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CHAPTER IV
FUZZY PARAMETERIZED INTERVAL-VALUED
FUZZY SOFT SETS
Definition: 4.1

Let U be an initial universe, E the set of all parameters and X a fuzzy set

over E with membership function: x, : E —[0, 1] and let 7, be an interval-valued

fuzzy set over U for all xe E. Then a Fuzzy Parameterized Interval-Valued
Fuzzy Soft Set ( fpivfs — set ) ¥, over U is a set defined by a function 7,

representing a mapping
ny : E — Int(U) such that 7, (x) =¢if u,(x)=0
Here, 7, :[77,‘(, 77;] is called an Interval-Valued Fuzzy Approximate
Function of the fpivfs — set ¥, , and the value 7,(x) is a set called an

x - element of the fpivfs — set for all x e E. Thus a fpivfs — set ¥, over U can be

represented by the set of ordered pairs

W, ={(x/ py (), 1y (x)):x€E, ny(x) e It (U) , s (%) €[0, 1]}
The set of all fpivfs — sets over U will be denoted by FPIVFSS (U).
Example: 4.2

Let U= {u,, u,, u;, u, } be a set of universe, E = {x, x,, x;, x, } be a set of
parameters and let z: E —[0,1]. Suppose X = {x,/0.3, x,/0.1, x,/0.4, x, /1} and

ny (x) is defined as follows:
1y (%) ={ u,/[0.3, 0.6] , u, /[0.7, 0.8] , u; /[0.5, 0.8] , u, /[0.2, 0.5] },

1y (x5,) = { u,/[0.0, 0.7] , u, /[0.2, 0.3] , u; /[0.3, 0.5] , u, /[0.1, 03] },
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17y (x)={ 1, /[0.1,0.4] , u, /[0.4, 0.6] , u, /[0.3, 0.8] , u, /[0.4,0.5] },
17y (x,)=1{u,/[0.5,0.7], u, /[0.1, 0.4] , u, /[0.0, 0.4] , u, /[0.8, 0.9] }
Then the fpivfs — set ¥, is given by

={(x,/03,{u/[03,0.6],u,/[0.7,08], u,/[0.5 0.8], u, /[0.2,0.5] })
(x,/0.1,{u, /[0.0,0.7], u, /[0.2, 0.3], u, /[0.3, 0.5] , u, /[0.1,0.3] }),
(x,70.4,{u /[0.1,0.4], u,/[0.4,0.6], u,/[0.3, 0.8] , u, /[0.4, 0.5] }),
(x,/1.0,{u, /[0.5,0.7], u, /[0.1,0.4] , u, /[0.0, 0.4] , u, /[0.8, 0.9] }) }

2

Definition: 4.3

Let ¥, and ¥, € FPIVFSS(U). Then ¥, is said to be a Fuzzy
Parameterized Interval-Valued Fuzzy Soft Subset (fpivfs — subset ) of ¥, and

we write ¥, %, if

1) py(x) < py(x),VxeE
2) ny(x)=ny(x),VxekE.

Definition: 4.4

¥, and ¥, e FPIVFSS(U) are said to be equal and we write ¥, =¥, if
¥, is a fpivfs — subset of ¥, and ¥, is a fpivfs — subset of ¥,. In other words,

¥, =Y, if the following conditions are satisfied:
D) puy(x)=4y(x),VxeE
2) ny(x)=mny(x),VxeE.

Definition: 4.5

Let W, e FPIVFSS(U). If ny(x)=¢,VxeE, then ¥, is called an
X - empty fpivfs — set, denoted by ¥, . If X =4, then the X - empty fpivfs — set

¥, is called an empty fpivfs — set, denoted by ‘¥, .

Px
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Definition: 4.6
Let W, e FPIVFSS(U). If n,(x)=U,VxeE, then ¥, is called an
X - universal fpivfs — set, denoted by W,. If X =E, then the X - universal

fpivfs —set ¥ is called a universal fpivfs — set, denoted by V.

Theorem: 4.7

Let ¥,, ¥, and ¥, € FPIVFSS(U). Then the following results hold:
1) ¥ s W
2) ¥, c¥
3). ¥, ey
4) ¥, ¥y
) Y, c¥ ol cV. oY% Y,
6) (¥ =", and ¥, ="V, ) =¥, =%,
7 (Y, c¥, and ¥, c ¥, ) = ¥, =¥,
Proof:
The proof is straightforward.
Definition: 4.8

Let W, e FPIVFSS(U). Then the Complement of ¥, , denoted by ¥y, is
defined by c(uy (x)) and ¢(7,(x)), Vx e E, where ¢ is a fuzzy complement and

¢ 1is an interval-valued fuzzy complement.
Example: 4.9

Consider Example 4.2 by using the basic fuzzy complement for x, (x) and

interval-valued fuzzy complement for 7, (x) we have
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=1

(x,/0.7,,{u, /[0.4,0.7],, u, /[0.2, 0.3] , u, /[0.2, 0.5] , u, /[0.5, 0.8] }),
(x,70.9,{u,/[0.3,1.0], u, /[0.7,0.8] , u, /[0.5, 0.7] , u, /[0.7, 0.9] }),
(x,/0.6,{u /[0.6,0.9], u,/[0.4,0.6], u,/[0.2, 0.7] , u, /[0.5, 0.6] })
(x,/0.0,{u /[0.3,0.5],u,/[0.6,09],u,/[0.6,1.0], u,/[0.1,0.2] })

b/

j

Theorem: 4.10
Let ¥, € FPIVFSS (U). Then the following results hold:
D) () =¥
2) ¥, =Y;
Proof:
The proof is straightforward.
Definition: 4.11
Let ¥, and ¥, € FPIVFSS(U). The Union of ¥, and ¥,, denoted by
¥, Uy, defined by s, (x)=s(uy(x), (%)) and 7,5, (x) =17, (x) On, (x)
where s is an s-norm and O is an interval-valued fuzzy union.
Example: 4.12

Consider ¥, as in Example 4.2 and let ¥, be another FPIVFSS(U)

defined as follows:

¥, ={(x,/04, {u/[03,06],u,/[0.5,0.7], u, /[0.4,0.5] , u, /[0.1,0.3] }
(x,/0.7,{u /[0.3,0.5], u, /[0.0, 0.2], u, /[0.5, 0.6] u4/[04 0.6] }
(x,/0.5,{u,/[0.4,0.6],u,/[0.2,0.4], u, /[0.1,0.3], u, /[0.5, 0.6] }
(x,/02,{u/[0.5,0.6],u,/[03,0.5],u,/[0.3,0.4], u, /[0.2,0.3] }

2

)
)
Js
)}
By using the basic fuzzy union (maximum) and the interval-valued fuzzy

union we have
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v, u¥, ={(x,/03,{u/[0.3,0.6],u,/[0.7,0.8], u,/[0.5,0.8] , u, /[0.2, 0.5] }),
(x,/0.7,{u,/[0.3,0.7], u, /[0.2, 0.3] , u, /[0.5, 0.6] , u, /[0.4, 0.6] }),
(x,70.5,{u,/[0.4,0.6], u, /[0.4, 0.6] , uy /[0.3, 0.8] , u, /[0.5, 0.6] }),
(x,/1.0, {u, /[0.5,0.7], u, /[0.3, 0.5] , u, /[0.5, 0.6] , u, /[0.8,0.9] }) |

Theorem: 4.13
Let ¥,, ¥, and ¥, be any three FPIVFSS(U). Then the following results
hold:
1) ¥, U¥, =¥,
2) ¥, V¥, =Y
3 L
4y ¥, U =Y,
3) ¥, U, =%, WY,
Proof:

The proof is straightforward.

Definition: 4.14

Let ¥, and ¥, € FPIVFSS(U). The Intersection of ¥, and ¥, , denoted
by W, Wy, defined by s, ., (¥) =1 (4, (), 4y (1)) and 77, (x) =17 (x) A7, (%)
where ¢ is an ¢- norm and A is an interval-valued fuzzy intersection.
Example: 4.15

Consider Example 4.12 again. By using the basic fuzzy intersection

(minimum) and the interval-valued fuzzy intersection we have

¥, A, ={(x/03,{u/[03,0.6],u,/[05 071, us/[04,0.5], u,/[0.1,03] }
(x,/0.1,{u,/[0.0, 0.6] , u, /[0.0, 0.2], u; /[0.3, 0.5] , u, /[0.1, 0.3] }
(x,/0.4,{u /[0.1,04],u,/[02, 04], u,/[0.1,0.3], u, /[0.4, 0.5] |
(x,/02,{u,/[0.5,0.6], u, /[0.1, 0.4] , u, /[0.0, 0.4] , u, /[0.2, 0.3] }

Ui
),
)
)}
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Theorem: 4.16

Let ¥,, ¥, and ¥, be any three FPIVFSS(U). Then the following results
hold:

1y PPy ="
%) ¥, AP,
3) ¥,nY, =%,
&y Ty Py =T
3) Y, =%, Y,
Proof:
The proof is straightforward.
Theorem: 4.17
Let ¥,, ¥, be any two FPIVFSS(U). Then De-Morgan’s law is valid:

1) O, UYL = D
2} (F, )" =, ¥y
Proof:
1) Forall xeE,

Heyome @) = Cltix o ()

=c (s (ux(x), uy(x)))
=t (c(ux(®),c(uy(x))
=t ( Hyc (-x) s Hyc (%))

= Hycnye (x)

and
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n(xoy)a (x)=c¢ (U(XOY)(X))

=C (7 (x) Oy (x))
=T (1)) AT (1,(x))
=1-(n5(x)) N 1=(77,(x))
=17, () A7, ()
=yernys ()
2) Likewise, the proof of (2) can be made similarly.
Theorem: 4.18

Let ¥,, ¥, and ¥, be any three FPIVFSS(U). Then the following results
hold:

1) ¥, UCE, NE,) = (¥ U¥) N (¥ U'Y,)
2) W M, V)=, Y (T ™)
Proof:

1) Forall xeE,

Hxoun Z)('x) =5 (py (@), t (uy(x), 4;(x)))

=t (s (ux(®), y (X)), 5 (px (%), #7(x)))
= Hxonnxuz)(X)
and
Mxo i z)*) =1y (¥) O (17, (¥) A7, (%))
= (17 () Oy (%)) A (17 (x) O77,(x))

=Nxor)A(XO z)(x)
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2) Likewise, the proof of (2) can be made similarly.
Definition: 4.19

Let W, € FPIVFSS(U). Then a fpivfs —aggregation operator, denoted by

FPIVFS ., is defined by

agg’

FPIVFS ,,, : F(E)x FPIVFSS (U) — Int (U)

FPIVFS (X, ¥y ) = ¥ where ¥} = {u /1y, W):ueU|

agg

which is an interval-valued fuzzy set over U. The value ¥, is called an aggregate

interval-valued fuzzy set of ¥, . Here, the membership degree My, () is defined

as follows:

éZﬂx () W) 5 €7 =5 D iy (x)”n;m(“)}

= 1
4 =lc =
/u\}’x (u) I: = IE

where |E| is the cardinality of E.
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