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Abstract:

This paper contains the Basic Definitions of an Intuitionstic Fuzzy Set theory and
operations on it. Mainly we discussed the basic concepts of a - cut with examples
and Characterisations.
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INTRODUCTION:

After an introduction of fuzzy sets by L.A. Zadeh several researchers explored on the
generalization of the notion of fuzzy set. The concept of intuitionistic fuzzy set was

introduced K.T. Atanassov[2] as a generalization of the notion of a fuzzy set.

1.1 Definition:

An Intuitionistic Fuzzy Set (IFS) A in X is defined as an object of the form

A={<x, U,(x),y,(x)>x0X} where y#,:X - [0]1] and y,: X - [0,1]define the
degree of membership and the degree of non-membership of the elements x [ X,

respectively and for every xUX, satisfying 0< g, (x)+y,(x) <1

1.2 Definition:

For an IFS A, we define the Support of A ( denoted by supp(A)) to be the set of all
those elements of an universal set whose membership and non-membership grades in
A are greater than zero. It is simply the set of all those elements whose membership
grades are not equal to zero and non-membership grades are greater than or equal to
Zero.

In other words,

Supp(A) = {x DX/ 11,(x) > 0.y, (x) 2 0, 11, (x) + y ,(x) < 1}



1.3 Example:
Let X = {a, b, ¢, d} and A = {(a, 0.3, 0.4), (b, 0.4, 0), (c, 0.5, 0), (d, 0, 0.2)}
Then supp(A) = {a, b, c}

1.4 Definition:
For an IFS, we define the core of A (denoted by core(A) ) to be the set of all those
elements of an universal set whose membership grades in A are equal to one and non-
membership grades in A are equal to zero.
In other words , Core(A)= {xUX/u,(x)=1and y,(x) =0}
1.5 Example :
Let X={a,b,c,d} and A= {(a, 0.2,0.6), (b, 1,0), (c, 0, 1), (d, 0.5, 0.5)} then
Core (A) = {b}
1.6 Definition:
For an IFS A, the maximum value attained by 1 ,(x) is referred to as the height of A
is denoted by ht(A). If ht(,(x)) =1 and ht( y,(x)) =0, then the IFS A is said to be
Normal. Otherwise A is said to be Subnormal.
1.7 Example:
Let X ={a, b, c,d} and
A=1{(,1,0),(b,0.5,0.3),(c,0.2,0.5), (d, 0, 1)} then A is normal
1.8 Example :
Let X={a,b,c,d} and
A={(a, 0.8,0.1),(b,0.7,0.1), (c, 0.8, 0), (d, 0.6, 0.3)} then A is subnormal
Since ht(A) = 0.8
1.9 Definition:
For an IFS A, the a-cut of A is defined by
ar={xUX/u,(x)=za,y,(x) =20 suchthat u,(x)+y,(x)<1}
2.0 Definition :
For an IFS A, the strong a — cut of A is defined by
a*a={x0X/u,(x)>a,y,(x)=0 such that u, (x)+y, (x)<1}
For any IFS A, we have
0,={x0Xx/u,(x)=20,y,20}=x
0" 4 ={x0X/u,(x)>0,y, =0} =sup(4)



1, ={x0X/u,(x)21,y, 20} = core(4)

1 ={x0X/p,(x)>Ly, 20l=¢

2.1 Example :

X={ab,c,d, e f g}

A={(a, 1,0),(b,0,1),(c,0.1,0.5),(d, 0.3,0.7), (e, 0.5, 0.2), (f, 0.7. 0.1), (g, 0.4, 0)}
0,={a,b,c.d,e.f,g} and X= {a,b,c.d,e.f,g}

00,=X

Now, 07, = {a,c,d,e,f,g} and sup(A) = {a,c,d,e,f,g}

00" = sup(A)

1A = {a} and core(A) = {a}

(114 = core(A)

Clearly 1"A= ¢

2.2 Definition :

The set of all levels a [ [0,1] that represent distinct a-cuts of a given IFS A is called a
Level set of A

In other words A(4) ={a/u,(x)=a,y,(x) =20 for some x[].X}

Where A denotes the level set of IFS A defined on X

2.3 Theorem:

For any two IF sets A and B and for any two numbers a and B in [0,1] following are
true:

)a'.Oa,

(ias<p=p, Ua,

(i) anp =a, 0a,

(V) Aunp) =0, N A,

V) a'as=a,na,

(Vi) @ty =@ ana’s

i) a . % ((1-a)".)
PROOF:
(1) If xOaj , then ,uA(x)>a',yA(x)2 0 which means ,uA(x)Z a,yA(x)ZO

proving that x Oa’,



Oa;0a,
(i) IfxOpB, then u,(x)= L and y,(x)20
Clearly u,(x)=a since a <[5
xOa;
ODas<pf=p(,0a,
(iii)) Note that 400 B is the union of two IF sets and hence is an IFS
Q(4np)denotes the a-cut of this IFS and hence is a crisp set. a, Ua,

denotes the union of two crisp sets and hence is a crisp set. This property

says that these two crisp sets are equal.
Suppose xUa ., then (A [ B)(x) >qa
Le., max{/JA (x),/JB (x)}z a and ), (x)z 0 and J,(x)=0which
means either 4,(x)20 and y,(x)=20 or L,(x)=a and y,(x)=0
Thus xUa, or xUa,
=xUa,Ua,
sa,,;Ja,Ua, - (1)
Conversely, assume that xUa, Ua, then xUa, or xOa,
:>,uA(x)Za and yA(x)ZO or :>,uB(x)2a and yB(x)ZO
= max (4, (x), Uz(x)) 2 a and y,(x)20, y,(x)20
= (40B)x)2a
=x0a 4,
Ua,0a,0a,,, - (2)
from (1) and 2) we get a,, =a,0a,
(iv)  Suppose
xUa,.,
= (A N B)(x) za
ie., min{u, (x), 4, (x)} 2@ and y,(x)20 ,p,(x)20
=>U,(x)2a and y,(x)=20 and p,(x)=2a, yz(x)=0
=x0a, and xUa,

=xUa,na,
Oa,,0a,na, - (1)



Conversely assume that x[a , na,
=xUa, and xUa,
=M, (x)=2a and y,(x)=20 and fy(x)=a and p,(x)=0
= min{y ,(x), t,(x)} 2@ and y,(x)=0 and p,(x)=0
= (A N B)(x) 2a
=xUa,.,
Da,na,0a,, - ()

from (1) and 2) we get a,., =a, na,

Proof of (v) and (vi) are exactly similar to those of (iii) and (iv). Only difference is

instead of = inequality here we will have > inequality
+ \C . + \C
Result: In any fuzzy set a . = ((1 - a) A) butinIFS a . # ((1 - a) A)
2.4 Example:
X={a,b,c,d, e}
A ={(a, 0.3,0.2), (b, 0.1, 0.4), (c, 0.2, 0.6), (d, 1, 0), (e, 0.6, 0.5)}
B = {(a, 0.1,0.2), (b, 0.2, 0.5), (c, 0.2, 0.6), (d, 0.4,0.6), (e, 0.3,0.1)}
a$ ={bce}and1-0=0.7 (a=0.23)
(1-a); = {®}
+\C
((1 - a)A) = {a,b,c,d,e}
. + \C
Hence in IFS, a . # ((1 —a’) A)
2.5 Theorem:
(1) forany IFSAand B 4 [ B ifand only ifa, U a, forall o UJ [0,1]
(i)  Foranytwo IFSs Aand B 4 0 B ifand only if a; U a, forall a O [0,1]
(1)  Forany two IFSs A and B,A=Bifandonlyif a, =a, forall o U [0,1]

Proof:
Assume that 4 U B we will prove that a, U a, forall a U [0,1]

Suppose there is S1[0,1] such that 5, U B,
This means there is an x in S, such that x[0 S,
Then u, (x) 26>, (x)and y,(x)20&)y,(x) 20, a contradiction since 4 J B

Conversely, assuming that a , [l a, for all o [J [0,1]



We will prove that 4 1 B

For this we have to prove that 1, (x) < t;(x)andy ,(x) 2 y,(») for all x
Suppose there is a y such that f = u,(y) > ()

Clearly f [1[0,1] and clearly y,(y) <yz(»)

= f=4,(y)>Hp(y) and y,(y)20 and y,(y)20

= yUddJ, but yJ,

=0,U9,

A contradiction to the fact that o, U a, forall a [J [0,1]

O40B

(i1) Assuming that 4 [J B

We will prove that a; O a;, for all o O [0,1]

Suppose thereisa A 0[0,1] suchthat B O 5,

This means there is an x in 3 such that x O 3,

Then p,(c)> = ty(x) and y,(x)20 and y,(x) =0

A contradiction since 4 [1 B

Oa, Oa,

Conversely assuming that 0 @ O a, for all o O [0,1]

We will prove that 4 1 B

For this, we have to prove that 4, (x) < f,(x) and y,(x) = y,(x) forall x
Suppose there is a y such that f,(y) > u,(») and y,(¥) <yz(»)
Take O suchthat u,(y)>0 > u,(y) clearly 0 [0,1]
y.(»)20 and y,(y) 20

= y09d; but yJ9J; so that J; 0 I,

A contradiction to the fact that a; O a, Oa 0[0,1]

UA0B

(iii)  Proof is trivial.
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