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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 interior operator. 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 topological operators on bipolar
intuitionistic fuzzy ideal and bipolar intuitionistic anti fuzzy ideal are established.
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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.Chakrabarty, R.Nanda and S.Biswas
[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 ideal of a BP-algebra.

Preliminaries
Definition: 2.1
Let A and B be any two bipolar intuitionistic fuzzy set A = (uk, u&{, v%, v}}) and
B = (uE, u§, vk, vl) in X, we define
(i)  AnB={(x, min(uj (), up (X)), max(uy (x), ug (x)),
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max (v, (x), vE (), min(v (), vi () /x € X3,
(i) AUB={(x, max(u} (), uh (), Min(ul (), b (),

min(v} (), v§ (), max(vi (), vl () /x € X},
(i) A= {OVE 00, VN0, 1B GO, KN () /X € XY

Definition: 2.2
A bipolar intuitionistic fuzzy set A = {uk, u}\, vk, v\ / x € X } of BP-algebra X is called a

bipolar intuitionistic fuzzy ideal of X if it satisfies the following conditions:

) rO) = k60 and Wy(0) < i),

(i)  pa() =min{pax*y), pa(M}

(i) P () < max {pi(x*y), A},

(iv)  vE(0) < VvE(®) and Vi (0) = v(%),

(V) VEG) < max {Vi(x*y), VoY) }

(vi)  VY(x) = min{VN(x*y), VN(y) }, forall x,y € X.

Definition: 2.3
A bipolar intuitionistic fuzzy set A = {u&, u}\, v%, v\ / x € X } of BP-algebra X is called a

bipolar intuitionistic anti fuzzy ideal of X if it satisfies the following conditions:

()  waA(0) < pa(x) and p(0) = P (®),

(i) wa®) < max {pa(x*y), wa(}

(i)  pA() = min { P (x*y), KA}

(iv)  vE(0) = VvE(x) and Vi (0) < VY (x),

(v) VRGO = minfR(x ), VAM)

(vi) V() <max{vN(x*y), v(y)} forallx,y € X.

Definition: 2.4
Let A is a bipolar intuitionistic fuzzy set of X, then the interior operator | is defined

by I'(A) = {(x, min u (), max uy (v), max vz (y), min vy (»))/x€ X,y € X}.

Definition: 2.5
Let A is a bipolar intuitionistic fuzzy set of X, then the necessity operator [ is defined

by DA = {(x, uy (x), uf (), 1 — ph (x), =1 — pjf (x)) /x € X}

Definition: 2.6
Let A is a bipolar intuitionistic fuzzy set of X, then the possibility operator ¢ is defined

by OA={(x, 1 —vi(x), =1 = vV (), vE(x),vi(x))/x € X)}.

Topological Operators on Bipolar Intuitionistic Fuzzy Ideal

Theorem: 3.1

If A is a bipolar intuitionistic fuzzy ideal of X, then I (A) is a bipolar intuitionistic fuzzy

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

(i)

(i)

(iii)

(iv)

(v)

(vi)

Page 289

Now pfi4,(0) = min pf (x)
= pa(a)
> min uy(a)
= ﬂf(A) (x)
Therefore uf,(0) = /"ZA) (x).
Now 17 4,(0) = max g (x)
= Uy (a)
< max ul (a)
HI(A) (x)
Therefore pufl 4 (0) < uit 4y ().
Now pf 4 (x) = min ph (@)
= min { min { u}(a * b), py(b)}}
= min { min pf (a * b), min 5 (b)}
= min {lif(A)(x *y), llf(A)(Y)}
Therefore iy (x) = min { ufea (x * ¥), wiaO)}.
Now pify 4y (x) = max ) (a)
< max { max{u (a*b), uy (b)}}
= max { max N(a * b) max uj (b)}
=max { .UI(A) (x *y), .uI(A) ()}
Therefore pjy4)(x) < max { ufa (x * y), pia ()}
Now v, (0) = max vf (x)
= v (a)
< max vh(a)
VI(A) (x)
Therefore v{(4)(0) < vji4)(x).
Now v}{4(0) = min v} (x)
= vj(a)
> m|n v¥(a)
= VI(A) (x)
Therefore v/(,,(0) = VII\{A) (x).
Now v, (x) = max vf ()
< max { max { vﬁ’ (axb), v} (b)}}
= max { max v} (a * b), max v} (b)}
= max { v 4 (x * ¥), vii()}
Therefore VZA) (x) <max{ VZA)(X *y), VZA)(}’)}-
Now v,(A) (x) = min v} (a)
>m|n{m|n{v (a*b), vi(b)}}
= min { m|n vN(a * b), minv¥(b)}
= min {vj(.(x *y), vy}
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Therefore {4 (x) = min {vj(4 (x * y), vi{5H )}
Therefore I (A) is a bipolar intuitionistic fuzzy ideal of X.

Theorem: 3.2
If A is a bipolar intuitionistic fuzzy ideal of X, then I(I(A)) = 1 (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.

() NOW pl(a(0) =min ply(x)
min ( min £ (0))
min 3 (0)
lif(A) (x)
Therefore pifay,(0) = pfi ) (1).
Now .u;V(I(A)) (0) =max pyiq(x)
= max ( max p& (0))
< max u}(0)
= IJ;V(A) (x)
Therefore ufy;(a,(0) < pft4) ().
(i) Now prycay(x) =min pp, (a)
= min ( min uf (x))
= min (u}(a))
> min { min { x5 (a * b), ph(b)}}
= min { min &£ (a * b), min £ (b)}
=min {,uf(A)(x *Y), H;)(A)(Y)}
Therefore y}’(,(A))(x) > min {llf(A)(x *y), llf(A)(y)}'
(i) Now fff;ca (%) = max i, ()
= max ( max u} (x))
= max (uy (a))
< max { max { u¥(a * b), uY (b)}}
= max { max u¥(a * b), max u} (b)}

= max { i (x * ¥), O}
Therefore ujy;a,(x) < max { iz (x * ¥), 1)}
(iv)  Now V(4 (0) = max vf 4 (x)
= max ( max v} (0))
< max v£ (0)
= VﬁA) (x)
Therefore v/(;4),(0) < vji4)(x).
NOW v[(;(4y,(0) = min v, (x)
= min ( min v} (0))
> min v} (0)
= VII%A) (x)

TRVARI
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Therefore vj{;(4))(0) = vj{4)(x).
(V) Now v a (%) = max vj4)(a)
= max ( max v} (x))
=max (vf(a))
< max { max { vt (a * b), vE(b)}}
= max { max v} (a * b), max v} (b)}
= max { viu (x * ¥), via()}
Therefore vy, (x) < max { vfi, Gx * y), vy )}
Vi) Now vig(a (x) = min viy (@)
=min ( min v} (x))
=min (v (a))
> min { min {v} (a * b), vi(b)}}
=min { minv¥(a * b), minvY(b)}
= min { v]{, (x *¥), viinH ()}
Therefore v/{; 4, (x) = min {vj(x (x * ¥), viiay )}
Therefore I(I(A)) = 1 (A) is a bipolar intuitionistic fuzzy ideal of X.

Theorem: 3.3
If A and B are bipolar intuitionistic fuzzy ideals of X, then (AN B)=1(A) n I(B) is a
bipolar intuitionistic fuzzy ideal of X.

Proof: Given A and B are bipolar intuitionistic fuzzy ideals of X.
Consider 0, x,y e AnBthen0,x,y€eAand0, x,y € B.

(i) NOW pfiy 05 (0) =min uf p(x)

=min (min (1 (x), pp(x)))
= min ( min pf (x), min uf(x))

=min (u} (@), up(a))
> min (min uf (a) , min uf (a))

= min (i (0, g (0)

= .U;)(A)n I(B)(x)
Therefore .ll;)(An B) 0) = .U;J(A) n I(B) (x).
Now .U?’(An 5y (0) = max up p(x)

= max (max (uy (x), pg (x)))
= max (max u (x) , max ub(x))

= max (uf (@), pg (a))
< max ( max Y (a), max uf (a))

= max ( (), wis ()
= IJII%A)n I(B)(x)
Therefore HfV(An g (0) < HfV(A) n 1(8)(%)-
(i) Now pjianpy(x) =min py ()

=min (min (u}(a), pp(a)))
= min ( min pf (a), min u£(a))
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= min (min { min { &} (a = b), w;(b)}},
min { min { uz(a *b), up (b)}})
= min { min (min {u} (a * b), Ha 4(b)}), min (min {ug(a * b), Hp AGDY
=min { min ( min {M (axb), ug (a *b)}), min ('min {MA (b), up (b)})}
=min { min ( min g% (a * b), min p&(a * b)), min (min uf (b), min uf (b))}
=min { min (HI(A)(X *y), HI(B)(X *y)), min (MI(A) ), HI(B)(}’))}
=min { .U;D(A) n 1(3)(x * Y), .uf(A) n 1(3)()’)}
Therefore llf(An g)(*) = min{ AT 18y (% * ), ity n 1}
(iii)  Now H;V(AnB)(x) max pp o p(a)
= max ( max (u (@), up (a)))
=max ( max ub (@) , max u¥ (a))
< max (max { max { uj (a * b), uj(b)}},
max { max { u§ (a * b), pg (b)}})
= max { max ( max { uj (a = b), Ha A(D)}), max (max {ug(a*b), ug(b)})}
= max { max (max { u}f (a = b), pg (a +b)}), max (max {py (b), pg (b)})}
= max { max ( max u} (a = b), max u} (a = b)), max ( max M’X (b) ,max uY (b))}
= max { max (1) (x * ¥), wigy (e *¥)), max (ua ), e ))}
= max { :uIAéA) n I(B) (x xy), .U;V(A) n 1(B) )}
Therefore .U;V(An gy (%) < max { ﬂ;V(A) n 1(3)(x *y), /'LIA%A) n I(B) 3}
(iv)  Now vjianp)(0) =max vy ,p(x)
= max ( max ( va 7 (xX), Vg (x)))
= max ( max v, (x) max v (x))
=max (v} (a), vE(a))
< max ( max v, (a) max vE (a))
= max (VI(A) (), VI(B) (%))
= VIQA) n I1(B) (x)
Therefore vjis oy (0) < v,’@ n 18y ().
NOW V(s n5y(0) = min vy, g(x)
= min ( min (v (%), vg (x)))
=min (mMin v, (x) min v} (x))
=min (v} (a), v} (a))
> min (min vy (a) min vl (a))
= min (VI(A) (x), VI(B) (x))
= VII\EA) n I(B)(x)
Therefore vj(s o )(0) = v,"éA) n 108y ()
) Now VZAn By (%) = max VAng(@)
= max ( max ( VA i (a), Vg (a)))
= max ( max v} (a), max vt (a))
< max ( max { max { v&(a = b), vi(b)}},
max { max { vg(a * b), vg(b)}})
= max { max ( max { vi (a * b), v{(b)}), max (max {v5(a = b), vE(b)}}
= max { max ( max { v} (a * b), vE(a = b)}), max ( max {vk (b), vE(h)}}
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= max { max ( max v} (a = b), max vE(a * b)), max ( max v,’f (b), max vE (b))}
= max { max (Vi (x * ¥), vig)(x * ), max (via (), vie )}
= max { VﬁA) n 1(B) (x xy), VﬁA) n I1(B) )}
Therefore VﬁAn gy (%) < max { VRA) n 1) (X *¥), VﬂA) n 1N}
(Vi) Now V(s o) (x) = min vy, g(a)
= min (min (v (a), vg (a)))
=min ( min vy (a), minv}(a))
> min (min { min {v}(a *b), vi(b) }},
min { min {vY (a = b), v§(b) }})
=min { min (min { v} (a * b), v}l"(b)}) min (min { v} (a * b), v,’,ﬁ’(b) H}
=min { min (min { v} (a = b), v} (a*b)}) min (min {vY¥ (), vi() P}
=min { min (min v} (a * b), min v} (a * b)), min (min v} (b), min vy (b)) }
=min { min (V{5 (x * ¥), viig)(x * ¥)), min (viia (), viiz () }
=min { VII%A) n 1(B) (x *y), VII%A) n 1(B) O}
Therefore VII\éAn gy (%) = min { V;\EA) n 1y (X *y), VII%A) n 13N}
Therefore I (A N B) =1 (A) n I(B) is a bipolar intuitionistic fuzzy ideal of X.

Theorem: 3.4
If A is a bipolar intuitionistic fuzzy ideal of X, then [J(I(A)) = I(LJ(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.

() Now 11cay)(0) = g4y (0)
=min pj(x)
= ua(a)
> min ub(a)
= min p’(a)
= M (an @)
Therefore 11 ay(0) = 1y (ay (0.
Now &5cay (0) = 1i{ay (0)
=max uy (x)
= wi(@)
< max uh (a)
= max .Uluv(A)(a)
= .uf\éL(A))(x)
Therefore u";a) (0) < pil (4 ().
(i) Now ufqeay ()= Hf)(A)(x)
=min u}(a)
> min { min { uf(a * b), uh (b)}}
=min{ min { uFay(a* b), ufay(B)}}
=min{min ufs(a*b), min uf (b}
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= min { uiay e+ ¥ 1y 003
Therefore u1(ay (%) = min { pfay (X * ¥), wigay )}
(i) Now pMjay () = pflay ()
=max ) (a)
< max { max { u¥ (a * b), u(b)}}
= max { max { u"ay(a * b), 1"y (b)}}
= max { max u,(a * b), max ", (b)}
= max { ui( ayx *¥), 1 ay O}
Therefore u™;ay () < max { uiay (x * ¥), 41 ay O}
(V) Now v7ay(0) =1 - uff4)(0)
= max (1- pa(x))
= 1-uj(a)
< max (1 - py(a))
= max (1-ufy (@)
= max v/, (a)
= Vig ay ()
Therefore va),(0) < Vi (ay, ().
Now v¥;(ay,(0) = 1 - pffa)(0)
=min (1 - u{(x))
= 1-px(a)
> min (1-u}(a))
=min (1 - u"a(a))
= min v, (a)
= Vit ay )
Therefore v™;(a))(0) = vi(. ay) (X).
V) Now vZqeay (0) = 1 - pigay ()
= max (1 - uk(a))
<max{max{1-uj(a*h), 1- uz(h)}}
=max {max {1-u’ay(a*b), 1- pfs(b)}}
=max { max (1- .UE(A) (a * b)), max (1 - .UE(A)(b))}
= max { max v’ 4 (a * b), max v¥,,(b)}
= max { vii ay (X *¥), Vi ay O}
Therefore v7;ay (x) < max { vi ay (x * ¥), Vi ay O}
(vi)  Now vfjeay(0) = 1- ufiay(x)
=min (1-ul (a))
> min{min{1-x¥(ax*b), 1— u¥ (B}
=min {min {1 - uNs(a*b), 1— pla (D)3}
= min {min (1 -ufa(a*b)), min (1— ul, (b))}
= min { min v,y (a = b), min v, (b}
= min { v{{-ay (x * ), Vi{ay )}
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Therefore v/jcay)(x) = min {vil 4y, (x * ¥), vi(ray )}
Therefore CI(1(A)) = I(TI(A)) is a bipolar intuitionistic fuzzy ideal of X.

Theorem: 3.5

If A is a bipolar intuitionistic fuzzy ideal of X, then O(I1(A)) = I(C(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.

() Now g, (0) =1~ vii(0)
=min (1- vi(x))
=1- vi(a)
>min (1- vi(a))
=min (1- v, (a))
= min ué (@)
= Higogan ()
Therefore 115 (a),(0) = Hfroay ().
Now ,uév(I(A))(O) = 1-v{(a(0)
=max (1 - vy (0))
=1-vi(a)
< max (1-v¥(a))
= max (1 - v{(,(a))
= max uév(A)(a)
= Hitogan ()
Therefore 11014, (0) < pi(ocay, (X)-
(i) Now uiqeay () =1- viia(x)
=min (1- vk (a))
>min{min{1-vi(axb), 1-vi(b)}}
=min{min{1- vg(A)(a *b), 1- vg(A)(b)}}
= min { min (1-vg,,(a* b)), min (1- v, (b))}
= min { min M(I;(A)(a *b), min H(I;(A)(b)}
=min { HQO(A)) (x *y), :uﬁO(A)) )}
Therefore M(I;(I(A)) (x) = min { :uf(O(A))(x *y), .Uf)(<>(A)) 62)2
(ii))  Now ufjeay () = 1 - via)(x)
=max (1 - vy (a))
<max{max{1-vi(axb), 1- vi(b)}}
=max{max{1- vév(A)(a xb), 1- véV(A)(b) 1}
= max { max (1 - vj,(a * b)) , max (1 - v, (b))}
= max { max ué\’(A) (a * b), max ué"(A)(b)}
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= max { ﬂfé(}(A)) (x xy), lif\éO(A)) ()}

Therefore .u(I)V(I(A)) (x) < max { Mf\EO(A)) (x*y), Hf\éom)) )}
(iv)  Now Vg(I(A))(O) = Vi (0)

= max v} (x)
= vi(a)
< max vf (a)
= max vé’( (@
= Viogay ¥
Therefore V&I(A))(O) < vIP(o(A)) (x).
NOW v{{1ay) (0) = vi(a) (0)
= min vy (x)
= v (@)
> min vy (a)
= min v, (@)
= Vigoeay ()
Therefore V<I>V(I(A))(0) = vf\('o(A)) (x).
(v)  Now vg(l( ay(X) = Vi @)
= max v} (a)
< max { max { vi (a = b), vi(b)}}
= max { max { v, (@ * b), via (D)3}
= max { max v, (a * b), maxv{,,(b)}
= max { Vigo(ay (¢ * ). Vigoay 0}

(Vi) Now v{{;ay (%) = viay(x)

=min vy (a)

> min { min {v}(a *b), v¥(b) }}

=min{min{ v<1>V(A)(a xb), v<1>V(A)(b) 1}
= min { min vj{,(a * b), min vj{ ,, (b)}

= min { viioeay X * ¥), Vo) 0}
Therefore v ), (%) = min { viio ), (X * 3D, Vi@ O}
Therefore O(1(A)) = I(O(A)) is a bipolar intuitionistic fuzzy ideal of X

Topological Operators on Bipolar Intuitionistic anti Fuzzy Ideal
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Theorem: 4.1
If A is a bipolar intuitionistic anti fuzzy ideal of X, then I (A) is a bipolar intuitionistic anti
fuzzy ideal of X.

Theorem: 4.2
If A is a bipolar intuitionistic anti fuzzy ideal of X, then I(I(A)) = 1 (A) is a bipolar
intuitionistic anti fuzzy ideal of X.

Theorem: 4.3
If A and B are bipolar intuitionistic anti fuzzy ideals of X, then | (A n B) =1(A) n I(B) is
a bipolar intuitionistic anti fuzzy ideal of X.

Theorem: 4.4

If A is a bipolar intuitionistic anti fuzzy ideal of X, then [J(I(A)) = I(LJ(A)) is a bipolar
intuitionistic anti fuzzy ideal of X.

Theorem: 4.5

If A is a bipolar intuitionistic anti fuzzy ideal of X, then O(I(A)) = I(O(A)) is a bipolar
intuitionistic anti fuzzy ideal of X.

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 interior
operator. The aim of this study is implemented. The relation between the operation of topological
operators 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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