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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
Intuitionistic Fuzzy Sets and their extensions. The authors
further extended the Intuitionistic Fuzzy Sets, namely,
Intuitionistic Fuzzy Sets of Third Type and studied some of
their properties. In section 2, we recollect some basic
definitions and in section 3, wedefine the new operators/,, 5

and J; g on intuitionistic fuzzy sets of third type and establish

some of their properties and relations. The paper is concluded
in section 4.

2. Preliminaries

In this section, we give some definitions of IFS and their
extensions.

Definition 2.1[1] Let Xbe a non-empty set. An
Intuitionistic Fuzzy Set (IFS) 4 in X is defined as an object of
the form
A = {(x, 10 (20, v4(20)): x € X},
wherep(x): X - [0,1] and v4(x): X — [0,1] denote the
degree of membership and non-membership functions of A
respectively, and
0 < (x) +v(x) <1,

foreach x € X.

Definition 2.2[1]The degree of non-determinacy
(uncertainty) of an element x € X inthe IFS A isdefined by

ma(x) =1 —pa(x) —va(x).
Definition 2.3[1]Le Xbe the non-empty set. An

Intuitionistic Fuzzy Set of Second Type (IFSST) A in X is
defined as an object of the form

A= {6 1a (), v (0)): x € X},

wherep, (x): X — [0,1] and v4(x): X — [0,1]denote the degree

of membership and non-membership functions of
Arespectively, and

0 <pi() +vi() <1,
foreach x € X.

Definition 2.4[11]Let X be the non-empty set. An
Intuitionistic Fuzzy Set of Third Type (IFSTT) 4 in X is
defined as an object of the form
A = {(x, 14 (0),v4(x)): x € X},
whereu,(x): X = [0,1]andv, (x): X — [0,1]denote the
membership and non- membership functions of A4,
respectively, and
0<pi) +vitn <1,

for eachx € X.

Definition 25[9]The degree of non-determinacy
(uncertainty) of an element x € X inthe IFSTT A is defined
by

1y (0) = Y1- 130 —vi(x) .

Remark: In case of ordinary fuzzy sets, my(x) =0, for
every x € X.

Definition 2.6[10]Let A and B be any two IFSTTs of the non+
empty st X suchthat
A ={{x, ua (), va(x)): x € X},
B = {(x, ug(x),vg(x)): x € X}.
Wedefinethefollowing besic operationson A and B.
(i) A c Biff uy(x) < pg(x)and
vi(x) = vg(x),fordl x € X
(i) A > Biff uy(x) = pg(x)and
v(x) < vg(x),fordl x € X
(i) A = Biff yy(x) = up(x)and
va(x) = vp(x),fordl x € X
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iv) A= (x,pugx,vqx x€X,
where A isthecomplement of 4.

Definition 2.7[10]For evary IFSTT A, we have the following two
topologicd operators

C(A)= (x,K,L):x €X

whee K = maxyexpa ¥ » L= minyexvy y
ad I(A) = (xkl)x€eX

wherek = mingexpa v, L= maxgpexva y -

We call these operators a “Closure” and “Interior” of A over the universe
X repectivey.

Definition 2.8[7] Let a,f €[0,1]. Given an IFSTT Awe
have an operator
Hop(A) = (x¥aps(x),” vi x + Brj(x):x €X

Definition 29[7] Leta, B € [0, 1]. Givenan IFSTT A,we havean
operator
H;p(A) = (x, Vap, x,

3

3
v 3

x +f1-audx -vix x X

3. Operatorson IFSTT

Definition 3.1 Let a,f
operator ], g isdefined as

[0, 1]. Given an IFSTT A4, an

}’a,ﬁAz
x,glufix +anﬁx,3,§v,qx x X

Definition 32 Le a,f8
Ja p iSOfined as

[0, 1]. Givenan IFSTT A, an operator

Jap A = x,3uix +al-pwdx -pvix,
s Ev,q x x X.
Remark: Obvioudy, J,3 A andj,z A aelFSTTs.

Proposition 3.1For every IFSTT Aand for every rea

numberse, 0,1 we have
(i) Jap C(A)  Clap A)
(i) Jap 1(A)  1(Uap A)
(iii) Jag C(A)  ClUap A)
(V) Jap 1(A)  1Uap A)-

Proof. (i) Jop C(A)
= Jap({ XMEXUy Y THAV Y (X X}

3 3 3 3

= x, max +a 1- max - minvy
) e Ha ¥ e Ha ¥ Tt Va ¥y )

3 5 F
fminv, y x X
¥y X

3 3 3 3
X, maxp,y +a l- maxu,y - maxvyy
¥y X ¥y X ¥y X

3 5 . .
fminvygy x X
y X

3
= x max, xpuyy ra(l-@gy -viy),

3 5 F
fminvyy x X
yX

3
= xmax puly +tamnyy,
¥y X
. 3
min~ fvya vy x X
¥y X

 ———— 5 =
=C x wWx+amix,’Pux x X

=C Jop A

(i) Jap 1(A)
= X, min ,TMax v, x X
Jap i Hay T Uy y
5 3 3 3
= + - - i
Y, fMmy +e 1- Miflegy maxy, y
s Emax vay x X
y X
5 3 3 3

X, mingyy +a 1- - minvy y
¥y X y X

= x‘3

. 3
xmin® piy +amiy
mi

=1 x°wWx tamx,*Bvx x X
=1 Jap A
(iii) Jop C(A)
= Jag x,r;'tg,xmy,g’t_i;vﬂy x X
a 3 3 . 3
= X maxmy +a 1- maxp, Y -B Yy y

3 5 . .
Bminv, y x X
y X

i
X, max +a 1- max - max v
L gy Y Lk gy Y B AL vy Y

3 5 . .
Bminv, y x X
y X

= x maxpyy ta(-pwpy - pviy)
¥
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3Eminvﬂy x X (ii)Cﬁ =C x01:x X
¥y X

: = x,mcg{xo,miFl x X
y- y-

= xmax wiy +a(l-wy -Bviy), S x01:x X

_ =0

min® Bvy; ¥ x X

y X

(i'cd =C¢c x00:x X

- 803 _ 3 . 3
C x uyx +a@-pux -pvy x), - x,mc;zer ,mi;LO X
_ ¥ ¥
*Bvax x X = x00:x X
=C ’Jay.ﬁ’A = U

(Vap 1(4) (WITE =1 x1,0:x X

=Jep xminugy maxvyy x X ¥ X vX
il Ll = x10:x X
, 3 3 3 = E
= + - i - A
X, minmy +a 1- miny - B maxvy
Mro =1 x01:x X
3,E?'Jm:«t:ncw y x X ;
yx 4 ' = xmn0 max1l :x X
y X y X
5 _ 3 _ 3 _ 3 = x01:x X
X, mnyy +a 1- mngy - B minvyy =0
=] x00:x X

3E?’Jt’u:«tlec1;«54 y x X (vi)r U
i
7 7 7 = x,mi;LO,mc;ter x X
= * mi + - - y- y-
xS minpgy ta(l-uzy - fviy) = x00:x X

=U.

§ =
fmaxvyy x X
¥y X

. This shows that the vertices of the triangle in the geometrical
= xmin Wy +a@-@y -pviy), interpretation of an IFSTT isinvariant.

Theorem 3.1For every IFSTT A and for every real numbers

m_.:«t:lc3 EVA y x X
yx a,f 0,1 we havethefollowing:

Iox gx va@-mdx - fvix),

() Hy g A = fﬁ,a(A)

*Bvax ix X (ii) Jap A = Hga(A)
=1 Jag 4 . (i)  Hyg A = Jpa(A)
) i (V) Jup A = Hya(A).
Proposition 3.2Let E= x10:x X,0=
x,0,1:x XandU= x0,0:x X .Thenwehave Pr oof.
(i) CE =E Leta, B [0, 1], for every given IFSTT A4,
ii)co =06 ~
iiycto =0 (1) Hop A
(ivVIE = E = Hpp X Pax Vax x X
V10 =20 L
viy10U = 0. = Hpp XVaX Hax X X
Pr oof

3 ,— 3
x,Vava x, uix +fmix x X

)CE =¢C x10:x X

3 —
= xmax1l min0 :x X {x whx +Bmix Vo x x X}
"yox "yoX ' —
:y X, 1,g:x X _ = Jpal4)
= F (i) Jap A

= fa,ﬁ X, Ha E 1;.4 E E }
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= }a,g X,VAx,JuAE x X

5 —

X vix +ami(x),? Bua(x) x X
= 3

= x°Busx, vix tamx x X

= Hﬁ,a(A)

= x mxtra -3 x -pvix) [ Buax) x X

= x mdx v 1-pdx - i) P Bua(n) cx

X
f;?,a(A)
V) Jup A
,'rare Eiafl;l;fl; ; }
= }_ra‘ﬁ’ §1;A ; 1544 E E }

= x uix +a@-px - pvix) Prax) x X

b4 3
= %7 Bua(®), vix +al- Buix - vi(x) cx
X
= Hﬁ,a(‘q)

These equdities show that the operators H, g . and/.p . ,
and the operatorsH, () and J, g(.) aredual.

Conclusion

In this paper, we have introduced the new operators /, 5 .
and J, g . on IFSTT and studied some of their properties. We

have proved that the vertices of the triangle in the geometrical
interpretation of an IFSTT is invariant and also the operators

Hgp . andjgp . , and the operatorsH, g(.) and J,z(.) are
dual.
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