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Abstract. This paper introduces the notion of bipolar valued intuitionistic neutrosophic subsemigroup
(BIntNS), bipolar valued intuitionistic neutrosophic left ideal (BIntNLI), bipolar valued intuitionistic neu-
trosophic right ideal (BIntNRI), bipolar valued intuitionistic neutrosophic ideal (NI), and bipolar valued intu-
itionistic neutrosophic bi-ideal (BIntNBI) of an ordered semigroups, along with some of its properties. A new
extension over ordered semigroups of the bipolar valued intuitionistic neutrosophic ideal. The lower level set
is a subsemigroup (BV LI, BVRI, BV BI) of an ordered semigroup. Examples are provided to exemplify our

results, however the contrary may not be true. Every BIntNS is a BIntNS of an ordered semigroup.
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1. Introduction

Uncertainty has resulted in the development of several uncertain theories, including FS [1],
intuitionistic FS (IFS) [2], Pythagorean FS (PFS) [3|, and spherical FS (SFS) [4]. An FS
consists of sets of membership values, known as MV, ranging from 0 to 1. Although Atanassov’s
claim that non-membership values (NMV) may only have a value of 1, IFS is classified as MV.
The total of MVs and NMVs may occasionally exceed 1 during the decision-making process.
Yager [3] developed the generalized MV and NMV logic using PFS logic, with a value of no
more than 1 and based on the square of the MVs and NMVs. These notions cannot describe the

neutral situation, which is neither positive nor negative. He explored their features in a manner
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similar to that of set theory. Rosenfeld [5] defined fuzzy subgroups and their features in 1971.
Kuroki [6] introduced fuzzy semigroups as an extension of classical semigroups. Mordeson [7]
proposed a fuzzy semigroup characterization. Sen et al. [8,|9] described semigroups and their
properties. Kehayopula |10] examined ordered semigroups. Somsak Lekkoksung [11] discusses
Q-FIs in ordered semigroups.

Kehayopula et al. [12] began research on fuzzy ordered semigroups. Faiz Muhammad Khan
et al. [13] introduced the (71, 72)-fuzzy bi-ideal and (71, 72)-fuzzy subsemigroup. Jun et al. [14]
provided results for ordered semigroups with (i, h Y ¢)-fuzzy bi-ideals. Bhakat et al. [15] de-
veloped (A, A Y q)-fuzzy subgroups based on the concept of membership. Kazanci et al. |16]
defined FBI characteristics using (h, A Y q) and proposed a generalized fuzzy bi-ideal in semi-
groups. Smarandache [17] invented the neutrosophic set (NS) to handle ambiguous and con-
tradictory data. Huseyin et al. [18] explored the idea of intuitionistic neutrosophic subgroups.
Palanikumar et al. [19] introduced an intuitionistic fuzzy normal subbisemiring of bisemiring.
Palanikumar et al. [20] introduced bisemiring using bipolar-valued neutrosophic normal sets.
The neutrosophic ideals of the ordered semigroup (7, v) are explored, and numerous properties
are demonstrated using examples. Hila [21] et al. explored the concept of bi-ideals on ordered
semigroups. Recently, Udhayakumar et al. discussed the many fuzzy applications and its

generalization [22-25].

2. Preliminaries

Definition 2.1. An ordered semigroup & together with an order relation < such that a <b
implies ac < bc and ca < ¢b for all a,b,c € 0.

Definition 2.2. Let J and T be two non empty subsets of &. We denote
(1) A ={te 0|t <h forsomeh € 1},
(2) It ={aaz: a1 €3, az € T},
(3) 3o ={(b,c) € 0 x S|a < bc}.

Definition 2.3. Let b be a fuzzy subset of ¢. A mapping b : & — [0,1] is called a fuzzy
subsemigroup (FSS) of & if b(zy) > min{b(x),b(y)} for all z,y € 0.

Definition 2.4. A fuzzy b subset of & is called a FBI of & if

(1) a1 <az = b(ar1) > b(az) and
(2) b(zyz) > min{b(x),b(2)} for all ,y,z € 0.

Definition 2.5. A fuzzy subset v of an ordered semigroup & is called a FRI(FLI) of & if

(1) z<y=wv(z)>v(y) forall z,y € O,
(2) v(zy) > v(z) (resp. v(zy) > v(y)) for all x,y € O,
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(3) A fuzzy subset v of an ordered semigroup & is called a FI of @, if it is both FRI and
FLI

Definition 2.6. Let b be a fuzzy subset of & and t € [0,1]. The set by = {z € O|p(x) >t} is
called the level subset of b. Clearly b; C by whenever t > s.

Definition 2.7. Let A be a fuzzy set,if A, is the characteristic function of A, then (AA)g is
defined as
lifxe A,

Cifx ¢ A

Definition 2.8. An intuitionistic neutrosophic set N on the set X is defined as follows:
N = {(z, (R(z),3(z),5(x))) : z € X} where for all z € X,

min{R(z), I(z)} < 0.5, min{R(z), B(z)} < 0.5, min{S(x), 5(x)} < 0.5 with the condition
0=R(z) + 3(z) + O(x) < 2.

3. (1,v) bipolar valued intuitionistic neutrosophic ideals

The ordered semigroup is indicated in this section by &. If (r,v) € [0,1] is such that
0>7">v" >-1land 0 < 7" <ot <1, then both (7,v) are arbitrarily fixed.

Definition 3.1. A bipolar valued intuitionistic neutrosophic subset
b= [(?fET_, @;F), (@T_, @i), (6;, 6?)] of 0 is called a (7,v) BIntNS of & if
De<c= R () <R() () <3 (s) and T (e) = T (), R¥(e) = RT(s),
St(e) > S () and Gt (e) < TH(¢),

(2) min{R~(es), 7"} < max{R~(e), R~ (), v}
min{3~ (), 77} < max{S(e),37(s),v ™},
max{()‘ (), 77} > min{@‘(e), 8_(§), ~}

e

e

(3) max{RT(e), 77} > min{R*(e), R (<), v T},
max{§+(eg)77+} > min{@‘*‘(e), *(

min{0* (e), 77} < max{G*(e), 57 (c),v*}. for all ¢, € 6.

G
2
“@

+
-

Example 3.2. Let & = {hy, ha, hg, hs} is defined on & with the following Cayley table:
hy | he | B3 | ha
hy | By | By | By | g
ho | by | he | hs | hy
hs | hy | hg | hs | hs
ha | By | B3 | hs | s
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<:= {(h1, 1), (1, ha), (h1, h3), (1, ha), (he, h2), (ha, h3), (he, ha), (hs, hg), (ha, A3), (ha, ha) }.

The mapping T = [(R7, %), (S7,37), (37,07)]: 0 x 6 — [-1,0] x [0,1].

((~0.47,44) if h =My (—0.27,23) if h="y
o ) () = (—0.32,37) if h=hy . EH ) = (=0.17,12) if h = hy
(—0.02,07) if h=hs (—0.02,07) if h=hs
((—0.12,17) if h=hy (—0.07,10) if h = hy
(—0.22,27) if h=1y
G55 = (—0.27,32) if h=hy
(—0.37,42) if h = hg
(—0.32,37) if h=hy

Then T is a (0.42,0.48) BIntNS of 0.

Definition 3.3. A subset b of & is called a (7,v)-BIntNBI of & if
(1) If € < g, then R (e) < R (<), I (e) < S (¢) and T~ () > T (), Rt(e) > RT(c),
It (e) > () and GH(e) < UF (
(2) min{R~(e15), 7~} < max{R~(e),
min{3 (1), 77} < max{I (e
max{0~ (1), 7"} > min{G~ (

€), R
max{St(e1¢), 77} > min{S(e), ST (s
) €),0

), R
max{St (e1¢k), 7T} > min{ST(e), 3
),0

min{8+(€1§2/€),’r+} < max{@*(e ,O0%(k),vT}, for 6,6,k € O

Theorem 3.4. A non-empty subset b, is a R, is a (r,v) BIntNS (BIntNLI, BIntNRI,
BIntNBI) of 0. Then the lower level set is an BSS (BVLI,BVRI,BVBI) of O, where
{eEﬁ\?R()<T} = {e e ORE < 77}, B, = {e € ORCE) > 17},

R+ ={ec OR(e) > 71}, Spr = {e € OR(e) > 7} and B+ = {e € OR(e) < 7}

Proof. Suppose that b,— is a (7,v) BIntNS of &. Let €¢,¢ € & such that €,¢ € SEET__
Then R () < 77,R () < 7. Therefore min{R~(es), 7~} < max{R(e), R~ (¢),v"} <
max{7~,7",v"} = 7~. Hence R (es) < 7~. It shows that e € S?E; Therefore §fi;
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BSS of 0. Let €,¢ € € such that ¢,¢ € @; . Then S (¢) < 77,37 (¢) < 7~. Therefore

min{S~ (es), 77} < max{S(e), 3 (¢),v"} < max{r—,77,v"} = 7. Hence S (e5) < 7~
It shows that e¢ € @T__ Therefore @T__ is a BSS of &. Let ¢,¢ € € such that €,¢ € 6;_
Then O~ (¢) > 77,07 () > 7. Therefore max{O (e),7~} > min{O (e), 57 (¢),v"} >
min{r~, 7,0~} = v~. Hence O~ (es) > 7. It shows that e € 6; Therefore 6; is a BSS
of 0.

Suppose that b+ is a (7,v) BIntNS of &. Let ¢, € & such that €,¢ € ?f%:_l Then §E+(e) >
7, Rt () > 7t. Therefore max{R*(e5), 77} > min{R+(e),RT (), v} > min{r*, 7+, vt}
= 7t. Hence Rt (es) > 7. It shows that es € @L Therefore §f€j+ is a BSS of &. Let
€,c € O such that ¢,¢ € ST, Then I+ (e) > 77, 3%(c) > 7. Therefore max{3*(es), 74} >
min{S*(e), $*(c), v} > min{r*, 7+, v} = 7. Hence ST (ec) > 7+. It shows that ec € T,
Therefore §:f+ is a BSS of €. Let ¢, € ¢ such that €,5 € ZNS:_Q Then Ot (e) < 71,51 (c) <
7+, Therefore min{G* (), 7t} < max{0F(e), 51 (¢),vT} < max{rT,7+,vT} = vt. Hence
Ot (e) < 7T. It shows that es € 8; Therefore 8:; is a BSS of &. Therefore b+ is a BSS
of 0. Therefore b, is a BSS of 7.

Theorem 3.5. A non-empty subset J of 0 is a BSS [BV LI, BV RI, BV BI] of 0 if and only

if the intuitionistic neutrosophic subset b = [(?fi;, §fET+), <§;’ @i), (6;, 6?)] of O is defined as

- {<vf0rall ee(d - {<vf0rall ec(A -~ {>vf07“all ee(d]
R (e) = R} U (e) =

7 forall € ¢ (J] 7 forall € ¢ (7] 7~ forall € ¢ (7]
8 > ot forall e (3] < > ot forall e (3] - <ot forall €€ (]
R (e) = 3F(e) = Ut (e) =

7t forall € ¢ (7] 7t forall e ¢ (7] 7t forall e ¢ (7]
is a (1,v) BIntNS[BIntNLI, BIntNRI, BIntNBI] of €

Proof. Suppose that J is an BSS of €. Let €,¢ € & be such that ¢,¢ € (] then
es € (3] . Hence R (&) < v, I (e5) < v~ and U~ (es) > v~. Thus, min{R~ (&), 7~} <
v™ = max{R (), R (),v"}, min{S (&), 7"} < v- = max{S (¢),3 (),v"} and
max{0~(es), 77} > v~ = min{0~ (), 0~ (¢), v }.

If e ¢ (3] or ¢ ¢ (], then max{R~(e), R (¢), v} =7, max{S (e),3 (¢),v"} =7 and
min{0~(¢),07(s),v"} = o~. That is min{R (e), 77} <
min{S~ (es), 77} < max{S~ (), 37 (<), v~} and max{0~(es), 7~} > min{0~ (e

Let €,¢ € O be such that €,¢ € (J] then e € (J] . Hence Rt (es) > vt, ST () > vt and
Ot (es) < vt. Thus, max{R*(e), 77} > v = min{RT(e), RT(¢),vT}, max{S*(es), 77} >
vt = min{S(e), 3T (), vt} and min{OF (&), 7} < vt = max{G*(¢), 5t (s), vt }.

If e ¢ (I or ¢ ¢ (7], then min{R+(e), R+ (¢),vt} = 71, min{St(e), 3t (¢), vt} = 77 and
max{0(e), 07 (¢),vt} = vt.
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That is
max{R*(e5), 7} > min{RT(e), RT (<), v1}, max{ST(es), 77} > min{SH(e), 3T (¢), v} and
min{0" (es), 7t} < max{G*(e), 07 (¢),vt}. Therefore b is a (7, v) BIntNS of &,

o

Conversely, assume that b = R ~_] is a (7,v) BIntNS of &. Let ¢,¢ € (J]. Then
R () <v ", R () <v, S (e) v,F(s) <v™ and U () > v~,057 () > v~. Now b =
[R~,S,57]is a (7,v) BIntNS of &. Therefore min{R~(es), 7~} < max{R~(¢), R (), v} <

max{v",v", 0"} = v, min{S (&), 7"} < max{S(¢),3(¢),v"} < max{v v, 0"} = v~
and max{0~(e),7"} > min{0(¢),0(s),v~} > min{v",v~, v~} = v~ . It follows that

es € (3. Let e, € (3. Then Rt(e) > v, RT(c) > vT, IT(e) > vT,IT(c) > vt and

Ot(e) <vt,0F(c) <vt. Now b = [RT, 3,07 is a (r,v) BIntNS of &.

Therefore, max{R*(es), 7t} > min{R*(e), RT(c),v*} > minfot, v, 0ot} = ot
max{St (), 7} > min{S*(e), St (¢), vT} > min{ot, vt v} = vt and min{G* (&), 71} <
max{0T(¢),07(c),vT} < max{vt,vT, 0T} = vt . Tt follows that ec € (J] . Therefore Jis a
BSS of 0.

Theorem 3.6. A subset b = [(?R %*) (C‘ “*) (U U*)]
is a (1,v) BIntNS/BIntNLI, BIntNRI, BIntNBI] of O if and only if each non-empty level subset
b(t1:t2) s o BSS [BV LI, BV RI, BVBI| of € for allt, € (t—,v"] and ty € (17, v1].

Proof. Assume that b(1f2) is a BSS of & for each t; € [—1,0] and ¢, € [0, 1].
Let t; = max{f%f(el), @*(62)}. Then €1, € € SN?LT for each €1, €5 € 0. Thus min{?ﬁ*(e@ﬂ‘*} <
t1 = max{R (e1),R (e2),v"}. Let t; = max{3 (e1),3 (e2)}. Then e, € I, for
each e, e € 0. Thus min{S (e),7"} < t1 = max{S (e1),5 (e2),v"}. Let t; =
min{@f(el),fjf(@)}. Then €1,¢69 € 6; for each €1,62 € 0. Thus max{@f(eg),T*} >t =
min{0~(e1), 0 (e2), v }. Let t = min{R*(e1), R (e2)}. Then €1, €2 € RT for each €1, e € 0.
Thus max{w(eg) 7T} >ty = min{R*(e1), RT(e2), v }. Let to = min{S(e;), 3T (e2)}. Then
€1,62 € S for each €1, ey € 0. Thus max{ST(e), 7"} > to = min{S*(€), St (ez), v} Let
ty = maX{U+(€1)7U+(€2)}. Then €1, € € Ut2 for each €1,e9 € €. Thus min{f)*(eg),fr} <
ty = max{G(e), 51 (e3),v1}. This shows that b(1:#2) is NS of €.

Conversely, assume that b(*12) is a BIntNS of ¢. For each t; € [~1,0] and ¢ € [0, 1] and
€1,€2 € §]~%t_. We have 3}*(61) < t1,§]~‘E*(62) <.
Since R~ is a BSS of @, min{R (e1ez), 7~} < max{R(e1), R (e2),v"} < t;. This implies
that ejeg € §)EE;. We have @‘(61) < tl,é}_(Eg) < t.
Since $ is a BSS of @, min{S~ (e1e2), 77} < max{S(e1),3 (e2),v"} < t1. This implies
that ejes € S7. We have 85~ (€1) > t1, 0 (e2) > t.
Since 0~ is a BSS of @, max{0~ (e1e2), 7~} > min{0 (e1), 5~ (e2),v~} > t;. This implies
that ejey € U, . We have R¥ (1) > t1, RT (e2) > 1.
Since Rt is a BSS of &, max{RT(e1e2), 77} > min{R*(e1), Rt (e2),vt} > to. This implies
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that ejes € 5?? We have St (e1) > tg, ST (e2) > to.

Since 3t is a BSS of @, max{S(e1e2), 77} > min{S*(e1), S (e), vt} > to. This implies
that e1ez € SF. We have O (e1) < to, U (e3) < to.

Since Ut is a BSS of @, min{0F (e1e2), 77} < max{0t(e1), 5t (ex), vt} < tp. This implies
that e1es € 6; Therefore by, 4,y is a BSS of €. Similar proofs holds.

Example 3.7. Every BIntNS b of & is a (7,v) BIntNS of & and reverse implication may not

be true.

For the Example we define subset b as

(—0.41,44) if hi= Iy (~0.21,24) if h=hy
3 ) — (—0.34,37) if h= hs 5 = (—0.14,17) if h= hs
(—0.24,27) if h= hs (—0.04,07) if h= hs
(—0.29,32) if h= hy | (—0.09,12) if B = hy
(—0.26,29) if h=
R (—0.31,34) if h=hs
(—0.41,44) if h= hs
| (—0.36,39) if h=hy

Then b is a (0.35,0.49) BIntNS of &, but not a BIntNS.

Definition 3.8. If A, is the characteristic function of J, then (A,)Y is defined as

_ vTifee (3 - vTifee (3 _ T ifee(d

@ =" TN g =TT g 2T e

T ife¢ (J] T ifed (d] voifed (]

. vtifee (] - vtifee (] . trifee (J]
(AT)75(e) = (AT (e) = (AI)7i(e) =

tTifed (J] tifed (J] vtifed (J]

Theorem 3.9. A non empty subset I of 0 is a BSS [BV LI, BV RI, BV BI| of O if and only
if subset A ; is a (7,v) BIntNS[BIntNLI, BIntNRI, BIntNBI] of ©.

Proof. Assume that Jis a BSS of 0. Then A, is a BIntNS of ¢ and hence A , is an (7, v)
BIntNS of 0.
Conversely, Let A, is an (1,v) BIntNS of &. Let €¢,5 € & be such that €,¢ € (J]. Then

A'(fj_](e) =v = Aﬁj_] (¢) = v~ Since A'(fj_] is a (7,v) BIntNS. Consider

min{A{ (e<), 77} < max{A{] (e), A7 (<), v}

= max{v , v ,v }

:’U_
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as 7~ > v, this implies that A’z;](eg) <ov~. Thus e € (J]. Thus e € (7].
Let €,¢ € O be such that e¢,¢ € (J]. Then AEJ‘}(&) =v = Ag(g) = v~. Since AEJ_] is a
(7,v)BIntNS. Consider
N - i - -
mln{A(J] (e5), 77} < max{A(J] (€), A(j] (s),v™}
=max{v v ,v" }

=v
as 7~ > v, this implies that AZJ_] (es) <wv™. Thus es € (). Thus e € (7).
Let €,¢ € O be such that €,¢ € (J]. Then Aé]*(e) =7 = Aé]*(g) = 7. Since Aé]* is a
(7,v)BIntNS. Consider
maX{A{j]* (es), 7"} > min{A{:]* (€), A{J]* (¢),v™}
=min{7 ,7 ,v }
= ’U_
as 7~ > v, this implies that A{J]_(eg) > 77. Thus e € (J]. Thus es € (J].
Therefore J is a BSS of 0.
Let €,¢ € O be such that €,¢ ¢ (J]. Then Afj_](e) =7 = Afj_](g) = 7. Since Afj_] is a
(7,v)BIntNS.
: t— — t— t— _
mln{A(J] (Eg)7 T } S ma’X{A(]] (6)? A(j] (§)7 % }
=max{r ,7 ,v }
= 7'_
as 7~ > v, this implies that Afj_](eg) < 77. Thus e & (J].
Let €,¢ € € be such that €,¢ ¢ (J]. Then AE(G) =7 = Aa(g) = 7. Since Ai*a] is a
(7,v)BIntNS.

mln{AZi (€§), 7'7} S maX{Azi (6)7 AE;] (§), Uﬁ}

=max{7 ,7 ,v }

=T

as 7~ > v, this implies that Aﬁj_](eg) < 77. Thus e & (J].
Let €,¢ € O be such that ¢,¢ ¢ (1. Then A{j]_(e) =0 = Aé]_(g) = v~. Since Af_(j] is a
(7,v)BIntNS.

I~ (). 7V > mind AT (€). AT~ (). v
maX{A(J] (e5), 7"} > mln{Am (6),/\(:] (c),v"}
=min{v v ,v"}
= ’U_

as 7~ > v, this implies that Aé]*(eg) >wv~. Thus e ¢ (J].
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Let Ay is an (7,v) BIntNS of &. Let ¢,¢ € & be such that ¢, € (J]. Then A’E;]r(e) =vt =
A'(f;]“(g) = v, Since Af;]r is a (7,v)BIntNS. Consider

maX{Afj]'(eg), 7'+} > min{AH(e), At+(§), U+}
= min{v", v v}

as 7T < v™, this implies that Af;]“(eg) > vT. Thus e € (J]. Thus es € (J].
Let €,¢ € O be such that €,¢ € (J]. Then Ag( €) = vt = Ag(g) = vt. Since Ag is a
(7,v)BIntNS. Consider

maX{Ag(K) T} > mln{A(J]( €), Azj]( <),v'}

= min{v", v, vt}

:’U+

as 7T < v™, this implies that Ag(eg) > vt. Thus es € (J]. Thus es € (7).
Let €, € O be such that ¢,¢ € (J]. Then Agf(e) =7t = A{]T(g) = 7t. Since Agf is a
(7,v)BIntNS. Consider

min{A{]T(eg), T} < maX{Af+(e), Af+(§), vt}

—max{7'+ + +}

:U+

as 7T < v™, this implies that A{J(eg) < 77%. Thus e € (J]. Thus es € (7].

Therefore J is a BSS of 0.

Let €, € O be such that ¢, ¢ (J]. Then Af;]r( ) =71t = Ag(g) = 77. Since AE’ is a
(7,v)BIntNS.

max{A7} (es), 7"} > min{A7 (€), AT (¢), v}
= min{r", 77,07}

as 7T < o™, this implies that Ag(eg) > 7t Thus es & ().
Let €,¢ € O be such that €,¢ ¢ (J]. Then Aa“(e) =7t = Ag( ¢) = 7F. Since Aa’ is a
(7,v)BIntNS.

max{A{} (), 7} > min{A{ (e), A (6), v}

= min{r ", 7", 0"}
= 'T+

as 7t < v, this implies that Ai;]r(eg) > 7t Thus es & (J].

Let €, € O be such that e,¢ ¢ (J]. Then A{j;r(e) =t = A{J(g) = vT. Since A{_ﬂ+ is a
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(7,v)BIntNS.
min{AQ‘(eg), Tt} < max{A{]T(e), A{J(g), vt}

= max{v", v vt}

:’U+

as 7T < v, this implies that A{j;r (es) <wv't. Thus e & (3]. Therefore Jis a BSS of ¢. Similar
to proof holds.

Definition 3.10. For two intuitionistic neutrosophic subsets x and £ of &', their product x - ¢

is defined as
inf {x!""(s) VO~ (t)}ifI #0
ety = | @Y i3
0 otherwise

o inf {x""(s) VO~ (t)}ifl#0
(Y~ - £i7)(e) = { ()€

0 otherwise

WA i, {XI(s) A= (6)} if I # 0
X . €) = s,t)Ede

1 otherwise

(™ - ) (e) (e DA e B} if 370
X €) = s, E

0 otherwise

(™ - £7)(e) (S;)lgj (Xt () Aet)}ifI#0
X €) = { (81)€de

0 otherwise

n f i .
T ) () = oLy, X T YW} if1 A0

—1 otherwise

Definition 3.11. Let b be subset of @, we define the subset (R~ )2 (e) = (R(e) Yo} AT
(S7)2(0) = {ST( Yo} Ar~ and (7)Y () = {0 () AvT} Y77, (53+) ( ) = {§E+(€) A

T

VIVt (ST (e) = {SF(e) Aut} Yt and (GF)VI(e) = {0t (e) Yot} AT, forall e € 0.

Lemma 3.12. Let ] and 7 be non-empty subsets of €. Then the following hold:

(1) (A(J] VU A ) ( JAT])T;
(2) (A(J] ) (A JVT] 7
(3) (A(:] TA(T]) = (A (JT])T'
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Proof. (3) Let e € 0. If € € (I7], then (A(3y)(€) = v

Since € < ajas for some a; € (J],a2 € (7],we have (a1,az) € Ic and I # 0.

— i . t— t—
(A(J] ’ A(T] )(E) B elznyfz maX{A(J] (y)’ A(T] (Z)}

< max{A’éj_](a1), AﬁT_](CLZ)}
= ’U_

(A?;} A?;])( €) = E1r12,’fznla><;{/\ (), AET]( z)}
< maX{Ag (a1), Ai:] (az)}

(A{J]_ ' A{T]_)(e) = esuyP; mln{A(J] (y), A{]—( )

> mln{A(J] (a 1),A{T]_(a2)}
= 7‘_
Therefore (A - A )(€) = (Aap)(e).
If € € (I7], then (Agq)(e) = vt
Since € < ajag for some a; € (J],a2 € (7],we have (a1,a2) € Jc and I # 0.

G b+
(A(j] A(T] )(6) - Sup mln{A(]] ( )7 A(T] (Z)}

> mln{A’G’}'(al) At+(a2)}
= ”U+

(A AT (e) = sup min{A’ (y), A7 (2)}
> min{A 7 (a1), AT (a2)}

:’U+

(AL - ATH)() = inf max{Af} (5), ATH()

< maX{Af+(a1) Af+(a2)}

:7‘+

Therefore (A(j] . A(ﬂ)(ﬁ) = (A(Jﬂ)(ﬁ)-

If € ¢ (I7] then (A‘EJ_T])(E) =7, (Aé;T})(e) =7~ and (A{j;})(e) = v~. Since € < ajay for
some a1 ¢ (J],a2 ¢ (7] . We have

(A - AL)(0) = inf max{Al; (5). A" ()

< max{A(;](al), AE;](@)}

:7'_
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(AL - A7)0 = inf max{AL (4), A7 (2)}

< max{Ag (a1), AiT_] (a2)}

=T

(Aé]_ : A{T]_)(e) = sup mm{AG] ), A{]_(z)}

> min{AL " (a1), Al (a2)}

:/U_

If € ¢ (J7] then (A'E:TT])( €) = (AZ(:TT])( €) = 77 and (A{;ﬁ)(e) = vT. Since € < ajay for
some a; ¢ (J],a2 ¢ (1] . We have

G t
(A(J] A(T])(e) = sup mln{A(J]( Y), A(T] (2)}

e=yz
> min{Afj]'(al) AH‘(ag)}

(A - A (e) = sup min{ A% (y), A (=)}

e=yz (7]

> min{Ag(m) AH (az)}

:’7'+

(ALF ATH(€) = inf max{Af} (5), AT (2))

< maX{Af+(a1) Af+<a2)}
=yt

Hence (A - A )(€) = (Agp)(e).

Theorem 3.13. For 1,1 C 0 and {J;|i € I} be a family of subsets of O then
(i) (] € (7] if and only if (A7 < (Aq)7-

(ir) (NierA@,))7 = (Mg @))7-

(iii) (MierA,))? = (Av,c,@,))7-

Theorem 3.14. If 1 is a (7,v)-BIntNLI[BIntNS, BIntNRI] of O, then (J)Y is a
BIntNLI[BIntNS, BIntNRI] of ©.
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Proof. Assume that Jis a (7,v)BIntNLI of &. If there exist ¢,¢ € & . Now

min{(ﬂfﬁ_)gi(eg), T} = min{({?fﬁ_(a) VoTlATT), T}
= {R () Yo} AT

=R () AT}V {v AT}
={(R () AT ) AT}V 0T
<{R (Y Yu)AT IV

= {R ()Y ) YU }A(rT Vo)
={R()Yu)Yu }Ar

< (R (9) Vo

={(S7 () ATT) AT}V 0™
< {7 (OYv)AT I Yo~
={(ST () Vv ) Vv }A(r~ YouT)
={(S (Yo ) Yo} AT

( .

max{(@‘):: (5), 77} = max{({0 (ec) Av"}V¥77), 77}
= {0 (es) Av"} V1™
= {(T(eg) Ve ia{vT Y77}
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If there exist €,¢ € & . Now
max{ ()"} (es), 77} = max{({RT(es) AvT} V), 7+}
= {RM(e) AvTY V7T

= {§ﬁ+(e§) Vi a{vt vt}

min{(GF)2 (ec), 7"} = min{({GF (ec) Yo} A 7H), 77}
= {0T () Yol ArTh
= {0 () ATt} Y {0t AT}
={(0* () ATT) AT}V T
<{@GH (Vo) Artyvrt
={(0* () v )VW}M

< (B9 v
Hence J = [(R)?, ()Y, (0)Y] is a BIntNLI of &.

T

Theorem 3.15. Let 1 be an (7,v) BIntNRI and 1 be an (7,v)BIntNLI of O then ((3- T])% C
(AA7 1]

Proof. Let 1 = [(?RJ,S‘EJ“) (§ %j),(@;,@j)] be an (7,v)BIntNRI and T =
[(?R §R+) (“ C“") (U U+)] be an (7,v)BIntNLI of &. Let (e,5) € I,. If I, # 0, then
k < €. Thus ?R: (k) < ERJ (e5) < 5?3_(6), @5(%) < @5(@) < é-l_(e) and 63_(/@) > Sf(eg) >
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83_(6) Slmllarly ~;(H) ( s) < Ri(e), I7(k) < &*(eg) < @;(e) and (3;(&) >
8;(&) > U5 (e). Let (6,5) € L. If I, # 0, then k < ec. Thus ;r(ﬁ) > Szﬁj(eg) > Q?E:T(E),
T (k) > %;( <) > S (e) and 07 (k) < U (e5) < 07 (). Similarly Rf (k) > R (ec) > R (e),
@i(n) > §T+( g) > §T+(e) and U (k) < Z~5T+(e§) < 6?(6) We have

= |[inf (85 () ¥ Ry ()} YoT)| A
= | jnf {Ry () YRT ()} Vor yu—} AT

= [ jmf {(Ry () Y v7) ¥ (Ry (6) Yo )} Yo | A
> ({(Ry (W) AT )Y (RT (k) AT )} Yo ) R7™

= (R, )
(S (k) = (S (k) Yo ) AT
= |[inf {85 () Y ST ()} Y] AT
= [ 15 (€) Y37 ()} Yoo YU‘} AT
- ,322 S7(e) Y)Y (S(e) Vv )} Yu ]KT‘
= ({(gj_(ﬁ) ATT)Y (g;(m) ATV o) AT
= {(ST(R) Y ST (R) AT ) Yo} AT™
= {((S7YS)(R) Yoy AT™
= (S5, ()
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(Bg)= (k) =

(§<+:-ﬂ>31(“> =

(Bgq(R) AvT) V™

:[sup {07 () AT ()} A Uf]} V-

{(O7(8) YT )A (O (k) VT )} AvT) V™
(O3 (R) RO (R)) Y77 ) AU} V7~
{(O7 AT )(8) RvT} Y7o
(O,,- )(#)
(RS () R0 ¥ 7
_[Sgp{ﬁﬁ?(e) ART ()} A Uﬂ} vt
sup {R7 (e) A @i(c)} Avt A v*} vt
sup (R () A ) & (RF () Rw)} Ao Yt
(B () Yr )RR (5) Y )} R0T) vt
(RS () RRT () Y ) Rt} Y7t
{(RF ARD) (k) Aoty Yt
(%jxvh)(n)

M.Palanikumar, Nasreen Kausar and Tonguc Cagin, New approach towards different ideals
using bipolar valued intuitionistic neutrosophic set of an ordered semigroups



Neutrosophic Sets and Systems, Vol. 82, 2025

(D)ot (5) = (Of (k) Y o) Rt

It
| = |[inf {OF () Y OF ()} Y o] At
= ggefg{uj(e)yz};(g)}mwvﬂ ATt
= [ (G5 (Y o) ¥ (BF () Yot} v Uﬂ ATt
> {(BF(R) AT V(B () AT} Vo) ATt
= {((5F (k) YO (0)) A ) Yo} A 7T
= {((BF YOI (k) Yot} AT
= (OF,,+ )(r)

Let €,¢ & I.. If I, = 0, then (Ry - R7)(k) = 0, (37 - S7)(k) = 0 and (07 - O7)(k) = —1
and such that k < es.

such that x < eg.

(R )2 () =
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(Sh % (r) = (Sh ) Ao VT

Therefore (I 7])¥ € (IAY 7).

4. Conclusion and future direction

The notions of (7,v)-BIntNS, BIntNLI, BIntNRI, BIntNI, and BIntNBI were introduced,
along with a discussion of some of the characteristics of an ordered semigroup. Furthermore,
an analysis of the properties of various transformations is conducted. We are attempting to
handle novel fuzzy structures with cubic and interval values. Therefore, in the future, we

should think about adopting advanced, soft settings.
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