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1. INTRODUCTION

Fuzzy sets were introduced by Lofti A. Zadeh in 1965 as a generalization of clas-
sical (Crisp) sets. Further the Fuzzy Sets are generalized by Krassimir T. Atanassov
in which he has taken non-membership values also into consideration and he in-
troduced IFS and its extension IFSST. Following the definition of IFS, the authors
introduced the IFSRT In this paper, we define some Operators and establish their
properties of newly defined IFSRT.

2. PRELIMINARIES

In this section, we give some definition of various types of IFS.

Definition 2.1 ([1]). Let X be a non empty set. An IFS A in X is defined as an
object of the form.

A={{z,pa(z),va(z)):z € X} (2.1)
where the functions
pa:X — 10,1 and vy :X —[0,1]

denote the membership and non-membership function of A respectively and
0 <pa(z)+va(x) <1foreach z e X
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Remark. An ordinary fuzzy set can also be generalized as
{z, pa(z),1 — pa(z)) :z € X}.

Definition 2.2 ([2]). Let X be a non empty set. An intuitionistic fuzzy set of
second type (IFSST) A in X is defined as an object of the form

A= {(z,pa(z),va(r)) : v € X}
where the functions
pa:X — 10,1 and vy :X —[0,1]
denote the degree of membership and degree of non membership functions of A
respectively, and 0 < [pa(z)]? + [va(z)]? < 1 for each z € X.
Remark. It is obvious that for all real numbers a,b € [0,1] if 0 < a+ b < 1 then
0<a?2+0p2<1.

Definition 2.3 ([3]). Let X be a non-empty set. An Intuitionistic Fuzzy Set of Root
Type (IFSRT) A in X is defined as an object of the form A = {(z, pa(z),va(z)) : 2 € X}
where the functions p4 : X — [0,1] and w4 : X — [0,1] denote the degree of
membership and degree of non membership functions of A respectively, and

0 < 3vna(e) + 5v/valz) <1

for each x € X.

Remark. It is trivial that for all real numbers a, 8 € [0,1] if 0 < @+ 3 < 1 then
0<iva+iyp<l
Definition 2.4 ([3]). Let X be a non-empty set. Let A and B be two IFSRT's such
that
A = {{z,pa(z),va(z)):ze€ X} (2.2)
B = {{z,pup(z),vp(x)):ze€ X} (2.3)
Define the following relations and operations on A and B
(i) AcC Bifand only if pa(z) < up(z) and va(z) >vp(z), Veze X
ii) AD Bifand only if pa(z) > pup(x) and va(z) <vp(x), VzeX
(ili) A= B if and only if pa(x) = pp(z) and va(z) =ve(z), Vze X

Vva@)/ve(@) )iz e X}

(vii) The complement of A is defined by
A= {{z,va(x),pa(z)) : € X}

Definition 2.5 ([3]). The degree of non-determinacy (uncertainty) of an element
x € X to the IFSRT A is defined by

ma(@) = (1= Via@) — Voa@)
378
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Definition 2.6 ([4]). For every IFSRT A, we define the following operators.
The Necessity measure on A.

0A = {<x,,uA(at),<1— \/;T(x))2>:xex}.

The Possibility measure on A
2
CA = {<x, (1 —va(z) ) ,I/A(l‘)> tx € X}.

Definition 2.7 ([5]). Let X be a non empty finite set. For every IFSRT
A= {{z,pa(x),va(z)): x € X}, we define the following two operators.

C(A) ={{z,K,Ly :x € X},
where

K =
max pa(y)

L = i
Lnel)rgyA(y) and
I(A) = {(z,k,]) : z. € X}
where
k= gg{lm(y)

l =
max va(y)

We call C(A) and I(A), respectively, as closure and interior of A over the universe X.
It is obvious that both C'(A) and I(A) are IFSRTs.

Example 2.8. Let X = {a,b,c} and let the IFSRT A be
A={(a,0.2,0.3),(b,0.4,0.4) , {c,0.6,0.2)} .
Then C'(A) = {(z,0.6,0.2) : z € X}, and I(A) = {(x,0.2,0.4) : x € X} are IFSRTs.
3. THE OPERATORS D, AND F, g

Define the operators D, and F, g for o, 8 € [0,1], & + 8 < 1. The later operator
will be an extension of the former. Let o € [0, 1] be a fixed number.

Definition 3.1. Given an IFSRT A, an operator D, is defined by

Da(A) = {<x (m+am)2, (Voala) + (- a) m(x))2> v X}
Clearly, D,(A) is an IFSRT.

Proposition 3.2. For every IFSRT A and for every «, 8 € [0,1], we have
(1) If a < B then Do(A) C Dg(A)
(ii) Do(A) =0A and
(iii) D1(A) = CA.
379
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Proof. Let A= {{z,pa(z),va(z)): z € X} be an IFSRT. Then

Dal) = { (i, (Via @) + av/ma@) s (Vala) + (1 - a)v/ma@) ) s e x )

and
Ds(4) = { {a. (Viat@) + 6vmat@) " (Voa@ + (1= p)Vaat@)) )z e X}
Now

(Via@ +av/ma@) = pale) +a®mae) + 20v/ma@/male)

IN

pa(@) + FPra(e) + 26V na(x)y/ma(e)
(Vi@ + 5v/ma@)
since o < 3 implies o? < % and (1 — a)? > (1 — )2. Also

(V@ + - p) m<w>)2=m<> (1= Pma(e) +2y/va@) (1~ B)Vma@)

<wva(z) + (1 —a)?ma(z) + 24/valz)(1 — a)y/7a(z)

= (Vi@ + (1 - ) yma@)

since o < 3 implies 1 — a > 1 — # which inturn implies (1 — a)? > (1 — 3)2
It follows that Do (A) C Dg(A), which proves (i)
(ii) Now

Do(A) = {<x (\/,T(a;)+ 0)2 : (WA(m) + \/TrA(a:))2> 1z € X}
- {<x,m(az>, (1- V@) ):oexf-oa

since \/ma(z) = 1 — \/pa(z) — \/va(z), which proves (ii). Next
Dl(A):{<x Vira(@) +/ma(z) ) ( VA(x)>2>:xEX}
<x Z/A(x)> :xeX} = OA,

since \/7a(z) =1 — \/pa(x) — /va(x), which proves (iii) O

Remark: The operator D, is an extension of the operators O and <

Definition 3.3. The operator F, g for an IFSRT A is defined by

Fost) = { (&, (Via@ + av/ma@) " (Vi) + v/ma@) ) e x|

Theorem 3.4. For every IFSRT A and for every a, 3, € [0, 1] such that o+ < 1,
then
(i) Fup(A) is an IFSRT
(ii) If0 <~ <« then F, g(A) C F,3(A)
380
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(ili) If0 <~ < B then Fy(A) C Fury(A)
(iv) Do(A) = Fa—a(A)

(V) DA = FoJ(A)

(Vl) OA = FL()(A

Proof. (i) Now
\/MA(I)-;a\/ﬂA(l') + \/VA(I)+2/3\/TFA(1‘) _ \/M;(l’) + \/V;(I) + \/W;(I) (a+B)
VEE | AT 1 mE D 1

Hence F, 3(A) is an IFSRT.
(if) We have

o) = { (i, (Via ) + v/l
o) = { (o, (Viea @) + ay/7a(@)

Now,

(Via@) +1v/ma(@)

2

(Via@) +ﬁ\/7T(:v))2> L€ X}
(Voa@ + 6vma@) ) sae x ).

2

pa(@) + 7 ma(x) + 2yv/ pal@)v/'ra(e)
pa(x) + @?ma(x) + 20/ pa(e)V/ma(x)
= (\/,UA(.’L‘) + a\/ﬂ'A(a:))Q ,since v < a.

Hence by definition 2.4 (i) it follows that F, 3(A) C F, g(A). The proof of (iii) is
similar

IN

(iv) Now
Fusea = { (o (Vi@ + av/ma@) " (Voa@ + (0 - a)yma@@) ) o e x|
— Do (A).

Remark: If a 4+ 3 =1 then F, g coincides with D,

(v) We have Fy1(A)

{{o.(Vin@)" (Via@ + vaa@) ) o e x

= (st (- Vi) e )
— OA, since v/7a(@) = 1— /pa(z) — vVva(o)-
(vi) Fip(4) = {<x, (\//LA(DC) + \/WA(:E))Za ( VA($)>2> ‘T e X}
_ {<x (1- \/T(x))2,m(x)> ze X}
= OA, sincey/ma(x) =1 —/pa(z) — /valz).

381
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Fa,ﬁ(A:{< (\/VA +04\/7TA($))27(\/ﬂA($)+ﬂ\/7TA($)>2>1$€X}
Faa @) = { (i (Vi@ + ov/ma@)  (Voa@) + av/ma@) ) io e x|

Fop(A) = Fa(A). O

4. THE OPERATOR G
Definition 4.1. Let «, 8 € [0, 1]. Given an IFSRT A, we define the operator
Gop(A) = {{z,0’pa(z), FPra(z)) 1z € X}
Obviously, G1 1(A) = A Goo(A) =U, where U = {(z,0,0) : 2 € X}.

Theorem 4.2. For every IFSRT A, and for every three real numbers «, 3,7 € [0,1]

(i) Gap(A) is an IFSRT
(ii) If a <~ then Gag(A) C G4 5(A)
(ili) If B <~ then Go(A) D Ga,(A)
(iv) If 6 € [0,1] then. Ga,5(Gy,5(A)) = Gay,ps(A) = Gy5 (Ga,p(A))
V) Gap(C(A)) = C(GaB(A))
(vi) Gag (I(A) = I (Ga,(4))
) Gap(A) =Gpald)

Proof. (i) Now Ga,5(A) = {(z,a*pa(z), B*va(z)) : v € X} . Clearly G4 (A) is an
IFSRT.
(ii) We have

(vii

Gap(A) = {<x,a2uA(x),62VA(x)> tx € X}
and
G 5(A) = {{(z,7pa(z), FPra(z)) :z € X}.
Since a <y then a? <42, we have o®p4(x) < ¥2pa(z). Hence Go(A) C G, 5(a).-

(iii) The proof is similar.
(iv) Now G, 5(A) = {(z,7*pa(x),0%va(2)) 12 € X},

Gop(Gys(A) = {{z,0*Vpa(z),F26%va(z)) 2 € X}

= {(2.(0)* pa@), (8 va(a)) sw € X |

= Gays(4) (4.1
Gy5(Gap(A) = {(z,7°Ppa(e),6*Fva(e)) :xe X}

{<m, (7&)2 wa(z), (5@)2 Z/A($>> S X}

= {<x, (Oz’y)Q wa(zx), (,6’(5)2 I/A({E)> ix € X}

= Gayps(A) (4.2)
From (4.1) and (4.2) it follows that

Ga,ﬁ (G’y,é(A)) = Ga’y,ﬁé(A) = G’y,é (Ga,B(A))
382
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(v) C(A) = {{z,maxyex pa(y), mingex va(y)) : v € X},
Gaslcta) = {(
<x () min Fva(v) ) s € X |
(Ga,(4))
x mln,uA Enea)}é{VA(y)>:x€X}

(v
<x,a min 1 (y), 5° Iyngm(y» ‘z€ X}

<9: min o”4a(y), meaxﬂzm(y)> RS X}
(Ga,p(A)) since a,fB € [0,1]

{
e
(vi) ) = {
{
h

(vii) Let A = {{x, pa(x),va(x)) : x € X} be an IFSRT. Then
A= {(z,va(z),pa(x)) : v € X},
Ga,p(A) = {(z,0%pa(2), FPva(z)) 1z € X},
Gap(A) = {<x,a21/A(x),52uA(x)> ix € X} ,
Gap(A) = {<x,ﬂ MA(.Z‘),OZQVA(Z‘)> 1T € X} ,
Ga,p(4A) = Gpa(A)

5. CONCLUSION

T, max,uA( ), B minVA(y)> tx € X}
yeX

We have made an attempt to establish some operators on IFSRT. It is still open
to check whether there exist an IFSRT in case of the operators already defined on

an IF'S.
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