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ABSTRACT  

In this paper, we generalize the notion of union and intersection of two fuzzy sets over the same universe initiated by 

H. K. Baruah and modified by Neog and Sut for two fuzzy sets over two universes respectively. Some related results 

have been proposed with supporting proofs and examples. We further generalize the notion of union and intersection of 

an arbitrary class of fuzzy sets taken over an arbitrary class of universes respectively. Finally we apply our views in 

case of fuzzy soft sets and verify certain properties according to our new notion. Our work is an attempt to generalize 

the notion of union and intersection of fuzzy sets and fuzzy soft sets.  

 

Keywords: Fuzzy Set, Fuzzy soft set, Union and intersection of fuzzy sets and fuzzy soft sets.        

________________________________________________________________________________________________ 

 

1. INTRODUCTION 

 

H. K. Baruah [3] has reintroduced the theory of fuzzy sets from a new perspective. According to him, to represent a 

fuzzy set, two functions namely fuzzy membership function and fuzzy reference function are necessary. Accordingly, 

the notion of union and intersection of two fuzzy sets have been given a new direction which in turn gives us the 

Zadehian definitions [7] when we take the fuzzy reference function equal to zero. Neog and Sut [10] have further 

modified the definitions initiated by Baruah [3] so as to avoid degenerate cases. In this paper, an attempt has been made 

to generalize the notion of fuzzy union and intersection further to include fuzzy sets defined over different universes. 

We have compared our findings with the earlier works in case of usual fuzzy sets (where fuzzy reference function is 

equal to zero) put forward by Chakrabarty et al. [4].  

 

In recent times, the theory of fuzzy soft set initiated by Maji et al [8] is a catching momentum in the context of  many 

complicated problems arising in the fields of engineering, social science, economics, medical science etc involving 

uncertainties. The occurrence of union and intersection of two fuzzy sets in two fuzzy soft classes is very natural in 

many real life situations. We have already defined fuzzy soft union and intersection for two fuzzy soft sets defined over 

two fuzzy soft classes in [2]. In the present work, we have verified those results according to our new notion of fuzzy 

sets.  

 

2.  UNION AND INTERSECTION OF FUZZY SETS 

 

In this section we furnish below some earlier works on union and intersection of two fuzzy sets defined over two 

universes in brief. 

 

Chakrabarty et al. [4] generalized the notion of union and intersection of two fuzzy sets laid down by Zadeh [7]. In fact 

the concept of union of two fuzzy sets A and B in the universes X could be treated as a particular case of the following 

two fuzzy sets: 

(i) Fuzzy set A in the universe X and 

(ii) Fuzzy set B in the universe Y, 

Where X and Y are two different universes, in general. Thus the definitions of union and intersection of two fuzzy sets 

as proposed in [4] are as follows: 

------------------------------------------------------------------------------------------------------------------------------------------------ 
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Definition: 2.1 [4] Let A be a fuzzy set of X with membership function Aµ and B be a fuzzy set of Y with membership 

function Bµ . Then the union of two fuzzy sets A and B denoted by BA ∪ is a fuzzy set of YX ∪  with the 

membership function defined by 

 

{ }�
�
�
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�

�
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−∈

−∈

=∪
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B
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µ
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It may be observed that the fuzzy union defined by Zadeh [7] is a particular case of the above defined union when X = 

Y. 

 

Definition: 2.2 [4] Let A be a fuzzy set of X with membership function Aµ and B be a fuzzy set of Y with membership 

function Bµ . Then the intersection of two fuzzy sets A and B denoted by BA ∩ is a fuzzy set of YX ∪ with the 

membership function defined by 

 

{ }                 ,)(),(min)( YXzzzz BABA ∪∈∀=∩ µµµ
 

 

It may be observed that the fuzzy intersection defined by Zadeh [7] is a particular case of the above defined union when 

X = Y. 

 

It may also be observed that ( ) 0(z) , ~ =∆∈∀ ∩BAYXz µ and in this sense BA ∩  is a fuzzy set in YX ∩ . 

 

Definition: 2.3 [5, 9] Let U be a set and X be a subset of U. Then for any fuzzy set A of X, the fuzzy set 
U

Aµ of U given 

by  

�
�
� ∈∀

=
otherwise              ,0

     ),(
)(

Xxx
x

AU

A

µ
µ

 
 

is called the ‘fuzzy set of  U generated by Aµ ’. 

 

Chakrabarty et al [4] gave the following proposition: 

 

Proposition: 2.1 [4] For any two fuzzy sets A and B of the sets X and Y, respectively, the following holds: 

(i) If ϕ=A , ϕ=B , then ϕ=∩ BA but not conversely; 

(ii) ϕϕϕ =∪ , AA =∪ϕ , ϕϕ =∩A , where ϕ is the null fuzzy set. 

(iii) ABBA ∪=∪ , ABBA ∩=∩  

 

Chakrabarty et al [6] put forward the following proposition for fuzzy sets A, B, C obtained from three different 

universes X, Y and Z respectively. 

 

Proposition: 2.2 [6] Let A,B,C be three fuzzy sets obtained from three different universes X,Y and Z respectively. Then 

the following holds. 

 

(i) ( ) ( ) CBACBA ∪∪=∪∪  

(ii) ( ) ( ) CBACBA ∩∩=∩∩  

(iii) ( ) ( ) ( )CABACBA ∩∪∩=∪∩  

(iv) ( ) ( ) ( )CABACBA ∪∩∪=∩∪  

 

H. K. Baruah [3] reintroduced the notion of fuzzy sets with the help of fuzzy membership function and fuzzy reference 

function. He pointed out that the fuzzy membership value is different from fuzzy membership function and put forward 

a new definition of union and intersection of two fuzzy sets. Neog and Sut [10] further modified the definition initiated 

by Baruah [3] so as to avoid degenerate cases as follows. 
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Definition: 2.4[10] Let ( ) { }UxxxxA ∈= );(),(,, 2121 µµµµ
 
and  

( ) { }UxxxxB ∈= );(),(,, 4343 µµµµ
 
be two fuzzy sets defined over the same universe U. To avoid degenerate 

cases we assume that 

 

( ) ( ) Uxxxxx ∈∀≥ )(),(max)(),(min 4231 µµµµ .  

 

Then the operation intersection is defined as 

 

( ) ( ) ( ) ( ){ }UxxxxxxBA ∈=∩ ;)(),(max,)(),(min,,, 42314321 µµµµµµµµ
 

 

If for some Ux ∈ , ( ) ( ))(),(max)(),(min 4231 xxxx µµµµ < , then our conclusion is that ϕ=∩ BA . If for 

some Ux ∈ , ( ) ( ))(),(max)(),(min 4231 xxxx µµµµ = , then also ϕ=∩ BA . 

 

Further, we define the operation union, with ( ) ( ) Uxxxxx ∈∀≥ )(),(max)(),(min 4231 µµµµ   as 

 

( ) ( ) ( ) ( ){ }UxxxxxxBA ∈=∪ ;)(),(min,)(),(max,,, 42314321 µµµµµµµµ . 

 

Also, our another conclusion is, that if for some Ux ∈ , ( ) ( ))(),(max)(),(min 4231 xxxx µµµµ < , then the union 

of the fuzzy sets A and B cannot be expressed as one single fuzzy set.  

 

The union, however, can be expressed in one single fuzzy set if 

 

( ) ( ))(),(max)(),(min 4231 xxxx µµµµ = .  

 

Neog and Sut [10] put forward the definition of arbitrary fuzzy union and intersection in the same universe as follows. 

 

Definition: 2.5 [10] Let ( ){ }IiA iii ∈=ℑ |, 21 µµ  be a family of fuzzy sets over the same universe U. To avoid 

degenerate cases we assume that ( ) ( ) Uxxx ii ∈∀≥ )(max)(min 21 µµ . Then the union of fuzzy sets in ℑ  is a fuzzy 

set given by  

 

( ) ( ) ( ){ }UxxxxA iiiii
i

∈=∪ ;)(min,)(max,, 2121 µµµµ .  

 

And the intersection of fuzzy sets in ℑ  is a fuzzy set given by  

 

( ) ( ) ( ){ }UxxxxA iiiii
i

∈=∩ ;)(max,)(min,, 2121 µµµµ     

   

In the next section we are giving the definition of union and intersection of two fuzzy sets defined over two universes 

and then we generalize the same for an arbitrary class of fuzzy sets defined over an arbitrary class of universes 

respectively.  

 

3.  UNION AND INTERSECTION OF FUZZY SETS DEFINED OVER DIFFERENT UNIVERSES 

 

Definition: 3.1 Let ( ) { }XxxxxA ∈= );(),(,, 2121 µµµµ  and ( ) { }YxxxxB ∈= );(),(,, 2121 χχχχ  

be two fuzzy sets defined over the universes X and Y respectively. Then the union of these two fuzzy sets

( ) ( )2121 ,, χχµµ BA ∪  is a fuzzy set ( )21 ,ηηC  defined over the universe YX ∪  defined as 

 

( )21 ,ηηC

{ }
{ }

( ) ( ){ }�
�

�
�

�

∩∈

−∈

−∈

=

YXxxxxxx

XYxxxx

YXxxxx

 if               )(),(min,)(),(max,

 if                                                      )(),(,

 if                                                      )(),(,

2211

21

21

χµχµ

χχ

µµ

 
 

In order to avoid degenerate cases, we assume that  
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( ) ( ) YXxxxxx ∩∈∀≥ )(),(max)(),(min 2211 χµχµ   

 

Definition 3.2 Let ( ) { }XxxxxA ∈= );(),(,, 2121 µµµµ  and  

( ) { }YxxxxB ∈= );(),(,, 2121 χχχχ
 
be two fuzzy sets defined over the universes X and Y respectively. Then the 

intersection of these two fuzzy sets ( ) ( )2121 ,, χχµµ BA ∩  is a fuzzy set ( )21 ,ηηC  defined over the universe 

YX ∪  defined as 

 

( )21,ηηC ( ) ( ){ } YXxxxxxx ∪∈∀= )(),(max,)(),(min, 2211 χµχµ with  

Xxxxx ∉==  if  )()()( 221 χµµ and Yxxxx ∉==  if  )()()( 221 µχχ
 

 

Naturally, in order to avoid degenerate cases, we assume that  

 

( ) ( ) YXxxxxx ∩∈∀≥ )(),(max)(),(min 2211 χµχµ   

 

It can be seen that our definitions give the definitions of union and intersection of two fuzzy sets proposed by Baruah 

[3] and modified by Neog and Sut [10] whenever X = Y. Also the definitions of union and intersection of two fuzzy sets 

in two universes initiated by Chakrabarty et al [4] can be obtained as particular cases of ours if we take 

xxx ∀== 0)()( 22 ηµ  . 

 

Example: 3.1 Let },,{ cbaX = and },,{ edbY = be two universes. We take two fuzzy sets A and B over X and Y 

respectively as – 

 

( ) ( ) ( ){ }3.0,7.0,,2.0,5.0,,1.0,6.0, cbaA =  and ( ) ( ) ( ){ }1.0,6.0,,2.0,7.0,,3.0,7.0, edbB =  . 

 

Then BA ∪  ( ) ( ) ( ) ( ) ( ){ }1.0,6.0,,2.0,7.0,,3.0,7.0,,2.0,7.0,,1.0,6.0, edcba=
 

 

And BA ∩  ( ) ( ) ( ) ( ) ( ){ }1.0,1.0,,2.0,2.0,,3.0,3.0,,3.0,5.0,,1.0,1.0, edcba=  

 

Remark: 3.1 It may be observed that YXx ∆∈∀  , fuzzy membership value of x is 0 and in this sense 

( ) ( )2121 ,, χχµµ BA ∩  is a fuzzy set over YX ∩ . Above example makes this clear. 

 

We now give the following De Morgan Laws for two fuzzy sets ( ) { }XxxxxA ∈= );(),(,, 2121 µµµµ  and 

( ) { }YxxxxB ∈= );(),(,, 2121 χχχχ
 
defined over the universes X and Y respectively. 

 

Proposition: 3.1 Let ( ) { }XxxxxA ∈= );(),(,, 2121 µµµµ  and ( ) { }YxxxxB ∈= );(),(,, 2121 χχχχ
 
be two 

fuzzy sets defined over the universes X and Y respectively. Then the following De Morgan Laws are valid. 

 

(i) ( ) ( )( )c
BA 2121 ,, χχµµ ∪   ( )( ) ( )( )cc

BA 2121 ,, χχµµ ∩=   

(ii) ( ) ( )( )c
BA 2121 ,, χχµµ ∩   ( )( ) ( )( )cc

BA 2121 ,, χχµµ ∪=   

 

Where ( ) ( )( )c
BA 2121 ,, χχµµ ∪  and ( ) ( )( )c

BA 2121 ,, χχµµ ∩
 

are the complements of 

( ) ( )2121 ,, χχµµ BA ∪  and ( ) ( )2121 ,, χχµµ BA ∩
 
in YX ∪  respectively,

 
( )( )c

A 21 , µµ  is the complement 

of ( )21, µµA  in X and ( )( )c
B 21 , χχ  is the complement of ( )21, χχB  in Y. 

 

Proof: (i) ( ) ( )2121 ,, χχµµ BA ∪  is a fuzzy set ( )21 ,ηηC  defined over the universe YX ∪  defined as 

 

( )21 ,ηηC

{ }
{ }

( ) ( ){ }�
�

�
�

�

∩∈

−∈

−∈

=

YXxxxxxx

XYxxxx

YXxxxx

 if               )(),(min,)(),(max,

 if                                                      )(),(,

 if                                                      )(),(,

2211

21

21

χµχµ

χχ

µµ

 



1Tridiv Jyoti Neog* and 2Dusmanta Kumar Sut!
UNION AND INTERSECTION OF FUZZY SETS AND FUZZY SOFT 

SETS: A GENERALIZED APPROACH!
�����
������
����������
"�#�$
��� ���%�


&
�����
�����
�		
'�#��(
'�(����)



































































































































































���+
�

 

In order to avoid degenerate cases, we assume that  

 

( ) ( ) YXxxxxx ∩∈∀≥ )(),(max)(),(min 2211 χµχµ
 

 

Case I. When YXx −∈   

 

( ) ( )( )c
BA 2121 ,, χχµµ ∪

 
{ }c

xxx )(),(, 21 µµ=
 

{ }0),(, 2 xx µ= { })(,1, 1 xx µ∪
 

 

( )( ) ( )( )cc
BA 2121 ,, χχµµ ∩

 
{ } { }cc

xxxxxx )(),(,)(),(, 2221 µµµµ ∩=  

{ } { }{ })(,1,0),(, 12 xxxx µµ ∪= X∩  

{ } { })(,1,0),(, 12 xxxx µµ ∪=
 

 

Case II. When XYx −∈   

 

( ) ( )( )c
BA 2121 ,, χχµµ ∪

 
{ }c

xxx )(),(, 21 χχ=
 

{ }0),(, 2 xx χ= { })(,1, 1 xx χ∪
 

 

( )( ) ( )( )cc
BA 2121 ,, χχµµ ∩

 
{ } { }cc

xxxxxx )(),(,)(),(, 2221 χχχχ ∩=  

{ } { }{ })(,1,0),(, 12 xxxx χχ ∪= Y∩  

{ } { })(,1,0),(, 12 xxxx χχ ∪=
 

 

Case III. When YXx ∩∈   

 

( ) ( )( )c
BA 2121 ,, χχµµ ∪

 
( ) ( ){ }    )(),(min,)(),(max, 2211

c
xxxxx χµχµ=

 

( ){ } ( ){ })(),(max,1,0,)(),(min, 1122 xxxxxx χµχµ ∪=
 

 

( )( ) ( )( )cc
BA 2121 ,, χχµµ ∩

 
{ } { }cc

xxxxxx )(),(,)(),(, 2121 χχµµ ∩=     

    { } { }{ })(,1,0),(, 12 xxxx µµ ∪= { } { }{ })(,1,0),(, 12 xxxx χχ ∪∩  

{ } { }{ } { }[ ]0),(,)(,1,0),(, 212 xxxxxx χµµ ∩∪=     

      ∪ { } { }{ } { }[ ])(,1,)(,1,0),(, 112 xxxxxx χµµ ∩∪
 

 

{ } { }{ }[ 0),(,0),(, 22 xxxx χµ ∩= { } { }{ }]0),(,)(,1, 21 xxxx χµ ∩∪  

           { } { }{ } { } { }{ }[ ])(,1,)(,1,)(,1,0),(, 1112 xxxxxxxx χµχµ ∩∪∩∪   

       

       ( ){ }[ ]ϕχµ ∪= 0,)(),(min, 22 xxx ∪ ( ){ }[ ])(),(max,1, 11 xxx χµϕ ∪  

( ){ }0,)(),(min, 22 xxx χµ=  ∪ ( ){ })(),(max,1, 11 xxx χµ  

 

Thus in all the three cases, ( ) ( )( ) ( )( ) ( )( )ccc
BABA 43214321 ,,,, µµµµµµµµ ∩=∪  

 

We have assumed that 

 

( ) ( ) YXxxxxx ∩∈∀≥ )(),(max)(),(min 2211 χµχµ , so  

( ) ( ) YXxxxxx ∩∈∀=≤= )(0),(max)(,1min)( 1122 µµχχ  and as such { } { } ϕχµ =∩ 0),(,)(,1, 21 xxxx . 

 

Similarly   

( ) ( ) YXxxxxx ∩∈∀=≤= )()(,0max1),(min)( 1122 χχµµ and hence { } { } ϕχµ =∩ )(,1,0),(, 12 xxxx  

 

Proof of (ii) is similar to this. 
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Proposition: 3.2 Let ( ) { }XxxxxA ∈= );(),(,, 2121 µµµµ  and ( ) { }YxxxxB ∈= );(),(,, 2121 χχχχ
 
be two 

fuzzy sets defined over the universes X and Y respectively. If ( ) ϕµµ =21 ,A  , ( ) ϕχχ =21 ,B  then  

( ) ( ) ϕχχµµ =∩ 2121 ,, BA
 
but the converse result is not always true. 

 

 

Proof: The proof is straight forward. For the converse part we cite the following example. 

 

Example: 3.2 Let },,{ cbaX = , },,,{ edcbY = . We take the fuzzy sets  

( ) ϕµµ ≠= )}0,2.0,(),2.0,7.0,(),1.0,6.0,{(, 21 cbaA  ,  

 

( ) ϕχχ ≠= )}0,5.0,(),3.0,7.0,(),2.0,8.0,(),1.0,2.0,{(, 21 edcbB  over YX ,  respectively .  

 

( ) ( )2121 ,, χχµµ BA ∩ )}0,0,(),3.0,3.0,(),2.0,2.0,(),2.0,2.0,(),1.0,1.0,{( edcba=
 

 

                                          
ϕ=  

 

Proposition: 3.3 Let ( ) { }XxxxxA ∈= );(),(,, 2121 µµµµ , ( ) { }YxxxxB ∈= );(),(,, 2121 χχχχ
 

and

( ) { }ZxxxxC ∈= );(),(,, 2121 ηηηη  be three fuzzy sets defined over the universes X,Y and Z respectively. Then 

the following results are valid. 

 

(i) ( ) ( )2121 ,, χχµµ BA ∪ ( ) ( )2121 ,, µµχχ AB ∪=  

               
( ) ( )2121 ,, χχµµ BA ∩ ( ) ( )2121 ,, µµχχ AB ∩=

 
 

(ii) ( ) ( ) ( )( )212121 ,,, ηηχχµµ CBA ∪∪ ( ) ( )( ) ( )212121 ,,, ηηχχµµ CBA ∪∪=  

              
( ) ( ) ( )( )212121 ,,, ηηχχµµ CBA ∩∩ ( ) ( )( ) ( )212121 ,,, ηηχχµµ CBA ∩∩=

 
 

(iii) ( ) ( ) ( )( )212121 ,,, ηηχχµµ CBA ∩∪ ( ) ( )( ) ( ) ( )( )21212121 ,,,, ηηµµχχµµ CABA ∪∩∪=  

               
( ) ( ) ( )( )212121 ,,, ηηχχµµ CBA ∪∩ ( ) ( )( ) ( ) ( )( )21212121 ,,,, ηηµµχχµµ CABA ∩∪∩=

 
 

Definition: 3.3 Let U be an initial universe and { }iX be a class of subsets of U i.e. iUX i ∀⊆  
 
with  UX i

i
=∪ .  

Let ( )21, iiiA µµ  be fuzzy sets defined over iX respectively. Then the fuzzy set of U generated by iA would be 

denoted by ( )U

iiiA 21,µµ  and defined as 

 

( )U

iiiA 21,µµ

{ }

�
�
�

��
�

�

≠∉
��

�
�
�

��

�
�
�

∈

=

∈∈

kiXxxxx

Xxxxx

ik

Xx
k

k

Xx
k

iii

kk

, if                      )(max),(max,

 if                                        )(),(,

2
   

2
   

21

µµ

µµ

   

 

Example: 3.3 Let },,,,,{ fedcbaU =  be an initial universe. Let },,{1 cbaX = , },,{2 edcX =  and 

},,,{3 fecaX = be three subsets of U. We take three fuzzy sets  

 

( ) )}0,9.0,(),2.0,7.0,(),1.0,6.0,{(, 12111 cbaA =µµ  ,  

( ) )}0,5.0,(),3.0,7.0,(),1.0,8.0,{(, 22212 edcA =µµ  and  

( ) )}2.0,6.0,(),1.0,4.0,(),2.0,7.0,(),2.0,7.0,{(, 32313 fecaA =µµ  over 21, XX  and 3X  respectively . Then 

( ) )}2.0,2.0,(),1.0,1.0,(),3.0,3.0,(),0,9.0,(),2.0,7.0,(),1.0,6.0,{(, 12111 fedcbaA
U

=µµ  

( ) )}2.0,2.0,(),0,5.0,(),3.0,7.0,(),1.0,8.0,(),2.0,2.0,(),2.0,2.0,{(, 22212 fedcbaA
U

=µµ  and  
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( ) )}2.0,6.0,(),1.0,4.0,(),3.0,3.0,(),2.0,7.0,(),2.0,2.0,(),2.0,7.0,{(, 32313 fedcbaA
U

=µµ  

 

Definition: 3.4 Let ( ){ }IiA iii ∈=ℑ |, 21 µµ  
 
be a class of fuzzy sets defined over universes iX

 
respectively. To 

avoid degenerate cases we assume that  

 

( ) ( )
kjkjkj XXxxxxx ∩∈∀≥   )(),(max)(),(min 2211 µµµµ  . 

 

Then their union  ( )21, iii
i

A µµ∪  is a fuzzy set over i
i

X∪
 
defined as 

( )21, iii
i

A µµ∪ { })(min),(max, 2
 

1
 

xxx i
i

i
i

µµ=  with )(min)()( 2
   

21 xxx k

Xx
k

ii

k

µµµ
∈

== if  iXx ∉   

 

Also the intersection  ( )21, iii
i

A µµ∩  is a fuzzy set over i
i

X∪
 
defined as 

( )21, iii
i

A µµ∩ { })(max),(min, 2
 

1
 

xxx i
i

i
i

µµ=  with )(max)()( 2
   

21 xxx k

Xx
k

ii

k

µµµ
∈

== if  iXx ∉   

We see that this definition yields our earlier definition [10] if we take jiXX ji ,  ∀=   

 

Example: 3.4 Let },,{1 cbaX = , },,{2 edcX =  and },,,{3 fecaX =  . We take three fuzzy sets  

( ) )}0,2.0,(),2.0,7.0,(),1.0,6.0,{(, 12111 cbaA =µµ  ,  

( ) )}0,5.0,(),3.0,7.0,(),1.0,8.0,{(, 22212 edcA =µµ  and  

( ) )}2.0,6.0,(),1.0,4.0,(),2.0,7.0,(),2.0,7.0,{(, 32313 fecaA =µµ  over 21, XX  and 3X  respectively . Then 

( ) ( ) ( )323132221212111 ,,, µµµµµµ AAA ∪∪  

)}2.0,6.0,(),1.0,5.0,(),3.0,7.0,(),0,8.0,(),2.0,7.0,(),1.0,7.0,{( fedcba=  

And 

( ) ( ) ( )323132221212111 ,,, µµµµµµ AAA ∩∩  

)}2.0,2.0,(),1.0,1.0,(),3.0,3.0,(),2.0,2.0,(),2.0,2.0,(),2.0,2.0,{( fedcba=  

ϕ=  

It is clear from this example that ( ) ( ) ( )323132221212111 ,,, µµµµµµ AAA ∩∩ ϕ=  does not necessarily mean that 

( ) ( ) ( )323132221212111 ,,, µµµµµµ AAA == ϕ=  

 

Proposition: 3.4 Let ( ){ }IiA iii ∈=ℑ |, 21 µµ  
 
be a class of fuzzy sets defined over universes iX

 
respectively. To 

avoid degenerate cases we assume that 

 

( ) ( )
kjkjkj XXxxxxx ∩∈∀≥   )(),(max)(),(min 2211 µµµµ  . 

 

Then the following De Morgan Laws are valid. 

 

(i) ( ){ } ( ){ }c

iii
i

c

iii
i

AA 2121 ,, µµµµ ∩=∪  

(ii) ( ){ } ( ){ }c

iii
i

c

iii
i

AA 2121 ,, µµµµ ∪=∩  

 

4.  UNION AND INTERSECTION OF TWO FUZZY SOFT SETS IN TWO FUZZY SOFT CLASSES 

 

In view of our discussion in the preceding sections and our earlier definition of union and intersection of two fuzzy soft 

sets in two fuzzy soft classes [2], in this section, we proceed to apply these notions of fuzzy sets in the context of fuzzy 

soft sets.  Our definition of union and intersection of two fuzzy soft sets in two fuzzy soft classes are as follows. 

 

Definition: 4.1 Union of two fuzzy soft sets (F, A) and (G, B) in the fuzzy soft classes (X, E) and (Y, E /) respectively, is 

a fuzzy soft set (H, C) in the fuzzy soft class ( )/, EEYX ∪∪ where BAC ∪= and C∈∀ε , 
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∩∈∪
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−∈

=
∪

∪

BAxGF

ABxG

BAxF

H
YX

YX

 if                  ),()(

 if                      ,)(

 if                      ,)(

)(

εε

ε

ε

ε   

and is written as ( ) ( ) ( )CHBGAF ,,~, =∪ , where [ ] YX
F

∪
)(ε is the fuzzy set of YX ∪  generated by )(εF and 

[ ] YX
G

∪
)(ε is the fuzzy set of YX ∪  generated by )(εG . It is to be noted that whenever X = Y,

[ ] )()( εε FF
YX

=
∪

, which is a fuzzy set of  X and [ ] )()( εε GG
YX

=
∪

, which is a fuzzy set of Y and then the 

above definition reduces to the form 

 

)(εH

 

[ ]

[ ]

�
�
�

��
�

�

∩∈∪

−∈

−∈

=
∪

∪

BAxGF

ABxG

BAxF

XX

XX

 if                  ),()(

 if                     ,)(

 if                     ,)(

εε

ε

ε

 

 

           

[ ]

[ ]

�
�
�

��
�

�

∩∈∪

−∈

−∈

=

BAxGF

ABxG

BAxF

X

X

 if                   ),()(

 if                           ,)(

 if                           ,)(

εε

ε

ε

 

 

           
�
�

�
�

�

∩∈∪

−∈

−∈

=

BAxGF

ABxG

BAxF

 if                     ),()(

 if                                 ),(

 if                                 ),(

εε

ε

ε

 
 

Which is nothing but the definition of union of two fuzzy soft sets in the same fuzzy soft class as laid down by Maji et 

al [8].

 

 

Definition: 4.2   Intersection of two fuzzy soft sets (F, A) and (G, B) in the fuzzy soft classes (X, E) and (Y, E / ) 

respectively, is a fuzzy soft set (H, C) in the fuzzy soft class ( )/, EEYX ∪∪ where BAC ∩= with ϕ≠∩ BA  

and C∈∀ε , )()()( εεε GFH ∩=

 

and is written as ( ) ( ) ( )CHBGAF ,,~, =∩ , where )(εF is a fuzzy set in 

X and )(εG is a fuzzy set in Y. It is to be noted that whenever X = Y, the above definition gives the intersection of two 

fuzzy soft sets in the same fuzzy soft class as laid down in [1]. 

 

We take one example below with fuzzy reference function function 0. 

 

Example: 4.1 Let  { }4321 ,,, ccccX =  be the set of four cars manufactured by a certain Indian car manufacturer and 

{ }76543 ,,,, cccccY =  be the set of five sedan cars manufactured by the Indian car manufacturers.  

 

Let 
 

{ }Luxurious)(5),nologyModernTech(4,Efficient) Fuel(
3

),Beautiful(
2

),costly(
1

eeeeeE =   and  

{ })lookSporty (),Beautiful(
2

),costly(
1

/
6eeeE =

 
be the set of parameters  

 A = { e1,e2,e3} ⊆ E and B = { e2, e6} ⊆ E 
/.  

 

We consider the fuzzy soft sets  

 

(F, A) = { F(e1) = { (c1,0.9,0), (c2,0.1,0), (c3,0.4,0), (c4,0.6,0) },   

   F(e2)  = { (c1,1,0), (c2,0,0), (c3,0.9,0), (c4,0.5,0) }, 

    F (e3) = { (c1,0.8,0), (c2,0.2,0), (c3,0.7,0), (c4,0.6,0) }} and  
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(G, B)  = { G(e2) = {(c3,0.7,0), (c4,0.2,0), (c5,0.2,0), (c6,0.7,0) , (c7,0.4,0) },   

     G(e6) = { (c3,0.9,0), (c4,0.6,0), (c5,0.5,0), (c6,1,0) , (c7,0.6,0) } in the fuzzy soft classes (X, E) and (Y, E 
/ ) 

respectively. 

 

Then  ( ) ( ) ( )CHBGAF ,,~, =∪  , where C = A ∪  B = {e1,e2,e3,e6} and   

(H, C) = { H(e1) = { (c1,0.9,0), (c2,0.1,0), (c3,0.4,0), (c4,0.6,0), (c5,0,0), (c6,0,0), (c7,0,0)},  

                 H(e2) = { (c1,1,0), (c2,0,0), (c3,0.9,0), (c4,0.5,0), (c5,0.2,0), (c6,0.7,0), (c7,0.4,0)}, 

   H(e3) = { (c1,0.8,0), (c2,0.2,0), (c3,0.7,0), (c4,0.6,0), (c5,0,0), (c6,0,0), (c7,0,0) }, 

  H(e6) ={ (c1,0,0), (c2,0,0), (c3,0.9,0), (c4,0.6,0), (c5,0.5,0), (c6,1,0), (c7,0.6,0) }} 

 

Again ( ) ( ) ( )CHBGAF ,,~, =∩  , where C = A ∩  B = { e2 } and   

(H, C) = { H(e2) = { (c1,0,0), (c2,0,0), (c3,0.7,0), (c4,0.2,0), (c5,0,0), (c6,0,0), (c7,0,0) }} 

 

In [2], we have given the following propositions related to the union and intersection of two fuzzy soft sets in two fuzzy 

soft classes. 

 

Proposition: 4.1 For two fuzzy soft sets (F, A) and (G, B) in the fuzzy soft classes (X, E) and (Y, E / ) respectively, the 

following holds: 

 

(i) If  ( ) ϕ~, =AF  , ( ) ϕ~, =BG  , then ( ) ( ) ϕ~,~, =∩ BGAF but not conversely. 

(ii) ( ) ( ) ( ) ϕϕϕϕϕϕ ~~~,,,~~,,~~~~ =∩=∪=∪ AFAFAF  

(iii) ( ) ( ) ( ) ( )AFBGBGAF ,~,,~, ∪=∪  

  
( ) ( ) ( ) ( )AFBGBGAF ,~,,~, ∩=∩

 
 

One can verify that these results are valid under our new notions. However for the converse part of (i), we put forward 

the following example. 

 

Example: 4.2  

Let  { }4321 ,,, ccccX =  and { }76543 ,,,, cccccY =  . 

 

Let 
 

{ }5,4,
3

,
2

,
1

eeeeeE =   and { }6,
2

,
1

/
eeeE =

 
be the set of parameters and A = {e1, e2, e3} ⊆ E , B = { e2, e6} ⊆ E 

/.  

We consider the fuzzy soft sets 

  

(F, A) = { F(e1) = { (c1,0.9,0), (c2,0.1,0), (c3,0.4,0), (c4,0.6,0) },   

  F(e2)  = { (c1,1,0), (c2,0,0), (c3,0.9,0.2), (c4,0.5,0.2) }, 

   F (e3) = { (c1,0.8,0), (c2,0.2,0), (c3,0.7,0), (c4,0.6,0) }} and  

 

(G, B)  = { G(e2) = {(c3,0.2,0), (c4,0.2,0), (c5,0.2,0), (c6,0.7,0) , (c7,0.4,0) },   

    G(e6) = { (c3,0.9,0), (c4,0.6,0), (c5,0.5,0), (c6,1,0) , (c7,0.6,0) } in the fuzzy soft classes (X, E) and (Y, E 
/ ) 

respectively. 

Here ( ) ( ) ( )CHBGAF ,,~, =∩  , where C = A ∩  B = { e2 } and   

(H, C) = { H(e2) = { (c1,0,0), (c2,0,0), (c3,0.2,0.2), (c4,0.2,0.2), (c5,0,0), (c6,0,0), (c7,0,0) }} 

 

Thus ϕεε =∈∀ )(, HC  . It follows that (H, C) ϕ~=  

 

Proposition: 4.2  For three fuzzy soft sets (F, A), (G, B) and (H, C) in the fuzzy soft classes (X1, E1), (X2, E2
 ) and  

(X3, E3
 ) respectively with ϕ≠∩∩ CBA , the following holds: 

 

(i) ( ) ( ) ( )( ) ( ) ( )( ) ( )CHBGAFCHBGAF ,~,~,,~,~, ∪∪=∪∪  

(ii) ( ) ( ) ( )( ) ( ) ( )( ) ( )CHBGAFCHBGAF ,,,,,,
~~~~ ∩∩∩∩ =  
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(iii) ( ) ( ) ( )( )CHBGAF ,~,,
~

∪∩ ( ) ( )( ) ( ) ( )( )CHAFBGAF ,,~,,
~~ ∩∩ ∪=  

(iv) ( ) ( ) ( )( )CHBGAF ,~,, ~ ∩∪ ( ) ( )( ) ( ) ( )( )CHAFBGAF ,,~,, ~~ ∪∪ ∩=  

 

It can be verified that these results are valid under our new notions. 

 

5.  CONCLUSION 

 

We have generalized the idea of union and intersection of fuzzy sets over the same universe proposed by Baruah [3] to 

an arbitrary class of fuzzy sets over an arbitrary class of universes respectively. We have compared our results with the 

one found in [4,10]. We have applied our new notions in case of fuzzy soft sets and verified a few propositions given in 

[2].We hope that our findings would help enhancing this study in fuzzy sets and fuzzy soft sets. 
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