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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. The authors further extended the
Intuitionistic Fuzzy Sets namely, Intuitionistic Fuzzy Sets of Third Type and studied
some of their properties. In this paper, we have studied some of the 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 Dy, Fyp, Gqp, Hqpand H;ﬁ. The paper is concluded in section 4.
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 IFS A in X is defined as an object of the
form
A={(x, ua(x),val)):x € X},
where py:X = [0,1] and v4: X = [0,1] denote the membership and non-membership
functions of 4, respectively, and 0 < p,(x) + v, (x) < 1for each x € X.
Definition 2.2: [1] Let X be a non-empty set. An IFSST A in X is defined as an object of
the form
A={(x,ua(x),val)):x € X},
where py: X = [0,1] and v4: X = [0,1] denote the membership and non-membership
functions of 4, respectively, and 0 < u%(x) + v3(x) < 1 for each x € X.
Definition 2.3: [2] Let X be the non-empty set. An IFSRT A in X is defined as an object of
the form
A={(x, 1), va(x)):x €EX},
where pu:X — [0,1] and v4: X — [0,1] denote the membership and non-membership
and 0 < “”‘;(x) + “v‘;(x) < 1foreachx € X.

functions of 4, respectively,

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

A={x,ua(x),valx)):x € X},
Where py: 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.
Definition 2.5: [3] Let A and B be two IFSTTs of the non-empty set X such that

A={{xp1s(x),va(x)):x € X},
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B={{x,up(x),vg(x)):x € X},
We define the following operations on A and B:
1) A C Biff uy(x) < ug(x) and v4(x) = vg(x), forall x € X
(i) A>Biffuy(x) = ug(x)and v4(x) <vg(x), forallx € X
(ili) A=Biffus(x) = ug(x) and v4(x) = vg(x), forallx € X
(iv) AUB= {(x, max(uA(x),,uB(x)) , min(vA(x),vB (x))): x € X}
(v) A_n B = {(x, min(uA(x),,uB(x)) , max(vA(x),vB (x))): X E X}
(vi) A ={{xva(x),ua(x)):x € X}.
Definition 2.6: [3] The degree of non-determinacy (uncertainty) of an element x € X in
the IFSTT A is defined by

Ty () = YT - 100 — v ()
Remark: In case of ordinary fuzzy sets, m,(x) = 0, for every x € X.
Definition 2.7: [4] For every [FSTT A, we define the following two topological
operators:
C(A) ={(x,K,L)x€X}

Where
K = glggm(y)
L = min va(y)
And
1(A) = {{x, k, 1 ):x € X},
Where
k = min )
l= max va(y)
We call these operators a "Closure" and "Interior" of A over the universe X
respectively.

Definition 2.8: [5] Let @ € [0,1] be a fixed number. Given an IFSTT A, an operator D, on
4, is defined as

D, (A) = {( VIS ) +ams(x), Yvi(x) + (1 —a) m3(x)):x € X}
Remark: It is easy to prove that D, (A) is an IFSTT.
Definition 2.9: [5] Let a,f € [0,1] and a + 8 < 1. The operator F, g on an IFSTT A, is

defined as

Fop () = {{x, Y130 + am3 (), Y300 + B () :x € X}
Remark: It is obvious that F, z(A4) is an IFSTT.
Definition 2.10: [6] Let a, f € [0,1]. Given an IFSTT A, an operator G,z on Ais defined
as

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

Remark: It is clear that, G, ;3(A) is an IFSTT.
Definition 2.11: [6] Let a,f € [0,1]. Given an IFSTT A, an operator Hg,gzon A is
defined as

Hap(A) = {(x, V@ ua (0, i@ + B w3 () 1x € X}
Remark: Clearly, H, 3 (A) is an IFSTT.
Definition 2.12: [6] Let «, € [0,1]. Given an IFSTT A, an operator Hg; on A is
defined as
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Hy 5 (4) = {(x, ¥ 1a (0, Y300 + B — a () — v (@) :x € X}
Remark: Clearly, H,, ;(A) is an IFSTT.

3. Properties of Some Operators on IFSTT:

Proposition 3.1: For every two real numbers «, € [0,1] and for every IFSTT A, we
have

()  Du(C(A)) 2 C(Dy(A))
(i) D.U(A) c1(Dy(A))
(iii) Ga,B(C(A)) = C(Ga,ﬁ (A))
(iv)  GapU(A) =1(Gyp(A))

Proof:

D) = Dy ({¢x.max waG)minva() : x € x)
:{< 02 lmax k00 + @ 0. [ O) + (- 0 ) x € X}

{(x Jmax i) +a(l - max i A () — min vy 2 (1),

\/mva(y)+(1—a)(1—maqu(y) mlnvA(y))) xeX}

=) {(x max ) + a1l - max i 3(y) — max v H6D))
YE

i/rynei}g i+ A -a)(1- mln A mm vi(y)):x € X}

:{(x, [may (430 + a(1 = 150) =GO

3\/%‘2 i+ A —a)A—p3(») —vi(¥))):x € X}

:{< x, i/max W) + a i), i/mi“ Vi) + (- @) () ):x € X}

{( X, max(\/,uA(y) +am (y)) rnm(\/v W+A-a)n (y))) X € X}
=¢ ({(x Y1300 + a @), YvJ 60 + (T — @) B (0): x € X})
- C(Do(A)
()0 (14)) = Do ({(xmin 14 ) max va ) < x € 1)

={( X, i/min W) +ani(y), 3\/max v+ A —a)m(y)):x € X}

—{(x \/mm K500 + a(l — min 43 () — maxvi(y)),

\/mavaE‘(y) +(1-a)(1- rynel)r(l TAC B max i) ):x € X}

{(x \/mm ) +a(l - mm ui(y) — mmv H6D))
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i/ryggw?(y) + (1~ )1~ max i () — maxvi(y) ) - x € X}

={(x, i/rynel)r(l W) + a1 = w3 () = vi()),

i/r;lg)gc i+ A —a)A—p3(0) —vi(¥)) ):x € X}

= {( X, i/rynel)rg W) +ami(), 3\/%?( Vi +A-a)mi(y)):x € X}

= {omin (VigO) +am ) max (V0 + (- M) )ix € X}
=] ({( x, Vi) +ani(x), Yvi) + (1 —a) m3(x)):x € X})
= 1(Dg(4))
()G p (CCA)) = G ({(xmax s ) min v4 ) : x € x})
:{(x, Va max wa), B min va(y)):x € X}
= {(x, glgg(% ta (), r;gg(i/? va()):x €X }
= C({(x, Va pa), B va(y):x € X})
=C(Gap(4))
(V) Gag U(A) = Gayg ({Cx,min s () max va ) : x € X))

={(x, Va min ), VB max v (:x€eX }
= {(x, r;lgg(i/EuA ), rygg(i/ﬁm ):xeX }

= I({(X, W.HA(:V)' i/EVA(y): X € X})

= [(Gop(4))
This completes the proof.
Proposition 3.2: For every two real numbers «, € [0,1] and for every IFSTT A, we
have

()  Hep(CA) 2 C(Hap(A)

(i)  Hep(I(A) € I(Hyp(A))

(i)  Hz(C(A) o C(H;z(A)

(iv) H;z(I(A)) c I(H;z(A)
Proof:

(DHep (CAD) = Heg ({3 max s ) min vaG) + x € x})

={(x, Va max s (7), i/rynel;g Vi) +Bmi(y):x €X }

={(x, Va max a (), 3\/?6‘? Vi) +B(1 - max uy () - min vi()):x € X}

3 3 : 3 — 3 —mi 3 .
D{(x,\/arynea;(xm(y). \/rynel}r(lvA(yHB(l rgéguA(y) rgégvA(y))%xeX}
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={(x, Va max 4 (y), i/mir)l((v/? W) +BA—u30) —viy))):x € X}
ye

={(x, max V@ a0, minYPE0) + B — 150D — O € X}
={tx. max V@ ua ), min YEO) + B mE0N) i x € X}

({<x Va (%), Jv @) + B m3(0):x € X})
- C(Hap(A)
()M (1)) = Hg ({0, min a9, max va))  x € )

={(x, Va min ua(y), i/max vi) +Bmi(y))ix € X}

{<x Va min ua(v) Jmax Vi) +B(L - min 15 () — max vi()):x € x}

c {(x, Va min 14 (), \/r;lgg va(y) +B(1 - max () — max vi()):x € X}

:{<x, Va min 1 (), i/rr;g(w? W +BA—p30) —vi))):x € X}

={tx, min Y@ koG, max YvIG) + B — k30D — ;00 x € X]
{(x min Va u(y), max VVAO) + B () x € X}

- 1 ({(. Va0 YA+ By v € 1))
=1(Hg,p(A))
(iii)H;/z(C(A)) = Hpp ({( X, max ,uA(y),min vu(y)) 1 x € X})

{(x \/_maqu(y) \/mlnvA(x)+ﬁ(1—amaqu(x)—mlnvA(x))) xEX}

{(x \/_max us(y), Jmin vi)+p(l—«a m1n wi(x) — m1n vi(x))):x € X}

={(x, Va max s ), \/ min (v;i(y) + B(1 —api(y) —vi(¥)))):x €X }

=t max V@ 1y ), min V30D + B — aid () — ;ODY:ix € X}

({< v Va a0, 3EG) T B A IB0) Vi) x € x})
= C(Hgp(A)

(VH; 5 (1) = Hip ({0 min a0, max va0) : x € x})

:{(x, Va min wa(y), 3\/max i)+l —a min Wi (x) — max vi(x))):x € X}

c{(x \/—minuA(y) \/maxvj(x)+ﬁ(1—amaqu(x) r}rllaxv 2(x))): xEX}

={(x, Va grg)p ta(y), \/rygg(w”{ W +BA—api)—vi(y))):x € X}
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={x, min Yaua (), max YVI0) + B — @i () — i) x € X}

({( a0, O T A= a0 G x € x})
= I(Hgp(A))
This completes the proof.
Theorem 3.1: For every IFSTT A and all real numbers «, 8,7, € [0,1] such that a +
.8 < land Y+ 6 < 1, Fa,ﬁ(Fy,G (A)) = Fa+y—a.y—a.é‘,ﬂ+6—ﬁ.y—ﬂ.6(A)
Proof:

Fa(Fys () = Fop ({(2 V3@ +y m G0, Y@ + 6 m3 () :x € X})
= {( Vi@ +y ) + a(l — 15 () — ym3 () — vi () — 6m3 (x)),

VRGO + 8 mi () + B(L — u3 () — ymi(x) —v3(x) — ST (x)): x € X|
{(x Vi3 () +y mi(x) + ami (x) + 13 (x) (—a.y — a. 8),

Vi) + 813 (x) + B3 (x) + 3 (x)(=B.y — B.6): xEX}

= {(x, Vi) +(@+y—a.y—a.8) m(x),

VR +(B+5—By—B.O)mi(x):x € X}

= a+y—a.y—a.6,ﬁ+6—ﬁ.y—ﬁ.5(A)
This proves the theorem.
4. Conclusion:
In this paper, we have established some properties of some operators on IFSTT.
It is still open to check the operators already defined on IFS in case of IFSTT.
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