

















=

6.02.03.0

3.06.05.0

4.04.03.0

B  

 

The fuzzy soft sets representing not-good cars of the three cars  321 ,, cccU =
 
are given by 

(F, E)c  = {F c (e1) = { (c1, 0.3), (c2,0.9), (c3,0.8)}, F c (e2) = { (c1, 0.7), (c2,0.2), (c3,0.6)},  

           F c (e3) = { (c1, 0.9), (c2,0.8), (c3,0.3)}} 

(G, E) c  = {G c (e1) = { (c1, 0.7), (c2,0.5), (c3,0.7)}, G c (e2) = { (c1, 0.6), (c2,0.4), 

(c3,0.8)},  
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       G c (e3) = { (c1, 0.6), (c2,0.7), (c3,0.4)}} 

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

















=

3.06.08.0

8.02.09.0

9.07.03.0

A    and   

















=

4.08.07.0

7.04.05.0

6.06.07.0

B  

Then the fuzzy soft matrix A  B represents the maximum membership of the good cars of the 

cars  321 ,, cccU = .  

















=

7.04.03.0

3.08.05.0

4.04.07.0

BA  

Again the fuzzy soft matrix BA
 
represents the maximum membership of the not-good cars of 

the cars  321 ,, cccU = . 

















=

4.08.08.0

8.04.09.0

9.07.07.0

BA  

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

++ ,
 by nmijBABA

S ++
= ][

),(
  where 

ijBAijBAij )()( ++ −=  . 

















=
++

3.04.05.0

5.04.04.0

5.03.00.0

),( BABA
S  

The total score of each car is calculated by Score (ci) =  ij  

Total score:     

2.13.04.05.0

3.15.04.04.0

8.05.03.00.0

)( Score

)( Score

)( Score

3

2

1

3

2

1

=++

=++

=++

==

==

==







j

j

j

c

c

c







 

We see that the car c2 has maximum score and thus is the best car. 
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5. CONCLUSION 

In our work, we have put forward some new notions of fuzzy soft matrices. Some related 

properties have been established with proof and examples. A decision problem has been 

considered to get the optimal solution with the help of fuzzy soft matrices. We hope that our 

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