/

)

Celal Bayar University Journal of Science
Volume 21, Issue 1, 2025, p 103-108
Doi: 10.18466/cbayarfbe.1488451

H. Merkepgi

Celal Bayar University Journal of Science

A Contribution To Solve A Linear Equation With One Variable And
Reverse A Matrix In 3-Cyclic Refined Neutrosophic Ring

Hamiyet Merkepgi®

! Department of Mathematics, University of Gaziantep, Gaziantep, Tiirkiye.
* hamiyetmerkepci@hotmail.com

* Orcid No: 0000-0003-4302-1162

Received: May 22, 2024
Accepted: March 5, 2025
DOI: 10.18466/cbayarfbe.1488451

Abstract

n-cyclic refined neutrosophic rings have become the focus of scientific research and various applications
in recent years. Due to the complexity and versatile uses of these structures, much research and
development is still needed. There are many open problems waiting to be solved in this field. This article
focuses on solving some of these problems. In particular, 3-cyclic refined neutrosophic rings are
emphasized and the solution of some basic problems in this context is discussed. First, a linear equation is
solved and then the inverse of 2x2 matrices is found. In order to do all these, the inverse of an element
taken from this ring is used. There is a need for convenience for this. Therefore, the algorithm developed
to easily find the inverse of an element in 3-cycle refined neutrosophic rings is presented.

Keywords: Neutrosophic Ring, n-Cyclic Refined Neutrosophic Ring, 3-Cyclic Refined Neutrosophic
Ring, 3-Cyclic Refined Neutrosophic equation, Inverse of 3-Cyclic Refined Neutrosophic

Real Number.

1. Introduction

Neutrosophy is an important concept in philosophy and
has formed the basis of the widely used neutrosophic set
theory. Thanks to the contributions of this theory to
classical set theory, new algebraic structures and
topologies such as neutrosophic groups, rings, spaces
and modules have been defined and applied in various
fields. The wide use of neutrosophic clusters is clearly
evident in various studies. These clusters are used as an
important tool, especially in the analysis of situations
such as uncertainty, inconsistency and incompleteness
[1,2,3,4,6,7,9,10,11]. Recent advances in this field
include the introduction of improved neutrosophic
clusters, as in [8]. The results of these developments are
notable in the study of refined neutrosophic rings as
well as refined neutrosophic modules and spaces [5, 12,
13].Florentin Smarandache [21] refined the concept of

literal indeterminacy I as 12001, and defined a
different multiplication on them called n-cyclic refined
neutrosophic ring. The introduction of n-refined
neutrosophic clusters reflects an effort to capture and
analyze the complexities of uncertainty in more detail.
The elements in any n-refined neutrosophic ring and an
n-cyclic refined neutrosophic ring are equivalent.
Despite this equality in elements, the multiplication of
elements differs significantly based on the defined
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operation between sub-indeterminacies. This
differentiation leads to the emergence of a new class of
refined neutrosophic rings [14]. n-cyclic refined
neutrosophic rings’’ has become a widely studied in
[15-23]. Due to the complexity and versatile uses of
these structures, much research and development is still
needed. There are many open problems waiting to be
solved in this field. This article focuses on solving some
of these problems. Particularly, 3-cyclic refined
neutrosophic rings are focused on and the solution of
some basic problems in this context is discussed. First,
a linear equation is solved, then the inverse of the 2x2
matrices is found. To do all this, the inverse of an
element taken from this ring is used. To facilitate this
process, an algorithm is presented to easily find the
inverse of an element in 3-cyclic refined neutrosophic
rings.

2. Materials and Methods

Definition 2.1: [4] Let R be aring and

(P PR I be n sub-indeterminacies.

R,()={a,+al,+..+a1,:a €R, i=1,2,..,n}
is called n-cyclic refined neutrosophic ring with the
following operations:
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X 1. . = X N, 1_= -~ Y =2
Zo: ' '+§y' ! Zf):( Al A 2+I1L.J+I{ 2.1 +1.Jj
inli'zyili :_Z(Xi'yj)lilj :_Z(Xi-yj' )I(i+jm0dn)' A :%4‘3'1_%'2
i=0 i=0 i,j=0 i,j=0

Definition 2.2: Let R be a ring. Rg(l) is called 3-

cyclic refined neutrosophic ring defined by

Ry(1)={my+ml +m,l,+ml,:m eR,i=123}

At is commutative if ¥Ym,ne RS(I) mn=nm. If

there is le R3(I) andl.m=m.l=m, then it is

called an 3-cyclic refined neutrosophic ring with unity.

Theorem 2.3: [12]
R,(1)={m,+m1, +m,l,:m eR} be 2-cyclic
refined neutrosophic ring of real numbers. Let

-m

1

L1
A =—+I

m
+I{
2

A=my+ml, +m,l, €R,(1). Then, the algorithm
) (m, —m +m)(m, +m +m)

m —m
where my #0, m, #0, m;—m, +m, #0.

of invers of Ais given the following:

1{
+
mO(m0+m1+m2) (m0+m1+m2)(m0_m1+m2)

m

2 1

|

Remark 2.4: A linear 2-cyclic refined neutrosophic
equation with one variable AX + B =0 can be solved
easily by using above algorithm of the inverse of a 2-
cyclic refined neutrosophic real number A.

Example 2.5: By getting 2-cyclic refined neutrosophic
linear equation:

(2-31,+21,) X +(1-41,+21,)=0

Let us solve this linear equation.

Solution: Let AX +B =0 be a linear 2-cyclic refined
neutrosophic equation with one variable, where

A=2-31,+21, B=1-4l,+2l,,

X =X+ X1, +%1,. We compute A™ with the
algorithm given in theorem 2.3.

Fora,=2#0,a,=2#0,a,—-a +a,=1=0,
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Now, solve one variable equation given in example 2.5

AX+B=0=X=A"'B

= X :(%+3ll—g|2j.(—1+4|1—2|2)
1

:>X::—E+IJZ—3—6—1M+¢2£4+12+2+5}

So, the solution is X =—£—17Il +3—7 l,.
2 2

3.Results and Discussion

Definition 3.1: Let R be any ring with unity and
Rs(')={ao+aill+a2|2+agl3:aieR,i=12,3}

be the 3-cyclic refined neutrosophic ring. Then
A=a,+al +a,l,+al, eR(1) is called
invertible (unit) if and only if there exists

At =K =ky +k 1, +k, 1, + k1, € Ry (1)
that AA™" = AK =1.

such

Theorem 3.2: Let R be any ring of real numbers with

unit and Ry(1)={a, +a,l, +a,l, +a,l,:a R}
be the 3-cyclic refined neutrosophic ring of real
numbers. Then, A=a,+al, +a,l,+a,l, s
invertible if and only if the following Diophantine
equation is true:

(8 +3,) +(a) +(8,) ~3a3, (8, +3,) # 0

Proof: The invertibility of A means that compute the 3-

cyclic refined neutrosophic equation A A™ =1, where

A=a,+al, +a,l,+a,l, eR;(1) and
At =K =Ky +k 1, +k, 1, +K;1, € Ry (1).

AK =ayk, + Il[aok1 +ak, +ak, +ak, +a2k2]
+1,[ak, +a,k, +a,k, +ak, +ak |
+15[agks; +agk, +ak, +a,k; +ak, | =1
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This implies that;

aoko =1, (ao +a3)k1 +a2k2 +a1k3 = _a1ko
ak, +(a, +ay)k, +a,k; =—a,k,
azkl + a1k2 +(a0 +ae)k3 = _aeko

Get three linear equations with three variables
K, K,,K; and write the following system:
— al
a
(aO + a3) aZ a1 kl °
a
a (a0+a3) a, kz =~ za
0
az a'1 (aU + a'3) k3 a
_ 3
- aO -

Where the coefficients matrix is called M. The system is
solvable uniquely if and only if the determinant of the
coefficients matrix M is invertible, that is,

Bphta; 8 a,
detM=| a a,+a, a, |#0
a, a8 Gt

By easy computing the determinant of the coefficients
matrix, we get the equations

(a+a) +(a) +(8,) —3a3, (8 +a,) #0
Theorem 3.3: Let R be any ring of real numbers with
unity and

Ry(1)={a,+al,+a,l,+al,:a R}

be the 3-cyclic refined neutrosophic ring of real
numbers. Let A=a, +a,1, +a,l, +a,1, Ry (1)
and A" =K =k; +k 1, +K,1, + k1, e Ry (1)

Then, find the following algorithm of A™ = K is true.

. 1
Al=K=—+ I+
ao

(—(af +a +aj)+ala2 (2a,+3a )-aa, (a +2a,)

Where N =detM #=0and a, #0.

a -2 (a +a)

N

a +a2(au +a3)

N

+
aN

0

)

- T
(8, +a,) a, B & a, ‘ a (ao +a3)‘
& (8, +a;) &, (ao"'ae) a, &
AdjM = _az a (8, +a,) C _(ao+a3) a,
aQ (ao + aa) a, (2 +1§§) a, &
8, |@+ay) & |(a+a) a
(a0+a3) &, 3 a, & (a0+a3)_

)

Proof: Let A:a0+a1|1+a2|2+a3|3eR3(|) and
At =K =Ky +k 1 +K, 1, + K1, Ry (1).
Compute AK =1.

AK =agk, + 1, [agk, +ak, +ak, +ak, +a,k,]
+1,[agk, +a,k, +a,k, +ask, +ak, |
+1, [apk; +ak, +ak, +a,k, +ak, | =1

= a,k, =1,

ak, +ak, +ak, +ak +ak, =0
ak, +ak, +a,k; +ak, +ak =0
aok; +ak, +ak, +ak +ak, =0

:(ao+as)k1+azkz+a1k3):_%
0
a
ak, +(a,+a5 )k, +ak, =——=
&
ak +ak, +(a, +a,)k =3
K Ak, ( 0 aS) 3 ao
Then write the following system; ) B
_a/
(ao+a3) a, 4 K, 3 %
& (p+y) & |k |= —%0
a, a (ao"'ae) kS _a%
L /8
1)

Where the coefficients matrix is called M. By
multiplying above system from the right and left by the
inverse of M, obtain the coefficients of K, that is, find

an algorithm of A =K.
. AdiM .
detM

Now, compute M ™

Where
det M = (a, +a3)3+(a1)3+(a2)3—3a1a2(a0 +8,)#0
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(a,+8,) —aa, -a(a,+a)+al a’—a,(a,+a,)
AdjM = —az(ao+a3)+a12 (a0+a3)2—a1a2 —al(a0+a3)+a§
& -a(ata) - (dta)ta (a+a) -ag, |
(+8,) —aa, -a,(3,+a)+a? al-a(a,+a,)
AdjM = —ai(a0+a3)+a22 (a0+a3)2—a1a2 —az(a0+a3)+af
Al -a, () (e ta)ta (a+a) -ag,

By easy computing , write the following matrix is inverse of M;

(ao+a3)z_a1az _az(ao'i_aa)'i_al2 azz_al(ao+a3)

(a,+a,) +a’ +a’ -3aa (a +a,) (a+a) +a’+a -3aa,(a, +a,) (a +a) +a +a -3aa (a +a,)
_al(ao—kas,)-'_azz (a0+a3)2_a1az _az(ao+a3)+a12

(3, +a,) +a’ +a’ -3aa,(a,+a,) (a +a,) +a +a -3aa,(a, +a,) (a,+a) +a +a —3aa (a +a,)

alz_az (ao+a3) _al(aoJras)+az2 (aoJras)Z_alaz

| (a,+a,)’ +a’ +a’ —3aa,(a, +a,) (a +a) +a +a -3aa (a+a) (a,+a) +a’ +a —3aa(a +a,)]|

By multiplying the system (I) from the right and left by M ! obtain the coefficients of K . So,

k _i k _azz_ai(a0+a3) k _a'lz_az(a0+a3)
0 ! 1 ' 2
a, N N
Where N =detM =0 and a, #0.
Finally, the algorithm of A'=K:
K:i+(az—a1(ao+a3)],1+(a1—az(ao+as)j,2+£
a, N N

4. Numerical Application

Problem 4.1: Take the following 3-cyclic refined
neutrosophic linear equation:

(241, =31, +1;) X +1,—1,—1,=0. Let us solve
this linear equation.

Solution: This problem is a linear 3-cyclic refined
neutrosophic equation with one variable AX + B =0,
where

A=2+1 -3, +1;, X=x+x1,+X1,+Xl,
and B =1, — 1, — 1. Firstly, Let us check whether A

is invertible or not. So that, use the algorithm given in
theorem 3.2,

o _(arara)raa, (23 +3a)-aa (3 +2a)
L a,N

—(af +a} +a3)+aa, (2a, +3a,)—a,a, (a, + 22,)
aON

Ju

= (a,+a,) +a +ai —3aa,(a, +a,) %0
= (2+1) +2° +(-3)° ~3.1.(-3).(2+1) =28 %0

So, A isinvertible.

Now, compute Al with the algorithm given in
theorem 3.3.
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(-3)° -1(2+1)
28

17—(-3)(2+1)
28

Al=Z+

1
2

e

7[13+(73)3+13]+1(73)(2.2+3.1)72.1(2+ 24

+ |

2.28 3
4.1.3,.5, 1
A _§+ﬂll+ﬂ|2 ﬁ|3

Finally, solve one variable equation given in problem:

AX+B=0=X=A"'B

1 3 5 1
=>X=|—+—L+—1, -1, |.(=L+1 +1
2 141 14 °? 143(l :+ 1)
:>X=(—1+£+E+ijl1
2 14 14 14
(1 3 5 1) (1 3 5 1]
H=—-—=t——= L+ === I,
2 14 14 14 3 14 14 14
1 4 2
:>X:7|1+7|2+7|3
1 -21,
Problem 4.2. et A= € Rs(l). Is 1t
L 1-1,

invertible?

Solution: Let us solve the problem using the found

-1
algorithms. Compute A~

Afl:iAdezdetA:lH3
det A
Let —B 1 _ _
¢ det A . Using the algorithm of an element in
1
Rz(l)intheorem3.3, get B=1—§|3_
1-1. 21, ]
AdjA = 3 2
_|l 1 |
_ 1. \[1-1, 2I
=Al=]1-Z1 3 4
2% -1, 1
1-1, |,
:>A_l: 1 l

107

So, the inverse of a given matrix in Rg(l) can be
found easily using algorithms.

5. Conclusion

In this article, methods for solving basic mathematical
problems in 3-cycle refined neutrosophic rings are
developed and applied. Operations such as finding the
inverse of elements, solving linear equations and
calculating the inverse of 2x2 matrices are examined in
detail. These solutions provide a basis for more complex
problems in this field and open new avenues for
researchers.
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