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Abstract - The concept of a bipolar intuitionistic fuzzy ideal and bipolar intuitionistic anti fuzzy 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 P, s, Qqqrpp @nd  Gggrp g ON
bipolar intuitionistic fuzzy ideal and bipolar intuitionistic anti fuzzy ideal are established.
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1. INTRODUCTION

The concept of fuzzy sets was initiated by I.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 satisfies the property and the negative membership degree
[-1, 0) indicates that elements somewhat satisfies 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.
K.Gunasekaran, S.Nandakumar and S.Sivakaminathan [16] introduced the definition of bipolar intuitionistic fuzzy ideal of a
BP-algebra.

Il. PRELIMINARIES
Definition: 1
Let A and B be any two bipolar intuitionistic fuzzy set A = (uf, u, vk, vY) and B = (uk, ud, v, vd) in X,
we define

i) ANB ={(x, min(uj (x), u (x)), max(uy (x), ug (x)), max(vy (x), v (x)), min(vy (x), vg (x))) /x € X}
i) AUB ={(x, max(uj (x), ug (x)), min(uj (x), ug (x)), min(vg (x), vg (x)), max(vy (x), vg (x))) Ix € X}
iii) A= {(xvf (), va (), (), ) (x)) I x € X3.

Definition: 2

A bipolar intuitionistic fuzzy set A = { ,uﬁ, uﬁ, vf, v}lv / x €X } of BP-algebra X is called a bipolar intuitionistic
fuzzy ideal of X if it satisfies the following conditions:
i) 15(0) = pf(x) and uy(0) < uyf (%)
i) pa (x) = min { pf(x * ), @i ()}
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iii) i () < max {p O * y), i ()}

iv) vE(0) < vi(x) and v} (0) = v (x)

V) vi (x) < max {vj(x *y), vi(») }

vi) vV (x) = min {v)(x xy), v¥(y) }, forall x,y € X.
Definition: 3

A bipolar intuitionistic fuzzy set A = { ub, ulY, vk, vY | x €X } of BP-algebra X is called a bipolar intuitionistic anti
fuzzy ideal of X if it satisfies the following conditions:
i) pa(0) < p(x) and pyi (0) = pif (x)
ii) pa (o) < max { i (x = y), pa ()}
i) p) () = min {pf (x*y), uh ()}

iv) vE(0) = vE(x) and v} (0) <v¥(x)

V) vi(x) = min{vf(x*y), vi(») }

vi) vV (x) < max {v)(x =y), vi(y) }, forall x,y € X.
Definition: 4

Let A is a bipolar intuitionistic fuzzy set of X, then
Pyar gpr (A) = { (x, max(a, uf (x)), min(a’, uy (x)), min(8, v£ (x)), max(B’, vy’ (x)) / x € X}, for @, g € [0, 1], &', B’ € [-1, O]
anda+p <1,a'+p8' =-1L
Definition: 5
Let A is a bipolar intuitionistic fuzzy set of X, then
Qa,a’,ﬁ,ﬁ"(A) = { (X, min(a! ”ﬁ(x))l maX(C(’, ”X(x))7 maX(‘B, VX(X)), min(B,v VAV(x)) Ix€ X}, for a'ﬂ € [01 l]v a,’ ,8, € ['11
Oanda+p <1, +p' =-1.
Definition: 6
Let A is a bipolar intuitionistic fuzzy set of X, then
Gaa pp'(A) = {(x, apy (x), a'u) (x), Bvi (x), B'vy (x)) I x € X}, for o, B €[0,1], @', ' €[-1,0] anda + B <1,
a +p =-1.

111. SPECIAL OPERATORS ON BIPOLAR INTUITIONISTIC FUZZY IDEAL

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

Proof: Given A is a bipolar intuitionistic fuzzy ideal of X. Consider 0, X, y € A.
i) Now uga’a,ﬁﬁ,m) (0) = max (a, u4(0))
> max (a, b (x))
= Mgu,u’, 5 A ()
Therefore MPPa,a’,ﬁ,ﬁ’(A) (0) 2 MPPa’a/'ﬁ'ﬁ/(A) (x)
Now Mga’a,'B’B,(A) (0) = min (a’, ,qu(O))
< min (a', 4§ (x))
= .Ugala,, 55’ @ ()
Therefore u’ﬁ’a’a,w,(A) (0) < ﬂlrya’a/'ﬁ'ﬁ/(A) (x)
i) Now g, ay () = max (@, ui(x)

> max (e, min { pz(x *y), ui()})
= m_in { max (a, pu& (x * y)), max (a, u5(v)) }
=min {Mga,a',ﬂ,B’(A) (X * y): 'uPPa,a’,B,B’(A) (}’)}

Therefore uf 5 (0 = min { ul‘;a’a,w,(A) Cexy) mp g @ O}
i) Nowu o () = min (o, 1 ()
< min (@', max { u}f (x * y), ui ()})
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=max { min (&', gy (x * ¥)), min (&', ui ()}
= max { uga’a,ﬁﬁ,m) (x *y), u{:"a,a,’ @ O}

Therefore .Uga o g @ (x) < max { #ga o pp @ (x *y), #ga o pp @ )}

Now v{,’a’ e (0) = min (B, v£(0))

< min (8, vi(x))
1 (A) (x)

iv)

= VP
b Pa,a',ﬁ’f
Therefore 0)<v x).
; VPa,a’.ﬁ.ﬁ’(A) ( ) pa'alif'B’(A) ( )
Now VP, ot 1) (0) = max (8, v} (0))
> max (8, v} (x))

_ N
= VPa'a/‘ PYaC) ()

Therefore v 0)=vy :
VP ot 550 @ (0) = VP, ot 5.7 ) (x)
Now vgaa'Bﬁ’(A) (x) = min (8, vi(x))
< min (8, max {vi(x xy), vA(¥)})
= max { n;in(ﬁ, Va(x *y)), rr;in B.va)}
= max { vPa,a’,B.[?'(A) (X * Y); VPa.a’.B.B’(A) (}’) }

v)

Therefore vga'a,‘B‘B,(A) (x) < max{ vﬁa‘a,ﬁﬁ,m) (x *y), vlfa,a’,[;,ﬁ’(A) €2)

Now v§ ) g () = max (', VA (1))
> max (8, min (v} (x * y), v (»)})
= min {max(B’, v} (x * y)) ,max (8’,vk (¥))}
= min { Vga,a',B.B’ A) (x * y); Vga‘a/'B'BI(A) (J/)}

vi)

N : N N
Therefore vPa,a’,B,B’(A) (x) = min { vpala,'ﬁ‘ﬁ, *) (x *y), pr.a’.B.B’(A) O}
Therefore P, o 5 57(A) is a bipolar intuitionistic fuzzy ideal of X.

Theorem: 2
If A and B are bipolar intuitionistic fuzzy ideal of X, then P, .7 5 o (A N B) =P o1 5 51(A) N Py o g 57(B) is also a
bipolar intuitionistic fuzzy ideal of X, and forevery @, €[0,1], a',8' €[-1,0]and a+ 8 <1,a' + ' =-1.
Proof: Let A and B are bipolar intuitionistic fuzzy ideal of X. Consider 0,x,y e AnBthen0,x,y € Aand0, x,y € B.
i) Now #gaa, g (ANB) (0) = max (a, ppnp(0))
= max (a, min{u3(0),u;(0)})
> max (a, min{u}(x), uf (0}
= min{max (a, uz (x)), max (a, uf (x))}

- mi P S

=min { #Pa,a’,ﬁ.ﬁ'(A) (x), Hpa,a’,B,B'(B) )}
- P

- MPa,a',B,B’(A) n Pa,a',B,B’(B) (X)

Therefore 'ull;a:,a',[i’,ﬁ' (ANnB) (0) 2 'ull;a:,a',ﬁ’,ﬁ’(A) n Pa:,oc’,ﬁ,ﬁ" (B) (x)
Now #ga ' BB (ANB) (0) = mln (a’l #XHB(O))
= min (a', max { # (0), ug(0)})
< min (&', max { uy (), pf ()})
= max { min (', 1 (o)), min (@', i (1))}
max {‘uga,a’,ﬁ.ﬁ’(A) (X), Mga,a’,BrB’(B) (x)}

- N
THP, g gt MNP, 1 g i (B) (x)
N N
Therefore up . anmy (0 <up_, L @ynp, gD
Now #ga ' (ANB) (x) = max (@, panp(x))

=max (a, min{uh(x), ubx)})

i)
> max (a, min { min{u} (x * y), ui ()}, min {ug(x * y), up()}})
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= max (a, min { min{ uj (x * y), up (x * y)}, min {uf (y), ug ()}33)

= min { max (a, min{ ux (x * y), ug (x * y)}), max (o, min {ux (»), uf ()1}
= min {min{ max (a, ux (x * y)), max(a, pg(x * )}, min{ max(a, ua (y)), max (a, ug(v))}}
=min {min {Hga’a,ﬁﬁ,(A) (x * ), ﬂga'a,ﬁ’ﬁ,(s) (x = y)}, min {Hga'a,'ﬁﬁ,(A) ), #gala,ﬁﬁ,(B) 6213

=min{ uSa’a,_B_ﬁ,(A) np (x *y), #ga'a,'m,(A) NPy o 55 (B) O}
Therefore

'uga,a’,B,ﬁ’ (ANB) (x) > min{ #gd.d’.B'B’(A) n Pa,a’,ﬁ,ﬁ’(B) (x * y), Hga'a,‘B'B,(A) n Pa:a"B.B’(B) (y)}
i) Now |, ians () = min (@' s ()
= min (a’, max{ u} (x), ug(x)})

< min (a', max { max{ g (x * y), uh ()}, max {ug (x * y), ug (v)3})
= min (&', max { max{ up (x * ), ug (x * ¥)}, max {u) (v), ug )}
= max{min (a’, max{up (x * y), ug (x * y)}), min (a', max {ux v), ug )}}

= max{ max{ min (', up (x * y)).min(a’ ,ug (x * y))}max{min (a', up (), min (a’, ug (v))}}

= max {max {ﬂya'a,'ﬁ'B,(A) (x *y), uga’a,m,m) (x * y)}, max {uga,a’,B,B’(A) ), M’rya'a,ﬁﬁ,(B) 6213

/(B) (x *y), ugm,ﬁﬁ /(B) O}

a'a"ﬁ'ﬁ’(B)

= max{ Hga,a,’ g5/ (A)NP
Therefore
#gm,' 55 (ANB) (x) < max{ #gm,‘ Yy
iv) Now Vga‘a,ﬁﬁ, ang (0) =min (B, Vang(0))
=min (8, max (v4(0), v£(0)))
< min (8, max (v (), v5 (x)))
= max{ min(B, v (x)), min(B, v§ (x))}
= max {Vl};a'a/ﬁﬁ,(A) (x)’Vga,a’,ﬁ,ﬁ’(B) ()}

1(A)NP

aa BB aa BB

/(B) (x*y), Hlly /(B) O}

a:a"[”'ﬁ’(A) np

(AN Pa.a',B,ﬁ ad BB

— ., P
= VPa'a/'B'B,(A) NPyt g ! (B) (x)

P P
Therefore Ve, i pp (ANE) 0) <vg '3 ().

o s W Poglpp
Now Vlgva’a,ﬁﬁ, (ANB) (0) = max (', vanp(0))
=max (B', min (vy (0),vg (0)))
> max (8', min (v (x),v§ (x)))
= min{max (8’, vy (x)), max (B’, v§ (x))}
=min {vll:’va,a',B,ﬁ’(A) (x), vll’va,a’,ﬁ,ﬁ’(B) (x)}

- ,N
- vPa,a’,B,B’ (A)n Pa:,a:',ﬁ,ﬁ' (B) (x)

Thereforevp . ane) (0 ZVve e, 0@ ()

a' BB
V) Now Vga,a’,ﬁ,[)” ang) (x) =min (B, Vang (X))
=min (8, max{vy (x), v§ (x)})
< min (8, max{max{vj (x * y), v ()}, max{v{ (x * y),v{ (3)}})
= min (8, max{max{vx Cx * y), vg Cx * )}, max{vy(y), vg ()}})
= max{min(B,max{vy (x * y), v§ (x * y)}),min(8,max{vs (»), v{ () })}
= max{max{ min(8, v (x * y)), min(B, v§ (x * y))}, max{ min(8, v (), min(B, v§ (»))}}
= max{max{vlgu'u/’B’B/(A) (x *y), Vga’a,’ﬁﬁ,(s) (x*y)}, max{v§a,a’,ﬁ,ﬁ’(A) o), v‘I;a,a’,ﬁ,ﬁ’(B) 62} 3;

_ P P
= max { vPa,a’,ﬂ,B’(A) n Pa,a’,B,ﬁ’(B) (X * y)' vPa,a’,B.B’(A) n Pu,u’.B.ﬁ’(B) (y)}

Therefore
p P p
VPa,a',B.B' (ANB) (X) < max { vPa,a’.B.ﬁ’(A) n Pa,a’.B.B’(B) (x * )7), VPa,a'.B.B’(A) n Pa,a',B.ﬁ’(B) (y)}
vi) Now vy ' » ot (ANB) (x) = max (8", vanp (%))
a,a BB

=max (B', min (va (x),vg (x)))
> max (', min (min {vy (x * y), vA ()}, min {v§ (x * y), v§ ()}))
= max (B', min (min {vy (x * ¥), v§ (x * »)}, min (v (), v§ ()3))
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= min{ max (8’, min {v} (x * y), v§ (x *y)}), max(8’, min {v¥ (y), v )1}
= min{min{max(8’, v¥ (x * )), max (8', v (x * y))}, min{ max(8’, v¥ ()), max(8’, vy (»))}}
= min {min {Vga,a’,ﬁ,ﬁ’(A) (x *y)), vé,"“’a,ﬁﬁ,(g) (x * )}, min {vll)va,a’,[?,B'(A) ), Vlgva'a/ﬁﬁr(B) 62}

/(B) O}

=min { vé’va,a’.[?.[?’(A) nP 1(B) (x * y); vll)va,a’,B.B’(A) np
Therefore
N H N N
vpa,a'.[i’.ﬁ' (ANB) (X) = min { vPa,a'.[)’.B’(A) n Pa,a'.B.B'(B) (X * y)' VPa,a'.B.B’(A) n Pa,a'.B.ﬁ’(B) (y)}

Therefore Py o1 5 (AN B) =Py pp1(A) NPy o g pr(B) is abipolar intuitionistic fuzzy ideal of X.

aa' BB aa' BB

Theorem: 3
If Ais a bipolar intuitionistic fuzzy ideal of X, then Q, .7 5 s7(A) is a bipolar intuitionistic fuzzy ideal of X.

Proof: Given A is a bipolar intuitionistic fuzzy ideal of X. Consider 0, x,y € A.
i) Now ug_ ) (0) = min (a, u3(0)
> min (a, ph(x))
= Gy oy @@
Therefore gy (0) 2 g, ooy (-
Now “ga,a',g,p'(“) (0) = max (a’, u¥ (0))
< max (a', wj (x))
= #Sm,' pp' @ (x)
Therefore #ga,a',B,B’(A)(O) < ugm,ﬁ'ﬁ,w ().
i) Now u§ a0 = min (a, i (x)

min (a, min { @ (x = y), uh (Y
min{ min (a, uk (x * y)), min (a, uk (y))}
min { #Sa’a,’ﬁ’B,(A) (x *y), #Sa’a,ﬁ'ﬁ,m) O}

Therefore “Sa,a',g,p'(“) (x) = min { Msa,a’,ﬁ,ﬁ'(A) (x * y),uém,, 5 g @O}
iii) Now Mgaa’ﬁﬁ’(A)(x) = max (a', 1 (x))

< max (o', max { g (x * y), uY ()}
=max { max (a’, uj (x *y)), max (a’, uy ()}
=max { #gayar'ﬁ'ﬁ/(A) (x *y), ‘uga'al’ﬁﬁl(A) ()}

Therefore 'uga,a',ﬂ,ﬁ’(A) (x) < max { Mga,a',ﬁ,ﬁ’(A) (x = y),,uga'a,’ e "}
iv) Now vga'a,m,m)(()) = max (B, v&(0))
< max (8, vk(x))
= vga'a,’m,( 4 (%)
Therefore VSW,M,(A) 0) < VSa,a,_B_ﬁ/(A) ().
Now Vga,a',ﬁ’,ﬁ’(A) (0) = min (', v (0))
> min (B', vp (x))
= vga,a',B,B’( a)(x)
Therefore vga,a’,B,B’(A)(O) > vgm,w,(A) ().
V) Now Vsa.a',ﬁ,ﬁ'(A) (x) = max (B, v (x))

< max (B8, max {vi(x=*y), vi(y)})
= max {max (8, vx (x * y)), max (8, vi(y)}
= max {Vsa,a',ﬁ,ﬁ’(A) (x *vy), Vsa'a,‘ﬁﬁ,(A) ()}

P P P
Therefore VQu ot .51 @ (x) < max {qu'u,’B’B,(A) (x * ), VQu ot 508 62)}

Vi) Now vgu'a,ﬁ’ﬁ,(A)(x) = min (8", v} (x))

v
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> min (8',min {v4' (x *y), v/ (») })
= min { min (8’, v} (x * y)), min (8', v} ()}
= min {vga,a’,ﬁ.ﬁ’(A) (x *y), vga,a’,/i’,ﬁ'(A) ) }
Therefore vga’a,'ﬁ'ﬁ, a(¥) = min {vga'a,ﬁﬁ,( A (X * ), vga'a,'w,(A) O}
Therefore Qg o7 g 5'(A) is a bipolar intuitionistic fuzzy ideal of X.

Theorem: 4
If A and B are bipolar intuitionistic fuzzy ideal of X, then Qg 47 55/ (A N B) = Qg q55'(A) N Quqr g5/ (B) is also a

bipolar intuitionistic fuzzy ideal of X, and for every @, €[0,1],a¢',8' €[-1,0landa + 8 <1,a'+ 3’ =-1.
Proof: Let A and B are bipolar intuitionistic fuzzy ideal of X. Consider 0,x,y e AnBthen0,x,y€e Aand0, X,y € B.
i) Now #Sa,a,ﬁ'ﬁ,(An B)(O) = min (a, ttanp(0))
= min (a, min{u;(0), u5(0)})
> min (a, min{us(x), uj(0)})
= min{min (a, p (x)), min (a, ug (o)}
=min { #Sa’a,'ﬁ'ﬁ,(A) (x), #ga'a,ﬁlﬁ,(B) ()}

— P
. =u Qa'a,ﬁ'l;, (B)N Qo p g7 (B) (x)

Therefore ug_ , o vans)(0) 2o, @)1y g g o0 -

Now /Jgoca’ gp (ANB) (0) = max (a’, HXOB(O))
= max (a', max { u} (0), ug(0)})
< max (a', max { ) (x), ug ()}
= max { max (a’, u¥ (x)), max (&', u§ (x))}
= max {yga o gt x), Mga o pp B )}

- N
THQ N Q1 g 51 (B) (x)

Therefore “ga,a’,m'(“ apy(0) < uém,, 55BN Q1 o 01 (B) (x).
ii) Now ‘usa,a’,ﬁ,p’(A“ B) (x) = min (a, uhnp (%))
=min (&, min { uh(x), pp (0}
= min (a, min { min{ uj (x * ), uf ()}, min {ug(x *y), up (Y}
= min (a, min { min{ pa (x * ¥), up (x * )}, min {u}(y), uz (}})
= min { min (&, min{ ui (x * ), uh (x * y)}), min (&, min {u5 (y), uh N}
= min {min{ min (a, ps (x * ¥)), min(a, u5(x * y))}, min{ min(a, x5 (y)), min (e, u§ ()3}
= min {min {uga'a,m,( a@*y), #Su'u,’ ) (x * ¥)}, min {#Sala,ﬁ,ﬁl(A) o, liga,a,_ s ﬁ:(B)(Y)}}

— mi P P
=ML UG o o180 Qu gt 5 B X F YD HQ o i) 00 g1 ) D)}
Therefore
”Sa.a’,B,B’(A gy (x) = min { ”Sa,a',g,ﬁ’(A) n sz,zx’,[s’,ﬁ'(B)(x *y), Hsm,, 55BN Q1 5 o1(B) o}
i) Nowwy |, cans(0) = max (@', whns ()

= max (a', max{ uj (x), ug(x)})
< max (a', max { max{ ) (x * ), uj ()}, max {ug (x *y), uy (»)}})
=max (o', max { max{ pp (x * y), uy (x * y)}, max {u) (), u§ (¥)3}})
= max{max (a’, max{uy (x * y), ug (x * y)}), max (', max {up (v), ug )1}
= max{max{max(a’, uX (x * y)),max(a’,ug (x * y))}, max{max (a’, uy (v)),max (a', ug ())}}
= max {max {uq_, o * ¥ kg y@ =y max{ug o O kg @ (03

— N N
= max{ ”Qa,a',B,B’(A) NQuyt ' (B (x*y), ”Qa'a/ﬁﬁr(A) n Qa’arﬁﬁ/(B)(}’) }
Therefore
N N N
'quz,a’,,B./?’(A nB) (x) < max{ #Qa,a'.ﬁ.ﬁ'(A) n Qa,a’,ﬁ.ﬁ’(B) (x * Y) ’ 'uQa,a’.ﬁ.ﬁ’(A) n Q“.d'.B.B'(B) (y)}
iv) Now Vsu,u’,ﬁ,ﬁ’(A npy(0) = max (8, vinp(0))
= max (8, max (v (0),v§(0)))

ll’.ﬂﬁ’(B
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< max (8, max (v (x),vE (x)))

= max{ max(B, v (x)), max(B, v (x))}
= max {vga,a’,B,ﬁ’ (A) (x) 'VQPa,a’.ﬁ,B' (B) (X)}
= véa,a’.B.B’(A) n Qa,a’,l?.l?'(B) (X)

P P
Therefore VQu ot g (AN 5 (0) < v, @ ().

o 58 BNl pp
Now Vga_a,_ﬁ_ﬁ,(A gy (0) = min (B', vAhp(0))

=min (', min (v} (0),v§ (0)))

> min (8’, min (v} (x),v (x)))

= min{min (8', v} (x)), min (8', v§ (x))}

- N N
=min {v§_ L) (%), VQu 1 5 /B (0}

1(B) (X)

a'\B.B
Qa,a’,ﬁ,ﬁ'(A) n Qa,a',ﬁ’,ﬁ
Therefore vé"a o gt A0 g (0) = vga o558 0 Qo 1 (B) (x).
Vo NOWVE () = Max (B, Vinp(0)
= max (B, max{vj (x), v§ (x)})
< max (8, max{max{vj (x * ¥), vy (")}, max{v§ (x * y),v§ (»)}})
= max (B, max{max{vj (x * y), vg (x * )}, max{vy (y), v§ ()}})
= max{max(8, max{vx (x * y),vg (x * ¥)}), max(8 .max{vi (y), v§ )}
= max{max{ max(B, v4 (x * y)), max(8, vg (x * ¥))}, max{ max(8, v (y)), max(8, v (y))}}
= max{max{vsa'a,ﬁﬁ,m) (x =), Vga‘a,ﬁﬁ,(s) (x*y) } maX{VSa‘a,,Bﬁ,(A) . Vga’a,'b,ﬁ,(B) 62)3;

= max { v%a,a’,ﬁ,ﬁ'(A) N Qg5 B YD, Vlaa,a’, 5t @00 g1 5 o ® )}
Therefore
V(Sa'a,ﬁ'ﬁ,(A NB) (x) < max{ V%a'a/'ﬁ’B:(A) NQual s
Vi) Now vgaa,BB,(AnB)(x) =min (B’, ving (X))
=min (8', min (vy (x),vg (x)))
> min (8’, min (min {v} (x * ), v} (3}, min (v} (x * y), v ()})
=min (B', min (min {v} (x * y), v§ (x * y)}, min (X (), v§ (»)}))
= min{ min (8’, min {v} (x * y), v (x * y)}), min(8’, min {vy (), v§ (»)}}
= min{min{min(B’, vy (x * y)), min (8’, v§ (x * ¥))}, min{ min(8’, vy (¥)), min(8’, vg (»))}}
=min {min {ng,m,m) (x *y)), Vga,a,' 5! ® (x = y)}, min {ng,, 5@ ), Vga‘a,’m,(s) 62} 3;

1 (B) (x = }’)'Vlaal ,(B)(y)}'

o B8 A)n Qa,a’,ﬁ,B

— H N N
= min { VQua ppr A NQ 5/ (B) (x*y),v Qua’ .5/ W N Qg 5 57(B) 62}
Therefore
N H N N
VQala/,B'B,(A NB) (x) =min{v Qe .57 ) N Qg 5 57 (B) (x*y)v Qo gp" AN Qo 5 51(B) 62)2

Therefore Qg 47 p57(ANB) = Quar g (A) N Qg g (B) is also a bipolar intuitionistic fuzzy ideal of X.

aa B,

Theorem: 5

If A is a bipolar intuitionistic fuzzy ideal of X, then G ' (A) is also a bipolar intuitionistic fuzzy ideal of X.

a,a’ B,
Proof: Given A is a bipolar intuitionistic fuzzy ideal of X. Consider 0, X, y € A.
i) Now /iga o 5 A (0) = a 14 (0)
> auf(x)

= #ga.a’.ﬁ'B’(A) (x)
Therefore u? 0) > ub x).
e “Ga’a/'ﬁ'ﬁ;(A)() Hca'a,ﬁﬁ,(A)()
Now ug ey (0) = a’ uy(0)

< (IZV’ pa (x)
e Gl @ (x)

Therefore uga’a,’w,(m 0) < ,Llléu'u,’ﬁ’ﬁ,(A) ().

o
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i) Now w00 = @ i (x)
= amin { uf(x * y), uh(»}
=min{apfx*y), a HA(J’)}
=min {”Ga,a',ﬁ.ﬁ'(A) (x *y), “Ga,a', 55" A O}

P . P P
Therefore ug , - cay (¥) = min{uG Gyl o awO)

i) Nowpg @) =a ul(x)
< a' max {ul (x xy), ul(»)}
=max{a'ud(x *y), a’'ulf (y)}
=max { uga’a,'w,(A) (x * ), Mga,a',ﬁ’. 5/ (A )}

N N N
Therefore MGt 5B (%) < max{ HG o1 .51 (A) (x *y), HG, 1 g @ 62)}

iv) Now v @ (O =5 vA(0)
< Bvi(x)
P
, ' ’,ﬁ,ﬁ’(‘? (x)
Therefore 0)=<v :
N VGat .57 @ (0) ad p.p' A )
NOWVGa.a’,ﬁ,B'(A) 0) = p'va (0)
> B vy (x)
=
y BB’(A) )
Therefore 2 :
P VGa,a’,B'ﬁ’(A) ( )P VGa,a’.B'B’(A) (x)
V) Now VG%“,'B’B,(A) (x) = Bva(x)
< Bmax {vi(x xy), vE(}
=max { B vh(x*y), B vi(¥)}
= max {v’éa’a,’ﬁ'ﬁ,(A) (x *y), V%a,a’,B,B'(A) 0}
Therefore v& < max { v§; , VG '
vGa,a"B'B’(A) (x) < {vGa.a’,B.ﬁ’(A) (x * y) vGa,a’,ﬁ,B’(A) (y)}

vi) Now v’éuu,ﬁﬁ,(A) ()= B vl
> B min {vy(x xy), vA()}
= min { B'vA(x*y), B'va(}
=min {V(I;V ,(A)(x*:)’) Vév ,Bﬁ,(A)(y)}
Therefore v, ) (%) = min { Vc 1 g (X ), v g @O}
Therefore G, o7 g g/ (A) is a bipolar mtumomstlc fuzzy ideal of X.

Theorem: 6
If A and B are bipolar intuitionistic fuzzy ideal of X, then G, o7 g /(A N B) = Gg ot 57 (A) N Gy o g p7(B) is also a

bipolar intuitionistic fuzzy ideal of X, and for every @, € [0,1], a',8' €[-1,0]and e+ <1,a' + B’ =-1.
Proof: Let A and B are blpolar intuitionistic fuzzy ideal of X. Consider 0, x,y € AnBthen0,Xx,y € Aand0, x, y € B.
i) Now #G o5 ,(AnB)(O) = a ujnp(0)
= a min{u}(0), u3 (0)}
> a min{u; (%), #B(x)}
= mln{aﬂA (), apg(x)}
= min {ﬂc @) (), /iga'a,ﬁﬁ,(s)(x)}

- ,Ll Ga,a’.ﬁ./?
P P
Therefore #Ga,a’.ﬁ.ﬁ’(A n B)(O) = u Ga,a’.ﬁ.ﬁ’(A) n Ga‘al,ﬁ'ﬁl
Now ”gu o BB’(A N B) (0) = a,MXﬁB(O)
= a' max { uy (0), b (0}
< a'max { uj (x), u5 (O}

a' BB’
1(B) NGy gt g o (B) ()
® ()
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=max {a’ul (x), a’'ul(x))}

_ N N

= max {#Ga,a,'ﬁ'B/(A) (), HG, o1 g g1 (B (O}
-, ,N

= MGy o 5 gt W) NGyt 5 51 (B) x)

N N
Therefore HG, o1 pprANB) 0) < HG 1 551 NGyt g o1 (B) ().
Now :u'ga /BB/(A n B)(x) =a ”ﬁﬂB(x)

i)
o = amin{ u§(0), ph0}
a min { min{ pf (x * ), uh ()}, min {uf Cx * y), up 3}

a min { min{ pf (x * ), ug (x * y)}, min {uf (), uE NI}

min { min {aph (x * ), apf(x *y)}, min{aus (), apf()}}
=min{mingel |, G mE, i Goobmin el O OB
/(B) 62}

Iy

— H P P

=min{ HG 1 5 g1 NGy 1 g o1 (B) (x *y), G 1 5 g7 W) NGy ot s
P

(x * y) , #Ga,a’,B.B’(A) n Ga.a',ﬁ,[)”(B) (y)}

Therefore
P i P
#Ga'ar'ﬁ'B/(A ngy(x) =min { MGa'a/‘B,ﬁr(A) NGy ot 55" (B

iii) Now #@a_a,_ s @anm () = a' g (x)
= a' max{ uy (x), ug ()}
< a' max { max{ ) (x * ¥), u) ()}, max {ug (x * ), uy (v)}}

= a'max { max{ up (x * y), uf (x * y)}, max {u} (v), u§ ()3}
. = max{max { a’lfvﬁ (x*y), a'ug (x *y)}, max { 'l ), a’l}éﬁ O}
= max{max {#Ga’ 5 A (x *y), HG ot 5.57(®) (x * y)}, max {#Ga'a/'ﬁlB/(A) o), HG o 5 5B 62)3:
_ N N
= max{ #Ga’a,ﬁ'ﬁ,(A) NGy ot 557 (B) (x *y), ”Ga,a',ﬁ’,ﬁ'(A) NGyl g g (B) 62}

Therefore
N N
x) < max
Ka, pp! (AN B)( ) ax{ #Ga'a,'B'B/(A) NGyol g p

1(B) 2)2

N
/@) (XFY) s HG, o BN Gy g g

iv) Now vg;,a",B'.B’(A nB) 0)=g8 VgnB(O))

= B max {v}(0),v5(0)}

< B max {vk (x),vE(x)}

= max{ Bv} (x)), BvE(x)}

= max {vgaya,m,m) (x),vga’a,w,(s) ()}
1(A)N Gy g g 51 (B) ()

—.,P
B vGa,a’,B,B
/(B) (x).

Therefore vgala,, 5/ (ANB) 0) < Vga_ar,,;,,;r(A) NGyl pp
Now vé’a o 55/ ANE) (0) = B'ving(0)
= B'min {v¥ (0),v} (0))}
> B'min {vi (x),vy ()}
=min { B'v} (x), B'vg (x)}
= min {VIGVu,u',g,B'(A) (x), VIGVa,a'.B. p® (O}

— N
= ch'u,’ 55! B NGy 1 501 (B) ()

wd pp® ().

N N
Therefore VG gt gt (A0 5 (0) = VG, o 551 (A)NG

Now Vgav Bﬁ/(AnB)(x) =B vans(®)

V) v
= B max{vy (x),vg (x)}
< B max { max{vx (x * y), va ()} max {vg(x *y), vi(»)}}

= B max { max{vy (x * ), vg (x * )}, max{va (y), vg 0)}}
= max { max{ Bv4(x * y), Bvg (x * y)}, max{ Bvi(y), Bvg (»)}}
= maX{maX{Vé’a’a,_ﬁ_ﬁ,(A) (x = y)mé’a, 55 (B (x*y) },maX{vga'a,ﬁ'ﬁ,(A) ), Vé’w 55’ ® O}

— P P
= max { vGa,a’,B,ﬁ’(A) n Ga,a’,ﬂ,B’(B) (X * y)' v Ga,a’,ﬁ,BI(A) n Gu,u’.B,ﬁ’(B) (y)}

Therefore
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vg o g (ANB) (x) < max{ V%u'u,’M,(A) NGyt g 57 (B) (x *y), V%a'a,ﬁﬁ,(A) ALNIC) O}
Now VIGVa o pp ANB) (x) = B'vAns(x)
= B’ min {va (x),v§ (x)}
> p'min { min {v} (x * y), vy (»)}, min {vg§ (x * y), v§ (3)}}
= p'min {min {vy (x * ), vg§ (x * )}, min (v} (), v§ ()}
= min{ min { v (x * y), B'vE (x * )}, min {B'vY (), B'v§ ()3}
=min {min {Vga’a/'B'B,(A) (x = y)), VIGVW,’M,(B) (x = y)}, min {Véva,a',ﬁ,ﬁ'(A) o), Vga,a’,ﬁ,B’(B) 62)3;

— mi N N
=min { vGa,a’,B,ﬁ’(A) NGy ot 557 (B) (x *y), vGa.a',B,B'(A) NGyl ' (B 0}

Therefore

N H N N
VG oot g 5! (ANB) (x) =min{ VG ot g7 NGy o 5 o (B) (x*y),v Gopal 57 AN Gyt g 51 (B) 62} 2

Therefore G’a"al',B'BI(A N B) =Gy o g5 (A) N Gy gt ppr(B) isalso abipolar intuitionistic fuzzy ideal of X.

If A is a bipolar intuitionistic fuzzy ideal of X, then Pa,a,‘ﬁ‘B,(K) = Qg aa’(A) is also a bipolar intuitionistic fuzzy

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

i)

NOW Ilga,a’,ﬁ,ﬁ’(g) (0) = vlftx,a’,ﬁ,ﬁ’ (K) (0)
=min { B, vz(0)}
=min {8, u;(0)}
> min {4, uf ()}
= MSBﬁ,'a'a,(A) (x)

Therefore um 0= MSB‘B,'%“,(A) ).

Now ”7113&,&',,;,3'(?\) 0) = V*I’Va,a',,;, 5 @0
=max { B, v§ (0)}
=max { B, uy (0)}
< max {8’ ua (x)}
= #%B,ﬁ’,a,a'(A) (x)

Therefore Mm 0) < M%B 8 ! B ().

Now ”7};(1,0/,;3,3' @@ = vlfa’a,’m,(g) x)
=min { B, vg (x)}
=min {8, u5(x)}
> min { 8, min { uj(x *y), py(}}
=min {min { B, uj(x *y) },min{ B, pZ(»}}
=min {ﬂgﬁ'ﬁ,’a’a,(A) (x *y), ‘uSB.B’.a.a’(A) €2))
Therefore um (x) = min{ ”1213,3',,1,,1' @ (x*y), ‘u%ﬁ,[;’,a,a’(A) N}
Now #7%“,”,@) (x) = V{)Va’a,, 5B (x)
=max { B', v (x)}
=max { B', uj ()}
< max { B, max {u) (x *y), pi(}}
= max { max { B', u) (x * y)}, max {B’, ) (y)}}
=max { #gw,ﬂﬂ,m) (x *y), ligB'B,’a’a,(A) O}

Therefore Mm(x) < max{ ligﬁ 5 ! A (x *y), uﬁﬁ 5 el @ €2)?

P _,,P
NOW vPa,a’,B,ﬁ’ (K) (0) - ‘LlPll.ll’:BrBI (K) (0)
=max{a, uxz(0)}
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=max { a, v4(0)}
< max {a, vi(x)}
- P
VQg g1 g ,(A) €9
Therefore v Ty 0) < L ().

Nowv = 0
, ( ) ”pa,a’,ﬁ,ﬁ’(A)( )

aa ﬁB’(A)
= min {a’, 1§ (0)}

=min {a’, VA(O)}
> mln {a', v} (x)}

QBB ,(A) x)
Therefore vi >
o, B,(A) ( ) QﬁB ’(A) ( )
V) Nowv o ® x) = ’BB’(A)(x)

= max { a, (0}
=max { a, v§ (x)}
< max { @, max {v (x * y), va(»)}}
=max { max { a, vy (x * y)}, max { a,vys(M}}
— P P
) = max {v QB'B,%“,(A) (x *y), VQB.B’.a.g’(A) O}
Therefore vi——— < max , .
. Vpa'a,'ﬁ‘ﬁ,(A) (x) ; {VQB,B,'a'aI(A) (x*y) VQﬁ’ﬁ/‘a‘ar(A) 62);
Vi Now ve— (x) = + (x
) Pa,a’,ﬁ,ﬁ’(A) ( ) MPa,a’,B,ﬁ’(A)( )

=min {a’, ux ()}
=min {a’, v} (x)}
> min {a’, min {VA (x*y), vi(»)3}
=min { min {a', v} (x * y)}, min {a’, v} ()}}
=min {vgB,B'.a,a’(A) (x *y), vgB.B’.a.a’(A) O}
Therefore vm (x) = min{ vg’ﬁ’ﬁ,‘m,( n (x*Y), vg[},ﬁ',a,a’(A) M}

Therefore Pa‘a,_ﬁﬁ,(ﬁ) = Qg e’ (A) isabipolar intuitionistic fuzzy ideal of X.

Theorem: 8
If A'is a bipolar intuitionistic fuzzy ideal of X, then G, 47 g 57 (A) = Gp g’ o’ (A) s also a bipolar intuitionistic fuzzy
ideal of X.
Proof: Given A is a bipolar intuitionistic fuzzy ideal of X. Consider 0, X, y € A.
; P _ P
I) NOW ‘uGa,a’,B,B’(‘K) (0) - VGa,a’,B,B’(K) (0)
=B v;(0)
= B ui(0)
2 li fa (x)
= luGB'BI,a’ar(A) (x)

Therefore uﬁ 0) = #gﬁ o et @ (O

— N _
Now um (0) =vg, %.ﬂ,ﬂ’(A)(O)
_ ﬁ' vy (0)
= B ua(0)
< B ui(x)
= #%B' ) (%)
Therefore ”W (0) < wyg @y ()
. Py =P -
i) Now 'uGa,a’.B,B’(‘K) (x) vGa,a’.ﬂ.B'(A) (x)
=B vz(x)
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= By (x)
> [)’mm{,uA(x*y) 1a ()}

=min { § puj(x *y), fuy (y)}
=min {”GB,B’.u.a’(A) (x *y), #Gﬁ'ﬁ,'a'a,(A) )}

P . P P
Therefore g7 () = min (WG, oy G0, 0 oo OD):

i) Now ym () =vg, “p @)
= B vl (x)
B’ uj (x)

B’ max {MA (x*y), uy (y)}
max { ' ui (x xy), B ul )}
max { Ilgﬁ'ﬁ,'a'a,(A) (x*y), ﬂgﬁlﬂ,ﬂ'a,(A) O}

@ (e *y), MgB‘B,'a'a,(A) )}

II IA 11

N N
| Theref:re Moy o) (9;) smax{ig, , .
IV) Now VW (0) = HGu,u',B,ﬁ”(K) (0)
= a ug(0)
= av;(0)
< a VAP (x)
,(A) (x)

Thereforev oy ® ( )_ T (x).
NOWV oy /(A)( ) ,(K)(O)

=a ﬂA(O)
= a'vy (0)
> a vﬁ(x)

,(A) (x)
Therefore vm( ) > Lo (0

V) Now V‘Ga,a’,ﬁ.ﬁ'(A) ( ) #Ga,a’,B,B’(A) (X)

= a pg(x)
= avi(x)
< amax{vk(x *y), vE(y)}

=max { a vk (x * y), OCVA()’)}

= max {VG ,(A)(x ¥, VG ,(A)(}’)}
Therefore vpi(A) (x) < max { VG ,(A)( ) VG @ M}
vi) Nowv P (x) = 'B,(A)(x)
= a’u% @)
= a’Vﬁ ()

> a’' min {v} (x xy), vA(y)}
= min { @'V} (x xy), a'v} (¥)}
=min {v{;" ,(A)(x *y), Vé] ,(A)(Y)}

Therefore vi(A) (x) = min { VG @ (x = y) VG ) O}
Therefore Gy o7 5 57 '(A) = Gp g aa’ (A) IS @ blpolar |ntU|t|on|st|c fuzzy ideal of X.
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Theorem: 9

If Ais a bipolar intuitionistic anti fuzzy ideal of X, then P, .+ 5 5/(A) is a bipolar intuitionistic anti fuzzy ideal of X.
Theorem: 10

If A and B are bipolar intuitionistic anti fuzzy ideal of X, then P, o7 550 (A N B) =Py o 55/ (A) N Py s g pr(B) IS
also a bipolar intuitionistic anti fuzzy ideal of X, and for every @, 8 € [0, 1], @’,8' € [-1,0]and a+ 8 <1,a' +B' =-1.

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

Theorem: 12
If A and B are bipolar intuitionistic anti fuzzy ideal of X, then Qg 55/(A N B) = Qg 55/(A) N Quer ppr(B) is
also a bipolar intuitionistic anti fuzzy ideal of X, and for every a,8 € [0, 1], @', 8’ €[-1,0]landa + B <1,a' + B’ =-1

Theorem: 13
If A is a bipolar intuitionistic anti fuzzy ideal of X, then G .7 5 57(A) is also a bipolar intuitionistic anti fuzzy ideal of
X.

Theorem: 14
If A and B are bipolar intuitionistic anti fuzzy ideal of X, then G, . 5 g/ (A N B) =G o 5 g7/ (A) N Gy o g 57 (B)
is also a bipolar intuitionistic anti fuzzy ideal of X, and for every a, 8 € [0, 1], @', 8’ € [-1,0]anda + 8 <1,a' + ' =-1.

Theorem: 15
If A is a bipolar intuitionistic anti fuzzy ideal of X, then Pa,a,,ﬁlﬁl(ﬁ) = Qpp' aq’(A) is also a bipolar intuitionistic
anti fuzzy ideal of X.

Theorem: 16
If A is a bipolar intuitionistic anti fuzzy ideal of X, then G, ./ g (A) = Gp g’ o,a’ (A) Is also a bipolar intuitionistic
anti fuzzy ideal of X.

IV. CONCLUSION
In this paper, the main idea of a bipolar intuitionistic fuzzy ideal and bipolar intuitionistic anti fuzzy ideal are a
new algebraic structure of BP-algebra and it is used through the special operators. The aim of this study is
implemented. The relation between the operation of special operators P, ./ 5 sr , Quqr g @Nd  Gg 47 g 5 ON bipolar

intuitionistic fuzzy ideal and bipolar intuitionistic anti fuzzy ideal are discussed. We believe that our ideas can also be
applied for other algebraic system.
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