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Abstract

In recent years, the study of generalized fuzzy structures in algebraic systems has attracted
considerable attention due to their ability to represent uncertainty and bipolar information.
In this paper, we introduce the notion of cubic bipolar ideals in the framework of Sheffer
stroke Hilbert algebras. This concept integrates the descriptive capability of cubic sets
with the dual representation of bipolar information, providing a broader perspective for
investigating algebraic structures associated with the Sheffer stroke operation. We establish
the definition of cubic bipolar ideals and investigate several of their fundamental properties.
In particular, the structural behavior of these ideals is examined within Sheffer stroke
Hilbert algebras. Furthermore, the preservation of cubic bipolar ideals under algebraic
homomorphisms is analyzed through the study of images and preimages. The Cartesian
product of cubic bipolar ideals is also discussed, and conditions ensuring the stability
of the resulting structures are obtained. The results presented here contribute to the
development of fuzzy algebraic theory and extend existing approaches to Sheffer stroke-
based algebraic systems.

Keywords: Sheffer stroke Hilbert algebra; fuzzy subalgebra; fuzzy ideal; (cubic bipolar)
ideal

MSC: 06F35; 03G25; 08A72

1. Introduction

The Sheffer stroke operation, also known as the NAND operation, was introduced by
H. M. Sheffer [1] and has since played a significant role in both logic and algebra. Owing
to its functional completeness in Boolean logic, the Sheffer stroke provides a powerful
tool for constructing and analyzing various algebraic systems. In particular, its integra-
tion into Hilbert algebras has led to the development of several generalized structures
that enable a deeper investigation of logical operations from an algebraic perspective.
Within this framework, the study of ideals has become an important topic due to its rele-
vance in describing internal algebraic behavior and its applications in logic, computation,
and information processing.
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Bipolar structures constitute another important direction in the study of generalized
algebraic models. Such structures typically involve the simultaneous consideration of
positive and negative components, reflecting the dual aspects of information and logical
interpretation. From an algebraic viewpoint, the interaction of these dual components
provides a useful mechanism for examining complex relationships between operations.
In particular, the analysis of cubic bipolar configurations offers a richer framework for
investigating how these dual aspects interact within algebraic environments.

The importance of the Sheffer stroke stems from its ability to express all classical logical
operations within a single connective. Because of this property, it serves as a convenient
foundation for constructing diverse algebraic systems. Hilbert algebras, which provide an
algebraic representation of implication-based logical systems, form a suitable setting for
studying such operations. When the Sheffer stroke is incorporated into these structures, new
algebraic behaviors emerge, especially in relation to ideals and their associated properties.

The Sheffer stroke has been investigated in various algebraic and fuzzy environments
(see [2—4]). In particular, Oner et al. [5] introduced the notion of Sheffer stroke Hilbert
algebras and examined several of their fundamental properties. Later, in [6], they studied
deductive systems and filters in these algebras, including their fuzzy extensions, and pro-
vided a detailed analysis of ideals in Sheffer stroke Hilbert algebras.

The motivation for the present study is to further explore the structural aspects of these
algebras and to extend existing results to more generalized frameworks. Although previous
studies have examined several properties of Sheffer stroke algebras (see [7,8]) and their
possible generalizations (see [9]), the investigation of cubic bipolar structures related
to ideals has not yet been sufficiently explored. This observation provides the primary
motivation for the work presented in this paper.

In this study, we introduce the notion of cubic bipolar ideals in Sheffer stroke Hilbert
algebras and investigate several of their fundamental properties. Furthermore, we examine
relationships between cubic bipolar ideals and study the behavior of these structures under
algebraic mappings. In particular, the concepts of the images and preimages of cubic
bipolar ideals are introduced, and conditions ensuring the preservation of these structures
are established. Finally, the Cartesian products of cubic bipolar ideals are considered within
product algebras.

A list of acronyms is given in Table 1.

Table 1. List of acronym:s.

Acronyms Representation

SSH-algebra Sheffer stroke Hilbert algebra
BF-subalgebra bipolar fuzzy subalgebra
BIVE-subalgebra bipolar interval-valued fuzzy subalgebra
IVE-set interval-valued fuzzy set

CB-set cubic bipolar set

CB-subalgebra cubic bipolar subalgebra

CB-ideal cubic bipolar ideal

2. Preliminaries

In this section, we review fundamental concepts and results regarding Sheffer stroke
Hilbert algebras that will be used throughout this paper.

Definition 1 ([1]). Let H = (H,|) be a groupoid. The binary operation | is called a Sheffer stroke
operation on H if, for all v, 9, v € H, the following identities hold:

(1) vio=o|v.
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(52) (vlv)[(v]e) =v.
(S3)
vi(elo)l@lv)=(wle)|W]e)|v.
(54)
v (wlv)[(ele) | vI(vIv)l(ele))=v.

To simplify notation, we adopt the convention

v](ele) =1~

Definition 2 ([5]). A Sheffer stroke Hilbert algebra (briefly, SSH-algebra) is an algebraic
structure
H=(H1),

where H is a nonempty set, and | is a Sheffer stroke operation on H such that for all v, 9, v € H, the
following conditions hold:

1.
W] (" [ ") | ()™ | (v))) =,
2. Ifve=v" =" thenv = o.

Proposition 1 ([5]). Let H be an SSH-algebra. Then the relation
v — 1¥=1
defines a partial order on H.

Definition 3 ([5]). Let H be an SSH-algebra. A nonempty subset G C H is called a subalgebra
of H if

v vt eg, forallv,o€g.

Definition 4 ([5]). Let H be an SSH-algebra. A nonempty subset G C H is called an ideal of H
if, forall v, 0 € H, the following conditions hold:

1. 0eg.
2. Ifve|veGando € G thenv € G.

Theorem 1 ([5]). Let (A, |4) and (B, |g) be SSH-algebras. Then the structure

(A X B,|axB)

defined by
(a1,b1) [axp (a2,b2) = (a1 |4 a2, by [p b2)
forall (ay,b1),(az,b2) € A x B is an SSH-algebra with zero element (04,0p).

Definition 5 ([5]). Let (A, |4) and (B, |p) be SSH-algebras. A mapping f : A — B is called a
homomorphism if

f(vla o) =) |sf(e), forallv,€ A,
and §(04) = 0.
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Definition 6 ([10]). Let X be a nonempty set. A function
iir: X — DI[0,1],
which assigns to each x € X an interval
ir(x) = [ (0), 75 (),
is called an interval-valued fuzzy set on X. Here, D[0, 1] denotes the set of all closed subintervals
of [0,1].
The functions i, and ji; are mappings

iy X—=[0,1], x—=ji,(x),

X —=[0,1], x—pf(x),
such that ji (x) < ji}(x) forall x € X.
Definition 7 ([11]). Let X be a nonempty set. A cubic set in X is an ordered pair

A= (8" 97),

where 9 is an interval-valued fuzzy set on X, and Y is a fuzzy set on X.

We now introduce the concept of interval-valued fuzzy sets (IVF-sets). Let D|0, 1]
denote the set of all closed subintervals of [0, 1]; that is,

D[0,1]={h=[b",b"][0<h <p" <1}

Each element of D[0,1] is called an interval-valued number. For any b, € D[0,1], we
define the relations <, >>, = and the operations A (minimum) and ¥ (maximum) as follows:

e h<«tifand onlyif )~ <& and h* < &F.
e bh>tifandonlyifh~ > ¢ and ht > ¢t
e ph=tifandonlyifh =t and hT = ¢*.
e HAE=[p At HTAET]
e HVE=[p~ Ve, phtVver]
Let D; = [D;,D{"] and D, = [D,, D, ] be elements of D|0, 1]. The refined minimum
and refined maximum are defined, respectively, by

rmin{Dy, D,} = [min{D;, D, }, min{D;{", D5 }],

rmax{Dy, D,} = [max{D;, D, }, max{D;, Dy }].

If D; = [b;,¢] € D[0,1] for i € I, then the refined supremum and infimum are
defined by

i i i t !

rsup(Dj) = [S‘%P(hi)/ sup(&)], rinf(D;) = [inf(hi), irl.lf(’ei)}

Moreover, for D1 = [hy, 1] and D, = [by, &], we write
Di1> Dy, <= by > hrand ¥; > &,

and similarly define D; < Dy and D = Ds.
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https://doi.org/10.3390/axioms15050301

Axioms 2026, 15, 301

50f21

Definition 8 ([10]). Let X be a nonempty set. A function

9t X = D0,1], x> [y (x),ak(x)],

is called an interval-valued fuzzy set on X, where D0, 1] denotes the set of all closed subintervals

of [0,1].

The functions ay and o’ are defined by

wy X =01, x=a,(x),

af X =101, x—ajf(x),

such that a7} (x) < af(x) forall x € X.

3. Cubic Bipolar Subalgebra of SSH-Algebras
Throughout this section, X will denote an SSH-algebra unless explicitly stated other-

wise. SSH-algebras form an important class of algebraic systems exhibiting remarkable

symmetry properties and attracting interest due to their theoretical relevance and possible

applications. In this section, we study cubic bipolar subalgebras in the context of SSH-

algebras and examine their main structural properties. This investigation contributes to

a better understanding of the internal structure of SSH-algebras and may lead to further

developments and applications in related algebraic frameworks.

Definition 9. A CB-set A = (0", ¢™) of X is called a cubic bipolar subalgebra (CB-subalgebra)

of X if, forallv,o € X,

)
)

1
: 1)
)

Example 1. Consider the set X = {1,2,3,0}, and define a Sheffer stroke operation “|” by Table 2.

Table 2. A Cayley table for the Sheffer stroke “|”.

O WN = | —

RN WO =
_ =W WN
— N RN W
e el =)

Then X is an SSH-algebra (see [5]).
Define the functions 9%,9~, 9™, and v~ on X by

w)=v, O (v)=4—v, vT(W)=v, v (v)=4-v,

forallv € X.
Forv =1and o =2, we have 1 | 2 = 3. Then,
e HT(1212) =30t (1)AST(2) =1
e (11 =1<0 ()Y (2)=3
o PP =329t () AyT(2)=1
c P =1<y (VY (2)=3.
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https://doi.org/10.3390/axioms15050301

Axioms 2026, 15, 301 6 of 21

Thus, all required conditions are satisfied, and A is a CB-subalgebra of X.

Proposition 2. If A = (87, ¢ ™) is a CB-subalgebra of X, then forall v € X,

9T (0) >0t (v), 0 (0) < (v),

0T (0) =0t (v | V) > 0T (v) Aot (v) =0T (v),
87(0) =0~ (v | V) <9 (v) VO~ (v) =9 (v),
P0) =T [ V) 2T () AT (v) = 9T (v),
P O) = (v V) <y () VT (v) =y (v).

O

Definition 10. Let X be a nonempty set, and let A = (87,9 ™) be a CB-set of X. Let ﬁ be a cubic
bipolar number. Then the subset

A=={veX: 0t w)>p", 0 (v)<h, v W) >p", v (v) <bh ™}

E >

is called the ﬁ—level set of A, where bt = [p*—, 5T+ € D[0,1], and b~ = [h~,hF] €
D[-1,0].

Example 2. Consider the SSH-algebra X from Example 1. Let A = (8", ¢™) be a CB-set of X,

where
(v)y=v, O (v)=4-v, pTW)=v, P (v)=4—v,
forallv e X.
~+ ~— ~
Leth =105,1] € D[0,1]andy = [—0.5,0] € D[—1,0]. Then the h-level set is

Al ={reX:671) > b, 0 (v)<bh, pt(v) >, p(v) <h )
For v =1, we have
0T(1)=1,0(1)=3¢97(1)=1, ¢ (1) =3.

Thus, 97 (1) > 0.5, 97 (1) < —0.5, p*(1) > 0.5, and p~ (1) < 0, so v = 1 satisfies all
conditions.
Forv = 2, we have

8T(2)=2,0"(2)=2 9T (2)=2 v (2) =2

Aguin, all required conditions are satisfied, so v = 2 belongs to the level set.
Therefore,
A= = {1,2).

Theorem 2. Let A = (9, 9™") be a CB-set of X, and let E be any cubic bipolar number. Then A is
a CB-subalgebra of X if and only if the level set [A]ﬁ is a subalgebra of X, provided that [A]ﬁ # @.

https:/ /doi.org/10.3390/axioms15050301


https://doi.org/10.3390/axioms15050301

Axioms 2026, 15, 301

7 of 21

Proof. Suppose that A is a CB-subalgebra of X and that [A}ﬁ #@. Letht = [pt,pTT] €
D[0,1]and h~ = [h~~,h~F] € D[-1,0].
Take any v, 0 € [‘A]ﬁ Then
ot (w) >0, () <h, YT =2t p () <h,

and similarly for ¢.
Since A is a CB-subalgebra of X, we have

9T (W) > 8t (1) AT (o) >HT ARt =1,
9~ (V) <8~ () VI () b Vb =5,
Yr(e) Z 9T () AYT(e) = b7,
Yo (er) <y () V(o) <bh .

Thus, v°|v? € [A]ﬁ’ showing that ['A]ﬁ is closed under the operation. Hence it is a subalge-
bra of X.

Conversely, assume that [A]ﬁ # @ is a subalgebra of X. We prove that A is a CB-
subalgebra by contradiction.

Suppose that
O (1°v?) > 9T (v) A0 (o)

does not hold. Then there exist vy, 09 € X such that
8+ (| () < 0 (10) 7 8% (00).
Let
97 (o) = [e77, €77, 97 (00) = [T, 057], 7 (v lvg’) = [bF 7, p™ 7.

Then
[h+,7,b+,+] < [EJr,* A [+,7,E+,+ A [+,+}'

Choose an interval
[+, ] = [%(bﬁf +EPT AT, Lptt et A [+,+)]

Then
[E+’_ A [+'_,E+'+ A [+,+] > [f+,—,f+,+] > [b+'_/ h+’+]‘
Hence v, 0 € [‘A]ﬁ' but vy’ [vg° ¢ [‘A]ﬁ' contradicting the assumption that it is a subalgebra.

Similarly, if any of

07 () < BT (V)¥O (), Y)W AYT(e), ¢ (v <y (V) VY (e),

fails, then by constructing appropriate intermediate values (as above), we obtain elements
in [‘A]ﬁ whose operation does not remain in the set, again leading to a contradiction.

Therefore, all defining conditions hold, and A is a CB-subalgebra of X. [

The next result shows that a cubic bipolar set is a subalgebra if and only if its compo-
nents satisfy the corresponding fuzzy subalgebra conditions.

https://doi.org/10.3390/axioms15050301
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Theorem 3. Let A = (07, ¢™) be a CB-set of X. Then A is a CB-subalgebra of X if and only if
0" is a BIVF-subalgebra and ™ is a BF-subalgebra of X.

Proof. Suppose that A is a CB-subalgebra of X. Let v, ¢ € X. Then

(Vo) > 9T (v) A9 (0)
= [T (W)AoT (o), 0T (v) AOT T (0)],
and
8- (vep?) < 8 (v) Vo (o)
= [0~ ()voe~(a) 07 (v) VI T ()]

Thus, the components satisfy

Ot (W) > 0 (v) A9 (o),
T (W) > 9T (v) AT (o),
(V) <8 (v) VI (o),
9 () <97 (v) VT (o).

Hence, 9" is a BIVF-subalgebra and ¢ is a BF-subalgebra of X.
Conversely, assume that 9t isa BIVF-subalgebra and l[)Jr is a BF-subalgebra of X. Let
v,0 € X. Then

O (o) = [0 (vove), 8T (veve)]
> [0 () AT (e), 8T (v) AT ()]
= 9T (v) A9 (o).

Similarly,

o (vev?)
Y (ve?)

po(vep?)

<" (v) VI (o),
prW) AT (),
(W) VY (o)

IN IV A

Therefore, A is a CB-subalgebra of X. [

Definition 11. Let (X, |4,0x) and (Y, |p,0y) be two SSH-algebras, and let A = (P4, ¥ 2) and

B = (®p,¥Yp) be CB-subsets of X and Y, respectively.

(i) The image of A under §, denoted by §(A), is a CB-set in Y defined as follows: for each o € Y,
A AW), ifi (o) # 2,

f(A)(e) = { vei~l(o)
(([0,0],[0,0],(0,0))), otherwise.

Here,

A A(V)—< A ®alv), A ‘PA(V)>,

vef1(o) vef1(o) vef~1(o)

https:/ /doi.org/10.3390/axioms15050301
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where

A

vef1(o)

Dy(v)

and

(i
vef~1(e)

9 (v),

V

vef-1

A

vefl

w], [
vef~1(o)

P
(0)

Yalv) = (
(0) vef1(o)

A o m A

vef-l

19+,+ (1/)] ) ,
(0)

qﬁ(u)) :
(0)

V A

vefl

y (),

(ii) The preimage of 13 under §, denoted by §~1(B), is a CB-set in X defined by

[~ (B))(v)

forallv € X.

B(j(v)) =

(@5(7(v)), ¥ (i(v))) = (1 (@p)] (W), [ (¥))(v)),

To improve readability in the context of Sheffer stroke Hilbert algebras, we adopt the

following notation:

and

x|p(ylpy) = ép(¥),

(x[p(ylpy))|p(x|p(ylpy)) = Cpp(x¥).

Theorem 4. Let § : X — Y be a homomorphism of SSH-algebras. If B = (®p, ¥Yp) is a CB-ideal
of Y, then the preimage §~'(B) is a CB-ideal of X.

Proof. Suppose that B = (®p, ¥p) is a CB-ideal of Y. Then ®p is a BIVF-ideal and ¥p is a
BF-ideal of Y.
For all v € X, we have

—n —h —h —h

o) S | W4

) = 85 ((v)) < 8F(0y) = 8 ((0x)) = F1(8)(0x),
W) = 85 ((v)) > 85 (0y) = 85 ((0x)) = F1(85)(0x),
(v) = i) = 9f0y) =95 (F(0x)) =5 (vf)(0x),
(v) = ¥5()) <95 (0y) =95 (f(0x)) = F (¢5)(0x).

Let v, ¢ € X. Using the fact that { is a homomorphism, we obtain

Then

(85 (v)

f(Ean(v?) = Epp(j(v)1@).

(VA

A

https:/ /doi.org/10.3390/axioms15050301
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i (wg)(v)

v
s S s
W

I
-
L

Eep(i(v)19) v ¥y (1))
f(€aa(v®))) v g (7(0))
¥5)(Caa(®)) Vi~ (y5)(e)-

Therefore, 1 (1) satisfies all the conditions of a CB-ideal of X. [J

IA
= S <
S RECNESE

= §!

Theorem 5. Let f : X — Y be a homomorphism of SSH-algebras. If B = (®p, ¥p) is a CB-
subalgebra of Y, then the preimage §~'(B) is a CB-subalgebra of X.

Proof. Suppose that B = (®p, ¥p) is a CB-subalgebra of Y. Then ®p is a BIVF-subalgebra
and Y¥p is a BF-subalgebra of Y.
Let v,0 € X. Since § is a homomorphism, we have

f(Ean(1v?)) = Epp(j(v)1@).

Now,

P 05)(Caa(v)) = Of f(CAA(VQ))))
- 0

F1(05)(Ean(1?) =

P (p5)(Caa(v?) =

vl

F1 (g ) (Ean(v?))

)
v))V ¢y (7(0))
P (yg) () Vi~ (w5)(0)-

Therefore, f~1(B) is a CB-subalgebra of X. [

VAN

4. Cubic Bipolar Ideals of SSH-Algebra

In this section, we study cubic bipolar ideals in the framework of Sheffer stroke Hilbert
algebras. A cubic bipolar ideal is a special type of CB-set satisfying certain inequalities
related to the operations of a Sheffer stroke algebra. These structures play an important
role in understanding the algebraic properties of SSH-algebras, particularly in connection
with logical operations and their algebraic interpretations.

https://doi.org/10.3390/axioms15050301
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Definition 12. A CB-set A = (81, ¢™) of X is called a cubic bipolar ideal (CB-ideal) of X if it
satisfies the following conditions:

e x) 9(0) > 0" (v), 9 (0) < O (v) .
prO) = ptv), PO <y (v) )
Ot (v) > 0T (v2|ve) A 9T (o)
(V0 € X) 9 (v) <0~ (vv?) Y9~ (o) @
() > ¢ (v v?) AT (o)
v (v) <y (8ve) V(o)

Example 3. Consider the SSH-algebra X in Example 1. Let A = (81, ¢™) be a CB-set of X, where
the functions are defined by

0 (v)=v, ¢ (v)=4-v, forallveX.

We check whether A satisfies the conditions of a CB-ideal.
Since
87(0)=0, 0(0)=4, y(0)=4, y (0)=0,

the inequalities in (3) hold for all v € X. Moreover, the inequalities in (4) are also satisfied for all
v,0 € X. Hence, A = (0", ¢™") is a CB-ideal of X.

Lemmal. If A = (0", y™") is a CB-ideal of X, then forall v, ¢ € X,
(v)

o
p(v)

{ 8 (o) < 9t (v), 9 (o) >
v<o9 =
@) Z 9T (v), ¢ (o) <

Proof. Let v, 0 € X such that v < ¢. Then v¢|v® = 0, and hence

O (v) > TR AdT(e) = 9T(0) AP (e) =97 (a),
9 (v) < 9T ()Y (e) =8 (0) Y () =9 (o),
) = gt ) AgT(e) =T (0) Ay (e) = 9T (a)

po(v) < () vy (o) =9 (0) vy (o) = ¢ (o).
O

The following theorem demonstrates that every cubic bipolar ideal inherently pos-
sesses the structure of a cubic bipolar subalgebra.

Theorem 6. Every CB-ideal of X is a CB-subalgebra of X.

https:/ /doi.org/10.3390/axioms15050301
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Proof. Let A = (0",¢™) be a CB-ideal of X.

’ (VQIVQ)\(VIV))\(((VQIJ/Q)I(VI
(ele)" )I((elo)" ")) A 6+

(
(
(elo)!l(elo)h) A 8T ()
1) Aot (v)
0
0

%

ot (v9|v0) v))) AT (v)

(v)

A9 (o)

(
o
o
9 (
(0)
(0)
(v) A

aney

v

97 (e),

A

A (@) [l [ (v [ (v]v))) ¥ 87 (x)
~(((elo) ™ )I((QIQ)” )V (x)

l0)! |(Q|Q) )Y o~ (v)

) 9 (v)

(
(
(0
11
0) V8~ (o)
0)

9 (
9 (
9 (
9 (
9 (
o (
9 (

A

v) Y9~ (o),

P (veve) N (vQIV‘?)I( WD) [(v|v)) AT (v)
N (ele) NN((ele)" M) Ayt (v)
alo)! I(QIQ> AP (v)

APt (v

APpT(e)

T

(
(
(
1
0
0

VoIV

v) A PT(e),

(vQIvQ)I( V)| ((vQIVQ)I( W)V (v)
((el@)” ") ((elo)"" ")) vy~ (v)
(elo)'[(elo)!) vy~ (v)
1) vy (v)

0) Vv ( )

0)

V)V~ (o),

Hence A is a CB-subalgebra of X. [

1)
)
)
)
(

P (veve) (

‘S‘S‘G‘G‘G‘G‘S ﬁ‘%‘@‘%‘%‘%‘%

(
(
(
(
(
(
(
(
(
(
(
(
(
(

IAH A

The following example shows that the converse of Theorem 6 does not hold in general.

Example 4. Let X = {0,1,2,3} be the SSH-algebra defined in Example 1 with the operation |
given by Table 2.
Define a cubic bipolar set A = (0,9 ™) on X as follows:

oy = J0709 =01 L fos ifv=0,
V) = V)=
02,04], ifv=23, 03, ifv=23.

Then, for all v, 0 € X, one can verify that
0 (v[e) > T (W) A8 (e),  ¢T(vle) =¥ (v) AP (),

and hence A is a CB-subalgebra of X.
However, A is not a CB-ideal of X. Indeed, take v =2 and ¢ = 1. Then

#7(2) =1[02,04], 9T(2]1) =9"(3) =[0.2,04],
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and
rmin{19+ (2|1),l9+(1)} = rmin{[0.2,0.4],[0.7,0.9]} = [0.2,0.4].

Thus, the required dominance condition for CB-ideals is not satisfied.
Hence, A is a CB-subalgebra but not a CB-ideal of X. Therefore, the converse of Theorem 6
does not hold.

Theorem 7. Let a be any cubic bipolar number and [Al= be a CB-set of X. Then A is a CB-ideal of
X if and only if [Al= is an ideal of X, where [A]z # @.

Proof. Suppose A is a CB-ideal of X and [A]ﬁ # @. Letv € [A]ﬁ' and let h* =
(67,57 € D[0,1]and h~ = [h~,h~]. Then

O (v) > 55,07 (v) <b 7,7 (v) 2 b7, 9T (V) <b7
Since A is a cubic bipolar ideal of X,

9(0) > 8T (v) >bhT, 97 (0) < 9~ (v) < b7,

PO =yt (v) =hT, () <y (v) < b
Hence 0 € [‘A]ﬁ For any (v2[v9),0 € [‘A]ﬁ Then

Ot (v2v?) > bt 9 () < b,
PrWeve) > 0T, T (o) < b7,

0 () >0",9 () <h 9T () =0, 9" (o) <b™.
Since A is a CB-ideal of X,
9T (v) > 0T (W) AT () >hT AT =bT,
8~ (v) < 9 (V) VI (o) <hVH =5,
W) =9t ) AyYT(e) 2hT AT =hT,
W) <y ) vy () <hTVE =h
Hencev € [‘A]ﬁ Therefore, A is a CB-ideal of X.

Conversely, suppose [A]= # @ is an ideal of X. We prove that A satisfies the con-
y, supp b P

ditions of Definition 12. Assume that 97 (0) > 97 (v) is not true. Then there exists
vp € X such that 97(0) < 9" (v). Let 9t (vp) = [eF—, €01, 07(0) = [pT—, 57",
where [h7—, hT ], 677, e7 ] € D[0,1]. Then clearly, [h™—,pTF] < [¢F—, et F]. Let
[h =, 0+ = [2(ht~ +€57), L(p*+ + €+)]. Then we can easily obtain the following
inequalities:

e >t = S (pt T et ) > pt,

E+,+ > [+, (h++ +E+ +) > h++

I\J\P—‘ I\)\'—‘

Thus [e7—,e0F] > [0, 7% > [p7,hTF] = 97(0). Hence 0 ¢ [A]ﬁ Assume that
9 (0) < 9 (x) is not true. Then there exists vy € X such that 8 (0) > ¢ (vp). Let
O (vp) =t 1],97(0) = [b~, b~ F], where [h——,h~F],[¢7,¢"] € D[0,1]. Then
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clearly, [h~ =, b=+ < [e7, e~ F]. Let [, 1+ = (b~ +€e77), L(p~F + ).
Then we can easily obtain the following inequalities:

1
e < T =TT <h

1
et s oot = E(rr'+ +e ) <pT

Thus [, e~ "] < [, 7% < [p7,h~ "] = 07 (0). Hence 0 ¢ [A]ﬁ Assume that
Pt (0) > ¢ (v) is not true. Then there exists vy € X such that ™ (0) < ¥*(vp). Let
P () = €7,97(0) = h*, where h*,¢" € [0,1]. Then clearly, h™ < €F. Let [T =
3(hT +€F). Then we can easily obtain the following inequalities:

1
EJr > [+ — E(th +E+) > h+/

E+>b+:%(h++{%+)>h+.

Thus ¢ > [T > hT = 7 (0). Hence 0 ¢ [A}ﬁ Assume that = (0) < 3~ (v) is not true.
Then there exists vy € X such that ¢~ (0) > ¢~ (vp). Let ¢~ (v9) = b, ¢~ (0) = b, where
h~, & €[0,1]. Thenclearly, h~ > ¢ . Let [~ = 1(h~ + ¢~ ). Then we can easily obtain the
following inequalities:

1
< = §<h +¢7)<h,
~ -1 -
€<= +e) <b
Thus ¢t~ < I~ <bh~ =9 (0). Hence 0 ¢ [A ] Assume that 97 (v) > 07 (v2|v?) A 97 (0)
is not true. Then there exist vp,00 € X s ch that 91 (vp) < 91 (vp%|vp%) A 9T (o).
Let 97 (v®[w®) = [¢77, ¢, 87(eo) = [, 177], and 87 (vo) = [, 577,

where [T, Tt [t~ et ] 177, (7F] € D[0,1]. Then [, pTT] < [eF—,eFT] A
[0, (++] = [0 ALH—, g0 ATHH] Let [0, §07] = [%(fﬁ’* e A [+,7),%(h+,+ +
et AT Then

1
AT > = E(h+f— +e T At T) >t

E+,+ N [+,+ > f+,+ — %(h+,+ +E+,+ A h+,+) > h+'+-

Thus [t7~ AE 0T AT > [f57, 5755 > [hH 7,57 = 07 (1p). So (192 |1p%), 00 €
[A}ﬁ, but vy ¢ [A]ﬁ Assume that 9~ (v) < 0~ (v°[v?) V 9 (¢) is not true. Then

there exist 19,00 € X such that 97 (vp) > 07 (19[1p%) V 8~ (yo). Let 8~ (1p%|rp%) =
[, 65,07 (g0) = [, 1571, 8~(w) = [+, ™), where [, b+], [, 4],
[, 17*] € D[0,1]. Then clearly, [, pt*] < [et— eFF) A, 104 = [eF—

J
(b=, ettt vt Let [f5, 1] = [ (bt~ et v, %(b+’+ +¢5F vt Then
1
VA R f+’_ — E(h-i-,— + g v b-h—) < b-‘r,—l

E+'+ Vi [+,+ < j:+,+ — %(h+,+ +E+’+ Vi bJr,Jr) < b+’+-

Thus [e57 V77 60 v IEA] < [F7, f0F] < 557, 55" ] = 97 (vp). So (19%|vo®), g0 €
[A}ﬁ, but vy ¢ [A]ﬁ Assume that T (v) > T (v2|v?) A T (o) is not true. Then there exist
v, 00 € X such that ¥ (vp) < YT (10 [1p2) AT (0p). Let P (1p0[1p2) = €T, 1 (go) =
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I+, (1p) = hT, where h*, €, (+ € [0,1]. Then clearly, h* < €7 A I+, Let f© = J(h* +
et A7), Then

AT > =Z(pt +ETApT) > T,

Nl = N -

EEATT >t = (T +eP ApT) >t

Thus €t ATT > §5 > bT = ¢ (1p). So (VP |rp®),00 € [A]ﬁ' but vy ¢ [A]ﬁ Assume
that ¢~ (v) < ¢~ (v|v?) Ay~ (o) is not true. Then there exist vp,00 € X such that
¥ (vo) > ¥~ (n®[ve®) V¢~ (eo). Let ¢~ (o®|v®) = ¢, ¢ (00) = 7,9~ (v0) = b7,
where h~,¢7,1~ € [0,1]. Then clearly, h~ < £~ VI~.Letj~ = 2(h~ + ¢ V7). Then

(b"+t Vb )>h,

N —

VI > o=

VI > = %(rr FEVHT) > b
Thus ¢~ VI~ >§~ > b~ = ¢~ (vp). So (1p%|vp%), 00 € [A]ﬁ’ but vy ¢ [A]ﬁ O

The following theorem provides a characterization of cubic bipolar ideals in terms of
their interval-valued fuzzy and bipolar fuzzy components.

Theorem 8. Let A = (81, ¢™) be any CB-set of X. Then A is a CB-ideal of X if and only if 9 is
a BIVF-ideal and ¢ is a BF-ideal of X.

Proof. Suppose that A is a CB-ideal of X. Then, for each v € X, we have

( 8+ =(0) > 0T (v), 9HF(0) > 0t F(v), )
P (0) <y (v), pHO)<ypt(v) )

and equivalently,
t(0) > 0" (v), 9 (0) < 0 (v).
Letv,o € X. Then

o) = [07(v), 07 (v)]
> 07 (10]u0) A 9* (o)
= [T () AT (0), 9T (v0[vR) AOTT(0)],
and
0 (v) = [0 (), 07 (v)]
< 9 () VI (o)
= [077 (o) Vo (o), 07T (v|v?) VT (o).

Thus we obtain

S8
& &
|

<

SN

S (e0) A 8 (),
() A 8 (),
(2 [?) vy (o),
(1 [2) v 9+ (o)

<
T
3
E/\_/
[+

<%
30
==
INIA IV IV
= <
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Also, we easily see that

Ot (v) > 0+ (v2ve) A9 (0),
O (v) <9 (12v0)Vvo (o) |

Hence, 9" is a BIVF-ideal and ¢ is a BF-ideal of X.
Conversely, suppose that 9+ is a BIVF-ideal and ¢ is a BF-ideal of X. Then for all
v e X,

( 81(0) > 9t (v),
¥r(0) > ¥ (

<
—
‘S‘%
—~

o
=
INA
S
—~

<
~

Letv,¢ € X. Then
o) = [ (v), 87 (V)]
>[0T (W) AT (o), 8T () A BT (0)]
— 8 (1%]ve) A 0 ().
Similarly,
0" (v) <O () VET(e), 9T (V) =T (V) ApTle),
Y ) <) Ve (e)-

Hence, A is a cubic bipolar ideal of X. [

Example 5. Let X = {0,1,2,3} and Y = {0, 1} be SSH-algebras. The operation on X is given in
Example 1, and on Y, it is defined by

Define a mapping f : X — Y by

Then f is a homomorphism, since

fvle) = fW)ife),  WveeX

Now define a cubic bipolar set A = (8%, ¢™) on X by

() = 0.6,09], ifv=0,1, o) = 107 ifv=0,1,
0.2,05], ifv =23, 03, ifv=23.

Define the image f(A) = (f(97), f(p™)) on Y by
fO) ) =sup{8"(v): f(v) =y}, f¥T)(y) =sup{y" (v): f(v) =y}

Then,
fH0) =403}, (1) ={12}

Hence,
f(19+)(0) = sup{[0.6,0.9],[0.2,0.5]} = [0.6,0.9],
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F(8)(1) = sup{[0.6,0.9],[0.2,0.5]} = [0.6,09],

and
fwH ) =07, fyH)(1) =07

One can verify that f(A) satisfies the defining conditions of a CB-ideal in' Y.
Thus, this example illustrates the behavior of images of CB-ideals under homomorphisms.

Proposition 3. Let f : X — Y be a homomorphism of SSH-algebras. If A = (07, ¢pT) isa
CB-ideal of Y, then the preimage §~'(A) of A under f is a CB-ideal of X.

Proof. Let A = (0%, ") be a CB-ideal of Y. For all v € X, we have
FHo7)(v) = 97 (j(v) > 97 (0y) = 87 (F(0x)) = f~'(87)(0x),
FHO7)(v) =97 (7(v)) < 8 (0y) = 8 (f(0x)) = ' (87)(0x),
FH ") W) =9 () = 97 (0y) = 7 (7(0x)) = (") (0x),
)W) =9~ () <9~ (0y) =9 (7(0x)) = () (0x).
Now let v, ¢ € X. Since f is a homomorphism, we have

f(Eaa(v?)) = Epp(i(v)1@).

Then,

FreM)w) = 87 (i(v)
> rmin{d0" (Zpp(f(v)T Q))> (
= rmin{d0"(§f(aa(v?))), 9" (f EQ))}

rmin{f 1 (97)(Eaa(v?)), 5 1(87)(0)}
o)) = 8 (f(v)
< rmax{0 (&pp(f(v)!®)), 8 ((0))}
= rmax{d~ (f(aa(v?))), 8" (f(0))}
= rmax{j 1(07)(Eaa(v?)), (8 )(0)}
FleH) ) = ¢ ()
> max{y* (&pp(f(1)"?)), ¢+ (f(0))}
= maX{l,W( (Caa(v9))), ¥*(5(e))}
= max{f (Y1) (Eaa(v?),F (¥ ()}
) (v) ¥ (f(v))
min{y~ (Zps(F(v)79))), v~ (7(0))}

[ VAN

“(f(e
min{y~ (f(aa(v?))), ¥~ (f(e))}
min{f (™) (Eaa(v?)), (¥ )(0)}.

Hence §~1(A) is a CB-ideal of X. [

5. Cartesian Product of CB-Structures in SSH-Algebras

In this section, we introduce the Cartesian product of CB-sets, CB-subalgebras, and CB-
ideals in SSH-algebras.
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Definition 13. Let A = (®4, Y 4) and B = ($p, ¥Yp) be cubic sets of X and Y, respectively.
Then the Cartesian product A x B is defined as the cubic set of X x 'Y given by

AxB={((x,y), P zxy), Yizxy)): xeX yeY}
where
O p(xy) = rmin{d; (x),ap(y)},  ¥hp(xy) =max{y}(x),us(y)},
and

QL ,:XxY—=D[01], Y z:XxY—=][01].

For clarity of notation in SSH-algebras, we write

Eax ((xr,y1)0292)) o= (x1 |4 (22 |4 x2), v1 | (v2 |5 12))-

Definition 14. A cubic set
Ax B = (®axp Yaxs)

of X X Y is called a CB-subalgebra of X x Y if for all (x1,y1), (x2,y2) € X x Y, the following

conditions hold:

> 0% p(x1,y1) A 04, 5 (x2,12),

) ) A

) < 19A><B xh}/l) A><B(x2fy2)r

) > IIJAXB xl/yl) /\IPAXB(XZ/]ﬁ)
)

) < IPAXB X1, vszxB('xZ/yZ)

Definition 15. A cubic set A = (Oaxp, Yaxp) of X x Y is called a CB-ideal of X x Y if the
following conditions hold:
Forall (x,y),(x1,y1), (x2,y2) € X X Y, we have

9n,5(0,0) > 0% p(x,y),
94xp(0,0) <y, p(x,y),
i5(0,0) > i p(x,y),
¥4,50,0) < ¢, p(xy),

and

AxB(xlf]/l >>19AXB(§AxB )
) A><B X2,y2)
) /\IPAXB x2/y2)

¥a.p(x,y1) > IPZXB(‘:AXB

) (1, )"
ap(x,y1) < 19A><B(€A><B( x1,Y1) (x2,2)

) ((x1,y)!

) (1, 1)

Paup(X1, 11 <‘PZX3<§AxB x1, 1) 22) )\/IIJAxg x2,Y2).

Proposition4. Let A = (Py, ¥ 4)and B = (Pp, ¥p) be CB-subalgebras of X and Y, respectively.
Then the Cartesian product A x B is a CB-subalgebra of X x Y.

Proof. Let (x1,y1), (x2,y2) € X x Y. Then, by the definition of the product structure,
we obtain
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05 p(Gaxn () 29)) = 05(2an(x5)) A0 (Gmm(vy))
> (04(n AW( 2)) A (85 (1) A 85 (2))
= (04 (x1) A0S (v1)) A (85 (x2) A8 (12))

= 0% p(xr, 1) AL 5 (x2,12),

ﬂgxg(ﬁAxB((xlfl/l)(xz’”))) = 0,(Gaa(x1?)) Y O5(Caa (v ))
< (O4(x1) YO, (x2)) ¥ (95 (1) Y05 (12))
= (04(x1)Y 195(%))!(19}(?62)!195(]/2))

= O.p(xLy1) Y0, 5(x2,12),

Whea(Eaxn((ery)2)) = 9h(Ean(e) A (s )
> (Yax) Ay (x2)) A (95 (1) A g (v2))
= (pa(x) Ay (1)) A (94 (x2) A g5 (12))

= Yhp(uy) Apa,p(x2,y2),

lPZxB(‘:AxB((xlfl/l)(xz’”))) a(Gaa(x7?)) VIIJIE(CBB(%Z))
(¥a (x1) Vpu(x2)) V (5 (v1) V ¥ (y2))

A

(Y2 (1) Vg (y1)) V (¥4 (x2) V 95 (12))
Yaxg(x1,y1) VP, g (x2,y2).

Hence, A x B is a CB-subalgebraof X x Y. O

Proposition 5. If A = (®y,Y4) and B = (Pp, ¥p) are CB-ideals of X, then the Cartesian
product A x B isa CB-ideal of X x Y.

Proof. Let (x,y) € X x Y. Then we have

94,.5(0,0) = 95(0)A8F(0) > 0% (x) AOE(y) = 84, 5(x,y),
94,5(0,0) = 0,(0)Y8;(0) < 8,(x) V05 (y) =8, 5(xy)
Yi,p(0,0) = $h(0) Ay (0) > yh(x) Ay (y) = $a,p(xy)
Pap0,0) = 9,(0)VYz(0) <9, (x) Vs (y) =¥, 5(xy)

Now let (x1,11), (x2,2) € X x Y. Then

Oap(rLy) = l9+(x1)xl9§(y1)
> (04 (Ean(x?) A% (x2)) A (85 (88B(¥1?)) A O (v2))
= 19A><B(6A><B((xlfyl)(x2 yZ))) A4 (X2, Y2),

191K><B(x1/]/l) = 19,4( ) (.‘/l)
< (84(an(x3?)) VO, (x )\—/( 5 (EBB(Y)) Y 95 (v2))
s

AXB(CAxB xX1,Y1) xzyz >vl9AxB X2, Y2),
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V(L y) = i) Ay (1)

> (Ph@aa(xq?) A (x2)) A (w5 (Es(Y7?)) AR (v2))

= wjﬂ_xB(érAXB((xlfyl)(xz,m))> /\IPXXB(xZIyZ)/
YapxLy) = 1P2(x1)v¢’§(]/1)

< (Yu(Caalxy ))V¢A(x2 )V (5 (Es(32)) V 5 (v2))

¢AxB<CAxB((x1 y1)F22)) )V¢Ax3 X2,Y2).
Hence, A x BisaCB-idealof X x Y. O

6. Conclusions

This study introduced the notion of cubic bipolar ideals in Sheffer stroke Hilbert
algebras by combining cubic set theory with bipolar fuzzy information, thereby providing a
richer framework for analyzing algebraic structures. Fundamental properties and structural
characteristics were established to clarify their role within this algebraic setting.

Moreover, the behavior of cubic bipolar ideals under algebraic mappings was exam-
ined through the notions of images and preimages. It was shown that these ideals were
preserved under homomorphic mappings. In addition, the study of Cartesian products
described how such ideals behaved in product algebras and identified conditions under
which their structure was maintained.

Overall, the results enhanced the theory of Sheffer stroke Hilbert algebras and provided
a foundation for further research. Future work may focus on cubic bipolar filters, homomor-
phism theorems, and extensions to other algebraic systems such as BCK- and EQ-algebras,
along with potential applications in uncertainty modeling and decision-making.
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