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I. INTRODUCTION

An Intuitionistic Fuzzy Set (IFS) for a given underlying set X were introduced by K. T. Atanassov [2] which is the
generalization of ordinary Fuzzy Sets (FS) and he introduced the theory of Interval Valued Intuitionistic Fuzzy Set
(IVIFS) and established some of their properties.

The present authors further introduced the new extension of IVIFS namely Interval Valued Intuitionistic Fuzzy Sets of
Second Type [4]. The rest of the paper is designed as follows: In Section II, we give some basic definitions. In Section
I11, we introduce the newoperators on Interval Valued Intuitionistic Fuzzy Sets of Second Type and establish some of
their properties.This paper is concluded in section IV.

1. PRELIMINARIES

In this section, we give some basic definitions.
Definition 2.1[2]Let X be a non empty set. An Intuitionistic Fuzzy Set (IFS) A in a universal set X is defined as an

object of the following form
A= {<x w,(x),va(x) > | x € X}
Where the functions p, : X - [0,1] and v, : X — [0,1] denote the degree of membership and the degree of non -
membership of the element x € X respectively, and for every x € X.
0 <, () +va(x) <1
Definition 2.2[2]Let a set X be fixed. An Intuitionistic Fuzzy Sets of Second Type (IFSST) A in a universal set X is
defined as an object of the following form

A= {<xp,(x).va(x) > | x € X}
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Where the functions p, : X - [0,1] and v, : X — [0,1] denote the degree of membership and the degree of non -
membership of the element x € X respectively, and for every x € X.
0=, 2(0) +v2(x) < 1

Definition 2.3[2] Let X be an universal set with cardinality n. Let [0, 1] be the set of all closed subintervals of the
interval [0, 1] and elements of this set are denoted by uppercase letters. If M € [0, 1] then it can be represented as
M = [M,My], where M;, and My, are the lower and upper limits of M. For M € [0,1], M = 1 — M represents the
interval [1 — M;,1 — My] and Wy = My — My, is the width of M.
An Interval-Valued Fuzzy Set (IVFS) A in X is given by

A= {<x,My(x) >|x€X}
where M,: X — [0, 1], M, (x) denote the degree of membership of the element x to the set A.

Definition 2.4 [3]Let X be a non empty set. An IntervalValued Intuitionistic Fuzzy Set (IVIFS) A in X is given by

A= {<x,My(x),Np(x) > | x € X}
where M,: X — [0, 1], No: X — [0, 1]. The intervals M, (x) and N, (x) denote the degree of membership and the degree
of non-membership of the element x to the set A, where My (x) = [MaL(x), May ()], and Ny (x) = [NaL(x), Nay ()]
with the condition that

May(x) + Nyy(x) < 1 forall x € X

Definition 2.5[4]Let X be a non empty set. An Interval Valued Intuitionistic Fuzzy Sets of Second Type (IVIFSST) A
in X'is given by
A= {<x,My(x),Np(x) > | x € X}
Where Ma: X — [0,1], Na: X — [0,1]. The intervals Ma(X) and Na(x) denote the degree of membership and the degree
of non-membership of the element x to the set A,where M, (x) = [Ma1(x), May ()], andN, (x) = [NaL(x), Ny ()]
with the condition that
MZau(X) + N2pu(X) <1 forall x € X
Definition 2.6[7]For every two IVIFSST A and B, we have the following relations and operations
1. A c Biff My,(x) < Mgy (x)&M,,(x) < Mg, (x)&N 4y (x) = Ngy (x)&N,;, (x) = N, (x)
2. A=BiffAcB&B c A
3. A={<x[NaL(x), Nay ()], [MaL(x), May (x)] > | x € X}
4. AUB = {< x,[max(May, (x), Mg (x)), max(May (x), Mgy ()],
[min(NAL(x)x NBL(x))xmin(NAU(x)x NBU(x))] > |x € X}
5. AnB= {< X, [min(MAL(x), MBL(x)) , min(MAU(x), MBU(x))],
[max(Na,(x), Np(x)), max(Nay (x), Ngy(x))1> |x € X}
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6. A+B={<x,[M?;,(x) +M?p,(x) — M?,, (x)M?5,(x), M?,;(x) + M?py (x) — M? 1, (X)M? 5y (x)],
[N? 4, CON? 5 (x), N2 4y (X)N? gy ()]lx € X}
7. A B ={<x[M?,(x)M?5.(x), M? 1y (XIM? 5y (x)], [N? 4 (x) + N?5,(x) — N? 5, (X)N?p, (),
NZ?,45(x) + N2y (x) — N2, (X)N? 5, ()] |x € X}

8. A$B={<x, [\/MAL(x)MBL(x)r\/MAU(x)MBU(x)]r [\/NAL(x)NBL(x)r\/NAU(x)NBU(x)] > |x € X}

9. A#B = {< X, [ 2M 41, ()M 1 (x) 2M 4y (xX)M gy (x) ], [ 2N 41 (X)N g (x) 2N gy (x)Npy(x) ] |x € X}

M2 4, ()+M2 5 () M2 4y 0)+M2 0] T IN? 4 0+ N2 5L () ' N2 4y () +N2 gy (x)

2 2 2 2 2 2 2 2
10. A@B ={<x, [M AL(X);—M BL(X)’M AU(X);—M BU(X)] [N AL(X);—N BL(x) ’N Au(x):N Bu(x)] lx € X}

I1l.  SOME OPERATORSON IVIFSST
In this section, we define the new operators and their extensions on IVIFSST and establish some of their properties.
Definition 3.1 For an IVIFSST A and for a, 8 € [0,1] and a + B < 1, we define the following operators:
Py (A) = {< x,[max (a, My (x)), max (o, May (x))], [min (B, N4, (x)), min (B, Nyy (x))] > |x € X}

Qup(A) = {< x, [min (@, May, (x)), min (a, May (x))], [max (B, N4, (x)), max (B, Nyy (x))] > |x € X}

Definition 3.2 For an IVIFSST A and for a,8 € [0,1] and a + 8 < 1, we define the two operators which are the
extension of P, ;(A) and Q5 (A)

Pagys(A) = {< x,[max (a, My, (x)), max (B, May (x))], [Min (v, Nap, (x)), min (8, Nay(x))] > |x € X}
Qugy.s(A) = {< x, [min (a, Map (x)), min (B, May (x))], [Max (v, Nap, (x)), max (8, Ny (x))] > |x € X}

Proposition 3.1Let X be a non empty set. For every IVIFSST Ain X and for all a, 8, y,6 € [0,1] suchthata < B, y <
dand B + 6 < 1,we have the following

P(x,B,y,S(K) = Qy,S,a,B(A)
Proof:

Let

A ={<x,[MaL(x), Moy ()], [NaL (%), Npy (x)] > | x € X}
Then,

A ={<x, [Nap (x), Nay ()], [Mg1.(x), Mgy ()] > | x € X}

Pagys(A) = {< x, [max (o, My, (x)), max (B, May (x))], [min (v,Nar (x)), min (§,Nay (x))] > |x € X}

Now

Pepy.s(A) = {< x, [max (o, Nap (x)), max (B, Nay (x))], [min (v, Map, (x)), min (8, May (x))] > |x € X}
Pepys (B = {< x,[min(y,Ma,(x)) , min(8,May (x))], [max (e, Np (x)), max (B, Ny )] > |x € X}ovvovveee (1)
And
Qy5.0p(A) ={< x,[Min (v, Map,(x)), min (8, May (x))], [max (&, Nap, (x)), max (B, Nay(x))] > |x € X}.............. (2)
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From (1) and (2), we get

P(x,B,y,S(K) = Qy,S,a,B(A)

Proposition 3.2Let X be a non empty set. For every IVIFSST A and B in X and for all a, 8, y,6 € [0, 1] such thata <
B,y <&and B+ & <1, we have the following

Papys(ANB) = Pygys(A) NPygys(B)

Proof:
Let

A ={<x,IMaL(x), Moy ()], [NaL (%), Npy (x)] > | x € X}
and

B = {< x, [Mg(x), Mgy (x)], [Np (x), Ngy (x)] > | x € X}
Then,

ANB= {< X, [min(MAL(x), MBL(x)) , min(MAU(x), MBU(x))],
[maX(NAL(x)x NBL(x)) ' maX(NAU(x)x NBU(x))] > |x € X}

Pegys(ANB) = {< x,[max(a, min(Map, (x), Mg, (x))) , max(B, min(May (x), Mgy (x))) ],
[min(y, max(NaL(x), Ng(x))) ,min(8,max(Ny(x),Ngy(x))) | > |x € X}.ooovveee ©)
By the definition

Pepys(A) = {< x, [max (a, May, (x)), max (B, May (x))], [min (v, Nap, (x)), min (8, Nay (x))] > |x € X}
Pepys(B) = {< x,[max (a, Mgy, (x)), max (B, Mgy (x))], [min (v, N1, (x)), min (8, Ny (x))] > |x € X}

Then
Pa,B,y,S(A) N Pypys(B)

= {< X, [min (max (o, Map, (%)), max (a, MBL(x))) ,min (max (B, May(x)), max (B, MBU(x)))]
[max (min (Y,NaL(x)), min (y, NBL(x))) , Max (min (8,Npy(x)), min (8, NBU(x)))] > |x € X}
Pegys(A) N Pygys(B) = {< x, [max(o, min(My, (x), Mg, (x))) , max(B, min(May (x), Mgy (x))) |,

[min(y, max(NaL(x), Ng(x))) ,min(8,max(Ny(x),Ngy(x))) | > |x € X}.ooonveee 4)
From (3) and (4), we get

Papys(ANB) = Pygys(A) NPygys(B)

Proposition 3.3Let X be a non empty set. For every IVIFSST A and B in X and for all &, B,y, 6 € [0,1] such thata <
B,y < 6 anda + B < 1, we have the following

Pa,B,y,S(A UB) = Pa,B,y,S(A) U Pypy5(B)
Proof:
Let

A ={< x,[MaL(x), Mgy (¥)], [NaL(x), Nay (x)] > | x € X}
and

B = {< x, [Mpy,(x), Mgy (x)], [Np (x), Ny (x)] > | x € X}
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Then,
AU B ={< x,[max(May, (x), Mg, (x)) , max(May (x), Mgy (x) )],
[min(NAL(x)xNBL(x)) . min(NAU(x)xNBU(x))] > |x € X}
Pegys(AU B) = {< x,[max(a, max(Myp, (x), Mg, (x))) , max(B, max(May (x), Mgy (x))) |,
[min(y, min(N,L(x), NgL(x))) , min(8,min(N,y(x), Ngy(x))) | > |x € X}.oovvene (5)

By the definition

Pagys(A) = {< x,[max (a, My, (x)), max (B, May (x))], [Min (v, Nap, (x)), min (8, Nay(x))] > |x € X}

Pagys(B) = {< x,[max (a, Mgy, (x)), max (B, Mgy (x))], [min (v, Ng.,(x)), min (8§, Ny (x))] > |x € X}
Then

Pepys(A) UPypys(B)
= {< x, [max (max (o, MaL(x)), max (a, MBL(x))) ,max (max (B, My (x)), max (B, MBU(x)))]
[min (min (¥, NaL(x)), min (y, NBL(x))) ,min (min (8,Nay(x)), min (8, NBU(x)))] >|x € X}
Pegys(A) U Py gy s(B) = {< x, [max(a, max(Myp,(x), Mg, (x))) , max(B, max(May (x), Mgy (x))) ],

[min(y, min(N,L(x), Ng (x))) , min(8,min(N,y(x), Ngy(x))) | > |x € X} (6)
From (5) and (6), we get

Papys(AUB) = Pypgys(A) UPygy5(B)

Proposition 3.4 Let X be a non empty set. For every IVIFSST A and B in X and for all «, 8 € [0, 1] such thata + 8 <
1, we have the following

Qa,B(A u B) = Qa,B(A) u Qa,B(B)

Proof:
Let

A ={<x,[MaL(x), Moy ()], [NaL (%), Npy (x)] > | x € X}
and

B = {< x, [Mg(x), Mgy (x)], [Np (x), Ngy(x)] > | x € X}
Then,

Qg (4) ={< x,[min (a, My (x)), min (a, May(x))], [max (B, N4y, (x)), max (B, Nay (x))] > |x € X}
And
AU B = {< x,[max(May, (x), Mg, (x)) , max(May (x), Mgy (x) )],
[min(NAL(x)x NBL(x)) ' min(NAU(x)x NBU(x))] > |x € X}

Now
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Qa,p(A U B) = {< x,[min(a, max(May (x), Mgy, (x))) , min(a, max(May(x), Mgy (x))) |,

[max(B, min(M,, (x), Mg (x))) , max(B, min(May (x),Mgy(x))) | > |x € X}.ooovvenns 7)
By the definition

Qup(A) = {< x, [min (a, M4, (x)), min (&, May (x))], [max (B, N4, (x)), max (B, Nyy (x))] > |x € X},
Qap(B) = {< x,[min (a, Mg, (x)), min (a, Mgy (x))], [max (B, Np, (x)), max (B, Nay (x))] > |x € X}

Qa,3(A) U Qg p(B) = {< x, [max(min (@, My (x)), min (a, Mg, (x))) , max(min (a, My (x)), min (o, Mgy (x)))],
[min(max (B, N, (x)), max (B, Np, (x))) , min(max (e, Ny (x)), max (@, Nay (x)))] > |x € X}

Qa,p(A) U Qg p(B) = {< x, [min(a, max(May (x), Mg, (x))) , min(a, max(M,y(x), Mgy (x))) |,

[max(B, min(M,, (x), Mg (x))) , max(B, min(May (x),Mgy(x))) | > |x € X} v (8)
From (7) and (8), we get

Qa,B(A U B) = Qa,B(A) U Qa,B(B)

Proposition 3.5Let X be a non empty set. For every IVIFSST A and B in X and for all , B € [0, 1] such thata + 8 <
1, we have the following

Qa,B(A n B) = Qa,B(A) n Qa,B(B)

Proof:
Let

A ={< x,[MaL(x), Mgy ()], [NaL(x), Nay (x)] > | x € X}
and

B = {< x, [Mg.(x), Mgy ()], [Np(x), N5y (x)] > | x € X}
Then

Qq(A) ={< x,[min (a, Ma(x)), min (o, My (x))], [max (B, N, (x)), max (B, Nay (x))] > |x € X}
And
ANB = {< X, [min(MAL(x), MBL(x)) , min(MAU(x), MBU(x))],
[maX(NAL(x)x NBL(x)) ' maX(NAU(x)x NBU(x))] > |x € X}

Now
Qa,p(A N B) = {< x,[min(a, min(Myy (x), Mg, (x))) , min(a, min(May(x), Mgy (x))) |,

[max(B, max(M,y, (x), Mg, (x))) , max(B, max(May (x), Mgy (x))) | > |x € X}ooorovee 9)
By the definition
Qup (4) = {< x,[min (8 My, (x)), min (&, May(x))], [max (B, Ny (x)), max (& Ny (x))] > |x € X},
Qup (B) = {< x,[min (& Mg, (x)), min (&, Mgy (x))], [max (B, Np, (x)), max (& Nay (x))] > |x € X}

Qa,p(4) N Qg p(B) = {< x, [min(min (@, My (x)), min (&, Mg, (x))) , min(min (&, May (x)), min (a, Mgy (x)))],
[max(max (B, N, (x)), max (B, N, (x))) , max(max (B, Ny (x)), max (B, Nay (x)))] > |x € X}
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Qa,p(A) N Qg p(B) = {< x, [min(a, min(Ma;,(x), Mg, (x))) , min(a min(M,y(x), Mgy (x))) |,
[max(B, max(Myy, (x), Mg, (x))) , max(B, max(May (x), Mgy (x))) | > [x € X}.ooonis (10)

From (9) and (10), we get
Qa,B(A n B) = Qa,B(A) n Qa,B(B)
V. CONCLUSION

We have introduced new operators on Interval Valued Intuitionistic Fuzzy Sets of Second Type (IVIFSST) and
established some of their properties. It is still open to define some more operators on IVIFSST.
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