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Abstract

Different operations on intuitionistic fuzzy sets (IFSs)
are defined in the existing literature  and several
operators are introduced over IFSs in a series of

research. In this paper some new type of operators (U,
Ny, +2, 2, @,, $,, #,, *,) are proposed which are
analogous to the existing operators U, N, +, -, @, $, #
and *. Some new equalities connected with the proposed
intuitionistic fuzzy operators are proved.
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1. Introduction

Intuitionistic fuzzy sets(IFSs) as a generalisation of fuzzy sets[11] was introduced
by Atanassov.K[1]. At first the intuitionistic fuzzy operator was defined by Atanassov.K[3].
Several operators are defined in intuitionistic fuzzy set theory and properties of the operators
were discussed by many researchers. In [9,10] , R.K.Verma and B.D.Sharma proved new
equalities associated with the operations —, U, N, +,-, @, $, # and . In [8] Vasilev.T framed

four equalities by using the operators +, -, @, $, N and U.

In this present context we defined some of the operators as an extension of operators defined
by R.K.Verma and B.D.Sharma[8,9].The aim of this paper is to obtain new equalities related to

the proposed operators.

This paper is organised as follows: In section 2, some basic definitions related to IFSs are
presented. In section 3, new intuitionistic fuzzy operators are defined and some results related to

the proposed operators are proved.

2.Preliminaries
2.1 Definition[2]

An intuitionistic fuzzy set defined on a universe of discourse X is mathematically
represented as A = {< x, u, (x), va(x) > |x € X} where the functions p, : X - [0,1] and v, :
X—[0,1] define the degree of membership and the degree of non-membership of the element

x € X to the set A respectively for every x € X such that 0 < p, (x) + va(x) < 1. Further

ma(x) = 1—p, (x) — va(x) is called hesitancy degree of x in A.

2.2 Definition [2]

Let IFS(X) denote the family of all Intuitionistic Fuzzy Sets in the universe X.
Assume A, B € IFS(X) given as A = {< x,p, (x), va(x) > [x € X}, B = {< x, pz(x), vg(x) >
|x € X}. Some set theoretic and arithmetic operations are defined as follows:
) A° ={<x,va(x), p, (x) > [x € X}
i) AU B = {< x, max(p, (%), uy (x)), min(va(x),vg(x)) > |x € X}
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i) AN B = {< x, min(n,(x), 1z (%)), max(va(x),vg(x)) > |x € X}
V) A-B = {<x, pn,()pg (%), va(x) + vg(x) — va(x)vp(x) > |x € X}

V) A+B= {< X, HA(x) + HB (X) - HA(X)HB (x), VA(x)VB(x) > |x € X}

pp (1) +pg (0)  va () + vp(x)

V)A@B = {< x, > , >

> |x € X}

Vi) A$B = {< x, [n, (0)pg(x), yva(x)vg(x) > |x € X}

2p, (g () 2va (X)vg (x)
a () + g (1) 7 va(x) +vp (%)

viii) A#B ={<x, > |x € X} for which we shall accept

that

. _ _ pa g (1) . _ _
if u, (x) = pg (x) = 0, then PO @ Oandifva(x) =vg(x) =0

valvp(x) _
then va() +vp(x)
pa () +pg () va (x) +vg (%)
2(y g () +1) " 2(va (Ivp (x) + 1)

ix) A*B={<x, > |x € X}

X) A - B = {<x,min(vy(x), uz (x)), max(u, (x),vg(x)) > |x € X}

2.3 Definition [2]

Let X and X, be two universes and let A = {< x, p, (x), va(x) > |x € X4},
B ={<yuy(y), vg(y) > |y € X,} be two IFSs; A-over X; and B-over X,. The Cartesian
product X is defined by A X B = {<< x,¥ >, p, (0)ug(y), va(x)vg(y) > [x € Xy, y € X3}

2.4 Definition [2]
Let o, B € [0, 1].Given IFS A, Atanassov[2] defined the operator
Gap(A) = {< x, an, (), Bva(x) > |x € X}
2.5 Result
For every real numbers a and b,
max(a, b) + min(a,b) =a+Db
max(a, b) - min(a, b) =a-b
3. New operators defined on IFSs
Let A, B € IFS(X). Then we define the following:
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i)AU, B={< x, max - , min

Ja® e (m m>>|xex}
- 2 72

2

i) An, B={< x,min > , max(VVAz(x) , “VBZ(X) ) > |x € X}
py () pg () TN EDITINED)
i) A+,B = {< x, J‘; +J . g B PP ¢

pp (pg ()
V) Ay B={<x o, Py 6@ ntw@ ey

4 ! 2 2

/u () + [ug(x)
VA@;B={<x, I, nBInl 5y e x

4

pp O pg (x)
Vi)A$, B = {< x, 1o - i VVA(";VB(X) > |x € X}

py (g (x)
Vii) A #2 B = {< x' A B , VA(X)VB(X) > |x c X}
\/HA(X)+\/HB(x) Vva () +4/vg (x)

N A ON IR SO Ix € X}
4

ny pg (x) +4 " vaove(x) +

We observe that the above are IFSs. Next we prove some new equalities connected with the

Vi) A%, B = (< x,

above proposed operators.
Theorem 3.1. Let A, B € IFS(X). Then (A $,B) @ (A$B) =G33 (A$B)
4’4

Proof.
From the definitions,
pp (g (x)
A$,B={<x, . - - VVA(xZ)VB(x) > |x € X}
A$B={<x, |u,()ug(x), yva(x)vg(x) > |x € X}
Then

/HA(X)HB ()
R T1 OO R TNOT O v e ey

2 ! 2

(A$,B)@ (A$B) ={<x,

> |x € X}
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={< % 2 i, (g (1), 3\Va Ve () > |x € X}
=Gz 3 (A$B)

Theorem 3.2 . For every two IFSs A and B we have

i) (A*; B) @(A*; B)=A@;B
iii)(A*, B)$(A*, B)= A%, B

Proof.

From the definitions of AU, B and An, B,

/u (x) fu (x) —
(AU, B)* (AN, B) ={<x, max . i : min( VAZ(X) s ()

> > T )>|x€X}*

{< x, min

2 ! 2

}u (x) /u (x)
. ’ max( YCORREVIIC) )> |x € X}

HA ) 4 UB x) /VA(X) + /VB(X)
={< x, 2 2 —>|x €X}

< uA(X)uB ) > 2<VVA(")VB(X) n 1)
pp () + fug (x) NG+ 5

={< x, < < > |x € X}

( 1A Goug () +4> ’ 2( VA (X)Vf [€3) +4)
2l —4078M8M8—

4

- {< X HA (x) + HB (x) VA(X) + VB (x)

\/uA (g (x) +4 " vave(x) +4

> |x € X}

= A *, B . The proof of (ii) and (iii) are similar to that of (i).
Theorem 3.3 Let A, B € IFS(X). Then
((A-B)u(d-, B)J@[(A+B)U(A+;B)]) @ ((A-B)n (A, B)]@[(A+B)n(A+;B)])

(A@B)@(A@;B)
Proof.
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From the definitions,

fip GOy @
(A-B) U (A~ B) = {< x, max| u, (ug (x), ———),

4

min(vA(x) +vg (%) — va (x)vg(x), W@ | Vv G (x)) > |x € X}

2 2 4
3.1)
— Wa®) | Vv Jva()vp(x)
={<x, u, (Dpg (%), S+ " > |x € X}
Similarly
A+ B) U (A+B) ={<xu,00+1, () -, 0, (), YD >y e x)

3.2)
Apply @ with (3.1) and (3.2) we have

(A“B) U (A B)] @ [ (A +B) U (A+,B)] = {<x W& SuB @ 5 ;¢ xy

(3.3)
From the definitions,
}u ()ug ()
(AB) Nn(A-2B) = {<x——  vi@+v@® —va@v@) > |x€X}
(3.4)
py () pg (x) a O g (x)

(A + B) n (A+,B) = {<x,‘/A2 +\/B2 —‘/A 4B ,Va()vg(x) > |x € X}
(3.5)

Apply @ with (3.4) and (3.5) we have

[(A-B) (A~ B @ [(A + B) N (A, B] ={<x, Lo A7 mein o ey

(3.6)
Apply @ with (3.3) and (3.6) we have
((A-B)u(d-2 B)]@[(A+B)U(A+:B)]) @ ([(A-B)n (A2 B)]@ [(A+B)n(A+;B)])

iy @ (), (M ROy e @), R+
4 8 ! 4 8

:{<x1 >|x€X}
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[ug )+ [up ()
VA(X);'VB(X) >xex} @ {<x, - ’\/VA(X) +4/vg(x)

- (<x, uA(x):uB @) 8
> |x € X}
=(A@B)@(A@,B)
Theorem3.4  Let A, B € IFS(X). Then
[(A+2B)U (A#,B)]@[(A#,B)In (A, B)]=A@;B
Proof.
From the definitions of A +, B, A+, B and A #, B, we have

Ju® N Jon ) B J1a @ @ Juy Gy @

2 2 4 ’m+ ,uB(x) !

min(\/VA(x) 4 Y® vt @)
2 2 4 A @) +4ve ()

(A+,B) U (A#,B)={< x, max

)>|x€

X}

Hy () ug (x) ma g (%) o o ()

= {< X 2 2 4 T va) +Jve(x

3.7)

\/HA g () JuA (g ()

o e e )

\/VA(xiVB(x) , JvAz(x) n \/sz(x) _ \/VA(xivB(x) > |x € X})

and (A#,B)n (A-; B)={<x, min

max(

MO 6 | E  aw |x € X}

4 ! 2 2 4

= {<x,
(3.8)
From (3.7) and (3.8)
[(A+,B)U (A#;B)]@[(A#2B)]n (A, B)]

HA(X)+ HB(X) v (x)+ v(x)
“ 4J (A - 2> |x € X}

=A@,B
Theorem 3.5 Let A, B € IFS(X). Then
[(A+:B)N(A@;B)] X [(A+2,B)N (A#;B)]=G11(A$;B)=G11(A$B)
2’2 4’4

={< x,
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Proof.

From the definitions,

R e T T I e e
2 T~ 4 ’ 4 ’

(A +2B) N (A @2 B) = {<< X, X >, min

max(\/VA(xivB(x) , Vva () :‘/VB(x) ) > |x € X}

qu () + |pg (x)
={<<xx >, S, fa@neel sy e x)

Similarly

pp (g ()
(A+;B)n (A#;, B) ={<< x,x >, A (X)Hg , va (0)vg (x) S ex
JHA (x)+JuB ) Vva () +/ve (x)

Hence
[(A+;B)n (A@;B)] X [(A+,B)n (A#;B)]

y (pg (x) va(x)ve(r)
, > |r €4}

={<< x,x >, "

=G11(A$B) (or)Gi:(A$,B)
44 22

Theorem 3.6 For A, B € IFS(X),
D[ ((4U;B):(40:B))@ (4 +,£)] %, (4 #,8) = 611(A$;B) = G1,(A$B)

)[40, B)# (4N, B)] X1 [(4U, B)@ (4N B)]= 5'%,12(A$2B)

i [((4U2B)- (4N B)) @ (A+28)] X1 [(4 U, B)# (4N, B)] = G%%(A%B)

Proof.
By applying the definitions of [(4 U, B), (4 Ny, B), (4 +, 7 )and (A4 #, 7),
N S T NC2 Y [0 Ry oo
(Au,B) - (AN, B) = {<< x,x >, 2 , Tt 2 > v € 4}
and
Jaw im0 e @) it @)
+ - +
[(4 Uz B)- (41, B) @ (4 +:8)] ={<< x,x > —2 : 7 —
PAD | B A EE) | A vl
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@+ i) sy s S lreq

={<< x,x >, " , n
Hence [((AU, B) - (AN, B)) @ (A+,B)] X (A#,B)
JuA(x) + \/uB(x) \/uA(x)uB(x) e e Reoe

= {<<xr,x >, ,
4 lua () + g () 4 valr) +/Vve(x)

> |xr € X}
pa (g () W S req

={<< x, x>, "
—G11(A$B) =GC11(A$,B)

272

Proof of (ii) and (iii) are similar to that of (i).
Theorem 3.7 For every A, B € IFS(X),
[(4° =>B)+, (A= £5°) 1@ [(4° =B)2 (A= £°) 1=4Q@,5

Proof

From the definitions
A"->B={<u, max(u, (x), pg(x)), min(va(x), vg(xr)) > |x € £} and

(A= B = {< .z, min(u, (), 1g(x)), max(va(x), va(a)) > | € 1)

Then from the definition of © +

max (pa (1), pg () min(u, (1), pg ()
(A° 5B) +, (A—>B°)C={<x,J - o -

\/maX(HA(Z). HB(I))\/min(HA(J’), HB(I)) \/min(VA(I),VB(I) )Jmax(vA(x)vB(r) ) S |X c /I/}

4
y /uA(r) /ug(x) ] }uA(x /uB(x
2 72

= {<ur, + min

maX(W' \/uB(—x)>4min(W, \/HB(—*))’ min(w/vpé(x)’\/\/sz(—l)) maX<\/VA(I \/"IBT) > |x € X}

(NED) ng(r) pa(¥ug(¥)
\/A + J B _J A B ’JVA(,rivB(x) >|x €4}

2 2 4

={< r,

Similarly

pa (@) ()
(A° > B) 5 (A Bo)e = {< x, Y2 Dy el yualoel) ) ¢ py

218 International journal of Management, IT and Engineering
http://www.ijmra.us, Email: editorijmie@gmail.com




ISSN: 2249-0558 [l Impact Factor: 7.119

We have [(A° - B) +, (A—>B°)*]1 @ [(A°-B) -, (A - B°)°]

W"‘ ug(x) Jva(@) ++/ve(r)
i , - > v € X}

={< r,
=A@,B
Theorem 3.8  Let A, B € IFS (X). Then
[(A@,B) > (A$,B)]@[(A@,B) - (A$,B)|"=[(A$,B) @ (A@,B)]
Proof

From the definitions,

/u () + [ug(r)
A@,B={<x, . y - VVA(”): ) S ¥ € 4} and

pa (g (1)
(A$B)°={< r, VVA(";VB(") A - S S |ren

Then from the definition of ‘=’

(A@,B)~>(A$B) ={<r, max(‘/ (6] @ :vam )

[ e @) fun )+ fug )
min > , " > |v € 4}

pa(Xug ()
={<y YROIE® XD~ sirey)

Similarly

/u () + _[ug (@)
(A@,B) - (A$B)={<r, a y ° ,“VA(X;VB(’()>|x€X}and

o vl s) / () + ug ()
(A@,B)° — (ASB)] = {<.r 2R S22 1 ey

We have
[(A@,B) -~ (A$B)1@ [(A@,B) - (A$B)]°

={< x, \/VA(ZzVB(I) + Jvax) -;\/vs(x) ’ JHA(I) -;JHB () N \/HA(A’iuB (x) -z €.}

= [(A$;B) @ (A@, B)
Theorem 3.9 Let A, B € IFS (X). Then
[(A2B)—>(A+,B)]@[(A,B) > (A+B)]°=A@,B
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Proof

From the definitions,

(A ” B) — (A+ZB)C ={< r, max(\/vpé(ﬂf) n \/VBZ(I) _ \/VA(IiVB(I) ’ \/VA(X;VB(X) ),

e @) i) et fuaGug)

min > )yt - 2 > |v € X}
/HA(I)HB (r)
={< r, \/VAZ(/V) _I_x/VBZ(J’) _\/VA(IA)lVB(i’) , - > |x €.4)

Similarly

np (1) ng () (g (1)
[(A-zB)C—>(A+2|3)]:{<;z,JA +JES NG AR e )

2 2 4
and
B A va) At ng(r) a (g ()
[(A+B)" = (A+;B) ] ¢ ={< x, =2 J > +J > A —>|req
We have

[(A2B)* >(A+:B)] @ [(A-2B) » (A+,B)°[°
I i T O R N
’ 4 ’ 4

=A@,B
Theorem 3.10 Forevery A, B € IFS (X).
[(A+:B) - (A@,B) 1~ [(A2B) -~ (A@,B)'=A@,B

Proof

From the definitions,

(A+,B) > (A@,B) ={< 7, max(‘/VA(*iVB(I) Pnane )

2

(1 el i) fua ()

min| ~——+-"—— - 2 , > > |xv € X}
f P-A(I)HB (x)
={< r, VA(I;VB(I) , . > |xr € X}
Similarly
220 International journal of Management, IT and Engineering

http://www.ijmra.us, Email: editorijmie@gmail.com




ISSN: 2249-0558 [l Impact Factor: 7.119

pa Crdpg (1)
2

(A,B)X - (A@,B)={<r, “VA(I;VB(I) , > |x € X} and

pa(r)pg ()
[(A+B) > (A@,B)]° = {< x,*———, LW 5 |y € X}

We have

[(A+,B) - (A@,B)]- [(A-B)’ - (A@,B)] =A@,B

Concluding Remark

We extend the set theoretic and arithmetic operations defined on intuitionistic fuzzy sets
by R.K.Verma and B.D.Sharma[9,10]. Some results based on the proposed operators are proved.
The theorems proved here provide deep study of operators on IFSs. From this study there is a

scope of further development on these IFS operators.
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