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ABSTRACT. The aim of this paper is to give a definition of intuitionistic fuzzy 2- absorbing primary ideal and
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1. INTRODUCTION

Notion of fuzzy subset is defined by Zadeh [22] and Rosenfeld [17], who is studied to apply fuzzy theory on
algebraic structures. After that, different researchers studied concerning it. The concept of fuzzy ideal of a ring is
explained by Liu [12]. Fuzzy ideals by introducing the concept of prime fuzzy ideals are explained by Mukherjee and
Sen [14].

As for intuitionistic fuzzy set theory, the concept of an intuitionistic fuzzy set as a generalization of Zadeh’s fuzzy
sets is introduced by Atanassov [2]. Moreover, the notion of intuitionistic fuzzy subring is presented by Hur, Kang and
Song [10]. The concept of intuitionistic fuzzy rings based on the concept of fuzzy space is studied by Marasdeh and
Salleh [13]. Besides, the translates of intuitionistic fuzzy subrings are explained by Sharma [18].

When it comes to 2-absorbing ideals; the concept of 2- absorbing ideals, which is a generalization of prime ideals
are explained by Badawi [3]. Furthermore, Badawi also studied [1] and [5]. Today, study regarding 2-absorbing ideal
theory is developing rapidly and many other authors studied extensively about this theory.(e.g. [4], [9], [11]). L-fuzzy
2-absorbing ideals are explained and examined by Darani [7]. Then, the concept of L- fuzzy 2-absorbing ideals in
semiring are investigated by Darani and Hashempoor [8].

Prime and primary ideals play an important role in commutative ring theory. Due to the fact that the concept of 2-
absorbing ideals, which is generalization of prime ideals [3] and 2- absorbing primary ideals, which is a generilazation
of primary ideals [5] were introduced. In the mean time prime fuzzy ideals and primary fuzzy ideals are studied [14]
and [15]. Moreover a new study is investigated 2- absorbing primary fuzzy ideals [20].
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The main purpose of this paper is to deal with algebraic structure of 2-absorbing primary ideals by applying intu-
itionistic fuzzy set theory. The concept of intuitionistic fuzzy 2-absorbing primary ideals are introduced, their charac-
terizations and algebraic properties are investigated by giving some several examples. In addition to this, intuitionistic
fuzzy strongly 2-absorbing primary ideals, intuitionistic fuzzy weakly completely 2-absorbing primary ideals, intu-
itionistic fuzzy K-2-absorbing primary ideals and their properties are introduced. Moreover, image and inverse image
of these ideals are studied under ring homomorphism. Finally, a table transition between definitions of intuitionistic
fuzzy 2-absorbing primary ideals of a commutative ring is given.

2. PRELIMINARIES

We suppose that all rings are commutative with 1 # 0 . Unless stated otherwise L = [0, 1] stands for complete
lattice. First of all we will give basic concepts of fuzzy sets and intuitionistic fuzzy sets theory. Furthermore, we will
introduce intuitionistic fuzzy ideals, radical of these ideals and basic properties.

Definition 2.1 ( [7]). A fuzzy subset y in a set X is a function p : X — [0, 1].

Definition 2.2 ( [6]). The intuitionistic fuzzy sets are defined on a non-empty set X as objects having the form
A = {{x, u(x), v(x0)) [x € X}

where the functions u : X — [0, 1] and v : X — [0, 1] denote the degrees of membership and of non- membership of
each element x € X to set A, respectively, 0 < u(x) + v(x) < 1 for all x € X.

Definition 2.3 ([7]). Let @, € [0, 1] with @ + 8 < 1. An intuitionistic fuzzy point, written as x(,g is defined to be an
intuitionistic fuzzy subset of R, given by

a,B), ifx=
Yap)0) = { Eo, f)) if x # i

an intuitionistic fuzzy point x(,g is said to belong in an intuitionistic fuzzy set (u,v) denoted by xp € {(u,v) if
u(x) = a and v(x) < B and we have for x,y € R

i) Xt,5) + V) = (X + Ytra,svp)

i) Xt.5)Y@p) = (XY trasvp)

iii) (x.9) (Vo) = (¥a0Yap) -
Definition 2.4 ( [21]). An intuitionistic fuzzy ideal I = {u;, v;) of R is called an intuitionistic fuzzy prime ideal, if for

any intuitionistic fuzzy ideals A = (ua,v4) and B = {ug,vg) of R the condition AB C I implies that either A C I or
Bcl

Definition 2.5 ( [6]). Let R be a ring. An intuitionistic fuzzy set
A = {{x, u(x), v(x)) |x € R}

is said to be an intuitionistic fuzzy ideal of R if Vx,y € R

D) pu(x = y) 2 u(x) A p(y),

i) v(ix—y) <v(x) V),

iii) p(xy) 2 p(x) V pu(y),

iv) v(xy) < v(x) A v(y).
Definition 2.6 ( [6]). Let I = (u;, v;) be an intuitionistic fuzzy ideal of R. Then, V1 is called the radical of 1, is defined
by VI(x) = Vst I(x").

Theorem 2.7 ([19]). If I and J are intuitionistic fuzzy ideals of R, then

VinJ=VIinVJ.

Theorem 2.8 ([19]). Let f : R — S be a ring homomorphism and let I be an intuitionistic fuzzy ideal of R such that I
is an constant on Ker f and J be an intuitionistic fuzzy ideal of S. Then,

i) f(D) = fF(ND),
ity 1) = (D).
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Moreover, we will define intuitionistic fuzzy prime and primary ideals, and intuitionistic fuzzy weakly completely
prime ideals. Then we will present 2-absorbing and 2-absorbing primary ideals.

Definition 2.9 ([21]). An intuitionistic fuzzy ideal I = {u;, v;) of R is called intuitionistic fuzzy prime ideal, if for any
intuitionistic fuzzy ideals A = (u4,v4) and B = {(up, vg) of R the condition AB C I implies that either A c I or B C I.

Definition 2.10 ( [16]). A fuzzy ideal I of R is called an intuitionistic fuzzy primary ideal if for any a, b € R, either

u(ab) = p(a)and vi(ab) = vi(a),or
w(ab) < i (b™) and v;(ab) > v;(b™), for some m € Z*.

Definition 2.11 ([21]). An intuitionistic fuzzy ideal I = {u;, v;) of R is called an intuitionistic fuzzy weakly completely
prime ideal, if for any x, y € R such that

I(xy) = (ui(x) V ur(y), vi(x) A vi(y)).

Definition 2.12 ( [5]). Let R be a commutative ring with identity. A proper ideal I of R is said to be a 2- absorbing
provided that whenever a, b, ¢ € R with

abc € I then eitherab € T orac € I or be € I.

R is called a 2- absorbing ring if and only if its zero ideal is 2- absorbing.

Definition 2.13 ( [S]). A proper ideal I of R is called a 2- absorbing primary ideal of R if whenever a, b, c € R with
abc € I, then either ab € I or ac € VI or be € VI.

3. InturtionisTic Fuzzy 2-ABSORBING PRIMARY IDEALS

In this section, firstly we will define intuitionistic fuzzy 2- absorbing primary ideals, then we will give some opera-
tions on these ideals.Throughout the section, R is a commutative ring with identity.

Definition 3.1. Let I = {u;, v;) be an intuitionistic fuzzy ideal of R. [ is called an intuitionistic fuzzy 2- absorbing ideal
of R if for any intuitionistic fuzzy points X(ap), Y(c.d)» Z(e,f) Such that for all x4 p)Y(c.a)Ze.r) € I implies that

either X(a,b)Yied) € I or Yed)Zef) € I or X(a,p)2e.f) € 1
x,y,z€ Rand a,b,c,d,e, f € L.

Definition 3.2. Let I = {u;, v;) be an intuitionistic fuzzy ideal of R. I is called intuitionistic fuzzy 2- absorbing primary
ideal of R if for any intuitionistic fuzzy points x(p), Y(c.a)» Ze,r) Such that for all X p)y(c.a)2,r) € I implies that

either x )Y,y € I OF Y(e.)2(e,f) € VI or Xa,p)Ze.f) € VI
x,y,z€ Rand a,b,c,d,e, f € L.
Theorem 3.3. Every intuitionistic fuzzy primary ideal of R is an intuitionistic fuzzy 2- absorbing primary ideal of R.
Proof. Proof is straightforward. O
Theorem 3.4. Every intuitionistic fuzzy 2- absorbing ideal of R is an intuitionistic fuzzy 2- absorbing primary ideal.
Proof. Proof is straightforward by the definition of the intuitionistic fuzzy 2- absorbing ideal. O
The following example shows that the converse of theorem is not true.

Example 3.5. Let I = (u;, v;) be an intuitionistic fuzzy ideal defined as

ur(x) = {

We will check easy that [ is an intuitionistic fuzzy 2- absorbing primary ideal. Because of 55,2, € y; but 5,5; ¢ y;
and 5,2 ¢ yy, I is not an intuitionistic fuzzy 2- absorbing ideal.

1, xe50Z (x) = 0, xes50Z
0, otherwise Vitk) = 1, otherwise

Lemma 3.6. Let I = (u;,vy) is an intuitionistic fuzzy 2- absorbing primary ideal of R. Then, for every s,t € L with
109 £ R, 1™ is an intuitionistic fuzzy 2- absorbing primary ideal.
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Proof. Suppose that a, b, ¢ € R such that abc € 1'%, (a(,.,)b(.5Cir.s) = (abc)q.s) € I is known.) Since [ is an intuitionistic
fuzzy 2- absorbing primary ideal of R, (ab).) € I or (ac).s) € VI or (bc).y) € VI. Hence, (ab) € 1™ or (ac) € VIt
or (bc) € VI®), Therefore I is an intuitionistic fuzzy 2- absorbing primary ideal. ]

Note that if ¥ is an intuitionistic fuzzy 2- absorbing primary ideal, then I need not be an intuitionistic fuzzy 2-
absorbing primary ideal. Following example shows that this statement.

Example 3.7. Let [ = (u, v;) is an intuitionistic fuzzy ideal of R defined by

1, .XZO, 0, X:O’
wx)y=< 1/4 xe€9Z-0, vi(x) =3 3/4 x€9Z-0,
0 xeZ-9Z 1 xXe€Z-9Z

Then, y) is (0),9Z,Z in case t > 1, > 1/4,¢t > O respectively. Similarly we will easy to define vj. Thus it is
seen that /¥ is an intuitionistic fuzzy 2- absorbing primary ideal. Since 31/2.31/2.11/4(9) = 1/4 < p;(9) = 1/4 so
31/2.31/2.]1/4 € Uy but 31/2.31/2(9) = ]/2 > /11(9) = 1/4 and 31/2.11/4(3) = ]/4 > \//1_1(3) = 1/4 Hence, )25 is not an
intuitionistic fuzzy 2- absorbing primary ideal. Hence,

I = (uy, vy) is not an intuitionistic fuzzy 2- absorbing primary ideal.

Proposition 3.8. If I is an intuitionistic fuzzy 2- absorbing primary ideal of R, then VI is an intuitionistic fuzzy 2-
absorbing ideal of R.

Proof. Let X(.p), Yc.d)» Ze,r) are any intuitionistic fuzzy points of R such that x5y c.a)2e.f) € VI and xup)yiea) € VI.
Since Xa.p)Ye.d)Zef) € \/j, we get

anche=xY:2.(xyz) < fu(xyz)
and

bvdV f=xpyazs (xyz) < Vv(xyz)
By the definiton of +/u,

u(xyz) = Vpsu(xXy'z7") > a Ac Aeand
v(xyz) = Veepv(XW'Z=bvdv f.
Then, there exist a k € Z* such that
aANcAhe < u(xkykzk) = u((xyz)k) and
bvdvf < vy = vi(xy2)).

It implies that (x,y.z.)* € p and (xpy4z f)k ev. If x,y. ¢ yuand xpy; ¢ /v, then for all k € Z", (xye)* = xky* ¢ pand
(xpya)k = x’;y’; ¢ v. Since [ is an intuitionistic fuzzy 2- absorbing primary ideal, we conclude that

(vae) € \/IE (che) € \//j

and or d

an .
(szf) €\ (Vaze) € Vv
Thus, X(ap)Ze,r) € VI or Vied)Ze,f) € VI and VI is an intuitionistic fuzzy 2- absorbing ideal. m|

Definition 3.9. Let  be an intuitionistic fuzzy 2- absorbing primary ideal of R. Then, y = VI is an intuitionistic fuzzy
2- absorbing ideal by previous proposition. We say that / is an intuitionistic fuzzy y-2- absorbing primary ideal of R.

Theorem 3.10. Let Iy, I», ..., I,, be intuitionistic fuzzy y-2- absorbing primary ideals of R for some intuitionistic fuzzy
2- absorbing ideal y of R. Then,
I =N 1I; is an intuitionistic fuzzy y-2- absorbing primary ideal of R.
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Proof. Suppose that Xap)YedZer) €1 and X p)Yea) ¢ 1. Then, X p)Ye.a) & I; for somen > j > 1 and Xap)Yed)Zef) €
I forall n > j > 1. Since I; is an intuitionistic fuzzy y-2- absorbing primary ideal, we have

YeaZen € Nj=v=n0L VI = Nl = VI or

Yapen € NL=y=0L V= 0L L= VI
Thus, [ is an intuitionistic fuzzy y-2- absorbing primary ideal of R. O

In the following example, we show that if I, I, are intuitionistic fuzzy 2- absorbing primary ideals of R, then I; N I,
need not to be an intuitionistic fuzzy 2- absorbing primary ideal of R.

Example 3.11. Let R = Z, the ring of integers. Define the intuitionistic fuzzy ideals I} = {(u;,,v;,) and I, = {uy,, v1,)
of Z by
1, xe8Z 0, xe8Z
H, (x) = { 0, otherwise vr, (%) :{ 1, otherwise

and

, x€75Z 0, xe75Z
H () = { 0, otherwise V(%) = { 1, otherwise
Here I,, 1, are intuitionistic fuzzy 2- absorbing primary ideals but it is not difficult to show that I; N I, is not an
intuitionistic fuzzy 2- absorbing primary ideal. Since,

1, xe€600Z _ | 0, xe600Z
(e, O, )(x) = { 0, otherwise (vr, v, )(x) = { 1, otherwise

then, 2513181 (S M1, ﬂ,u;z but 25131 ¢ Mr, ﬂﬂ[z, 3181 o2 M1, ﬂﬂ[z, 25181 ¢ M1, ﬁ/,l]z. Moreover by the definiton of

1, xe30Z |0, xe30Z
Vi VA = { 0, otherwise V Vi O vE, _{ 1, otherwise

we conclude that 25,3181 € uy, Ny, but 25,31 € uy, Ny, 3181 € g, Ny, and 25181 € uy, Npy,. Hence, 1T N I
is not intuitionistic fuzzy 2- absorbing primary ideal of Z.

Theorem 3.12. Let I be an intuitionistic fuzzy ideal of R. If VI is an intuitionistic fuzzy prime ideal of R, then I is an
intuitionistic fuzzy 2- absorbing primary ideal of R.

Proof. Assume that x(, 1) y(c.a)2e.r) € I and X p)Y(c.q) € I forany x,y,z € Rand a,b,c,d, e, f € L. Since X p)Y(c.d)2(e,f) €
I and R is a commutative ring, we have X p)Yc.a)Ze e = KapZen)Veaern) € 1 V1. Since VI is an intu-
itionistic fuzzy prime ideal, then (x4 42, 1)) € VI or Vede.p) € VI. Hence, I is an intuitionistic fuzzy 2- absorbing
primary ideal of R. O

Corollary 3.13. If I is an intuitionistic fuzzy prime ideal of R, then I" is an intuitionistic fuzzy 2- absorbing primary
ideal of R for any n € Z*.

Proof. Let I is an intuitionistic fuzzy prime ideal and x(p)Y(c.q)2e,f) € I" but X@pyea € I" for all x,y,z € R and
a,b,c,d,e, f € Lany n € Z*. Since X 5)Y(c.d)Z, 5 €I" and R is commutative ring, we conclude that

Xap)YedieNe.f) = Kape.n)Viediey) € I" € 1. Since I is an intuitionistic fuzzy prime ideal of R, (x4 )2, f) € I =
VI or OedZep) €1 = VI". Hence, I" is an intuitionistic fuzzy 2- absorbing primary ideal of R for any n € Z*. O

Theorem 3.14. Let {I; | i € I} be a directed collection of intuitionistic fuzzy 2- absorbing primary ideals of R. Then,
the intuitionistic fuzzy ideal I = U;/l; is an intuitionistic fuzzy 2- absorbing primary ideal of R.

Proof. Suppose that Xa,p)Ye.d)ef) € I and Xap)Yed ¢ I for some X(a,b)s Y(c.d)s e, f) ATC intuitionistic fuzzy points for
R. Then, there are some j € I such that x(p)y(c.a)Z.r) € Ij and X p)yca) ¢ I; for all j € I. Since I; is an intuitionistic
fuzzy 2- absorbing primary ideal, we have (y.a)Ze,f) € \/I_] or (X(ap)Z(e,f) € \/I_j Thus,

Oeaier) € \/I_] C Uies \/_l = \Uierl; =1 or
(XapZen) € IS Vi VI = Uil = 1.
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Hence, I = Ui, is an intuitionistic fuzzy 2- absorbing primary ideal of R. O

Theorem 3.15. Let f : R — S be a surjective ring homomorphism. If I is an intuitionistic fuzzy 2- absorbing primary
ideal of R which is constant on Ker f, then f(I) is an intuitionistic fuzzy 2- absorbing primary ideal of S.

Proof. Suppose that ag.be.aceny € f(I) Where ag.x), bs.a), ceny are any intuitionistic fuzzy points of S. Since f is

surjective ring homomorphism, we have there exist x, y, z € R such that f(x) = a, f(y) = b, f(z) = c. Thus,
Arpobisaycamlabe) = rAsAt< f(u)abe)

FW)fWf (@) = f(f(xy2)) = u(xyz)

because u is constant of ker f. Then, we get x,y,z; € u. Since yu is an intuitionistic fuzzy 2- absorbing primary ideal we
conclude that

Xy Ys € [LOF X,2; € \[L OF Y52, € /U
Thus,

rAs < p(xy) = f)(f () = f(f)f3) = fu)ab), a;bs € f(w).

or

rAt

IA

VH(x2) = Vi pu(x"2") = Vi1 f)(F( f (")
Va1 f)(a"c") = N f()(ac), arci € N f().
By a similar way it is easy to see that byc, € +/f(u) if y,z; € +/u. Similarly,

agpbisacemlabe) = kvdvn< f(v)(abe)
= fMUFOf(@) = fO)(f(xy2)) = v(xyz)
because v is constant of ker f. Then, we get x,ysz; € v. Since v is an intuitionistic fuzzy 2- absorbing primary ideal we
conclude that
Xiyq € V OF Xx2y € YV OF yaz, € V.
Thus,
kvd <vixy) = f0)(f(xy) = fFOMS)fD) = f)ab), axba € f(v).

or

A

kvn < W(xz) = Vs v(X'7") = Vs 1 FO)FX f(Z)
Va1 f(W)(@"c") = v/ fv)(ac), arcy € \f).

By a similar way it is easy to see that byc, € +/f(v) if ysz, € +/v. Thus, f(I) is an intuitionistic fuzzy 2- absorbing
primary ideal of S. o

Theorem 3.16. Let f : R — S be a ring homomorphism. If I is an intuitionistic fuzzy 2- absorbing primary ideal of S,
then f~'(I) is an intuitionistic fuzzy 2- absorbing primary ideal of R.

Proof. Assume that X Y(s.0)2¢n € f ~1(I) where X(rk).Y(s.d)» 2y Are any intuitionistic fuzzy points of R. Then,

rAsAES I Gy2) = p(f(xy2)) = p(F)fG)f(2).

Let f(x) = a, f(y) = b, f(z) = c € S. Thus, we get that r A s A t < u(abc) and a,bsc, € p. Since yu is an intuitionistic
fuzzy 2- absorbing primary ideal we conclude that

a,bs € pora,c, € \uorbge, € A
If a,bs € u, then
rAs < plab) = p(f()fO) = u(f () = £ @ ().
Hence, x,ys € (). If a,c; € VI , then for some n € Z*
rat < op@d'e") = p(f()" ()" < Vieip(f ()" f(@)") = Vu(f(x)f(2)

VE(F(x2) = £ (V(x2) = [ F 1 ()(x).
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Thus, x,z; € +/f~1(u). By a similar way it can be see that y,z; € +/f~!(u). Similarly,
kvdvis< f7myz) = v(f(y2) = W () f0)f@).

Let f(x) =a, f(y) = b, f(z) = c € S. Thus, we get that k V d V [ < v(abc) and a,bsc; € v. Since v is an intuitionistic
fuzzy 2- absorbing primary ideal we conclude that

axby € vorayc; € Vv or byc; € V.
If ayb, € v, then
kv d < v(ab) = v(f(x)f() = v(f(xy) = f ()(xy).
Hence, x;y; € f~'(v). If axc; € /v, then for some n € Z*
kvl v(a"c") = v(f(x)" f(2)") < Va1 v(f ()" f(2)")
VIF1@) = (G2 = £ (V02 = F 0.

Thus, xz; € +/f~1(v). By a similar way it can be see that y;z; € +/f~1(v). Hence, f~!(I) is an intuitionistic fuzzy 2-
absorbing primary ideal of R. O

IA

Definition 3.17. Let / be an intuitionistic fuzzy ideal of R. I is called an intuitionistic fuzzy strongly 2- absorbing
primary ideal of R if it is constant and for any intuitionistic fuzzy ideals J, K, L of R with JKL C [ implies that JK C I
or JLC VIorKLC VI

Theorem 3.18. Every intuitionistic fuzzy prime ideal of R is an intuitionistic fuzzy strongly 2- absorbing primary ideal
of R.

Proof. Proof is straightforward. O

Theorem 3.19. Every intuitionistic fuzzy strongly 2- absorbing primary ideal is intuitionistic fuzzy 2- absorbing pri-
mary ideal.

Proof. Suppose that / is an intuitionistic fuzzy strongly 2- absorbing primary ideal of R. Assume that X 5)Y(c.a)2(c,f) € 1
for some intuitionistic fuzzy points. Then, we have

(Kam) Gear) (zen) = (KamVieazen) € 1.
Since [ is an intuitionistic fuzzy strongly 2- absorbing primary ideal, we have
(XapYed) = (Xah) Vea) €1 or

(Yamzen) = (Kan){zen) S VIor

<Y<c,d>2<e,f>> = Oea) <Z(e,_f)> c VI

Therefore,
(X@bYea) € Ior
(x(d,b)z(e, f)) e Vlor
(Veazen) € VL
Hence, I is an intuitionistic fuzzy 2- absorbing primary ideal of R. -

Theorem 3.20. Let f : R — S be a surjective ring homomorphism. If I is an intuitionistic fuzzy strongly 2- absorbing
primary ideal of R which is constant on ker f, then f(I) is an intuitionistic fuzzy strongly 2- absorbing primary ideal of
S.

Proof. Proof is straightforward. O

Theorem 3.21. Let f : R — S be a ring homomorphism. If I is an intuitionistic fuzzy strongly 2- absorbing primary
ideal of S, then f~'(I) is an intuitionistic fuzzy strongly 2- absorbing primary ideal of R.

Proof. Proof is straightforward. O
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4. InturtionisTic Fuzzy WEAKLY COMPLETELY 2-ABSORBING PRIMARY IDEALS

In this section, we will define intuitionistic fuzzy weakly completely 2- absorbing primary ideals and intuitionistic
fuzzy K-2- absorbing primary ideals of R and then prove some fundamental properties between these classes of ideals.

Definition 4.1. Let / be an intuitionistic fuzzy ideal of R. I is called an intuitionistic fuzzy weakly completely 2-
absorbing ideal of R provided that for all a, b, ¢ € R,

u(abc) < u(ab) p(abe) < plac) H(abe) < u(be)
and or and or and .
v(abc) > v(ab) v(abc) > v(ac) v(abc) = v(bc)

Definition 4.2. Let / be an intuitionistic fuzzy ideal of R. I is called an intuitionistic fuzzy weakly completely 2-
absorbing primary ideal of R provided that for all a, b, ¢ € R,

I(abc) < I(ab) or I(abe) < VI(ac) or I(abe) < VI(be) i.e.
{/J(abc) < u(ab)} {,u(abc) < \/ﬁ(ac)} {/J(abc) < \/ﬁ(bc)}
or or .

and and and
v(abc) > v(ab) v(abc) > Vv(ac) v(abc) > \v(bc)

Theorem 4.3. Every intuitionistic fuzzy weakly completely 2-absorbing ideal is an intuitionistic fuzzy weakly com-
pletely 2-absorbing primary ideal.

Proof. The proof is straightforward. O

The following example shows that the converse of this theorem is not necessarily true.

Example 4.4. Let R = Z, the ring of integers. Define the intuitionistic fuzzy ideals I = {u;, v;) of Z by

(x) = 1, xel12Z (x) = 0, xel2Z
I =19"0, otherwise VIX) = 1, otherwise

Assume that p;(xyz) > p(xy) and v;(xyz) < v;(xy) for any x,y,z € R. Thus, y;(xyz) = 1 and y;(xy) = 0. Similarly,
vi(xyz) = 0 and v;(xy) = 1. Because of this, we get xyz € 12Z and xy ¢ 127Z. Since 12Z is a primary ideal of Z, we get
Z = 6Z. By the definiton of

1, xe6Z
Vi (x) = { 0, otherwise Wi(x) = {

VHI(xz) = 1 and /vi(xz) = 0, and u;(yz) = 1 and /v;(yz) = 0. Hence, juz(xz) > pp(xyz) and vi(xz) < vi(xyz).
Moreover +u;(yz) > p(xyz) and \/vi(yz) < vi(xyz). Therefore, I is an intuitionistic fuzzy weakly completely 2-
absorbing primary ideal. But since p;(2.2.3) = 1 > 0 = u;(2.2) and

1r(2.2.3) = 1 > 0 = 4(2.3), we conclude that 7 is not an intuitionistic fuzzy weakly completely 2- absorbing ideal.

0, xe62
1, otherwise

Proposition 4.5. Every intuitionistic fuzzy primary ideal of R is an intuitionistic fuzzy weakly completely 2- absorbing
primary ideal.

Proof. Let I be an intuitionistic fuzzy primary ideal of R. Assume that
u(xyz) > u(xy) and v(xyz) < v(xy) for any x,y,z € R. Since y and v are intuitionistic fuzzy primary ideals, we have
V() = p(xyz) and Vw(z) < v(xyz). Since /i and +/v are intuitionistic fuzzy ideals , we have

{x/ﬁ(xz) > V() = p(xyz) {x/ﬁ(yz) > \u(@) 2 u(xyz)}
or .

and and
V(xz) < V(@) < v(xyz) V(yz) £ YW(z) < v(xyz)

Hence, I is an intuitionistic fuzzy weakly completely 2- absorbing primary ideal. O

Lemma 4.6. Let I be an intuitionistic fuzzy ideal of R. Then, I is an intuitionistic fuzzy weakly completely 2- absorbing
primary ideal if and only if I'* is an intuitionistic fuzzy 2- absorbing primary ideal of R.
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Proof. Assume that xyz € I and xy ¢ I for any x, y, z € R. We show that yz € VI or xz € VI®9). If xyz € VIG9,
then p;(xyz) > t and

vi(xyz) < s. Note that u;(xyz) > ¢t > p;(xy) and vy(xyz) < s < v;(xy). Since y,v are intuitionistic fuzzy weakly
completely 2- absorbing primary ideals, we have

{\/ﬁ(xz) > u(xyz) = t} {\/ﬁ(yz) > u(xyz) = t}
and or and .
W(xz) < v(xyz) < s W(yz) < v(xyz) < s

Thus, xz € VI® or yZ € VI®. Hence, 1 * is an intuitionistic fuzzy 2- absorbing primary ideal. Conversely, assume
that 79 is an intuitionistic fuzzy 2- absorbing primary ideal of R. If u;(xyz) > u;(xy) and v;(xyz) < v;(xy), then there
are k € [0,u(0)], t € [1,v(1)] such that y;(xyz) = k and v;(xyz) = t. Since k = u;(xyz) > u;(xy), then xyz € u; and
xy € ug. Similarly, t = vj(xyz) < vi(xy), then xyz € v, and xy ¢ v,. Since py, v, are intuitionistic fuzzy 2- absorbing

primary ideals, we get
X7 € \Hk YZ € \Hk
and or and .

XZ € vy YZ € \v;
Hence,
{JM > k= y(xyz)} Vi(G2) > k = p(xyz)
and or and .
VW(xz) <t = v(xyz) W2 < 1= v(xy2)
Therefore, [ is an intuitionistic fuzzy weakly completely 2- absorbing primary ideal. m|

Theorem 4.7. If I is an intuitionistic fuzzy weakly completely 2-absorbing primary ideal of R, then VI is an intuition-
istic fuzzy weakly completely 2-absorbing ideal of R.

Proof. If I is an intuitionistic fuzzy weakly completely 2-absorbing primary ideal of R, then by lemma, I** is an
intuitionistic fuzzy 2- absorbing primary ideal of R. We know that VIt = VI®9 is an intuitionistic fuzzy 2- ab-
sorbing ideal of R. Then, using by definiton VI** is an intuitionistic fuzzy 2- absorbing ideal if and only if V7 is an
intuitionistic fuzzy weakly completely 2-absorbing ideal of R. O

Definition 4.8. Let / be an intuitionistic fuzzy ideal of R. [ is called intuitionistic fuzzy K-2- absorbing primary ideal
of R provided that for all a, b, c € R,

I(abc) = (0, 1) implies that I(ab) = (0, 1) or VI(ac) = (0, 1) or VI(bc) = (0,1) i.e.

u(abe) = p(0) u(ab) = u(0)
I(abc) = (0,1)= and implies that and
v(abc) = v(1) v(ab) = v(1)

{ Vulac) = #(0)} { Vu(be) = ,U(O)}
or or :

and and
V(ac) = v(1) V(be) = v(1)
Theorem 4.9. Every intuitionistic fuzzy weakly completely 2- absorbing primary ideal is intuitionistic fuzzy K-2-
absorbing primary ideal.
Proof. Let I = {u;,v;) is an intuitionistic fuzzy weakly completely 2- absorbing primary ideal. For any x,y,z € R, if
plxyz) = p(0), then p(0) > p(xy) = pu(xyz) = u(0) and
v(xyz) = (1), then v(1) < v(xy) < v(xyz) = v(1) or
p0) = EO) > ViE(x2) = p(xy2) = p(0) and
(1) = (1) < Yw(xz) < v(xyz) = (1) or
wO) = Vu0) 2 Vu(yz) = p(xyz) = u(0) and
v() = W) < VW(yz) < v(xyz) = (D).



Intuitionistic Fuzzy 2-Absorbing Primary Ideals of Commutative Rings 46

Due to the fact that u, v are fuzzy weakly completely 2- absorbing primary ideals. Hence,

{u(xy) = ,U(O)} {\/ﬁ(xz) = ;1(0)} { VE(Y2) = ﬂ(o)}
and or and or and .
v(xy) = v(l) Vv(xz) = v(1) Wyz) = v(1)

We conclude that [/ is an intuitionistic fuzzy K-2- absorbing primary ideal. O

But the converse of theorem is not true.

Example 4.10. Let R = Z, the ring of integers. Define the intuitionistic fuzzy ideal I of Z by

1, X = 0, 0, X = O’
w(x)=4 1/2 xe€150Z -0, vi(x) =4 1/2 x€150Z -0,
1/3 xeZ-150Z 2/3 xeZ-150Z
Then, / is an intuitionistic fuzzy K-2-absorbing primary ideal. But since

w(2532) = 1/2 > V{(25.3), 11(25.2), s (3.2)} = 1/3 or
1(25.3.2) 1/2 > V{Vr(25.3), Var(25.2), Va(3.2)} = 1/3

then 7 is not an intuitionistic fuzzy weakly completely 2- absorbing primary ideal.

Corollary 4.11. Every intuitionistic fuzzy weakly completely prime ideal is an intuitionistic fuzzy weakly completely
2- absorbing primary ideal.

Proof. Since every intuitionistic fuzzy weakly completely prime ideal is an intuitionistic fuzzy primary ideal and by
proposition every intuitionistic fuzzy weakly completely prime ideal is an intuitionistic fuzzy weakly completely 2-
absorbing primary ideal. O

Theorem 4.12. Every intuitionistic fuzzy K-2- absorbing ideal is an intuitionistic fuzzy K-2- absorbing primary ideal
of R.

Proof. Proof is straightforward but the converse of this theorem is not true. O

Example 4.13. Define the intuitionistic fuzzy ideal I of Z by

(x) = 1, xe50Z (x) = 0, xe50Z
HiX) = 0, otherwise vitd) = 1, otherwise

then 7 is an intuitionistic fuzzy K-2- absorbing primary fuzzy ideal but since

1(5.52) = 1=p0)# (5.5 =0and
ur(5.5.2) = 1=p(0) #u(5.2)=0

we have I is not an intuitionistic fuzzy K-2- absorbing ideal.

Theorem 4.14. Let f : R — S be a surjective ring homomorphism. If I is an intuitionistic fuzzy weakly completely
2- absorbing primary ideal of R which is constant on Ker f, then f(I) is an intuitionistic fuzzy weakly completely 2-
absorbing primary ideal of S.

Proof. Assume that f(u)(abc) > f(u)(ab) for any a,b,c € S. Since f is a surjective ring homomorphism, f(x) = a,
f) =b, f(z) =c forall x,y,z € R. Thus,

f@(abe) = f(F()fO)f(@) = f@)(f(xy2)) > f(u)(ab)
= S @FO) = f(f(xy).

So, as u is constant on ker f, f(u)(f(xyz)) = u(xyz) and f(u)(f(xy)) = u(xy). This means that
Jfw)(abe) = p(xyz) > p(xy) = f(u)(ab).
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Since p is an intuitionistic fuzzy weakly completely 2- absorbing primary ideal of R, then

poyz) = FF@FOF@) = f)abe) < Vi) = fF(V)(f(x2))
= f(yw(ac) = Jf(u)ac) or
poyz) = FF@FOfR) = fabe) < Va2 = F(N(F2)

F(be) = F@ o).

Similarly, assume that f(v)(abc) < f(v)(ab) for any a, b, c € S. Since f is a surjective ring homomorphism, f(x) = a,
f(y) =b, f(z) = c forall x,y,z € R. Thus,

fO)abe) = fOFOf()f(2) = fW(f(xyz)) < f(v)(ab)
= fOU@FD) = fFWf(xy).
So, as v is constant on ker f, f(v)(f(xyz)) = v(xyz) and f(v)(f(xy)) = v(xy). This means that
J)(abe) = v(xyz) < v(xy) = f(v)(ab).

Since v is an intuitionistic fuzzy weakly completely 2- absorbing primary ideal of R, then

V2 = fOFOFOfR) = fO)abe) = Vxz) = F(NW)(f(x2)
= f(\)ac) = \f()(ac) or
vz = fOWIOf@) = fO)abe) = Vi2) = f(WI(F(2)
= f(\Wbo) = Vf)bo).
Hence, f(I) is an intuitionistic fuzzy weakly completely 2- absorbing primary ideal of S. O

Theorem 4.15. Let f : R — S be a ring homomorphism. If I is an intuitionistic fuzzy weakly completely 2- absorbing
primary ideal of S, then f~'(I) is an intuitionistic fuzzy weakly completely 2- absorbing primary ideal of R.

Proof. Assume that £~ (u)(xyz) > f~'(u)(xy) for any x,y,z € R. Then,
Gy = p(f(xy2) = u(fOLO @) > £ ()
= u(f(xy) = u(f()fO)).

Since y is an intuitionistic fuzzy weakly completely 2- absorbing primary ideal of §, we conclude that

pFOfMF@) = ) < VR(F(0)£(2) = Vr(f(xz2)
= f(VE() = Jf @) or
HFOfOf@) = Gy < VEEDFR) = Vr(f(r2)

T (WO2) = A (wG2).
Similarly, assume that f~'(v)(xyz) < f~'(v)(xy) for any x,y, z € R. Then,

'y = w(fGy2) = v(f @) FOF@) < £ 0)(xy)
= W(f(xy) = v(F(O)f).

Since v is an intuitionistic fuzzy weakly completely 2- absorbing primary ideal of S, we conclude that

VIFOfMf@) = 002 = W) f(@) = W(f(x2))
= fH(W(x2) = [f (v)(x2) or
@) = ) = W @) = VW(f(2)

G = A ) G2).

Hence, f~!(J) is an intuitionistic fuzzy weakly completely 2- absorbing primary ideal of R. O
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Theorem 4.16. Let f : R — S be a surjective ring homomorphism. If I is an intuitionistic fuzzy K- 2- absorbing
primary ideal of R which is constant on ker f, then f(I) is an intuitionistic fuzzy K- 2- absorbing primary ideal of S .

Proof. 1t is straightforward. O

Theorem 4.17. Let f : R — S be a ring homomorphism. If I is an intuitionistic fuzzy K- 2- absorbing primary ideal
of S, then f~'(I) is an intuitionistic fuzzy K- 2- absorbing primary ideal of R.

Proof. Tt is straightforward. O
Corollary 4.18. We obtained following table for intuitionistic fuzzy 2- absorbing primary ideals of commutative rings.

i.f.K-2-abs. id. — i.f.K-2-abs.primary id.

T T
if.w.c.prime id. — ifw.c.2-abs.id. — i.f.w.c.2-abs.primary id.
T T T
if. primeid. — if2-absid. — i.f.2-abs.primary id.
N /
N i.f. primary ideal /!

i.f.strongly 2-abs.primary.id.
5. CoNcLUSION

In this study the theoretical point of view of intuitionistic fuzzy 2-absorbing primary ideals are discussed. The work
also is focused on intuitionistic fuzzy strongly 2-absorbing primary ideals, intuitionistic fuzzy weakly completely 2-
absorbing primary ideals, intuitionistic fuzzy K-2-absorbing primary ideals and characterized their algebraic properties.
Furthermore, under a ring homomorphism, these ideals are investigated. In order to extend this study, one could study
other algebraic structures and do some further study on properties them.
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