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ABSTRACT 

In this research, we discuss about ideal of matrix rings over commutative rings and its properties. 
The research of ideal in matrix rings is important because it is the basic structure for constructing 

factor rings in matrix rings. This research is a literature research that examines and develops research 

that has been done previously. We develop ideal concepts in an usually ring into matrix rings over 

commutative rings. By showing the sufficient and necessary condition of ideal of matrix rings over 

commutative rings, we show the form of ideal in matrix rings over commutative rings. Then, by 

using the properties of two ideal in a ring, we show the properties of intersection, addition and 

multiplication of two ideal in matrix rings over commutative rings. The result of this research is the 

form of ideal in matrix rings over commutative rings is the set of all matrices over the ideal in 

commutative rings. Then, the intersection, addition and multiplication of two ideal in matrix rings 

over commutative rings is also an ideal of matrix rings over commutative rings. 
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PRELIMINARY 

In group theory, a new group can be formed by using a normal subgroup, and it is 

called the factor group. In ring theory, in line with the idea of forming factor groups, the 

factor rings can be formed. In the process of forming this factors ring, it motivates the 

emergence of an ideal definition of a ring. In  ring theory, an ideal of a ring is a 

special subset of its elements. Let 𝑅 is a ring, a subset 𝐼 is called a left ideal of 𝑅  if it is an 

additive subgroup of 𝑅 that absorbs multiplication from the left by elements of 𝑅, that is, 𝐼 is 

a left ideal if 𝐼 is a subgroup of 𝑅 under addition and for all 𝑟 ∈ 𝑅 and 𝑥 ∈ 𝐼, the product 𝑟𝑥 

is in 𝐼. The discussion about properties of two ideal of ring has been studied, i.e the 

intersection, addition, and product of two ideal in a commutative ring are also ideal (Salayan 

& Siregar, 2020) and flat-ideal in integral domain in (Kim & Lim, 2020). 

Matrix is one material that is quite familiar in the discussion of mathematics. In linear 

algebra, the discussion of matrices is carried out on real or complex fields (Boyd & 

Vandenberghe, 2018), (Chasnov, 2018). Furthermore, the discussion of this matrix can be 
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extended to the ring objects. In mathematics, rings are the algebraic structures that 

generalize fields where multiplication do not have to be commutative and multiplicative 

inverses do not have to exist. In other words, a ring is a set equipped with two binary 

operations satisfying properties analogous to those of addition and multiplication of 

intergers. Ring elements may be numbers such as integers or complex numbers, but they 

may also be non-numerical objects such as polynomials, square matrices, functions, 

and power series. Then, the discussion about the extension of ring in fuzzy set has been 

studied in (Pratama, 2022). 

The discussion about the matrix over the ring has been done. The discussion about 

matrix product codes over commutativer rings has been studied in (Boulagouaz & Deajim, 

2021). Meanwhile, Furthermore, the discussion about rank of matrix over the commutative 

ring is studied by (Ismanto, 2018). Several other studies related to the ring matrix,  i.e the 

zero divisors in matrix over the commutativer ring  (Nurhayani et al., 2019). Furthermore, 

the study about clean matrix over ring of power series has been discussed in (Rugayah et al., 

2021) and (Faisol & Fitriani, 2021a). 

Suppose 𝑅 is a commutative ring and 𝑀𝑛×𝑛(𝑅) is the set of all 𝑛 × 𝑛 matrices over 

𝑅. The addition and multiplication in 𝑀𝑛×𝑛(𝑅) are defined as addition and multiplication of 

matrix as in linear algebra. The algebraic stucture of 𝑀𝑛×𝑛(𝑅) is a ring with unity under 

matrix addition and matrix multiplication, and 𝑀𝑛×𝑛(𝑅) is called matrix ring. The 

development research about matrix ring has been done. The discussion about 

characterization of matrix rings has discussed by (Peti̇k, 2021) and (Goyal & Khurana, 

2023). The development research about the exixtence of idompotent and clean elemen in 

matrix rings has been discussed in (Ambarsari et al., 2019). The discussion about matrix 

rings related to triangular matrices has been discussed among others in (Bennis et al., 2021). 

Furthermore, the discussion about matrix rings related to homomorphisme has been 

discussed among others in (Krylov & Tuganbaev, 2023) and (Faisol & Fitriani, 2021b). 

In this article, we will discuss about ideal of matrix ring 𝑀𝑛×𝑛(𝑅). We will discuss 

about the sufficient and necessary condition of ideal in matrix ring 𝑀𝑛×𝑛(𝑅). Furthermore, 

it also will discussed about the properties of ideal in matrix ring 𝑀𝑛×𝑛(𝑅). Since matrix ring 

𝑀𝑛×𝑛(𝑅) is not a commutative ring, then we will investigate enforceability the properties 

of intersection, addition, and product of two ideal in matrix ring 𝑀𝑛×𝑛(𝑅) as in (Salayan & 

Siregar, 2020). The ideal that is obtained of this research motivates the emergence potentially 

to constuct the factor ring in matrix ring 𝑀𝑛×𝑛(𝑅). 

https://en.wikipedia.org/wiki/Mathematics
https://en.wikipedia.org/wiki/Algebraic_structure
https://en.wikipedia.org/wiki/Field_(mathematics)
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https://en.wikipedia.org/wiki/Binary_operation
https://en.wikipedia.org/wiki/Addition
https://en.wikipedia.org/wiki/Multiplication
https://en.wikipedia.org/wiki/Integer
https://en.wikipedia.org/wiki/Complex_number
https://en.wikipedia.org/wiki/Polynomial
https://en.wikipedia.org/wiki/Square_matrices
https://en.wikipedia.org/wiki/Function_(mathematics)
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This section is the prelimanary topics in this research which contains subring and 

ideal with their properties in an usually rings. In a ring theory, an ideal of a ring is a 

special subset of its elements. As in integers, ideals generalize certain subsets of the integers, 

such as the even numbers or the multiples of an integers. The following definition explains 

about subring and its property in an usually rings. 

Definition 1. (Judson, 2022) Let 𝑅 be a ring and 𝑆 is a non-empty subset of  𝑅, then 𝑆 is 

called a subring of 𝑅 if 𝑆 is also a ring under the same binary operations of 𝑅. 

The following property shows the conditions for a non-empty subset of a ring is a subring. 

Lemma 2. (Judson, 2022) Let 𝑅 be a ring and 𝑆 is a non-empty subset of  𝑅. The subset 𝑆 

of 𝑅 is a subring of 𝑅 if and only if 𝑥 − 𝑦 ∈ 𝑆 and 𝑥𝑦 ∈ 𝑆 for all 𝑥, 𝑦 ∈ 𝑆. 

An ideal is a subring of a ring that has special properties. The following is given the 

definition of an ideal in a rings. 

Definition 3. (Judson, 2022) Let 𝑅 be a ring and 𝐼 is a non-empty subset of  𝑅, then 𝐼 is 

called an ideal of 𝑅 if 𝐼 subring of 𝑅 and 𝑎𝑟 ∈ 𝐼 and 𝑟𝑎 ∈ 𝐼, for all 𝑎 ∈ 𝐼, 𝑟 ∈ 𝑅. 

The following property discusses about the relation of two ideal in a special condition of 𝑅, 

i.e for 𝑅 is a commutative ring. 

Theorem 4. (Salayan & Siregar, 2020) Let 𝑅 be a commutative ring and 𝐼1, 𝐼2 is an ideal of 

𝑅, respectively, then : 

1. 𝐼1 ∩ 𝐼2 is an ideal of 𝑅 

2. 𝐼1 + 𝐼2 is an ideal of 𝑅 

3. 𝐼1𝐼2 is an ideal of 𝑅. 

 

METHODS 

This research is a literature research that examines and develops research that has 

been done previously, i.e ideal of matrix ring 𝑀𝑛×𝑛(𝑅) and investigation the properties of 

two ideal of matrix ring 𝑀𝑛×𝑛(𝑅) as in (Salayan & Siregar, 2020). The steps taken in this 

research are as follows : 

1. Literature review about the ideal of a ring and matrix ring; 

2. Show that 𝐼 is an ideal of 𝑅 is a sufficient condition for 𝑀𝑛×𝑛(𝐼) is an ideal of 

𝑀𝑛×𝑛(𝑅); 

3. Show that 𝐼 is an ideal of 𝑅 is a necessary condition for 𝑀𝑛×𝑛(𝐼) is an ideal of 

𝑀𝑛×𝑛(𝑅); 

https://en.wikipedia.org/wiki/Ring_theory
https://en.wikipedia.org/wiki/Ring_(mathematics)
https://en.wikipedia.org/wiki/Subset
https://en.wikipedia.org/wiki/Integer
https://en.wikipedia.org/wiki/Even_numbers
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4. Show that 𝑀𝑛×𝑛(𝐼1 ∩ 𝐼2) and 𝑀𝑛×𝑛(𝐼1) ∩ 𝑀𝑛×𝑛(𝐼2) is an ideal of 𝑀𝑛×𝑛(𝑅), 

respectively, and 𝑀𝑛×𝑛(𝐼1 ∩ 𝐼2) = 𝑀𝑛×𝑛(𝐼1) ∩ 𝑀𝑛×𝑛(𝐼2),  

5. Show that 𝑀𝑛×𝑛(𝐼1 + 𝐼2) and 𝑀𝑛×𝑛(𝐼1) + 𝑀𝑛×𝑛(𝐼2) is an ideal of 𝑀𝑛×𝑛(𝑅), 

respectively, and 𝑀𝑛×𝑛(𝐼1 + 𝐼2) = 𝑀𝑛×𝑛(𝐼1) + 𝑀𝑛×𝑛(𝐼2),  

6. Show that 𝑀𝑛×𝑛(𝐼1𝐼2) and 𝑀𝑛×𝑛(𝐼1)𝑀𝑛×𝑛(𝐼2) is an ideal of 𝑀𝑛×𝑛(𝑅), respectively, 

and  𝑀𝑛×𝑛(𝐼1𝐼2) = 𝑀𝑛×𝑛(𝐼1)𝑀𝑛×𝑛(𝐼2). 

The following figure is the flowchart in this research. 

 

Figure 1. Flowchart of Research 
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RESULT AND DISCUSSION 

This section is the main part of this research which contains sufficient and necessary 

conditions for ideal in matrix rings over commutative rings. Further more, it also contains 

some properties of ideal in matrix rings over commutative rings. Let 𝑀𝑛×𝑛(𝑅) is matrix 

rings over commutative rings 𝑅. The following lemma shows that 𝑀𝑛×𝑛(𝐼) is subring of 

𝑀𝑛×𝑛(𝑅), where 𝐼 is an ideal of 𝑅. 

Lemma 5. Let 𝑅 is a commutative ring. If 𝐼 is an ideal of 𝑅, then  

𝑀𝑛×𝑛(𝐼) = {𝐴|[𝐴]𝑖𝑗 ∈ 𝐼, for 𝑖, 𝑗 = 1,2, … , 𝑛} 

is a subring of 𝑀𝑛×𝑛(𝑅). 

Proof. Since 𝐼 is an ideal of 𝑅, then 𝐼 is a subring of 𝑅. Consequently, for all 𝑎, 𝑏 ∈ 𝐼, 𝑎 −

𝑏 ∈ 𝐼 and 𝑎𝑏 ∈ 𝐼. It will shown that 𝑀𝑛×𝑛(𝐼) is a subring of 𝑀𝑛×𝑛(𝑅). Let any 𝐴 = [𝑎𝑖𝑗], 

𝐵 = [𝑏𝑖𝑗] ∈ 𝑀𝑛×𝑛(𝐼), where 𝑎𝑖𝑗, 𝑏𝑖𝑗 ∈ 𝐼 and 𝑖, 𝑗 = 1,2, …𝑛. Note that  

𝐴 − 𝐵 = [𝑎𝑖𝑗] − [𝑏𝑖𝑗] = [𝑎𝑖𝑗 − 𝑏𝑖𝑗] 

𝐴𝐵 = [𝑎𝑖𝑗][𝑏𝑖𝑗] = [∑ 𝑎𝑖𝑘𝑏𝑘𝑗

𝑛

𝑘=1

]. 

Since 𝑎𝑖𝑗 , 𝑏𝑖𝑗 ∈ 𝐼 then 𝑎𝑖𝑗 − 𝑏𝑖𝑗 ∈ 𝐼 and ∑ 𝑎𝑖𝑘𝑏𝑘𝑗
𝑛
𝑘=1 ∈ 𝐼. Therefore, [𝑎𝑖𝑗 − 𝑏𝑖𝑗] ∈ 𝑀𝑛×𝑛(𝐼) 

and consequently 𝐴 − 𝐵 ∈ 𝑀𝑛×𝑛(𝐼). Furthermore, [∑ 𝑎𝑖𝑘𝑏𝑘𝑗
𝑛
𝑘=1 ] ∈ 𝑀𝑛×𝑛(𝐼) and 

consequently 𝐴𝐵 ∈ 𝑀𝑛×𝑛(𝐼). So, 𝑀𝑛×𝑛(𝐼) is a subring of 𝑀𝑛×𝑛(𝑅). ∎ 

According to Lemma 5, it is obtained the following theorem which shows the sufficient 

condition of ideal in matrix rings over commutative rings 𝑅. 

Theorem 6. Let 𝑅 is a commutative ring. If 𝐼 is an ideal of 𝑅, then  

𝑀𝑛×𝑛(𝐼) = {𝐴|[𝐴]𝑖𝑗 ∈ 𝐼, for 𝑖, 𝑗 = 1,2, … , 𝑛} 

is an ideal of 𝑀𝑛×𝑛(𝑅). 

Proof. According to Lemma 5, 𝑀𝑛×𝑛(𝐼) is a subring of 𝑀𝑛×𝑛(𝑅). Note that, for all 𝐴 =

[𝑎𝑖𝑗] ∈ M𝑛×𝑛(𝐼) and 𝑆 = [𝑠𝑖𝑗] ∈ M𝑛×𝑛(𝑅) where 𝑎𝑖𝑗 ∈ 𝐼 and 𝑠𝑖𝑗 ∈ 𝑅 , 𝑖, 𝑗 = 1,2, … , 𝑛 then 

𝐴𝑆 = [𝑎𝑖𝑗][𝑠𝑖𝑗] = [∑ 𝑎𝑖𝑘𝑠𝑘𝑗

𝑛

𝑘=1

] 

𝐴𝑆 = [𝑠𝑖𝑗][𝑎𝑖𝑗] = [∑ 𝑠𝑖𝑘𝑎𝑘𝑗

𝑛

𝑘=1

]. 

Since 𝑎𝑖𝑗 ∈ 𝐼 and 𝑠𝑖𝑗 ∈ 𝑅 for 𝑖, 𝑗 = 1,2,… , 𝑛, then 𝑎𝑖𝑗𝑠𝑖𝑗 ∈ 𝐼 and 𝑠𝑖𝑗𝑎𝑖𝑗 ∈ 𝐼. Furthermore, 

∑ 𝑎𝑖𝑘𝑠𝑘𝑗
𝑛
𝑘=1 ∈ 𝐼 and ∑ 𝑠𝑖𝑘𝑎𝑘𝑗

𝑛
𝑘=1 ∈ 𝐼. Therefore, [∑ 𝑎𝑖𝑘𝑠𝑘𝑗

𝑛
𝑘=1 ] ∈ 𝑀𝑛×𝑛(𝐼) and 



 

 

 

1276 Ideals In Matrix Rings Over Commutative Rings 

[∑ 𝑠𝑖𝑘𝑎𝑘𝑗
𝑛
𝑘=1 ] ∈ 𝑀𝑛×𝑛(𝐼). Consequently, 𝐴𝑆 ∈ 𝑀𝑛×𝑛(𝐼) and 𝑆𝐴 ∈ 𝑀𝑛×𝑛(𝐼). It is proved 

that 𝑀𝑛×𝑛(𝐼) is an ideal of 𝑀𝑛×𝑛(𝑅). ∎ 

According to Theorem 6, it is obtained that 𝐼 is an ideal of 𝑅 is a sufficient condition 

for 𝑀𝑛×𝑛(𝐼) is an ideal of 𝑀𝑛×𝑛(𝑅). Then, the following example shows the form of ideal 

in matrix ring of order 2 × 2 over the set of all integers ℤ.  

Example 7. Let 𝑛 is an integer and 𝑛ℤ is an ideal of ℤ. Then, 𝑀2×2(𝑛ℤ) is a subring of 

𝑀2×2(ℤ), and furthermore, 𝑀2×2(𝑛ℤ) is an ideal of 𝑀2×2(ℤ). ∎ 

The following properties in Lemma 8 and Theorem 9 show the neccessary condition 

of ideal in matrix rings over commutative rings 𝑅. 

Lemma 8. If 𝑀𝑛×𝑛(𝐼) = {A|[A]𝑖𝑗 ∈ 𝐼, ∀𝑖, 𝑗 = 1,2,… , 𝑛} is an ideal of 𝑀𝑛×𝑛(𝑅), then 𝐼 is a 

subring of 𝑅. 

Proof. Since 𝑀𝑛×𝑛(𝐼) is an ideal of 𝑀𝑛×𝑛(𝑅), then 𝑀𝑛×𝑛(𝐼) is a subring of 𝑀𝑛×𝑛(𝑅). So, 

for all 𝐴, 𝐵 ∈ 𝑀𝑛×𝑛(𝐼), 𝐴 − 𝐵 ∈ 𝑀𝑛×𝑛(𝐼) and 𝐴𝐵 ∈ 𝑀𝑛×𝑛(𝐼). It will shown that 𝐼 is a 

subring of 𝑅. Suppose  

E𝑘𝑘 =

[
 
 
 
 
0 ⋯ 0 ⋯ 0
⋮ ⋱ ⋮ ⋱ ⋮
0 ⋯ 1 ⋯ 0
⋮ ⋱ ⋮ ⋱ ⋮
0 ⋯ 0 ⋯ 0]

 
 
 
 

 

 

For any 𝑎, 𝑏 ∈ 𝐼, it is obtained that       

𝑎E𝑘𝑘 − 𝑏E𝑘𝑘  = 𝑎

[
 
 
 
 
0 ⋯ 0 ⋯ 0
⋮ ⋱ ⋮ ⋱ ⋮
0 ⋯ 1 ⋯ 0
⋮ ⋱ ⋮ ⋱ ⋮
0 ⋯ 0 ⋯ 0]

 
 
 
 

− 𝑏

[
 
 
 
 
0 ⋯ 0 ⋯ 0
⋮ ⋱ ⋮ ⋱ ⋮
0 ⋯ 1 ⋯ 0
⋮ ⋱ ⋮ ⋱ ⋮
0 ⋯ 0 ⋯ 0]

 
 
 
 

  

       =

[
 
 
 
 
0 ⋯ 0 ⋯ 0
⋮ ⋱ ⋮ ⋱ ⋮
0 ⋯ 𝑎 − 𝑏 ⋯ 0
⋮ ⋱ ⋮ ⋱ ⋮
0 ⋯ 0 ⋯ 0]

 
 
 
 

             

= (𝑎 − 𝑏)

[
 
 
 
 
0 ⋯ 0 ⋯ 0
⋮ ⋱ ⋮ ⋱ ⋮
0 ⋯ 1 ⋯ 0
⋮ ⋱ ⋮ ⋱ ⋮
0 ⋯ 0 ⋯ 0]

 
 
 
 

  

= (𝑎 − 𝑏)E𝑘𝑘,  

and 

row-𝑘 

column-𝑘 
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(𝑎E𝑘𝑘)(𝑏E𝑘𝑘)   = 𝑎

[
 
 
 
 
0 ⋯ 0 ⋯ 0
⋮ ⋱ ⋮ ⋱ ⋮
0 ⋯ 1 ⋯ 0
⋮ ⋱ ⋮ ⋱ ⋮
0 ⋯ 0 ⋯ 0]

 
 
 
 

𝑏

[
 
 
 
 
0 ⋯ 0 ⋯ 0
⋮ ⋱ ⋮ ⋱ ⋮
0 ⋯ 1 ⋯ 0
⋮ ⋱ ⋮ ⋱ ⋮
0 ⋯ 0 ⋯ 0]

 
 
 
 

       

=

[
 
 
 
 
0 ⋯ 0 ⋯ 0
⋮ ⋱ ⋮ ⋱ ⋮
0 ⋯ 𝑎𝑏 ⋯ 0
⋮ ⋱ ⋮ ⋱ ⋮
0 ⋯ 0 ⋯ 0]

 
 
 
 

  

= 𝑎𝑏

[
 
 
 
 
0 ⋯ 0 ⋯ 0
⋮ ⋱ ⋮ ⋱ ⋮
0 ⋯ 1 ⋯ 0
⋮ ⋱ ⋮ ⋱ ⋮
0 ⋯ 0 ⋯ 0]

 
 
 
 

  

= (𝑎𝑏)E𝑘𝑘. 

Since 𝑎, 𝑏 ∈ 𝐼, then 𝑎 is an entry of some 𝐴 ∈ 𝑀𝑛×𝑛(𝐼) and 𝑏 is also an entry of some 𝐵 ∈

𝑀𝑛×𝑛(𝐼). Since 𝐴, 𝐵 ∈ 𝑀𝑛×𝑛(𝐼), then 𝐸𝑘𝑖𝐴𝐸𝑗𝑙 = 𝑎𝐸𝑘𝑙 ∈ 𝑀𝑛×𝑛(𝐼) dan 𝐸𝑝𝑖𝐵𝐸𝑗𝑞 = 𝑏𝐸𝑝𝑞 ∈

𝑀𝑛×𝑛(𝐼) where 𝑎 = [𝐴]𝑖𝑗 dan 𝑏 = [𝐵]𝑖𝑗 for 𝑘, 𝑙, 𝑝, 𝑞 = 1,2,… , 𝑛. In order to show that 𝑎 −

𝑏 ∈ 𝐼 and 𝑎𝑏 ∈ 𝐼, it is simply taken condisition 𝑘 = 𝑙 = 𝑝 = 𝑞. Note that, for 𝑘 = 𝑙 = 𝑝 =

𝑞, it is obtained 𝑎𝐸𝑘𝑘 − 𝑏𝐸𝑘𝑘  = (𝑎 − 𝑏)𝐸𝑘𝑘 and (𝑎𝐸𝑘𝑘)(𝑏𝐸𝑘𝑘) = (𝑎𝑏)𝐸𝑘𝑘. Since 𝑎𝐸𝑘𝑘 , 𝑏𝐸𝑘𝑘 ∈

𝑀𝑛×𝑛(𝐼), then (𝑎 − 𝑏)𝐸𝑘𝑘 ∈ 𝑀𝑛×𝑛(𝐼) and (𝑎𝑏)𝐸𝑘𝑘 ∈ 𝑀𝑛×𝑛(𝐼). Therefore, 𝑎 − 𝑏 ∈ 𝐼 dan 

𝑎𝑏 ∈ 𝐼. It shows that 𝐼 is a subring of 𝑅.∎ 

Theorem 9. If M𝑛×𝑛(𝐼) = {𝐴|[𝐴]𝑖𝑗 ∈ 𝐼, ∀𝑖, 𝑗 = 1,2, … , 𝑛} is an ideal of 𝑀𝑛×𝑛(𝑅), then 𝐼 an 

ideal of 𝑅. 

Proof. According to Lemma 8, 𝐼 is a subring of 𝑅. Let any 𝑟 ∈ 𝑅 and 𝑎 ∈ 𝐼. Since 𝑟 ∈ 𝑅 

consequently 𝑟𝛪𝑛 ∈ 𝑀𝑛×𝑛(𝑅). Let 𝑎 = [𝐴]𝑖𝑗, it will shown that 𝑟𝑎 ∈ 𝐼 and 𝑎𝑟 ∈ 𝐼. Since 

𝐴 ∈ 𝑀𝑛×𝑛(𝐼), consequently 𝐸𝑘𝑖𝐴𝐸𝑗𝑙 = 𝑎𝐸𝑘𝑙 ∈ 𝑀𝑛×𝑛(𝐼) for all 𝑘, 𝑙 = 1,2,… , 𝑛. Because of 

𝑀𝑛×𝑛(𝐼) is an ideal, then (𝑟𝛪𝑛)(𝑎𝐸𝑘𝑙) = (𝑟𝑎)𝐸𝑘𝑙 ∈ 𝑀𝑛×𝑛(𝐼) and (𝑎𝐸𝑘𝑙)(𝑟𝛪𝑛) = (𝑎𝑟)𝐸𝑘𝑙 ∈

𝑀𝑛×𝑛(𝐼). Furthermore, since (𝑟𝑎)𝐸𝑘𝑙 ∈ 𝑀𝑛×𝑛(𝐼) and (𝑎𝑟)𝐸𝑘𝑙 ∈ 𝑀𝑛×𝑛(𝐼), then 𝑟𝑎 ∈ 𝐼 dan 

𝑎𝑟 ∈ 𝐼. Therefore, 𝐼 is an ideal of 𝑅. ∎ 

According to Theorem 9, it is obtained that 𝐼 is an ideal of 𝑅 is also a necessary condition 

for 𝑀𝑛×𝑛(𝐼) is an ideal of 𝑀𝑛×𝑛(𝑅). Furthermore, 𝐼 is an ideal of 𝑅 is an sufficient and 

necessary condition for 𝑀𝑛×𝑛(𝐼) is an ideal of 𝑀𝑛×𝑛(𝑅). Then, the form of ideal in matrix 

ring 𝑀𝑛×𝑛(𝑅) is  𝑀𝑛×𝑛(𝐼) for 𝐼 is an ideal of 𝑅.  

The following example shows the form of ideal in ℤ, if it is known ideal of matrix 

ring of order 𝟐 × 𝟐 over the set of all integers ℤ. 
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Example 10. Let 𝑀2×2(𝑛ℤ) is an ideal of 𝑀2×2(ℤ). Then, 𝑛ℤ for 𝑛 = 1,2,… is a subring of 

ℤ, and furthermore it is an ideal of ℤ. ∎  

The following discussion studies about the properties of two ideals in matrix rings 

over commutative rings, i.e intersection of two ideals in matrix rings over commutative 

rings. In an usual ring, suppose 𝐼1 and 𝐼2 is an ideal of ring, respectively, then 

𝐼1 ∩ 𝐼2 = {𝑥|𝑥 ∈ 𝐼1 and 𝑥 ∈ 𝐼2} 

is also an ideal of ring. The following properties discuss about applicability of ideal condition 

in the set of all matrix over 𝐼1 ∩ 𝐼2. 

Lemma 11. If 𝐼1 and 𝐼2 is an ideal of 𝑅, respectively, then 𝑀𝑛×𝑛(𝐼1 ∩ 𝐼2) is an ideal of 

𝑀𝑛×𝑛(𝑅). 

Proof. Since 𝐼1 and 𝐼2 is an ideal of 𝑅, respectively, then 𝐼1 ∩ 𝐼2 is also an ideal of 𝑅. 

Therefore, according to Theorem 6, it is obtained that 𝑀𝑛×𝑛(𝐼1 ∩ 𝐼2) is an ideal of 𝑀𝑛×𝑛(𝑅). 

∎                 

Lemma 12. If  𝐼1 and 𝐼2 is an ideal of 𝑅, respectively, then 𝑀𝑛×𝑛(𝐼1) ∩ 𝑀𝑛×𝑛(𝐼2) is also an 

ideal of 𝑀𝑛×𝑛(𝑅). 

Proof. Since 𝐼1 and 𝐼2 is an ideal of 𝑅, respectively, then according to Theorem 6, it is 

obtained that 𝑀𝑛×𝑛(𝐼1) and 𝑀𝑛×𝑛(𝐼2) is also an ideal of 𝑀𝑛×𝑛(𝑅), respectively. 

Consequently, intersection of them, 𝑀𝑛×𝑛(𝐼1) ∩ 𝑀𝑛×𝑛(𝐼2) is also an ideal of 𝑀𝑛×𝑛(𝑅). ∎ 

According to Lemma 11 and Lemma 12, it is obtained that each of 𝑀𝑛×𝑛(𝐼1 ∩ 𝐼2) 

and 𝑀𝑛×𝑛(𝐼1) ∩ 𝑀𝑛×𝑛(𝐼2) is an ideal of 𝑀𝑛×𝑛(𝑅), for 𝐼1 and 𝐼2 is an ideal of 𝑅, respectively. 

Furthermore, it will be shown that intersection of two ideals in in matrix rings over 

commutative rings i.e the form  𝑀𝑛×𝑛(𝐼1) ∩ 𝑀𝑛×𝑛(𝐼2) is equal to 𝑀𝑛×𝑛(𝐼1 ∩ 𝐼2).  

Theorem 13. If 𝐼1 and 𝐼2 is an ideal of 𝑅, respectively, then 

𝑀𝑛×𝑛(𝐼1 ∩ 𝐼2) = 𝑀𝑛×𝑛(𝐼1) ∩ 𝑀𝑛×𝑛(𝐼2). 

Proof. In order to show 𝑀𝑛×𝑛(𝐼1 ∩ 𝐼2) = 𝑀𝑛×𝑛(𝐼1) ∩ 𝑀𝑛×𝑛(𝐼2), it will shown that 

𝑀𝑛×𝑛(𝐼1 ∩ 𝐼2) ⊆ 𝑀𝑛×𝑛(𝐼1) ∩ 𝑀𝑛×𝑛(𝐼2) and 𝑀𝑛×𝑛(𝐼1) ∩ 𝑀𝑛×𝑛(𝐼2) ⊆ 𝑀𝑛×𝑛(𝐼1 ∩ 𝐼2). Let 

any 𝐴 = [𝑎𝑖𝑗] ∈ 𝑀𝑛×𝑛(𝐼1 ∩ 𝐼2) for 𝑖, 𝑗 = 1,2, … , 𝑛, then 𝑎𝑖𝑗 ∈ 𝐼1 ∩ 𝐼2. Since 𝑎𝑖𝑗 ∈ 𝐼1 ∩ 𝐼2, 

then 𝑎𝑖𝑗 ∈ 𝐼1 and 𝑎𝑖𝑗 ∈ 𝐼2. Therefore, 𝐴 ∈ 𝑀𝑛×𝑛(𝐼1) and 𝐴 ∈ 𝑀𝑛×𝑛(𝐼2). Consequently 𝐴 ∈

𝑀𝑛×𝑛(𝐼1) ∩ 𝑀𝑛×𝑛(𝐼2). So 𝑀𝑛×𝑛(𝐼1 ∩ 𝐼2) ⊆ 𝑀𝑛×𝑛(𝐼1) ∩ 𝑀𝑛×𝑛(𝐼2).  

Conversely, let any 𝐴 = [𝑎𝑖𝑗] ∈ 𝑀𝑛×𝑛(𝐼1) ∩ 𝑀𝑛×𝑛(𝐼2) for 𝑖, 𝑗 = 1,2, … , 𝑛, then it is 

obtained 𝐴 ∈ 𝑀𝑛×𝑛(𝐼1) and 𝐴 ∈ 𝑀𝑛×𝑛(𝐼2). Therefore, 𝑎𝑖𝑗 ∈ 𝐼1 and 𝑎𝑖𝑗 ∈ 𝐼2. Furthermore, 
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since 𝑎𝑖𝑗 ∈ 𝐼1 and 𝑎𝑖𝑗 ∈ 𝐼2, then 𝑎𝑖𝑗 ∈ 𝐼1 ∩ 𝐼2 and therefore, 𝐴 ∈ 𝑀𝑛×𝑛(𝐼1 ∩ 𝐼2). 

Consequently, it is obtained M𝑛×𝑛(𝐼1) ∩ M𝑛×𝑛(𝐼2) ⊆ M𝑛×𝑛(𝐼1 ∩ 𝐼2). ∎ 

According to Theorem 13, matrix over intersection of two ideals in 𝑅 is equal to 

intersection of two matrix over those ideals, i.e  𝑀𝑛×𝑛(𝐼1 ∩ 𝐼2) = 𝑀𝑛×𝑛(𝐼1) ∩ 𝑀𝑛×𝑛(𝐼2). 

The following discussion studies about the properties of two ideals in matrix rings over 

commutative rings, i.e addition of two ideals in matrix rings over commutative rings. In an 

usual ring, suppose 𝐼1 and 𝐼2 is an ideal of ring, respectively, then 

𝐼1 + 𝐼2 = {𝑥 + 𝑦|𝑥 ∈ 𝐼1 and 𝑦 ∈ 𝐼2} 

is also an ideal of ring. The following properties discuss about applicability of ideal condition 

in the set of all matrix over 𝐼1 + 𝐼2. 

Lemma 14. If 𝐼1 and 𝐼2 is an ideal of 𝑅, respectively, then 𝑀𝑛×𝑛(𝐼1 + 𝐼2) is an ideal of 

𝑀𝑛×𝑛(𝑅). 

Proof. Since 𝐼1 and 𝐼2 is an ideal of 𝑅, respectively, then 𝐼1 + 𝐼2 is also an ideal of 𝑅. 

Therefore, 𝑀𝑛×𝑛(𝐼1 + 𝐼2) is an ideal of 𝑀𝑛×𝑛(𝑅). ∎    

Lemma 15. If 𝐼1 and 𝐼2 is an ideal of 𝑅, respectively,  then 𝑀𝑛×𝑛(𝐼1) + 𝑀𝑛×𝑛(𝐼2) is also an 

ideal of 𝑀𝑛×𝑛(𝑅). 

Proof. Since 𝐼1 and 𝐼2 is an ideal of 𝑅, respectively, then each of 𝑀𝑛×𝑛(𝐼1) and 𝑀𝑛×𝑛(𝐼2) is 

also an ideal of 𝑀𝑛×𝑛(𝑅). Therefore, the set 𝑀𝑛×𝑛(𝐼1) + 𝑀𝑛×𝑛(𝐼2) is also an ideal of 

𝑀𝑛×𝑛(𝑅). ∎ 

According to Lemma 14 and Lemma 15, it is obtained that each of 𝑀𝑛×𝑛(𝐼1 + 𝐼2) 

and 𝑀𝑛×𝑛(𝐼1) + 𝑀𝑛×𝑛(𝐼2) is an ideal of 𝑀𝑛×𝑛(𝑅), for 𝐼1 and 𝐼2 is an ideal of 𝑅, respectively. 

Furthermore, it will be shown that addition of two ideals in in matrix rings over commutative 

rings i.e 𝑀𝑛×𝑛(𝐼1) + 𝑀𝑛×𝑛(𝐼2) is equal to 𝑀𝑛×𝑛(𝐼1 + 𝐼2). 

Theorem 16. If 𝐼1 and 𝐼2 is an ideal of 𝑅, respectively, then 

𝑀𝑛×𝑛(𝐼1 + 𝐼2) = 𝑀𝑛×𝑛(𝐼1) + 𝑀𝑛×𝑛(𝐼2). 

Proof. It will be shown that 𝑀𝑛×𝑛(𝐼1 + 𝐼2) ⊆ 𝑀𝑛×𝑛(𝐼1) + 𝑀𝑛×𝑛(𝐼2) and  

𝑀𝑛×𝑛(𝐼1) + 𝑀𝑛×𝑛(𝐼2) ⊆ 𝑀𝑛×𝑛(𝐼1 + 𝐼2). Let 𝐴 = [𝑎𝑖𝑗] ∈ 𝑀𝑛×𝑛(𝐼1 + 𝐼2) for 𝑖, 𝑗 =

1,2,… , 𝑛, then 𝑎𝑖𝑗 ∈ 𝐼1 + 𝐼2. Let 𝐴 = 𝐵 + 𝐶 = [𝑏𝑖𝑗 + 𝑐𝑖𝑗] where 𝑏𝑖𝑗 + 𝑐𝑖𝑗 ∈ 𝐼1 + 𝐼2 for all 

𝑖, 𝑗 = 1,2,… , 𝑛. Since 𝑎𝑖𝑗 ∈ 𝐼1 + 𝐼2, then 𝑎𝑖𝑗 = 𝑏𝑖𝑗 + 𝑐𝑖𝑗 for 𝑏𝑖𝑗 ∈ 𝐼1 and 𝑐𝑖𝑗 ∈ 𝐼2. Therefore 

𝐵 = [𝑏𝑖𝑗] ∈ 𝑀𝑛×𝑛(𝐼1) and 𝐶 = [𝑐𝑖𝑗] ∈ 𝑀𝑛×𝑛(𝐼2). Because of 𝐴 = 𝐵 + 𝐶, then  

𝐴 ∈ 𝑀𝑛×𝑛(𝐼1) + 𝑀𝑛×𝑛(𝐼2). So, it is shown that 𝑀𝑛×𝑛(𝐼1 + 𝐼2) ⊆ 𝑀𝑛×𝑛(𝐼1) + 𝑀𝑛×𝑛(𝐼2).  
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Conversely, let 𝐴 = [𝑎𝑖𝑗] ∈ 𝑀𝑛×𝑛(𝐼1) + 𝑀𝑛×𝑛(𝐼2) for all 𝑖, 𝑗 = 1,2,… , 𝑛. Suppose 

𝐴 = 𝐵 + 𝐶 where 𝐵 = [𝑏𝑖𝑗] ∈ 𝑀𝑛×𝑛(𝐼1) and 𝐶 = [𝑐𝑖𝑗] ∈ 𝑀𝑛×𝑛(𝐼2). Therefore, 𝑏𝑖𝑗 ∈ 𝐼1 and 

𝑐𝑖𝑗 ∈ 𝐼2. Consequently 𝑏𝑖𝑗 + 𝑐𝑖𝑗 = 𝑎𝑖𝑗 ∈ 𝐼1 + 𝐼2, and it is obtained 𝐴 ∈ 𝑀𝑛×𝑛(𝐼1 + 𝐼2). So, 

𝑀𝑛×𝑛(𝐼1) + 𝑀𝑛×𝑛(𝐼2) ⊆ 𝑀𝑛×𝑛(𝐼1 + 𝐼2). ∎ 

According to Theorem 16, matrix over the sum of two ideals in 𝑅 is equal to the sum 

of two matrix over those ideals, i.e  𝑀𝑛×𝑛(𝐼1 + 𝐼2) = 𝑀𝑛×𝑛(𝐼1) + 𝑀𝑛×𝑛(𝐼2). The following 

discussion studies about the properties of two ideals in matrix rings over commutative rings, 

i.e multiplication of two ideals in matrix rings over commutative rings. In an usual ring, 

suppose 𝐼1 and 𝐼2 is an ideal of ring, respectively, then 

𝐼1𝐼2 = {∑𝑝𝑖𝑞𝑖

𝑛

𝑖=1

|𝑝𝑖 ∈ 𝐼1, 𝑞𝑖 ∈ 𝐼2, 𝑛 = 1,2,… } 

is also an ideal of ring. The following properties discuss about applicability of ideal condition 

in the set of all matrix over 𝐼1𝐼2. 

Lemma 17. If 𝐼1 and 𝐼2 is an ideal of 𝑅, respectively, then 𝑀𝑛×𝑛(𝐼1𝐼2) is an ideal of 

𝑀𝑛×𝑛(𝑅). 

Proof. According to the properties in an usual ring, if 𝐼1 and 𝐼2 is an ideal of 𝑅, respectively, 

then 𝐼1𝐼2 is also an ideal of 𝑅. Therefore, using Theorem 2, it is obtained M𝑛×𝑛(𝐼1𝐼2) is an 

ideal of M𝑛×𝑛(𝑅).∎ 

Lemma 18. If 𝐼1 and 𝐼2 an ideal of 𝑅, respectively, then 𝑀𝑛×𝑛(𝐼1)𝑀𝑛×𝑛(𝐼2) is an ideal of 

𝑀𝑛×𝑛(𝑅). 

Proof. Note that 𝐼1 and 𝐼2 is an ideal of 𝑅, respectively. Therefore, 𝑀𝑛×𝑛(𝐼1) and 𝑀𝑛×𝑛(𝐼2) 

is also an ideal of 𝑀𝑛×𝑛(𝑅), respectively. Consequently, 𝑀𝑛×𝑛(𝐼1)𝑀𝑛×𝑛(𝐼2) is also an ideal 

of 𝑀𝑛×𝑛(𝑅). ∎ 

According to Lemma 17 and Lemma 18, it is obtained that each of 𝑀𝑛×𝑛(𝐼1𝐼2) and 

𝑀𝑛×𝑛(𝐼1).𝑀𝑛×𝑛(𝐼2) is an ideal of 𝑀𝑛×𝑛(𝑅), for 𝐼1 and 𝐼2 is an ideal of 𝑅, respectively. Then, 

it will be shown that multiplication of two ideals in in matrix rings over commutative rings 

i.e 𝑀𝑛×𝑛(𝐼1)𝑀𝑛×𝑛(𝐼2) is equal to 𝑀𝑛×𝑛(𝐼1𝐼2). 

Theorem 19. If 𝐼1 and 𝐼2 is an ideal of 𝑅, respectively, then  

𝑀𝑛×𝑛(𝐼1𝐼2) = 𝑀𝑛×𝑛(𝐼1)𝑀𝑛×𝑛(𝐼2) 

Proof. It will be shown that 𝑀𝑛×𝑛(𝐼1𝐼2) ⊆ 𝑀𝑛×𝑛(𝐼1)𝑀𝑛×𝑛(𝐼2) and 𝑀𝑛×𝑛(𝐼1)𝑀𝑛×𝑛(𝐼2) ⊆

𝑀𝑛×𝑛(𝐼1𝐼2). Let 𝐴 = [𝑎𝑖𝑗] ∈ 𝑀𝑛×𝑛(𝐼1𝐼2) for 𝑖, 𝑗 = 1,2, … , 𝑛, then 𝑎𝑖𝑗 ∈ 𝐼1𝐼2. Suppose 𝐴 =

𝐵𝐶 where 𝐵𝐶 = [∑ 𝑏𝑖𝑘𝑐𝑘𝑗
𝑛
𝑘=1 ] and ∑ 𝑏𝑖𝑘𝑐𝑘𝑗

𝑛
𝑘=1 ∈ 𝐼1𝐼2 for all  𝑖, 𝑗 = 1,2, … , 𝑛. Since 𝑎𝑖𝑗 ∈
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𝐼1𝐼2, then it can be written as 𝑎𝑖𝑗 = ∑ 𝑏𝑖𝑘𝑐𝑘𝑗
𝑛
𝑘=1  for all 𝑏𝑖𝑗 ∈ 𝐼1 and 𝑐𝑖𝑗 ∈ 𝐼2. Therefore, 𝐵 =

[𝑏𝑖𝑗] ∈ 𝑀𝑛×𝑛(𝐼1) and 𝐶 = [𝑐𝑖𝑗] ∈ 𝑀𝑛×𝑛(𝐼2). Since 𝐴 = 𝐵𝐶 then matrix 𝐴 ∈

𝑀𝑛×𝑛(𝐼1)𝑀𝑛×𝑛(𝐼2). So, it is obtained that 𝑀𝑛×𝑛(𝐼1𝐼2) ⊆ 𝑀𝑛×𝑛(𝐼1)𝑀𝑛×𝑛(𝐼2).  

 Conversely, let 𝐴 = [𝑎𝑖𝑗] ∈ 𝑀𝑛×𝑛(𝐼1)𝑀𝑛×𝑛(𝐼2) for 𝑖, 𝑗 = 1,2, … , 𝑛. Suppose 𝐴 =

𝐵𝐶 where 𝐵 = [𝑏𝑖𝑗] ∈ 𝑀𝑛×𝑛(𝐼1) and 𝐶 = [𝑐𝑖𝑗] ∈ 𝑀𝑛×𝑛(𝐼2). Therefore, 𝑏𝑖𝑗 ∈ 𝐼1 and 𝑐𝑖𝑗 ∈

𝐼2. Note that ∑ 𝑏𝑖𝑘𝑐𝑘𝑗
𝑛
𝑘=1 = 𝑎𝑖𝑗 ∈ 𝐼1𝐼2, so then 𝐴 ∈ 𝑀𝑛×𝑛(𝐼1𝐼2). Consequently, 

𝑀𝑛×𝑛(𝐼1)𝑀𝑛×𝑛(𝐼2) ⊆ 𝑀𝑛×𝑛(𝐼1𝐼2). Therefore, 𝑀𝑛×𝑛(𝐼1𝐼2) = 𝑀𝑛×𝑛(𝐼1)𝑀𝑛×𝑛(𝐼2).∎ 

 According to Theorem 19, matrix over the multiplication of two ideals in 𝑅 is equal 

to the multiplication of two matrix over those ideals, i.e 𝑀𝑛×𝑛(𝐼1𝐼2) = 𝑀𝑛×𝑛(𝐼1)𝑀𝑛×𝑛(𝐼2). 

The following example discusses about the intersection, addition and multiplication of two 

ideals in 𝑀𝑛×𝑛(ℤ).  

Example 20. Suppose that the set of all integers ℤ is a commutative ring with unity. 

Therefore, 𝑀2×2(ℤ) is a matrix ring. Note that 2ℤ and 5ℤ is an ideal of ℤ, respectively. Since 

2ℤ and 5ℤ is an ideal of ℤ, respectively, then 𝑀2×2(2ℤ) and 𝑀2×2(4ℤ) is also an ideal of 

𝑀2×2(ℤ), respectively. Consequently, each of form 𝑀2×2(2ℤ) ∩ 𝑀2×2(4ℤ), 𝑀2×2(2ℤ) +

𝑀2×2(4ℤ) and 𝑀2×2(2ℤ)𝑀2×2(4ℤ) is also an ideals of 𝑀2×2(ℤ), respectively. Furthermore, 

it is obtained that 𝑀2×2(2ℤ) ∩ 𝑀2×2(4ℤ) = 𝑀2×2(2ℤ ∩ 4ℤ), 𝑀2×2(2ℤ) + 𝑀2×2(4ℤ) =

𝑀2×2(2ℤ + 4ℤ) and 𝑀2×2(2ℤ)𝑀2×2(4ℤ) = 𝑀2×2(2ℤ4ℤ). ∎ 

 

CONCLUSION 

Let 𝑅 is a ring commutative and 𝐼 is an ideal of 𝑅. Then, 𝐼 is an ideal of 𝑅 is a 

sufficient and also necessary condition for 𝑀𝑛×𝑛(𝐼) is an ideal of matrix ring 𝑀𝑛×𝑛(𝑅). So, 

the form ideal of matrix ring 𝑀𝑛×𝑛(𝑅) is 𝑀𝑛×𝑛(𝐼), for 𝐼 is an ideal of 𝑅. Furthermore, if 𝐼1 

and 𝐼2 is an ideal of 𝑅, then both of  𝑀𝑛×𝑛(𝐼1 ∩ 𝐼2) and 𝑀𝑛×𝑛(𝐼1) ∩ 𝑀𝑛×𝑛(𝐼2) is also an ideal 

of 𝑀𝑛×𝑛(𝑅), and it is obtained 𝑀𝑛×𝑛(𝐼1 ∩ 𝐼2) = 𝑀𝑛×𝑛(𝐼1) ∩ 𝑀𝑛×𝑛(𝐼2). Moreover, each of 

𝑀𝑛×𝑛(𝐼1 + 𝐼2) and 𝑀𝑛×𝑛(𝐼1) + 𝑀𝑛×𝑛(𝐼2) is also an ideal of 𝑀𝑛×𝑛(𝑅), and it is obtained 

𝑀𝑛×𝑛(𝐼1 + 𝐼2) = 𝑀𝑛×𝑛(𝐼1) + 𝑀𝑛×𝑛(𝐼2). Besides that, 𝑀𝑛×𝑛(𝐼1𝐼2) and 𝑀𝑛×𝑛(𝐼1)𝑀𝑛×𝑛(𝐼2) 

is also an ideal of  𝑀𝑛×𝑛(𝑅), respectively, and it also be obtained 𝑀𝑛×𝑛(𝐼1𝐼2) =

𝑀𝑛×𝑛(𝐼1)𝑀𝑛×𝑛(𝐼2).  

The future research can be done on investigation of the factor ring in matrix ring 

𝑀𝑛×𝑛(𝑅). Ideal 𝑀𝑛×𝑛(𝐼) in 𝑀𝑛×𝑛(𝑅) can potentially be used to construct the factor ring in 

matrix ring 𝑀𝑛×𝑛(𝑅). 

 



 

 

 

1282 Ideals In Matrix Rings Over Commutative Rings 

REFERENCES 

Ambarsari, I. F., Sulandra, I. M., & Irawati, S. (2019). Existence of Clean Elements in 

Matrix Ring over Z. Konferensi Nasional Penelitian Matematika Dan 

Pembelajarannya (KNPMP) IV Universitas Muhammadiyah Surakarta, 27 Maret 

2019, M35. https://proceedings.ums.ac.id/index.php/knpmp/article/view/2043 

Bennis, D., El Maaouy, R., García Rozas, J. R., & Oyonarte, L. (2021). Relative Gorenstein 

Dimensions over Triangular Matrix Rings. Mathematics, 9(21), 1–28. 

https://doi.org/10.3390/math9212676 

Boulagouaz, M., & Deajim, A. (2021). Matrix-Product Codes over Commutative Rings and 

Constructions Arising from σ , δ -Codes. Journal of Mathematics, 2021, 1–10. 

https://doi.org/10.1155/2021/5521067 

Boyd, S., & Vandenberghe, L. (2018). Introduction to Applied Linear Algebra: Vectors, 

Matrices, and Least Squares (1st ed.). Cambridge University Press & Assessment. 

https://doi.org/10.1017/9781108583664 

Chasnov, J. R. (2018). Matrix Algebra for Engineers. The Hongkong University of Science 

and technology. 

Faisol, A., & Fitriani, F. (2021a). The Ring Homomorphisms of Matrix Rings over Skew 

Generalized Power Series Rings. Cauchy : Jurnal Matematika Murni Dan Aplikasi, 

7(1), 129–135. https://doi.org/10.18860/ca.v7i1.13001 

Faisol, A., & Fitriani, F. (2021b). The Ring Homomorphisms of Matrix Rings over Skew 

Generalized Power Series Rings. Cauchy : Jurnal Matematika Murni Dan Aplikasi, 

7(1), 129–135. https://doi.org/10.18860/ca.v7i1.13001 

Goyal, D. R., & Khurana, D. (2023). A Characterization of Matrix Rings. Bulletin of 

Australian Mathematical Society, 107(1), 95–101. 

 https://doi.org/10.1017/S0004972722000697 

Ismanto, I. (2018). Perluasan Sifat Rank Matriks Bujur Sangkar atas Ring Komutatif 

Ditinjau dari Determinannya. Journal of Mathematics Education and Science, 

1(April), 21–28. https://doi.org/10.32665/james.v1iApril.13 

Judson, T. W. (2022). Abstract Algebra: Theory and Applications. Stephen F Austin State 

University. 

Kim, H., & Lim, J. W. (2020). Integral Domains in Which Every Nonzero w-Flat Ideal Is 

w-Invertible. Mathematics, 8(2), 1–11. https://doi.org/10.3390/math8020247 

Krylov, P., & Tuganbaev, A. (2023). Formal Matrix Rings: Isomorphism Problem. 

Mathematics, 11(7), 1–5. https://doi.org/10.3390/math11071720 

Nurhayani, M., Thresye, T., & Huda, N. (2019). Pembagi Nol pada Matriks atas Ring 

Komutatif. Jurnal Matematika Murni dan Terapan : Epsilon, 13(1), 56–64. 

https://doi.org/10.20527/epsilon.v13i1.1326 

Peti̇k, T. (2021). On Characterization of Tripotent Matrices in Triangular Matrix Rings. 

Turkish Journal of Mathematics, 45(5), 1914–1926. https://doi.org/10.3906/mat-

2103-109 

Pratama, D. (2022). Kernel dan Sifatnya pada Translasi Naik dan Turun Ring Fuzzy 

Intuitionistik. Mathline : Jurnal Matematika Dan Pendidikan Matematika, 7(1), 40–

52. https://doi.org/10.31943/mathline.v7i1.257 

Rugayah, S., Faisol, A., & Fitriani, F. (2021). Matriks atas Ring Deret Pangkat 

Tergeneralisasi Miring. BAREKENG: Jurnal Ilmu Matematika dan Terapan, 15(1), 

157–166. https://doi.org/10.30598/barekengvol15iss1pp157-166 

Salayan, M., & Siregar, M. A. P. (2020). Studi Tentang Koleksi Ideal Dalam Ring 

Komutatif. Prosiding Seminar Hasil Penelitian 2020 Universitas Muslim Nusantara 

Al Washliyah, 189–197.  

https://e-prosiding.umnaw.ac.id/index.php/penelitian/article/view/744 


