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1. Introduction

An Intuitionistic Fuzzy Set for a given underlying set X were
introduced by K. T. Atanassov [2] which is the generalization of
ordinary Fuzzy Sets. K. T. Atanassov and G. Gargov [3] further
introduced the concepts of Interval Valued Intuitionistic Fuzzy Set
(IVIFS).

The present authors further introduced the new extension of IVIFS
namely Interval Valued Intuitionistic Fuzzy Sets of Second Type
(IVIFSST) and established some of their properties [4]. The rest of
the paper is designed as follows: In Section 2, we give some basic
definitions. In Section 3, we introduce some new operators over
Interval Valued Intuitionistic Fuzzy Sets of Second Type and
establish some of their properties. This paper is concluded in section
4.

2. Preliminaries
In this section, we give some basic definitions.

Definition 2.1[2] Let X be a nonempty set. An Intuitionistic Fuzzy
Set (IFS) 4 in X is defined as an object of the following form.

A= {lxp, Gva(0)]x e x}

Where the functions p,: & — [0,1] and vg4: 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<p,(e) +vy(x) =1
Definition 2.2 [2] Let a set X be fixed. An Intuitionistic Fuzzy

Set of Second Type (IFSST) 4 in X is defined as an object of
the following form.

A= {(xp, 0. vy(x))| x € X}

where the functions p,:X¥ — [0.1] and wv4: ¥ — [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 = p, () +v°(x) <1

Definition 2.3 [3] An Interval Valued Intuitionistic Fuzzy Sets
(IVIFS) 4 in X is given by

A= {tx, Ma(x), Na(0)}lx € X}

where My : X — [0,1], N5 : X — [0,1]. The intervals Ma(x) and N4(x)
denote the degree of membership and the degree of non-membership
of the element x in X, where M (x) = [Mar(x), Mau(x)] and Ny(x) =
[NaL(x), Nau(x)] with the condition that

Mpu(x) + Npy(x) < 1% xeX

Definition 2.4 [4] An Interval Valued Intuitionistic Fuzzy Sets of
Second Type (IVIFSST) 4 in X is given by

A= {'::xa MA(X)a NA(X)H X € X}

where My: X — [0,1], Na: X — [0,1]. The intervals M(x) and Na(x)
denote the degree of membership and the degree of non-membership
of the element x in X, where M(x) = [Mar(x), May(x)] and Na(x) =
[NAL(x), Nau(x)] with the condition that M sy(x) + N ay(x) <1 ¥x
EX.

Definition 2.5 [4] For every two IVIFSST 4 and B, we have the
following relations and operations
I A=z [Ngy ) Ny () L IM g Ce) My (] x £ X
2. AUB = {{x,[max(My (x), Mg (x)).
max{}-iﬂu'ixj. Mgu{xj}]. [min{f‘ﬂﬂL{xj. HEL{-“']}-
min{f\lﬂu(x]. HEU':X]}]HJ: X}
3. ANB = {{x,[min(My (x), Mg (x)).
min{)‘f[ﬂu':x]. HEU{x]}]. [m:ax{xlﬂL':x]. HEL{X]}.
max( Ny (x), Ngy () )] x € X3
4, A+E
= {{x [M7 L G + M5, G — M5 G M 5, (),
M7 () + M7 5 () — M7 4 (o) M7 5y (x0],
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[N2 CONZ 5y (1), N4y (N2 5 GO x € X3

5. AB= {(x M2 G ME o, (), M2 GOME 5, ()],
a.nllr :L'{.ﬂ + N:FL{.T] —N:M{x]ﬁi:m{x];

N2 () + N5y () — N2y GIN? 1 (0])lx € X3

6. A@E =

{{x [M:}u,(xl + M5 x) M- (x) +M:B-,,-(.rJ]

2 2

2 2

[N “ale) F N5 ) N= i) + N:B-,,-{;rJ] }
. NreX

Definition 2.6 [S] For every IVIFSST, we have the following
Necessity operator

oA = [(x, [Mg (), My (1],

[Na ) T=M @ ) x e 1y
Possibility operator

0 4= {(x. My (). /TN, B,
[Ny (), Ny )]y x € X3

3. Some Operators Over IVIFSST

In this section, we define some new operators over IVIFSSTs and
establish some of their properties.
Definition 3.1 Let X be a non empty set and for every IVIFSST 4, we
define four operators which map an IFS to an IVIFSST as follows
*1A = {{x, MsL(x), NaL(x) JIxE X},
#2A = {{x, MaL(x), Nau(x) JIx€ X},
#3A = {{x, Mau(x), NaL(X)}x€ X},
#3A = {{x, Mau(x), Nau(x) Hix€ X}.
Theorem 3.1 Let X be a non empty set and for every IVIFSST
A, we have the following
i o=, oA =« A,

ii. *! oA :*! .."J.L.

iii. *]_':'-"J-' =%y A,

iV. *:':' A =#q A
Proof:
Let

A= {{x Mgy G, Myy GO Ny o) Ny 1)) x e X
Then,

od = {{x, [\'IH_,_,':-"-'].- M)LL.":-T]];

[Ny @), 1= M2, G ]y x e XY,

04 = {(x M0, JT- N5 0],

[\‘]ﬂL{x]J “lﬂu':x]]}lx = }{'}

(1) Apply the operator =;in oA we have
# 0A ==+ {{x, [""I;LL{I]J M,{;,'{I]],

[N ) T3 Gyl r e 1y
= (Mg (). N ()} x € X)
=*LA
(i1) Apply the operator #5 in o4 we have
w7 0A =% {{x, [My (x), My ()],

Ny (), T= Ml x € 1)

= {{x, Myp (x), Ny, ()} x € X}
=+, A
Other proofs are similar.

Theorem 3.2 Let X be a non empty set and for every IVIFSST
A, we have the following

1. *J_-"JT:*L-"L

11. *n A = #q

A
iil. *g -"JT = #q A,
iv. s, A=s, 4
Proof:

Let
A= {x My Ge) My G INg Ge) N GO 2 33
Then,

A= {(x [Ny G Ny G 1, (Mg () My (1) 2 € X
(i) Apply the operator #,in A we have
= A ==, {{x, [Ny (x), Npy 1L Mg, (), My () 1
xeX)

= {{x Ny (), My () ) x € X}
+p A = {(x0 Ny () Mg, (0))| x € X}

= [{x. My (x) . Ny, () )| x € X}

=+, A
(ii) Apply the operator #sin 4 we have
w2 A =, {{x, [Ny (), Ngg G 1L [Mg, (), My G0 1)
|x € X}

= {(x. Ny (). My (1) ) x € X}
y A = {{x, Ny (), Mgy ()] x € X}

= {{x.Myp &) Ny, ()} x € X}

=+, A

The other proofs are similar.

Theorem 3.3 Let X be a non empty set and for every IVIFSST
A and B and for 1 = i = 4, we have the following

@) s,(A+B)=s, A+ %8,
{EEJ *L{A-BJ =*j_-"1 '*j_B.'
(iii) » , (A@B) =+, A @ =+, B.

Proof:

(i) We prove the result fori = 1

Let

A= {(x IMyy Go), My G L [Ny () Ny GO 1) 2 e X3

and

B= {{x. [Mg {x), Mz, () ], [Ngp (x), Ngy )13 x € X3

Then,

A+EB = {{x[M &) + M5 ()M, () M5, (2,
M= 5 () + M2 5, ) — M, G M7 5 ()],
[‘n.,r!‘u{x]‘n.,r!ﬂ{x],‘n.,r!}l_b,{xj‘n.,rfs_b,{x]]}| XE X}

Apply the operator #; we have
* (4 +B)
= {{x, [M7 () + M5, () — M, ()M 5, (),
M5 (x) + M7 5y (x) — M 45 () M® 55 (x)],
(N2, GON 5y (), N2y N5y D)l x € X
67 |Page



A Study on Interval Valued Intuitionistic Fuzzy Sets of Second...

= (0 M G + M, () — M (0) M2 5, (),
N N, Ghlxe X} ... (1)
By the definition
*1A = {{x, MaL(x), NaL(x) }x€ X}
*#1B = {{x, Mpi(x), Nr(x) }}x€ X}
%, A 4=+, B
={x M, () + M5, (x) = M°
N2 N g )y x e XY i (2)
From equation (1) and (2) we have
+ (A+B)=+ A4+ B
Similarly for i = 2.3 & 4 we have
s (A+B)=%A+%B

.4..,{-1':] .ﬂ']‘:BL{I] :

(i1) We prove the result for i = 2
Let
A= {{x IMy (), Mgy G INg () N G+ e X0
B= {{x [Mz, (), Mz, ()], [Ngp (), Ngy ()13 x 2 X2
Then,
AB = {{x [M° 4 G M 5 (), MR g () MP 5 (x)]
(NZ0 () + N5, () — N2 (1) N2 5, (),
N2y () 4 N5y () — N2y N 5y G ) x € X3
Apply the operator =, we have
#y(A.B) ==, {(x, [M* o (x)M7 55 (), M7 4 () MF 55 (5]
(NZq () + N5, () — N2 (1) N2 5, (),
N2y () 4 N5y () — N2y N 5y G ) x € X3
= {{= M?, (x) M7 5, (=),

NZ g (x) + N7 5y (x)
By the definition

*2A = {{x, MaAL(x), Nay(x) Hx€ X}
2B = {{x, Mpr(x), Npy(x)}x€ X}

s AL wn B= Ll MRy GO M 5 (),

N7y ) + N5y () = N2y GV 5 0]y 2 € X34
From equation (3) and (4) we have
#(A. B)=+,4.+,B
Similarly for i = 1.3 & 4 we have
# (A, Bl=+A.+B

= N2 N gy 1) % € X3...03)

(iii) We prove the result for i = 3

A= {{x IMy (), Mgy G INg () N G+ e X0
B= {{x [Mg, (), Mz, ()], [Ngp (), Ngy ()13 x € X2
Then,

M () + M5 (x) M7 4 (x) + M7 5, (x)
A@B= {{x [ AL - BiL . A - B ]
Nl N5 ) N u{.rJ + Ny )
[ AL - BL AL BL :I::lle }('}

Apply the operator =; we have

My &) + M5 &) My () + M5y ()

2 2

agu@m:*g{{x[

By the definition
*3A = {{x, May(x), NarL(x)}x€ X}
#3B = {{x, Mpy(x), NpL(x)}[x€ X}
#2 A @=*; B
{ ﬂ"r:_..ly{-r:] +;P|-'I:BL-{I:] N :_.4_;_,{.-1':] + fl,.f:BL{x] }
=1{x Jx EX

2 ' 2
From equation (5) and (6) we have
“Q{H@E] =S¢ A@#y B
Similarly for i = 1.2 & 4 we have
+(A@B)=x,A@+B

Conclusion

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