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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 = {¢,e,,....¢, }
be the universal set of parameters. The pair (U, E) will be called a soft universe.
Let F:E— F(U) and u be a fuzzy set of E, ie. uu: E —[0, 1], where F(U) is the
set of all interval-valued fuzzy subsets on U. Let I?y :E—> FU)x[0,1] be a

function defined as follows:
F,(e)=(F(e), u(e))
Then f# is called Generalised Interval-Valued Fuzzy Soft Set (GIVFSS)
over the soft universe (U, E). For each parameter e, I?y (e,)=(F(e,)(x), u(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 u(e,).

So we can write fﬂ (e;) as follows:
F(e)=({x/F(e) (%), %,/ F(€;) (%;) yorrrrrrrrrrrun ,x, [ F(e;) (x,)}, ule,))
Example: 6.2

Let U = {x,,x,,x;} be a set of universe, E = {e,,e,,e,} a set of parameters

and let x: E —[0, 1]. Define a function F, : E — F(U)x[0, 1] as follows:
F,(e,)=({x/[03,0.6], x,/[0.7,0.8] , x,/[0.5,0.8] } , 0.6 )
F,(e;)=({x/[0.1,04], x,/[0.0,0.3], x,/[0.1,0.5] } , 0.5 )

F,(e;)=({x710.7,0.8], x,/[0.1,0.2], x,/[0.0, 0.4] } , 0.3 )
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Then F, is a GIVFSS over (U, E).

[0.3,0.6] [0.7,0.8] [0.5,0.8] 0.6
In matrix notation we write, 1:";, =|([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
Definition: 6.3

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

Interval-Valued Fuzzy Soft Subsets of G, and we write fp c G, if:

1) u(e) is a fuzzy subset of 6(e) VeeE.

2) F(e) is an interval-valued fuzzy subset of G(e) VeeE.

Example: 6.4

Let U = {x,,x,,x,} be a set of three cars and let E = {e,,e,,e,} be a set of

parameters where e, =cheap, e, =expensive, e, =red. Let f# be a GIVFSS over

(U, E) defined as follows:

F,(e)=({x/00.1,03],x,/[05,0.7], x,/[0.3,05] } , 0.4 )
F,(e;)=({x/[0.0,03], x,/[0.0,02], x,/[0.1,03] } , 0.4 )
F,(e;)=({x/[05,06],x,/[0.1,0.1], x,/[0.1,03] } , 0.1)

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

G,(e,)=({x/[03,0.6], x,/[0.7, 0.8], x,/[0.5,0.8] } , 0.6 )
G,(e,)=({ x,/[0.2,04], x,/[0.2, 03], x,/[0.3,0.5] } , 0.5 )
G,(ey)=({x7/[0.7,0.8], x,/[0.2,04] , x,/[02,0.5] } , 0.3 )

It is clear that F, is a GIVFS subset of G, .
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Definition: 6.5
Two GIVFSSs Fy and G, over (U, E) are said to be equal and we write
F, =G, if F, is a GIVFS subset of G, and G, is a GIVFS subset of F,. In other
words, I?# =G, if the following conditions are satisfied:
1) u(e) isequal to 6(e) Vee E
2) F(e) is equal to G(e) VeeE
Definition: 6.6

A GIVEFSS is called a Generalised Null Interval-Valued Fuzzy Soft Set,
denoted by 5# if ZF : E = F(U)x[0, 1] such that

4. =(Fle)(x), ute))
Where F(e)=[0, 0]=[0] and s(e)=0 VecE.
Definition: 6.7

A GIVFSS is called a Generalised Absolute Interval-Valued Fuzzy Soft
Set, denoted by Zﬂ if Z# : E - F(U)x[0, 1] such that
A0 =(Fe @, ue)
Where F(e)=[1,1]=[1] and u(e)=1 VecE.
Definition: 6.8
Let F, be a GIVFSS over (U, E). Then the Complement of F,, denoted by
F¢ and is defined by F¢=G,;, such that &(e)=c(u(e)) and

é(e):E(f(e)) VeeE, where ¢ is a fuzzy complement and ¢ is an interval-

valued fuzzy complement.
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Example: 6.9

Consider a GIVFSS 17";‘ over (U, E) as in Example 6.2

[0.3,0.6] [0.7,0.8] [0.5,0.8] 0.6
F,=|[0.1,0.4] [0.0,0.3] [0.,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 u(e) and interval-valued fuzzy
complement for F(e) we have FC =G, where
[0.4,0.7] [0.2,0.3] [0.2,0.5] 0.4

G, =([0.6,09] [0.7,1.0] [0.5,09] 0.5
[0.2, 0.3] [0.8,0.9] [0.6,1.0] 0.7

Theorem: 6.10

Let f# be a GIVFSS over (U, E). Then the following holds: (fﬂc )C I?#.

Proof:
Since FC=G, then (FS)=GS but from Definition 6.1
G, =(2(F(e)), c(u(e))) then
¢ =(2(2(F@)). c(c(u@)))
=(Fe). uce))

:F#

Definition: 6.11

Union of two GIVFSSs (fp,A) and (55,B), denoted by F,UG,, is a

GIVFSS (ﬁU,C) where C=AUB and H,:E— FU)x[0,1] is defined by
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H ,(@)= (ﬁ (e) , v(e) ) such that H(e) = F(e)UG(e) and v(e) = s(u(e) , 5(e)) where
s isa s-norm and H(e) = lsup(,u;(e) . ,ué(c)) , sup(,u;(e) , ‘Llé(e))J
Example: 6.12

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

fuzzy union and basic fuzzy union we have F, UG, = H,, where

PNIU (¢,)=( { x,/[sup(0.1,0.3) , sup(0.3,0.6)] , x, /[sup(0.5,0.7) , sup(0.7,0.8)]
x; /[sup(0.3,0.5) , sup(0.5,0.8)] } , max (0.4,0.6) )

=({x,/[0.3,0.6], x, /[0.7, 0.8] , x,/[0.5, 0.8] }, 0.6 )
Similarly we get
H ,(e,)=({x,/[0.2,0.4], x,/[02, 03] , x,/[0.3, 0.5] }, 0.5 )
H (e;)=({x,/[0.7,0.8], x,/[0.2, 0.4] , x,/[0.2, 0.5] } , 0.3)
In matrix notation we write

[0.3,0.6] [0.7,0.8] [0.5,0.8] 0.6
H,(e)=|[02,04] [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 F,, G, and H, be any three GIVFSSs. Then the following results
hold:
1) F,uG,;=G;UF,
2) F,u(G;VH,)=(F,uG;)UH,

3) F,UF,cF,
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4) F,UA, =A,

) F,0f, - F,

Proof:

1) F,uG, =4,

2) From Definition 6.11 we have H ()= (FI (e), u(e)) such  that
H(e)=F(e)UG(e) and v(e) =s(u(e) , 5(e)).

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

sets is commutative ) and v(e) = s(u(e) , 5(e)) = s(d(e) , u(e)) ( since s - norm

is commutative ) , then G, U f# wdl.

3) The proof is straightforward from Definition 6.11.
4) The proof is straightforward from Definition 6.11.
5) The proof is straightforward from Definition 6.11.
6) The proof is straightforward from Definition 6.11.

Definition: 6.14

Intersection of two GIVFSSs (I?y ,A) and (55 ,B), denoted by f# NG,,is a
GIVFSS (H,.C) where C=AnB and H,:E—FU)x[0,1] is defined by
,(e)=(H(e) . vle) ) such that H(e) = F(e) nG(e) and v(e) =1 (u(e) , 5(¢)) where
t isa t- norm and H(e)= [inf(y;(e) , yém) : inf(y;m : ,ug(e))J.
Example: 6.15

Consider GIVFSS Fy and G, as in Example 6.12. By using interval-valued

fuzzy intersection and basic fuzzy intersecion we have F, "G, = H,,, where

80



H,(e,)=( { x,/[inf (0.1,03) , inf (0.3,0.6)], x, /[inf (0.5,0.7) , inf (0.7,0.8)]
x, /[inf (0.3,0.5) , inf (0.5,0.8)] } , min (0.4,0.6) )

=({x,/[0.1,0.3], x,/[0.5,0.7], x,/[0.3, 0.5] }, 0.4 )
Similarly we get
H,(e,)=({x,/[0.0,0.3], x, /[0.0, 0.2] , x, /[0.1,0.3] }, 0.4)
H,(e,)=({x, /[0.5,0.6], x,/[0.1,0.1], x,/[0.1,0.3] }, 0.1)
In matrix notation we write

[0.1,0.3] [0.5,0.7] [0.3,0.5] 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 " G, and H, be any three GIVFSSs. Then the following results
hold:
1) F,nG;=G;n
2) f# N(G; NH,)=( i NG;)NH
3) NnF c
4) NA, =
5) Fﬂ Ng, =9,
Proof:
1) f# NG, =H,
2) From Definition 6.14 we have ﬁu(e):(ﬁ(e) , u(e)) such that

H(e) = F(e) nG(e) and v(e) =1(u(e) , 5(e)).
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But H(e)=F(e)n G(e)=G(e)NF(e) ( since intersection of interval-valued
fuzzy sets is commutative ) and v(e) =¢(u(e) , 5(e)) =t(5(e) , u(e)) ( since ¢-

~

norm is commutative ) , then G, NF, = H,.

3) The proof is straightforward from Definition 6.14.
4) The proof is straightforward from Definition 6.14.
5) The proof is straightforward from Definition 6.14.
6) The proof is straightforward from Definition 6.14.

Theorem: 6.17

Let F , and G, be any two GIVFSSs. Then the DeMorgan’s Laws hold:

1) (F,uG,) =Ff nG¢

Proof:

((2(F@),c(u@))n(c(Ge)), c(se)))
=((2(F()ne(G)) , (c(ue) nelse)))
((F@)(G@)) . (ueus@) )

-(F, uG;)

H

1) FSNGs =

2) The proof is similar to (1).
Theorem: 6.18

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

hold:
1) F,u(G;nH,)=(F,uG,)N(F, UH,)

2) F,n(Gs;VUH,)=(F,nG,)U(F,nH,)
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Proof:

1) Forall xeE,

AF(x)Q(G(x)m H()) ()

=] 5D( 27y @) 5 Aoy ) 9B ( A s B nn@ ) |
=| sup( A7y () inf ( Aoy @) Zy@) )
sup( 11,00 inf (25,09 25, )]
[mf(sup( B 0@ s Ay @50 (0 () Ay () )
inf ((5up (47 (x) » A5 (9,534 () s 250 () ) |
= K rpacsyn(ropoiin)®
and

7,u(x)u (6(x)Nv(x)) (JC)

= max{ 7 y(x)(x) s Vs(on o (%) }

aX{ 7,0(%) > min( 75002 » 7000 ) }

min { max ( 7,0 (%) » Zs0 () ) » M3 (7,09 (%) » 7)) }
min{

Y w05 5 Yugyovn (%) }

= Y oo (ueorovee) (¥

2) The proof is similar to (1).
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Definition: 6.19

If (F,, A) and (G;, B) are two GIVFSSs then “(F,, A) AND (G;, B)”
denoted by (F,, A)A(G;, B) is defined by (F,, A)A(G;, B)=(H,, AxB) where
H,(a,B)=(H(a, ), Ma,B)) Y(a,B)eAxB, such that H(a,pB)=F(a)nG(B)
and A(a,B)=t( u(a), 8(B)), V(a,B) € AxB, where ¢t is a ¢-norm.
Definition: 6.20

If (F,, A) and (G;, B) are two GIVFSSs then “(F,, A) OR (G;, B)”
denoted by (F,, A)v(G;, B) is defined by (F,, A)v(G;, B)=(H,, AxB) where
H,(a,B)=( H(a B) , Ma,B)) V(a,B)e AxB, such that H(a,B)=F(a)UG(f)

and Aa,B)=s( u(a), 5(B)), V(a,B) e AxB, where s is a s-norm.
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