
Communications in Mathematics and Applications
Vol. 16, No. 1, pp. 103–111, 2025
ISSN 0975-8607 (online); 0976-5905 (print)
Published by RGN Publications http://www.rgnpublications.com

DOI: 10.26713/cma.v16i1.2915

Research Article

Application of MBJ-Neutrosophic in BRK-Algebra
Halimah Alshehri1 and Areej Almuhaimeed*2

1Department of Computer Science and Engineering, Faculty Applied Studies and Community Service,
King Saud University, Riyadh, Saudi Arabia

2Department of Mathematics, College of Science, Taibah University, Madinah, Saudi Arabia
*Corresponding author: aamuhaimeed@taibahu.edu.sa

Received: October 20, 2024 Revised: January 17, 2025 Accepted: February 2, 2025

Abstract. This paper introduces the concept of MBJ-neutrosophic ideals and subalgrbras in
BRK-algebras. We study various properties regarding these concepts. Also, a relationship between
MBJ-neutrosophic ideals and MBJ-neutrosophic subalgrbras is presented. Moreover, various
characterisations for MBJ-neutrosophic ideals are proved.

Keywords. MBJ-neutrosophic, BRK-algebra, Ideal, Subalgebra

Mathematics Subject Classification (2020). 03E72, 06F35

Copyright © 2025 Halimah Alshehri and Areej Almuhaimeed. This is an open access article distributed under
the Creative Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.

1. Introduction
Fuzzy sets was introduced by Zadeh [7] in order to manage uncertainties in numerous situations
in different aspects. Then several attempts were made to generalize the notation of classical
sets and fuzzy sets. Neutrosophic set was introduced and developed by Smarandache [5].

These concepts are applied to several algebraic structure such as BCK-algebra and BCI-
algebra. BRK-algebra is a generalization of BCK-algebra and BCI-algebra introduced by
Bandaru [1]. Then many papers have discussed some concepts in BRK-algebras (see, El-Gendy
[2,3], and Hayat et al. [4]).

MBJ-neutrosophic structure was introduced by Takallo et al. [6] and applied in BCK-algebra
and BCI-algebra. We aim to generalize and applied MBJ-neutrosophic structure on BRK-
algebra.
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This paper introduces the concept of MBJ-neutrosophic ideals and subalgrbras in BRK-
algebras. We study various properties regarding these concepts. Also, a relationship between
MBJ-neutrosophic ideals and MBJ-neutrosophic subalgrbras is presented. Moreover, various
characterisations for MBJ-neutrosophic ideals are proved.

Throught this paper, we write MBJ-NT to denote MBJ-neutrosophic.

2. Preliminaries
Recall that a BRK-algebra, P , is a non-empty set with a binary operation ⋇ and a constant 0
that satisfies the following criteria [1]:

(i) s01⋇0= s01, for all s01 ∈ P .
(ii) (s01⋇ s02)⋇ s01 = 0⋇ s02, for all s01, s02 ∈ P .

A partial ordered relation ≤ on P is defined as follows [1]:

s01 ≤ s02 ⇔ s01 ∗ s02 = 0 .

Any BRK-algebra satisfies the following properties [1]:
(i) s01 ∗ s01 = 0, for all s01 ∈ P .

(ii) 0⋇ (s01⋇ s02)= (0⋇ s01)⋇ (0⋇ s02), for every s01, s02 ∈ P .

3. MBJ-Neutrosophic Ideals
Definition 3.1 ([5]). Let A be a non-empty set. An MBJ-NT set in A can be defined by:

Υ := {〈a; MΥ(a), B̃Υ(a), JΥ(a)〉 : a ∈ A},

in which MΥ is a truth membership function, JΥ is a false membership function and B̃Υ is an
indeterminate interval-valued membership function.

Now, we are able to apply this concept to BRK-algebras.

Definition 3.2 ([5]). Let P be a BRK-algebra. An MBJ-NT set, Υ= (MΥ, B̃Υ, JΥ), in P is called
an MBJ-NT ideal if:

(i) For all s01 ∈ P ,
MΥ(0)≥ MΥ(s01),
B̃Υ(0)⪰ B̃Υ(s01),
JΥ(0)≤ JΥ(s01).

 (3.1)

(ii) For all s01, s02, s03 ∈ P ,
MΥ(0⋇ s01)≥min{MΥ(0⋇ (s01⋇ s02)), MΥ(0⋇ s02)},
B̃Υ(0⋇ s01)⪰ rmin{B̃Υ(0⋇ (s01⋇ s02)), B̃Υ(0⋇ s02)},
JΥ(0⋇ s01)≤max{JΥ(0⋇ (s01⋇ s02)), JΥ(0⋇ s02)}.

 (3.2)

Theorem 3.1. The intersection of MBJ-NT ideals of a BRK-algebra is also an MBJ-NT ideal.

Proof. Let Υ1,Υ2, . . . ,Υn be MBJ-NT ideals. Then

(i) M∩Υi (0)=min{MΥi (0)}
≥min{MΥi (s01)}
= M∩Υi (s01),
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B̃∩Υi (0)= rmin{B̃Υi (0)}
⪰ rmin{B̃Υi (s01)}
= B̃∩Υi (s01),

J∩Υi (0)=max{JΥi (0)}
≤max{JΥi (s01)}
= J∩Υi (s01),

(ii) M∩Υi (0⋇ s01)=min{MΥi (0⋇ s01)}
≥min{min{MΥi (0⋇ (s01⋇ s02)), MΥi (0⋇ s02)}}
=min{min{MΥi (0⋇ (s01⋇ s02))},min{MΥi (0⋇ s02)}}
=min{M∩Υi (0⋇ (s01⋇ s02)), M∩Υi (0⋇ s02)},

B̃∩Υi (0⋇ s01)= rmin{B̃Υi (0⋇ s01)}
⪰ rmin{rmin{B̃Υi (0⋇ (s01⋇ s02)), B̃Υi (0⋇ s02)}}
= rmin{rmin{B̃Υi (0⋇ (s01⋇ s02))}, rmin{B̃Υi (0⋇ s02)}}
= rmin{B̃∩Υi (0⋇ (s01⋇ s02)), B̃∩Υi (0⋇ s02)},

J∩Υi (0⋇ s01)=max{JΥi (0⋇ s01)}
≤max{max{JΥi (0⋇ (s01⋇ s02)), JΥi (0⋇ s02)}}
=max{max{JΥi (0⋇ (s01⋇ s02))},max{JΥi (0⋇ s02)}}
=max{J∩Υi (0⋇ (s01⋇ s02)), J∩Υi (0⋇ s02)}.

Thus ∩Υi is an MBJ-NT ideal as required.

A complement of an MBJ-NT set, Υ, is an MBJ-NT set defined by:

Υc = (Mc
Υ, B̃c

Υ, J c
Υ),

where

Mc
Υ = 1−MΥ, B̃c

Υ = 1− B̃Υ, J c
Υ = 1− JΥ.

We now prove the following theorem:

Theorem 3.2. A subset of a BRK-algebra is an MBJ-NT ideal if and only if its complement is an
anti MBJ-NT ideal.

Proof. Let Υ be an MBJ-NT ideal, this implies

(i) MΥ(0)≥ MΥ(s01),

1−MΥ(0)≤ 1−MΥ(s01),

Mc
Υ(0)≤ Mc

Υ(s01).

Also, since

B̃Υ(0)= [B−
Υ(0),B+

Υ(0)]

≥ [B−
Υ(s01),B+

Υ(s01)]

= B̃Υ(s01),

then

B̃c
Υ(0)= 1− B̃Υ(0)
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= [1−B+
Υ(0),1−B−

Υ(0)]

≤ [1−B+
Υ(s01),1−B−

Υ(s01)]

= B̃c
Υ(s01).

In addition,

JΥ(0)≤ JΥ(s01),

1− JΥ(0)≥ 1− JΥ(s01),

J c
Υ(0)≥ J c

Υ(s01),

(ii) MΥ(0⋇ s01)≥min{MΥ(0⋇ (s01⋇ s02)), MΥ(0⋇ s02)}

1−MΥ(0⋇ s01)≤ 1−min{MΥ(0⋇ (s01⋇ s02)), MΥ(0⋇ s02)}

Mc
Υ(0⋇ s01)≤max{1−MΥ(0⋇ (s01⋇ s02)),1−MΥ(0⋇ s02)}

=max{Mc
Υ(0⋇ (s01⋇ s02)), Mc

Υ(0⋇ s02)}.

Also, since

B̃Υ(0⋇ s01)⪰ rmin{B̃Υ(0⋇ (s01⋇ s02)), B̃Υ(0⋇ s02)}

= [min{B−
Υ(0⋇ (s01⋇ s02)),B−

Υ(0⋇ s02)},

min{B+
Υ(0⋇ (s01⋇ s02)),B+

Υ(0⋇ s02)}],

we obtain

B̃c
Υ(0⋇ s01)= 1− B̃Υ(0⋇ s01)

⪯ [1−min{B+
Υ(0⋇ (s01⋇ s02)),B+

Υ(0⋇ s02)},

1−min{B−
Υ(0⋇ (s01⋇ s02)),B−

Υ(0⋇ s02)}]

= [max{1−B+
Υ(0⋇ (s01⋇ s02)),1−B+

Υ(0⋇ s02)},

max{1−B−
Υ(0⋇ (s01⋇ s02)),1−B−

Υ(0⋇ s02)}]

= [max{B−
Υ

c(0⋇ (s01⋇ s02)),B−
Υ

c(0⋇ s02)},

max{B+
Υ

c(0⋇ (s01⋇ s02)),B+
Υ

c(0⋇ s02)}]

= rmax{B̃c
Υ(0⋇ (s01⋇ s02)), B̃c

Υ(0⋇ s02)}.

In addition,

JΥ(0⋇ s01)≤max{JΥ(0⋇ (s01⋇ s02)), JΥ(0⋇ s02)}

1− JΥ(0⋇ s01)≥ 1−max{JΥ(0⋇ (s01⋇ s02)), JΥ(0⋇ s02)}

J c
Υ(0⋇ s01)≥min{1− JΥ(0⋇ (s01⋇ s02)),1− JΥ(0⋇ s02)}

=min{J c
Υ(0⋇ (s01⋇ s02)), J c

Υ(0⋇ s02)}.

Thus Υc is an anti MBJ-NT ideal. Conversely, suppose that Υc is an anti MBJ-NT ideal. Then

(i) Mc
Υ(0)≤ Mc

Υ(s01),

1−MΥ(0)≤ 1−MΥ(s01),

MΥ(0)≥ MΥ(s01) .

Note that

B̃c
Υ(0)≤ B̃c

Υ(s01) .
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Thus

1− B̃Υ(0)≤ 1− B̃Υ(s01),

B̃Υ(0)≥ B̃Υ(s01).

Also,

J c
Υ(0)≤ J c

Υ(s01),

1− JΥ(0)≤ 1− JΥ(s01),

JΥ(0)≥ JΥ(s01).

(ii) Mc
Υ(0⋇ s01)≤max{Mc

Υ(0⋇ (s01⋇ s02)), Mc
Υ(0⋇ s02)}

=max{1−MΥ(0⋇ (s01⋇ s02)),1−MΥ(0⋇ s02)},

1−MΥ(0⋇ s01)≤ 1−min{MΥ(0⋇ (s01⋇ s02)), MΥ(0⋇ s02)},

MΥ(0⋇ s01)≥min{MΥ(0⋇ (s01⋇ s02)), MΥ(0⋇ s02)}.

We also have

B̃c
Υ(0⋇ s01)⪯ rmax{B̃c

Υ(0⋇ (s01⋇ s02)), B̃c
Υ(0⋇ s02)}

= [max{B−
Υ

c(0⋇ (s01⋇ s02)),B−
Υ

c(0⋇ s02)},

max{B+
Υ

c(0⋇ (s01⋇ s02)),B+
Υ

c(0⋇ s02)}]

= [max{1−B+
Υ(0⋇ (s01⋇ s02)),1−B+

Υ(0⋇ s02)},

max{1−B−
Υ(0⋇ (s01⋇ s02)),1−B−

Υ(0⋇ s02)}]

= [1−min{B+
Υ(0⋇ (s01⋇ s02)),B+

Υ(0⋇ s02)},

1−min{B−
Υ(0⋇ (s01⋇ s02)),B−

Υ(0⋇ s02)}].

Then

1− B̃Υ(0⋇ s01)⪯ [1−min{B+
Υ(0⋇ (s01⋇ s02)),B+

Υ(0⋇ s02)},

1−min{B−
Υ(0⋇ (s01⋇ s02)),B−

Υ(0⋇ s02)}]

B̃Υ(0⋇ s01)⪰ [min{B−
Υ(0⋇ (s01⋇ s02)),B−

Υ(0⋇ s02)},

min{B+
Υ(0⋇ (s01⋇ s02)),B+

Υ(0⋇ s02)}]

= rmin{B̃Υ(0⋇ (s01⋇ s02)), B̃Υ(0⋇ s02)}.

Moreover,

J c
Υ(0⋇ s01)≥min{J c

Υ(0⋇ (s01⋇ s02)), J c
Υ(0⋇ s02)}

=min{1− JΥ(0⋇ (s01⋇ s02)),1− JΥ(0⋇ s02)},

1− JΥ(0⋇ s01)≥ 1−max{JΥ(0⋇ (s01⋇ s02)), JΥ(0⋇ s02)},

JΥ(0⋇ s01)≤max{JΥ(0⋇ (s01⋇ s02)), JΥ(0⋇ s02)}.

Theorem 3.3. Every MBJ-NT ideal in a BRK-algebra P satisfies the property:
If s01 ≤ s02, then

MΥ(0⋇ s01)≥ MΥ(0⋇ s02),

B̃Υ(0⋇ s01)⪰ B̃Υ(0⋇ s02),

JΥ(0⋇ s01)≤ JΥ(0⋇ s02).
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Proof. Suppose that s01, s02 ∈ P . Let Υ be an MBJ-NT ideal. Since s01 ≤ s02, then s01⋇ s02 = 0.
Thus

MΥ(0⋇ s01)≥min{MΥ(0⋇ (s01⋇ s02)), MΥ(0⋇ s02)}

=min{MΥ(0⋇0), MΥ(0⋇ s02)}

=min{MΥ(0), MΥ(0⋇ s02)}

= MΥ(0⋇ s02),

B̃Υ(0⋇ s01)⪰ rmin{B̃Υ(0⋇ (s01⋇ s02)), B̃Υ(0⋇ s02)}

= rmin{B̃Υ(0⋇0), B̃Υ(0⋇ s02)}

= rmin{B̃Υ(0), B̃Υ(0⋇ s02)}

= B̃Υ(0⋇ s02),

JΥ(0⋇ s01)≤max{JΥ(0⋇ (s01⋇ s02)), JΥ(0⋇ s02)}

=max{JΥ(0⋇0), JΥ(0⋇ s02)}

=max{JΥ(0), JΥ(0⋇ s02)}

= JΥ(0⋇ s02)

as required.

Proposition 1. Let P be a BRK-algebra. If Υ is an MBJ-NT ideal and

s01⋇ s02 ≤ s03,

for some s01, s02, s03 ∈Υ, then
MΥ(0⋇ s01)≥min{MΥ(0⋇ s02), MΥ(0⋇ s03)},

B̃Υ(0⋇ s01)⪰min{B̃Υ(0⋇ s02), B̃Υ(0⋇ s03)},

JΥ(0⋇ s01)≤max{JΥ(0⋇ s02), JΥ(0⋇ s03)}.

 (3.3)

Proof. Suppose that s01⋇ s02 ≤ s03. Then (s01⋇ s02)⋇ s03 = 0 and so

0⋇ (s01⋇ s02)= 0⋇ s03,

that Υ is an MBJ-NT ideal implies
MΥ(0⋇ s01)≥min{MΥ(0⋇ (s01⋇ s02)), MΥ(0⋇ s02)},

B̃Υ(0⋇ s01)⪰ rmin{B̃Υ(0⋇ (s01⋇ s02)), B̃Υ(0⋇ s02)},

JΥ(0⋇ s01)≤max{JΥ(0⋇ (s01⋇ s02)), JΥ(0⋇ s02)}.


But note that

MΥ(0⋇ (s01⋇ s02))≥min{MΥ(0⋇ ((s01⋇ s02)⋇ s03), MΥ(0⋇ s03)}

=min{MΥ(0), MΥ(0⋇ s03)}

= MΥ(0⋇ s03),

B̃Υ(0⋇ (s01⋇ s02))⪰ rmin{B̃Υ(0⋇ ((s01⋇ s02)⋇ s03), B̃Υ(0⋇ s03)}

= rmin{B̃Υ(0), B̃Υ(0⋇ s03)}

= B̃Υ(0⋇ s03),

JΥ(0⋇ (s01⋇ s02))≤max{JΥ(0⋇ ((s01⋇ s02)⋇ s03), JΥ(0⋇ s03)}
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=max{JΥ(0), JΥ(0⋇ s03)}

= JΥ(0⋇ s03).

Hence

MΥ(0⋇ s01)≥min{MΥ(0⋇ s02), MΥ(0⋇ s03)},

B̃Υ(0⋇ s01)⪰min{B̃Υ(0⋇ s02), B̃Υ(0⋇ s03)},

JΥ(0⋇ s01)≤max{JΥ(0⋇ s02), JΥ(0⋇ s03)}.

Theorem 3.4. Every MBJ-NT set in a BRK-algebra satisfying condition (3.1) and condition (3.3)
is an MBJ-NT ideal.

Proof. Let Υ be an MBJ-NT set satisfying (3.1) and (3.3). Since s01⋇ s02 ≤ s01⋇ s02, replacing
s03 = s01⋇ s02 in condition (3.3), we obtain

MΥ(0⋇ s01)≥min{MΥ(0⋇ (s01⋇ s02)), MΥ(0⋇ s02)},

B̃Υ(0⋇ s01)⪰ rmin{B̃Υ(0⋇ (s01⋇ s02)), B̃Υ(0⋇ s02)},

JΥ(0⋇ s01)≤max{JΥ(0⋇ (s01⋇ s02)), JΥ(0⋇ s02)}.

Hence Υ is an MBJ-NT ideal.

Definition 3.3. Let P be a BRK-algebra. The set

B(P)= {s01 ∈ P : 0⋇ s01 = 0}

is called a p-radical of P .

Proposition 2. A p-radical of a BRK-algebra is an MBJ-NT ideal.

Proof. It follows from the definition of a p-radical that the coditions of an MBJ-NT ideal are
fulfilled.

4. Subalgebra

Let P be a BRK-algebra. An MBJ-NT set Υ= (MΥ, B̃Υ, JΥ) in P is called an MBJ-NT subalgebra
if:

MΥ(s01⋇ s02)≥min{MΥ(s01), MΥ(s02)},
B̃Υ(s01⋇ s02)⪰ rmin{B̃Υ(s01), B̃Υ(s02)},
JΥ(s01⋇ s02)≤max{JΥ(s01), JΥ(s02)},

for every s01, s02 ∈ P .

Theorem 4.1. Let P be a BRK-algebra and Υ an MBJ-NT subalgebra. If Υ satisfies condition
(3.2), then Υ is an MBJ-NT ideal.

Proof. Let s01 ∈Υ. Then

MΥ(0)= MΥ(s01⋇ s01)
≥min{MΥ(s01), MΥ(s01)}
= MΥ(s01),

B̃Υ(0)= B̃Υ(s01⋇ s01)
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⪰ rmin{B̃Υ(s01), B̃Υ(s01)}
= rmin{[B−

Υ(s01),B+
Υ(s01)], [B−

Υ(s01),B+
Υ(s01)]}

= [B−
Υ(s01),B+

Υ(s01)]
= B̃Υ(s01),

JΥ(0)= JΥ(s01⋇ s01)
≤max{JΥ(s01), JΥ(s01)}
= JΥ(s01).

Definition 4.1. Let P be a BRK-algebra. The set

G(P)= {s01 ∈ P : 0⋇ s01 = s01}

is called the G-part of P .

Theorem 4.2. Let P be a BRK-algebra and Υ an MBJ-NT ideal. Then Υ∩G(P) is an MBJ-NT
subalgebra.

Proof. Suppose that s01, s02, s03 ∈Υ∩G(P). Then

MΥ(s01⋇ s02)= MΥ(0⋇ (s01⋇ s02))

≥min{MΥ(0⋇ ((s01⋇ s02)⋇ s03)), MΥ(0⋇ s03)}

=min{MΥ((s01⋇ s02)⋇ s03), MΥ(s03)}

=min{MΥ((s01⋇ s02)⋇ s01), MΥ(s01)}

=min{MΥ(0⋇ s02), MΥ(s01)}

=min{MΥ(0⋇ s02), MΥ(s01)}

=min{MΥ(s01), MΥ(s02)},

B̃Υ(s01⋇ s02)= B̃Υ(0⋇ (s01⋇ s02))

⪰ rmin{B̃Υ(0⋇ ((s01⋇ s02)⋇ s03)), B̃Υ(0⋇ s03)}

= rmin{B̃Υ((s01⋇ s02)⋇ s03), B̃Υ(s03)}

= rmin{B̃Υ((s01⋇ s02)⋇ s01), B̃Υ(s01)}

= rmin{B̃Υ(0⋇ s02), B̃Υ(s01)}

= rmin{B̃Υ(0⋇ s02), B̃Υ(s01)}

= rmin{B̃Υ(s01), B̃Υ(s02)},

JΥ(s01⋇ s02)= JΥ(0⋇ (s01⋇ s02))

≤max{JΥ(0⋇ ((s01⋇ s02)⋇ s03)), JΥ(0⋇ s03)}

=max{JΥ((s01⋇ s02)⋇ s03), JΥ(s03)}

=max{JΥ((s01⋇ s02)⋇ s01), JΥ(s01)}

=max{JΥ(0⋇ s02), JΥ(s01)}

=max{JΥ(0⋇ s02), JΥ(s01)}

=max{JΥ(s01), JΥ(s02)}.

Therefore, Υ∩G(P) is an MBJ-NT subalgebra.
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5. Conclusion
This paper introduces the notions of MBJ-neutrosophic ideals and subalgebras within
the framework of BRK-algebras. Various properties of these structures are investigated.
In addition, the relationship between MBJ-neutrosophic ideals and MBJ-neutrosophic
subalgebras is explored. Several characterizations of MBJ-neutrosophic ideals are also
established.
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