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Abstract

In this paper, we establish some properties of the operators on Intuitionistic
Fuzzy Sets of Third Type.
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1. INTRODUCTION

To overcome the uncertainty and vagueness, the inherent in the real world, L. A. Zadeh
introduced the notion of fuzzy sets in 1965. In 1983, K. T. Atanassov introduced the
extended notion of Intuitionistic Fuzzy Sets and introduced its extensions. The authors
further extended it to Intuitionistic Fuzzy Sets of Third Type and studied some of their
properties. In this paper, we have established some properties of some operators on
Intuitionistic Fuzzy Sets of Third Type. In section 2, we recollect some basic definitions
and in section 3, we have proved some properties of operators D,, F,p, G4p and
studied the Associativity and de’Morgan’s laws in U and Nn. The paper is concluded in
section 4.
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2. Preliminaries

In this section, we give some definitions of IFS and its extensions and operators on its

extensions.

Definition 2.1: [1] Let X' be a non-empty set. An IF'S A in X is defined as an object of

the form

A = {(xuuA(x)ﬂvA(x)):x € X}’

where u,:X = [0,1]and v4: X — [0,1] denote the membership and non-membership

functions of 4, respectively, and 0 < u,(x) + v4(x) < 1, for each x € X.

Definition 2.2: [1] Let X be a non-empty set. An /FSST A in X is defined as an object
of the form

A={{xus(x),va(x)):xE€X}

where u,: X — [0,1]and v4: X — [0,1] denote the membership and non-membership

functions of 4, respectively, and 0 < uZ(x) + v3(x) < 1, for each x € X.

Definition 2.3: [2] Let X be the non-empty set. An IF'SRT A4 in X is defined as an object

of the form

A= {{x,pa(x),va(x) ):x € X},

where u,: X = [0,1]and v4: X — [0,1] denote the membership and non-membership

@+@§1,foreachxex

functions of 4, respectively, and 0 <

Definition 2.4: [3] Let X' be the non-empty set. An IFSTT A4 in X is defined as an object

of the form

A={{xpa(x),valx) ):x € X},

where p,: X = [0,1]and v4: X — [0,1] denote the membership and non-membership

functions of 4, respectively, and 0 < u3(x) + v3(x) < 1, for each x € X.
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Definition 2.5: [3] Let 4 and B be two IFSTTs of the non-empty set X such that

A = {(X,HA(X),VA(X) ):x € X}’
B ={{x,up(x),vp(x) ):x € X }.

We define the following operations on 4 and B:

0) AcCBiff uy(x) < ug(x) and vy(x) = vg(x), forall x € X

(i) ADBiff us(x) = pg(x) and vy (x) < vp(x), forall x € X

(i) A=Biff uy(x) = ug(x) and v, (x) = vg(x), forall x € X

(ivy AUB-= {(x, max(/,tA(x),uB(x)) , min(vA(x),vB (x))): X €E X}

(V) ANB = {(x, min(/,tA(x),uB(x)) , max(vA(x),vB (x))): X € X}
(vi) A ={{x,v4(x), us(x)):x € X} where A is the complement of A.

Definition 2.6:[3] The degree of non-determinacy (uncertainty) of an element x € X in
the IFSTT A is defined by

ma(x) = Y1 — 13 (x) —vi(x).

Definition 2.7:[6] For every IFSTTs A and B, we define the following two operators:

A@B = {<X’MA(X) + up(x) va(x) + VB(X)):x c X}

3 ' 3

and

A$B ={(x, Vua(x). up(x),Yva(x).ve(x)): x € X}.

Definition 2.8:[4] Let a € [0,1] be a fixed number. Given an IFSTT A, an operator

D, on A, is defined as

D, (A) = {( VIS O) +ams(x), Yvi() + (1 —a) m3(x)):x € X}.

Definition 2.9:[4] Let a, p € [0,1] and a + < 1. The operator F, z on an IFSTT A,

is defined as
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Fap (@) = {{x, Y1300 + am} (), Y300 + B () :x € X},

Definition 2.10:[7] Let a, § € [0,1]. Given an IFSTT A, an operator G, on A is

defined as

Gap(A) = {(x, Y ua(x), YB va(x)): x € X}.

3. PROPERTIES OF SOME OPERATORS ON IFSTT

Proposition 3.1: The following relations are valid for every IFSTT A, B and C:

(1)

(i)
(iii)
(iv)

Proof.

(i)

(i)

(AuB)UuC=AuU(BUOC)
AnNB)n C=An(BnC)

ANnB=AUB
AUB=ANB

(AuB)ucC-= {(x, max(,uA(x),pLB(x)),min(vA(x),vB(x))):x € X} uc

= {(x max (max(u4 (), 5 (), e () ), min (min(va (), v (@), ve () )) :x € X
= {(x, max(gey (%), pp (%), e (), min (v, (x), vg (x), v (x))): x € X}

= {(x, max(g (x), max(up (%), e (x)) ), min (4 (x), min(pp (x), pc (%)) )): x € X}

= 4 U {(x, max(up (), 5 (0)), min(pp (), e (0))): x € X

=AU (B UC)

(A NnB) N € = {{x, min(u, (x), up(x)), max(v,(x),vg(x))):x € X}n C

= {xmin (min(us (o), 1 (), 1 () max (max(va(x), v (), ve (@) )):x € X}
= {(x, min(ps (), g (), e (1)), max(v, (x), vp (%), ve (x))): x € X}

= {(x, min(p4 (x), min(up (x), pe (x))) , max(py (x), max(pp (x), ue (x)))): x € X}

= A 0 {(x, min(up (), pe(x)), max(pp (), pe (x))): x € X}
=AN(BNC)
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(i) A0 B= {xuC,va@x€X} n {{xup00,v5(0)):x € X}
{0 va 0, 1a @ x €XT 0 {{x,v5(0), i (0)):x € X}

{(x, min(v, (2), v (), max(pa (), pp (1))): x € X}

= {(x, max (s (), 15 (), min(va (x), v (x))): x € X}

=AUB

(iv)  AUB= {{xps(0),va(x)):x €X} U {{x,up(x),vp(x)):x € X}
{x, v (), pa(x)):x € X} U {{x,vp(x), pp(x)):x €X }

(e max(va 00, v (), min (s (o), 14 (0)): % € X)

= {(x, min(p4 (%), up(x)) , max(v4 (x), v (x))): x € X}

=ANB

This completes the proof.

Note. The operators U and n satisfies Associativity and de’ Morgan’s laws.

Proposition 3.2: For every a, € [0,1] and for every IFSTT 4 and B:

Gap(A @B) = Gop(A) @ Gop(B)

_ pa(x)+ pup(x) val)+vp),
Proof. Go s (A @B) = G ({( x, LA YD V0D, y X})
= {(x, %m(x);us(x), i/EvA(x);vBm Vix € X}

3 3 3 3
_ {< X, vaquo; Vaup@ JFvA(x); VBvey .\ ¢ X}

= {(x, Va pa(x), B va()):x €
X} @ {(x, Ya pg(x), B vs(x)): x € X}

= Ggp(A) @ Gyp(B)

This completes the proof.
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Remark. It can be easily seen that
Gopg(A$B) # Gop(A)$ Gop(B)
(A@B)@C #+A@(B@C)
(A$B)$SC #A$(BS$SO)

Theorem 3.1: For every IFSTT A and for all real numbers a, 8,y € [0,1] such that

p+v =<1,
D, (Fﬁ,y(A)) = Da+ﬁ—a.ﬁ—a.y(A)
Proof.

Do (Fpp (4))

Da({u 20 + B30, v + y mi): xex})

:{(x \/,uA(x)+ﬁ7T (x)+a(1—(uA(x)+ﬁn (x)) (v x) +ymn; (x)))

\/ ) +ynix)+(1—a) (1 — (W@ +pri) - (vj(x) +y nA(x)))

e x|

={(x JﬂA(x)+ﬁﬂ () + a(l = pi () —vi(x) — pri (0) — ym} (),

\/ Sx)+yms (x)+(1—a)(1—yA(x)—vA(x) Brs(x) — ynA(x))) xeX}

= {( X, i/ui(x) + B3 (x) + a(mi(x) — Br3(x) — ym3 (x)),

\/ S +ymx)+ (1 - a)(nA(x) B (x) — ynA(x))) X € X}
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= {( X, i)+ (a+p —a.p—a.y)mi(x),

i/vj(x) +(1-(@+B-ap—-ay)rix):x€ X}

= Da+[)’—a.[)’—a.y(A)

This proves the theorem.

4. CONCLUSION

In this paper, we have established some properties of some operators on /FSTT. It is
still open to check the operators already defined on /FS in case of IFSTT.
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