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Abstract 

In this article, the matrix algebra is well-known concept in mathematics, has been extended to sedenionic-coefficient 

matrices using sedenions, which have many applications in recent years. Subsequently, sedenionic-coefficient matrices 

have been obtained in their real, complex, quaternionic and octonionic forms. Based on these definitions, the arithmetic 

operations of addition, multiplication, conjugation, transpose and conjugate transpose for sedenionic matrices and their 

complex, quaternionic and octonionic variations have been established and their algebraic properties scrutinized. Lastly, 

vector space over real and complex numbers and module structure over quaternions of sedenionic matrices has been 

searched. 

 
Keywords: Octonion, Sedenion, Sedenionic matrices, Quaternion 

 

Öz 

Bu makalede matematikte iyi bilinen bir konu olan matris cebiri, son yıllarda pek çok uygulamalaya sahip sedeniyonlar 

kullanılarak sedeniyonik katsayılı matrislere genişletilmiştir. Daha sonra sedeniyonik katsayılı matrislerin, reel, 

kompleks, kuaterniyonik ve oktoniyonik katsayılı versiyonları elde edilmiştir. Bu tanımlar doğrultusunda, sedeniyonik 

matrislerin ve diğer varyasyonlarının toplama, çarpma, eşlenik, tranpoz ve eşlenik transpoz işlemleri tanımlanmış ve 

cebirsel özellikleri incelenmiştir. Son olarak sedeniyonik matrislerin reel ve kompleks sayılar üzerindeki vektör uzayları 

ve kuaterniyonlar üzerindeki modül yapısı araştırılmıştır. 
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1. Introduction 

 
In abstract algebra the term 'sedenion' refers to any 16-dimensional algebra over the real numbers. The Cayley–

Dickson construction (Dickson, 1919) shows how octonions can be constructed as two dimensional algebra 

over quaternions. If this doubling process applied to octonions, Cayley–Dickson sedenions are obtained. 
Sedenions are non-commutative, non-associative, non-alternative, but power-associative algebra over the real 

numbers. Unlike octonions, sedenions are not composition algebras or normed division algebras, because they 

have zero divisors. The most fundamental and comprehensive source on sedenions is the study entitled 

“Sedenionic algebra and analysis” (Imeada & Imeada, 2000). Carmody dealt with the investigation of circular, 
hyperbolic quaternions, octonions and sedenions (Carmody, 1988). Moreno studied zero divisors of the 

Cayley-Dickson algebras over the real numbers (Moreno, 1997) and also the most comprehensive study on 

zero divisors of Cayley-Dickson sedenions has been conducted by Cawagas (Cawagas, 2004). The conjugacy 
class of subalgebras in the domain of real sedenions is investgated by Chan and Dokovic (Chan & Dokovic, 

2018). The application scope of sedenions can be demonstrated through various recent examples. For instance, 

solving plasma physics’ Maxwell equations using sedenions can be cited as the most current application 

(Sumer, 2022). The complex, quaternionic, and octonionic forms of sedenions, along with their matrix 
representations, were obtained by Bektas (Bektas, 2021). Additionally, Bektas conducted research on fuzzy 

sedenions and fuzzy sedenion-valued series (Bektas, 2023).  Sedenions have recently emerged in number 

theories in pure mathematics. Research in this field has been applied in computer science and combinatorics. 
Some examples of these studies can be provided. Firstly, a new generalization of Fibonacci and Lucas 

sedenions can be given (Kirlak & Kizilates, 2022). Akpinar and Tasyurdu investigated Perrin octonions and 

sedenions (Tasyurdu & Akpinar, 2020). Catarino investigated modified pell and modified k-pell quaternions 
and octonions (Catarino, 2016) and also k-pell, k-pell-Lucas and modified k-pell sedenions (Catarino, 2019). 

The expansion of Mersenne and Mersenne-Lucas numbers through sedenions resulted in obtaining Mersenne 

and Mersenne-Lucas sedenions (Devi & Devibala, 2021). Similar to Mersenne sedenions, Fibonacci and Lucas 

sedenions and their generating functions and Binet’s formulas obtained by (Bilgici et al, 2017). These studies 
showcase the diverse applications of sedenions in different fields. They highlight the role of sedenions not 

only in mathematical theories but also in applied sciences, thereby indicating their relevance in 

interdisciplinary research. In thispaper, we aimed to expand the scope of standard matrix algebra and its 
properties within the context of sedenions. The article initially provided information about sedenions and their 

general characteristics. Subsequently, based on this information, sedenionic coefficient matrices were defined. 

Algebraic properties were examined through operations including addition, multiplication, conjugate, 
transpose, conjugate transpose and trace. Finally, within this study, the vector space structures of sedenionic 

matrix sets over real numbers and complex numbers and also the module structure over quaternions were 

investigated. 

 
Definition 1.1 (Imaeda & Imaeda, 2000) The sedenions are constructed over real numbers. Let  

E16 = {ℯi ∈ 𝕊 |i = 0,1,2, … ,15 } is canonical basis of sedenions, where ℯ0 = 1 is multiplicative scalar element 

and ℯi’s (i = 1,2, … ,15) are imaginary units. Sedenions are written as a linear combination of E16. The set of 
sedenions can be written in the form  

 

𝕊 = { 𝒳 =∑𝓍iℯi |  𝓍i ∈ ℝ, 0 ≤ i ≤ 15 

15

i=0

}. 

 

Sedenionic units are satisfy the following properties: 

 

1. ℯ0 = 1 and ℯ0ℯi = ℯi ℯ0 = ℯi ,  (i ≠ 0) 
2. ℯi ℯi = (ℯi )

2 = −1,                    (i ≠ 0) 
3. ℯi ℯj = −ℯj ℯi,                    (i ≠ j), (i, j ≠ 0).   

 

Let us first give some fundamental notions of sedenions. 𝒳 is a Cayley-Dickson Sedenion, 𝒳 = ∑ 𝓍iℯi 
15
i=0 , 

 S𝒳 = 𝓍0ℯ0 = Re(𝒳) is the real part of sedenion, V⃗⃗ 𝒳 = ∑ 𝓍iℯi = Im(𝒳) 
15
i=1  is the vectorial part of sedenion. 

Thus, sedenions can be expression as 
 

𝒳 = 𝓍0ℯ0 + ∑ 𝓍iℯi 
15
i=1 = S𝒳 + V⃗⃗ 𝒳 .  
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The sum of two sedenions is defined by 

 

 𝒳 + 𝒴 = ∑ (𝓍i +𝓎i)ℯi
15
i=0 = (S𝒳 + S𝓎) + (V⃗⃗ 𝒳 + V⃗⃗ 𝓎).  

 

The multiplication of two sedenions is defined by      

  

𝒳 ⋅ 𝒴 = (∑ 𝓍iℯi
15
i=0 ) ⋅ (∑ 𝓎iℯi

15
i=0 ).   

 
The multiplication of sedenionic unit basic elements are given in Table 1. 

 

Table 1. Multiplication table of unit sedenion basic elements  

 

 

Additionaly, the multiplication operation can be defined as 𝒳 ⋅ 𝒴 = ∑ fijγij
kℯk

15
i,j,k=1 , where ℯi, ℯj, ℯk  ∈  E16, 

fij = 𝓍i𝓎j. γij
k ∈ {−1,0, +1}. γij

k  are called field parameter. The list of all triplets indices of the ordered triplets 

(i, j, k) which provide the loops here, can be found in Table 2. 
 

Table 2. Sedenionic triplets 

 

                                                                                                (𝐢, 𝐣, 𝐤)   

(1,2,3) (1,4,5) (1,7,6) (1,8,9) (1,11,10) (1,13,12) (1,14,15) 
(2,4,6) (2,5,7) (2,8,10) (2,9,11) (2,14,12) (2,15,13) (3,4,7) 
(3,6,5) (3,8,11) (3,10,9) (3,13,14) (3,15,12) (4,8,12) (4,9,13) 
(4,10,14) (4,11,15) (5,8,13) (5,10,15) (5,12,9) (5,14,11) (6,8,14) 
(6,11,13) (6,12,10) (6,15,9) (7,8,15) (7,9,14) (7,12,11) (7,13,10) 

       

𝓮𝟎 𝓮𝟏 𝓮𝟐 𝓮𝟑 𝓮𝟒 𝓮𝟓 𝓮𝟔 𝓮𝟕 𝓮𝟖 𝓮𝟗 𝓮𝟏𝟎 𝓮𝟏𝟏 𝓮𝟏𝟐 𝓮𝟏𝟑 𝓮𝟏𝟒 𝓮𝟏𝟓 

𝓮𝟎 ℯ1 ℯ2 ℯ3 ℯ4 ℯ5 ℯ6 ℯ7 ℯ8 ℯ9 ℯ10 ℯ11 ℯ12 ℯ13 ℯ14 ℯ15 

𝓮𝟏 −ℯ0 ℯ3 −ℯ2 ℯ5 −ℯ4 −ℯ7 ℯ6 ℯ9 −ℯ8 −ℯ11 ℯ10 −ℯ13 ℯ12 ℯ15 −ℯ14 

𝓮𝟐 −ℯ3 −ℯ0 ℯ1 ℯ6 ℯ7 −ℯ4 −ℯ5 ℯ10 ℯ11 −ℯ8 −ℯ9 −ℯ14 −ℯ15 ℯ12 ℯ13 

𝓮𝟑 ℯ2 −ℯ1 −ℯ0 ℯ7 −ℯ6 ℯ5 −ℯ4 ℯ11 −ℯ10 ℯ9 −ℯ8 −ℯ15 ℯ14 −ℯ13 ℯ12 

𝓮𝟒 −ℯ5 −ℯ6 −ℯ7 −ℯ0 ℯ1 ℯ2 ℯ3 ℯ12 ℯ13 ℯ14 ℯ15 −ℯ8 −ℯ9 −ℯ10 −ℯ11 

𝓮𝟓 ℯ4 −ℯ7 ℯ6 −ℯ1 −ℯ0 −ℯ3 ℯ2 ℯ13 −ℯ12 ℯ15 −ℯ14 ℯ9 −ℯ8 ℯ11 −ℯ10 

𝓮𝟔 ℯ7 ℯ4 −ℯ5 −ℯ2 ℯ3 −ℯ0 −ℯ1 ℯ14 −ℯ15 −ℯ12 ℯ13 ℯ10 −ℯ11 −ℯ8 ℯ9 

𝓮𝟕 −ℯ6 ℯ5 ℯ4 −ℯ3 −ℯ2 ℯ1 −ℯ0 ℯ15 ℯ14 −ℯ13 −ℯ12 ℯ11 ℯ10 −ℯ9 −ℯ8 

𝓮𝟖 −ℯ9 −ℯ10 −ℯ11 −ℯ12 −ℯ13 −ℯ14 −ℯ15 −ℯ0 ℯ1 ℯ2 ℯ3 ℯ4 ℯ5 ℯ6 ℯ7 

𝓮𝟗 ℯ8 −ℯ11 ℯ10 −ℯ13 ℯ12 ℯ15 −ℯ14 −ℯ1 −ℯ0 −ℯ3 ℯ2 −ℯ5 ℯ4 ℯ7 −ℯ6 

𝓮𝟏𝟎 ℯ11 ℯ8 −ℯ9 −ℯ14 −ℯ15 ℯ12 ℯ13 −ℯ2 ℯ3 −ℯ0 −ℯ1 −ℯ6 −ℯ7 ℯ4 ℯ5 

𝓮𝟏𝟏 −ℯ10 ℯ9 ℯ8 −ℯ15 ℯ14 −ℯ13 ℯ12 −ℯ3 −ℯ2 ℯ1 −ℯ0 −ℯ7 ℯ6 −ℯ5 ℯ4 

𝓮𝟏𝟐 ℯ13 ℯ14 ℯ15 ℯ8 −ℯ9 −ℯ10 −ℯ11 −ℯ4 ℯ5 ℯ6 ℯ7 −ℯ0 −ℯ1 −ℯ2 −ℯ3 

𝓮𝟏𝟑 −ℯ12 ℯ15 −ℯ14 ℯ9 ℯ8 ℯ11 −ℯ10 −ℯ5 −ℯ4 ℯ7 −ℯ6 ℯ1 −ℯ0 ℯ3 −ℯ2 

𝓮𝟏𝟒 −ℯ15 −ℯ12 ℯ13 ℯ10 −ℯ11 ℯ8 ℯ9 −ℯ6 −ℯ7 −ℯ4 ℯ5 ℯ2 −ℯ3 −ℯ0 −ℯ1 

𝓮𝟏𝟓 ℯ14 −ℯ13 −ℯ12 ℯ11 ℯ10 −ℯ9 ℯ8 −ℯ7 ℯ6 −ℯ5 −ℯ4 ℯ3 ℯ2 −ℯ1 −ℯ0 
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Let  𝒳 = (∑ 𝓍iℯi
15
i=0 )  and 𝒴 = (∑ 𝓎iℯi

15
i=0 ) be two sedenions. <,> 𝑠  operation is called sedenionic inner 

product and it is defined as 

 

< 𝒳,𝒴 > 𝑠 =
1

2
(𝒳 ⋅ �̅� + 𝒴 ⋅ �̅�) = 𝓍0𝓎0 + 𝓍1𝓎1 +⋯+ 𝓍15𝓎15. 

Hence, the norm of the sedenion 𝒳 denoted by ‖𝒳‖ = √𝒳 ⋅ �̅� = √∑ (𝓍i)
215

i=0 .  If ‖𝒳‖ = 1, then 𝒳 is called 

the unit sedenion. The inner product and norm operations mention above provide the following properties: 

 

1. < 𝒳,𝒴 > 𝑠 =< 𝒴,𝒳 > 𝑠, 
2. < 𝒳,𝒳 > 𝑠 = ‖𝒳‖

2 ≥ 0, 

3. < 𝒳 ⋅ 𝒴, 𝒵 >𝑠=< 𝒴, �̅� ⋅ 𝒵 >𝑠=< 𝒳,𝒵 ⋅ �̅� >𝑠, 
4. ‖𝒳 + 𝒴‖ ≤ ‖𝒳‖ + ‖𝒴‖, 

5. ‖𝒳‖ = ‖−𝒳‖ = ‖�̅�‖ = ‖−�̅�‖, 

6. ‖𝒳‖2 + ‖𝒴‖2 =
1

2
(‖𝒳 +𝒴‖2 + ‖𝒳 − 𝒴‖2), 

7. ‖𝒳 ⋅ 𝒴‖ = ‖𝒴 ⋅ 𝒳‖ = ‖�̅� ⋅ 𝒴‖ = ‖𝒳 ⋅ �̅�‖. 

 

�̅� is called conjugate of sedenion and it is defined by  
 

�̅� = 𝓍0ℯ0 − ∑ 𝓍iℯi 
15
i=1 = S𝒳 − V⃗⃗ 𝒳 .  

 

𝒳 non-zero sedenion, inverse of sedenion is defined by 
 

𝒳−1 =
𝒳

‖𝒳‖2
,  (‖𝒳‖ ≠ 0). 

 

2. Material and method  

 

In this section, we will investigate properties of sedenionic matrices. Firstly, we define real, complex, 

quaternionic and octonionic coefficient combination of sedenionic matrices. According to definition of basic 

matrix algebra operations are defined for each combination. These operations can be listed as follows: 
Addition, multiplication, conjugate, transpose, conjugate transpose and trace operation of sedenionic matrices. 

Finally, algebraic structures on sedenionic matrices set are investigated. 

 

Definition 2.1 Sedenionic matrix is defined by Ǎ = [ǎst]mxn, where ǎst = ∑ ast
i ei ∈ 𝕊

15
i=0 , ast

i ∈ ℝ, 

(1 ≤ s ≤ m, 1 ≤ t ≤ n  ). The set of sedenionic matrices denoted by Mmxn(𝕊). If m=n the set of sedenionic 

square matrices denoted by Mn(𝕊).  
 
Lemma 2.1 (Bektas, 2021) The algebras obtained through the construction known as the Cayley-Dickson 

doubling process always contain a sub-algebra. Therefore, there exists a relationship between these sets such 

ℝ ⊂ ℂ ⊂ ℍ ⊂ 𝕆 ⊂ 𝕊 ⊂ ⋯ that every sedenion can be expressed as a linear combination of octonions, 
quaternions, and complex numbers. 

 

i. Let z1 = x0 + x1e1, z2 = x2 + x3e1, z3 = x4 + x5e1, z4 = x6 + x7e1, z5 = x8 + x9e1, z6 = x10 + x11e1, 

z7 = x12 + x13e1, z8 = x14 + x15e1 ∈ ℂ and 𝒳 = ∑ 𝓍iℯi 
15
i=0 ∈ 𝕊 be given. Sedenion 𝒳 can be written linear 

combination of 8 complex numbers as follows: 
 

𝒳 = z1 + z2e2 + z3e4 + z4e6 + z5e8 + z6e10 + z7e12 + z8e14. 

 

ii. Let q1 = x0 +∑ xiei
3
i=1 , q2 = x4 +∑ xiei−4

7
i=5 , q3 = x8 +∑ xiei−7

10
i=8 , 

q4 = x12 +∑ xiei−10
13
i=11 ∈ ℍ and 𝒳 = ∑ 𝓍iℯi 

15
i=0 ∈ 𝕊 be given. Sedenion 𝒳 can be written linear 

combination of 4 quaternionic numbers as follows: 
 

𝒳 = q1 + q2e4 + q3e8 + q4e12. 

 

iii. Let  o1 = x0 +∑ xiei
7
i=1 , o2 = x8 +∑ xiei−8

15
i=9 ∈ 𝕆 be given and 𝒳 = ∑ 𝓍iℯi 

15
i=0 ∈ 𝕊 be given.  



Gürsoy and Bektaş, 2024 • Volume 14 • Issue 3 • Page 721-734 

725 

Sedenion 𝒳 can be written linear combination of 2 octonionic numbers as follows: 

 

𝒳 = o1 + o2e8. 

 

Theorem 2.1 Let Ǎ = [ǎst] = [∑ ast
i ei

15
i=0 ] be given. The sedenionic matrices can be written as real, complex, 

quaternionic and octonionic coeffecient matrix as follows: 

 

1. Ǎ = [ǎst] = [∑ ast
i ei

15
i=0 ] = [ast

0 ] + [ast
1 ]e1 + [ast

2 ]e2 +⋯+ [ast
15]e15 a sedenionic matrix is written as a 

linear combination of 16 real matrices as follows 

 

Ǎ = A0 + A1e1 + A2e2 +⋯+A15e15, 

 

where A0 = [ast
0 ],…, A15 = [ast

15]e15 ∈ Mmxn(ℝ).  

 

2. Ǎ = ∑ Aiei
15
i=0 , a sedenionic matrix is written as a linear combination of 8 complex matrices as follows 

 

Ǎ = ∑ Âie2i−2
8
i=1 = Â1 + Â2e2 + Â3e4 + Â4e6 + Â5e8 + Â6e10 + Â7e12 + Â8e14, 

 

where A1 = A0 + A1e1, A2 = A2 + A3e1, A3 = A4 + A5e1, A4 = A6 + A7e1,  

A5 = A8 + A9e1, A6 = A10 + A11e1, A7 = A12 + A13e1, A8 = A14 + A15e1 ∈ Mmxn(ℂ). 
 

3. Ǎ = ∑ Aiei
15
i=0 , a sedenionic is written as a linear combination of 4 quaternionic matrices as follows 

 

Ǎ = ∑ Ãie4i−4
4
i=1 = Ã1 + Ã2e4 + Ã3e8 + Ã4e12, 

 

where Ã1 = A0 +∑ Aiei
3
i=1 , Ã2 = A4 +∑ Aiei−4

7
i=5 , Ã3 = A8 + ∑ Aiei−7

10
i=8 , 

 q4 = A12 +∑ Aiei−10 ∈ Mmxn(ℍ)
13
i=11 . 

 

4. Ǎ = ∑ Aiei
15
i=0 , a sedenionic matrix is written as a linear combination of 2 octonionic matrices as follows 

 

Ǎ = Ã̃1 + Ã̃2e8, 

 

where Ã̃1 = A0 +∑ Aiei
7
i=1 , Ã̃2 = A8 +∑ Aiei−8

15
i=9 ∈ Mmxn(𝕆). 

 
Proof: It can be obtained easily from lemma 2.1. 

 

Definition 2.2 Let Ǎ = [ǎst], B̌ = [b̌st] ∈ Mmxn(𝕊) be sedenionic matrices. If ǎst = b̌st, then it is called Ǎ is 

equal to B̌ and written Ǎ = B̌. 

 
Remark 2.1 According to sedenionic matrix definition, if two sedenionic matrices are equal then their real, 

complex, quaternionic and octonionic coeffiecient matrices are equal. 

 

Definition 2.3 Let Ǎ = [ǎst] be given. ∀ ǎst ∈ 𝕊, if ǎst = 0, then it is called sedenionic zero matrix and written 

as Ǎ = 0̌mxn. In case of m = n, it is called sedenionic zero square matrix and it is written as 0̌mxn = 0̌n. 

 

Definition 2.4 Let Ǎ = [ǎst], B̌ = [b̌st] ∈ Mmxn(𝕊), (1 ≤ s ≤ m, 1 ≤ t ≤ n  ) be sedenionic matrices. The 

addition operation of sedenionic matrices can be written as follow: 

 

Ǎ⨁B̌ = [ǎst + b̌st] =

(

 

ǎ11 + b̌11 ǎ12 + b̌12
ǎ21 + b̌21 ǎ22 + b̌22

⋯ ǎ1n + b̌1n
⋯ ǎ2n + b̌2n

⋮ ⋮
ǎm1 + b̌m1 ǎm2 + b̌m2

⋱ ⋮
⋯ ǎmn + b̌mn)

 

mxn

. 
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Remark 2.2 The symbol ⨁ is defined as sedenionic matrix addition operation. Addition of sedenionic matrices 

can be written in the term of matrices with real, complex, quaternionic and octonionic coefficient respectively 
 

1. Ǎ⨁B̌ = ∑ (Ai+Bi)ei
15
i=1 ,  

2. Ǎ⨁B̌ = ∑ (Âi + B̂i)e2i−2
8
i=1 , 

3. Ǎ⨁B̌ = ∑ (Ãi + B̃i)e4i−4
4
i=1 , 

4. Ǎ⨁B̌ = Ã̃1 + B̃̃1 + (Ã̃2 + B̃̃2) e8.  

 

Corollary 2.1 (Mmxn(𝕊),⨁) is an Abelian group. 0̌mxn is unit element of Mmxn(𝕊). The inverse of 

Ǎ = ∑ Aiei
15
i=0  according to the addition operation is −Ǎ = −∑ Aiei

15
i=0 . 

 

Definition 2.5 Let Ǎ = [ǎst] ∈ Mmxn(𝕊), B̌ = [b̌tr] ∈ Mnxp(𝕊) (1 ≤ s ≤ m, 1 ≤ t ≤ n, 

1 ≤ r ≤ p) be sedenionic matrices. The multiplication of two sedenionic matrices can be define as follows: 

 

Ǎ ⊗ B̌ = [∑ ǎst ⋅ b̌tr
n
t=1 ]

mxp
.  

 

The symbol ⊗ is defined as sedenionic matrix multiplication operation. If ∑ ǎstb̌tr
n
t=1 = čsr (1 ≤ s ≤ m, 

1 ≤ r ≤ p), then we can write 
 

č11 = ∑ ǎ1t
n
t=1 ⋅ b̌t1 = ǎ11 ⋅ b̌11 + ǎ12 ⋅ b̌21 +⋯+ ǎ1n ⋅ b̌n1, 

č12 = ∑ ǎ1t ⋅ b̌t2
n
t=1 = ǎ11 ⋅ b̌12 + ǎ12 ⋅ b̌22 +⋯+ ǎ1n ⋅ b̌n2, 

⋮ 
č1p = ∑ ǎ1t ⋅ b̌tp

n
t=1 = ǎ11 ⋅ b̌1p + ǎ12 ⋅ b̌2p +⋯+ ǎ1n ⋅ b̌np. 

 

On the other hand, the multiplication of sedenionic matrices can be written as 

 

Ǎ ⊗ B̌ = (

ǎ1t ǎ1t
ǎ1t ǎ1t

⋯ ǎ1t
⋯ ǎ1t

⋮ ⋮
ǎ1t ǎ1t

⋱ ⋮
⋯ ǎ1t

)

mxn

(

ǎ1t ǎ1t
ǎ1t ǎ1t

⋯ ǎ1t
⋯ ǎ1t

⋮ ⋮
ǎ1t ǎ1t

⋱ ⋮
⋯ ǎ1t

)

nxp

= (čmp) = Č. 

 

Remark 2.3 Let Ǎ = ∑ Aiei
15
i=0 ∈ Mmxn(𝕊), B̌ = ∑ Biei

15
i=0 ∈ Mnxp(𝕊), (1 ≤ s ≤ m, 1 ≤ t ≤ n, 

1 ≤ r ≤ p) be two sedenionic matrices. For each  i = 0,1,2… ,15, let Ai ∈ Mmxn(ℝ) and Bi ∈ Mnxp(ℝ)  real 

coefficient matrices. Then, the multiplication operation in terms of real combination of two sedenionic matrices 
can be define as follows: 

 

Ǎ ⊗ B̌ = (∑Aiei

15

i=0

)⊗ (∑Biei

15

i=0

) 

             = (A0B0 − A1B1 − A2B2 − A3B3 − A4B4 − A5B5 − A6B6 − A7B7 − A8B8 
             −A9B9 − A10B10 − A11B11 − A12B12 − A13B13 − A14B14 − A15B15)e0 

             +(A0B1 + A1B0 + A2B3 − A3B2 + A4B5 − A5B4 − A6B7 + A7B6 + A8B9 
             −A9B1 − A10B11 + A11B10 − A12B13 − A13B9 − A14B15 − A15B14)e1 

             +(A0B2 − A1B3 + A2B0 + A3B1 + A4B6 + A5B7 − A6B4 − A7B5 + A8B10 
             +A9B11 − A10B8 − A11B9 − A12B14 − A13B15 + A14B12 + A15B13)e2 

             +(A0B3 + A1B2 − A2B1 + A3B0 + A4B7 − A5B6 + A6B5 − A7B4 + A8B11 
             −A9B10 + A10B9 − A11B8 − A12B15 + A13B14 − A14B13 + A15B12)e3 

             +(A0B4 − A1B5 − A2B6 − A3B7 + A4B0 + A5B1 + A6B2 + A7B3 + A8B12 
             −A9B13 + A10B14 + A11B15 − A12B8 − A13B9 − A14B10 − A15B11)e4 

             +(A0B5 + A1B4 − A2B7 + A3B6 − A4B1 + A5B0 − A6B3 + A7B2 + A8B13 
             −A9B12 + A10B15 − A11B14 + A12B9 − A13B8 + A14B11 − A15B10)e5 

             +(A0B6 + A1B3 + A2B4 − A3B5 − A4B2 + A5B3 + A6B0 − A7B1 − A8B14 
             −A9B15 − A10B12 + A11B13 + A12B10 − A13B11 − A14B8 + A15B9)e6 

             +(A0B7 − A1B6 + A2B5 + A3B4 − A4B3 − A5B2 + A6B1 + A7B0 + A8B15 



Gürsoy and Bektaş, 2024 • Volume 14 • Issue 3 • Page 721-734 

727 

             +A9B14 − A10B13 + A11B12 + A12B11 + A13B10 − A14B9 − A15B8)e7 

             +(A0B8 − A1B9 − A2B10 − A3B9 − A4B12 − A5B13 − A6B14 − A7B15 + A8B0 
             +A9B1 + A10B2 + A11B3 + A12B4 + A13B5 + A14B6 + A15B7)e8 

             +(A0B9 + A1B8 − A2B11 + A3B10 − A4B13 + A5B12 + A6B15 − A7B14 − A8B1 
             +A9B0 − A10B3 + A11B2 − A12B5 + A13B4 + A14B7 − A15B6)e9 
             +(A0B10 + A1B11 + A2B8 − A3B9 − A4B14 − A5B15 + A6B12 + A7B13 
             −A8B2 + A9B3 + A10B0 − A11B1 − A12B6 − A13B7 + A14B4 + A15B5)e10 

             +(A0B11 − A1B10 + A2B9 + A3B8 − A4B15 + A5B14 − A6B13 + A7B12 − A8B3 − A9B2 
             +A10B1 + A11B0 − A12B7 + A13B6 − A14B5 + A15B4)e11 

             +(A0B12 + A1B13 + A2B14 + A3B15 + A4B8 − A5B9 − A6B10 − A7B11 − A8B4 
             +A9B5 + A10B6 + A11B7 + A12B0 − A13B1 − A14B2 − A15B3)e12 

             +(A0B13 − A1B12 + A2B15 − A3B14 + A4B9 + A5B8 + A6B11 − A7B10 − A8B5 
             −A9B4 + A10B7 − A11B6 + A12B1 + A13B0 + A14B3 − A15B2)e13 

             +(A0B14 − A1B15 − A2B12 + A3B13 + A4B10 − A5B11 + A6B8 + A7B9 − A8B6 
             −A9B7 − A10B4 + A11B5 + A12B2 − A13B3 + A14B0 + A15B1)e14 

             +(A0B15 + A1B14 − A2B13 − A3B12 + A4B11 + A5B10 − A6B9 + A7B8 − A8B7 
             +A9B6 − A10B5 − A11B4 + A12B3 + A13B2 − A14B1 + A15B0)e15. 
 

Remark 2.4 Sedenionic matrix set, unlike other matrix algebras, none of the properties of multiplication 

operation is not safisfied in general. 

 

Definition 2.6 Let Ǎ = [ǎst] ∈ Mmxn(𝕊), (1 ≤ s ≤ m, 1 ≤ t ≤ n) be given. A̅̌ is define as conjugate of 

sedenionic matrix of Ǎ and written as follow: 

 

A̅̌ = [ǎst]̅̅ ̅̅ ̅̅ = [∑ ast
İ eİ

15
İ=0

]̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ = [ast
0 −∑ ast

i ei
15
i=1 ].  

 
Remark 2.5 The conjugate of sedenionic matrices can be written in terms of matrices with real, complex, 

quaternionic and octonionic coefficient respectively 

 

1. A̅̌ = A0 − ∑ Aiei
15
i=1 , 

2. A̅̌ = Â1 −∑ Âie2i−2
8
i=2 , 

3. A̅̌ = Ãi −∑ Ãie4i−4
4
i=2 , 

4. A̅̌ = Ã̃1 − Ã̃2e8 . 
 

Definition 2.7 Let λ ∈ 𝕊 be given. The multiplication of a sedenion and a sedenionic matrix is defined as 

follow: 

 

⊙𝕊∶  𝕊 × Mmxn(𝕊) ⟶ Mmxn(𝕊) 
 
                         (λ, Ǎ) ⟶ λ⊙𝕊 Ǎ = λ⊙𝕊 [ǎst] = [λ ∙ ǎst]. 

 

Due to λ ∈ 𝕊 and ǎst ∈ 𝕊 it can be written as λ ∙ ǎst ∈ 𝕊 and λ⊙𝕊 Ǎ  ∈ Mmxn(𝕊). The scalar multiplication 

operation is scalar operation. 

 

Theorem 2.2 Let Ǎ, B̌ ∈ Mmxn(𝕊), Č ∈ Mnxr(𝕊) and λ ∈ 𝕊 be given. Then, the following properties are 
safisfied. 

 

1. (A̅̌)
̅̅ ̅̅ ̅

= Ǎ, 

2. λ̅ ⊙𝕊 A̅̌ = Ǎ ⊙𝕊 λ
̅̅ ̅̅ ̅̅ ̅̅ ̅, 

3. (Ǎ⨁B̌)̅̅ ̅̅ ̅̅ ̅̅ ̅ = A̅̌⨁B̅̌, 

4. (Ǎ⊗ Č)̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅ ≠ A̅̌ ⊗ C̅̌. 

 

Proof: (1), (2), (3) can be easily shown. Then, we will prove the condition of (4). 
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(4) (Ǎ⊗ Č)̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅ = A0C0 −∑ AiCi
15
i=1  

                        −(A0C1 + A1C0 + A2C3 − A3C2 + A4C5 − A5C4 − A6C7 + A7C6 + A8C9 
                        −A9C1 − A10C11 + A11C10 − A12C13 − A13C9 − A14C15 − A15C14)e1 

                    ⋮ 
                        −(A0C15 + A1C14 − A2C13 − A3C12 + A4C11 + A5C10 − A6C9 + A7C8 − A8C7 
                        +A9C6 − A10C5 − A11C4 + A12C3 + A13C2 − A14C1 + A15c0)e15, 

 and 

 

A̅̌ ⊗ C̅̌ = A0C0 −∑ AiCi
15
i=1   

             −(A0C1 + A1C0 + A2C3 − A3C2 + A4C5 − A5C4 − A6C7 + A7C6 + A8C9 
             −A9C1 − A10C11 + A11C10 − A12C13 − A13C9 − A14C15 + A15C14)e1 
           ⋮ 
             −(A0C15 − A1C14 − A2C13 − A3C12 + A4C11 + A5C10 − A6C9 + A7C8 − A8C7 
             +A9C6 − A10C5 − A11C4 + A12C3 + A13C2 − A14C1 + A15c0)e15. 
 

Then, it is obtained that (Ǎ⊗ Č)̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅ ≠ A̅̌⊗ C̅̌. 

 

Corollary 2.2 Let A̅̌ = A0 −∑ Aiei
15
i=1 ∈ Mn(𝕊) be given. As a result of theorem 2.2, it can be written the 

following expression: (A̅̌)
2

≠ (A̅̌2). 

 

Definition 2.8 Let Ǎ = [ǎst] ∈ Mmxn(𝕊), (1 ≤ s ≤ m, 1 ≤ t ≤ n) be sedenionic matrix. The transpose of 

sedenionic matrix of Ǎ is defined as Ǎt = [ǎts] ∈ Mnxm(𝕊). 
 

Remark 2.6 The tranpose of sedenionic matrices can be written in terms of matrices with real, complex, 
quaternionic and octonionic coefficients, respectivly as follows 

 

1. Ǎt = ∑ Ai
tei

15
i=0 , 

2. Ǎt = ∑ Âi
t
e2i−2

8
i=1 , 

3. Ǎt = ∑ Ãi
t
e4i−4

4
i=1 , 

4. Ǎt = Ã̃1
t
+ Ã̃2

t
e8. 

 

Theorem 2.3 Let Ǎ, B̌ ∈ Mmxn(𝕊), Č ∈ Mnxr(𝕊) and λ ∈ 𝕊 be given. The following properties are safisfied. 

 

1.  (Ǎ⨁B̌)
t
= Ǎt⨁B̌t, 

2.  (Ǎt)
t
= Ǎ, 

3.  (λ⊙𝕊 Ǎ)
t
= λ⊙𝕊 Ǎ

t, 

4.  (Ǎ ⊗ Č)
t
≠ Čt⊗ Ǎt. 

 

Proof: (1), (2) can be easily shown. Then, we will prove the last two conditions. 

 

(3) (λ⊙𝕊 Ǎ)
t
= (λ ⊙𝕊 [ǎst])

t = [λ ⋅ ǎts] = λ⊙𝕊 [ǎts] = λ⊙𝕊 Ǎ
t. 

 

(4) (Ǎ⊗ Č)
t
= ((∑ Aiei

15
i=0 )⊗ (∑ Ciei

15
i=0 ))

t

 

                         = C0
tA0

t −∑ ČtǍt15
i=0   

                         +(C0
tA1

t + C1
tA0

t + C2
tA3

t −⋯−C15
tA14

t)e1  

                       ⋮ 
                         +(C0

tA15
t − C1

tA14
t −…+C15

tA0
t)e15  

 
and 
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Čt⊗ Ǎt = (∑ Ci
tei

15
i=0 )(∑ Ai

tei
15
i=0 )  

                = C0
tA0

t − ∑ ČtǍt15
i=0   

                +(C0
tA1

t + C1
tA0

t + C2
tA3

t −⋯−C15
tA14

t)e1  

               ⋮ 
                +(C0

tA15
t + C1

tA14
t +…+C15

tA0
t)e15. 

 

Based on obtained results, it can be written (Ǎ⊗ Č)
t
≠ Čt⊗ Ǎt. 

 

Definition 2.9 Let Ǎ = [ǎst] ∈ Mmxn(𝕊), (1 ≤ s ≤ m, 1 ≤ t ≤ n) be given. Then, the conjugate traspose of 

Ǎ is define as (Ǎ)̅̅ ̅̅ ̅
t
= [ǎst]̅̅ ̅̅ ̅̅ t ∈ Mnxm(𝕊). 

 

Remark 2.7 The conjugate tranpose of sedenionic matrices can be written in terms of matrices with real, 

complex, quaternionic and octonionic coefficients, respectively as follows 
 

1. (Ǎ)̅̅ ̅̅ ̅
t
= A0

t −∑ Ai
tei

15
i=1 , 

2. (Ǎ)̅̅ ̅̅ ̅
t
= Â1

t
− ∑ Âi

t
e2i−2

8
i=2 , 

3. (Ǎ)̅̅ ̅̅ ̅
t
= Ã1

t
− ∑ Ãi

t
e4i−4

4
i=2 , 

4. (Ǎ)̅̅ ̅̅ ̅
t
= Ã̃1

t
− Ã̃2

t
e8. 

 

Theorem 2.4 Let Ǎ, B̌ ∈ Mmxn(𝕊), Č ∈ Mnxr(𝕊) and λ ∈ 𝕊 be given. The following properties are safisfied. 

 

1. (λ⊙𝕊 Ǎ
̅̅ ̅̅ ̅̅ ̅̅ ̅)

t

= (A̅̌)
t

⊙𝕊 λ̅,  

2. (A̅̌)
t

= (Ǎ𝐭)̅̅ ̅̅ ̅̅ ,  

3. (A̅̌⨁B̅̌)
t

= (A̅̌)
t

⨁(B̅̌)
t

,  

4. (Ǎ ⊗ Č̅̅ ̅̅ ̅̅ ̅̅ )
t

≠ (C̅̌)
t

⊗(A̅̌)
t

.  

 

Proof: (2), (3), (4) can be easily shown. Then, we will prove condition of (1). 
 

(1) (λ⊙𝕊 Ǎ
̅̅ ̅̅ ̅̅ ̅̅ ̅)

t

= (A̅̌⊙𝕊 λ̅)
t

= (A̅̌)
t

⊙𝕊 λ̅. 

 

Definition 2.10 Let Ǎ = [ǎst] = ∑ Aiei
15
i=0 ∈ Mn(𝕊) be given. The sum of the elements of sedenionic square 

matrix Ǎ on principal diagonal is called the trace of matrix Ǎ and denoted by tr(Ǎ). 
 

tr(Ǎ) = ∑ ǎrr
n
r=1 = ∑ (∑ ǎrr

i15
i=1 )n

r=1  

           = ∑ (ǎrr
0 + ǎrr

1 +⋯+ ǎrr
15)n

r=1   

           = ∑ (ǎrr
0)n

r=1 +∑ (ǎrr
1) + ⋯+n

r=1 ∑ (ǎrr
15)n

r=1 . 

 

On the other hand tr(Ǎ) can be written in terms of matrices with real coefficient as: 

 

tr(Ǎ) = ∑ tr(Ai)ei
15
i=0 = tr(A0) + tr(A1)e1 + tr(A2)e2 +⋯+ tr(A15)e15 .  

 

Theorem 2.5 Let Ǎ = ∑ Aiei
15
i=0 , B̌ = ∑ Biei

15
i=0 ∈ Mn(𝕊) and λ ∈ 𝕊 be given. The following properties of trace 

operation are safisfied. 

 

1. tr(Ǎ⨁B̌) = tr(Ǎ) + tr(B̌), 

2. tr(Ǎ⊗ B̌) ≠ tr(Ǎ) ⋅ tr(B̌), 

3. tr(Ǎ⊗ B̌) ≠ tr(B̌⊗ Ǎ), 
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4. tr(Ǎ⊙𝕊 λ) ≠ tr(Ǎ) ⋅ λ or tr(λ⊙𝕊 Ǎ) ≠ λ ⋅ tr(Ǎ), 

5. tr(Ǎt) = tr(Ǎ). 

 

Proof: (1), (3), (4), (5) can be easily shown. Then, we will prove condition of (2). 

 

(2) tr(Ǎ⊗ B̌) = tr(A0B0) − tr(∑ AiBi
15
i=1 ) 

                           −tr(A0B1 + A1B0 + A2B3 − A3B2 + A4B5 − A5B4 − A6B7 + A7B6 + A8B9 
                           −A9B1 − A10B11 + A11B10 − A12B13 − A13B9 − A14B15 − A15B14)e1 

                        ⋮ 
                           −tr(A0B15 + A1B14 − A2B13 − A3B12 + A4B11 + A5B10 − A6B9 + A7B8 − A8B7 
                           +A9B6 − A10B5 − A11B4 + A12B3 + A13B2 − A14B1 + A15B0)e15 

and  

 

tr(Ǎ) ⋅ tr(B̌) = tr(A0B0) − tr(∑ AiBi
15
i=1 )  

                         −tr(A0B1 + A1B0 + A2B3 − A3B2 + A4B5 − A5B4 − A6B7 + A7B6 + A8B9 
                         −A9B1 − A10B11 + A11B10 − A12B13 − A13B9 − A14B15 − A15B14)e1 

                      ⋮                     
                         −tr(A0B15 + A1B14 − A2B13 − A3B12 + A4B11 + A5B10 − A6B9 + A7B8 − A8B7 
                         +A9B6 − A10B5 − A11B4 + A12B3 + A13B2 − A14B1 + A15B0)e15. 

 

The properties of trace of real matrix is tr(A ∙ B) ≠ tr(A) ∙ tr(B), so the results are not the same and it is 

obtained tr(Ǎ⊗ B̌) ≠ tr(Ǎ) ∙ tr(B̌). 

 

Definition 2.11 Let Ǎ = [ǎst] ∈ Mmxn(𝕊) and λ ∈ ℝ be given. The multiplication of a real number and a 

sedenionic matrix is defined as follows: 

 

⊙∶  ℝ × Mmxn(𝕊) ⟶ Mmxn(𝕊) 
 
                         (λ, Ǎ) ⟶ λ⊙ Ǎ = λ⊙ [ǎst] = [λ ∙ ǎst]. 

 

Due to λ ∈ ℝ and ǎst ∈ 𝕊 it can be written as λ ∙ ǎst ∈ 𝕊 and λ ⊙ Ǎ  ∈ Mmxn(𝕊). The scalar multiplication 

operation is scalar operation. 

 

Theorem 2.6 Let Ǎ, B̌ ∈ Mmxn(𝕊) and λ1, λ2 ∈ ℝ be given. Following properties of the scalar multiplication 
are safisfied. 

 

1. λ1⊙(Ǎ⨁ B̌) = λ1⊙ Ǎ⨁λ1⊙ B̌, 

2. (λ1 + λ2) ⊙ Ǎ = λ1⊙ Ǎ⨁λ2⊙ Ǎ, 

3. (λ1λ2) ⊙ Ǎ = λ1⊙ (λ2⊙ Ǎ), 

4. 1λ is the unit element of ℝ field, 1λ⊙ Ǎ = Ǎ. 

 

Proof: (1), (2), (4) can be easily shown. Then, we will prove condition of (3). 

 

(3) (λ1λ2) ⊙ Ǎ = [(λ1λ2) ∙ ǎst] 
                             = [λ1(λ2 ∙ ǎst)] 
                             = λ1⊙ [(λ2 ∙ ǎst)] 
                             = λ1⊙ (λ2⊙ [(ǎst)]) 
                          = λ1⊙ (λ2⊙ Ǎ). 

 

Corollary 2.3 Due to (Mmxn(𝕊),⨁) being an Abelian group and from theorem 2.6, it is concluded that 
{Mmxn(𝕊),⨁,ℝ+,∙,⊙} is vector space. 
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Definition 2.12 Let Ǎ = [ǎst] ∈ Mmxn(𝕊), where ǎst = ∑ ast
i ei ∈ 𝕊

15
i=0  be given. 

 

Ǎ = [

ǎ11 ǎ12
ǎ21 ǎ22

… ǎ1n
… ǎ2n

⋮ ⋮
ǎm1 ǎm2

⋱ ⋮
… ǎmn

]

mxn

is written more explicitly as follows: 

 

Ǎ = a11
0 [

1 0
0 0

… 0
… 0

⋮ ⋮
0 0

⋱ ⋮
… 0

] + a11
1 [

e1 0
0 0

… 0
… 0

⋮ ⋮
0 0

⋱ ⋮
… 0

] +⋯+ a11
15 [

e15 0
0 0

… 0
… 0

⋮ ⋮
0 0

⋱ ⋮
… 0

] 

+⋯+ a1n
0 [

0 0
0 0

… 1
… 0

⋮ ⋮
0 0

⋱ ⋮
… 0

] + a1n
1 [

0 0
0 0

… e1
… 0

⋮ ⋮
0 0

⋱ ⋮
… 0

] + ⋯+ a1n
15 [

0 0
0 0

… e15
… 0

⋮ ⋮
0 0

⋱ ⋮
… 0

] 

+⋯+ am1
0 [

0 0
0 0

… 0
… 0

⋮ ⋮
1 0

⋱ ⋮
… 0

] + am1
1 [

0 0
0 0

… 0
… 0

⋮ ⋮
e1 0

⋱ ⋮
… 0

] + ⋯+ am1
15 [

0 0
0 0

… 0
… 0

⋮ ⋮
e15 0

⋱ ⋮
… 0

] 

+⋯+ amn
0 [

0 0
0 0

… 0
… 0

⋮ ⋮
0 0

⋱ ⋮
… 1

] + amn
1 [

0 0
0 0

… 0
… 0

⋮ ⋮
0 0

⋱ ⋮
… e1

] +⋯+ amn
15 [

0 0
0 0

… 0
… 0

⋮ ⋮
0 0

⋱ ⋮
… e15

]. 

 
Considering this expansion, 

 

Mmxn(𝕊) = Sp{S1} = Sp{[

1 0
0 0

… 0
… 0

⋮ ⋮
0 0

⋱ ⋮
… 0

] , [

e1 0
0 0

… 0
… 0

⋮ ⋮
0 0

⋱ ⋮
… 0

] ,… , [

e15 0
0 0

… 0
… 0

⋮ ⋮
0 0

⋱ ⋮
… 0

] 

                                           , … , [

0 0
0 0

… 1
… 0

⋮ ⋮
0 0

⋱ ⋮
… 0

] , [

0 0
0 0

… e1
… 0

⋮ ⋮
0 0

⋱ ⋮
… 0

] ,… , [

0 0
0 0

… e15
… 0

⋮ ⋮
0 0

⋱ ⋮
… 0

] 

                                           , … , [

0 0
0 0

… 0
… 0

⋮ ⋮
1 0

⋱ ⋮
… 0

] , [

0 0
0 0

… 0
… 0

⋮ ⋮
e1 0

⋱ ⋮
… 0

] ,… , [

0 0
0 0

… 0
… 0

⋮ ⋮
e15 0

⋱ ⋮
… 0

] 

                                           , … , [

0 0
0 0

… 0
… 0

⋮ ⋮
0 0

⋱ ⋮
… 1

] , [

0 0
0 0

… 0
… 0

⋮ ⋮
0 0

⋱ ⋮
… e1

] , … , [

0 0
0 0

… 0
… 0

⋮ ⋮
0 0

⋱ ⋮
… e15

]} 

 

thus, S1 is obtained. If S1 system linearly independent, it is obtained that S1 is the base of Mmxn(𝕊) vector 

space over field ℝ. Let q11, q12,…, q1n, q21, q22,…, q2n, qm1, qm2,…, qmn, r11, r12,…, r1n, r21, r22,…, 

r2n, rm1, rm2,…, rmn, t11, t12,…, t1n, t21, t22,…, t2n, tm1, tm2,…, tmn ∈ ℝ and 

 

             q11 [

1 0
0 0

… 0
… 0

⋮ ⋮
0 0

⋱ ⋮
… 0

] + r11 [

e1 0
0 0

… 0
… 0

⋮ ⋮
0 0

⋱ ⋮
… 0

] +⋯+ t11 [

e15 0
0 0

… 0
… 0

⋮ ⋮
0 0

⋱ ⋮
… 0

] 

+⋯+ q1n [

0 0
0 0

… 1
… 0

⋮ ⋮
0 0

⋱ ⋮
… 0

] + r1n [

0 0
0 0

… e1
… 0

⋮ ⋮
0 0

⋱ ⋮
… 0

] +⋯+ t1n [

0 0
0 0

… e15
… 0

⋮ ⋮
0 0

⋱ ⋮
… 0

] 

+⋯+ qm1 [

0 0
0 0

… 0
… 0

⋮ ⋮
1 0

⋱ ⋮
… 0

] + rm1 [

0 0
0 0

… 0
… 0

⋮ ⋮
e1 0

⋱ ⋮
… 0

] + ⋯+ tm1 [

0 0
0 0

… 0
… 0

⋮ ⋮
e15 0

⋱ ⋮
… 0

] 
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+⋯+ qmn [

0 0
0 0

… 0
… 0

⋮ ⋮
0 0

⋱ ⋮
… 1

] + rmn [

0 0
0 0

… 0
… 0

⋮ ⋮
0 0

⋱ ⋮
… e1

] + ⋯+ tmn [

0 0
0 0

… 0
… 0

⋮ ⋮
0 0

⋱ ⋮
… e15

] = 0̌mxn be given. 

 

In that case, q11, q12,…, q1n, q21, q22,…, q2n, qm1, qm2,…, qmn, r11, r12,…, r1n, r21, r22,…, r2n, rm1, 

rm2,…, rmn, t11, t12,…, t1n, t21, t22,…, t2n, tm1, tm2,…, tmn = 0 is obtained. This result tells us S1 system 

is linearly independent. Due to Mmxn(𝕊) = Sp{S1}, S1 matrix system is Mmxn(𝕊) vector space’s standart base 

and it is obtained dim(Mmxn(𝕊)) = 16mn. 

 

Remark 2.8 The relationship between the number sets such ℝ ⊂ ℂ ⊂ ℍ ⊂ 𝕆 ⊂ 𝕊 ⊂ ⋯ is known from lemma 

2.1. Similar to definition 2.11, it can be define the scalar multiplication operation involving complex numbers 

or quaternionic numbers with sedenionic matrices as follows: 
 

Let Ǎ = [ǎst] ∈ Mmxn(𝕊) and λ1, λ2 ∈ ℂ, λ3, λ4 ∈ ℍ be given.  

 

i. The multiplication of a complex number and a sedenionic matrix is defined as follow: 

 

⊙ℂ∶  ℂ × Mmxn(𝕊) ⟶ Mmxn(𝕊) 
 
                         (λ1, Ǎ) ⟶ λ1⊙ℂ Ǎ = λ1⊙ℂ [ǎst] = [λ1 ∙ ǎst]. 

 

ii. The multiplication of a quaternion and a sedenionic matrix is defined as follow: 
 

⊙ℍ∶  ℍ × Mmxn(𝕊) ⟶ Mmxn(𝕊) 
 
                         (λ3, Ǎ) ⟶ λ3⊙ℍ Ǎ = λ3⊙ℍ [ǎst] = [λ3 ∙ ǎst]. 

 
Considering these two scalar operations and given that sedenions are non-commutative, property number (4) 

in theorem 2.6 can be expressed as follows for complex numbers and quaternions, respectively 

 

1. (λ1λ2) ⊙ℂ Ǎ ≠ λ1(λ2⊙ℂ Ǎ), 

2. (λ3λ4) ⊙ℍ Ǎ ≠ λ3(λ4⊙ℍ Ǎ). 

 

Corollary 2.4 {Mmxn(𝕊),⨁, ℂ,+,∙,⊙ℂ} is not left (right) vector space. 

 

Corollary 2.5 {Mmxn(𝕊),⨁,ℍ,+,∙,⊙ℍ} is not left (right) module. 
 

4. Discussion  

 

Taking into account the evolving technology and current conditions, it has become inevitable to explore new 
areas mathematically and create various alternatives. In the 21st century, the application areas of sedenions are 

increasingly expanding. Its usage is widespread in fields such as robotic movements, quantum mechanics and 

prediction of time series. In this study unlike the known matrix algebra, matrices with sedenionic coefficients 
have been defined and their algebraic properties have been investigated and contributed to the literature. 

Considering the applications of standard matrix algebra, it can be stated that this study opens a new area in this 

field. 
 

5. Conclusions 

 

The exploration of sedenions and their algebraic operations in the first section are given. Sedenionic algebra 
properties are used for on defining sedenionic coefficient matrices. This definition extends to real, complex, 

quaternionic and octonionic coefficient sedenionic matrices, followed by the comprehensive definition of 

various essential operations tailored for each type of sedenionic matrix. Addition, multiplication, conjugate, 
transpose, conjugate transpose, trace operation of sedenionic matrices are defined for each combinations. The 

vector space of  Mmxn(𝕊) over ℝ field and dim(Mmxn(𝕊)) = 16mn is obtained. 



Gürsoy and Bektaş, 2024 • Volume 14 • Issue 3 • Page 721-734 

733 

Acknowledgement 

 

The authors sincerely thank the editors of the journal who devoted their attention to the paper and also the 

referees who contributed their valuable time to the study. 

 
Author contribution 

 

All authors contributed to all parts of the article. 

 
Declaration of ethical code 

 

The authors of this manuscript declare that the materials and methods used in study to do not require ethical 
committee approval and/or legal-specific permission. 

 

Conflicts of interest 

 

The authors declared no potential conflicts of interest with respect to the research, authorship, and/or 

publication of this manuscript. 

 
References 

 
Bektas, O., (2021). Some properties and special matrix representations of  ℂ,ℍ,𝕆  coefficient sedenion numbers. Bitlis 

Eren University Journal of Science, 10 (4), 1416-1425. https://doi.org/10.17798/bitlisfen.959454 

 

Bektas, O., Senyurt, S., Gür Mazlum, S., (2023) Some properties of fuzzy sedenion numbers and fuzzy sedenion valued 

series. Maejo International Journal of Science Technology, 17(03), 239-251.  
 

Bilgici, G., Tokeser, U., & Unal, Z., (2017). Fibonacci and lucas sedenions. Journal of Integer sequence, 20(1), 8. 

 

Carmody, K., (1988). Circular and hyperbolic quaternions, octonions, and sedenions. Applied Mathematics and 

Computation, 84(1), 27-47. https://doi.org/10.1016/S0096-3003(96)00051-3   

 

Catarino, P., (2016). The modified pell and the modified k-pell quaternions and octonions. Advances in Applied Clifford 

Algebras, 26(2), 577-590. https://doi.org.10.1007/s00006-015-0611-4 

 

Catarino, P., (2019). k-Pell, k-pell lucas and modified k-pell sedenions. Asian-European Journal of Mathematics, 12(2), 

1-10. https://doi.org/10.1142/S1793557119500189 
 

Cawagas, R. E., (2004). On the structure and zero divisors of the cayley-dickson sedenion algebra. Discussiones 

Mathematicae General Algebra and Application, 24(2), 251-265.  

 

Chan, K.C., & Dokovic, D.Z., (2018). Conjugacy class of subalgebras of the real sedenions. Canadian Mathematical 

Bulletin, 49(4), 492–507.  https://doi.org/10.4153/CMB-2006-048-6  

 

Cimen, C., (2019). On the dual jacobsthal and dual jacobsthal lucas sedenions. Erzincan University Journal of Science 

and Technology, 12(3), 1759-1766. https://doi.org/10.18185/erzifbed.539189 

 

Devi, B.M., & Devibala, S., (2021). On mersenne and mersenne−lucas sedenions. Advances and Application in 
Mathematical Science, 21(1), 383-392. 

 

Dickson, L. E., (1919). On quaternions and their generalization and the history of eight square theorem. Annals of 

Mathematics, 20(3), 155-171. 

 

Imaeda, K., & Imaeda, M., (2000). Sedenions algebra and analysis. Applied Mathematics Computation, 115(2-3), 77-88. 

https://doi.org/10.1016/S0096-3003(99)00140-X  

 

Ipek, A., & Cimen, C., (2016a). On pell quaternions and pell lucas quaternions. Advances in Applied Clifford Algebras, 

26, 39-51. https://doi.org/10.1007/s00006-015-0571-8  

 
Ipek, A., & Cimen, C., (2016b). On jacobsthal and jacobstal-lucas octonions. Mediterranean Journal of Mathematics, 

14(2), 1-13. DOI:10.1007/s00009-017-0873-2 



Gürsoy and Bektaş, 2024 • Volume 14 • Issue 3 • Page 721-734 

734 

 

Ipek, A., & Cimen, C., (2017). On jacobsthal and the jacobsthal-lucas sedenions and several identities involving these 

numbers. Mathematica Aaeterna, 7(4), 447-454. 

 

Ipek, A., Cimen, C., & Cimen, E., (2019). On horadam sedenions. Journal of Science and Arts, 4(49), 887-889. 

 

Kizilates, C., & Kirlak, S., (2022). New generalization of fibonacci and lucas type sedenions. Journal of Discrete 

Mathematical Science and Cryptography, 26(8), 2217-2228. https://doi.org/10.1080/09720529.2022.2036405 
 

Moreno, G., (1997). The zero divisors of the cayley-dickson algebras over the real numbers. 

https://doi.org/10.48550/arXiv.q-alg/9710013 

 

Soykan, Y., (2019). Tribonacci and tribonacci-lucas sedenions. Mathematics, 7(1), 74. 

https://doi.org/10.3390/math7010074 

 

Soykan, Y., Okumuş, I., & Tasdemir, E., (2020). On generalized tribonacci sedenions. Sarajevo Journal of Mathematics, 

16(29), 103-122. https://doi.org/10.48550/arXiv.1901.05312 

 

Sumer, D., (2022). Reformulation of multifluid plasma equations in terms of sedenion, [Master Thesis, Eskişehir 

Technical University Institute of Science]. 
 

Tasyurdu, Y., & Akpinar, A., (2020). Perrin octonions and perrin sedenions. Konuralp Journal of Mathematics, 8(2), 

384-390. 


