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1. Introduction

To overcome the uncertainty and vagueness, the inherent in the real world in 1965, L. A. Zadeh introduced the notion of
fuzzy sets. K. T. Atanassov introduced the extended notion of Intuitionistic Fuzzy Sets in the year 1983. 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 introduced the new operators on Intuitionistic Fuzzy Sets of Third Type and establish some of
their properties. In section 2, we recollect some basic definitions and in section 3, we define the new operators Ga g, Ha g

and H, 5 and establish some of their properties. The paper is concluded in section 4.

2. Preliminaries

In this section, we give some definitions of IF'S and 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= {{z,pa(x),va(x)) : x € X},

where pa(z) : X — [0,1] and va(z) : X — [0,1] denote the membership and non-membership functions of A, respectively,

and

0 < pa(e) +va(e) <1,

for each x € X.
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Definition 2.2 ([1]). Let X be a non-empty set. An Intuitionistic Fuzzy Set of Second Type (IFSST) A in X is defined as

an object of the form

A= {(z,pa(@),vale)) : € X},

where pa(xz) : X — [0,1] and va(z) : X — [0,1] denote the degree of membership and non-membership functions of A,

respectively, and

0 < i(2) + Vi) < 1,
for each x € X.

Definition 2.3 ([2]). Let X be the non-empty set. An Intuitionistic Fuzzy Set of Root Type (IFSRT) A in X is defined as

an object of the form

A={(&, ua(@),vala)) : x € X},

where pa(xz) : X — [0,1] and va(z) : X — [0,1] denote the degree of membership and non-membership functions of A,

respectively, and
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for each x € X.

Definition 2.4 ([3]). Let X be the non-empty set. An Intuitionistic fuzzy set of third type (IFSTT) A in X is defined as

an object of the form

A={(&, pa(2),vala)) : x € X},

where pa(z) : X — [0,1] and va(z) : X — [0,1] denote the membership and non-membership functions of A, respectively,

and

0 <y () +via(z) < 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={(z,pa(@),va(x)) : x € X},
B = {{(z,u5(z),vs(z)) : z € X}.
We define the following operations on A and B :
(i). AC B iff pa(z) < pp(x) and va(z) > ve(z), Vo € X
(ii). AD B iff pa(z) > pup(z) and va(z) < vp(z),Vr € X
(iii). A= B iff pa(z) = pp(z) and va(z) = ve(z),Vo € X
(iv). AUB = {{z,max(pua(x), pp(x)), min(va(z),vp(z))) 1 v € X}
(v). AN B = {{z,min(pa(z), ps(x)), max(va(z),vs(z))): z € X}

(vi). A= {{z,va(x),pa(x)): x € X}, where A is the complement of A.
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Definition 2.6 ([4]). The degree of non-determinacy (uncertainty) of an element x € X in IFSTT A is defined by

- {’/1 — i (@) — v (@).

Remark 2.7. In case of ordinary fuzzy sets, ma(x) =0, for every x € X.
Definition 2.8 ([4]). For every IFSTT A, we define the following operators:
(1). The Necessity operator OA = {(z, pa(z), /1 — pd(z)) 1z € X}
(it). The Possibility operator OA = {{z, {/1 — v3(z),va(z)) : z € X}

Definition 2.9 ([5]). Let « € [0,1] be a fized number. Given an IFSTT A, an operator D, is defined as

Dal(A) = {(&, {1 (2) + o (2) , {4 (@) + (1 - a)w (2)) : @ € X},

Remark 2.10. It is easy to prove that Do (A) is an IFSTT.

Definition 2.11 ([5]). Let «,8 € [0,1] and o+ 8 < 1. The operator Fo g, on an IFSTT A, is defined as

A) = {(z, (@) +a (@) {fvi@) + 8 7)) w e X
Remark 2.12. [t is obvious that, F, g(A) is an IFSTT.
3. Operators on IFSTT
Definition 3.1. Let «,( € [0,1]. Given an IFSTT A, an operator Ga g is defined as
Gap(A) = {{z, Vapa(z), ¥/ Bra(z) ) : z € X}.

Remark 3.2. It is clear that, Ga,g(A) is an IFSTT.

Definition 3.3. Let «,8 €[0,1]. Given an IFSTT A, an operator Hq g is defined as

Ha,p(A) = {(z, Vapa(z), \/vi(z) + pri(x) ) 1 2 € X}

Remark 3.4. Clearly, Hq,g(A) is an IFSTT.

Definition 3.5. Let «,8 € [0,1]. Given an IFSTT A, an operator H,, 5 is defined as

He 5(A) = {(z, Vapa(z), \/ A@) + B —ap(x) —vi(z) ) s w € X}

Remark 3.6. Clearly, H}, 5(A) is an IFSTT.
Proposition 3.7. For every three real numbers «, 3,7 € [0,1] and for every IFSTT A, we have
(i). if « <, Ga,p(A) C Gy,5(A)

(ii). if B <7, Ga,8(A) D Gay(A)
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(iii). Ga,p(A) = GgalA)

(). if 7,6 € [0,1], then Ga,5(G~,5(A)) = Gary,5.5(A) = Gr,5(Ga,p(A)).

Proof.

(4) Gap(A) = {{z, Vapa(z), Bra(e)) : x € X}
C {(z, Ana(z), ¥Bra(x)) : x € X}
= Gap(A)

(i4) Gap(A) = {(z, Yapa(z), ¥/ Bra(z) )z e X}
D {(@, Vapa(@), va(z) ) : @ € X}
= Ga,y(4)

(i) Gap (A) = Gap{ (@, va(2), pa(e)) : z € X}

= {(z, Vava(z), WMA($)> cx € X}
= {(z, {Bpa(x), ava(z)) 1z € X}

= Ggs,a(A).

(iv) Gap(Gy5(A) = Gas({(x, YApa(z), Vova(z) ) : x € X})
= {{z, YaApa(x), YB.ovalz) ) 1 v € X}
= Garp.5(A)
= {(z, {7-apa(x), ¥/6.pva(z) ) 1 € X}
= G,5(Gap(A))

Proposition 3.8. For every three real numbers «, (3,7~ € [0,1] and for every IFSTT A, we have
(i). Ga,s(ANB) = Ga,(A)NGa,p(B)
(7). Ga,(AUB) = Ga,8(A)UGqg(B).

Proof.

(i) Ga,s(AN B) = Ga s({{x, min(pa(z), pp(z)), max(va(z),ve(z))) :z € X}
= {(z, Yamin(pa(x), us (), /Bmax(va(z),vs(z)) : = € X}
= {(z, min(Yapa(z), Vaps(z)), max(Y/Bva(z), ¥Bvs(x)) : z € X}
= Ga,p(A)NGap(B)
(i) Ga,p(AU B) = Go p({{x, max(pa(z), pp(z)), min(va(z),vs(z))) 1z € X}
= {(z, Vamax(ua(z ), ¥/Bmin(va(z),ve(x)) : xe X}
= {(z, max(Vapa(z), Vaps(z)), min( fVA ,V/Brs(@) w e X}

= Go,8(A) UGap(B)
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Theorem 3.9. For all real numbers «,f8,7,6 € [0,1] and for every IFSTT A, we have
(i). OHa (A) = Ha,p(0A)
(ii). Ha,5(G,5(A)) C Ga,p(Hy,5(A))

(iii). Hg 5(Gr.6(A)) C Ga,p(HS 5(A)).

Proof.  Since,

(i) OHa5(A) = O({(z, Vapa(e), {fvi(@) + fri(@) ) @ € X))
= {(e. Yapa(@), {1 - apl(x) ) 12 € X} and
Ho p(0A) = Ho p({(z, pa(@), {1 - %) 1 2 € X})
= {{z, Yapa(z), {1 - (@) + prii(z)) : € X} and hence,

OHa p(A) = Ho g(OA)

(if) Ha,(Gr5(A)) = Has({(w, fApa(e), Vova(@) : z € X})
= {{@ V@A), {54 (@) + Bri (@) s 2 € X)
C (e, Yarna(@), {fov () + Bom () : x € X}
= {(&, Yauae), oW (@) + 6 @) : © € X}

= {(z, YaTpala), V33/v3 (x) + B () : = € X}

= {(o, Yauale), V5 3/v4 (@) + B (a) : o € X}

= G o({(o, Yapa(a), {/vi(2) + pri(a)) s = € X))

= G 5(Ha,p(A))

(i) H, (G (4)) = Hi (e, YAuale), Vova(a)) s @ € X})
= {(o, Y@ae), {80 (@) + B - ari (o) - 60 (@) : v € X}
C {(o, YaTna(a), /o4 (@) + B(6 — adpi(a) — v (2))) : @ € X}
= {(z, YaTpala), {5 (@) + (1 - ap’y () — vi(2) : v € X}
= G a({(a, Yapa(e), {fvi (@) + B — api (2) = v (@) s 2 € X))
= Ga.p(H, 5(A))

4. Conclusion

In this paper, we have introduced the new operators on IFSTT and studied some of their properties. It is still open to check

the operators already defined on IFS in case of IFSTT.
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