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Abstract:

The idea of an interior operator and a new algebraic structure of BP-algebra is the concept of a bipolar
intuitionistic fuzzy a-ideal. This study aims to apply the ideal theory and fuzzy set theory of a BP-
algebra. The relationships between the topological operators' operations on the bipolar intuitionistic
fuzzy a-ideal are determined.
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1. Introduction

Since L.A. Zadeh [8] first proposed the concept of fuzzy sets, research in graph theory, engineering,
and medical science has continued. A.S. Ahn is credited with creating BP-algebra. In 2012, BP-
Algebras were initially presented by Sun Shin Ahn and Jeong Soon Han [2]. Based on K.J. Lee's
description [4], bipolar valued fuzzy sets are an extension of fuzzy sets with a wider positive
membership degree range, from [0, 1] to [-1, 1]. A bipolar valued fuzzy set is associated with three
membership degrees: 0 indicates that the elements are not significant to the relevant property, 1 indicates
that the items partially satisfy the property, and -1 indicates that the components partially satisfy the
implicit counter property. In bipolar valued fuzzy sets, elements with a membership degree of 0 indicate
that the corresponding property is not affected; elements with a membership degree of positive (0, 1)
indicate partial property satisfaction; and elements with a membership degree of negative (-1, 0) indicate
partial satisfaction of the implicit counter property. A generalization of fuzzy sets are bipolar fuzzy sets,
which were first described in 1994 by scholar W.R. Zhang [9]. The union and intersection of
intuitionistic fuzzy sets was the subject of an analysis by K. Chakrabarty and Biswas R. Nanda [3].
Level subgroups and fuzzy groups were examined for A. Rajesh Kumar [7]. The concept of fuzzy sets
was developed into intuitionistic fuzzy sets by Atanassov in 1986. The notion and numerous operations
of intuitionistic fuzzy primary and semiprimary ideals were established by M. Palanivelrajan and S.
Nandakumar [6]. Many facets are examined in the development of the concepts of bipolar fuzzy sub
LA-semigroup and bipolar fuzzy left (right) ideal of LA-semigroup by S. Abdullah [1] and M.M.M.
Aslam. A few characterization theorems for bipolar fuzzy left (right) ideals of LA-semigroups are also
provided. There are several types of LA-semigroups characterized by bipolar fuzzy ideals. The bipolar
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fuzzy a-ideal of BP algebra was defined in 2020 by Osama Rashad EI-Gendy [5].

2020 Mathematics Subject Classification. 03E72. Key words and phrases. Theory of Fuzzy sets,
etc.

2. Preliminaries

Definition: 2.1

Given any two bipolar intuitionistic fuzzy sets, let A= (x4, xa,¥s, ¥a) and
B=(xg, x5 V5, ¥g) inT, we define

a. A n B={(x, min(x (1), x3 (), max(xa (1), x5 (x)),

max(P (x), P (1)), min(Pp (x), Y5 (k))) /K ET }

b, AUB—{(x. max(r} (), 25 (%)), min(xx (), 25 ().

min(3 (), i (), max(Pp (x), Y5 (K))) / k €T }

e. Ao {(k PE (0, WR 00, X3 (A () [ ET .

Definition: 2.2

BP-algebra's bipolar intuitionistic fuzzy set A = {xx, xa, WA, ¥4 / k €T }, If I meets the following
criteria, it is referred to as a bipolar intuitionistic fuzzy a-ideal of I':

x£(0) 2 (k) and xz(0) < xa(x)

Xa (A ) =min { yz (o p), x3Ge* D}

Xa (A * p) < max{ yp (i * p), xa(x* 1)}

YA (0) < PX(x) and Pz (0) = Yy (x)

YA * p) < max (PR e+ p), Yrle*2)}

Ya(A*p) =min {P, (k*xp), Ya(c* )}, forall k,A,pu€T.

mo a0 o

Definition: 2.3
Let A is a bipolar intuitionistic fuzzy set of I', then the interior operator 7 is defined
by 7 (A) = {(1c, min x£ (A), maxyx(A), max 7 (A), min P5(A)) /K €T, AET}.

Definition: 2.4
Let A is a bipolar intuitionistic fuzzy set of I', then the necessity operator [ is defined

by A= {( K,XX(K),XX(K); 1 _XX(K); -1 _XX(K)) /K€ F}

Definition: 2.5
Let A is a bipolar intuitionistic fuzzy set of I', then the possibility operator ¢ is defined

by 0A={(, 1 —x(x), =1 = P (1), Yx (1), Y () )/ k ET}.

3. Results and Discussion
Theorem: 3.1
If A is a bipolar intuitionistic fuzzy a-ideal of I', then J(A) is a bipolar intuitionistic fuzzy a-ideal of T".

Proof: Given A is a bipolar intuitionistic fuzzy a-ideal of I'.
Consider 0, k, A, u € A.

a) Now 74y (0) =min yx (1) = x&(a) = min xx(a) = xsa) ).
Therefore x5y (0) = x7(a) (1)
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Now x7(a)(0) =max x5 (k) = xa(a) <max ya(a)= xja)(x).
Therefore x304y(0) < x7¢a) ().
b) Now fa) (2 * 1) = min x5 (b + ¢) = min { min { xi(ax ), xf(axb)}}
=min { min y3 (a * ¢), min x4 (a * b)}
= min {X;-(A)(K * L), X;(A)(K * )}
Therefore 7 ay (A * p) = min { x5 a) (i * 1), xgea) (e * D)}
&) Now Xia(* ) =max xz(b+c) <max { max { x(ax ), xi(axb)}}
=max { max yj(ax*c), max y,(a*b)}
= max { Xﬂ_(A)(K * ), Xj_(A)(K * )}

Therefore yj(a)(A * u) < max { yya)(rc * ), x30a)(k * 1)}

@) Now 5(0) = max P () = (@) < max P (a) = P ).
Therefore Y54y(0) < 7 a) ().

Now 5x)(0) = min Y3.(e) = Yx(@) = min (@) = Pi ().

Therefore 174)(0) = Pja)(x).

&) Now 15a) (A * ) =max 3 (b * ¢) < max { max { ¥ (a*c), Yi(a*b)}}
= max { max Yj (a*c), max Y1 (a*b)}

= max { a0 * 1), P ).

Therefore 54y (A * 1) < max { Yja (e * 1), Pia(ic* )}
f) Now Wya) (A * p) =min Pz (b * ¢) = min { min { Yz (a*c), Pxlaxh)}}
=min { min Y, (a * ¢), min P, (a *b)}
= min { Yygu e = 1), Pia) (i 2)}.
Therefore 74)(4 * ) = min { Yyeay(c * 1), Pyea)(rc* )}
Therefore J(A) is a bipolar intuitionistic fuzzy a-ideal of T

Theorem: 3.2
If A is a bipolar intuitionistic fuzzy a-ideal of I', then J(J(A))=J(A) is a bipolar intuitionistic fuzzy a-
ideal of T".

Proof: Given A is a bipolar intuitionistic fuzzy a-ideal of I'.
Consider 0, k, A, u € A.

a) Now X;_(J(A))(O) = min X;-(A)(K) = min (min y (0)) = min x4 (0) = X;-(A) (r).
Therefore 7 ay)(0) = xgay ().

Now )(g_(j(A))(O) = max )(g_(A)(K) =max ( max y, (0)) < max y,(0)= X7(a) (r).
Therefore x7¢7¢ay)(0) < Xg¢a) ().

b) Now )(gjL(j(A))()L * (1) = min X;-(A)(b +¢) = min (min yz (1 * u)) =min ( ¥z (b * c))

>min { min { x5 (a*c), yf(a*b)}}
=min { min y (a * c¢), min y1 (a * b)}

= min { a1, 2y G * D)}
Therefore 25yqay) (A * 1) = min { )5on) G * 1), Xin) G * D)}
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©) Now Xiaqap @ * i) = max xa)(b * €) = max( max xz (A  w))= max ( xz (b * ©))
< max { max { x5 (a*c), xz(a*b)}}
=max { max y(a*c), max y,(a*b)}
= max {XJ_(A)(K * ), XJ_(A)(K * 1)}
Therefore xj(7(ay) (A * u) < max { x7.a)(kc * 1), X30a)(Kc * 1)}
B Now tiga(0)=max s () = max (max Y3 (0)) < max P(0) = P (k).
Therefore 135(ay)(0) < P3a(K).
Now lpﬂ_(ﬂ(A))(O) = min l/’ﬂ_(A) (1) = min ( min Y, (0)) = min P, (0) = ¢7_(A)(K)-
Therefore 7(5a))(0) = P34y ().
&) Now tfiaeay (A * )= max e (b= €) = max (max Y£(4 * w)) = max (Wi (b * )
< max { max { P} (a*c), ¥3(axb)}}
= max { max Y (a=xc), max Y1 (a*bh)}
= max { P7a)(ic * 1), Poay (e * 1)}
Therefore 135y (A * 1) < max { Pgay (e * 1), P3oa (e * 1)}
B Now gy (A * w)=min ia (b * ) = min ( min Y5 (A + &) = min (p7 (b * c))
> min { min { Y;(a *c), Yi(a*b)}}
=min { min P, (a * ¢), min P, (a *b)}
=min { Pj0a, (K * 1), Pya)(Kc * )}
Therefore 13¢5¢ay) (4 * 1) = min { P04y (e * ), Pyay(K * )}
Therefore 7(7(A)) = J(A) is a bipolar intuitionistic fuzzy a-ideal of I'.

Theorem: 3.3

If A and B are bipolar intuitionistic fuzzy a-ideals of I', then (A N B) = J(A) N J(B) is a bipolar
intuitionistic fuzzy a-ideal of T

Proof: Given A and B are bipolar intuitionistic fuzzy a-ideals of T".
Consider 0, kK, A, u€ ANBthen0,x, A, u€Aand0,k, A, u €B.
a) Now X3+(A n B)(O) =min yj (k) =min (min (3 (x), xg(x)))
= min ( min 3 (), min xg (x)) =min ( xz(a), xg(a))
> min ( min y; (a), min xg (a))
=min ( X;(A)(K), X7+(B) (1)) = X7+(A)n 7(B) (x).
Therefore x7(a npy(0) = X7ca)n 78y (K-
Now x3an B)(O) = max X (k) = max (max (xa (k), xg(x)))
= max (max yp (), max yg (k) =max (x5 (@), xg(a))
< max ( max yp (a), max yg(a))
=max ( x7¢a) (), X38)(1)) = X370 )n 708y (FO)-
Therefore x5 n8)(0) < X7(a)n3¢8) (-
b Now xianp(* @) =min xi,p(b*c)=min (min (xi(b*c), xi(b*c))
=min ( min y3 (b * ¢), min yg (b * ¢))
> min (min { min { x§(a*c), xi(a*b)}},
min { min { y§(a *c), xg(a=*b)}})
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=min { min (min {x4 (a * c), xx(a*b)}), min (min {x5(a*c), x5(a=*b)})}
=min { min (min {5 (a *c), xg(a*c)}), min(min {yz(a*b), xg(a=*b)})}
=min { min ( min Y3 (a * ¢), min yg (a * ¢)), min ( min yx (a * b), min yg (a * b))}
=min { min ( X7+(A) (e * ), X7+(B) (¢ * 1)), min ( X;-(A) (i x 1), X;-(B) (rc x 2))}
=min { X5ayn 1) (K * 1), X7cayn ) (K * D}
Therefore Xx7a o) (A * 1) = min { x7a)n 768y (k * 1), X5eaynacey (i * D}
&) Now Xianm( *u) = max xzap(b ) = max (max ( x3 (b + ), x5(b* ©)))
=max ( max y (b * ¢), max yg(b *¢))
< max (max { max { x5 (a * c), xa(a=*b)}},
max { max { yg(a=c), yg(axb)}})
max { max (max { y, (a*c), y(a=*b)}), max (max { yg(a=c), xg(a=*b)})}
max { max (max { y, (a*c), yg(a=*c)}), max (max { yp (a*b), yg(a=*b)})}
max { max ( max y, (a* c), max yg(a *c)), max (max y, (a *b) ,max yg(a * b))}
= max { max (Jra (6 B, igey (e * W), max (igay (e A) s Xigey (i * D))
=max { X3ea)n7) (K * W, X30a)n g (K * D}
Therefore xjanpy(A* 1) < max { xsayn g (K * 1), X7a)n7m) e * D}
d) Now 7ianpy(0) =max ¥x,p(K) =max (max (Pa(K), P ()
=max (max P (x), max P (x)) =max ( P5(a), Yg(a))
< max ( max Y3 (a), max Pg(a))
= max (P5a) (), Ve (1)) = Viayngce) ()
Therefore 134 o gy (0) < Y3ayn 78y (K.
Now 34 ng)(0) =min ¥y (k) =min (min (P4 (x), Pg(x)))
=min (min ¥, (k), min g (x)) =min (P4 (a), Pg(a))
> min ( min Y, (a), min Pz (a))
= min (P74) (), Y38 (1)) = P340 708) (K.
Therefore ;3.4 1) (0) = Y340 7(8) (K-
e) Now P5ianpgy(A* 1) =max Py (b *c) =max (max (PA(b*c), i b *c)))
=max (max P4 (b * ¢), max Pz (b * ¢))
< max (max { max { Yx(a=*c), Yx(axh)}},
max { max { Yg(a*c), Yga*b)}})
=max { max (max { Y (a*c), Ya(axb)}), max (max { Yg(a*c), Ygla*h)})}
=max { max (max { Yz (a*c),Pg(a*c)}), max (max {Px(a=*b), Pi(ax*b)})}
=max { max ( max Y3 (a * ¢), max Y3 (a * c¢)), max ( max Y3 (a * b), max Pg(a * b))}
= max { max ( ¢J+(A)(K * ), l/’7+(13) (r * u)), max ( l/’7+(A) (k * 4), IP;(B)(K * 1))}
=max { Yianam) K * 1), Yiaynsm (e * D}
Therefore Y5 n y(A * 1) < max { Yjayn s (6 * 1), Yiayn 7y (e * D}
f) Now wﬂ_(AnB)(A*.u) = min Y, (b *c)
=min (min (Y4 (b *c), Pg(b *c)))
=min ( min Y, (b * ¢), min Pz (b * c))
> min (min { min { P (axc), Ya(a=*b) }},
min { min { Pg(a=*c), Pglaxb) }})
=min { min (min { Y4 (a * c), Ya(a=b)}), min (min { Yg(a=c), Yglaxb)})}
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= min { min (min { Y7 (a*c), Yz(a*)}), min (min { Yr(axb), Yzla*b) )}
=min { min ( min Y, (a * ¢), min Yz (a * ¢)), min (min Y, (a * b), min Pg(a * b)) }
=min { min ( Pya) (K * ), Yy * 1)), min (Pgea) (K x 1), Py + 1)) }
=min { Pa)n78) K * 1), Y3a)n 98 (K * )}
Therefore Y3 oy (4 * 1) = min { Yyayn gy (K * 1), Yiayn g (K * D}
Therefore 7(A N B) =J(A) N J(B) is a bipolar intuitionistic fuzzy a-ideal of I'.

Theorem: 3.4
If A is a bipolar intuitionistic fuzzy a-ideal of I', then [I(J(A)) = J(CI(A)) is a bipolar intuitionistic fuzzy
a-ideal of T

Proof: Given A is a bipolar intuitionistic fuzzy a-ideal of I'.
Consider 0, k, A, u € A.

a) Now x(7¢ay(0) = x7a)(0) =min ()= x}4(a)
> min yp(a) = min xFa) (@) = x5 cay ().
Therefore x* 504 (0) = X7 ay) ().
Now X7 (7¢a)(0) = Xx74)(0) =max x5 (x) = x5 (a)
< max ya(a) =max 7 (@) = X7 a).
Therefore 7504 (0) < X7y ().
b) Now )(Er(g(A))(/1 *p) = )(}L(A)(/1 « ) =min y (b *c)
>min { min { y3(a=*c), xa(a=*b)}}
=min { min { y* ) (a*c), x*a(axb)}}
=min { min 7 (a*c), min x¥, (a*b)}
=min { X}-(D(A))(K * [0, X-;(D(A))(K * )}
Therefore ) (y(ay) (A * 1) = min { x5 ay (6 * 1, X3¢ (ay (e * D}
c) Now X gany(@* 1) = Xja)(A* p) =max yp (b *c)
< max {max { ya(axc), ya(axb)}}
=max { max { xa(@xc), x"a(ax*b)}}
=max { max s (a *c), max y ,)(axb)}
=max { Xy0ay K * 1), X0 @)yl *)}.
Therefore x~(7(ay (A * 1) < max { x5 ay (K * 1), X0yl * D}
d) Now l/JEL(J(A))(O) =1- X}-(A)(O) = max (1-ya())=1-xa(a)
< max (1 - y3(a)) = max (1 - x7 4 (a))
= max P4y (@) = Y3 ay) ().
Therefore ¥7;ay)(0) < W3 (ay ().
Now ¥ 5a)(0) = 1 - x34)(0) =min (1-xx(k))= 1-xa(a)
> min (1 - x5 (a)) = min (1 - x7(a)(a))
= min Y5y (@) = P3¢ ay) (K.
Therefore P 75(ay)(0) = P3¢y ().
e) Now ¥ gap@* ) =1- x5 A *p)= max (1-x3(b+*c))
<max {max { 1 -yh(ax*c), 1- yh(a*hb)}}
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= max {max { 1-x* (@), 1- x* (@b}
= max { max (1~ x* (@ ), max (1- x*u(a+ b))
= max { max ¥’ (a*c), max P’ (a*b)}
= max { Y7 cay (K * 1), Y7 ay (e * D}
Therefore ¥7(yca) (4 * 1) < max { Y ay i * 1), PYiay e = D}
f) Now 171’1_(7(A))()L xpu) =1- )(g_(A)(/1 + ) =min (1 - x5 (b *c))
> min {min { 1 - y,(a*xc), 1— ys(ax*b)}}
= min {min { 1 - (a@*c), 1~ xqaaxb)l}
= min { min (1-x7a(a* ), min (1= x (@ b))}
= min { min Y7 »y(a * ¢), min P,y (a=b)}
= min { Yy ay (€ * 1), Py cay e * )}
Therefore 17 5(ay) (4 * 1) = min { Y3 ay (e * 1), Pyeay K * D}
Therefore [1(J(A)) = J(CI(A)) is a bipolar intuitionistic fuzzy a-ideal of T'.

Theorem: 3.5
If A is a bipolar intuitionistic fuzzy a-ideal of I', then 0(7(A)) = J(¢(A)) is a bipolar intuitionistic fuzzy
a-ideal of T

Proof: Given A is a bipolar intuitionistic fuzzy a-ideal of I'.
Consider 0, k, A, u € A.

a) Now Xgean(0) =1+ Pia(0) =min (1- Yxr(x)=1- Pi(a)
>min (1- ¥x(a)) =min(1- Pga(a))
= min )(SL(A)(Q) = X7+(<>(A)) (x).
Therefore xgcay(0) = Xiay ().

Now Xoi3¢a)(0) =1- P304)(0) =max (1 -9x(x))=1-9,(a)
< max (1 -, (a)) = max (1 - Pgay(a)
=max Xoa) (@) = X300 (-

Therefore Y5054y (0) < Xj00ay) (-

b) Now x5y * 1) =1+ Piay(A*p)=min (1- Px(b*c))

>min {min { | -Yi(axc), 1-yYi(axb)}}
= min { min { 1 - g (a*c), 1-9gay(a*b)}}
=min { min (1 - Ygea(a=*c)), min (1 - P (a* b))}
= min { min yga)(a * ¢), min xge(a * b)}
= min { Xﬂ+(<>(A)) (1 * ), X7+(<>(A)) (ke x )}

Therefore )3(cay (A * 1) = min { Xjoay (k * 1), X7y (c* D}

c) Now xogan@* ) =1- Pya)(4*u) =max (1 -9, (b*c))
<max {max { 1 -Y(ax*xc), 1- Pa(axb)}}
=max { max { | - Ygay(a*c), 1- Pgaya*b)}}
= max { max (1 - l/’&(A)(a *¢)), max (1 - ¢<>_(A)(a * b))}
= max { max xp(a) (@ * ¢), max sy (axb)}
= max {XJ_(O(A)) (e * ), Xg_(o(A))(K * )}
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Therefore yo(5(ay (4 * 1) < max { X3oay (K * 1), X3y (K * D}
d) Now P3ay(0) = P3a)(0) = max 3 (k) = P£(a)
< max P (@) = max Yga) (@) = Yoy )
Therefore Y5 5.a))(0) < Poay) (0.
Now Y534 (0) = ¥3(4)(0) =min P (1) = P4 (a)
= min P (a) = min Yoy (@) = Pyecay) ().
Therefore o34y (0) = Y300(ay) ().
e) Now Yigeay @A * 1) = Yiay(A*w) =max Pz (b * c)
< max { max { Px(a=*c), Yala=b)}}
= max { max { Ygay(a*c), Yialaxb)}}
= max { max Pga)(a * c), max g (a*b)}
= max { Piocay (k * 1), Yoy (e x D}
Therefore Yy (ay) (A * 1) < max { Yoy (e 1), Yoy (e D}
f) Now Yoigay(A * 1) =P34y (A * ) = min P (b c)
= min { min { Y, (a*c), YPalaxb)}}
= min { min { Ygay(a * ¢), Yoay(axb) }}
= min { min Yoy (a * c), min Py (a = b)}
=min { Pjcay e * 1), P00y e * )}
Therefore Pgizeay (A * 1) = min { Pyoeay (e * 1), Py (e * D}
Therefore ¢(7(A)) = J(¢(A)) is a bipolar intuitionistic fuzzy a-ideal of T

4. Conclusion

This article uses the new algebraic structure of BP-algebra, which is a bipolar intuitionistic fuzzy o-
ideal, through the inner operator. The study's objective is carried out. The discussion focuses on the

relationship between the operations of topological operators on bipolar intuitionistic fuzzy

a-ideal. We think that other algebraic systems can also benefit from our concepts.
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