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ABSTRACT

This paper aims to make a valuable contribution to the field of neutrosophic determinants and their
properties. By utilizing neutrosophic real numbers in the form of a+bl, we provide an alternative approach
to recent research on determinants conducted between 2020 and 2023. Our goal is to expand the scope of
academic content being developed in the theory of neutrosophic linear algebra. Additionally, we seek to
complement our work on some algebraic structures of neutrosophic matrices.
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1. Introduction:

There are numerous scientific issues in our
lives that pose challenges in determining their
truth, correctness, falsity, or incorrectness. This
difficulty arises due to factors such as limited
knowledge, indeterminate concepts, vagueness,
and ambiguity inherent in language and the
scientific logic used to interpret these issues.
Philosophers and mathematicians play a crucial
role in interpreting and addressing these
indeterminacy issues. In this regard, early works
in the field of philosophy have highlighted the
necessity for a three-valued logic when dealing
with arguments in language that involve future
contingent sentences.

In 1920, it was the beginning of triple-value
logic with Lukasiewicz. Moreover, Lukasiewicz

introduced his future contingent proposition,
which read, "I shall be in Warsaw at noon 21
December of the next year." He justified the
third logical value of 1/2 as a possibility or
indeterminacy. Two years later, namely in 1922,
Lukasiewicz generalized many-valued logics,
both finite and infinite-valued, and defined the
set of logical values of n-valued logic for any
naturaln > 2 is
L, =

{O'I/n— 1'2/n— 1'3/n— 1""’n_2/n— 11

[4, 13]. After a late period, specifically in 1965,
Zadeh in his article proposed the interval [0,1]
for the function of a degree membership instead
of the set of classical logic {0,1}, despite not
referring to Lukasiewicz's work, but he referred
to probabilistic logic about the degree of a
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random variable [16]. Next, when Atanassov
made another extension, he proposed the degree
of falsity and studied the new structure set,
which is called the intuitionistic fuzzy set [14].
Subsequentially, Smarandache made a new
extension of the intuitionistic fuzzy set into the
neutrosophic set by adding the degree of
membership of indeterminacy. His work
becomes a generalization of Lukasiewicz's and
is associated with neutrosophic logic [7, 8, 9, 10,
11].

Previous mathematical contributions
contributed to opening a wide window for
mathematical researchers to reflect the
mathematical concepts in classical set theory
into new theories such as fuzzy set theory,
intuitionistic fuzzy set theory, and neutrosophic
set theory, respectively. Of course, the
neutrosophic school was more prevalent than
intuitionistic fuzzy and fuzzy schools because its
founder, Smarandache, worked on writing in the
various branches of mathematical sciences to
contribute to its spread with other mathematical
researchers, including the neutrosophic liner
algebra, which we are concerned to talk about
with regard to matrices and determinates only.
For this purpose, we follow and investigate the
literature on neutrosophic matrices and
determinates, so we see a simple effect by
pointing to the neutrosophic matrix and the
product of two neutrosophic matrices in [21].

During the period between 2020 and 2023,
we observe the first publication of working
papers by researchers at the School of
Neutrosophy, which is related to the algebra of
matrices and determinants [3, 19, 20, 22]. The
authors [19, 20] define the neutrosophic square
matrices of of ordern by M = A + BI, where A
and B are two square neutrosophic matrices of
order n. The determinant of matrix M is given by
det(M) = det(A) + I[det(A + B) — det(A)].
The inverse of a neutrosophic matrix is defined
as by M1 =A"1+I[A+ B)™t — A71]. They
also study several properties of the inverse and
determinants, with further details provided by
the authors [22].
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The authors [3] studied some results
regarding the neutrosophic squares of complex
matrices, using the same definitions of matrix,
determinant, and inverse as in [19, 20, 22]. In
[2], we explored algebraic structures of
neutrosophic matrices based on the neutrosophic
real number a + bI, taking different paths from
[3, 19, 20, 22], and investigated various concepts
and properties of neutrosophic matrices.
Additionally, in [1], I established a connection
with [2] through the concept of a neutrosophic
ring of matrices. The present article aims to
construct the neutrosophic determinant and
explore its properties along the same path, rather
than relying on [3, 19, 20, 22]. Lastly, | would
like to highlight the earlier work of Dhar and
Smarandache on a note about square
neutrosophic fuzzy matrices, which can be found
in [21].

2. Neutrosphic Determiantes
Neutrosophic algebra is a branch of the

mathematical neutrosophic system, representing

a new school of mathematics. Neutrosophic

linear algebra, in turn, is a branch of

neutrosophic algebra. In this section, we will
compute the neutrosophic determinants, which
rely on neutrosophic real numbers.

o Definition 2.1. [7] The standard form: : a +
b1 is called a neutrosophic number, where
a,b are real coefficients, and I =
indeterminacy. It follows that 0.1 = 0
and n1 = 1 for all positive integers n.

e Definition2.2.[3,21,22,24]LetM = A +
BI represent a neutrosophic n square matrix.
The determinant of M is defined as detM =
detA + I[det(A + B) — detA].

e Definition 2.3. [3, 21, 22, 24, 25] Let R be
the set of real numbers. Then,

N(R) = (RU I)={a+bl:a,b €R
is a neutrosophic set, where a+ bl is a
neutrosophic real number, and I is the
indeterminate such that 0.1 = 0,1% = I.

o Definition 2.4. [27] Let R be any ring. The
neutrosophic ring (R U I) is also a ring
generated by R and I under the operations of
R.
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Definition 2.5. [1] Let R be a nonempty set and the triple (R, +,%) be a ring, and consider the
neutrosophic (NS):R[I] = {a + bl:a,b € R}, then the neutrosophic algebra structure (NAS):
N(R) = (R][I], +,¢) is called the neutrosophic associative ring, which is a generated by I and R
under operations + " addition "and ¢ " multiplications" respectively, if satisfies the axiomatic
conditions of ring: NR1: For all x,y and z € N(R),N(R) = (R][I],+) is a neutrosophic an
abelian group under addition; NR2: For all x,y and z € N(R *),N(R *) = (R * [I],*)isa
mathematical associative neutrosophic system under multiplications, that is, N(R *) = (R *
[ 1],+) is neutrosophic semi groupand NR3: x o (y + z) = (x e y) + (x » z) and

+ 2z) e x = (y e x) + (z » x)" left and right distribution laws".

Definition 2.6. [3, 21, 22, 24, 25] Let (R U I) be any neutrosophic ring. The collection of alln X n
matrices with entries from (R U 1) is called the neutrosophic matrix ring, i.e., M, x, = {M =
(aj ) laj; € (R U I)}. The operations are the usual matrix addition and matrix multiplication.

Definition2.7.[2] Consider the neutrosophic matrix:
men = {ai]- + bl]I ai]- !bij € R,OI =0 &12 = I}
with m rows and n columns, then the scalar entry in the it neutrosophic row and in j*
neutrosophic column of neutrosophic matrix M is denoted by:
a;; + b;;I and is called the (i, j) — entry of M.

Definition 2.8. [2] Consider the neutrosophic matrix set:

Man = {ai]- + bl]I ai]- 'bij € R,OI =0& IZ = I} (1)
with m rows and n columns, then the scalar entry in the it® neutrosophic row and in j*
neutrosophic column of neutrosophic matrix M is denoted by a;; + b;;I and is called the (i, j) —
entry of M. We wish to associate with this matrix a neutrosophic scalar that will in some sense the
size or capacity of M and tell us whether or not M is non-singular of neutrosophic matrix. Consider
the M is a square neutrosophic matrix of nt* — order:

_all + blll dqp + blZI v ai]' + b”I **+ dqp + blnI ]
dpq + b21l dypo + bzzl °ec aij + bl]l A don + b2nI
M= 5 5 s : 5 2).
aj; + bill ajp + biZI cee A + b1]I ... Qjpt+ binI ( )
[ap1 +bpal  apz + bl - anj + bnd “+ app T bppl}
ayx + bix!
Az + bail
Then ay + ka =laszk + b3k1 (3)

lank + bnkIJ
which identify with k™ neutrosophic column vector of M,consider the i*" neutrosophic rowvector
of M which given by: x; + x';I = [aj; + bj1], ajz + bizl, ..., aj + bigl, ..., ajp + binl] (4), wherei =
1,2,3,..,n; k=123, ...,n.
Definition 2.9. [8] Let U be a universe of discourse, and let us consider A c U.
A neutrosophic set A is defined as an object having the form:
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A ={(x,Ty(), (x, 4(x)), (x, F4(x))}, where T,(x),1,(x) and F,(x) € [0,1],) represent the
degree of membership, degree of indeterminacy, and degree of non-membership, respectively, of
each element and the sum:

0<Ty(x)+ I,(x)+ Fy(x) < 1,forallx € U.

Now, we introduce a new definition related to neutrosophic determinants, which is analogous to
classical linear algebra.

Definition 2.10. Consider the square neutrosophic matrix of nt" — order, then delete the i row
and the k'™ column from it yields a reduction neutrosophic matrix or neutrosophic submatrix of the
(n — 1)™ — order. This submatrix corresponds to the neutrosophic element a;, + b;I and is

denoted by:
ayq + byl Ayk-1) T bl(k nl Ayk+1) T bl(k+)11 Ayn + bynl
M. = | %D + bi-11l ... Ai-nk-1) +b(l k-0 -1y (k+1) +b(z D! o Ay + bu—nynl
e = a(i+1)1 + b(i—l)l a(l+1)(k 1) + b(k 1)1 a(z+1)(k+1) + b(k+1)1 a(i+1)n + bTLI
Apy + bpil An(k-1) T bnge-y! An(ie+1) T Pnerny] Ann + bpnl

By applying the same technique, we can delate both the i and the j* row, as well as the k™ and
the 1** column, to obtain a neutrosophic submatrix of the order (n — n)t™", denoted as M ik ji)-
Definition 2.11. Consider the neutrosophic matrix M of the 15t — order of the form [a;; + by4I].
The neutrosophic determinant is defined as follows:

N(det[a;; + by;I]) = a;; + by, for instance,N(det[2 + 3I]) = 2 + 31.

Definition 2.12. Consider the neutrosophic matrix M of the 2”4 — order of the form:
M = (a1 +bygl a;p + b121]
221 +bagl  azy + byl
Then the neutrosophic determinant is defined as follows:
a;q + byl ajy + bysl
N(det(M)) = ay; + byl ay, + byl
= (a;; + by1D(azz + byD) — (az; +byiD (@ + byl (2).

241 3440 241 344
5—1 1+21.’the”N(det(M))_|s 1+ 210

(1).

For instance, if M = [

Definition2.13. Consider the neutrosophic matrix M of the n'® — order
(n > 2,n € Z%), then the neutrosophic determinant is defined as follows:

[an + byl @y + bl i+ bl o agg + byl ]
ay1 + byl ayy + byl o qy + byl -+ apn + bZn
Nidet (M) = iy + bul  ap, + b1 ij + bij1 Ain + binl
anq + bl ay, + byl Ay + by;l Ann + b1
n
= ) (@ + by CDMWEN(det(My) (D,
k=1

Where M,y is the neutrosophic submatrix related to the neutrosophic element (a;yx + byil),

k =1,2,3,...,n. The neutrosophic Determinate of neutrosophic submatrix M;, of neutrosophic
matrix in Definition 2.5, denoted by N(det (M;y) is called the neutrosophic minor of neutrosophic
entry (a;, + bykl), and the neutrosophic number

JAST Vol. 2| No. 12024 | 44


https://journals.su.edu.ye/index.php/jast

JAST Adel Al-Odhari

Cix = (=1)"* N(det(My) (2).
Substitute equation (2) with equation (1) to obtain the formula:
N(det(M) = Yj-1(as + byl) Cy 3).

Formula (3) and (1) are referred to as the expansion of determinants by their first row. We compute the

neutrosophic determinate with " +" or "— " sign relating to C;, with the following sign matrix:
— + — oo

.
:
PR

Example 2.1. Consider the neutrosophic matrix M of the 4™ — order, which is given as follows:
a1+ b1yl aip + byl aqz3 + byl aqs + byl
A1 + byl gy + byl  Ayz3 4 bzl apg + byyl
Q31+ b3ql asp + byl  azz + bzl agy + byl
Qg1+ bgql  agy + byl auz+ byzl  agy + byl

sign =

+ 1+
|+ |
+ 1+

M =

(1). For instance,
1+1 3+2I 544 1-1
_|2-1 4-6I 2+21 10-—1I ()
0+4 1+41 3+31 0+5I '
1-31 1+2I 9-—-1 O0+2]

To compute the N(det (M)).N(det (M) = X1_,(aix + bixl) (—1)** N(det(My;,) (3).

= Yi—1(agg + by ) (VD N(det(Myy).  (4).

1+ D(—1)% N(det(M4,)
+
(3 +21)(—1)3 N(det(M;,)
= + (5).
(5 +4D(—1D)* N(det(M,3)
_|_
(1 - D(-1)° N(det(M,,)

4—6I 2+21 10-1
1+41 3+31 0+5/
1+21 9-1 0+2]

1+D@

+
2—1 242 10-1

B+2N(-1)|0+4 3+31 0+5I
1-3I 9-1 0+2I

= + (6).
2—1 4—61 10—1
0+4] 1+41 0+5I
1-31 14+21 042

G+4D)

+
2—1 4-6I 2+2I
0+4I 1+41 3+3]
1-3I 1+21 9-1I

1-DCD
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(1+1) (1){
3+ 21)(1){
G+ 41)(1){

(a@-en {3431 0+
arnolcnasan(fi 1 8ol
|
[+ @0 — 1) {year 33
e Y 823
B+2D(-1){ (- 1)(2+21){0+§§ gigj}
+(0- 1){0’“3% 3+31})
+

1+41 0+5I

we-n {15 o1l

(5 + 4)(1) (—1)(4—61){“‘3}5 812”
HD(0 - 1>{°+§5 11l

( (1)(2—1) [Hi‘z‘; 39+_3'1’} \

(~1)(4— 61){0+41 39-!—_311}J

1-D(- 1)[
dosanfi T 1)

(1) (4 — 6I) {0 — 281}
1+ W (D@ + 2D{0 - 5}
+(1)(1o —D{6 + 161}

(1)(2 -1 {0 - 28I}
B +2D(-1)1 (-2 +2D{0 + 18I}
+(1)(10 —D{-3+471}

(1)(2 -D{0-5I}
(5 +4D(D! (=14 - 610 + 18I}
+(1)(10 —D{-1+ 23D}

M@ -6D{(B+3D(0+2D)—-((9-DO+5D)}
D+ 2D{(1+4D0+2D) - (1 +2D(0+5D)}
+(W@0-D{((1+4DO-D)-((1+2DB+3D)}

+
M-D{(B+3D0O+2D)—-((9-DO+5D)}
(-D@+2D{((0+ 4D +2D) — (1 = 3D(0 + 5D)}
+(A0-D{((0+4DO-D)-((1-3DGB+3D)}

+

M-D{(a+4nO+2D) - (1 +2D(0+5D)}
D@ -6D{((0+4N(0+2D) - ((1-3D(0+5D)}
+(W@ao-nD{((0+4n+2D)—((1-3D(1+4D)}

+

1-D(1 {

@We-D{(@+4D0O-D)-(1+2DB+3D)}
D@ -6D{((0+4D(O-D) - (1 -3DB+3D)}
+(M@+2D{((0+4n(1+2D) - ((1-3D(1 +4D)}

(1)(2 - D {6+ 161}
A-DD DU —-6D{-3+471}
+()2+2D{-1+13
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0+ 561
1+D (1){ +0 + 201 ]
+60 + 1381
+
0 + 841
3+ 21)(—1)[ +0— 721
—30+ 971
= + (10).
0—5I
G+ 41)(1){ 0+ 36/
—10 + 1011
+
12 4+ 101
1-D(-1) {—12 — 761
—2+21

/ 1+D (60 +2141)

3+ 21)(30 —109I)
(11).
(5+4D(—- 10 +1321)

|
|
\ 1-D(- 12 + 451)

60 + 4881
+
90 — 4851
= + (12).
—50 + 1148
+

—12 4121
= 88 + 12991. (13).

3. Some Properties of Neutrosphic Determinates
In this section, we investigated the main result related to neutrosophic determinants that correspond
to the classical linear algebra theory.
Theorem3.1. Let M = [a; + byjl],xn be a neutrosophic square matrix of nt" — order, which
contains a neutrosophic row of neutrosophic zeros, then the N(det (M) = 0 + 0I.
Proof. Since N(det (M) is given by:
N(det (M) = X1_,(a, + byl) (—1)1+* N(det(My,)
= N(det(M))
= Yho1(01x + 04 1) (=)' N(det(Myy) (1)
where M,;, represents the neutrosophic submatrix associated with the neutrosophic element
(01x + 044]). So, the product of a cofactor of neutrosophic(—1)*** N(det(M,;) of neutrosophic entry
(04 + 0451) from each row neutrosophic matrix M, every signed elementary product contains a
neutrosophic factor from the neutrosophic of zeros so that has value neutrosophic zero, hence
N(det(M)) =0+ 0l M.
Observation: The neutrosophic determinant can be expanded using any neutrosophic row or column
that contains more zeros.
Example 3.1. Consider the neutrosophic matrix:
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21 31 41 o
M= |2+41 3-2I 1-2I|, thenitisclear that,
310 410 021 4] 21 31
N(det (M) = 0'|3—21 1—21|_0'|2+41 1—21|+0'|2+41 321170

by r-3
Theorem3.2. Let M = [a;; + b;jI],xn be a neutrosophic square matrix of nt" —order. If M'isa
neutrosophic matrix that is obtained when the
it" (i = 1,2,3, ...,n) neutrosophic row vector is multiplied by neutrosophic scalar x = x; + x,1,
then: N(det(M') = N(det(xM) # x™. N(det(M)).
Proof. By example.

Example 3.2. Consider the neutrosophic square matrix:M = é i § g : I], then:
N(det(M)) = |§ i; 2 - §| =(@+D.6-D~(B+D.2-D))

=(6+4—-(6-2D)=(6+4—(6—2D)) =6l

Takex = 2+ 21, thenx.M = (2 + 2I) [éiﬁ 2:; = 62:16011 123—81]’
2+ 6]

N(det(x.M)) = 6110/ 12 ?r 81| =((2+6D.(12 +8) — (0)) = (24 + 136D).
We note that. x2 = (2 + 21)?> = 4+ 121 and (4 + 121).61 = 961, therefore N(det(M') = N(det(xM) +
x™. N(det(M)).
Corollary 3.1. Let M = [a;; + b;jI],xn be a neutrosophic square matrix of nth — order. If M’
is a neutrosophic matrix that is obtained when the
it" (i = 1,2,3, ..., n) neutrosophic row vector is multiplied by neutrosophic scalar x = x; or x =
x,1, then: N(det(M') = N(det(xM) = x™. N(det(M)).

Proof. Suppose that

-x. (a11 +b111) X. (a12 +b121) te X. (aij +bUI) A X. (a1n+b1n1) ]
x.(az1 + byil)  x.(azy + byyl) - x. (aij+bij1) o x.(agy + bopl)
N(det (M") = 5 5 : 3 ; 5 (1).
X. (ail +bi11) X. (aiz +bi21) e X (aij + bijl) e X, (ain'i‘bml)
| X. (anl +bn11) X. (anz +bn21) X (anj + bnjl) X (ann+bnnl)_
N(det(M") = ¥7_(x. (ayx + byiD)) Cix (2).
(x. (a;; + blll)) Ci1
+
+
_ (x. (an + b1h1)) Cin
_ A 3).
(x. (@1ns1 + bin+1D)) Cinsa
+

(x. (ajn + b1n1)) Cin

JAST Vol. 2 | No. 1| 2024 | 48
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X. ((all + b111)C11)
+
:

B x. ((ayn + binl)Cip)

— 1h N 1h 1h (4)

x.((@1p41 + bips1DCinsr)
+

X. ((aln +.b1nI)Cln)
((‘111 + b111)C11)
+
:
n ((asp + b1nDCyp)
] 1h +1h 1h (5)

((a1h+1 + b1h+1I)Clh+1)
+

((a1n + blnI)Cln)
= x™ Yi=1(a1x + by l) Cye = x™. N(det(M) (6).
As we observe, each term in the expansion of the neutrosophic determinant contains only one
neutrosophic scalar from each neutrosophic row of the neutrosophic matrix M.

Example 3.3. Let M = 35 211] be a neutrosophic square matrix.

31 1]_ 15 5]

Consider M’ = 51 [21 o1 = l1o; 10I],to compute N(det(M)) = 41 and the

N(det(M')) = N(det(51)M) = 1001, so, result satisfies with relationship of Corollary 3.1. that is,
N(det(M") = N(det(5IM) = 52.41 = x*N(det(M)).

Theorem3.3. Let M = [a;j + b;jI],xn be a neutrosophic square matrix of nt" — order. 1f M' is a
neutrosophic matrix that is obtained from M by interchanging any two neutrosophic rows (or columns)
of M, then N(det(M')) = (—1)N(det(M)).

Proof. Assume that

* (a1 + byl aip+bipl - i+ byl o At bi,I 1
@1+ batl Gy +bypl Gyt byl dant Dol
N(det (M) = a, + bl aj + b;,1 a;j + bi;l Ain + binl @)
[ a,q + b, I ap, + b1 Anj + byl Ann + by, 1]
= Yhe1(@rx + by ) (=% N(det(Myy) (2).

Now, if we interchange the arbitrary neutrosophic rows it" and I'" of M respectively, where  x; +
X’l’I = [ail + billf a;; + biZI' v, Qi + bikI' v, Qi + binl] (3) And
yi + x40 = [ay + byl,a; + biol, ..., ay + by, ..., ap, + b 1] (4).
If 1 <i<l<n,then1<I—i<n, hence the i*" neutrosophic row is transported into the [t"
position in (I — i) — steps; therefore, the previous of n — row [*" is transported into the position in
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(1 —i—1) — steps, so the formula of sign in (1) becomes: (—1)¢-D+U-i-1) = (_1)20-D-1 = _q
since the power is odd number. Hence N(det(M')) = (—1)N(det(M) .
2431 1+41
2421 2441

] = 2 + 8I. If we make interchange row-1by row-2to get

Example 3.4. Consider the neutrosophic matrix: M = [ ] then:

2+31 1+41I
2+21 2+41

N(det(M")) = g N gf i N iﬁ = (2 + 181) — (4 + 261) = —2 — 81.We note that

N(det(M')) = (—1)N(det(M).

Theorem3.4. Let M = [a;; + b;jl],xn b€ a neutrosophic square matrix of nt" — order. If M has
two equal rows then N (det(M) = 0 + 0I.

Proof. Suppose that M = [a;; + b;;jI],xn has two identical rows, the interchanging two rows yield
the identical Neutrosophic matrix M; therefore,

N(det(M)) = (—1)N(det(M) by theorem 3.3, hence N(det(M)+ N(det(M) =0 iff
N(det(M)) = 0iff N(det(M)) =0+ O/H.

Theorem3.5. Let M = [a;j + b;jl]nxn and N = [a';; + b';jI]nxn be two neutrosophic square
matrices of the same n™" — order. Then:

N(det(M + N)) #+ N(det(M)) + N(det(N)).

This theorem does not work like its counterparts in classical linear algebra, as demonstrated by the

following example.
2431 1+4] 1+1

Example 3.4. Let M = [2 120 2441 21

;igf ;ig = ((4+26I)— (2 + 181)) = 2+ 81. Also,

+1 3+21|_((1 I)_(6_]))=—5.NOW,

N(det(M)) + N(det(N)) = (2+8I)+ (=5) = =3 +8I.
M+N=[2+31 1+4I]+1+I 3+21]=[3+4I 4+ 6l

N(det(M)) = |

] and N = [ 3% 21] be two neutrosophic matrices, then:
N(det(M)) =

N(det(N)) = |2

2+2?{ %“4-4‘41 612—1 1-1 441 343
_ + + _ _
N(det(M+N))—|4+I 343 =((3+4D.B+3D)—((4+D.(4+6D)
= ((9+331) — (16 + 44D))
=—7—11I.

As we see, N(det(M + N)) # N(det(M)) + N(det(N)).
Example 3.5. Consider the two neutrosophic matrices:
15 51 ]

M= [21 21]a”dN [101 101}’

the N(det(M)) = 41 and N(det(N)) = 1001 Now N(det(M)) + N(det(N)) = 1041.
M+ N = ] [ 51 _ 15+ 31 6l
21 101 101l 121 121

151;31 16211 = ((15 +3D). (12D - ((12D. (61)))

= (2161 — (721)) = 1441. As we see,
N(det(M + N)) # N(det(M)) + N(det(N)).
Theorem3.5. Let M = [aj; + bjjl]nxn and N = [cj; + djjl]nxn be two neutrosophic square matrix of the
th — order. Then: N(det(M.N)) = N(det(M)).N(det(N)).

N(det(M + N)) =

2430 144l 141 3+2I : : ,
Example 3.6. Let M = [2 Y2 24 4I] and N = [2 21 141 ] be two neutrosophic matrices, then:
2431 1441

N(det(M)) = = ((4 + 260) — (2 + 18I)) = 2 + 8. Also,

2+21 2441
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N@et) = [+ 2 * 2] = (@ -D-(6-D) = -5. Hence,
N(det(M)).N(det(N)) = (2 + 8I).(—=5) = —10 — 40L
MN = [2+31 1+4l] [1+I 3+21]
2421 2440°12—-1 1-1

Q+3D.1+D+@+4D2 -1 (+3D.B+2D+((1+4D.(1-D)
24+2D.A+D+@2+4D.2-D) @+2D.3+2D+(2+4D.(1-D
_[2+8D+(2+3D (6+19D)+(1-1)

“le+6D+@+2D) (64 14D+ (2-2I)

ra4+ 111 741810
i 8+121]'N0W’
N(det(MN)) = 46118111 5111511 = ((4 + 111). (8 + 12D) — ((6 + 81). (7 + 181))

= ((32 + 268I) — (42 + 3081)) = —10 — 40L.
Theorem3.6. Let M = [a;j + b;jI],x, be a neutrosophic square matrix of the
nth — order, then N(det(M?)) = N(det(M)).

Example 3.7. Let M = [; i g; ; i iﬂ be a neutrosophic matrix of the 2"¢ — order, then
_12+31 1+41 _ B _
N(det(M)) = 212l 2441l ((4 +261) — (2+ 181)) = 2 + 8I. Also,
2431 2421 2431 2+2]
t— ty) —
M= [T ol INGetr) =7 ST

=(2+3D.2+4D) - (A +4D.(2+2D)
=((4+26D)—(2+181)) =2 +8L

We deduce that N(det(M?)) = N(det(M)).

4. Conclusion

This paper introduces a novel algebraic structure
called neutrosophic determinants, which are
based on the neutrosophic real number a + bl.
The paper also presents theorems and examples
that highlight the distinctions between classical
linear algebra and neutrosophic linear algebra.
Furthermore, this work complements previous
research on the algebraic structure of
neutrosophic matrices. In future studies, we will
study other concepts related to classical linear
algebra, such as neutrosophic matrix systems of
equations, neutrosophic inverse of matrices,
neutrosophic vector spaces, linear independence,
and more.

5. References

[1] A. Al-Odhari, A Review Study on Some Properties of
The Structure of Neutrosophic Ring, Neutrosophic
Sets and Systems, Vol. 54, 2023. (2) (PDF) A Review
Study on Some Properties of The Structure of

51

(2]

(3]

(4]

(5]

Neutrosophic Ring (researchgate.net).
DOI:10.5281/zenodo.7817736
A. Al-Odhari, Some Algebraic Structure of

Neutrosophic Matrices, Prospects for Applied
Mathematics and data Analysis (PAMDA), Vol. 01,
No. 02, PP. 37-44, 2023.
https://americaspg.com/articleinfo/34/show/1587

A. Salama, R. Dalla, M. Al Aswad and R. Ali, On
Some Novel Results About Neutrosophic Square
Complex Matrices, Journal of Neutrosophic and
Fuzzy Systems (JNFS) Vol. 04, No. 01, P. 21-29,
2022. (4) (PDF) On Some Novel Results About
Neutrosophic Square Complex Matrices
(researchgate.net)DOI:10.54216/INFS.040103.

A.S. Karpenko, Lukasiewicz Logic and Prime
Numbers, Luniver Press, Beckington ,(2006).
Lukasiewicz's Logics And Prime Numbers - PDF Free
Download (epdf.tips) SBN-13: ISBN -10: 978-0-955
1170-3 -9 0-955 1170-3-6

D. Cherney, T. Denton, R. Thomas and A. Waldron,
Linear Algebra, UC Davis 2013. LinearAlgebra by
David Cherney, Tom Denton, Andrew Waldron -
Download link (e-booksdirectory.com).

JAST Vol. 2| No. 12024 |


https://journals.su.edu.ye/index.php/jast
https://www.researchgate.net/publication/369981995_A_Review_Study_on_Some_Properties_of_The_Structure_of_Neutrosophic_Ring
https://www.researchgate.net/publication/369981995_A_Review_Study_on_Some_Properties_of_The_Structure_of_Neutrosophic_Ring
https://www.researchgate.net/publication/369981995_A_Review_Study_on_Some_Properties_of_The_Structure_of_Neutrosophic_Ring
http://dx.doi.org/10.5281/zenodo.7817736
https://americaspg.com/articleinfo/34/show/1587
https://www.researchgate.net/publication/363254116_On_Some_Novel_Results_About_Neutrosophic_Square_Complex_Matrices
https://www.researchgate.net/publication/363254116_On_Some_Novel_Results_About_Neutrosophic_Square_Complex_Matrices
https://www.researchgate.net/publication/363254116_On_Some_Novel_Results_About_Neutrosophic_Square_Complex_Matrices
http://dx.doi.org/10.54216/JNFS.040103
https://epdf.tips/lukasiewiczs-logics-and-prime-numbers9d87f32455005fdaaf34139fc970efc275632.html
https://epdf.tips/lukasiewiczs-logics-and-prime-numbers9d87f32455005fdaaf34139fc970efc275632.html
http://e-booksdirectory.com/details.php?ebook=9475
http://e-booksdirectory.com/details.php?ebook=9475
http://e-booksdirectory.com/details.php?ebook=9475

Adel Al-Odhari

[6] D. C. Lay, Linear Algebra and its applications,
Addison-Wesley,2012. www.pearsonhighered.com
ISBN 13: 978-0-321-38517-8.

[71 F. Smarandache, "Introduction to Neutrosophic
Statistics”, Sitech-Education Publisher, pp.34-44,
2014.

[8] F. Smarandache,” Neutrosophic Set is a
Generalization  of Intuitionistic ~ Fuzzy  Set,
Inconsistent Intuitionistic Fuzzy Set (Picture Fuzzy
Set, Ternary Fuzzy Set), Pythagorean Fuzzy Set,
Spherical Fuzzy Set, and g-Rung Orthopair Fuzzy Set,
while Neutrosophication is a Generalization of Regret
Theory, Grey System Theory, and Three-Ways
Decision (revisited),"Journal New Theory, 29 (2019)
ISSN:21 49- 1402, http://www.newtheory.org

[9]1 F. Smarandache (2002a), A Unifying Field in Logics:
Neutrosophic Logic, in Multiple-Valued Logic / An
International Journal, Vol. 8, No. 3, 385-438, 2002,
www.gallup.unm.edu/~smarandache/eBook-
neutrosophics4.pdf.

[10] F. Smarandache (2002b), Neutrosophy, A New
Branch of Philosophy, in Multiple-Valued Logic /An
International Journal, Vol. 8, No. 3, 297-384, 2002.
This whole issue of this  journal is dedicated to
Neutrosophy and Neutrosophic Logic.

[11] F. Smarandache, Neutrosophic Set, A Generalization
of The Intuitionistic Fuzzy Sets, Inter. J. Pure Appl.
Math., 24, pp. 287 — 297, 2005.

[12] F. Smarandache, n-Valued Refined Neutrosophic
Logic and Its Applications to Physics, rogress in
Physics,
Vol.4,4346,2013,Physicshttp://fs.unm.edu/RefinedNe
utrosophicSet.pdf.

[13] F. Smarandache and W.B. V. Kandasamy," " Finite
Neutrosophic Complex Numbers",-Source:
arXiv.2011.

[14] G. Malinowski, Kleene logic and inference, Bulletin
of the Section of Logic, Volume 43:1/2 (2014), pp.
43-52.
https://www.researchgate.net/publication/267133321.

[15] K.T. Atanassov, Intuitionistic fuzzy sets, Fuzzy Sets
and Systems Volume 20, Issue 1, August 1986, Pages
87-96.Intuitionistic fuzzy sets - ScienceDirect.
https://doi.org/10.1016/S0165-0114(86)80034-3

[16] L. Hogben, Handbook of Linear Algebra, Taylor &
Francis Group, CRC Press,2007. Handbook Of Linear
Algebra Book Pdf Download (youbookinc.com)
ISBN: 9781420010572.

[17]1 L. A. Zadeh (1965). Fuzzy sets. Information and
Control, 8:338-353. https://doi.org/10.1016/S0019-

9958(65)90241-X

[18] M.Muthulakshmi , T.G.Sindhu , C.Tamilarasi and
K.Sathyaswathi, =~ SOME  PROPERTIES OF
NEUTROSOPHIC REAL NUMBERS, HCRT,
Volume 10, Issue 6 June 2022

[19] M. Ali, and F. Smarandache. Complex neutrosophic
set. Neural Computing &Applications, published

JAST Vol. 2 | No. 1| 2024 |

JAST

online, Springer 2016. DOI:10.10071s00521-2154-y.
(4) (PDF) Complex neutrosophic  set
(researchgate.net)

[20] M. Abobala, AH-Subspaces in Neutrosophic Vector
Spaces, International Journal of Neutrosophic Science
(1INS), Vol. 6, No. 2, PP. 80-86, 2020. (2) (PDF) AH-
Subspaces in  Neutrosophic  Vector  Spaces
(researchgate.net). DOI: 10.54216/1JNS.060204.

[21] M. Abobala, M. Bal, and A. Hatip,” A Review on
Recent Advantages in Algebraic Theory of
Neutrosophic Matrices," International Journal of
Neutrosophic Science (IUNS), Vol. 17, No. 1, PP. 68-
86,
2021.https://www.researchgate.net/publication/35678
4159 A

[22] _Review_on_Recent_Advantages_in_Algebraic_The
ory_of Neutrosophic_Matrices.
DOI:10.54216/1JNS.170105.

[23] M. Abobala, A. Hatip, N. Olgun,S. Broumi, A.
A.Salama,and H. E.Khaled," The Algebraic Creativity
in The Neutrosophic Square Matrices,” Neutrosophic
Sets and Systems, Vol. 40,
2021.DOI: 10.5281/zenod0.4549301
TheAlgebraicCreativitylnTheNeutrosophicSquareMa
tricesl.pdf (unm.edu)

[24] M. Dhar, S. Broumi, and F. Smarandache, " A Note on
Square Neutrosophic Fuzzy Matrices
"Neutrosophic Sets and Systems. 3, 2014 .37-
41. doi.org/10.5281/zenodo.571264
ANoteOnSquareNeutrosophicFuzzy.pdf (unm.edu)

[25] R. Ali," R. Ali," Neutrosophic Matrices and Their
Properties
https://www.researchgate.net/publication/351613707.
2021, DOI:10.131140/RG2226930.12481

[26] W.B. V. Kandasamy and F. Smarandache, "Some
Neutrosophic Algebraic Structures and Neutrosophic
N- Algebraic Structures,” Hexis, Phoenix, Arizona
2006.1SBN: 1931233152
https://arxiv.org/ftp/math/papers/0603/0603581.pdf.

[27] W.B. V. Kandasamy and F. Smarandache, "Basic
Neutrosophic and their Applications to Fuzzy and
Neutrosophic models,” Hexis, Church Rock, 2004. (2)
(PDF) Basic Neutrosophic Algebraic Structures and
Their Application to Fuzzy and Neutrosophic Models
(researchgate.net)2014.,
DOI:10.6084/M9.FIGSHARE.1015531

[28) W.B. V. Kandasamy and F. Smarandache,
Neutrosophic  Rings, Hexis, Phoenix,Arizona,
2006.https://www.researchgate.net/publication/30894
9184 NEUTROSOPHIC_RINGS.

52


https://journals.su.edu.ye/index.php/jast
http://www.pearsonhighered.com/
http://www.newtheory.org/
http://www.gallup.unm.edu/~smarandache/eBook-neutrosophics4.pdf
http://www.gallup.unm.edu/~smarandache/eBook-neutrosophics4.pdf
http://fs.unm.edu/RefinedNeutrosophicSet.pdf
http://fs.unm.edu/RefinedNeutrosophicSet.pdf
https://www.researchgate.net/publication/267133321
https://www.sciencedirect.com/journal/fuzzy-sets-and-systems/vol/20/issue/1
https://www.sciencedirect.com/science/article/abs/pii/S0165011486800343
https://doi.org/10.1016/S0165-0114(86)80034-3
https://youbookinc.com/pdf/handbook-of-linear-algebra/
https://youbookinc.com/pdf/handbook-of-linear-algebra/
https://doi.org/10.1016/S0019-9958(65)90241-X
https://doi.org/10.1016/S0019-9958(65)90241-X
https://www.researchgate.net/publication/301346438_Complex_neutrosophic_set
https://www.researchgate.net/publication/301346438_Complex_neutrosophic_set
https://www.researchgate.net/publication/356278205_AH-Subspaces_in_Neutrosophic_Vector_Spaces
https://www.researchgate.net/publication/356278205_AH-Subspaces_in_Neutrosophic_Vector_Spaces
https://www.researchgate.net/publication/356278205_AH-Subspaces_in_Neutrosophic_Vector_Spaces
http://dx.doi.org/10.54216/IJNS.060204
https://www.researchgate.net/publication/356784159_A
https://www.researchgate.net/publication/356784159_A
http://dx.doi.org/10.54216/IJNS.170105
https://fs.unm.edu/NSS/TheAlgebraicCreativityInTheNeutrosophicSquareMatrices1.pdf
https://fs.unm.edu/NSS/TheAlgebraicCreativityInTheNeutrosophicSquareMatrices1.pdf
https://fs.unm.edu/NSS/ANoteOnSquareNeutrosophicFuzzy.pdf
https://fs.unm.edu/NSS/ANoteOnSquareNeutrosophicFuzzy.pdf
https://doi.org/10.5281/zenodo.571264
https://fs.unm.edu/NSS/ANoteOnSquareNeutrosophicFuzzy.pdf
https://arxiv.org/ftp/math/papers/0603/0603581.pdf.
https://www.researchgate.net/publication/308949615_Basic_Neutrosophic_Algebraic_Structures_and_Their_Application_to_Fuzzy_and_Neutrosophic_Models
https://www.researchgate.net/publication/308949615_Basic_Neutrosophic_Algebraic_Structures_and_Their_Application_to_Fuzzy_and_Neutrosophic_Models
https://www.researchgate.net/publication/308949615_Basic_Neutrosophic_Algebraic_Structures_and_Their_Application_to_Fuzzy_and_Neutrosophic_Models
https://www.researchgate.net/publication/308949615_Basic_Neutrosophic_Algebraic_Structures_and_Their_Application_to_Fuzzy_and_Neutrosophic_Models
http://dx.doi.org/10.6084/M9.FIGSHARE.1015531

