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1. Introduction

The concept of fuzzy sets was initiated by L. A. Zadeh [14] 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 [6] 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 0 means that the elements
are irrelevant to the corresponding property, the positive membership degree

(0, 1] indicates that elements somewhat satisfy the property and the negative
membership degree [-1, 0) indicates that elements somewhat satisfy the

implicit counter property. The author W. R. Zhang [15] 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 [13] was analyzed
fuzzy groups and level subgroups. M. Palanivelrajan, K. Gunasekaran and S.
Nandakumar [12] introduced the level operators on intuitionistic fuzzy
primary ideal and semiprimary ideal. K. Gunasekaran, S. Nandakumar and
S. Sivakaminathan [16] introduced the definition of bipolar intuitionistic

fuzzy a-ideal of a BP-algebra.
2. Preliminaries

Definition 1. Let A and B be any two bipolar intuitionistic fuzzy set

N P P

N _(.P N
o’ Vo VQA) and B = (MGB’ Raps Vog’

A= (ugA, u vaVB) in X, we define

@) AN B = {(x, min(u) (x), n] (x)), max(u)) (), u) (@)
max (ng (x), vgB (x)), min (VQVA (x), vij (x))/x € X}
(i) AU B = {(x, max(u), (x), u, (x)), min(uy, (@), 1, (x))

min (ng (), vaPB (x)), max (véVA (x), véVB (x))/x e X}.

(i) A = {(x, vi,, (@), vy, @), (), g, ())/x € X3,
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Definition 2. A bipolar intuitionistic fuzzy set
_ P N P N :
A = {(x, Moy (), Moy (x), Vou (x), ) (x))/x € X}, of BP-algebra X is called a

bipolar intuitionistic fuzzy a-ideal of X if it satisfies the following conditions:
N P P N N
@ p,,0) 2 p, (x) and p' (0) < p, (x)

i) wy (y*2) 2 minfu (x*2) uf (@ * )
(ifi) 1y, (v *#2) < max{u) (x*2), ) (@)
(iv) VSA (0) < V(}:A (x) and vévA 0) > vévA (x)

©) VE (v#2) < max{vf (62 2) v], (6= )

(vi) vfoA (y *2) > min {véVA (x * 2), foVA (x* )}, forall x, vy, z € X.

Definition 3. A bipolar intuitionistic fuzzy set
P N P N :
A = {(x, Moy (), Moy (x), Vo (x), Vo (x))/x € X}, of BP-algebra X is called a

bipolar intuitionistic anti fuzzy a-ideal of X if it satisfies the following

conditions:

0w, (0) < p) () and uy (0) 2 ()
(i) g, (v*2) < maxfu] (v x2) ), (c* )

(iii) uéVA (y * 2) > min {ufoA (x * 2), uéVA (x * y)}

(iv) ng 0) > ng (x) and ng ) < vfoA (x)
W v, (y*2)zmin{v) (x*2) V) (&)

(vi) véVA (¥ * 2) < max {vévA (x * 2), vévA (x* )}, forall x, y, z € X.

Definition 4. Let A is a bipolar intuitionistic fuzzy set of X, then the
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. . 1 p . (-1 N
| ! = - _—
level operator ! is defined by ! A {(x, max( 5 oy (x)j, mm( 50 Moy (x)),

. (1 p -1 N _
mm(g, Vou (x)j, max(Y, Vou (x)D/x € X} =1,.
Definition 5. Let A is a bipolar intuitionistic fuzzy set of X, then the

. , . (1 p -1 N
? 24 = =
level operator ? is defined by ? A {(x, mln( 5> Moy (x)j, max[ 5 0 Moy (x)),

1 p . (-1 N B
max(g, vaA(x)j, mln(?, vaA(x)D/x € X} = L.
3. Level Operators on Bipolar Intuitionistic Fuzzy a-Ideal

Theorem 1. If A is a bipolar intuitionistic fuzzy a-ideal of X, then ! 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, v, z € A.

. 1
(i) Now “5, N (0) = max (5, ug . (0))
1 P
> max (5, Moy (x)j
= &)
Therefore ug! A(O) >uf (x)

A

. (-1
Now },fo\!] 4 0) = mln(?, ufoA (0))
. (-1 N
< rn1n(7, Mo, (x))
= ugy , ()

Therefore ué\{A (0) < ué\{A (x)
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. P _ 1 p
(i1) Now Foy 4 (v * z) = max (5, Moy (y = Z))
1 . P P
> max (5, min {paA (x * 2), He (ac * y)})

. 1 p 1 p

= min {max (5, Mo, (o * z)), max (Q’ Ho (o * y)j}
. P P

= minfu, (x*2), 1, (x*y)

Therefore MZ A(y *z) > min {M(I;! A(x * 2), uf; N (x = y)}

. (-1
(iii) Now ugA (y*2)= mm(?, ;,tfoA (y * z))
. (-1 N N
< min (7, max {uaA (x * 2), Moy (o * y)}j
— max {min[ 2 1Y (x *z)|, min -1 nY (x % y)
5+ Hay ’ 9 Moy
N N
= max {u,, (6 *2), pmy (x* )}

Therefore uég N (¥ * 2) < max {pfx N (x * 2), ué\!’ s (x * y)}

. . (1
(iv) Now VS! s 0)= mln(ﬁ, vg . (0))
. (1 p
< mln(ﬁ, Vou (x))
_ P
= Vo (x)
Therefore v’ (0) < vP (x)

A A

N -1 N
Now Vouu (0) = max (7, Vo (O)j

> max (7 Vo, (x))

Advances and Applications in Mathematical Sciences, Volume 22, Issue 7, May 2023



1492 S. SIVAKAMINATHAN, K. GUNASEKARAN and S. NANDAKUMAR
v @)

ouA

Therefore v_Y ,0) = V(ZX (@)

P . (1
(v) Now VQ!A(y * z) = min 5

vh (s 2))

< min| =, max {VP (x * 2), V (x*y)})

(
= { (— vP L z)j mln(% V L y))}
= max {vgm(x x2), vE (x * y)}

ouA

Therefore v (y * z) < max {vP (x*2), v P (x * y)}
(vi) Now v (y 2) = max(;1 , VétVA (y = z))
> max( 5 min {véVA (o * 2), vé\]A (o * y)})

= mi n{max( 21 , vév (x * z)), max (%1, vfoA(x * y))}
= min{ng(x * 2), Vé‘\!]A(x * )}
Therefore V (y *z) > mln{ N (x 2), V (x * y)}

Therefore ! A is a bipolar intuitionistic fuzzy a-ideal of X.

Theorem 2. If A and B are bipolar intuitionistic fuzzy o-ideal of X, then
(AN B)=!AN!B is also a bipolar intuitionistic fuzzy a-ideal of X.

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

Consider 0, x, y,ze A(1B then 0,x,y,z€ A and 0, x, y, z € B.
O Now l | (0) = max (., uf, (0)
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= max( 1, minfu?, (0) 17 (0))

> max ( 5 min {ugA (x), Hf:B (x)})

O=zw, ()

Therefore ;,t AN B

H(ANB)

N
Now n (’v!(AﬂB)( )= mm( ’ aAﬂB( )j

= min( 1, max 2, (0) 1Y, (0}

< min (_71 max {u (@), nl, (x)})

= max{mm( 21 s Mg, (x)) mln( 9 H ( ))}

= max {ufZA (x), IOXB ()}

N
= Moy ™)

O =<ul, ()

Therefore ;,t AN B

H(ANB)

(ii) Now HOU(AﬂB) (y*z)= max(2 , “OLAQB (y * ))

= max(%, min{pgA(y * 2), uij(y * Z)})

> max (i, min fmin {uf v+ 2) u, (e )}
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minfu? (c+2) u (x + )
_ 1 . . P P
= max (4, minfmin (5 2) 17, (5 )}
minfa? (x+2) uT (< * )
1 .
= max {max (§ , 1N {H(I;A (x * Z)a HEA (.’XI * y)},
min{e? (x+2) u (5 + )
— mindmindmax( < nP (x*2)|, max 1 nf (x % z2)
2 b (XA M 2 b (XB b
. 1 p 1 p
min {max (5 Mg, (o * y)), max (E s Mg (o * y)j}}

— min fmin uf (v 2) 1y (60 2 minful) (v ) G0 )

: P P
= mingey, o @F2) g o0k )
P : P P
Therefore Mayans) (¥ * 2) > min {H(X!Aﬂ B (x * 2), Hoyan s (o * y)}

s W

(iii) Now pl¥ (y *2) = min (? - (v =* 2))

a(ANB)
. (-1 N N
= min (? , max {paA (y * 2), T (y* z)})
. —1 N N
< min (§, max {max {uaA (x *2), Mo, (2 * y)},
max {u) (x +2), w) (= 9)}})

.1
- min(5}  max max Y, (x » 2) ), (c * ),

max {péVB (x * 2), MfXVB (x = y)}})
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= max {mln( 5 » max {Mfl\’A (x * 2), uéVA (2 y)}j,

mln( 5 » max {uéVB (x * 2), ué\; (o * y)})}
= max {max {min (%1, ufoA (o * z)), min (_?1 , pfoB (o * z))},

max {mln( 21 ’ “ch (o * y)) mm( 21 ’ H (x i y))}}

= max fmax {uyy (x*2), u)y (x*2)}, max{uf (x*y) uy

(x = y)}

B

(x*2)ul (@)

= max {u¥

wAN !B OJAﬂlB

Therefore p® (y * z) < max {ulY (x % 2), plY (x * y)}

AI(ANB) uAN'B OUAQ 'B

(iv) Now v 0) = mln(% )

al(ANB)
min(

min(
max {min(é P (x)) mln(2 , 53 (x))}

Vaans )

max(v] (0) v, (0)

No| —

IN

, max (vg B (x), vg A (x)))

o —

= min {v* o (x), VZB(x)}
- VS!AD )

Therefore vi 0)<v? (x)

U(ANB) 4AN!B
Now v (0) = max LN 0)
A(ANB) 2’ aanB
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= max ( min (\/é\i1 (0), ViVB (0)))

2 ki

> max( 5 min(vé\]A (x), VéVB (x))j

= min{max( 21, N (x)) max( (x)j}

= min {VOUA (), Vé\']B (x)}
- Vél\!rAm !B(x)

Therefore V(ZXV 0) > vV (x)
I(ANB) AN B

Ol(ANB) O‘AﬂB

(v+2))

(v) Now vE (y*2)= mln(2 )
— min 1, max(v], (3 + 2) v (v 2))

< mm(1

P P
5 » Max {max {vaA (x * 2), Vo, (x * y)},

max {vgB (x * 2), Vf;B (x = y)}})

= min( max {max {vP (x * 2), V (x * y),

max {vg » (x * 2), VfZB (x = y)}})
= max {min(; max {vP (x * 2), v (x * y)})
min (%, max {vf: N (x * y), Vg " (o * y)}j}

= max {max {min (% , vg . (o * z)j, min (% , vg s (o * z))},

mas {min . [, )} min(. v, 0+ )
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= max {max {v (x 2), v (x * z)}, max {v ZA(x * ), va(x W}

P
CmaxhE, (e, ()
P
Therefore Vaz(AmB)(y z) < max{vaﬂ‘B(x xz), vh Voran ‘B(x )}
. N
(vi) Now VOU(AmB)(y *2z) = max( 5 OlAmB(y * z))

= max( 5 min {véVA (v * 2), VéVB (y* Z)})

> max (%1, min {min {véVA (x * 2), VéVA (x * y)},
min {vfoB (x * 2), VéVB (x = y)H)

= max( , min {min {v (x *2), v A(x * 2),
min {véVB (x = y), V]aVB (x* ¥}

= min{max(_; min {VN (x * 2), V (x y)}j’
max (%1, min {vfoB (x * 2), Vé\; (x y)}j}

= min{min{max (_71, vfoA (o * z)), max (_?1, V(Z:; (o * z))},

min {maX (_?1 ’ V(Zx\; ( y)} e (%1 ’ V‘ZXVB (o * y))}}

= min {min {viV!A (x * 2), vgB (x * z)}, min {VQV!A (x * y), vaB (x * y)}}

(e*2) vy ()

= min{v?¥

AN 'B ouAﬂvB

(x *2), viy

uAN !B

N

Therefore v
A(ANB)

(x = y)}

(y*2)> mln{vOUAﬂ 5
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Therefore (AN B)=!AN!B is a bipolar intuitionistic fuzzy o-ideal of
X

Theorem 3. If A is a bipolar intuitionistic fuzzy a-ideal of X, then ? A is

a bipolar intuitionistic fuzzy o-ideal of X.
Proof. Given A is a bipolar intuitionistic fuzzy a-ideal of X.

Consider 0, x, v, z € A.

O Now uf, (0) = min( . 7 (0)]

> min(%, u(I;A (x)j
=l (%)

(X‘)A

Therefore uP (0)_ P (x)

Now HN (0) max( , (O))
-y
= uh @)

Therefore u (0) H(Ix\{, A( x)
. . (1
(i1) Now ug?A(y *z)= mln(g ) uf;A(y * 2))
. (1 . (P p
> mln(i, mln{paA(x * ), Moy (o * y)})

= mm{mm(;, by, (x z)j mln[; ) M (x * y)j}

= min {pf;? (x * 2), umA(x * y))
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Therefore ug?A(y % z) > min {ug?A(x * 2), ug?A(x * y)}

N _ -1 N
(iii) Now ua?A(y * z) = max (? s By, (y = Z))
-1 N N
< max (?, max {iry (x *2), py (x* y)})
— max{max[ =L iV (x % z2) max| 2 ul (xx y)
27 Tay ’ 27 Tay

= max {MfX, L 2), ¥ (xxy)

a? A

Therefore fov? A(y * z) < max {ufx\’; A(x * 2), ufx\; A(x * y)}

(iv) Now vs ) (0) = max (% , vg N (O))

Therefore v’ (0) < vP (x)

a2 A a2 4

Now vNA(O) = rnin(_1 VY (O)j

) 2

> max (%1, vV (x))

Therefore fo\; A(O) >N (x)
1
(v) Now VS?A(y *2z) = max(i , VSA(y * z))
1 P P
< max (5 , max {vaA (x * 2), Vou (o * y)}j

Advances and Applications in Mathematical Sciences, Volume 22, Issue 7, May 2023
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P P
=max{max(2, (x z)j max(2, aA(x*y))}
= max {vg?A(x * 2), VS?A(x * y)}

P P P
Therefore 9 (y * z) < max {va?A(x * 2), va?A(x * y)}

. . (-1
(vi) Now V(ZX)A(y *2z) = mln(T, V(ZIVA (y* 2))

>m1n(?1 m1n{vN (x * 2), v, (x*y)}j

= min{mln(_zl VY (x * z)) mln(_21 , foA (o * y))}

= min{v) (x*2) v} (x*)

Therefore v
a2 4

(x * )}

(y*z)Zmin{va) (o * z)v oo A

Therefore ? A is a bipolar intuitionistic fuzzy o-ideal of X.

Theorem 4. If A and B are bipolar intuitionistic fuzzy a-ideal of X, then
AN B)=?AN?B is also a bipolar intuitionistic fuzzy a-ideal of X.

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

Consider 0, x, y,z€ A(1B then 0,x, y,z€ A and 0, x, y, z € B.
(i) Now pw(AﬂB)( ) = mln( OtAﬂB( )j
1
ﬂmfmml@um@

3 minf? (@) wl ()

= min{min(é , uaA (x)) mm(2 , M (x))}
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= min {pg? A (x), HZ;? B (x )}

P
- “a?Am?B(x)

O©=zn, ()

Therefore ;,L @ AN 7B

OW(AQB)

Now Y (0) = max( 3w, ()]

o2(ANB)

= max( 21 , max {ué\; (0), Hé\; (0)}j

< max( o, max o, (e). ¥ ()

= max{max( 21 , paA(x)) max( 5 u ( )j}

= max {u i\{)A(x) é\{,B(x)}

N
=ty o)

O©<u) .

Therefore ;,L @2 AN 7 B

a"(AﬂB)

(ii) Now HOW(AOB) (y*z)= mln( 5 HO‘AHB (y * z))

. (1 . P p
= mm(g, min {“aA(y *2), HaB(y * Z)}j

> min (5, min fmin uf, (e * 2) 1] e )

min {HSB (o * 2), MEB (x * y)}})

= min (§ , min {min {ug . (x * 2), HS N (2 * y)},

min {pr (x * 2), ”53 (x = y)}})

Advances and Applications in Mathematical Sciences, Volume 22, Issue 7, May 2023
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. .1 .
- min min(}, min{u? (c»2) wF, (5 * ),

min {pr (x * 2), MQPB (x * )}
= min {min {min(% ug ) (o * z)j, min(% uf;B (x Z)j},

min {min (% , ug . (o * y)), min (% HgB (o y))}}

P

= min {min {“5 ) A (x * 2), ey

(v * 2)}, minful, (2 * ), nl, ()}

(x % 2), u2 (o * y)}

— P
= min {u a? AN?B

A AN?B

(xx2)ul, ()

(y *z) = min{u? P

Therefore },lP AN 7 B

02(ANB)

s W

N _ -1
(iii) Now p (y*z)= max( 5 Hoans

Soang) (y* Z)j

= (2, masx (3 2) w2 v 2

< max (o, max fmax ol (e 2), 1w (x % y)
max i)} (x *2), uh (x * y)}})

— max (S, masx fmax o (5 #.2) . (1% 2)
max Y (% ), 1 (@ % )

= ma {max (3 max v+ 2) 1, G+ ) )
max (‘71 , max ! (x* ), wl) (o y)})}

_ -1 N -1 N
= max {max {max (§ Moy (o * z)), max (?, Mg (o * z)j},

Advances and Applications in Mathematical Sciences, Volume 22, Issue 7, May 2023
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max {max( 21, MaA(x y)j max( 21 ’ l~l (x i y)j}}

(x * y)}}

 max max (= 2) ) (5 + 2 max ] (o 9) )

ap
N
Cmaxhd el )
Therefore MOW(AHB) (v * z) < max {um an 9B(x xz), Y ey an 2 B( * )}

(iv) Now Vow( ANB )(O) max( OtAﬂB( ))

—

3 max (7 (0% (0)

\]

1
5 max (v () V7 ()|

=max{max(;, P (x)) maX(T §B(X))}

_ P
Therefore v ©0)<vP (x)
02(ANB) o2 AN? B
1
Now vm(AﬂB)( ) = min (7 ' Vaung (O)j

L\'>|H

min(vY, 0} v2% 0)

IV

mln(
min 5}, min(vY, (o) V2 ()|

= min{min( 21 , Ve (x)) mln( 21 , é\;(x))}

= mln{vN (), Vé\iB(x)}

Advances and Applications in Mathematical Sciences, Volume 22, Issue 7, May 2023
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_ N
= Varanon (x)
Therefore vé\r )= v (x)
2(ANB) 2 AN?B

P _ 1 0p
(v) Now va?(AﬂB)(y *z) = max(2 »Vouns (y = Z))

= (L, max(v? v+ 27, (+2)

< max (l , max {max {ng (x * 2), ng (xx = y)},
max {vg » (x * 2), VfZB (x = y)}})

= max (% , max {max {ng (x * 2), Vi)A (o * 2),
max {vg i (2 = ), VgB (o * )}

= max {max (% , max {vaPA (x = 2), VSA (o * Z)})
max (% , max {V(I;A (2 = ), V(I;A (xc = y)})}

= max {max {max (% , vf; . (o * z)), max (% , vg s (o * z))},

max {max g , vg NES y)), max e , vij (x * y))}}

P

= max {max {vg ?A(x * 2), va?B(x * z)}, max {vg ) A (x*y), vE  (x* y)}}

% B

P P
- max {VG?AD 2@ *2) Voo an SCA)
P P P
Therefore Vaxans) (v * z) < max {va? an ?B(x * 2), Voo an ?B(x * y)}

. N _ (-1 N
(vi) Now va?(AﬂB)(y *2) = mln( 5 VOtAnB(y * 2))

Advances and Applications in Mathematical Sciences, Volume 22, Issue 7, May 2023
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. (-1 .
— min( 5, min(vY, (v = 2 VY (v 2)
.1 . . N N
> min (?, min {min {vaA (x * 2), Vou (o * y)},
min Y (x+ 2 v (& % )
.o—=1 . . N
= min (7 , min {min {VocA (2 * 2), ) (o * 2)},
min v (3 ) VY (¢ )
. - (-1 . (N N
= min {mln (?, min {VaA (x * 2), Vay (o * y)})
. (=1 . N N
min (?, min {VOCB (x * 2), Vag (o * y)}j}
= min{min{min[ 2, v¥ (x *2)|, min Lo (x*2)
2 b (XA i 2 9 (x'B 9

min {min(%l , vfoA (o * y)j, min [_71, foVB (o * y))}}

= min {min {vfj? Lxx2), vfj? MEER)S min{vfj; L) V(IX\; NEERO

R N N
- mm{va?m ?B(x *2), Voo any ?B(x * )
N (N N
Therefore Varans) (y *2) > min {vu? an ?B(x * 2), Voo an ?B(x * )}

Therefore (AN B)=?AN?B is also a bipolar intuitionistic fuzzy
o-ideal of X.

Theorem 5. If A is a bipolar intuitionistic fuzzy a-ideal of X, then

? A =!A isalso a bipolar intuitionistic fuzzy o-ideal of X.
Proof. Given A is a bipolar intuitionistic fuzzy a-ideal of X.

Consider 0, x, vy, z € A.
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() Now u/_(0) = v}, _(0)
?7A 7A

Therefore uapﬁ 0) > “5! A (%)

Now ué\:j (0) = Vé\{?g(o)
= min {%1, vfx\% (O)}
= min {_?1, “fva (O)}
< min{%l, uéVA (x)}
= upy , ()

Therefore u(]xvﬁ (0) < ué\!IA (x)

.. p -y
(i) Now p_ (y%2) = v, (y*2)

1 P
= max {5’ Vag (y * z)}

1 P
= max{ﬁ, “aA(y * z)}
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1 . (P P
> max{], minfuf (x+2) w0, (2 o))

. 1 p 1 p
= min {max {5, Mo (o * z)}, max {§ » Moy (o * y)}}

= min{u) (v *2) u, (x*)

Therefore uaP _(y*2z)>min {uf;! N (x * 2), uolz A(x * y)}

24
N N
(i) Now po._ (y*2)=vy, (v*2)
. [-1 N
= mln{7 Vas (y = 2)}
. [-1 N
- mm{7, paA(y * z)}
-1 N N
< min{ max{ul, (v #2) w2, (e )}
- max{mind 2} uV (x * 2)!, min -1 ndV (x % y)
5 2 Hay ’ 9 Moy

- max fulf (x #2) i}, (% )

Therefore ufzﬁ (¥ * 2) < max {uég N (x * 2), uég N (x *y)}

(iv) Now V(I; __(0)= uaP _(0)
?7A 7A
= min {% , Hi < (0)}

= min {% , vf; N (O)}

. (1 p
< mln{i, Vo (x)}

Advances and Applications in Mathematical Sciences, Volume 22, Issue 7, May 2023



1508 S. SIVAKAMINATHAN, K. GUNASEKARAN and S. NANDAKUMAR

-2 (@)

A

Therefore VP (O) < vf; A (x)

Nowvfj;A() V(o)

U,QA
= max {3 s Moy (0)}

= max{

> max{71 vfx\; (x)}

m|,_.

N0

N
= Vouu (x)

Therefore VN (O) > Va (x)

14
W) Now (v *2) = g, (3 *2)
= min{%, o (* 2)}
= min{l, SA(y * z)}
< min{

. (1 p . [1 p
= max {mln {E’ Vo (o * 2)}, mln{§ »Vou (o * y)}}

P P
= max {va!A (x * 2), Vara (x * y)}

[\

—

max {v (x z), VP (x *y)}}

N

Therefore vP (y *2) < max{ (x z), v (x * y)}
. N _..N
(vi) Now v _ (y*2) = 1, (v *2)
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-1 .
> max {?, min {véVA (x * 2), vé\; (o * y)}}

o -1 N -1 N

= mln{max {?, ) (o * 2)}, max {?, Vou (o * y)}}
: N N

= min {va!A (x * 2), vu!A(x * y)}

N : N N
Therefore - (y *2) > min {va!A (x * 2), va!A(x * y)}

Therefore ‘ﬁ =1A is a bipolar intuitionistic fuzzy a-ideal of X.

Theorem 6. If A is a bipolar intuitionistic fuzzy a-ideal of X, then
1(?A) = 2! 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, v, z € A.

. 1
(i) Now uf; on (0) = max {g, uf;, A(O)}

Il
8
o]
W
NI
2.
=]
—
no|
&
S
—~
=)
N—
Hr_/
H_/
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0)=pf  (x)

Therefore up ar(4)

(2 A)

. (-1
Now pg 04) 0) = mm{?, M(ZX, A(O)}

_ N
—H a?(!A)( )
Therefore “(Ix\!l(? ) 0) < fo\;(! A) (%)

(i) Now pf

1
o ) ¥ 2) = max {5, uy, (o Z)}

1 . [1 p

max g, mm{§, T (v * z)}}
1 P

, maX{§, M, (% 2)}}

max (. min{uf (e 2l (o0 )}

min

min{

! . 1 p 1 p

= min {5, min {max {5 T (o * 2)}, max {§ Moy (x * y)}}}
.1 . P p

= min {5 , min {ua!A (x * 2), Ho 4 (x * y)}}

. . [1 p . {1 p
= m1n{m1n{§, Moy 4 (o * z)}, mln{g, Fo 4 (o * y)}}

NO|

vV
No| —
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P
—minful (e ul @)

Therefore p  (y*2z)2 min{pt  (x*2), pf  (x*y))

oy ( A) G?(YA) G?(YA)

. [-1 N
(iii) Now uw(?A)(y *2z) = mln{7 ) MQ?A(S’ * Z)}
— mind L -1
= mln{ 5 max{ 5 paA(y *z)}}
_ 1 mindZL N
= max{ 5 mln{ 5 “aA(y*Z)}}

& macul e 2) w2 e+ )]

: {
- max{%l, max {min{ 21 ; H (x Z)} mm{ 2 “ (x ) y)}}}

-1
- max{ S max{ul (5 +2) w2, (e o))

-1 N N
= max {max{ 5+ Moy g (o * z)} max{ 5 MOUA( * y)}}
“maxfel (o2 (o)

Therefore wlY | (3+2) < maxull (e 2) w¥ (e x)
() Now v, (0) = min{Z. V2 ()}
s £,0]

_ max{ ,min{%, vfjA(o)}}

max {% , min {% ) VSA (x)}}

Do

IA
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—max{ gA( )}

= Vi @

A2(1A)

Therefore va 0) <
(2 4)

(x)

a?(YA)

N N
Therefore Vayr A)(O) = Von(a) (x)

@ Now vE | (y2) = min{3. V5 (v 2)}
= n{ ax{—, VP (y * z)}}
max{

1n{—, vE (o z)}}
x|

, min { max {vP (x * 2), vP (x * y)}}}
= max {%, max {min{%, vf; . (o * 2)}, min{%, vg . (o * y)}}}

=

’

No| =

=]

’

NI

I/\
l\'JIi—l
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= max{2 , max{vZA(x * 2), v(};A(x * y)}}

=max{max{2, P (x z)} max{z, ZA(X y)}}

— P
“max? (o2 v (e)
P
Therefore va!(?A)(y z) < max {ch ('A)(x 2), v m(’A)(x ¥)}
. -1 N
(vi) Now vou(QA)(y z) = max{ 5 mA(y z)}

-1 -1 N

= max{ 5 mln{ 5 OLA(y * z)}}
. (-1 -1 N

= rmn{?, max {?, Vo (v * 2)}}

> m1n{ , max {% , min {fo\; (x *2), foVA (xc y)}}}

— min {_ mm{ {71 (o * z)} max{_zl : éVA (o * y)}}}

:mjn{_zl,mm{vN (o * 2), V (x y)}}

= min{min{_?l, vé\!]A (o * 2)}, min{_z1 , (ZXA (o * y)}}
= min {vé\i (!A)(x * 2), vi\; 4) (o * y)}

N
) Ow(v A)

(x * )}

Therefore V(Zx\’( )(y * 2) > min {Vow(, )(

Therefore !(? A) = ?2(! A) is a bipolar intuitionistic fuzzy a-ideal of X.

Theorem 7. If A is a bipolar intuitionistic fuzzy a-ideal of X, then
1(0A) =1(! A) is a bipolar intuitionistic fuzzy a-ideal of X.

Theorem 8. If A is a bipolar intuitionistic fuzzy a-ideal of X, then
(? A) = AIA) is a bipolar intuitionistic fuzzy o-ideal of X.
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Theorem 9. If A is a bipolar intuitionistic fuzzy a-ideal of X, then
20A) = O(? A) is a bipolar intuitionistic fuzzy a-ideal of X.

Theorem 10. If A is a bipolar intuitionistic fuzzy o-ideal of X, then
1(0A) = 0(! A) is a bipolar intuitionistic fuzzy a-ideal of X.

Theorem 11. If A is a bipolar intuitionistic anti fuzzy a-ideal of X, then
' 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 (AN B)=!AN!B! is also a bipolar intuitionistic anti fuzzy a-ideal of
X

Theorem 13. If A is a bipolar intuitionistic anti fuzzy a-ideal of X, then
? A is 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 AN B)=?AN?B is also a bipolar intuitionistic anti fuzzy a-ideal of
X

Theorem 15. If A is a bipolar intuitionistic anti fuzzy a-ideal of X, then

? A =1 A is also a bipolar intuitionistic anti fuzzy a-ideal of X.

Theorem 16. If A is a bipolar intuitionistic anti fuzzy o-ideal of X, then
1(?A) = 2 A) is a bipolar intuitionistic anti fuzzy a-ideal of X.

Theorem 17. If A is a bipolar intuitionistic anti fuzzy o-ideal of X, then
1(TA) =(! A) is a bipolar intuitionistic anti fuzzy a-ideal of X.

Theorem 18. If A is a bipolar intuitionistic anti fuzzy o-ideal of X, then
(? A) = A IA) is a bipolar intuitionistic anti fuzzy a-ideal of X.

Theorem 19. If A is a bipolar intuitionistic anti fuzzy o-ideal of X, then
20A) = O(? A) is a bipolar intuitionistic anti fuzzy a-ideal of X.

Theorem 20. If A is a bipolar intuitionistic anti fuzzy a-ideal of X, then
1(0A) = O(! A) is a bipolar intuitionistic anti fuzzy a-ideal of X.
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