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Abstract:

The concept of a bipolar intuitionistic fuzzy a-ideal and bipolar intuitionistic anti fuzzy a-ideal are a new
algebraic structure of BP-algebra and to use special operators. The purpose of this study is to implement the
fuzzy set theory and ideal theory of a BP-algebra. The relation between the operation of special operators
Poo g+ Qua' pp @Nd Gq o g gr ON bipolar intuitionistic fuzzy a-ideal and bipolar intuitionistic anti fuzzy a-
ideal are established.
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I.  Introduction

The concept of fuzzy sets was initiated by I.A.Zadeh [11] then it has become a vigorous area of
research in engineering, medical science, graph theory. S.S.Ahn [2] gave the idea of BP-algebra. Bipolar valued
fuzzy sets was introduced by K.J.Lee [4] are an extension of fuzzy sets whose positive membership degree
range is enlarged from the interval [0, 1] to [-1, 1]. In a bipolar valued fuzzy set, the membership degree 0O
means that the elements are irrelevant to the corresponding property, the positive membership degree (0, 1]
indicates that elements somewhat satisfies the property and the negative membership degree [-1, 0) indicates
that elements somewhat satisfies the implicit counter property. The author W.R.Zhang [12] commenced the
concept of bipolar fuzzy sets as a generalization of fuzzy sets in 1998. K.Chakrabarthy and Biswas R.Nanda [3]
investigated note on union and intersection of intuitionistic fuzzy sets. A.Rajeshkumar [10] was analyzed fuzzy
groups and level subgroups. K.Gunasekaran, S.Nandakumar and S.Sivakaminathan [13] introduced the
definition of bipolar intuitionistic fuzzy a-ideal of a BP-algebra. S.Sivakaminathan, K.Gunasekaran and
S.Nandakumar [14] analyzed some operations on bipolar intuitionistic fuzzy a-ideal and bipolar intuitionistic
anti fuzzy a-ideal of a BP-algebra.
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Il.  Preliminaries
Definition: 1
Let A and B be any two bipolar intuitionistic fuzzy set A = (u,, 1y, V&, Ve,) @nd
B = (Uby g Vag Va,) in X, we define
(i) A N B ={(x, min(ug, (), ug, (o)), max(ug, (), piz; (),
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max(vy, (x), Vg, (%)), min(vy, (x), vy, (x))) Ix € X}
(i) AU B ={(x, max(ug, (x), ué, (), min(ug, (x), ugy, (x)),
min(vg, (x), v, (x)), max(vy, (x), vy, (x))) Ix € X}
(i) A= {(xvf, (), v, (), ué, (), ug, () I x € X}.

Definition: 2
A bipolar intuitionistic fuzzy set A = {(x, uf&, (x), ug,, (x),vg, (x), vy, (x)) / x € X}, of BP-algebra X
is called a bipolar intuitionistic fuzzy a-ideal of X if it satisfies the following conditions:
() te, (0) = pé, (x) and pf, (0) < puf, (x)
(ii) fo, v * z) = min { p§, (x = 2), pg, (x*y)}
(i) py, (v *2z) < max {pg, (x * 2), py, (x = y)}

(iv) v, (0) <vg, (x) and v, (0) = vy, (x)

(V) Ve, (v *2) < max{vf, (x *z), v§ (x *y)}

(vi) v¥ (y * z) > min {v}, (x x 2), v, (x = y)}, forall x, y, z € X.
Definition: 3

A bipolar intuitionistic fuzzy set A = {(x, uf, (x), ug ,, (x), vg, (), vy, (x)) | x € X}, of BP-algebra X
is called a bipolar intuitionistic anti fuzzy a-ideal of X if it satisfies the following conditions:
(i) pe,(0) < pf,(x) and pl,(0) = uy, (x)
(i) wub,Or=2z) <max{ug,(x*2), uf,(x*y)}
(i) py,(r*2z) = min {ug, (x = 2), pg,(x*y)}

(iv) vh,(0) = vE, (x) and v}, (0) < v}, (%)

(v) Ve, (v *2z) = min {v}, (x * 2), vi,(x* y)}

(vi) Vo, *z) < max{vy, (x * 2), v (x xy)} forallx,y, z€ X
Definition: 4

Let A is a bipolar intuitionistic fuzzy set of X, then
Pt 67 (A) = { (x, max(a, i, (), min(@’, u¥, GO), min(B, vE, (x)), max(8’, v&, (x)) Ix € X 3,
fora,p€[0,1],a',8' €[-1,0] anda+p <1,a"+p =-1

Definition: 5

Let Ais a bipolar intuitionistic fuzzy set of X, then

Qa7 (A) = { (x, min(e, uf, (x)), max(@’, pufl, (), max (8, vk, (x)), min(8’, vi, (x)) /x € X,
fora,p€[0,1],a",p' €[-1,0] anda+ 8 <1,a’' +pB' =-1.

Definition: 6

Let A is a bipolar intuitionistic fuzzy set of X, then

Gaa' g5 (A) = L (X, aug, (0), 'y, (x), Bvi, (x), B'viy, (X)) I X € X},
fora,p€[0,1],a",p' €[-1,0] anda+ 8 <1,a’' +pB' =-1.

I11.  SPECIAL OPERATORS ON BIPOLAR INTUITIONISTIC FUZZY a-IDEAL

Theorem: 1
If Ais a bipolar intuitionistic fuzzy a-ideal of X, then P, . 5 5/(A) is a bipolar intuitionistic fuzzy a-ideal of X.

Proof: Given A is a bipolar intuitionistic fuzzy a-ideal of X.
Consider 0, X, y, Z € A.

() Nowuf, |, 0)=max(a ()
> max (@, 4t ()
- P
- ‘uaPa,a’,ﬁ,B’(A) (x)

> P
8,6 ™ = 'uapa.a’.ﬁ.ﬁ

Now ugpu'aw,(m (0) = min (a', u, (0))
< min (a', uy, (x))

- N
- #aPa,a’,ﬁ,ﬁ’(A) (X)

o

P
Therefore M“Pu @ (%)
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N < ull
Therefore ufy, O =<, 551 @ (x)

(if) Now #gpa,a"ﬁ.ﬁ’(A) (v * 2) = max (a, g, (v * 2))

> max (@, min {5, (x *2), 1h, (x * )
= min { max (@, 5, (x * 2)), max (a, 5, (x *y)}
— H P P
=i, 0D, My )

P H P P
Therefore Mapa,a’,[f,[f’(A) (y*z) =min{ ‘uapa,a’,ﬁ,ﬁ’ @ (x * z), H“Pa
N = mi r N
(iii) Now Mapa,a’,[?,[?’(A) (y*z) =min (@', py, (v *2))

< min (o', max { uy, (x * z), uy, (x *y)})

=max { min (a', py, (x * z)), min (', py, (x *y))}
— N N
=max { 'uapa,a’,B,B'(A) (x * 2), Hap | g ® (x *y)}

N N N
Therefore Mapa,a’,ﬁ,ﬁ’(A_) (y *z) <max{ #apa,a’,/.?,/.?’ @ (x * 2), M“"a,

< min (B8, v, (x))
— .,P
- Vapa’a!’B’Bl(A)(x)
Therefore v 0)<vp X
N aPa'al'B'ﬁl(A)( ) Napa.a’.ﬁ.ﬁ’(A)( )
_ /
Now Vapa,a’,[?,[?’ @ (0) =max (B', vq,(0))

> max (B', vy, (x))

— N
= V“Pa,a',p,p'(A) ()

N > N
Therefore V“"a,a',p,p' @ ) = V“"a

o

lX’
(x*y)}
BB (A)

(X’

(iv) Now vg, ’
a8

()

o' 8.8 (A)

v) Now V‘I;"a ﬁ’(A)(y *z) = min (B, v{, (v * 2))

' B
< min (8, max {vf, (x * 2), v, (x * )}
= max { min(B, vg, (x * 2)), min (B8, vg, (x *y))}
- P P
= max { vapa,a’,ﬁ,ﬁ’(A) ('x * Z)' vaPa,a’,ﬁ,B’(A) (x * y)}
P
,ﬁ,ﬁ’(A) (‘x * Z)' vapa,a’,B,B’(A) (x * y)}

Therefore vz, y *z) < max { v},
a, a

a’.ﬁ.ﬁ’(A)(
(vi)  Nowvl g (v * z) =max (', v, (y * 2))
> max (8", min (v, (x = 2), v, (x * )
=min { max(B’, vy, (x * z)), max (8’, vy, (x *¥))}
— min fuN N
= min { vapa,a’,ﬁ,ﬁ’(A) (x *2), vapa,a',B,B’(A) (x*y)}

: N N
(y * Z) 2 min { VOlpa ,ﬁ,ﬁ’(A) ('x * Z)! vaPa,a’ BB’(A) (x * y)}

o'

N
Therefore V“Pa,a',p,p' @

Therefore P, o 5 5/(A) is a bipolar intuitionistic fuzzy a-ideal of X.

o'

Theorem: 2
If A and B are bipolar intuitionistic fuzzy a-ideal of X, then
Poa'ppt (AN B) =P, 5 (A) NPy g pr(B) is also a bipolar intuitionistic fuzzy a-ideal
of X,and foreverya,p €0, 1], a',' € [-1,0] anda + 8 <1,a’' + 8" =-1.
Proof: Let A and B are bipolar intuitionistic fuzzy a-ideal of X.
Consider 0, x,y,z€ AnBthen0,x,y,ze Aand 0, x,y, Z € B.

() NOWAE, () = MaX @k (0))

= max (a, min{uf, (0),uf,(0)})
> max (e, min{uf, (x), u&, ()3
=min { max (a, pf, (x)), max (a, pey, ()}
=min { uf, o ), Hap es);
a, B aa' BB

_ P
aPa,a’,ﬁ,ﬁ’(A) n Pa.a’,B,B’(B) (X)

a' B a,
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Therefore ugpa )

> P
o' pp ANB) (0) - ‘uaPa,ar,ﬁ’Bl(A) nPoalpp®

Now ¥, ,M,(MB)(O) =min (', uf, (0))

= min (', max { uf, (0), ply.(0)})
< min (a', max { uf, (x), py, (O}
max { min (a’, ug, (x)), min (a', pgy,(x))}
max {'ugp ’ ,(A)(x)' 'ugP ’ r(B)(x)}
aa’ BB aa BB

=ul (x)

< N
o B.p' (AnB) (0) - M“Pa’a,,ﬁ’ﬁ,(A)nP

aPa,a’,B,B’(A) NPy al g ®
Therefore uj,
a,

(x)

aa g’ ®
() NOWAE, 70 ) = M @ iy (0 2)
=max (a, min {ug, (v * 2), oy (v * 2)})
> max (@, min {min {ug, (x *2), pg, (x*y)}, min {ugy Cx * 2), pgg (x*¥)}})
= max (a, min { min { ug, (x * 2), gy (x * 2)}, min {ug, Cx *¥), Uay(x * )33}
= min { max (a, min { ug, (x * 2), g, (x * 2)}), max (@, min {ug, (x * y), Hey(x *Y)H}
=min { min { max (a, ug, (x * z)), max(a, uh, (x * 2))},
min {max (a, pg,(x *y)), max (a, pg, (x*y))}}
=min { min {ygpaa’ﬁﬁ’ (X * 2), ,ugpaa,ﬁﬁ, & =D}
min { #Zpa'a,m, XY, ﬂipa'a,m, & * NI}

= min{ uf, (x *2), ug, (x*y)}

Therefore
P > mi P
Hap \ o oanw) (y *z) = min{ Hap

a'al'B'BI(A) n Pa'al'ﬁ'ﬁl(B) ,a’,ﬁ,ﬁ’(A) n Pa,a’,ﬁ,ﬁ’(B)

(x*y)}

o' 8.8 A)n Pa'al'ﬁ’ﬁl(B)

(x *2), gy
(iii) Now yﬁp ’ﬁﬁ’(A”B)(y *z) =min (a', MQMB(y * 7))

'“"B'B’(A) n Pd,a',B,B'(B)
= min (a', max { ug, v *2), udy(y *2)})
< min («’, max { max { !, Cc » 2), ¥, G )}, max { Cx #2), e Y1)

= min (e, max { max (Wl Cx * 2), G * 20}, max (u, (e + ), G * Y1)
= max { min (@', max {u, (xc * 2), ullyCc » )}, min (@', max (ul, (e =), wly (e * Y)D}
=max { max { min (a’, ug, (x * 2)), min (&', uy, (x * 2))},

max { min (a', pg, (x *y)), min (&', ug, (x* y))}}

Smoc{max (i o Ged, o Ge2)

N N
max { Hay oo (x*y), Hap, )\ (B (x*y)}}

= max { ugpa ® (x * 7), #gpa (x*y)}

o pp! ®NP

ad B, 'alﬁ’ﬁl(A)ﬂPa’a/’ﬁ’ﬁl(B)

Therefore
N < N
aPa,a’,ﬁ,ﬁ’ (AnB) (y * Z) = max { 'M“Pa'a,'ﬁ'ﬁ,(A) n Pa,a’,ﬁ,ﬁ’(B)

(V) Now Vgpau’ﬁﬁ’ (AnB)(O) = min (B, VII;AHB(O))
o =min (8, max (v£, (0), v£,(0)))
< min (8, max (v, (x), vk, (x)))
= max { min(B, v£, (x)), min(B, vk, (x))}
= max {v§, J O Vap s (B (0}

aa BB
- P
1(B) (X)

(x * 2), gy,

'a’vaB’(A) n Pd.d’.B.B’(B) (x * y)}

R RRPPICLL I
P < P
Therefore Vapu,u’,ﬁ,ﬁ’ AnE) 0) < V“Pa

1(B) (X)

.a"B'B’(A)nP
N — N
Now Vap, o anp (0) =max (8, vy,  (0))

=max (B’, min (ng(O), szvB 0))
> max (B, min (vY, (x), v&. (x)))
=min { max (8", vy, (x)), max (8", v}, (x))}

- mi N N
= min {V“Pa,a',g,g' w0 Vap o) ()}

aa BB
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— N
vaPa,arﬁ,ﬁr(A) NPyl pp® (x)

N > N
Therefore vaPa.a’.E.B’ AnB) 0) = vapa’a,,B’B, WPy 1 5 B (x)

(v) Now vgpaa,w anp & *2) = min (B, vE (v *2))
=min (8, max {vg, (v * 2), vg, (v *2)})
< min (8, max { max {vg, (x * z),v{, (x * y)}, max{vg, (x * 2), vg, (x * ¥)}})
= min (8, max { max {vg, (x * 2), Vg, (x * 2)}, max{vg, (x * y), v, (x * y)}})
=max { min (8, max {v{, (x * z),v5, (x * 2)}), min (8, max{vg, (x * ¥),vg, (x * y)}}
=max { max { min (8, v, (x * z)), min(B, v, (x * 2))},
max { min (8, vg, (x * ¥)), min (8, vi, (x * y))}}
= max { max {vg, (X *2), Ve INECEEI)
aa B’ aa g’

P P
L U b I CES0)

(x*y)}

lX’

= P * P
max { Vap 1 5 g B0y o 5 1 (®) (e * 2), Ve 1 g1 0P o1 5 1)

Therefore

P P
vapa,a’.ﬁrﬁ’ (An B)(y * Z) < max { V“P

(vi) Now vy,

(x*y)}

P
*
a,a’,B,B’(A)n P“:“’:B‘B’(B) (X Z)' V“Pa,a’,B,B’(A) n P“'“’:B'B,(B)

rpp'(AnB)(y * Z) = max (:B’v VzIxVAnB(y * Z))
a,a ,p,

=max (', min (vg, (v * 2), v, (v * 2)))
> max (8', min (min {v}, (x * z), vg, (x * y)}, min {vg, (x * 2), vy, (x *¥)3}))
= max (', min (min {vg, (x * 2), vgj,(x * 2)}, min {vg, (x * y), v, (x *¥)}))
= min { max (8, min {vy, (x * z), vy, (x * 2)}), max (B', min {vy, (x * y), vy, (x * y)}}
= min { min { max (8',vg, (x * z)), max (B', vjy, (x * 2))},
min { max (8", vg, (x * ¥)), max (B, v, (x * ¥))}}

_ . . N N
=min {min { Vapa,a’,ﬁ,ﬁ’ @ (.x * zla, V“Pa,a',p,ﬁ' ® (x * z?v},
min {vapa,a’,ﬁ,ﬁ’ (A)(‘x * y)' vaPaa’ BB’ (B) (x * y)}}

N
@ F* D Vay wae, o amF n}

=min {v¥
aPa ,a’,ﬁ,ﬁ’

8.8 ™" Paal pp
Therefore

N > H N
@, o 5 g (ANB) (v *z) 2 min { Vb, 5 gt 0P 1 51 (B) g p NPt g (B (e*»)}

Therefore P o5 (AN B) =Py s g s7(A) NPy g pr(B) s abipolar intuitionistic fuzzy a-ideal of X,

(x * 2), vy,
Q,

Theorem: 3
If Ais a bipolar intuitionistic fuzzy a-ideal of X, then Q, . g 5(A) is a bipolar

intuitionistic fuzzy a-ideal of X.
Proof: Given A is a bipolar intuitionistic fuzzy a-ideal of X.
Consider 0, X, y, Z € A.
M) Nowigy ()= min(a k,(0)
> min (@, pf, ()
— P
aQa,u’,ﬁ,ﬁ’(A)( )

P > ub
Therefore Haq, 0= kg, , 551 ® ()

Now uQ’Qa'u,M,(A)(O) = max (o', uy, (0))
< max (&, gy, (%))

N
'ana,a’,ﬁ,ﬁ’(A) (X)

Therefore uﬁQ ’BB'(A)(O) < #gq ,(A)(x)

a,a’,ﬁ,ﬁ
(i) Now /«tﬁQM,M,(A)(y*Z) = min (a, ug, v * 2))

> min (@, min { pg, (x * 2), pg, (x*y)3)

= min{ min (a, uf, (x * 2)), min (@, g, (x * )}
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—mi P P
- min { MaQa,a’, 5! @A) (x * Z)' MaQa,a’,l?.ﬁ’(A) (x ’ y)}
P > mi P P
Therefore ,ana'a" o (y*z)= min{ 'ana,a’,p,p’(A) (x * 2), ana,a,ﬁﬁ,(A) (x *y)}

(i)  Nowpl, =~ (y+*z) = max (@ ul,(y*2)
aa' BB

< max (a', max { ,ugA(x * Z), MgA(x *y)})

= max { max (a’, uy, (x * 2)), max (a', ug, (x * y))}

— N N
=max { Hag, 1 4 @ (x * 2), Hag, 1 o i) (x*y)}

N N N
Therefore MaQa,a’. ' »2) < max{ ‘ana,a’.B.ﬁ'(A) (e »2), ‘ana,a’.ﬁ.ﬁ'(A) (e}
P = P
Now ana,a” ) (0) = max (B, vg, (0))

< max (B, v, (x))

_ P
= Vg, g ™)

P <vF
Therefore V“Qa.a’. g5 (0) = V“Qa,a’.ﬁ,ﬁ
N _ - ’ N
Now Vaq, ,ﬂr(A)(O) = min (', v, (0))

= min (8', vy, (x))
=V ()

VaQa,a’,ﬁ,ﬁ’(A)
N > N
Therefore Va5 ) 0) = Vatg, o 5 g ®) ()
P _ P
(v) Now vZ Qa5 @ (y*z) = max (B, vk, (y * 2))

< max (B, max {vf, (x #2), vE, (x* »)})
=max { max (B, v, (x * 2)), max (B, vg, (x *¥))}
- P P

= max { v“Qa'al'ﬁ'ﬁl(A) (x * Z)' v“Qa'al'ﬁ’ﬁl(A) (x * y)}

< P P
/(A)(y * Z) - maX{ana,a’,ﬁ,ﬁ’(A)(x * Z)' ana,a’,B,B’(A)(x * y)}

(iv)

1(A) (X)

Therefore v ;
"B.8

aa B,
Nowvl, o (/+2) = min (8, v, + )
= min (8', min {vg, (x * ), v, (x *¥)})
= min {min (8", v, Cx * 2)), min (8", v, (x * )}
Cr D) Vi)

(vi)

—_ s N
min { VaQa'al'ﬁ'ﬁl (A)

N : N N
Therefore ana'a,ﬁﬁ, @ (y *z) 2 min {v, Qg (x * 2), ana,a',B,B’ @ (x *y)}
Therefore Qo g 5(A) is a bipolar intuitionistic fuzzy a-ideal of X.

Theorem: 4

If A and B are bipolar intuitionistic fuzzy a-ideal of X, then

Qua’ s (ANB)=Qua pp(A) NQqq g p(B) is also a bipolar intuitionistic fuzzy a-ideal

of X,and foreverya,p € [0, 1], ¢',f' € [-1,0landa + B <1,a' + ' =-1L

Proof: Let A and B are bipolar intuitionistic fuzzy a-ideal of X.

Consider 0, x,y,z€e AnBthen0,x,y,ze€ Aand 0, x,y, z € B.

M) Nowply ) (©) = min (@ uf, ., (0))
= min (a, min{ug, (0), ué; (0)})

= min (a, min{ug, (), th; (X)})

= mln { ‘ul};Qa,a’,ﬁ,ﬁ’(A)(X) ’ #gQa,a’,B,B’(B) (x) }

_ P
'anu,a’,ﬁ,ﬁ’(A) n Qa,a’,ﬁ,ﬁ’ (B (X)

P > P
Therefore Hag, , . sans 0) = Haq, 1o @0 Qg g5
N _ r N
Now 'u“Qu o« g’ ANB) (0) = max (a 1 Hapng (O))

= max (a', max { u, (0), uX.(0)})
< max (', max { uf, (x), uh, ()}

1(B) (X)
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= max { max (@', ug, (x)), max (', ug, (X))}
- N N
= max {'ana,ar’B,Br(A)(x)' ‘ana,ar’ﬁ,ﬁr(B) (0}
- N
- aQa,ar’B,Br(A)ﬂQa’arlﬁlﬁl(B)(x)
N N
Therefore Haq, g1 4 gran® © = ‘_‘“Qa,a,, Bp BN Q 1 5 51(B)
NOW iy oy OV *2) = M (@, g p (v * 2))
=min (@, min {ug, (v * 2), pa (v * 2)})
min (a, min {min {ug, G * 2), pg, (x*y)}, min {ug, (x * 2), ey (x * ¥)3})
min (a, min { min { gig,, Cx * 2), pay (x * 2)}, min {ug, (x *¥), Hag (x * ¥)33)
= min { min (a, min { uq, (x * 2), pg, (x * 2)}), min (@, min {ug, (x *y), e, (x* )N}

(x)

(i)

=

=min { min {min (a, ug, (x * 2)), min (a, py, (x * 2))},
min{ min(e, ug, (x *y)), min (a, pg, (x *y))}}

=min { min {nga’a,’B’BI(A)(x * 7), MZQa,a’,B,B’(B) (x * 2)},
min {#5Qa,a',/3,/3'(“(x *y), 'quoc,a’,B,B’(B) (x*y)}}
= min {MZQa’a!,B,BI(A)”Qa’al,B’Bl(B) (x »2), ”gqaﬂ,ﬁﬁ,mm Qa5 ®) Gy}
Therefore
uEQa'a,' ann 0¥ D) = min {uZQa'a,ﬁ'ﬁ,m)nQa'a,ﬁﬁ,(B) (x *2), uQQa'a,'B'B,(A) 1@y 5 ®) (x =)}
(iii) Now HZQa'a,'B'B,(A apV *2) = max (o', ug,,, (v * 2))
= max (a', max { ug, (v * 2), ug, (v * 2)})
< max (a', max { max { uf, (x * z), pgy, (x *y)}, max {uy, (x * z), pgy, (x*y)}})
=max (a', max { max { uy, (x * 2), py, (x * 2)}, max {uy, (x *y), pgy(x *y)3}3})
=max { max (a', max {ug, (x * ), uy, (x *2)}), max (', max {ug, (x *y), uy, (x*y)H}

= max { max { max (a', uy, (x * z)), max (a', g, (x * 2))},
max { max (a’,,ugA(x *y)), max (a',HgB (x = y))}}

— N N
= max { max {MaQa,a’,ﬁ,ﬁ’(A) (x * Z)v M‘an,a’,ﬁ,ﬁ’(B) ('x * Z)}v
N N
max {#aQa,a’,ﬁ,ﬁ’(A) ('x * y)l ‘LlaQa,a’,B,B’(B) (x * y)}}
(x*y)}

— N N
maX{ MaQa,a’,ﬁ.ﬁ’(A) n Qa,a’,ﬁ.ﬁ’(B) (x * Z); 'ana,a’,ﬁ,ﬁ’(A) n Qa’al’ﬁ’ﬁl(B)

Therefore
N < N N
aQa,a’,ﬁ,ﬁ’(A nB) (y * Z) - max{ #aQa'al'B'ﬁl(A) n Qa,a’,ﬁ,ﬁ’(B) (X * Z)' #aQa'“"ﬁﬁ’(A) n Qd.d',B,B'(B) (X * y)}
i P — P
(iv) Now Vi, s ran (0) = max (B, vg,.(0))
= max (8, max (v¢, (0),vg, (0)))

< max (B, max (v, (x), vig (x)))

= max { max (8, v, (x)), max (8, vg, (X))}

— P P

= max { V“Qa_u,_ﬁ_ﬁ,(A) ¢, V“Qa_a,ﬁﬁ,(s) ()}

— P

= Vag, s 800y 1 5 @ ()

P P
Therefore anu'u,ﬁ'ﬁ, ang(0) = V“Qa.a'.p.p' W1y ot 557 ®) )
N — H ! N
Now VaQu,u’,ﬁ,ﬁ’(AnB) (0) =min (8", vy, 5(0))
= min (8", min (v, (0), v&, (0)))
= min (8', min (v, (x), va, (x)))
=min { min (8, vy, (x)), min (8', vj, (x))}
— : N N
=min {V“Qa_a,_ﬁ_ﬁ,(m ), ana.a’,ﬁ,ﬁ’(B) ()}
- N
Vaq, o W0y @ ()
N N
Therefore VaQu,u’,B,B’(An B) (0) 2 ana'a"B'B’(A) n Qa,a’,/},ﬁ'(B) (X)
P — P
(V) Now VaQa,u’,B,ﬁ’(AnB) (y * Z) = max (ﬁ' VaAnB (y * Z))
=max (B, max (vg, (v * 2), vigy (v * 2)))
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< max (B, max { max {v(, (x * z), vy, (x * y)}, max{vg, (x * z),v{, (x * ¥)}})
= max (B, max { max {vg, (x * 2), v, (x * 2)}, max{vg, (x * y), vg, (x * ¥)}3)
= max { max (8, max {vg, (x x 2), vg, (x * 2)}), max (B , max{v, (x * ¥), vy (x xy)}}
= max { max { max (8, vg, (x * z)), max (8, vj, (x * 2))},
max { max (8, vg, (x * ¥)), max (B, viy (x * y))}}
=max{max{vg, . (x*2), VOIZQM,M,(B)(X *z) }

aa BB
P P
max{vge GV Vg, OB

= P * P *
max { ana,a’,B,B’(A) n Qa,a’,p,[s”(B) (x Z)' ‘V“Qa,arﬁ,ﬁr(A) n Qa,a’,ﬁ,ﬁ’(B) (X y)}

Therefore
P

VL ann O 2) S max {vk (x*2), v, (x )}

aa 5.5 aQa,a’,B,B’(A) N ol pp'® Qo g8 M Nt 5! ®

(i)  Nowvy o (*z) =min (B, vy, O *2)

=min (', min (v, (v * 2), var (v * 2)))
= min (', min (min {vy, (x * ), vy, (x * ¥)}, min { vy, (x * 2), va,, (x * )}))
= min (8, min (min {vy, (x * 2), vy, (x * 2)}, min {v}, (x * y), vai, (x *¥)}))
=min{min (8, min {vg, (x * 2), v§ (x * 2)}), min (8’, min {v, (x * ), vy, (x * Y)})}
= min {min { min (8’, vy, (x * z)), min (8', vjy, (x * 2))},
min{ min (8',vg, (x * ), min (8", vy, (x * y))}}
=min {min {vQ’Qaa’ﬁﬁ’(A)(x * 7)), ngaa’ﬁﬁ’(B)(x *2)},

H N N
min {ana,a’,ﬁ,ﬁ’(A) (x * y)’ VaQa,a’ BB’(B) (x * y)}}

— mi N N
= min {V“Qa'arﬁ'ﬁ/(A)n Qo pp® (x*2), V“Qa_a,’ﬁﬁ,(A)n Qal pp'® (c* )}

aa' BB

Therefore
N > mi N N
aQa'al'B'ﬁl(A nB) (y * Z) = min { V“Qa'al'ﬁ'ﬁl(A)ﬂ Qa'al'ﬁ'ﬁl(B) (x * Z)' and,d’,B,B’(A)n Qa'al'B'BI(B) (x * Y)}

Therefore Qg o7 g 5" (A N B) =Qq a7 55 (A) N Qg pp(B) is also a bipolar intuitionistic fuzzy a-ideal of X.

Theorem: 5
If A is a bipolar intuitionistic fuzzy a-ideal of X, then G, o7 5 57(A) is also a bipolar intuitionistic fuzzy a-ideal
of X.
Proof: Given A is a bipolar intuitionistic fuzzy a-ideal of X.
Consider 0, X, y, Z € A.

(i) Now ki (@ = @iy (0)
> apg, (%)
— P
~Hac, g )
Therefore pf. ,M,(A)(O) 2 Hag ,M,(m(x)
Now pl. ,M,(A)(O) = a' uj,(0)
< o' uff, (x)
— N
~Hac, g ()
Therefore pfy ,”’(A)(O) < Hag ’BB'(A)(X)
(”) NOW ’ugG ,BB,(A)()/' * Z) = a #[I;A(y * Z)

> a min {uf, (e * 2), 1, (e 7))
= min {a ut, (e ), @b, Gex )}
- mi P P
=min {oua(;a ,ﬁ,ﬁ’(A)(x * Z), ‘uaGa,a’,B,B’(A)(x * y)}

Therefore ué, ’BB’(A)(y *z) = min {uf_ ’BB’(A)(x *7), Uy M,(A)(x *y)}
(i) Nowpg, — w0*2) = w2
< o' max {ug, (x *z), uy, (x *y)}
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=max { a'ug, (x *2), a'uy, (x*y)}
_ N N
= max { His, o (x*2), Hag, o @ (x *y)}

N < N N
Therefore #aGa,a’,E,E’ @ (y*xz) <max { M“Ga, e (x *2), u 6,

tl’

al

e (x =y}

tl,

(iv) Nowvg, (0) = Bvg,(0)
aa BB

< B Vg, ()

= Vagq ()

a,a’,B,B'(A)
< P
a,ar,ﬂ,ﬂr(A)(O) - vaGa,ar,ﬁ,ﬁl(A)(x)
N — R’ N
NOWV“Ga,a',g,g'(A)(O) =B’ vg, (0)
> B vy, (x)
N
X
aGa,a’,B,B’(A)( )

N > vy
Therefore VG, s 3 @ 0) = vag 55 ® @)

w2 = BV *2)
< B max {vE, (x + 2), v, (x* )}
= max { f v, (x * 2), fvE, (x +)}
=max (g, O DV ()

Therefore vg,

P
(v) Now v, .
aa' BB

P < P P
Therefore v, Gt (y * z) < max {v, Gt 5™ (x *2),v, Gt /M (x*y)}

@D =F V(v * 2)

> B’ min (v}, (x * 2), vy, (x * y)}

=min { B'vy, (x * 2), B'vy, (x * )}

oy N

=min {V“Ga,a',ﬁ,ﬁ'(A) (x * 2), VG, 1 g pr® CGex )}

N > mi N N
Therefore v} St 5 (y * z) = min {V“Ga,a',ﬁ,p' @ (x * z), V) e (x*y)}

Therefore G, o7 g g7 (A) is a bipolar intuitionistic fuzzy a-ideal of X.

(vi) Now v,

aa

Theorem: 6

If A and B are bipolar intuitionistic fuzzy a-ideal of X, then
Goal g (AN B) =Gy g s/ (A) NGy g g7 (B) is also a bipolar intuitionistic fuzzy a-ideal
of X,and foreverya, B €[0, 1], a¢',p' € [-1,0landa+ 8 <1,a'+ 8 =-1L

Proof: Let A and B are bipolar intuitionistic fuzzy a-ideal of X.

Consider 0, x,y,z€e AnBthen0,x,y,ze€ Aand 0, x,y, z € B.

(i) NOW kg i@ = @ Higgs (0)
= a min{ug, (0), ug, (0)}
= a min{ug, (x), uby (X)}
=min{apl, (x), aph (0}
o P P
=min {/"LOtGu'u,'ﬁ'ﬁ,(A) (), H“Ga'ar'B'BI(B) (0}

1(B) (X)

o

= 'uP
aGu,u’,ﬁ,ﬁ’(A) n Gu,u’,ﬁ,ﬁ

P > P
Therefore Hag, ,\ ans) 0) = Hag_ @ )

1(A)NG

' 8.8 aa' BB

NOW MgGuu’Bﬁ’(AnB)(O) = a, ‘ugAﬁB(O)

= a' max { u, (0), pl (0)}
< a'max { 4, (x), ul, (0}
=max {a'uy, (x), a'uy, ()}
— N N
= max {'ua‘;a,a’,ﬁ.ﬁ’(A) (), #aGa.a’.B,ﬁ’(B) €9

— N
Rag, 5 g1®0Gy o1 5 or® )

N N
Therefore Mg, s o pran) 0) < uy, A)NG @

aa' BB’ aa BB’
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(i) NOW#ﬁca .5.5'“”‘”01*2): a fhgp sV * 2)

| = a min{ul, (v * 2), 1E, (v * 2)}
> e min { min {uf, (x * 2), g, (x * y)}, min (e, (x * 2), 1, Cx * )3}
= amin { min { uf, (x * 2), uhy (¢ * 2)}, min {4, Cx = ), why (6 <) 3}
= min { min {ayf, (x * 2), aub, (x +2)}, min {ap, (v« ), aub, (e ¥
— H H P P
=min {min (g, (D), e o (e D),

i P P
min {llaGa,a’,[y’,[y”(A) (x * y)! MaGa,a’,ﬁ’ﬁ’(B) (x * y)}}

o

— H P P
= min{ Rag, o 5 g1 0Gy g 5 o ® (x *2), Rac, 1 g or®0Gy g o i® (e * )}
Therefore
P > mi P P
Haca,a”,/?,ﬁ’(A nB) 0/ * Z) - mln{ Maca,a’,B,BI(A) n G“:“’:B:B’(B) (x * Z)' #“Ga,a’,B,B’(A) n Ga,a',B,B'(B) (x * y)}
(iii) Now pg o *2) = a gy (v * 2)
aa' B8
= a' max { gy, (v * 2), uy, (v * 2)}
< a' max { max {uy, (x * 2), ug, (x * y)}, max {ug, (x * 2), g, (x * y)}}
= a'max { max { ug, (x * 2), gy, (x * 2)}, max {ug, (x * y), pey (x * Y)}}
=max { max { a'ug, (x * z), a'ug, (x * 2)}, max { a'ug, (x *y), a'uy, (x * y)}}
— N N
= max { max {'uaca,a’,ﬁ,ﬁ’(A) (x * Z)v 'uaca,a’,ﬁ,ﬁ’( B) (x * Z)}!
N N
max {#aca,a’,ﬁ,ﬁ’(A) (x * y)7 #aca,a’,B,B’( B) (x * y)}}
— N N
= max { Hag, o ih)nGy g p® (x * 2), Hag, vy @0Gy 1 g i@ (x *y)}
Therefore
N < N N
““Ga'ar'B'BI(AnB) (y * Z) - max{ 'uaca,a’,ﬁ.ﬁ’(A)nGa,a’,ﬁ,ﬁ’(B) (x * Z)’ 'uaca,a’,B,B’(A)”Ga.a’,B,B’(B) (x * y)}

(iv) Now v,’;Gaa,BB,(AnB)(O) = B V{0

= p max {v,, (0), v, (0)}
< B max {vf,, (v), v, ()}
=max { f v, (), B vE, ()}
=max{vh, 00 v L@}
aa BB aa BB

—.P
VaG, 1 5 510Gy 1 5 o1 (®) ()

p <P
Therefore Vi, 1y 1 608) 0) < Vag, . amnG x)

o' BB a,a’,ﬁ,ﬁ'(B)

o @ =B Vi, (©)
o = B’ min {vY, (0), v, (0)}
> B’ min {v, (x), v ()}
=min { B'vY, (x), B'VY ()}
=min{vl, L@V (@)}
u,u’,ﬁ,ﬁ' a,a’,B,B'

- N
- aGu,u’,ﬁ,ﬁ 1(B) (X)

N > N
Therefore V“Gu,u',ﬁ,ﬁ' AnE) ) = V“Ga

Now vy,
Qa,

1(A) nGU"U"'B'B

/AN G )

' 8.8 aa' BB

O NoWvl, ) = B0+ 2)
=B max {vg, (v * 2), vf (v *2)}
< B max { max {v2, Cx * 2), VE, (¢ » O3, max {viy Cx » 2), Vi, G # O}
= § max{ max vt x * 2),vE, (x * 20}, max vt e * y), vty e 1)}
= max { max { fvg, (x x 2), Bvgg (x * 2)}, max{ fvg, (x * ¥), Bvag (x * )3}
= max { max {vg, ,M,(A)(x *2), Vg, ’BB’(B)(x *z) }

P P
max {vaGa,a’,B,B’(A)(x * 3’)1 vaGa,a’,ﬁ,ﬁ’(B) (‘x * y)}}
— P P
= max { VaGa'al'ﬁ'ﬁl(A) n Ga,a',/},ﬁ’(B) (X * Z)' vaGa,a’,B,B’(A) n Ga,a’,ﬁ,ﬁ’(B) (x * y)}
Therefore
P < p P
V“Ga'a/'ﬁ'ﬁr(Aﬁ B) (y * Z) - max{ vaGa,a’,B,B’(A) n Ga'al,ﬁ,BI(B) (x * Z)' VaGa’ar’ﬁ’ﬁr(A) n Ga,a’,ﬁ,ﬁ’(B) (X * Y)}
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(vi) Now Vfllvca ot A0 (yxz) =p Vf]lVAnB (y *2)
= B" min {vg, (v * 2), Vay (v * 2)}
> p' min { min {vg, (x * 2), VéVA(x * )}, min {vgp, (x * 2), VéVB (x*y)}}
= 8 min {min (v, * 2), v Cx « ), min (v, (e ), vl (e )}
= min {min { B'vg, (x * 2), B'vy (X*Z)} min {B'vg, (x * ¥), B'vay (x * ¥)3}
=min { min {vaG (A)(x z), vaG (B)(x z)}
aa' B aa' BB’
min i, GV (e

— mi N * N *
min { vaGa,a’.B.B’ BNGy o1 g g B (x *2), vaGa,a’.B.ﬁ’ WNGy o1 g p!® x y)}
Therefore
N A > mi N " N *
vaca,a',g,;;’(“ ) (y * z) = min {Vaca,a’,ﬁ,/.?’(A) 0G0t 5 g1 ® (x *2), V“Ga,a’,B,B’(A) NGool pp!® (x*y)}

Therefore Gg 4 55/ (AN B) =Gy g7 (A) NGy o ppr(B) isalso abipolar intuitionistic fuzzy a-ideal of X.

Theorem: 7
If A is a bipolar intuitionistic fuzzy a-ideal of X, then P“la,lﬁlﬁf(ﬁ) = Qpp'aa’(A) is also a bipolar

intuitionistic fuzzy a-ideal of X.
Proof: Given A is a bipolar intuitionistic fuzzy a-ideal of X.
Consider 0, X, Y, Z € A.
(i) Now pg 5 I?I?’(A)( )= vg, el np (@)
min { 8, vZ, (0}
min {8, pg,(0)}
> min {8, ug, (0}

- 4P
= Hag, o)

Therefore P
Mapa o B’(K)( )N MaQﬁ,ﬁ’,a,a’(A) (x)
NOW Ha aa’ BBI(A) (0) = VaPa'al'ﬁ'ﬁl(A) (0)
=max { §, v (0)}
=max{p', ugy, (0)}

< max{ B, ¥, ()}

= “gqﬁﬁ, s )
N N N
Therefore “"‘W 0) < 'anﬁ,ﬁ’,a,a’ @ (%)
. P — P
(“) NOW Mam(y * Z) - VO(P wd ﬁﬁ’(g) (y * Z)
=min{g, ve, (v *2)}
=min {B, MaA(y *2)}
=min {8, min {uf, (x * 2), pug,(x*y)}}
=min {min {8, uf,(x * 2)}, min{ B, u&, (x = y)}}
=ity Dby @D}
) ,a,a A P ), ,a,a P
Therefore uam (v *z) = min {ug, Qe ® (x * 2), anM,M, @ (x *y)}
N N
(i)  Now Kty (yxz) = Vap, s o ® (v *2)
=max { ', v} (v * 2)}
=max {f', uy, v *2)}
< max { B, max {ug, (x*2z), uy, (x*y)}}
=max { max { 8', uy, (x * 2)}, max {B',uy, (x *y)}}
=max { ,quM, 1(A) (x*2), ,quM, 1(A) Ce* )}
N e P
TherEfore MQW (y * Z) S max { ‘anB,B’,IZ.IZ,(A) (x * Z)l MaQ/)’,/)",a,a'(A) (‘x * Y)}

DOI: 10.9790/5728-1802034155 www.iosrjournals.org 51 | Page



Some Special Operators On Bipolar Intuitionistic Fuzzy a-IDEAL and Bipolar ..

H P - P

(IV) Now V(ZW (0) - 'u'apa,a’,ﬁ,[,”(g) (0)
=max{a, pe;(0)}
= max {, V£, (0)}

< max {a, Vi, (1)}

— P
= Va QM,MI(A)(’C)

Thereforevl______(0) <
P 2@ “Qﬁﬁraar(A)

Nowvy (0 N _
apa'armr(z)( )= Mapa’a,’M,(A)( )

= min {a’, uf, (00}
=min {a', vg, (0)}
= min {a', vy, ()}

()
Therefore v"’i_ 0) > vj, x
aP I;’(A)( ) aQBB aa’(A)( )

aa’ B,
O Nowvi DU, 0D

Paa Bﬂ’(A)
=max{a, uf, (v+2)}
=max{a,v;, (v * 2)}
< max { a, max {v, (x * z), vg, (x * y)}}
=max { max { a, vy, (x * 2)}, max{a, v{,(x *y)}}

(x)

— N
VaQB,B’,a,a’(A)

= max {v, x *z), vE X *
{ aQﬁﬁ ,(A)( ) aQﬁ,ﬁ’,a,a’(i)( y)}
<
Therefore v, W(y *7) < max {v Qe ® (x * 2), v, Qe ® (x*y)}
Vi Now v¥ *Z) = Z
(vi) T ——(y*2) Ma,,a'a, s W*2)

= min {a’, 4l (y » 2)}
=min {a’, vg, (v * 2)}
> min{a’, min {vY, (x * 2), Vi, Cx * )3}
=min {min {a', v, (x * 2)}, min {a’, vy, (x * y)}}
— min fuN N
= mn {VaQﬁ'ﬁl'a'al(A) (x * Z)' VaQﬁ’ﬁl’a’al(A) (x * y)}

N i N N
Therefore vam (v *z) = min {v] Q@ (x * 2), anml'W,(A) (x*y)}
Therefore Py, 41 5 g7 (A) = Qg g’ o’ (A) s @ bipolar intuitionistic fuzzy a-ideal of X.

Theorem: 8
If A is a bipolar intuitionistic fuzzy a-ideal of X, then Ga,a,,ﬁ,ﬁ,(ﬁ) = Ggp'aq'(A) is also a bipolar

intuitionistic fuzzy a-ideal of X.
Proof: Given A is a bipolar intuitionistic fuzzy a-ideal of X.
Consider 0, X, y, Z € A.
i P —.,P
W Nowp—— @)=, 5 ©
= BvE(0)
= B uE,(0)
> B il ()

= Ul (x)
herefore (ﬁjﬁ o €9)
Tereoreui,o_,u X
a uu BBI(A) aGﬁ,ﬁ’,a,a’(A)
Now 0
/«taGw w'm)( ) =
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N N
Therefore uam 0) < Hag, v ()
(||) NOW lu'(l aa Bﬁr(l_\)(y *Z ) wa ,’B’B,(K)(y * Z)
=B Vag(y *2Z)

= Bub,(y*2)
= B min { ug, (x * 2), ph,(x*y)}
=min { § pg, (x * 2), B g, (x * )}
— mi P P
=min {,u,,,G - (A)( * Z), MaGB.ﬁ'.a.a’;A) (x*y)}
Therefore uam (y *z) = min {‘uac L (x * 2), 'uaGﬁ,ﬁ’,a,a’(A) (x*y)}
iii Nowpul =
( ) Maca,a’.ﬁ'ﬁ’(‘_\) (y * Z) vaca,a’ B.B
= BV *2)
= B g, O * 2)
< B’ max {uf, (x*2), u, (x*y)}
=max { f' uy, (x*z), B'uy, (x*y)}
o )}

(y)

1(A)

— N N
=max { fg, o ® (x * 2), #“GB,B’,a,oc
Therefore u¥__ (y * z) < max x*z), ul X *
”aca'al'ﬁ'ﬁl(A) (y ) { /’lac ﬁ (A) ( ) #acﬁ,ﬁ’,a,a’(A) ( y)}
iV Now v? 0)=uP
W) e O O
= a pg,(0)
=avg, (0)
< a v, (%)
_..P
- V“Gﬁ'ﬁ/'a o P (X)
Thereforevi______(0) < vP X
“Coat gt ® “Gppr @
Now v¥ 0) =ul (0
oy @( ) 'uaca,a’,ﬁ,ﬁ’( 50
=o', (0)
=a' vy, (0)
= a'vy, (%)
— N
RGN ()
Thereforevy __ (0) = VY X
aGa,a’,B,B’(K) ) aGﬁ,ﬁ’,a,a’(A)( )
V) Nowvl__ (y*z)=ub _(y*z
) G @ (v *2) Hag, |\ i) (v *2)
=apg (v *2)
=avg, (y*2)
< amax {vf, (x+ 2), vE,(* )}
= max {a v, (v * 2), avl, (x+y)}
_ P P
= max {V“G,g,g (X *2), vaGB’B,’a’a,(A) (x*y)}
ThereforevE _ (yxz <max v x * 7), vE X *
a; uu’ﬁﬁ’(K)(y ) { C(G B ,(A)( ) aGB,B’,a,a’(A)( y)}
Vi Now vY *Z z
(vi) e y*z)= :uozGu'u, @D
=a' uy, (v *2)
=a' vy, (y*2)
= o' min {vg, (x * 2), vy, (x * ¥)}
= min { a' v}, (x * 2), a' vy, (x * y)}
— min £1,N N
=min {vaGﬁﬁ ,(A) (‘x * Z)' vaGB,B’,a,a’(A) (‘x * y)}
N
,(A) (‘x * Z)' vaGB,B’,a,a’(A) (‘x * y)}

Therefore V“W (y *z) = min {Va S
Therefore Gy 47 g 57 (A) = Gp g’ o’ (A) is @ bipolar intuitionistic fuzzy a-ideal of X
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Theorem: 9
If Ais a bipolar intuitionistic anti fuzzy a-ideal of X, then P, 7 5 5/(A) is a bipolar intuitionistic anti fuzzy
a-ideal of X.

Theorem: 10

If A and B are bipolar intuitionistic anti fuzzy a-ideal of X, then

Poa'ppt (ANB) =Py 551(A) NPy, g sr(B) is also a bipolar intuitionistic anti fuzzy a-ideal
of X,and foreverya, B € [0,1], @', 8" €[-1,0landa + B <1,a' + B =-1

Theorem: 11
If A'is a bipolar intuitionistic anti fuzzy a-ideal of X, then Q, 7 5 s7(A) is a bipolar
intuitionistic anti fuzzy a-ideal of X.

Theorem: 12

If A and B are bipolar intuitionistic anti fuzzy a-ideal of X, then

Qua pp'(ANB)=Qqq p5(A) N Qqy g p(B) is also abipolar intuitionistic anti fuzzy a-ideal
of X,and foreverya, B € [0,1], @', 8’ €[-1,0landa + B <1,a’ + B =-1

Theorem: 13
If A'is a bipolar intuitionistic anti fuzzy a-ideal of X, then G, .+ g g'(A) is also a bipolar
intuitionistic anti fuzzy a-ideal of X.

Theorem: 14

If A and B are bipolar intuitionistic anti fuzzy a-ideal of X, then

Geal pp' (AN B) =Gy g s/ (A) N Gy o g pr(B) is also a bipolar intuitionistic anti fuzzy a-ideal
of X, and foreverya, B €[0,1], a’,8' €[-1,0landa + 8 <1,a' + B =-1L

Theorem: 15
If Ais a bipolar intuitionistic anti fuzzy a-ideal of X, then Py 41 5 5/ (A) = Qp g7 4 o' (A)
is also a bipolar intuitionistic anti fuzzy a-ideal of X.

Theorem: 16
If A is a bipolar intuitionistic anti fuzzy a-ideal of X, then G, o 5 51 (A) = Gg g7 4 o' (A)
is also a bipolar intuitionistic anti fuzzy a-ideal of X.
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