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Abstract

The objective of this paper is to study some of the elementary algebraic properties of 4-cyclic refined neutrosophic
matrices with real entries, where we study the algebraic structure of the multiplication operation and its properties
such as associativity, commutativity, and the existence of algebraic multiplication inverse. Also, we illustrate many
examples that explain the validity of our work.
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1. Introduction

The algebraic structures based on n-cyclic refined neutrosophic sets were studied by many different authors, where it
can find some interesting generalizations such as n-cyclic refined neutrosophic rings, 3-cyclic refined neutrosophic
units, 4-cyclic refined neutrosophic units, 4-cyclic refined neutrosophic Diophantine equations, and n-cyclic refined
neutrosophic groups and complex numbers [1-13]. In [14], 2-cyclic refined neutrosophic matrices have been studied
and formulated, where the computations of eigenvectors and eigenvalues were introduced, as well as the computation
of determinants, inverses, and the diagonal zing properties.

This has motivated us to study the general case of 4-cyclic refined neutrosophic matrices for the first time, where
some of the elementary algebraic properties of 4-cyclic refined neutrosophic matrices with real entries will be
discussed, and we study the algebraic structure of the multiplication operation and its properties such as associativity,
commutativity, and the existence of algebraic multiplication inverse. Also, we illustrate many examples that explain
the validity of our work.

2. Main Discussion

Definition:
LetX;; 0 < i < 1 befive n x n matrices with real entries, then the corresponding 4-cyclic refined neutrosophic matrix
is defined as follows:

4
X = XO + ZXI:II:
i=1

Example: B

Consider X, = (_11 ;) , X1 = ((3) i)

X, = (_11 ;) then:

DOIL: https://doi.org/10.54216/NIF.030102
Received: April 27,2023  Accepted: January 05, 2024



https://doi.org/10.54216/NIF.030102
mailto:Edinnoori45@gmail.com

Neutrosophic and Information Fusion (NIF) Vol 03, No. 01, PP. 07-12, 2024

4
_ _ 1+3[1+[2_4I3+[4 2+311_[2+2[3+3I4>
X_X°+2Xi1i‘< —1+6l;—1, 7+ 1 + 21, — 915 + 21,
i=1

Remark:

We denote to the set of all n x n 4-cyclic refined neutrosophic matrices with real entries by Rf{tfn(l).
Remark:

LetX =X, + Xh, X1, Y =Y, + Y, VI, then:

X+Y=WX,+Y)+ Z?:1(Xi + YDl

XY =XYo + L (XY, + X1V, + XY, + X,V + X, + X.V) + L(X Y, + X,V + X0V + XY, + X,Y, + X.Y5) +

Example:

TakeX=(1+11_I3 12+I4)‘

211+I3 1_12

([ 241 I, _
Y‘(1+12+13 1+11—14)'the”'

- Y- )

—11)'X3 = (_11 8)'
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Dk D=6

X+Y

=Gy o)l =G 2)
= G D=0 o
=0 oo V=6 o
xi=( 2D 0= o)
xn=(7 06 =7 o

= Xo¥y + X,V + Xi¥y + X,Y, + XoYs + Xo¥, = (2 2).

4 3
we(d 90 D=0 0.
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= DE 9= L)
xwi=( ) V=0 o
an=( )6 D=0 1)

T
-G 90 9-C 9
= XY, + XoYo + X,y + X, + XY, + XYy = ((3; g).
wh=( )G =0 o)

xn=(3 )G D=3

at=( ) 0= o)

o)

0

wh=0 )6 D=0 2

=1 oG =6 7)

xa= oG =0 o)
= Xy + Xs¥o + XYy + KoYy + XYy + XYy = (D 0).

5 0
X0Y4=((1) (1)) 1

—1) - (g —11)

(o
xn=(5 oG D=0 o
x5 =G o) 0= o)
-(; i

=(8 _11)(1 8)=(_11 8)’

1

= Xo¥, + X Yo + X, Vs + XV, 4 X, Y, + X, 1, = (_21 _1).

So that

O R Y A R P R R R Y G Bl Ve A

Example:

Let us try to find the inverse of:

1 21, + 1, )

1434 -1,)

x=(0 =6 DG s+ e QrrG o)
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Leth(f, g)zx—l;

4 4
A=a0+2aili,3=bo+2bili
i=1 i=1

4 4
kC = C0+ZCL'IL',D = d0+zdili
i=1 i=1

/1 0
XY—(0 1),thus
Al +1L)+BIl, =1

3A+B=0
CA+1L)+DI,=0

3C+D=1

A(l + 14_) + BI4_ = Qy + a1[1 + a212 + a3[3 + a414 + a014_ + a111 + a212 + a313 + a4_14_ + b014_ + b111 + bzlz
+ b313 + b4[4 = 1,

Thus
ap +1,(2a, + b)) + 1,(2a, + by) + I5(2as + bs) + I,(ag + 2a, + by + b,) =1,

a0=1,2a1+b1=O
SO that{2a2+b2 =2a3+b3 =0
142a,+by+b,=0

From the equation 34 + B = 0, we get:

3a0+b0=0=>b0=_3

3a1+b1=0
3a2+b2=0
L 3a3+b3=0
3a4+b4=0

a1:0,b1:0

i a2:0,b2:0

Thus: a3 =0,by =0

a4_:_2,b4_:6
(A=1-2I,
Hence.{B - 346l

C(1+1,) + DI, = 0 implies that:

2C2+d2:263+d3:0
d0+d4+2C4:0

3C + D =1 implies

{ C0=0,2C1+d1=0

(3co+dog=1=>d;=1
3c,+d, =0
3c,+d, =0

L 3c;+d; =0
3c,+d, =0

c;=d, =0
c;=d,=0
c;=d;=0
c,=1,d,=-3

Hence:
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Which implies that:
C=1,D=1-3l,

_(1-=2I, -3+6l,
andY—( I, 1—3I4>'
Example:
. 1+1 I . .
Consider A = ( -II_ 3 1 _21 ) we will try to find its eigenvalues.
4 3

The equation: AX = a. X, where X = xo + Xi x;I; ; x; ER%,a=ay + Yi, a;l; ; X; € Ry(D),

_(1+1 I, X\
AX—(14 1—@Mx0'
4

[\ :
| X' = ZX,: Ii
i=1
| 4
|XII _ u Z
\ =

A+L)X + IZX”) _ (T)
LX' +1-1)X")  \L/)

,xi',xi" eR

A.X=(

T = (1 + 13)(X0’ + x1'11 + x2'12 + X3,I3 + X4,,I4) + Iz(xO” + xl”ll + x2”12 + x3”13 + X4,”I4,) =

Xo' F L0 +x") + L0 +x3") + (xs" + ")+ L(xy +x") +x" I + %" I + x3"" 1, + x3"' [+ x,"' 1,
=xo + L0 Fx Fx3")F L0 Fxs’ Fx" Fxy) F (" o +x") + L+ x +x").

L= 14(360’ + X1’11 + x2’[2 + X3’[3 + X4’[4) + (1 - I3)(X0” + x1”11 + x2”12 + X3”I3 + X4_”I4) =

Xo F L0 2" —x")F L0 " —x3") F L(xg" Fx3" —x —x,) F L (O +xy Fx —x").

By a similar argument, we can compute a. X.
The equation AX = aX is equivalent to:

[z

Xo' = agXo'

X1 " F a3 =agxy Faxy +azxs’ +agx, +ax, +agx;’

Hence:d x,' +x3" +x0"" +x,"" = apgx,’ + ayxy’ + ayxy" + axx," + azx,’

X3 " +x" = agxs’ +asxy’ +agxy +azxy +agx, +agx;’
X'+ x Fx" = agx, Fagxy’ +azx, +asx;y +axs’ +agx,

( xoll — aoxoll

X'+ x5 =2 = agxy” +agxy” +axxs” +azx,” +agx,” +agx,”

And : X Fx" = x5 = agxy” Fayxy +axy" +ayx,” +agx,”
X3' + X3” - xO” - x4” = a0x3” + a3x0” + aleH + ale” + a3x4_”
Xo' +xa +x" —x" = apx," + agxy” +aix;s”" +azx," + axx,”

Itis clear that: x," = x," = 0,a, = 1.

+a,x;"”
+ ayx,”

Solving the other equations is still a hard problem. It can be solved by using computers.

3. Conclusion

In this paper we studied some of the elementary algebraic properties of 4-cyclic refined neutrosophic matrices with
real entries, where we studied the algebraic structure of the multiplication operation and its properties such as
associativity, commutativity, and the existence of algebraic multiplication inverse. Also, we illustrated many examples

that explain the validity of our work.
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