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CHAPTER VI 

GENERALISED INTERVAL - VALUED FUZZY SOFT SETS 

Definition: 6.1 

Let U = {x,x,.....,x, } be the universal set of elements and E = {e1 ,e,, ... ,e,1  } 

be the universal set of parameters. The pair (U, E) will be called a soft universe. 

Let F:E — F(U) and p be a fuzzy set of E, i.e.p:E—[0,1],where F(U) is the 

set of all interval-valued fuzzy subsets on U. Let F.  : E -> F(U) x [0, 11 be a 

function defined as follows: 

F(e)=(F(e), p(e)) 

Then F,  is called Generalised Interval-Valued Fuzzy Soft Set (GIVFSS) 

over the soft universe (U, E). For each parameter e, F (e,) = (F(e1  ) (x) , p(e,)) 

indicates not only the degree of belongingness of the elements of U in F(e,) but 

also the degree of possibility of such belongingness which is represented by p(e,). 

So we can write (e,) as follows: 

F (ei) = ( { x1  / F(e) (x1 ) , x2  / F(e) (x2 ) ................., x,7  / F(e) (xc ) } , 

Example: 6.2 

Let U {x1 ,x2 ,x3 } be a set of universe, E = {e1 ,e2 ,e3 } a set of parameters 

and let p : E -> [0, 1]. Define a function F : E -> F(U) x [0, 1] as follows: 

F(e1) = ( { x1  /[0.3, 0.6] , x2  /[0.7, 0.81 , x3  /[0.5, 0.8] } , 0.6 ) 

F,(e,) = ( { x1  /[0.1, 0.4] , x-, /[0.0, 0.3] , x3  /10.11  0.5] } , 0.5 ) 

F(e3) = ( { x1  /[0.7, 0.8] , x2  /[0.1, 0.2] , x3  /[0.0, 0.4] }, 0.3) 

75 



Then I, is a GIVFSS over (U, E). 

[0.3, 0.61 [0.7, 0.81 [0.5, 0.8] 0.6 

In matrix notation we write, F, = [0i, 0.4] [0.0, 0.3] [0.1, 0.5] 0.5 

[0.7, 0.8] [0.1, 0.2] [0.0, 0.4] 0.3 

Definition: 63 

Let i and ö, be two GIVFSSs over (U, E). i is called a Generalised 

Interval-Valued Fuzzy Soft Subsets of GJ  and we write FP  c ö if: 

p(e) is a fuzzy subset of 8(e) Ve E E. 

F(e) is an interval-valued fuzzy subset of G(e) V e E E. 

Example: 6.4 

Let U = {x1 ,x2 ,x3} be a set of three cars and let E = {e1 ,e2 ,e3 } be a set of 

parameters where e1  =cheap, e-, =expensive, e3  =red. Let P,  be a GIVFSS over 

(U, E) defined as follows: 

F(e1) = ( { x1  /[0.1, 0.3] , x2  /[0.5, 0.7] , x3  /[0.3, 0.51 }, 0.4) 

F,(e2) = ( { x1  /[0.0, 0.3] , x2  /[0.0, 0.2] , x3  /[0.1, 0.3] }, 0.4) 

F(e3) = ( { x1  /[0.5, 0.6] , x2  I[0.1, 0.1] , x3  /[0.1, 0.31 }, 0.1) 

Let d,,  be another GIVFSS over (U, E) defined as follows: 

65(e1)=( { x1 /[0.3, 0.6], x2 /[0.7, 0.811  x3  /[0.5, 0.8] }, 0.6) 

68(e2) = ( { x1  /[0.2, 0.4], x2  /[0.2, 0.3] , x3  /[0.3, 0.5] }, 0.5) 

G5(e3) = ( { x1  /[0.7, 0.8] , x2  /[0.2, 0.4] , x3  /[0.2, 0.5] }, 0.3) 

It is clear that f,  is a GIVFS subset of G8 . 
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Definition: 6.5 

Two GIVFSSs i and 6.  over (U, E) are said to be equal and we write 

= ä if F,,  is a GIVFS subset of G,  and G,  is a GIVFS subset of F,. In other 

words, P,  = ö if the following conditions are satisfied: 

p(e) is equal to 6(e) Ve E E 

F(e) is equal to G(e) Ve E E 

Definition: 6.6 

A GIVFSS is called a Generalised Null Interval-Valued Fuzzy Soft Set, 

denoted by if Ø, : E -> F(U) x [0, 1] such that 

q(e) = (F(e)(x), ii(e)) 

Where F(e)=[0,O]=[0] and 1u(e)=0 VeEE. 

Definition: 6.7 

A GIVFSS is called a Generalised Absolute Interval-Valued Fuzzy Soft 

Set, denoted by A if A, : E -> F(U) x [0, 1] such that 

A(e)=(F(e)(x) , 

Where F(e) =[1, 1]=[1] and 1u(e)=l VeE E. 

Definition: 6.8 

Let FP  be a GIVFSS over (U, E). Then the Complement of P, denoted by 

and is defined by I = G, such that 6(e) = c(p(e)) and 

G(e) = (F(e)) Ve E E, where c is a fuzzy complement and is an interval- 

valued fuzzy complement. 
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Example: 6.9 

Consider a GIVFSS over (U, E) as in Example 6.2 

[0.3, 0.6] [0.7, 0.8] [0.5, 0.81 0.6 

= [0.1, 0.4] [0.0, 0.3] [0.1, 0.5] 0.5 

[0.7, 0.8] [0.1, 0.2] [0.0, 0.4] 0.3 

By using the basic fuzzy complement for p(e) and interval-valued fuzzy 

complement for F(e) we have Kc  = G where 

[0.4, 0.7] [0.2, 0.3] [0.2, 0.5] 0.4 

G8  = [0.6, 0.9] [0.7, 1.0] [0.5, 0.9] 0.5 

[0.2, 0.31 [0.8, 0.9] [0.6, 1.0] 0.7 

Theorem: 6.10 

Let i be a GIVFSS over (U, E). Then the following holds: 
()C 

= 

Proof: 

Since = G5  then (kc )C 
= but from Definition 6.1 

= ((P(e), c(p(e))) then 

Gc  9  =(((e))),c(c(p(e)))) 

=((e) , 

=F 

Definition: 6.11 

Union of two GIVFSSs (P, , A) and (ö , B), denoted by i u d, is a 

GIVFSS (i' ,c) where C = AB and FI : E -* F(U)x[0, 1] is defined by 
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H(e) = (H(e) , v(e)) such that H(e) = F(e)uG(e) and v(e) = s(ji(e) , 8(e)) where 

s isa s - norm and H(e)= [SUP(JI()  Jt()) , SUP(JI;( 'G())i 

Example: 6.12 

Consider GIVFSS F and 66  as in Example 6.4. By using interval-valued 

fuzzy union and basic fuzzy union we have P., u G,5  = i1, where 

H(e1 )=( { x1 /[sup(0.1,0.3) , sup(0.3,0.6)] , x1 /[sup(0.5,0.7) , sup(0.7,0.8)] 

x3  /[sup(0.3,0.5) , sup(0.5,0.8)] } , max (0.4,0.6) ) 

= ({x1  /[0.3, 0.61 , x2  /[0.7, 0.8] , x3  /[0.5, 0.8] }, 0.6) 

Similarly we get 

H(e2) = ({x /[0.2, 0.4] , x-, /[0.2, 0.3] , x3  /[0.3, 0.5] }, 0.5) 

H(e3)=({x1/[0.7, 0.811 x2 /[0.2, 0.4] 1  x3 /[0.2, 0.5]}, 0.3) 

In matrix notation we write 

[0.3, 0.61 [0.7, 0.8] [0.5, 0.8] 0.6 

H(e) = [0.2, 0.4] [0.2, 0.3] [0.3, 0.5] 0.5 

[0.7, 0.8] [0.2, 0.4] [0.2, 0.5] 0.3 

Theorem: 6.13 

Let E and ii be any three GIVFSSs. Then the following results 

hold: 

UGo =G5 UF/, 

PP  u(G5 uH)=(FuG5)uH 

FuF14 cF 
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F,.uA14 =A 

K,,  j=i 

Proof: 

iuG=i 

From Definition 6.11 we have H(e) = (f(e) , o(e) ) such that 

H(e) = F(e) u G(e) and v(e) = s (/1(e), 6(e)). 

But H(e) = F(e) u G(e) = G(e) u F(e) ( since union of interval-valued fuzzy 

sets is commutative ) and v(e) = s( 1u(e) , 6(e)) = s(8(e) , 1u(e)) ( since s - norm 

is commutative) , then iJ,  u P,  = i. 

The proof is straightforward from Definition 6.11. 

The proof is straightforward from Definition 6.11. 

The proof is straightforward from Definition 6.11. 

The proof is straightforward from Definition 6.11. 

Definition: 6.14 

Intersection of two GIVFSSs (P, , A) and ( , B), denoted by P,, n G, is a 

GIVFSS (J1, ,c) where C = AnB and H : E —> F(U)x[O, 1] is defined by 

H(e) = (11(e) , v(e)) such that H(e) = F(e) nG(e) and v(e) = t(p(e) , (5(e)) where 

t is a t- norm and H(e) = [inf(ji() ' 1'G())' f(/1; 'P(e))j 

Example: 6.15 

Consider GIVFSS 1 and 68  as in Example 6.12. By using interval-valued 

fuzzy intersection and basic fuzzy intersecion we have F,,  n G,5  = 11,, where 



H(e1 )=( { x1 /[inf(0.1,0.3) , thf(0.3,0.6)] , x, /[inf (0.5,0.7) , inf(0.7,0.8)] 

x3  /[inf(0.3,0.5) , inf(0.5,0.8)] } , min(0.4,0.6) ) 

= ({x1 /[0.1, 0.3], x2  I[0.5, 0.7], x3  /[0.3, 0.5] }, 0.4) 

Similarly we get 

H(e1)=({x1/[0.0, 0.3], x,/[0.0, 0.2] 1  x3 /10.11  0.3]}, 0.4) 

H0(e3 ) = ({x1  /[0.5, 0.61 , x2  /[0.1, 0.1] , x3  /[0.1, 0.3] 1, 0.1) 

In matrix notation we write 

[0.1, 0.31 [0.5, 0.71 [0.3, 0.51 0.4 

H(e) = [0.0, 0.3] [0.0, 0.2] [0.1, 0.3] 0.4 

[0.5, 0.6] [0.1, 0.1] [0.1, 0.3] 0.1 

Theorem: 6.16 

Let F p  9  d and H ,,  be any three GIVFSSs. Then the following results 

hold: 

5 =ön 

n(G8 nf,)=(FnG5 )n 

 

 

5) 

Proof: 

n=I-  i, 

From Definition 6.14 we have H0 (e) = (11(e), o(e) ) such that 

H(e) = F(e) n G(e) and v(e) = t ( ji(e), 8(e)). 



But H(e) = F(e) n G(e) = G(e) n F(e) ( since intersection of interval-valued 

fuzzy sets is commutative ) and v(e) = t(,u(e) , 5(e)) = t(6(e), 1u(e)) ( since t - 

norm is commutative) , then 65  n P,  = [I 

The proof is straightforward from Definition 6.14. 

The proof is straightforward from Definition 6.14. 

The proof is straightforward from Definition 6.14. 

The proof is straightforward from Definition 6.14. 

Theorem: 6.17 

Let F and G8  be any two GIVFSSs. Then the DeMorgan's Laws hold: 

()ccc 

()ccc 

Proof: 

FnG=(((F(e)),c(p(e)))fl((G(e)),c(8(e)))) 

= ( ((F(e)) n (G(e))), (c(ji(e)) n c(8(e)))) 

= ( ((F(e))u(G(e)))c 
, (p(e)u8(e) 

)C)  

= (p ö) 

The proof is similar to (1). 

Theorem: 6.18 

Let F.,  ö and H be any three GIVFSSs. Then the following results 

hold: 

 

 



Proof: 

ForalixEE, 

G(x) H(x) 
(x) 

= [ sup( AF( X )(x) (X)flH(X)(x)), sup( 2;(X)(x) , 2XH(X)(x) ) 

= [ sup(ZF(x) (x),  inf( (x), 
G(x)  

sup(2;(X)(x) G( , inf(2 x)  (x) , 2H (x)))] 

= [ inf(sup  (AF(x)  (x) , %(x)),sup(2 (X)(x), 2H(X)(x))), 

inf( sup(2 (x) , 2G(x)(X)),suP(%;(x)(x), 2(X)(x)) )] F(x) 

=A  
F(x)L)G(x))r (F(x)H(x)) 

(x) 

and 

ii(x)U ( 5(x) u(x)) (x) 

= max { YM(x) (x) i8(x)r v(x) (x) } 

= max { Yp(x) (x) , mm (ro() (x), Tv(x)  (x) ) } 

= min{ max( TP( X)(X), ro(X)(x)), max( T(X )(x), TU(X)(x) ) } 

= min{ yP( X) 5(X)(x) 5 7(X)U(X)(X) } 

= 

The proof is similar to (1). 



Definition: 6.19 

If (F,, A) and (G5, B) are two GIVFSSs then "(F, A) AND (G8, B)" 

denoted by (F14 , A)A(G5, B) is defined by (F14 , A)A(Go, B)=(H2, AxB) where 

H(a,fl)=( H(a,/3) , 2(a,/3)) V(a,/3)e AxB, such that H(a,J3)= F(a)nG(/3) 

and 2(a,,8)=t(p(a), 8(,8)), V(a,fl)E AxB, where t is a t-norm. 

Definition: 6.20 

If (F, A) and (G5, B) are two GIVFSSs then "(F,, A) OR (G5, B)" 

denoted by (F, A) v (G5, B) is defined by (F, A) v (G8, B) = (H2, Ax B) where 

H2(a,/3) =( H(a,/3), 2(a,/3)) V(a,/3) E Ax B, such that H(a,/3) = F(a)uG(/3) 

and 2(a,/3)=s(p(a), 8(13)), V(a,fl)E AxB, where s is a s-norm. 


