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Abstract: The («, ) cut of an Intuitionistic Fuzzy Set (IFS) was studied by P. K. Sharma [4]. In
this paper we introduce a new type of cut - strong (a, 3) cut - of IFS and study their properties.
Also three decomposition theorems are discussed.
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1 Introduction

The concept of the « cut of a fuzzy set was used by Zadeh, and several decomposition theorems
were discussed [3, 5]. Following the introduction of intuitionistic fuzzy set (IFS) by Atanassov
[1], P. K. Sharma defined («, ) cut of an IFS and studied its properties [4].

In this paper, we propose the notion of strong («, 3) cut of an IFS. Using this, we develop
three decomposition theorems of an IFS analogous to those in the fuzzy sets.

In Section 2, we recall the necessary definitions and theorems which are already in the lit-
erature. We define strong («, ) cut of an IFS and study its properties in Section 3. We further
develop three decomposition theorems for IFS. Section 4 contains an illustration.

2 Preliminaries

Definition 2.1 [2, 3]. Let X be any non-empty set, a fuzzy subset A of X is of the form A =
{(z,pa(z)) : z € X}, ua : X — [0,1] is called the membership function and p4(z) is the
degree of membership of the element x € A.
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Definition 2.2 [3]. Let A be any fuzzy set in X. Then for any « € [0, 1], a cut of A, denoted by
@A, isdefined as “A = {z:z € X such that us(z) > o} and the strong « cut of A denoted by
ot A, is defined as “* A = {x:x € X suchthat ps(z) > a}

Definition 2.3 [3]. Let A be any fuzzy set in X, then denote ,A by ,A(x) = . *A(x). Also
arA(z) = a. “t A(x); where , A and ,, A are fuzzy sets.

Definition 2.4 [3]. Let A be any fuzzy set in X. Then the level set of A denoted by A(A), is
defined as A(A) = {a| A(z) = a2z € X}

Theorem 2.1 [3]. First Decomposition Theorem of fuzzy sets. For any fuzzy set A,

= |J 4

a€l0,1]
Theorem 2.2 [3]. Second Decomposition Theorem of fuzzy sets. For any fuzzy set A,
A= ] a4
a€(0,1]
Theorem 2.3 [3]. Third Decomposition Theorem of fuzzy sets. For any fuzzy set A,
A= ) o4
aeN(A)

where A(A) is the level set of A.
Definition 2.5 [1]. Let X be a given set. An intuitionistic fuzzy set A in X is given by

A= {(z, pa(x), va(x))},

where pa,v4 © X — [0,1], pa(z) is the degree of membership of the element x in A and
va(z) is the degree of non-membership of z in A, and 0 < ps(z) + va(z) < 1.
Definition 2.6 [1]. Let A and B be two IFSs then

AUB = {(z, maz(ua(x), pp(x)), min(va(z), ve(z))) :x € X},

ANB = {(z, min(pa(z), up(x)), max(va(z), ve(z))) xz € X}.
Let us denote maximum by V and minimum by A for convenience.
Definition 2.7 [4]. Let A be any IFS then its («, /3) cut is defined by

Cap ={z 2 € X suchthat us(z) > o, va(z) < 8}

denoted by (*%) A for short.

Properties of (o, 5) cut of an IFS [4].

If A and B are two IFSs, then the following properties hold

(1) @NACENAifa > §and 5 < 6;

(i) 1=8H A Cl@h) 4 Clal-a) 4.

(iii) A C B =8 A C@h) B;

(iv) @A (AN B) =*A AN B,

v) @A (AU B) D@ AU®P B, equality holds if o + 3 = 1;
(vi) @A) (NA4;) = N@A) Ay

(vii) @V A = X, where o, 3 €[0,1] with a4+ 3 < 1.
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3 Strong («, ) cut of an IFS

Now we introduce a new type of cut—strong («, 5) cut—and study three decomposition theorems
of IFS. First we define strong (v, ) cut of an IFS as follows.

Definition 3.1. Let A be an IFS in X and «, 8 € [0, 1] with a + § < 1. Then strong («, /3), cut
of A denoted by (#)* A is defined as follows

@A+ A = {z:2 € X suchthat iq(z) > o, va(z) < B}.

Now we discuss various properties of the strong («, ) cut.

3.1 Properties of the strong (o, 3) cut of IFS

() @P+AC D+ Aifa>dand <6

(i) -BA+A C (@h+ A C (wl-a)ty

(iii) A C B =@/t A C (@f+p

(v) @PH(ANDB) = @AtAn (@AH+p

(v) @A+ (AUB) D @A+ Ay @A+ B equality holds if a + 3 =1
(vi) (OH(NA;) = n (@A)

(vii) @A+ A C (@h 4

Proof (i) Letz € A+ A = p,(z) > aand vu(x) < B

Since v > d and 8 < 0 we have pa(x) > a > dand va(x) < 5 <0
= pa(r) > dand vy(r) < fandsox € @O+ A

And hence (»)+A C GO+ Aifq > Fand 5 < 6

Proof (ii) Sincea+ < 1,1 — 8 > aand 8 < 5. So by (i)

(1=68+ 4 C (@Bt 4, (3.1)
Again o+ 8 < 1soa > «aandf < 1 — a. Therefore by (i)
@B+ A ¢ (al-a)+ 4 (3.2)

From (3.1) and (3.2) we get =88+ 4 C (@)t 4 C (wl-a)t 4
Proof (iii) Let z € @A+ A = py(x) > aand va(z) < 8
But BD A= pup(z) > pa(r) > aand vg(xr) <vu(z) < B
= pup(r) > aandvp(r) < f=x € @A*B
Therefore, (@A+A C (@A+ P
Proof (iv) Since AN B C A and

ANBC B=A" (AnB)C @Ata

and
AH(ANB)C @ATp =@t (AnB)C @At An@dt B (3.3)
Also let x €@P+ A N@A+ B = y e (@t gandz € (@H+B
= pal@) > o, VA(x) < 5 and pup(z) > o, vp(z) < B
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= pa(x) > a,up(r) > aand va(z) < B,vp(z) < f
= pa(r) Apup(r) > aand va(z) Vvg(z) < 8= x €@ (AN B).
Therefore,
@0+ g n@h+ g cl@d+ (AN B). (3.4)

From (3.3) and (3.4) we have (“?+ (AN B) = @A+An @AH+p
Proof (v) Since AC AUBand BC AU B =@+ A C (*+(AU B) and
(@f)+B C (A+(AU B)

=@ (AuB) D @Aty @R, (3.5)

If a + 3 = 1, we show that (*)*+ (AU B) C @A+Ay (@A+p,
Letz € @O (AU B) = pa(x) V up(r) > aand va(z) Avg(z) < B.
If pa(z) > athenvy(z) < 1—a =B =€ @A C @O+ Ay @A+ B Also, if ug(z) >
thenvp(r) <l—a=pF= xe€ @T*BC @A+tAy @AH*B Andso

(@A+t(AuB) C @ATA y @R, (3.6)

From (3.5) and (3.6) A+ (AU B) = (@A+Ay @A+p,
Proof (vi) Let v € (“9T(NA;) = A pai(x) > aand V vy(z) < 8
= gz € (@At A, forall i
=z € N(@A*4;) =@+ (N4;) C N (@P+A4,).
The converse part is clear.
Therefore, (D4 (NA4;) = N ((@A+A)
Proof (vii) Letz € @A+ A = p4(x) > aand va(z) < B
= pa(z) > aand va(z) < B = x € (*F A Therefore, @)+ A C (@A A
Definition 3.2 Using Definitions 2.7 and 3.1, and for o, 8 € [0, 1] with o + 5 < 1, we define
new IFSs denoted by (o5 A and (4 5+ A as (w5 A(x) = (a,B),ifz € @D Aand (0,1)if z ¢
@A A, Also (051 A(r) = (a,B),ifx € @D+ Aand (0,1)ifz ¢ @A
Definition 3.3 We can define Level set of an IFS A as A(4) = {(a, §) such that A(z) = («, 5)}.

3.2 Decomposition theorems of intuitionistic fuzzy sets

Theorem 3.1 First Decomposition Theorem of IFS. Let X be any non-empty set. For an
Intuitionistic fuzzy subset A in X,

A= U wad

a,B€[0,1]

where | J denotes union given in Definition 2.6 and (,,3)A given in Definition 3.2

Proof: For each particular € X let us denote (ua(x), va(z)) = (a, b) = A(x), where a de-
notes the degree of belongingness of = in A and b denotes the degree of non-belongingness of
in A. Then

(U @ad@)=(sup . inf q4zA))

a,8€[0,1] ac(o0,1) BE0.1]
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=max [ ( sup , inf (,gA(x)), ( sup , inf (,5A(x))]
(ae[opa] ol @ A(@)) (ae(apl] ot @A)

=(sup, inf (, (by Definition 3.2)
(ae[Opa] Belo, 1]( #A)) by

=max[ ( sup , inf (, zA(2)), ( su inf o5 A()]
(a€[0pa] Bel0,b )( A ( ) (OéE[Opa} Beb, 1}( B) ( )

=( sup , lnf (a,,B)A(I) )=(a,b) =A(x)
a€l0,a] BE b1
Since the same argument is valid for each x € X, the theorem is proved.

Theorem 3.2 Second Decomposition Theorem of IFS. Let X be any non-empty set. For an
intuitionistic fuzzy subset A in X,

A= U (a,ﬂ)+A7

a,8€[0,1]

where |_J denotes union given in Definition 2.6 and (, )+ A given in Definition 3.2.

Proof: For each particular = € X let us denote (pa(z), va(z)) = (a,b) = A(x), where a denotes
the degree of belongingness of x in A and b denotes the degree of non-belongingness of x in A.
Then

( U @pd)(@)=(sup . inf (o5 A(z))

o,8e[0,1] aelo,1] Bel0,1]
=max [ ( sup , inf (,g4+A ,( sup, inf A(x))]
(D sithy e A, (S0, I o Ale)
=(sup , inf (45 A(z))
a€l0,a) BE[0,1]
=max[ ( sup , inf g+ A(2)), (sup , inf (4 a+A(2))]
a€l0,a) BE0,] acl0,a) BED1]

=( su inf g+ Ax)) = (a,b) = A(x).
(ae[olf;) RGOS (z)) = (a,0) = A(z)
Since the same argument is valid for each z € X, the theorem is proved.

Theorem 3.3 Third Decomposition Theorem of IFS. Let X be any non-empty set. For an
intuitionistic fuzzy subset A in X

A= U wa4

a,BENA

where A A denotes the level set of A given in Definition 3.3. The proof is similar to the one in
Theorem 3.1.

4 Illustrative Example

Let A be any intuitionistic fuzzy set of a set X, given by

A: {(Il,.5,.2), (1'2,.6,.3), (ZL’g,.4, 5), (1'4,.9,.1), (I5,0,1), (1‘6,1,0)}.

Let us denote A for convenience as

(5.2)  (6.3) (4.5 (9.1) (0.1 (10

T X2 X3 Xyq X5 Ze

A:

35



Then (.57.2)A =(170) + (071) + (071) + (170) + (071) + (170)

By Definition 3.2,
.5, .2 0,1 0.1 .5, .2 0.1 .5, .2
( U ) ( Y ) ( U ) ( Y ) ( U ) ( Y )

A= 4.1
(:5-2) 1 ) T3 Ty T T (4.1)
Similarly,
0,1 .6,.3 0,1 .6,.3 0,1 .6,.3
ad= @D (63 01 (63 (0.1 (63 02
1 To T3 Ty T5 Lo
4.5 4,.5 4,5 4.5 0,1 4,.5
A (D) (A5) (45 (45) 01 (4 w3
T T2 T3 Ty Ts Te
0,1 0,1 0,1 0,1 9,.1
(o, )A = (0.1) + (0.1) + (0.1) + frac(.9,.1)zy + (0,1) + ( ) (4.4)
T T9 T3 Ts Te
0,1 0,1 0,1 0,1 0,1 0,1
spa= 0D 0D 0D D O O (45)
1 To T3 Ty Ts Le
0,1 0,1 0,1 0,1 0,1 1,0
A= @D @D @D ©n O 10 w6
T D) T3 Ty Ts Te
Using equations (4.1), (4.2), (4.3), (4.4), (4.5) and (4.6)
A= |J waA
a,B€[0,1]

5 Conclusion

In this paper, we introduced the concept of strong («, 5) cut of an IFS and studied its properties.
Further, using these («, 3) cuts, we defined two special IFS and proved three decomposition
theorems for IFS.
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