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Abstract
In this paper, we have introduced new level operators over generalized intuitionistic fuzzy sets.Some of
the basic properties of the new level operators are discussed.
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I. INTRODUCTION

The concept of fuzzy setwas introduced by Lotfi.A.Zadeh[1].1t is an extension of the classical sets. In [2]
and [3], Atanassov introduced the concept of intuitionistic fuzzy set(IFS), using a degree of membership and a
degree of non-membership, under the constraint that the sum of the two degrees does not exceed one. Modal
operators, topological operators, level operators, negation operators and aggregation operators are different
groups of operators over the IFS due to Atanassov[2]. Atanassov[4] defined level operators P, ; and Q, gover
IFS. In 2008, Atanassov[5] studied some relations between intuitionistic fuzzy negations and intuitionistic fuzzy
level operators P,z and Q. .Parvathi and Geetha[6] defined some level operators, max-min implication
operators and P, ; and Q, s operators on temporal intuitionistic fuzzy sets.In [7], T.K.Mondal and S.K.Samanta
introduced the concept of generalized intuitionistic fuzzy set(GIFS) M = {(x, pup (x), vy (x)): x € E}where
uy:E - [0,1] and vy:E —[0,1] which satisfies the condition py(x)Avy(x)<05Vx€eE
E.BalouiJamkhaneh and Nadarajah[8] defined an extension of generalized intuitionistic fuzzy set. In 2017,
BalouiJamkhaneh[9] defined level operatorsP, ; and Q.4 over GIFS.BalouiJamkhaneh and NadiGhara[10]
defined four new level operators over GIFS and established some of their properties.In this paper, we introduce
new level operators P, ; and Q, ; over GIFS. In section 2, we give some basic definitions and in section 3. We

derive the properties of the operators P, zand Qg 4-
Il. PRELIMINARIES
Definition 2.1 [1] Let E be an universal set.A Fuzzy Set M in E is defined by,
M = {(x, uy (x)): x € E}

Where the function p,,: E — [0,1] defines the degree of membership function of the element x € E and
satisfying 0 < py(x) < 1foreach x € E.

Definition 2.2 [2] Let E be a non-empty set. An Intuitionistic Fuzzy set M in E is defined by,

M = {{x, uy (x), vy (x)): x € E},

Where uy: E - [0,1] and vy: E — [0,1] define the degree of membership and degree of non-
membership functions of the element x € E respectively andsatisfying 0 < pup (%) + vy (x) < 1.

Definition 2.3 [8] Let E be a non-empty set. A Generalized Intuitionistic Fuzzy Set (GIFS) Min E, is defined by

M = {(x, uy (x), vy (x)): x € E}
Where the functions uy,: E — [0,1] and vy,: E — [0,1] define the degree of membership and degree of
non-membership functions of the element x € E respectively and satisfying 0 < uy, (%)% + vy, (x)® < 1where
6 =nor % n is a natural number greater than 0.

Definition 24 [8] Let M and N be two GIFS such that M = {{x, uy(x),vy(x)):x € E} and
N = {(x, uy (x),vy(x)): x € E},define the following relations and operations on M and N

0] M c N ifand only if gy (x) < py(x) and vy (x) = vy(x),Vx € E,
(i) M = N ifand only if py (x) = uy(x) and vy (x) = vy(x),Vx € E,
(iii) MUN = {(x, max(/,tM(x),uN(x)),min(vM (x),vN(x))):x € E},
(iv) MnN = {(x, min(uM(x),,uN(x)),max(vM(x),vN(x))):x € E},
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(V) M+ N = {(x, 1y ()% + sy (0)° — papg (0% 1y ()%, vy (0)° vy (0)°): x € E},
(vi) M.N = {0, i ()2 iy GO%, v ()0 + vy ()% — vy (). vy (x)%): x € E},
(i) M = {{x, vy (x), uy (x)): x € E},

(V|||) M@N — {(x’#M(X);“N(X)’VM(X)'ZH/N(X)):x € E},

(ix) M$N = {(x, /pas (). iy (), /vir (). vy (x)): x € E}.

Definition 2.5Let E be a non-empty set and M € GIFS,asM = {(x, iy (x), vy (x)): x € E}.BalouiJamkhaneh and
Nadarajah[8] introduced the following operators over GIFS:

1
(i) oM = {(x, (), (1 — i ()%)%):x € E}(modal logic: the necessity operator),

(ii) OM = {(x, (1-wvy (x)‘s)%, vy (x)):x € E}(modal logic: the possibility operator),

(i)  CM) = {{x,K,L):x € E}, where K = max,cg iy (y), L =min,cgvy),
(iv) I(M) = {{x, k,1): x € E}, wherek = min,cg iy (y),l = max,cg vy (y).

Definition 2.6 [10] For any GIFS,M defined as M = {{x, uy (x), vy (x)):x € E}and «,B € [0,1]. Baloui
Jamkhaneh introduced the following level operators

. 1 (ot
() Py (M) = {(x, max (azS,uM(x)) ,min (,B’ﬁ,vM(x))) 'X € E}

1 1
(i) Qup(M) = {(x, min (aE, uM(x)),max (,83, vM(x))) (X E E}
Herea+ B <1and § =nor % where n is a natural number greater than 0.

I11. MAIN RESULTS
In this section, we will introduce two new level operators over GIFS and discuss its properties.
Definition 3.1Letting @, 8 € [0,1] anda + B < 1. For every GIFS as M = {{x, up; (x), vy (x)): x € E},
We define the level operators as follows

Q) Py p(M) = {(x, max ((1 — a)é, Uy (x)),min ((1 — [;’)%, VM(X))) (X € E},
(i) Qo pM) = {(x, min ((1 — a)é, U (x)) ,max ((1 - ﬁ)é, vM(x)>) X € E}

Definition 3.2 Let M and N be two GIFS in a universal set E such thatN = {(x, uy (x), vy (x)): x € E}andN =
{(x, uy (), vy (x)): x € E}, we define the following relations and operations on M and N

(D). P (M) € Py (V)if fmax (1 — @), iy (x)) < max (1 — @7, uy () Jand
min ((1 — ﬁ)§, vM(x)) > min ((1 - ,B)%, vN(x)), V x €EE,
(iQ). Py g (M) = Py s (N)if fmax ((1 — a)%, uM(x)) = max ((1 - a)%, ,uN(x))and
min ((1 - [)’)é, vM(x)> = min ((1 — [)’)%, vN(x)), V x€EE,
(iii). Py g (M N N) = {{x, max <(1 - a)%, min(,uM(x),,uN(x))),
min ((1 — ﬁ)%, max(vM(x),vN(x))>):x € E},
(iv). Po g (M N N) = {{x, min ((1 — (1)%, min(,uM (%), uy (x))),

max ((1 — B)%, max(vM(x),vN(x))>): X € E},

ISSN: 2231 — 5373 http://www.ijmttjournal.org Page 153




International Journal of Mathematics Trends and Technology ( IIMTT ) — Volume 62 Number 3 — October 2018

(©)-P2 g €M) = {t,max (1 = @, max ) ) min (1 = B mip v () ) ix € B},
(w. P2 (1)) = {( max (0 = @, min sy @) ) min (@ = 837, max vy ) s € B},

(wii). Py s (M) = {(x, max ((1 - a)%, vM(x)),min ((1 - ﬁ)%, yM(x))) X € E}

Theorem 3.1 For every M, N € GIFS and a, B € [0,1], where a + 8 < 1, we have

0] Py g (M) = Qg s (M),

(if) Py p(M N N) =Py (M) NPy g(N),
(iiiy  Prg(MUN) =P, s(M) U P;p(N),
(iv) QupMNN) = QM) N Qs (N),
v) Qap(MUN) = Qg s(M) U Qg s (N).

Proof:

Q) Consider, Py 5 (M) = {(x, max ((1 — a)%, vM(x)),min ((1 — ﬁ)i, yM(x)>) (X € E}

From (1) and (I1), we haveP; , (M) = Q; , (M).

(i) Consider,

Py g (M N N) = {(x, max ((1 — a3, min(uM(x).uN(X))>.min ((1 — B)s, max(vy (x), vN(x))>): x € E}
= {{x,min (max ((1 — )%,y (x)) max ((1 — ),y (x))),
max (min ((1 — B)s, vM(x)> , min ((1 — B)s, vN(x)>>): x €E}
= {{x, max ((1 - a)% MM(x)>,min ((1 - /3)§, vM(x)>) :x €EE}N

{{(x, max ((1 - a)%, uN(x)> ,min ((1 — ,8)%, VN(X)>) :Xx EE}

= P; 5 (M) N PL 5 (N)
Hence P; s (M N N) = Py 5 (M) N Py 5 (N).

(iii) Consider,

Py s (M UN) = {{(x,max ((1 — ), max(py (%), uy (x))) ,min ((1 — B, min(vy (x), vy (x)))): x € E}
= {(x, max (max ((1 - a')%, Uny (x)) , max ((1 — a)%, Uy (x))),
min (min ((1 — ﬁ)é vM(x)>,min ((1 — ,8)%, vN(x)>>): x €EE}

= {(x, max <(1 - a)%, uM(x)),min ((1 - a)%, Vi (x))) :x €E}U
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{{(x, max ((1 - a)%, ,uN(x)>,min ((1 - a)%, VN(x))): x € E}

= Pap(M) U Py p(N)
HenceP; ; (M U N) = P; 5(M) U P; 5 (N).

(iv) Consider,

Q3 (M 0 N) = {(x,min ((1 — )5, min(uy (), iy (x))) ,max ((1 — 37, mazx(vy (), vy (x))))z x € E}
= {(x,min (min ((1 — )iy (x)) min ((1 — )7,y (x))),
max <max ((1 — B, vM(x)) , max ((1 — B)s, VN(x)>>):x € E}
= {{x, min ((1 —a)s, /,LM(x)> ,max ((1 ) vN(x)>) .x € E}N

{{(x, min ((1 — a)%, uT(x)> , max ((1 — ﬁ)é, vT(x)>) :x € E}

= QM) N Qpgp(N)
Hence Q; s (M N N) = Q; (M) N Q;, 5 (N).

(V) Consider,

Qis (M U N) = {(x, min ((1 — )5, max(uy (x), yN(x))>,max ((1 — B)s, min(vM(x),vN(x)))):x € E)
= {(x, max (min ((1 — )7, uy (x)) ,min ((1 — a)s, (x)>>,
min <max ((1 — B)s, vM(x)) , max ((1 iy vN(x)>>):x €E)
= {{(x,min ((1 - a)g, MM(x)),max ((1 - 3)3 vM(x)>) :x €EE}U

{{(x, min ((1 - a)é, ,uN(x)> ,max ((1 - ,[)’)%, vN(x)>) :x EE}

=Qap(M) U Qg p(N)
Hence Qg z (MUN) = Qup (M) u Qup (N).
Theorem 3.2For every M € GIFS and «, 8 € [0,1], where & + 8 < 1 we have
i) Pig(can)=c(p; o)
i) Pip(10n) =1(P; (i),
i) Qsp(cm) =c(Q ),
V) Qup(1n) =1(Q:p ().
Proof:

(1 Consider,
P2 (€)= {(x.max (1 = @, max iy @) ) min (1 = B, minvy ) ))sx € E}

= {eomax (maxitCt — @)%, i (0)) mip (mineCt = B35, vy 0))) i x € E}
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= C(P; (M)
Hence P; ,(C(M))=C (Pa*,,; (M)).

(i) Consider,

Py (M) = {<x. max ((1 - a)%. TyneigluM(y)) ,min ((1 - ﬁ)? max vy (y))>:x € E}

= {(x, min (max ((1 - a)%, Uy (y))),max (min ((1 — ,8)%, Vi (y)))) 1X € E}
YEE y€EE

= 1(P; ;(M))
Hence P;;(1(M)) = I (P;_,; (M)).

(iii) Consider,
Qup(CM)) = {(x. min ((1 — ), max iy (y)) ,max ((1 - B)? min vy (y))) ix € E}
= {(x, T;lgEx (mini?@(l - a)é, Un (y))), yElZ} (maxi?ﬁf(l — ,8)%, Vi (y))) X € E}
= C(Qa5 (M)
HenceQ;, ; (C(M)) = C (Q;ﬁ (M)).

(iv) Consider,
Qup(1(M)) = {(x, min ((1 - 05)%, Tynelgl IJM(y)) ,max ((1 - [)’)%, max vM(y))) X € E}
= {cmi (minfe(1 = @)%, ki ())), maz (maxit(t — B)7, vy )+ x € E}
=1(Qa5(M))
Hence Q5 (1(M)) = 1 (Q;;_,g (M)).

Theorem 3.3For every M € GIFS and a, 8 € [0,1], where @ + 8 < 1 we have

(I) Pl*—oz,l—ﬁ (M) = Pa,ﬁ (M);
(i) Qi—g1-p (M) = Qo g (M).

Proof:
(i Consider,

Pi 1 (M) = {(x, max ((1 -(1-a)°, uM(x)),min ((1 -(1-B)°, vM(x)>) 1x € E}

= {(x, max (a%, uM(x)> ,min (,[3%, vM(x)>) 1X € E}

= a,ﬁ(M)
Hence P/_, 15 (M) = Py 5 (M).

(i) Consider,

Q1—aa-p (M) = {{min (1 = (1 )5, 1w (1)), max (1 = (1 = BY)5, v ()} x € E

= {(x, min (a%, uM(x)>,max (B%, vM(x)>) X € E}
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= Qa,ﬁ (M)
Hence Q1_q,1—3 (M) = Qq 5 (M).

Theorem 3.4For every M, N € GIFS and a, 8 € [0,1], where M € N we have

i) Poy(M) S Poy(N),
(i) Qup(M) S Q).

Proof:

Q) SinceP, 5 (M) = {(x, max ((1 — a)%, uM(x)> ,min ((1 — ,8)%, Vi (x))) (X € E}
SinceM € N iffuy, (x) < py(x)andvy (x) = vy (x).

Therefore max ((1 - a)i, Uy (x)) < max ((1 - a)%, Un (x)) and

min ((1 — ,8)%, Vi (x)) > min ((1 — ,8)%, vN(x))

We have P, (M) < P,z (N).

(i) SinceQ), (M) = {(x, min ((1 ), uM(x)>,max ((1 — B)s, vM(x)>) x € E}
SinceM € Niffuy (x) < uy(x)andvy, (x) = vy (x).

Therefore  min ((1 - @5, iy @) < min ((1 - )5, i1y (x))and

max ((1 — [3)%, Vi (x)) > max ((1 - ,8)%, vN(x))

We have Q, (M) S Qq5(N).

IV. CONCLUSION

In this paper, we have introduced two new level operators over GIFS and established some of their

properties. My future study will be on level operators on GIFS and their applications(such asmedical diagnosis,
pattern recognition, image processing, decision making problems and so on) in various fields. This paves way
for further research.
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