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ABSTRACT :In this article we introduced bipolar fuzzy quasi prime and weakly bipolar fuzzy quasi prime
ideals of LA-rings and their properties. We find practical way to prove that a bipolar fuzzy left ideal is a bipolar
fuzzy quasi prime ideal that is by observe their membership values. But we can do this if this bipolar fuzzy left
ideal B = (f§,f;) hold additional properties, such that if max{fi (%), f5 ()} =fi(x) then
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I. INTRODUCTION

A fuzzy set is a function from a non empty set X to [0,1][18]. Fuzzy ideal is one of the topics discussed
in fuzzy theories. Many researchers have studied fuzzy ideals of various algebraic structures such as Liu in [6]
that studied fuzzy ideals in rings and further, Mukherjee &Senin [10] studied fuzzy prime ideals in rings. Xie in
[13] also studied fuzzy quasi prime ideals in semigroups, and Mandal in [8] studied fuzzy quasi ideals in ordered
semirings.

The concepts of LA-rings have been introduced in 2006. Studies about ideals, prime ideals, bi-ideals,
and quasi ideals in LA-rings have been conducted. In fuzzy theories, LA-rings also take part in the researchers’
attention. Further, Yiarayongin [16] introduced fuzzy quasi prime ideals and weakly fuzzy quasi prime ideals of
LA-rings.

A fuzzy set can be extended on its codomain. One of that is to be a bipolar fuzzy whose codomain
expanded from [0,1] to [—1,1][19]. Some researchers have studied bipolar fuzzy ideals of various algebraic
structures such as Majumder in [9] that studied bipolar fuzzy ideals in I'-semigroups and Yaqoob in [14] that
studied about bipolar fuzzy (ideals, bi-ideals, and interior ideal) in LA-semigroups. Further, Mahmood& Hayat
in [7] introduced bipolar fuzzy h-quasi ideals by intrinsic product in hemirings, also Subbian&Kamaraj[12]
introduced bipolar fuzzy ideals and bipolar fuzzy ideal extensions in subrings.

There is no study that discuss about bipolar fuzzy quasi prime ideals in LA-rings. Hence we motivated
to developed [16] into bipolar fuzzy. So in this paper we study bipolar fuzzy quasi prime and weakly bipolar
fuzzy quasi prime ideals in LA-rings.

Il. PRELIMINARIES
In this section the basic definitions and theorems needed in study the bipolar fuzzy quasi prime ideals and
weakly bipolar fuzzy quasi prime ideals in left almost rings are given.

Definition 2.1.[4]A grupoid (G, -) is called an LA-semigroup (Left Almost-semigroup) (G, -) if the left
invertive law hold, such that (a-b) - ¢ = (c-b) -aforall a,b,c € G.

Proposition 2.2.[4]If G is an LA-semigroup then the Medial law hold, such that
(a-b)(c-d)=(a-c)(b-d)forallab,c,deG
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Proof: By the left invertive law we have
(a-b)(c-d) = ((c-d)-b)-az ((b-d)-c)-az (@a-c)(b-d).
Proposition 2.3.[15]IfG is an LA-semigroup with left identity then the Paramedial law hold, such that
(@a'b)(c-d)=(d-c)(b-a)forallab,c,deG
Proof: By using the left invertive law and the property of left identity then we have
(@a-b)(c-d) = ((e -a) -b)((e -c)-d)
= ((b -a)-e)((d -c)-e)
= (((d -c)-e)-e)-(b -a)
=((ere)-(d-0)-( -a)
=(d-o(b-a)

Definition 2.4.[4] in [3] An LA-semigroup(G, -) is called an LA-group if these following properties hold
1. Has a left identity element e, such that e - a = afor all a € G,
2. Foralla € Gthereisa suchthata -a=e.

Definition 2.5.[17] in [16] A non empty set R with two binary operations (+,) is called an LA-ring if these

following properties hold

1. (R,+) isan LA-group,

2. (R,)isan LA-semigroup, and

3. Distributive laws of -over + hold, such that for all a,b,c € R,(a+b)-c=a-c+b-cand
a-(b+c)=a-b+a-c

If e € Rsuch that e-a = afor all a € Rthen R is called an LA-ring with left identity. A non empty subset of

LA-ring R is called a Left Almost-subring (LA-subring) of R if it is an LA-ring under binary operation of R[16].

Definition 2.6.[11] in [16] If for all r element of LA-ring R and for any aelement of LA-subring S of R hold
ra € S(ar € S) then S is called left (right) ideal of R. Further, if S is left and right ideal of R then S is an ideal of
R.

Definition 2.7.[11]in [16] A left ideal S is called quasi prime (weakly quasi prime) ideal of R if and only if
AB < P({0} # AB < P)implies A € P or B € P, for A, B ideals of R.

Definition 2.8.[19] A bipolar fuzzy set of LA-ring R is defined by A = (£, fy)withf{: R - [0,1] and f;: R -
[—1,0].
An LA-ring Rcan be regarded as a bipolar fuzzy set by define I = (Rf, Ry) with Rf:R - 1 andRy:R - —1.

Definition 2.9.[2]LetN be a subset of LA-ring Rand t = (t*,t7) € (0,1] X [-1,0). tAy = (tTAy,t Ay )as
defined bellowis a bipolar fuzzy set of R
tt, if xEN

+ _ t—, if X €N
TANX) = {0, if otherwise

andt™Ay (x) = {0, if otherwise

Definition 2.10.[16]Let Bbe an index and {A, = (f{ ,fy ):a € B}be a family of bipolar fuzzy subsets of R,
then we have

ﬂ fr, (0 = inf{fA'a x):a € B}
a€ER
U f (%) = sup{fi (x):a € B}

aEPR

Definition 2.11.[1]The Cartesian product of bipolar fuzzy sets A = (f;,f;) and B = (f7,f3) of sets I and |
respectively is defined as follows
AxB=((xy) (f x fHxy), (5 x f5)xy))
with
(5 x £)(x,y) = min{ff (0, fif ()}and (£ x £5)(x,y) = max{fy (0, f5 ()}, for all(x,y) € 1x].
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Definisi 2.12.[14]Theproduct of bipolar fuzzy sets A = (ff,f;y) and B = (fg,fz) of a non empty set X is
defined as follows
(AoB)(x) = ((fy off) (), (fy ofg) (%))
with
min{f} (y),fg (z)}, if 3Jy,z€R3x= yz
(5 of) () = {U A
0, if otherwise
ﬂ max{fy (y),fg ()}, if 3Fy,zER3x= yz
(rof) =1 1)

0, if otherwise

Definition 2.13.[2]Ifa bipolar fuzzy set A = (f{, ;) of an LA-ring R hold these properties
L fy (x —y) = min{fy (), 5 (v)}

2. fy (x—y) < max{fy (x),fx (y)}
3. fif (xy) = min{fy (x), ¥ ()}
4. fr (xy) < max{fy (x),fx ()}

then it is called a bipolar fuzzy LA-subring of R.

Definition 2.14.[2]Ifa bipolar fuzzy set A = (ff, ;) of an LA-ring R hold these properties
1. Bis a bipolar fuzzy LA-subring of R

2. f5 (xy) = f5 ) (5 () = £ ()

3. fy (xy) < fy ) (5 () < fg (%)

then it is called a bipolar fuzzy left (right) ideal of R.

Definition 2.15.[2]Ifa bipolar fuzzy set A = (f{,fy) of an LA-ring R hold these properties
1. Bis a bipolar fuzzy LA-subring of R

2. fi (xy) = max{f§ (x), fg (v)}

3. fz (xy) < min{fy (x), f5 (y)}

then it is called a bipolar fuzzy ideal of R.

I1l. RESULT AND DISCUSSION
In this section, we give the results of this study. We use the notation of R to abbreviate LA-ring.

Lemma 3.1 If A = (f{,f1),B = (g, g5), C = (h{, he), and D = (If,1;) are bipolar fuzzy sets of R then these
following properties are hold

1. (AoB)oC = (CoB)oA

2. Ao(BoC) = Bo(AoC)

Proof:
1. Letx be any element of R. If x # yz, for all y,z € R, then

((Ffogiohd)(x) = 0 = ((hogd)ofi ) (x)and ((fy ogz)ohg )(x) = 0 = ((hgogg)ofy ) ().
If there are y,z € Rsuch that x = yz then

((Eogiont) () = | | min{(Etogh) (). b ()}

X=yz

= U min {(U min{f{ (p), g§ (q)}>,hé(Z)}
X=YyZ y=pq

- U min{f} (p), g3 (@), h¢ (@)}
x=(pq)z

- U minth¢ (2), g (@), £ (p)}
x=(zq)p

= U min {( U min{hé(Z).z‘;E(q)}),fA+ (p)}
X=Wp w=zq
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= | mintheogn e, £ @)} = ((htogi)of) (0
Hence ((f{ogg)ohg)&)wp: ((h¢og)ofy)(x). And we have
(G ogi)ohc) () = ] max((foga) (), he ()}

X=yz

= ﬂ max {( ﬂ max{fy (p), gE(Q)}) ) hE(Z)}
X=yZ Y=pPq
max{{f; (p), g5 (@)}, h (2)}
x=(pq)z
ﬂ max{hg (2), g5 (@), 5 (p)}

x=(zq)p

ﬂ maX{< ﬂ max{hg (z), gg(q)}).fg(p)}

X=Wp w=zq

= [ max(thzogm)w). fr @)} = ((htoga)ofi) (9
X=Wwp
Hence ((fA_ogg)ohE) x) = ((hgogg)ofA_)(x).
If y # pq, for all p,q € R, then ((fgogg)ohg)(x) =0= ((hgogg)ofgr)(x) and
((fx ogg)ohg)(x) = 0 = ((hgogg)ofy ) ().
Hence for allx € R, ((fogg)ohd)(x) = ((hfogg)ofy)(x) and
((fA_ogg)ohE)(x) = ((hgogg)ofA_)(x).Thus (AoB)oC = (CoB)oA.
2. It can be proved by the same way of point 1.

2019

Corollary 3.2.LetBF(R) be the set of all bipolar fuzzy sets of R. Based on Lemma 3.1.(BF(R), o)hold the left

invertive law, hence (BF(R), o) is an LA-semigroup.

Definition 3.3.Letx € Rand t' = (t*,t7) € (0,1] x [—1,0). Bipolar fuzzy point x, = (x,+,x.-)of R is a bipolar

fuzzy set defined as follows
t+, if X=y t—, if X=y

X () = {0, if otherwise® 0¥ ) = {0, if otherwise
x,” € BifB(x) =t thatisif f3f(x) >¢t*and fy(x) <t~

Proposition 3. 4. If x,- and y, are bipolar fuzzy points of R as defined in Definition 3.3. then
x,0y, = ((xy) ¢+, (x¥)-)

Proof: Take anyz € R. If there are x, y € Rsuch that z = xy, then

(er0y) @) = | ] minges(m), v+ ()
min{x,+ (), y,+ ()}
min{t*,t*}

t+

= (xy)+(2).

and

(e-09)@) = (] max{e-@m), y- ()
= max{x,- (), y- ()}

max{t~,t"}

m

(xy);-(2).

If z # xyforall x,y € R, then (x,+0y,+)(z) = 0 = (xy),+(2)and(x;-0y,-)(z) = 0 = (xy).-(2).

Hence forall z € R, (x,+0y,+)(z) = (xy),+(z) and (x,-0y,-)(2) = (xy).-(2).
Thusx, 0y, = ((xy)+ (xy)-).
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Lemma 3.5.Let Mand N be non empty subsets of R. If t'A, and t'Ay are bipolar fuzzy sets of R as in
Definition 2.9. then these following statements are true

1. t,AMOt'AN = t,AMN

2. tAy= (UagM a;, Naenm a;) ,

3. ROt AM = tARM’ tAMOR = tAMR

Proof: Take any x € R
1. Ifx € MN thenthereare y € M,z € N such that x = yz, hence we have

(t+AyotTAy)(x) = U min{t*Ay (), tTAy (2)}
=xr_nyizn{t+, tT} = tT Ay (%)
and

(t‘AMot_AN)(x) = ﬂ max{t‘AM(y),t_AN (z)}
x=yz
=max{t™, t7} =t Ayy(x)
ifx € MN then x = yzforall y € M,z € N, so we have

(ttAyotTAy)(x) = U min{ttAy, (), t Ay (2)}
=xr:ri’izn{0,0} =0=ttAyy ()
and

(t=Ayot=Ay)(x) = ﬂ max{t~Ay (), t Ay (2)}
x=yz
=max{0,0} =0 =t"Ayyx)
Thus t'Ayot' Ay = t'Ayy.
2. Ifx e Mthen Uy ey at(x) =tt =ttAy(x)and Ngey ar (x) =t~ =t~ Ay (x). If x ¢ Mthen
UaEM a?(x) =0= t+AM(x)and naEM at_(x) =0= t_AM(x)' Thus t’AM = (UaEM a?—' r]aEM a;)
3. If x € RM then there are y € R,z € M such that x = yz, so we have

(Rffot+AM)(x) = U min{RF(y),tJrAM(z)}
:;rylzin{l, tT}=tT =tTAzy(x)
and

(Rrot=Ay)(x) = ﬂ max{Ry (y), t Ay (2)}
x=yz
=max{—1,t7} =t~ =t Agy(x)
ifx ¢ RM then x # yz, forally € R,z € M, S0 we have
(Rfot*Ay)(x) = U min{Rt (), t+*Ay(2)}
x=yz
=min{1,0} =0 = tTAgy (x)
and
(Rrot=Ay)(x) = ﬂ max{Ry (y), t Ay (2)}
x=yz
=max{—1,0} =0 =t"Agy(x)
Hence for all x € R, (Rot Ay)(x) =t Agy (x). By the same way, we can prove that t'A,;0R = t' Ayp.

Definition 3.6.Let A = (f;", i) and B = (f4, f5) be bipolar fuzzy sets of R. A < Bif and only if
fit € frandfy 2 fthatis f; (x) < fy (x)and f; (x) = f5 (x), for allx € R.

Lemma 3.7.If A is a bipolar fuzzy LA-subring of R then A is a bipolar fuzzy left ideal of R if and only if
Rifofi € fitand Ryofy 2 fr.

Proof:
(=) Since Ais a bipolar fuzzy left ideal of Rthen we have f;f(yz) = f;t(z)and f; (vz) < f; (z). Take any
x € R, if there are y, zsuch that x = yz then
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RFofi)) = | | mintRE), £ ()

x=yz
< U min{l, f;t (yz)} = U min{1, f;" (x)} = fiF (x)
xX=yz X=yz
Rrofi)0) = (| max(R o), fi ()
x=yz
> ﬂ max{—1, f; (yz)} = ﬂ max{—1, fy ()} = f; (x)
xX=yz X=yz

If x # yz, forally,x € R, then(Rfof; )(x) =0 < f;t(x) and (Rjof;)(x) =0= f; (x) . Hence for all
X € R, Rfofst € fifand Rrofy 2 fi.
(<=)Let yz = x then we have
fir o) = fi @) = Riof) @) = | min(t, £ @) = £ @)
x=yz
fr 02 = fi @) < Riof)() = [ | max(-1,£7 @)} < fi )

x=yz

Since f;t (vz) = f;t(z) and f; (vz) < f4 (2), then A is a bipolar fuzzy left ideal of R.
Lemma 3.8.1f A = (f;", f1 )is a bipolar fuzzy left ideal of R with left identity then RoA = A.

Proof: Based onLemma 3.7. we have Rjtof;t < fitand Rrof; 2 fi . We will show that f;+ < Rftof,;" and
fa 2 Rrofy . Since for all x € R, x = ex, then we have
REofiD () = | ] min (R, £ @)} = min{Ri (@), fif ()} = fif ()
x=yz
and
Rrofi)() = (] min{RE G, £ (@)} < min{Ri (), fi ()} = £ ().
x=yz
Thus f;+ € Ritof,;f and f;~ 2 Rrof, . Since Ritof;t € fif, Rrofa 2 fi, f&f € Riftofyh, and f; 2 Ryof; then
Rfofy" = firand Rrofy = fy.

Definition 3.9.A bipolar fuzzy left ideal B = (f5, f3) of R is called bipolar fuzzy quasi prime ideal if
t' Ayot' Ay S B implies t' Ay S Bor t' Ay S Bfor left ideals M, N of R and for all
t =(*t7) e (0,1] x[-1,0).

Definition 3.10.A bipolar fuzzy left ideal B = (f4, f5) of R is called weakly bipolar fuzzy quasi prime ideal if
0, # t' Ayot'Ay S Bimpliest' Ay S B or t'Ay S Bfor left ideals M, N of R and for all
t =(*t7) e (0,1] x [-1,0).

Theorem 3.11.LetB = (fF, f3) be a bipolar fuzzy left ideal of R with left identity. These following statements
are equivalent

1. B isabipolar fuzzy quasi prime ideal of R

2. Foranyx,y € Randt = (t*,¢t7) € (0,1] X [—1,0) such that x,.o(Roy,") < Bimplies x,” € Bor y, € B.
3. Foranyx,y € Randt = (t*,t7) € (0,1] x [-1,0) such that t'A,ot'A, S Bimplies x,' € B or

Yy, €B.

4, If M, N are left ideals of R such that t'Ayot' Ay S B thent'Ay S Bort'Ay S B.

Proof:

(1 = 2)LetB be a bipolar fuzzy quasi prime ideal of R. For any x,y € R andt = (t*,t™) € (0,1] x [—1,0)if
x,0(Roy,") S B then

t,A(xe)ROt’A(ye)R = (t’A(xe)oR)o(t'A(ye)oR)(Lemma 35)

= (t'A(xey0t'Ayey)o(RoR) (Proposition 2.2.)

= ((t,A(x)Ot,A(e))O(t’A(y)Ot,A(e))) o(RoR) = ((t,A(x)Ot,A(y))O(t,A(e)Ot,A(e))) o(RoR)
= ((t,A(e)Ot,A(e))O(t’A(y)Ot,A(x))) o(RoR)(Proposition 2.3.)
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= (t'A(ee)O(tIA(y)Ot'A(x))) O(ROR)

= (t'A(y)O(t'A(e)Ot'A(x))) o(RoR)(Lemma 3.1.)

= (t’A(y)Ot'A(ex))O(ROR)

= (ROR)O(t'A(x)Ot,A(y))

= Ro(t'A0t Ay))

= t'Ayo(Rot'Ag)

=x,0(Roy,) € B

Since B is a bipolar fuzzy quasi prime ideal, then we have

X, = t:A(x) = t:A(ee)x = t:A(xe)e c t'A(xe)R CBor

y, =t A(y) =t A(ee)y =t A(ye)e c t,A(ye)R C B. Thus X, € Bory, € B.

(2= 3)Letx,y €R, t' = (t*,t7) € (0,1] x [-1,0). If t A(yot'A(,) S B then

x,0(Roy,) = t'Agyo(Rot'Agy) = Ro(t'Agyot'A(,)) S RoB = B. Thus, by point 2 we have x, S Bor
Y, €B.

(3 = 4)Assume that ¢'Ayot'Ay € B and t'Ay € B then there is x € M such that x,” ¢ B. For any

y € Nwe have t'Aq, 0t' Ay = t'Apy) S t'Ayy = t' Ayot' Ay S B. Since x, € Bthen by the hypothesis we
have y, € B. Further, based on Lemma 3.5.we have t'Ay = Uyeny; € B.

(4 = 1)Obviously from Definition3.9.

Theorem 3.12.LetB = (f5, fz) be a bipolar fuzzy left ideal of R with left identity. These following statements
are equivalent

1. B is a weakly bipolar fuzzy quasi prime ideal of R

2. Foranyx,y € Rand ¢t = (t*,t7) € (0,1] x [-1,0) such that 0, # x,.0(Roy,") < Bimplies x,- € Bor
Yy, €B.

3. For any x,y € Rand t' = (t*,t7) € (0,1] x [-1,0) such that 0, # t'A,ot'A, S Bimplies x,” € Bor
vy, €B.

4, If M, N are left ideals of R such that 0, # t' Ay ot' Ay S B then t'Ay € Bor t' Ay € B.

Proof:

(1 = 2)LetB be a bipolar fuzzy quasi prime ideal of R. For any x,y € R and
t'=(t%,t7) € (0,1] x [-1,0)if 0, # x,0(Roy,) € B then

t'A(xe’)ROtrA(JV/e)R = (t'A(xe)OR)O(t’A(ye)OR)

= (t'Axey0t'Agyey)o(ROR)

((t'A(x)Ot'A(e))O(f’A(y)Ot'A(e))) O(ROR)

= ((t!A(x)Ot!A(y))O(t!A(e)Ot,A(e))) O(ROR)

= ((t!A(e)Ot!A(e))O(t’A(y)Ot,A(x))) O(ROR)

= (t'A(ee)O(t’A(y)Ot!A(X))) o(RoR)

(t'A(y)O(f’A(e)Of’A(x))) O(ROR)

(t’A(y)Ot'A(ex))O(ROR)

= (RoR)o(t'Ayot'Agy)

= RO(t'A(x)Of’A(y))

= t'Awyo(Rot'Agy))

=x,0(Roy,) € B

Since B is a bipolar fuzzy quasi prime ideal, then we have

X, = tA(x) = tA(ee)x = tA(xe)e c tA(xe)R C Bor

Y = t A(y) =t A(ee)y =t A(ye)e c tA(ye)R C B. Thus Xy € Bor Y € B.

(2= 3)Letx,y €R, t' = (t*,t7) € (0,1] x [-1,0). If 0, # t'Ayot'A() S B then
0, # x,0(Roy,) = t'Aiyo(Rot'Agy) = Ro(t' Aot Agyy) S RoB = B. Thus, by point 2 we have x, € Bor
v, €B.

(3 = 4)Assume that 0, # t'Ayot' Ay S B and t' Ay € B then there is x € M such that x,” € B. For any
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y € Nwe have t'Aq)ot'Agyy = t'Agy) S t'Ayy = t Ayot'Ay S B. Since x, € B, then by the hypothesis we
have y,” € B. Further, based on Lemma 3.5.we have t Ay = Uyeny, € B.
(4 = 1)Obviously from Definition3.10.

Corollary 3.13.LetB = (f5, f5) be a bipolar fuzzy left ideal of R with left identity. These following statements
are equivalent

1. Bisaquasi prime ideal of R.

2. Foranyx,y € Rand ¢t = (¢t*,t7) € (0,1] x [-1,0) such that x, 0y, € B, implies x, € Bor y,” € B.

Proof: Obviously from Theorem3.11. (statementl = 3 and 3 = 1).

Corollary 3.14.LetB = (f5, f5 ) be a bipolar fuzzy left ideal of R with left identity. These following statements
are equivalent

1. Bis a weakly quasi prime ideal of R.
2. For any x,y € Rand ¢t = (¢t*,t7) € (0,1] x [-1,0) such that 0, # x,.0y,” € B, implies x," € B or
Yy, € B.

Proof: Obviously from Theorem3.12. (statementl = 3 and 3 = 1).

Theorem 3.15.LetR;, R, be LA-rings with left identity. A bipolar fuzzy left ideal B = (f5, f3) is a bipolar
fuzzy quasi prime ideal of R, if and only if B X R, is a bipolar fuzzy quasi prime ideal of R; X R,.

Proof:
(=) Let B be a bipolar fuzzy quasi prime ideal of R,. Let (a,b), (c,d) € R; X Rysuchthat
(ac,bd), = (a,b), 0(c,d),” € B x R,. We will show that (a,b),” € B X R, or (c,d),” € B X R,. Notice that
(ac,bd), € B x R, = (f x I} )(ac,bd) = t*and (fz x Iy, )(ac,bd) <t~
Then we have f3 (ac) = min{f; (ac), 1} = min{f3+(ac),FR+2 bd)} = (f5 x FR;)(ac, bd) > t*and
f5 (ac) = max{fs (ac),—-1} = max{fBT(ac),I"R_2 bd)} = (fz x FR;)(ac,bd) <t . Hence f3(ac) =t* and
f5 (ac) <t~ thus (ac),” = a,oc,’ € B.
Since B is a bipolar fuzzy quasi prime ideal then a,” € Bor ¢,y € B. Thus fz (a) = t*and fz (a) <t~ or
fi(c) =ttand fz (c) < t~. Notice that if f3 (a) = t* and f; (a) <t~ then
(5 I"RJ;)(a,b) = min{fBJr(a),I"RJ; (b)} = minft*,1} = tTand
(f5 % I"R;)(a,b) = 17"L(1x{f3_(a),1"R_2 (B)} < maxf{t~,—1} =t~ . Thus (f5 x I}{;)(a, b) = ttand
(f5 % I"R;)(a,b) < t~which implies (a,b), € B X R,. Orif f5"(c) = t* and fz (c) <t~ then
(5 I"RJ;)(C, d) = min{f5 (c), g (d)} = min{t™,1} = tTand
(f5 I4;)(c,d) = max{fz (c), Iy, (d)} < max{t—,—1} =t~ . Thus (f§ x FR*Z')(C, d)=>t*and
(fi x I, ) (c,d) < t~which implies (c,d),” € B X Ry.
Hence if (a,b),0(c,d),” € B X R, then (a,b),” € B X Ry0r (c,d),’ € B X R;, thus from Corollary 3.13. we
have B X R, is a bipolar fuzzy quasi prime ideal of R; X R,.
(&) Let B X R, be a bipolar fuzzy quasi prime ideal of R; X R,. Takeany b,d € R, and
a,c € Ry 3 (ac),y = a, oc,’ € B. We will show that a,” € Bor c,’ € B.
If (ac), € Bthentt < f3(ac)and t~ = fz (ac). Notice that

t* < fif (ac) = min{fy (ac), 1} = min{fy (ac), I, (b))} = (f5 x I%,)(ac, bd).
Hence (f5 x It )(ac,bd) > t*, and

t~ = fz (ac) = max{fy (ac),—1} = max{f,g'(ac),FR‘2 (bd)} = (fB‘ X FR;)(ac, bd).

Hence (fz x Iy, )(ac,bd) <t~
Since (f5f x I} )(ac,bd) = t* and (fy X Iy, )(ac,bd) < t™ then (ac,bd),” = (a,b), 0(c,d),; €B X R, .
Since B X R, is bipolar fuzzy quasi prime ideal of Ry X R, then (a,b), € B X R,or (c,d), € BX R; .
Hence we have (f3f x I} )(a,b) = t*and (fz X Iy, )(a,b) <t~ or (f5 x I;)(c,d) = t* and
(f5 xIz,)(c,d) <t
Notice that if (a, b),” € B X R, then we have
f# (@) = min{f§ (), 1} = min{f (@), [, ()} = (fif X I{;)(a,b) = t*and
fz (@) = max{fz (a), =1} = max{fz (@), Iz, (D)} = (fz x I;)(a,b) < t~.

Since f5 (a) = t*and fz (a) <t ,thena, € B.
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Orif (c,d), € B x R, then f5 (c) = min{fz (c), 1} =min{f,9+(c),1“R+2 @} = (f5 x I"RJ;)(C, d) = ttand
fi (©) = max{fz (c),—1} =max{fz (), Iy, (@} = (fy x FR_Z)(C: d) <t~ .Since f5 (c) = t* and

fz () <t thenc, €B.

Since if a,'oc,’ € B implies a,’ € Bor c¢,’ € B, thenB is a bipolar fuzzy quasi prime ideal of R;.

Corollary 3.16.Let Ryand R, be LA-rings with left identity. Bipolar fuzzy left ideal B = (f3", fz) is a bipolar
fuzzy quasi prime ideal of R, if and only ifR; X B is a bipolar fuzzy quasi prime ideal of R; X R,.

Proof: It can be proved analog to Theorem 3.15.

Theorem 3.17.Let R be an LA-ring with left identity. If a bipolar fuzzy left ideal B = (f, f5) of R is a bipolar
fuzzy quasi prime ideal then max{fz (), f57 ()} = f&f (xy)and min{fz (x), fz ()} = fz (xy) forall x,y € R.

Proof: If B is a bipolar fuzzy ideal of R then we have f3 (xy) = max{f5 (x), f5 ()} and

f5 (xy) < min{fg (x), f (v)}. Assume that f5" (xy) > max{f (x), f5 ()} and

fi (xy) < min{fz (x), f3 ()} then there is (¢*,t~) € (0,1] x [—1,0) such that

f5 (xy) > 7 > max{fg (x), f5 (y)}andfg (xy) <t~ <min{fz (x), fz O}

Hence for all x,y € Rx,” o(Roy,’) = Ro(x, 0y,) = Ro(xy,) € RoB € B (3.17.1)
Since B is a bipolar fuzzy quasi prime ideal then it must implies x,» € Bory,’ € B. But ifx,r € Bory,” € B
then we have fF(x)=t* and fr(x) <t~ or fFy)=t* and fz(y) <t~ which implies
max{fg (x), f5 ()} = ttand min{fz (x), f5 (y)} < t~. This is contradiction with 3.17.1, hence it must be
max{fg (x), f§7 ()} = f5" (xy)and min{fy (x), f ()} = fz (xy) forall x,y € R.

Theorem 3.18.Let R be an LA-ring with left identity and B is a bipolar fuzzy ideal of R that hold these
properties

1 If max{fg (x), f§ ()} = f5 (x) then min{fy (x), fy )} = f5 (x), or

2. If max{fs"(x), f& )} = f5' ) then min{fz (x), f5 )} = fz )

Bis a bipolar fuzzy quasi prime ideal if and only if max{fs (x), f5 ()} = f5 (xy)and

min{fg (x), f5 (")} = f5 (xy) forall x,y € R.

Proof: (=)It is proved inTheorem3.17.

(=) take anyx,’,y, such that x,;0o(Roy,”) € B then Ro(x, 0y,”) =Ro(xy,) € B thus B(xy) =t that is
fi(xy) =t and fg (xy) < t7. Since max{fs (x), f5f )} = f5 (xy)and min{fz (x), f5 ()} = f5 (xy) then
max{fg (x), f5 ()} = t*and min{fy (x), fz (")} < t™. Hence f3 (x) =t* or fFf (y) = t*and

fi () <t orfy () <t If max{fy (x),f5f )} = f5 (x) =t* then min{fz (x),f5 0} = fz (x) <t~
hence fz (x) = t*and fz (x) <t~ which implies x,” € B. Or if max{fz (x), f57 ()} = f5" () = t*then
min{fy (x),f5 ()} = f5(y) <t~ hence ff(y) =t* and fz(y) <t~ which implies y, € B . Thus
X o (Roy,) S Bimpliesx, € Bory, € B. Hence based on Corollary 3.13.we have,B is a bipolar fuzzy quasi
prime ideal of R.

V. CONCLUSION

In this paper we give the definitions andproperties of bipolar fuzzy quasi prime ideals and weakly
bipolar fuzzy quasi prime ideals of LA-rings. We find that a bipolar fuzzy left ideal of R;is quasi prime ideal if
its product with R, is a bipolar fuzzy quasi prime ideal of R; X R,. In the study of [16] stated that a practical
way to prove that a fuzzy left ideal is a fuzzy quasi prime ideal is by observe their membership values. This way
can be used in bipolar fuzzy if the bipolar fuzzy left ideal hold the properties mentioned in the last theorem.
Further study can be conducted to identify that property and to obtain others properties of bipolar fuzzy quasi
prime ideals in LA-rings or in the others algebraic structures.
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