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1. Introduction

An intuitionistic fuzzy set for a given underlyinget x where introduced by
Atanassov [2] which is the generalization of ordinfuzzy sets. Atanassov and Gargov
[3] further introduced the concepts of intervalued intuitionistic fuzzy set. The present
authors further introduced the new extension of FI¥I namely interval valued
intuitionistic fuzzy sets of second type (IVIFSS@hd established some of their
properties [4]. The rest of the paper is desigrefoHows: In Section 2, we give some
basic definitions. In Section 3, we introduce magpk operators over interval valued
intuitionistic fuzzy sets of second type and essiibsome 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 non-empty set. An Intuitionistic Fuzzy SetS)IA in X is
defined as an object of the following form.
A = {{x, ua (), va(x))| x € X}
where the functiongu,: X — [0,1] andv,: X — [0,1] denote the degree of membership
and the degree of non-membership of the elexedt, respectively, and for everg X.
0<pa(x)+va(x) <1

Definition 2.2. [2] Let a setX be fixed. An intuitionistic fuzzy sets of secongpe
(IFSST)A in X is defined as an object of the following form.

A= {<xr uA(x)IVA(x)M x € X}
where the functionsi,: X — [0,1] andvs: X — [0,1] denote the degree of membership
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and the degree of non-membership of the elexept, respectively, and for everyeX.
0 < pa?(x) +vpa?(x) <1

Definition 2.3. [3] An interval valued intuitionistic fuzzy sets (IVIF8in X is given by
A ={(X, Ma(x), Na(x)}| x € X}
where My : X — [0, 1], Na: X — [0, 1]. The intervals M(X) and N\(X) denote the degree
of membership and the degree of non-membershipeoktemeni in X, where M(X)
= [MaL(X), Mau(X)] @and Na(x) = [NaL(X), Nau(X)] with the condition that
Mau(X) + Nau(X) <1vx eX

Definition 2.4. [4] An interval valued intuitionistic fuzzy sets ofcemd typeAin X is
given by

A = {(x, Ma(x), Na(X)}| x €X}
where My: X — [0, 1], Na: X — [0, 1]. The intervals M(X) and N\(X) denote the degree
of membership and the degree of non-membershipeoktemenk inX, where M(X)
= [MaL(X), Mayg(X)] and Na(X) = [NaL(X), Nau(X)] with the condition that

M?,u(X) + N2,0(X) <1V XEX.

Definition 2.5. [4] For every two IVIFSSTA andB, we have the following relations and
operations
1. AcB iff Muyy(x) < Mgy (x)&M,, (x) < Mg, (x)&
Nyy (%) = Ny (x)&Nyy (x) = N (x)
2. A=B iff AcB & BcA
3. A_ = {(X, [NAL(x)I NAU(x)]' [MAL(x)l MAU(x)])l x € X}
4. AUB = {(x,[max(Mu (x), Mgy (x)), max(May (x), Mpy(x))],
[min(NAL(x)z NBL(x))vmin(NAU(x)r Npy (X))l x € X}
5. AN B = {(x,[min(Mag(x), Mpr,(x)), min(May(x), Mpy(x))],
[max(Nag,(x), Npp,(x)), max(Nay (x), Npy(x))])|x € X}

Definition 2.6. [5] For every IVIFSST, we define the following operator
Necessity operator

04 = {(x, Mg, (0, May (0], [Naw (00,1 = M215 )} x € X}
Possibility operator
04 = {(x, M),V T= N2y ()], [NALG), Nau (0)])] % € X}

Definition 2.7. [5] Given an IVIFSST A and for every, 3 € [0,1],we define the
operatord, andF, g

Dy (A) = {<x, [MAL(x):\/MZAU(x) + az(l —M2,y(x) — NZAU(x))]:

[NAL(x)v\/NzAU(x) +(1- a)z(l —M?,y(x) — NZAU(x))]>| x € X}
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Fop(A) = {X; [MAL(x):\/MZAU(x) + 052(1 - M?,(x) - NZAU(x))] )

[NAL(x):\/NZAU(x) + B2(1— M?% 4y (x) — NZAU("))]) | x € X}

3. Modal type operatorson | VIFSST
In this section, we define the new modal type opesaover IVIFSST and also we
establish some of their properties.

Definition 3.1. Given an IVIFSST A and for eveny, € [0,1], we define the operators
Ga_B -Ha,B and]a_ﬁ

(). Gap(A) = {(x, [aMy, (x), aMay () L[BNar, (), BNay (x)])] x € X}

(i).  Hgp(A) = {{x,[a Map(x), a My ()],

[NAL(x):\/NZAU(x) + 52(1 —M?,(x) - NZAU(x))D |x € X}

(iii).  Jap(A) = {<x, [MAL(X): \/MZAU(x) + 0(2(1 - M?,,(x) — NZAU(x))] ,
[BNaL(x), BNy (X)])| x € X}

Definition 3.2. Given an IVIFSST A and for eveny, € [0,1], we define the operators
H* p and]*arﬁ

().  Hgp(d) = {(x, [a My (x), a Myy (x)],

[NAL(x)'\/NZAU(x) + .32(1 — aZM? 45 (x) — NZAU(x))D |x € X}

(i) ]*a,B(A) = {<x, [MAL(x): \/MZAU(x) + o (1 - M?,y(x) — ﬂzNzAU(x))],
[BNaL(x), BN4y (X)])] x € X}

Proposition 3.1. Let X be a non-empty set. For every IVIFSST Afan@éverya, 8 €
[0,1] we have the following

(). Heop(A) = Jgq(A)
(ii). Jap(A) = Hgq(A)
(i“)- Hl,O(Z) = ]0,1(11) = G1,1(A)

_I?rhOOf: Let A = {(x, [Mar,(x), Mgy (x)], [Ngy (x), Nay X)])|x € X 3,
en,
A = {(x, [Nap, (%), Nayy ()], [May, (), Mgy ()])x € X 3,

Ge,p(A) = {{x, [aMyy (x), aMpy ()] [BNaL (), BNay ()] x € X},
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Ha,B(A) = {{x, [a My, (x), a Myy (x)],

[NAL(x)r\/NZAU(x) + .32(1 — M? () — NZAU(x))D |x € X}

]a,[j’(A) = {<x, [MAL(x):\/MzAU(x) + 0(2(1 — M?,y(x) — NZAU(x))] )
[BNaL(x), BNy ()]} x € X}

Now
Ha,ﬁ(/f) = {{x, [a Nap, (x), & Nyyy (2],

[MAL(x)' \[MZAU(x) + 52(1 - MZAU(x) - NZAU(x))]> |x € X}

Ha,ﬁ(/f) = {<x, [MAL(x)r \/MZAU(x) + /32(1 - M?,y(x) — NZAU(x))]:

[o Nyp (%), a Ngyy (2)])] x € X}

= Jpa(A)
This is (i)
(i) Jo,p(A) = { x, [NALm, JNZAU(x) + 21 =M% (x) — NZAUoo)] ,
[BMa1 (), BMay (0)])] x € X}
Jag (&) = {(x, [BMay (), BMay ()],
[NAL(x). (Ve + (1= M2 () - NZAU(x>)]> %€ x}
= Hpa(A)
Therefore,

]a,B(/D = HB,a(A)
(iii) Let A = {{x, [Ma (), May (x)], [Nay (x), Nay (X)])|x € X 3,

Then, .
A = {(x, [Ng, (), Ny ()], [Mgy, (x), May (X)) x € X}

Ha,ﬁ(/f) = {{x, [a Nap, (x), & Nyyy (2],

[MAL(x)r \[MZAU(x) + .32(1 — M2,y (x) — NZAU(x))D |x € X}

Ha,ﬁ(/f) = {<x, [MAL(x)r \/MZAU(x) + /32(1 —M2,y(x) — NZAU(x))] )
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[a Ny, (x), a Ngy (x)])] x € X}

Puta = 1and g = 0 in Hy 3(A)
Hl,o(t‘D = {<x, [MAL(x)'\/MZAU(x) + 02(1 - M?%,(x) - NZAU(x))] ,
[1N4;, (), IN4y (]| x € X}

= {(x,[My,(x), Mgy ()], [Nap, (x), Nay () ])] x € X} (1)

]a,B(A) = { X, [NAL(x):\/NZAU(x) + 0(2(1 —M?,(x) — NZAU(x))] )

[BMa,(x), BMay (X)) x € X}
]a,ﬁ(t‘D = {(x, [BMaL(x), BMay (x)],
[NAL(x)'\/NZAU(x) + 0(2(1 - M2,y (x) — NZAU(x))D | x € X}

Puta =0and B =1inJ,z(A)

Joa (I‘D = {(x, [1My; (x), 1My (x)],

[NAL(x)'\/NZAU(x) + 02(1 —M2,y(x) — NZAU(X))]>| x € X}

= {(x, [Mar,(x), Mayy (L[N (%), Nayy (C)])] x € X} ) (2
Go,p(A) = {(x, [aMyy, (x), aMyy () LIBNAL (), BNay ()]} x € X}
Puta = 1 and f = 1G,g(A) we have
Gy,1(A) = {(x, [Mar, (x), Mgy ()],[Nap, (x), Nay ]| x € X} ®)

From (1), (2) and (3) we have
Hl,O(Z) = /0,1(Z) = G1,1(A)

Proposition 3.2. Let X be a non-empty set. For every IVIFSST Afaneéverya, 8 €
[0,1] we havehe following

(i) H*a,B(Z) = ]*B,a(A)
(i), T g ) = Hpa(A)
Proof: LetA = {(x, [My, (x), May (x)], [Nar, (x), Nay (x)])]x € X }
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Then, B
A = {(x, [Na, (%), Nay ()], [Mgy, (), Myy )]} x € X},

H'q5(A) = {{x, [a My, (), a Mgy (x)],

[NAL(x):JNZAU(x) + ﬁz(l —aZM?,y(x) — NZAU(x))D |x € X},

]*a_ﬁ(A) = {<X, [MAL(x)l \/MZAU(x) + a? (1 - MZAU(x) - ﬂZNZAU(x))] ’

_ [BNaL(x), BNy ()])| x € X},
H*a,ﬁ(A) = {{x, [a Nap (%), & Ny (x)],

[MAL(x)'\/MZAU(x) + /32(1 - O(ZNZAU(x) - MZAU(x))]> | x € X},

and

x, [NAL(x)r\/NZAU(x) + 0(2(1 — B2M?,4y(x) — NZAU(x))] )

[BMap,(x), BMuy (]| x € X}

I*a”g(/D = {

Now,

() H*a,ﬁ(/D = {<x, [MAL(x)r\/MZAU(x) + /32(1 —M?y(x) — O(ZNZAU(x))] )
Lo Nap, (3), & Npy (X)) x € X}

= I*ﬁ’“ (4)
Therefore,

Hop () = 1", (4)

(i) 1* 5 (A) = {

X, [NAL(x). (W2 + (1= f2M () - N2A0<x>)],

[BMas GO, BMay (O]} x € X}
I g (A = {4, [BMar (%), BMay ()],
[NAL(x). (V2 + (1= f2M () - NZAU(@)D e x}

= H"p 4 (4)

Hence,
Fop@ = Hop(4)

Proposition 3.3. Let X be a non-empty set. For every IVIFSST Afandverya, €
[0,1] we have the following
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i Hap(A) = Fop (Gea(a))

i T @) = Fgo (G1a®)
PLOOf: Let A = {(x, [My,(x), May (x)], [Nap, (x), Nay ()]} x € X},
Then,
A = {(x, [Nay, (), Nayy ()], [Mar, (%), Mgy CO])|x € X3,

Fa,[j’(A) = {<x, [MAL(x)I\/MZAU(x) + 0(2(1 — M? 4y (x) — NZAU(x))] )

[NAL(x):JNZAU(x) + 32(1 —M?,(x) - NZAU(x))D | x € X}.
Ga,B(A) = {(x, [aMy, (x), aM 41y (X) LIBN4L (x), BNay (X)])] x € X},
H*a,B (A) = {(x, [ My, (), a0 Myy ()],

[NAL(x)'\/NZAU(x) + .32(1 —aZM?,y(x) — NZAU(x))Dl X € X}

Vo p(A) = {<x, [MAL(x):\/MZAU(x) + o (1 — M2,y (x) — ﬁzNzAU(X))].
[BNaL(x), BNy ()]} x € X}
(). PutB = 11in Ggz(A) we have
Ga,1(A) = {(x, [aMy (x), aM 4y () LINaL (), Nay () ])| x € X}

Again puta = 0 inF, g(A) we have
FO,B(A) = {(x, [Myy, (%), Mgy (X)],

[NAL(x):JNZAU(x) + 32(1 - M?,y(x) — NZAU(x)) >| X € X}
Fop (G () = {(x, [aMy, (x), aMay (1))
[NAL(x)'\/NZAU(x) + 32(1 —a?M? 4y (x) — NZAU(x))

FromH*, s (A) andF, z (Go(,1 (A)) we have
H'0p(4) = Fog (Gaa(A))

—_

| x eX

—

(ii). Puta = B andB = a inJ, 5(A) we have

]*B,a(A) = {<x, [MAL(x)v\/MzAU(x) + ,32(1 - M?,y(x) — azNzAU(x))j:

[aN, (x), aNgy (0)])] x € X}

puta =1 andf = a in Gy ,(A) we have

259



K. Rajesh and R. Srinivasan

G1,a(A) = {(x, [Mar,(x), My (x)],[aNap, (%), aNy ()])] x € X3
Puta = g andp = 0 in F, 3(4) we have

Fﬁ,O(A) = {<x, [MAL(x)I \[MZAU(x) + .32(1 — M2,y (x) — NZAU(x))j:

[Na (), Nay ()]} x € X}

Now

Fgo (Gl,a(A)) = {<x, [MAL(x)t \[MZAU(x) + 62(1 — M2,y (x) — O(ZNZAU(X))],

[O(NAL(X), a?N2,,;(x) + 0(1 —oZM? 4y (x) — NZAU(x))]>| x € X}

= {<x, [MAL(x)I \[MZAU(x) + 62(1 —M2,y(x) — O(ZNZAU(x))j'

[aNyy, (%), aNgy (X)])] x € X}
FromJ* Bra(fl)andFﬁ_0 (Gl_a(A)) we have

Fpo (Gra(®)) =" 5,4 (4)

4. Conclusion
We have introduced modal type operayg, Hog, Jap, H o p and]*aﬁ over IVIFSST

also we established some of their properties.dtilisopen to define some more operators
over IVIFSST.
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