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1 Introduction

Zadeh, in his paper [10], introduced the concept of fuzzy sets and fuzzy set operations. The
notion of intuitionistic fuzzy set and its operations were introduced by Atanassov [1], as a
generalization of the notion of fuzzy set. Atanassov [2, 3] discussed the operators over interval
valued intuitionistic fuzzy sets. Palanivelrajan and Nandakumar [7] introduced the definition

and some properties of intuitionistic fuzzy primary and semiprimary ideals. Some operations
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on intuitionistic fuzzy primary and semiprimary ideals are also discussed by Palanivelrajan and
Nandakumar [8]. Based on concept discussed by Atanassov [2, 3], the idea of interval valued
being applied on intuitionistic fuzzy primary and intuitionistic semiprimary ideals. Finally,
results based on interval valued intuitionistic fuzzy Lie primary ideals and intuitionistic fuzzy
lie semiprimary ideal are established.

2 Prediminaries

In this section, some basic definitions that are essential for this paper are assembled.

Definition 2.1. Let S be any nonempty set. A mapping u : S — [0, 1] is called a fuzzy subset
of S.

Definition 2.2. A fuzzy ideal u of a ring R is called fuzzy primary ideal, if for all a, b € R
either u(ab) = u(a) or else u(ab) < u(b™) for some m € Z .

Definition 2.3. A fuzzy ideal u of a ring R is called fuzzy semiprimary ideal, if for all @, b € R
either u(ab) < u(a"), forsome n € Z+, or else u(ab) < u(b™) forsomem € Z -

Definition 2.4. An intuitionistic fuzzy set (IFS) 4 in X is defined as an object of the form
A= {{x, ua(x), v4(x) )| x € X}, where 1y : X — [0, 1] and v, : X — [0, 1] define the degree of
membership and the degree of non-membership of the element x € X, respectively, and for
every x € X, satisfying 0 < z4(x) + vy(x) < 1.

Definition 2.5. A fuzzy ideal 4 of a ring R is called Intuitionistic fuzzy primary ideal if for all
a, b € R either u(ab) = u(a) and vy(ab) = vy(a), or u(ab) < uy(b™) and vy(ab) > vy(b™), for
somem € Z+.

Definition 2.6. A fuzzy ideal A of a ring R is called intuitionistic fuzzy semiprimary ideal if for
all a, b € R either u4(ab) < uy(a") and vy(ab) > vy(a"), for some n € Z . or else u(ab) < uy(b™)
and vy(ab) = vy(b™) forsomem € Z ;..

Definition 2.7. An interval valued intuitionistic fuzzy set A is specified by a function
M, : E — INT[O0, 1], where INTJO, 1] is the set of all intervals within [0, 1], for all x € E, M4(x)
is an interval [a, b], where 0 <a <b < 1.

Remark 2.1. An interval valued intuitionistic fuzzy sets 4 over E is defined as an object of the
form A4 = {x, M(x), N4(x) | x € E}, where My(x) < [0, 1] and N4(x) < [0, 1] are interval and for
all x € E sup M(x) + sup Ny(x) < 1.

Definition 2.8. Let A be an interval valued intuitionistic fuzzy sets. A fuzzy ideal 4 of a ring R
is said to be interval valued intuitionistic fuzzy primary ideal of R if for all a, b € R then either
ua(ab) = inf My(ab) = inf My(a)= us(a) and vy(ab) = inf Ny(ab) = inf Ny(a) = v4(a) or else
wa(ab) = inf My(ab) < inf My(b") = u4(b") and vy(ab) = inf Ny(ab) > inf Ny(b") = vy(b"), for
somen e 2.
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Definition 2.9. Let 4 be an interval valued intuitionistic fuzzy set 4 fuzzy ideal 4 of a ring R is
said to be interval valued intuitionistic fuzzy semiprimary ideal of R if for all a, b € R then
either uy(ab) = inf M (ab) < inf My(a") = u4(a") and vy(ab) = inf Ny(ab) > inf Ny(a") =v4(a"),
for some n € Z, or u4(ab) = inf My(ab) < inf uy(b™) = us(b™) and vy(ab) = inf Ny(ab) >
inf Ny(b™) = vy(b™), for some m € Z ..

Example2.1.

[1,1] if x=0
[0.4,0.6] otherwise
[0, 0] if x=0
[0.2,0.3] otherwise

:UA(x):infMA(x):{
VA(X)ZianA(x)Z{

Definition 2.10. A Lie algebra is a vector space L over the field F' (equal to R or C) on which
L x L —L denoted by (x, y) — [x, ¥] is defined and satisfying the following axioms
1. [x, y] is bilinear
it. [x,x]=0forallx e L
. [[x, y], z] + [[, z], x] + [[z, x], ] = 0 for all x, y, z € L (Jacobi identity)

Definition 2.11. A fuzzy set u : L —[0, 1] is called a fuzzy Lie subalgebra of L if
L u(x+y)=min (u(x), u(»))
i u(ax) 2 p(x)
. u([xy]) > min (u(x), u(v)) holds for all x, y € L and o € F.

Definition 2.1.2 A fuzzy set u : L —[0, 1] is called a fuzzy Lie ideal of L if
Lo p(x+y) = min (u(x), u(y)
i plax) 2 p(x)
iii.  u([xy]) > u(x) holds forall x, y € L and a € F.

Definition 2.13. An interval valued intuitionistic fuzzy set 4 = (z4,V4) in L is called an
interval valued intuitionistic fuzzy Lie ideal of L if the following conditions are satisfied
Lo py(x+y)2min (22y(x), f4(v)) and vy(xty) < max (V4(x), V4(v))
. py(ox) = fiy(x) and vy(ax) < vy(x)
. zy([x, y]) > fy(x) and v4([x, y]) < vy(x), forallx,y € Land a € F.

Definition 2.14. Let 4 be an interval valued intuitionistic fuzzy Lie ideal of a Lie algebra L
then A is said to be an interval valued intuitionistic fuzzy Lie primary ideal of L if for all

x,y € L then either zi4(xy) = p4(x) and v4(xy) = v4(x) or zi4(xy) < fig(x") and v(xy) > V4(x"),

for somen € Z ;.

Definition 2.15. Let A be an interval valued intuitionistic fuzzy Lie primary ideal of a Lie
algebra L then A4 is said to interval valued intuitionistic fuzzy Lie semiprimary ideal of L if for
all x, y € L and for some n € Z either z4(xy) < zy(x") and v (xy) > v4(x") or else

ay(xy) < (V") and vy(xy) = vy(0"), forsome m € Z ..
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3 Interval valued intuitionistic fuzzy primary ideals
and Interval valued intuitionistic fuzzy semiprimary ideals

Theorem 3.1. If 4 and B are interval valued intuitionistic fuzzy semiprimary ideal of R, then
A M B is an interval valued intuitionistic fuzzy semiprimary ideal of R.

Proof. Let A be an interval valued intuitionistic fuzzy semiprimary ideal of a ring R, then
1a(xy) = inf My(xy) < inf My(x") = u4(x") and v4(xp) = inf N4(xy) > inf Ny(x") = v4(x") for some
neZ,andx,y € R.

Let B be an interval valued intuitionistic fuzzy semiprimary ideal of the ring R, then
up(xy) = inf up(xy) <inf Mp(x") = up(x") and v(xy) = inf Np(xy) > inf Np(x") =vp(x"), for some
neZyandx,y € R.

Consider x, y € R, thenx,y € AN Bimpliesx,y € 4and x, y € B.

Consider

Hanpg(xy) =inf M 4~ p(xy)
= min(inf M ,(xy),inf M z(xy))
< min(inf M 4(x™),inf M g (x"))
=inf M 4~ p(x")
= Hy~p(x M.

Therefore, 1 4~p5(xy) < tympx").
Consider
Vang(xp) =inf N 4~ p(xy)
= max(inf N 4(xy),inf N (xy))
> max(inf N 4(x"),inf N (x"))
=inf N 4~ p5(x")
=V 4B (")
Therefore, v 4~ p(x1) 2 v 4~5(x").

Therefore, 4 N B is an interval valued intuitionistic fuzzy semiprimary ideal of R. L]

Theorem 3.2. If 4 and B are interval valued intuitionistic fuzzy semiprimary ideal of R, then
A U B is an interval valued intuitionistic fuzzy semiprimary ideal of R.

Proof. Let A be an interval valued intuitionistic fuzzy semiprimary ideal of a ring R, then
a(xy) = inf My(xy) <inf My(x") = u4(x") and vy(xy) = inf Ny(xy) > inf Ny(x") =v4(x") for some
neZ;andx,yeR.

Let B be an interval valued intuitionistic fuzzy semiprimary ideal of the ring R, then
up(xy) = inf Mp(xy) < inf Mp(x") = up (x") and v(xy) = inf Np(xy) > inf Np(x") =vp(x"), for some
neZyandx,y € R.

Consider x, y € R, thenx,y € AU Bimpliesx,y € 4and x, y € B.
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Consider
H a0 (xy) =inf M 4, p(xy)
= max(inf M 4(xy),inf M g (xy))
< max(inf M 4(x™),inf M g (x"))
=inf M 4_p(x")
= 1o (x").

Therefore, 14 ,5(xy)< iy ,p5(x").
Consider
vup(xy) =inf N 4, p(xy)
= min(inf N 4(xy),inf Ng(xy))
> min(inf N 4(x™),inf Np (xn))
=inf N4 p(x")
=v40u5(x").
Therefore, v 4 ,5(xy)> v 4,5(x").

Therefore, 4 U B is an interval valued intuitionistic fuzzy semiprimary ideal of R. ]

Theorem 3.3. If 4 and B are interval valued intuitionistic fuzzy semiprimary ideal of R, then
A + B is an interval valued intuitionistic fuzzy semiprimary ideal of R.

Proof. Let A be an interval valued intuitionistic fuzzy semiprimary ideal of a ring R, then
wa(xy) = inf My(xy) < inf My (x") = u4(x") and v4(xy) = inf N4 (xy) > inf Ny (x") = vy(x") for
somen € Z, andx,y € R.

Let B be an interval valued intuitionistic fuzzy semiprimary ideal of a ring R, then
up(xy) = inf Mp(xy) < inf Mp(x") = up(x") and vp(xy) = inf Np(xy) > inf Np(x") = vp(x"), for some
neZyandx,y €R.

Consider x, y € R, thenx,y € 4+ Bimpliesx,y € Aand x, y € B.

Consider

Ha+p(xy) =inf M 4 p(xy)
=inf M 4(xy) +1inf M g(xy) —inf M 4(xy).inf M p(xy)

<inf M 4(x")+inf M g(x")—inf M 4(x").inf M g(x")
= g (") + pp(x") = g (x").pp (x")
= pgp8(x").

Therefore, 4,4, p(xy) < t44(x").

Consider

V448(xy) =inf N 4 p(xy)
=inf N 4(xp).inf Ng(xy)

>inf N 4(x").inf Ng(x")
=v4(x")vp(x")
=V 48(x").

52



Therefore, v 4, 5(xy) > v 4. g (x™).

Therefore, 4 + B is an interval valued intuitionistic fuzzy semiprimary ideal of R. [

Theorem 3.4. If A4 and B are interval valued intuitionistic fuzzy semiprimary ideal of R then
A.B is an interval valued intuitionistic fuzzy semiprimary ideal of R.

Proof. Let 4 be an interval valued intuitionistic fuzzy semiprimary ideal of a ring R then
1a(xy) = inf My(xy) < inf My(x") = u4(x") and v4(xp) = inf N4(xy) > inf Ny(x") = v4(x") for some
neZ,andx,y € R.

Let B be an interval valued intuitionistic fuzzy semiprimary ideal of a ring R then
up(xy) = inf Mp(xy) < inf Mp(x") = up(x") and va(xy) = inf Np(xy) > inf Np(x") = vp(x"), for some
neZyandx,y € R.

Consider x, y € R, thenx, y € A.B impliesx,y € Aand x,y € B.

Consider

tq.p(xy) =inf M 4 p(xy)
=inf M 4(xy).inf M g(xy)

<inf M 4(x").inf M g(x"")
= g (x").up(x")
=ty p(x").
Therefore, 12,4 p(xy) < py p(x").
Consider
v48(xy)=inf N 4 g(xy)
=inf N 4(xy) +inf Ng(xy) —inf N 4(xy).inf Ng(xy)
>inf N 4(x") +inf Ng(x")—inf N 4(x").inf Ng(x"")
=v (") +vp(x") = v (x)vp(x")
=v4(x").
Therefore, v 4 g (xy) > v 4 g(x").

Therefore, 4.B is an interval valued intuitionistic fuzzy semiprimary ideal of R. [

Theorem 3.5. If 4 and B are interval valued intuitionistic fuzzy semiprimary ideal of R, then
A@B is an interval valued intuitionistic fuzzy semiprimary ideal of R.

Proof- Let A be an interval valued intuitionistic fuzzy semiprimary ideal of a ring R, then
a(xy) = inf My(xy) <inf M4(x") = u4(x") and vy(xy) = inf Ny(xy) > inf Ny(x") = v4(x") for some
neZyandx,y € R.

Let B be an interval valued intuitionistic fuzzy semiprimary ideal of a ring R, then
up(xy) = inf Mp(xy) <inf Mp(x") = up(x") and va(xy) = inf Np(xy) > inf Np(x") = vg(x"), for some
neZ.andx,y € R.

Consider x, y € R, thenx, y € A@B impliesx,y € 4 and x, y € B.

Consider
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Ha@B(xy)=inf M 4q p(xy)
_inf M 4(xy)+inf M g(xy)
2
< inf M 4(x") +inf M 5(x"")
2

_ g+ pp(x")
2

= ty@B(x").

Therefore, 1@ () < t4@p(").
Consider
Va@p(xy) =inf N 4q p(xy)
_ inf N 4(xy)+inf Ng(xy)
2
inf Ny (") +inf Np(x")
2
_ v (") +vp(x")
2

=v4@B("):

Therefore, v 4G 5(xy) 2 v 4@ 5(x").

Therefore, A@B is an interval valued intuitionistic fuzzy semiprimary ideal of R.

O

Theorem 3.6. If 4 and B are interval valued intuitionistic fuzzy semiprimary ideal of R, then
A $ B is an interval valued intuitionistic fuzzy semiprimary ideal of R.
Proof. Let A be an interval valued intuitionistic fuzzy semiprimary ideal of a ring R, then
wa(xy) = inf My(xy) < inf My(x") = u4(x") and v4(xy) = inf Ny(xy) > inf Ny(x") =v4(x") for some
neZ;andx,yeR.

Let B be an interval valued intuitionistic fuzzy semiprimary ideal of the ring R, then

neZyandx,y € R.

Considerx,y € R, thenx,y € A $ Bimpliesx,y € 4and x, y € B.
Consider
#asp(xy) =inf M 4gp(xy)

= Jinf M 4(xy)inf M p(x)
< \finf M 4 (" yinf M 5(x")
g (M (")

= t455(x").

Therefore, u 5p(xy) < 458 (x™").
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Consider
VA$B (Xy) =inf NA$B (Xy)

= \/inf N 4(xy)inf Ng(xy)
> \/ianA(x”)ianB(x")
— g GMs(

= VA$B(x").

Therefore, v 455(xy) 2 v 455(x").

Therefore, 4 $ B is an interval valued intuitionistic fuzzy semiprimary ideal of R. L]

Theorem 3.7. If 4 and B are interval valued intuitionistic fuzzy semiprimary ideal of R, then
A#B is an interval valued intuitionistic fuzzy semiprimary ideal of R.

Proof. Let A be an interval valued intuitionistic fuzzy semiprimary ideal of a ring R, then
a(xy) = inf My(xy) <inf My(x") = w4(x") and v4(xy) = inf Ny(xp) > inf Ny(x") = v4(x") for some
neZ;andx,yeR.

Let B be an interval valued intuitionistic fuzzy semiprimary ideal of a ring R, then
up(xy) = inf Mp(xy) < inf Mp(x") = up(x") and va(xy) = inf Np(xy) > inf Np(x") = vp(x"), for some
neZyandx,y € R.

Consider x,y € R, thenx,y € A # Bimpliesx,y € A and x, y € B.

Consider

Haup(xy) =inf M 445 (xy)
_ 2inf M 4(xy)inf M g(xy)
~inf M 4 (xy) +inf M g(xy)

< 2infMA(xn)infMB(xn)
infMA(xn)+infMB(xn)

_ 2u (M pup(x")
pg(x")+ pp(x")

= tup(x").

Therefore, 1145 (xy) < pyup(x").
Consider
V448 (xy) =inf N g5 (xy)
_ 2inf N 4(xy)inf Np(xy)
inf N 4(xy) +inf Ng(xy)
S 2inf N 4(x")inf Np(x")
inf N (x") +inf Ng(x")
_ v (x"p(x")
v (") +vp(x")

=v 445 (x").
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Therefore, v 415 (xy) > v 4up(x").

Therefore, 4 # B is an interval valued intuitionistic fuzzy semiprimary ideal of R. [

Theorem 3.8. If 4 and B are interval valued intuitionistic fuzzy semiprimary ideal of R, then
A*B is an interval valued intuitionistic fuzzy semiprimary ideal of R.

Proof. Let A be an interval valued intuitionistic fuzzy semiprimary ideal of a ring R, then
a(xy) = inf My(xy) < inf My(x") = u4(x") and v4(xy) = inf N4y(xy) > inf Ny(x") = v4(x") for some
neZ,andx,y € R.

Let B be an interval valued intuitionistic fuzzy semiprimary ideal of the ring R, then
up(xy) = inf Mp(xy) < inf Mp(x") = up(x") and vg(xy) = inf Np(xy) > inf Np(x") = vp(x"), for some
neZyandx,y € R.

Consider x, y € R, thenx,y € 4 * Bimpliesx,y € A and x, y € B.

Consider

Hgxp(xy) =inf M g5 (xy)
_inf M 4(xy)+inf M g(xy)
~ 2(inf M 4(xy)inf M g(xy) +1)

inf M ,(x")+inf M g(x")
" 2(inf M 4 (x")inf M g(x") +1)

_ g+ pp (")
2 (" pup(x") +1)

= /JA*B(Xn).

Therefore, 1 x5(xy)< prgep(x").
Consider
Vxp(xy) =inf N g g (xy)
_inf N 4(xy)+inf Ng(xy)
~ 2(inf N 4(xy)inf Ng(xy) +1)

inf N 4(x") +inf Ng(x")
 2(inf N 4(x™)inf Ng(x") +1)

v v
2(v ("W (") +1)

= VA*B(xn).

Therefore, v 4 (xy) = v g25(x").

Therefore, 4 * B is an interval valued intuitionistic fuzzy semiprimary ideal of R. [

Theorem 3.9. If 4 and B are interval valued intuitionistic fuzzy primary ideal of R then 4 N B
is an interval valued intuitionistic fuzzy primary ideal of R.

Theorem 3.10. If 4 and B are interval valued intuitionistic fuzzy primary ideal of R then 4 U B
1s an interval valued intuitionistic fuzzy primary ideal of R.
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Theorem 3.11. If 4 and B are interval valued intuitionistic fuzzy primary ideal of R then 4 + B
is an interval valued intuitionistic fuzzy primary ideal of R.

Theorem 3.12. If 4 and B are interval valued intuitionistic fuzzy primary ideal of R then 4. B
is an interval valued intuitionistic fuzzy primary ideal of R.R

Theorem 3.13. If 4 and B are interval valued intuitionistic fuzzy primary ideal of R then
A @ B is an interval valued intuitionistic fuzzy primary ideal of R.

Theorem 3.14. If 4 and B are interval valued intuitionistic fuzzy primary ideal of R then 4 $ B
is an interval valued intuitionistic fuzzy primary ideal of R.

Theorem 3.15. If 4 and B are interval valued intuitionistic fuzzy primary ideal of R then 4 # B
is an interval valued intuitionistic fuzzy primary ideal of R.

Theorem 3.16. If 4 and B are interval valued intuitionistic fuzzy primary ideal of R then 4 * B
is an interval valued intuitionistic fuzzy primary ideal of R.

4 Interval valued intuitionistic fuzzy Lieprimary ideal

Theorem 4.1. If A=(uy,vy4) is an interval valued intuitionistic fuzzy Lie primary
ideal of a Lie algebra L, then the level subset U(ziy,a)={aeL|uy(x)=2a} and L(v4,a) =
={xeL|v, (x)<a} are Lie primary ideals of L for every a €l,.(zi4) N I,(v,) < DI[O0, 1],

where /,,(z24) and 1,,(v 4) are sets of values of 74 and v 4, respectively.

Proof. Let el (piy) N L(vy) < D[O0, 1] and let x,yeU(ziy,@) and « e F, then
Hy(x)=1, where I = [0, 1] and zy(x)>a, it follows that z,(xy) = (x)=a, so that
xyeU(uy,a), consequently U(zzy,a)1s an interval valued intuitionistic fuzzy Lie primary
ideal of L. Let x,y e L(v4,) and a € F, then v (x) <[, where I = [0, 1] and v (x) < it
follows that v 4(xy) =V 4(x) <« , so that xy € L(v4,&r) . Consequently L(V4,&) is an interval

valued intuitionistic fuzzy Lie primary ideal of L.

Theorem 4.2.If A=(z4,v4) and B = (up,vp) be two interval valued intuitionistic fuzzy Lie

primary ideal of a Lie algebra L, then 4 x B is an interval valued intuitionistic fuzzy Lie
primary ideal of L x L.

Proof- We know that 4 x B= { 114 x tig,V 4 xVp } where (14 % tig )(x,y) =min (4 (x), tig(x))

and (V4 xVp) (x,y) = max (V4 (x), Vg (¥)).
Letx=(x1,x2) and y = (y1,)2) € L x L.
Now
(Hgxpg) (xp) = fiyx g ((x1,x2) (V1,12))
= Hq X Hp (X1)1,%2)2)
=min (4 (x101), g (x2)2))
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=min (zi4 (x1), fZg (x2))
= (fiyx Hp) (x1x2)
= (H *x Hp)(x).
Therefore, (124 x g ) (xy) = (fi4 x g )(X).
Now
(V4 xvp) (xy) = (V4 xVp) ((x1, x2) (V1,2))
=(Vyxvg) (x1)1, X2)2)
=max (V4 (x1 1), Vg (x22))
=max (V4 (x1), Vg (x2))
= (V4 xVvp) (x1x2)
= (7 7)),
Therefore, (V4 x Vg )(xy) = (V4 xVp )(x).

Therefore, 4 x B is an interval valued intuitionistic fuzzy Lie primary ideal of L. ]

Theorem 4.3. If A= (uy,v,) and B=(ug,vy) are interval valued intuitionistic fuzzy Lie
primary ideal on L then [4, B] is also an interval valued intuitionistic fuzzy Lie primary
ideal of L.
Proof. Let A be an interval valued intuitionistic fuzzy lie ideal of a Lie algebra L then
Hy(xy) = i (x)and v 4(xy) = vV 4(x), for some every x, y € L.

Consider x, y € L.

Now

(g, p))(xy) = sup (min (fz4(xy), g (xy)) |xy, x,y € L1 [xy, xy] = xp}

= sup (min (z24(x), zp(x)))
= ((H4,Hp X).

Therefore, ({724, fig )(xy) = H, Hp ))(X).

Now

V4, vp))(xy) = inf (max (V4 (xy), V) [ xp, X,y € Ly [xp, xy] = xy }

= inf (max (¥ (x), 75 ()
= (Vg VB D).

Therefore, ((V4, Vg ))(xy) = V4, v )(x).

Therefore, [A4, B] is an interval valued intuitionistic fuzzy Lie primary ideal of L. ]

Theorem 4.4. If A, A,, B1, B, be interval valued intuitionistic fuzzy Lie primary ideal in L such
thatA1 c Az and B] c Bz then [Al, Bl] c [Az, Bz]

Proof. Consider x, y € L.
Now

(Hy > #p )(xy)=sup (min (4 (xp), fg (xy)) | Xy, x,y € Ly, [xy, xy] =xy }
= sup (min (24 (xy), Hp, (xy))

> sup (min (Zy, (xy). g, () |20, %,y € Ly, [y, x] =2y
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= sup (min (z24, (x), #p, (¥)))
= ((Ha, > Hp, D).
Therefore, ({24, » 2, NOY) = (Hyg, » fp, DY) -

Now
(74 Vg ) = inf (max (V4 (), 75, () |xv,%,y € Ly, [y, xp] =y }

<inf (max (‘7A2 (x), VB, () [xy,x,y € Ly, [xy, xy] =xy }
= inf (max (17142 (%), VB, (x))
= (V4 - 73, D)

Therefore, (7, 75, %) (0) < (74, » V3, )
Hence, [41, B:] < [42, B2]. ]
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