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Abstract. The basic concept in algebra namely set theory can be expanded into rough set 
theory. Basic operations on the set such as intersections, unions, differences, and 
complements still apply to rough sets. In addition, one of the applications on rough sets is 
the use of rough matrices in decision-making processes. Furthermore, mathematical or 
informatic researchers who work on rough sets connect the concept of rough sets with 
algebraic structures (e.g. groups, rings, and modules) so that a concept called rough 
algebraic structures is obtained. Since the research related to rough sets is mostly carried 
out at the same time, different concepts have emerged related to rough sets and rough 
algebraic structures. In this paper, new definitions of the rough ring and rough subring will 
be given along with related examples and theorems. Furthermore, it will also be defined the 
left ideal and the right ideal of the rough ring along with examples. Finally, we will discuss 
the theorem regarding rough ideals. 
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I. INTRODUCTION AND BASIC THEORY

In 1982, Pawlak introduced the notion of rough set [1]. Before we consider the definition of 
a rough set, we need to consider the definition of approximation space, equivalence relation, 
lower and upper approximation, and boundary. 

Definition 1.1 [1] Suppose 𝑈𝑈 is a universe and non-empty set and 𝛽𝛽 is an equivalence relation 
on 𝑈𝑈. The set (𝑈𝑈,𝛽𝛽) is said to be an approximation space. 

Definition 1.2 [1] Suppose 𝑈𝑈 is a universe and 𝛽𝛽 be an equivalence relation on 𝑈𝑈. We denote 
the equivalence class of object 𝑥𝑥 in 𝑅𝑅 by [𝓍𝓍]𝛽𝛽 . 

Definition 1.3 [1] Suppose (𝑈𝑈,𝛽𝛽) is an approximation space and 𝒳𝒳 is a subset of 𝑈𝑈. The sets 
𝒳𝒳 = �𝓍𝓍�[𝓍𝓍]𝛽𝛽 ∩ 𝒳𝒳 ≠ ∅�, 𝒳𝒳 = �𝓍𝓍|[𝓍𝓍]𝛽𝛽 ⊆ 𝒳𝒳�, and 𝐵𝐵𝐵𝐵𝐵𝐵(𝒳𝒳) = 𝒳𝒳 −𝒳𝒳 are called upper 
approximation, lower approximation, and boundary of 𝒳𝒳. In other reference like [2] and [3], 
the notation of lower and upper approximation are 𝐴𝐴𝐴𝐴𝐴𝐴(𝒳𝒳) and 𝐴𝐴𝐴𝐴𝐴𝐴(𝒳𝒳) respectively. 

Definition 1.4 [1] Let 𝑈𝑈 is an approximation space and 𝒳𝒳 is a subset of 𝑈𝑈. 𝒳𝒳 is called a rough 
set in (𝑈𝑈,𝛽𝛽) if and only if 𝐵𝐵𝐵𝐵𝐵𝐵(𝒳𝒳) ≠ ∅.  

To clarify Definition 1.4, an example will be formed as an explanation of Definition 1.4.   
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Example 1.5 Let 𝑈𝑈 = {𝑚𝑚1,𝑚𝑚2,𝑚𝑚3,𝑚𝑚4,𝑚𝑚5,𝑚𝑚6} and the equivalence class of 𝑈𝑈 are 

�
𝜉𝜉1 = {𝑚𝑚1,𝑚𝑚3,𝑚𝑚5}
𝜉𝜉2 = {𝑚𝑚2,𝑚𝑚4}
𝜉𝜉3 = {𝑚𝑚6}

Furthermore, define 𝒳𝒳 = {𝑚𝑚1,𝑚𝑚2}. Then, we get 𝒳𝒳 = {𝑚𝑚1,𝑚𝑚2,𝑚𝑚3,𝑚𝑚4,𝑚𝑚5} and 𝒳𝒳 = ∅. 
Because 𝐵𝐵𝐵𝐵𝐵𝐵(𝒳𝒳) ≠ ∅, then we can deduce that 𝒳𝒳 is a rough set.  

Furthermore, we have another definition of a rough set. 

Definition 1.6 [2] Let 𝑈𝑈 is an approximation space. A set (𝐴𝐴,𝐵𝐵) ∈ 𝑃𝑃(𝑈𝑈) × 𝑃𝑃(𝑈𝑈) is said to be 
a rough set in (𝑈𝑈,𝛽𝛽) if and only if (𝐴𝐴,𝐵𝐵) = 𝐴𝐴𝐴𝐴𝐴𝐴(𝒳𝒳) for some 𝑌𝑌 ∈ 𝑃𝑃(𝑈𝑈).  

Note that, the difference is in Definition 1.4, a rough set is 𝒳𝒳 and in Definition 1.6, a rough 
set is 𝐴𝐴𝐴𝐴𝐴𝐴(𝒳𝒳).  

Furthermore, there is an application of a rough set. One of the application is in decision-
making using rough matrix [4],[5]. Furthermore, in the algebraic structure, we are familiar with 
the concept of groups, rings, and modules [6],[7]. By linking a concept of a rough set and 
algebraic structure, then we get a concept of algebraic structure with a rough set called rough 
algebraic structure. Furthermore, we will remembrance the definition of a rough group.  

Definition 1.7 [8],[9] Assume 𝐾𝐾 = (𝑈𝑈,𝛽𝛽) be an approximation space and ∗ be a binary 
operation defined on 𝑈𝑈. Then, 𝒢𝒢 ⊂ 𝑈𝑈 is called a rough group if the following properties are 
satisfied: 
1. For every 𝐴𝐴, 𝑞𝑞 ∈ 𝒢𝒢, then 𝐴𝐴 ∗ 𝑞𝑞 ∈ 𝒢𝒢;
2. For every 𝐴𝐴, 𝑞𝑞, 𝐴𝐴 ∈ 𝒢𝒢, then 𝐴𝐴 ∗ (𝑞𝑞 ∗ 𝐴𝐴) = (𝐴𝐴 ∗ 𝑞𝑞) ∗ 𝐴𝐴 or associative property holds in 𝒢𝒢;
3. There exists 𝑒𝑒 ∈ 𝒢𝒢 such that for every 𝐴𝐴 ∈ 𝒢𝒢, then 𝐴𝐴 ∗ 𝑒𝑒 = 𝑒𝑒 ∗ 𝐴𝐴 = 𝐴𝐴; 
4. For every 𝐴𝐴 ∈ 𝒢𝒢, there exists 𝑞𝑞 ∈ 𝒢𝒢 such that 𝐴𝐴 ∗ 𝑞𝑞 = 𝑞𝑞 ∗ 𝐴𝐴 = 𝑒𝑒.

Furthermore, we have the theorem of subset 𝐽𝐽 is said to be a rough subgroup of 𝒢𝒢.  

Theorem 1.8 [8] Suppose 𝒥𝒥 ⊆ 𝒢𝒢 where 𝒢𝒢 is a rough group. Then, 𝒥𝒥 is said to be a rough 
subgroup if this condition is satisfied: 
1. For every 𝐴𝐴, 𝑞𝑞 ∈ 𝒥𝒥, then 𝐴𝐴 ∗ 𝑞𝑞 ∈ 𝒥𝒥;
2. For every 𝐴𝐴 ∈ 𝒥𝒥, then 𝐴𝐴−1 ∈ 𝒥𝒥.

Next, we have the definition of rough semigroup

Definition 1.9 [10] Let 𝐾𝐾 = (𝑈𝑈,𝛽𝛽) be an approximation space and (∗) be a binary operation 
defined on 𝑈𝑈. A set 𝑇𝑇 ⊆ 𝑈𝑈 is said to be a rough semigroup on approximation space if these 
conditions is satisfied: 
1. For every 𝐴𝐴, 𝑞𝑞 ∈ 𝑇𝑇, 𝑥𝑥 ∗ 𝑦𝑦 ∈ 𝑇𝑇;
2. For every 𝐴𝐴, 𝑞𝑞, 𝐴𝐴 ∈ 𝑇𝑇, (𝐴𝐴 ∗ 𝑞𝑞) ∗ 𝐴𝐴 = 𝐴𝐴 ∗ (𝑞𝑞 ∗ 𝐴𝐴).

Furthermore, we have the definition of a rough ring.

Definition 1.10 [3],[11] Let " + " and " ∗ " are operation in 𝐴𝐴𝐴𝐴𝐴𝐴(ℛ). Then, (𝐴𝐴𝐴𝐴𝐴𝐴(ℛ), +,∗) is 
called a rough ring if these conditions is satisfied: 
1. (𝐴𝐴𝐴𝐴𝐴𝐴(ℛ), +) is a rough commutative addition group;
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2. (𝐴𝐴𝐴𝐴𝐴𝐴(ℛ),∗) is a rough semigroup;
3. For every 𝐴𝐴, 𝑞𝑞, 𝐴𝐴 ∈ 𝐴𝐴𝐴𝐴𝐴𝐴(ℛ), then (𝐴𝐴 + 𝑞𝑞) ∗ 𝐴𝐴 = 𝐴𝐴 ∗ 𝑞𝑞 + 𝑞𝑞 ∗ 𝐴𝐴 and 𝐴𝐴 ∗ (𝑞𝑞 + 𝐴𝐴) = 𝐴𝐴 ∗ 𝑞𝑞 +

𝐴𝐴 ∗ 𝐴𝐴. 
Next, in rough algebraic structure, we also have a definition of rough modules [12] and

rough G-modules [13]. Furthermore, we can also associate the concept of vector spaces with 
rough sets. Thus, we have a concept namely rough vector spaces [14]. 

In this paper, we will modify Definition 1.10 by replacing rough rings 𝐴𝐴𝐴𝐴𝐴𝐴(ℛ) with rough 
rings 𝑅𝑅 and improve its distributive properties. Furthermore, based on a new definition of rough 
rings 𝑅𝑅, we will define rough subrings and give some examples of rough rings and rough 
subrings. Furthermore, we will also attest to the theorem related to subrings. Furthermore, 
based on a new definition of rough rings and rough subrings, we will define rough ideals and 
give some examples of rough ideals. Furthermore, we will attest that ℑ1 ∩ ℑ2 and ℑ1 + ℑ2 are 
rough ideals in ℛ and (ℑ1 ∪ ℑ2) ⊆ ℑ1 + ℑ2 but the opposite is not necessarily the case. For 
more details, the research flow is shown in the following research-resistant diagram. 

Figure 1. Research-resistant diagram 

II. RESULT AND DISCUSSION

In this part, we will discuss another definition and notion of rough rings, rough subrings, 
and rough ideals. 

Definition 2.1 Suppose ℛ is a rough set. Define the operation in ℛ as " + " and " ∗ " with + 
and ∗ are addition and multiplication in ℛ respectively. Then, the algebraic system (ℛ, +,∗) is 
said to be a rough ring if all condition below are satisfied: 
1. (ℛ, +) is a rough commutative group;
2. (ℛ,∗) is a rough semigroup or ℛ satisfied associative property;
3. For every 𝐴𝐴, 𝑞𝑞, 𝐴𝐴 ∈ ℛ, then (𝐴𝐴 + 𝑞𝑞) ∗ 𝐴𝐴 = 𝐴𝐴 ∗ 𝐴𝐴 + 𝑞𝑞 ∗ 𝐴𝐴 and 𝐴𝐴 ∗ (𝑞𝑞 + 𝐴𝐴) = 𝐴𝐴 ∗ 𝑞𝑞 + 𝐴𝐴 ∗ 𝐴𝐴 

holds in ℛ� .
If we compared it to Definition 1.10, there is a slight difference from Definition 2.1. The

difference is that, Definition 1.10 uses 𝐴𝐴𝐴𝐴𝐴𝐴(ℛ) as a set. Meanwhile, Definition 2.1 uses ℛ as a 
set. Furthermore, the right and left distributive properties in Definition 1.10 simply apply 
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without any further explanation. Whereas, in Definition 2.1 the right and left distributive 
properties should hold in ℛ.  

Example 2.2 Let 𝑈𝑈 = ℤ20. For every 𝑎𝑎1,𝑎𝑎2 ∈ 𝑈𝑈, Define an equivalence relation 𝑎𝑎1 − 𝑎𝑎2 = 3𝑘𝑘 
for some 𝑘𝑘 ∈ ℝ. Then, the equivalence class of 𝑈𝑈 are 

𝜉𝜉1 = {1, 4, 7, 10, 13, 16, 19}
𝜉𝜉2 = {2, 5, 8, 11, 14, 17}
𝜉𝜉3 = {0, 3, 6, 9, 12, 15, 18}

 

Furthermore, let ℛ = {0, 1, 3, 5, 7, 9, 11}. Then we obtain lower approximation and upper 
approximation of 𝑌𝑌 are ℛ = ∅ and ℛ = ξ1 ∪ 𝜉𝜉2 ∪ 𝜉𝜉3 respectively. Furthermore, because 
𝐵𝐵𝐵𝐵𝐵𝐵(ℛ) ≠ ∅, we can deduce that ℛ is a rough set. Furthermore, define an operation +20 (sum 
of integer modulo 20) in ℛ Here is a table of set ℛ with operation +20.  

Table 1. operation on element ℛ with operation +20 
+20 0 1 3 5 7 9 11 13 15 17 19 
0 0 1 3 5 7 9 11 13 15 17 19 
1 1 2 4 6 8 10 12 14 16 18 0 
3 3 4 6 8 10 12 14 16 18 0 2 
5 5 6 8 10 12 14 16 18 0 2 4 
7 7 8 10 12 14 16 18 0 2 4 6 
9 9 10 12 14 16 18 0 2 4 6 8 

11 11 12 14 16 18 0 2 4 6 8 10 

We will indicate that (ℛ, +20) is a rough commutative group. 
1. For every 𝐴𝐴, 𝑞𝑞 ∈ ℛ, then 𝐴𝐴 +20 𝑞𝑞 ∈ ℛ;
2. For every 𝐴𝐴, 𝑞𝑞, 𝐴𝐴 ∈ ℛ, then (𝐴𝐴 +20 𝑞𝑞)+20𝐴𝐴 = 𝐴𝐴+20(𝑞𝑞 +20 𝐴𝐴) or ℛ is satisfied associative

property;
3. There is rough identity element 𝑒𝑒 ∈ ℛ that is 𝑒𝑒 = 0 such that for each 𝑥𝑥 ∈ ℛ, 𝑒𝑒+20𝐴𝐴 =

𝐴𝐴+20𝑒𝑒 = 𝐴𝐴; 
Table 2. Inverse element of ℛ 

0 1 3 5 7 9 11 13 15 17 19 

0 19 17 15 13 11 9 7 5 3 1 

4. Based on Table 2, For each 𝐴𝐴 ∈ ℛ, there is 𝑞𝑞 = 𝐴𝐴−1 ∈ ℛ such that 𝐴𝐴+20𝑞𝑞 = 𝑒𝑒;

5. For every 𝐴𝐴, 𝑞𝑞 ∈ ℛ, 𝐴𝐴 +20 𝑞𝑞 = 𝑞𝑞 +20 𝐴𝐴. 
Thus, (ℛ, +20) is a rough commutative group.

Next, we define the multiplication in ℛ as ∗20. We will attest that ℛ is a rough ring. 
1. For every 𝐴𝐴, 𝑞𝑞, 𝐴𝐴 ∈ ℛ, then 𝐴𝐴 ∗20 (𝑞𝑞 ∗20 𝐴𝐴) = (𝐴𝐴 ∗20 𝑞𝑞) ∗20 𝐴𝐴 or ℛ is a semigroup;
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2. For every 𝐴𝐴, 𝑞𝑞, 𝐴𝐴 ∈ ℛ, then 𝐴𝐴 ∗20 (𝑞𝑞+20𝐴𝐴) = 𝐴𝐴 ∗20 𝑞𝑞 + 𝐴𝐴 ∗20 𝐴𝐴 and (𝐴𝐴 +20 𝑞𝑞) ∗20 𝐴𝐴 =
𝐴𝐴 ∗20 𝐴𝐴 + 𝑞𝑞 ∗20 𝐴𝐴 holds in ℛ� .

Thus, we can deduce that (ℛ, +20,∗20) is a rough ring.  

Furthermore, we will define a notion of rough subrings. 

Definition 2.3 Suppose 𝒳𝒳 is a rough ring with 𝒵𝒵 ⊆ 𝒳𝒳. 𝒵𝒵 is said to be a rough subring of 𝒳𝒳 if 
𝒵𝒵 is a rough ring with the same operation as 𝒳𝒳. 

On the other hand, we have a modified theorem to indicate that 𝒵𝒵 is a subring of 𝒳𝒳. For the 
subring-related theorem, see [15]. 

Theorem 2.4 Suppose 𝒵𝒵 is a nonempty rough subset of a rough ring (ℛ, +, ∗). 𝒵𝒵 is called a 
rough subring of ℛ if and only if for every 𝑧𝑧1, 𝑧𝑧2 ∈ 𝒵𝒵 the following condition is satisfied: 
1. 𝑧𝑧1 − 𝑧𝑧2 ∈ 𝒵𝒵;
2. 𝑧𝑧1 ∗ 𝑧𝑧2 ∈ 𝒵𝒵
Proof: (⇒) We know that 𝒵𝒵 is a rough subring of (ℛ, +,∗). Based on the definition of rough
subrings, 𝒵𝒵 is also a rough ring. Thus, we obtain that for every 𝑧𝑧1, 𝑧𝑧2 ∈ 𝒵𝒵, then 𝑧𝑧1 − 𝑧𝑧2 ∈ 𝒵𝒵
and 𝑧𝑧1 ∗ 𝑧𝑧2 ∈ 𝒵𝒵.
 (⇐) For every 𝑧𝑧1, 𝑧𝑧2 ∈ 𝒵𝒵, 𝑧𝑧1 − 𝑧𝑧2 ∈ 𝒵𝒵 and 𝑧𝑧1 ∗ 𝑧𝑧2 ∈ 𝒵𝒵. Because for all 𝑧𝑧1, 𝑧𝑧2 ∈ 𝒵𝒵, the first 
condition shows that (𝒵𝒵, +) is a rough subgroup of (ℛ, +). Because (𝑍𝑍, +) is a rough subgroup 
of (ℛ, +), then (𝒵𝒵, +) is a group. Furthermore, (𝑌𝑌, +) is a commutative group. Then, (𝒵𝒵, +) 
is a group. Next, the second condition shows that the operation ∗ is closed. Because 𝒵𝒵 ⊆ ℛ, it 
is clear that the rough associative and distribution (right and left) are automatically fulfilled. 
Thus, we can deduce that 𝒵𝒵 is a rough subring in ℛ.         ∎ 

To clarify the meaning of Theorem 3.4, an example will be given as follows. 

Example 2.5 Based on Example 3.2, a set 𝒵𝒵 = {1, 3, 5, 15, 17, 19} is a rough set with 𝒵𝒵 ⊆ ℛ. 
Thus, by definition, it is obvious that 𝒵𝒵 is a subring of 𝑌𝑌. For every 𝑧𝑧1, 𝑧𝑧2 ∈ 𝒵𝒵, it is obvious 
that 𝑧𝑧1 − 𝑧𝑧2 ∈ 𝒵𝒵. Furthermore, here is a multiplication table of 𝒵𝒵. 

Table 3. Multiplication table of set 𝑌𝑌 with operation ∗20 
∗20 1 3 5 15 17 19 

1 1 3 5 16 18 0 

3 3 9 15 18 0 2 

5 5 15 5 0 2 4 

Based on Table 3, we can deduce that 𝑧𝑧1 ∗ 𝑧𝑧2 ∈ 𝒵𝒵. Thus, 𝒵𝒵 is a subring of ℛ. 
Furthermore, define rough ideals based on the definition of rough rings and rough subrings. 

Before we define rough ideals, we will remembrance the definition of ideal in the ring. 

Definition 2.6 [15],[16] Suppose 𝑅𝑅 is a nonzero ring and 𝐼𝐼 is a nonempty subset of 𝑅𝑅. We say 
that 𝐼𝐼 is a rough ideal of 𝑅𝑅 if: 
1. For every 𝑗𝑗,𝑘𝑘 ∈ 𝐼𝐼, 𝑗𝑗 − 𝑘𝑘 ∈ 𝐼𝐼;
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2. For every 𝑗𝑗 ∈ 𝐼𝐼 and 𝐴𝐴 ∈ 𝑅𝑅, 𝑗𝑗𝐴𝐴, 𝐴𝐴𝑗𝑗 ∈ 𝐼𝐼.
Motivated by the definition of ideal in the ring, then the rough ideals on the rough rings 

are defined as follows. 

Definition 2.7 Suppose that 𝑅𝑅 is a nonzero rough ring and ℑ is a rough nonempty subset of ℛ. 
ℑ is said to be the rough ideal of ℛ if:  
1. For every 𝑗𝑗,𝑘𝑘 ∈ ℑ, 𝑗𝑗 − 𝑘𝑘 ∈ ℑ;
2. For every 𝑗𝑗 ∈ ℑ and 𝐴𝐴 ∈ 𝑅𝑅, 𝑗𝑗𝐴𝐴, 𝐴𝐴𝑗𝑗 ∈ ℑ.

In general, rings are not required to be commutative. Based on this case, we can define 
left-rough ideals and right-rough ideals.   

Definition 2.8  Suppose that ℛ is a rough ring and ℑ ⊆ ℛ. A subset ℑ is said to be left-rough 
ideal in ℛ if 
1. For every 𝑗𝑗,𝑘𝑘 ∈ ℑ, 𝑗𝑗 − 𝑘𝑘 ∈ ℑ;
2. For every 𝐴𝐴 ∈ ℛ and 𝑗𝑗 ∈ ℑ, 𝐴𝐴𝑗𝑗 ∈ ℑ.
Furthermore, a subset ℑ is said to be right-rough ideal in ℛ if
1. For every 𝑗𝑗,𝑘𝑘 ∈ ℑ, 𝑗𝑗 − 𝑘𝑘 ∈ ℑ;
2. For every 𝐴𝐴 ∈ ℛ and 𝑗𝑗 ∈ ℑ, 𝑖𝑖2𝑗𝑗 ∈ ℑ.

To clarify the definition of rough ideals, an example will be given as follows. 

Example 2.9 Let 𝑈𝑈 = ℤ10. Given an equivalence relation 𝑎𝑎 − 𝑏𝑏 = 2𝑘𝑘 for some 𝑎𝑎, 𝑏𝑏 ∈ 𝑈𝑈 and 
𝑘𝑘 ∈ ℝ. Then, the equivalence class of 𝑈𝑈 are  

𝜉𝜉1 = �1� , 3, 5, 7, 9�
𝜉𝜉2 = �0, 2, 4, 6, 8�

Furthermore, let ℛ = ℤ5 = {0, 1, 2, 4�, 5, 6�, 7�, 8�}. Hence, ℛ� = 𝜉𝜉1 ∪ 𝜉𝜉2 and ℛ = ∅. Because ℛ −
ℛ ≠ ∅, we can say that ℛ is a rough set. Furthermore, it is obvious that ℛ is a rough ring. 
Furthermore, define ℑ = �0, 5�� ⊆ ℛ. Hence, ℑ = 𝜉𝜉1 ∪ 𝜉𝜉2 and ℑ = ∅. Since ℑ − ℑ ≠ ∅, we can 
say that ℑ is a rough set. Furthermore, we want to indicate that ℑ is a rough ideal. For every 
𝑗𝑗,𝑘𝑘 ∈ ℑ, then 𝑗𝑗 − 𝑘𝑘 ∈ ℑ. Furthermore, for every 𝑗𝑗 ∈ ℑ and 𝑦𝑦 ∈ ℛ, we can attest that 𝑗𝑗𝑦𝑦,𝑦𝑦𝑗𝑗 ∈
ℑ. Thus, we can deduce that ℑ is a rough ideal of ℛ.  

Furthermore, we have a theorem for rough ideals. 

Theorem 2.10 Suppose ℛ is a rough ring. If ℑ1 and ℑ2 are rough ideals in 𝑅𝑅, then: 
1. ℑ1 ∩ ℑ2 is a rough ideal in ℛ with sufficient condition ℑ1 ∩ ℑ2 = ℑ1 ∩ ℑ2;
2. ℑ1 + ℑ2 = {𝑗𝑗 + 𝑘𝑘|𝑗𝑗 ∈ ℑ1 and 𝑘𝑘 ∈ ℑ2} is a rough ideal in ℛ;
3. (ℑ1 ∪ ℑ2) ⊆ ℑ1 + ℑ2.
Proof:
1. We will attest that ℑ1 ∩ ℑ2 is a rough ideal in ℛ. Take 𝐴𝐴 ∈ ℛ and 𝑗𝑗,𝑘𝑘 ∈ ℑ1 ∩ ℑ2 arbitrary.
Because 𝑗𝑗,𝑘𝑘 ∈ ℑ1 ∩ ℑ2, then 𝑗𝑗,𝑘𝑘 ∈ ℑ1 and 𝑗𝑗,𝑘𝑘 ∈ ℑ2. Furthermore, because ℑ1 and ℑ2 are
rough ideal in ℛ, then

�
𝑗𝑗 − 𝑘𝑘 ∈ ℑ1 , 𝑗𝑗 − 𝑘𝑘 ∈ ℑ2

𝐴𝐴𝑗𝑗 ∈ ℑ1, 𝐴𝐴𝑗𝑗 ∈ ℑ2
𝑗𝑗𝐴𝐴 ∈ ℑ1, 𝑗𝑗𝐴𝐴 ∈ ℑ2
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so, we get that 𝑗𝑗 − 𝑘𝑘 ∈ ℑ1 ∩ ℑ2 and 𝐴𝐴𝑗𝑗, 𝑗𝑗𝐴𝐴 ∈ ℑ1 ∩ ℑ2. Furthermore, based on the statement, we 
know that ℑ1 ∩ ℑ2 = ℑ1 ∩ ℑ2. So, we can deduce that 𝑗𝑗 − 𝑘𝑘 ∈ ℑ1 ∩ ℑ2 and 𝐴𝐴𝑗𝑗, 𝑗𝑗𝐴𝐴 ∈ ℑ1 ∩ ℑ2. 
Thus, ℑ1 ∩ ℑ2 is a rough ideal in ℛ. ∎ 
2. We will attest that ℑ1 + ℑ2 is a rough ideal in ℛ. Take 𝐴𝐴 ∈ ℛ and 𝑗𝑗,𝑘𝑘 ∈ ℑ1 + ℑ2 arbitrarily.
This is mean that 𝑗𝑗 = 𝑗𝑗1 + 𝑘𝑘1 and 𝑘𝑘 = 𝑗𝑗2 + 𝑘𝑘2 for each  𝑗𝑗1,𝑘𝑘1 ∈ ℑ1 and 𝑖𝑖2, 𝑗𝑗2 ∈ ℑ2. Because
ℑ1 and ℑ2 are rough ideals in ℛ, then we have 𝑗𝑗1 − 𝑘𝑘1 ∈ ℑ1 and 𝑗𝑗2 − 𝑘𝑘2 ∈ ℑ2. Based on this, 
we have 

𝐴𝐴 − 𝑞𝑞 = (𝑗𝑗1 + 𝑘𝑘1) − (𝑗𝑗2 + 𝑘𝑘2) = (𝑗𝑗1 − 𝑗𝑗2) + (𝑘𝑘1 − 𝑘𝑘2) ∈ ℑ1 + ℑ2 
Furthermore, because ℑ1 and ℑ2 are rough ideals in ℛ, then we have 𝐴𝐴𝑗𝑗, 𝑗𝑗𝐴𝐴 ∈ ℑ1 and 𝐴𝐴𝑗𝑗, 𝑗𝑗𝐴𝐴 ∈
ℑ2. Based on this, we have  

�𝐴𝐴𝑗𝑗 = 𝐴𝐴(𝑗𝑗1 + 𝑗𝑗2) = 𝐴𝐴𝑗𝑗1 + 𝐴𝐴𝑗𝑗2 ∈ ℑ1 + ℑ2
𝑗𝑗𝐴𝐴 = (𝑗𝑗1 + 𝑗𝑗2)𝐴𝐴 = 𝑗𝑗1𝐴𝐴 + 𝑗𝑗2𝐴𝐴 ∈ ℑ1 + ℑ2

 

Thus, 𝐼𝐼1 + 𝐼𝐼2 is an ideal in 𝑅𝑅. ∎ 
3. We will attest that (ℑ1 ∪ ℑ2) ⊆ ℑ1 + ℑ2. Take 𝐴𝐴 ∈ ℑ1 ∪ ℑ2 arbitrary. This is mean that
𝑗𝑗 ∈ ℑ1 or 𝑗𝑗 ∈ ℑ2. If 𝑗𝑗 ∈ ℑ1, then because 0ℛ ∈ ℑ2 we have

𝑗𝑗 = 𝑗𝑗 + 0 ∈ ℑ1 + ℑ2 
Furthermore, if 𝑎𝑎 ∈ 𝐼𝐼2, then because 0ℛ ∈ 𝐼𝐼1 we have 

𝑗𝑗 = 0 + 𝑗𝑗 ∈ ℑ1 + ℑ2 
Thus, we can deduce that (ℑ1 ∪ ℑ2) ⊆ ℑ1 + ℑ2.    ∎ 

Next, if ℑ1 and ℑ2 are rough ideals in rough ring 𝑅𝑅, then we will indicate that ℑ1 + ℑ2 ⊈ (ℑ1 ∪
ℑ2) 
We will attest with a counterexample. Based on Example 3.10, let ℑ1 = {0, 5} and ℑ2 =
{0�, 1, 5�, 9�}. We can attest that ℑ2 is a rough ideal in ℛ. Furthermore, we see that 

�
ℑ1 + ℑ2 = �0, 1, 4, 5, 6, 9�
ℑ1 ∪ ℑ2 = {0, 1, 5, 9}

 

From here, we can deduce that ℑ1 + ℑ2 ⊇ ℑ1 ∪ ℑ2 and ℑ1 + ℑ2 ⊈ (ℑ1 ∪ ℑ2). 

Here is an example for Theorem 2.10 numbers 1 and 2. 

Example 2.11 Based on the example in Theorem 2.10, we have ℑ1 ∩ ℑ2 = {0, 5} and it is 
obvious that ℑ1 ∩ ℑ2 is a rough ideal of ℛ. Furthermore, Let ℑ1 = ℑ2 = {0, 5}. Then, we have 
ℑ1 + ℑ2 = �0, 5� and this is an ideal of ℛ.  

III. CONCLUSION

Based on the explanation above, we can modify the definition of a rough ring and provide 
examples related to the new definition of rough rings. Furthermore, based on the definition of 
rough rings, we define rough subrings, attest the theorem to attest that the set is subrings, and 
give an example related to rough rings. Next, based on the predefined definitions of rough rings 
and rough subrings, we can define the rough ideals, the left rough ideals, and the right rough 
ideals. And then, we can also give an example related to rough ideals. Finally, we can attest 
that ℑ1 ∩ ℑ2 and ℑ1 + ℑ2 are rough ideals in ℛ. Besides that, we can attest too that 
(ℑ1 ∪ ℑ2) ⊆ ℑ1 + ℑ2 but the opposite is not necessarily the case.  
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For further research, by using the concept of rough rings and rough ideals, concepts related 
to rough quotient rings can be obtained. Furthermore, by using the concept of rough rings, we 
can construct a notion of rough rings homomorphism and rough rings isomorphism.  

REFERENCES 

[1] Z. Pawlak, “Rough Sets,” Int. J. Comput. Inf. Sci., vol. 11, no. 5, pp. 341–356, 1982,
doi: 10.1007/978-1-4613-1461-5_1.

[2] B. Davvaz, “Roughness in rings,” Inf. Sci. (Ny)., vol. 164, no. 1–4, pp. 147–163, 2004,
doi: 10.1016/j.ins.2003.10.001.

[3] Q. F. Zhang, A. M. Fu, and S. X. Zhao, “Rough modules and their some properties,”
Proc. 2006 Int. Conf. Mach. Learn. Cybern., vol. 2006, August, pp. 2290–2293, 2006,
doi: 10.1109/ICMLC.2006.258675.

[4] R. Radhamani and V. S. Selvi, “An Application of Soft Set and Fuzzy Set in Decision
Making,” Int. J. Appl. Eng. Res., vol. 14, no. 3, pp. 75–78, 2019.

[5] S. Vijayabalaji and P. Balaji, “Rough matrix theory and its decision making,” Int. J.
Pure Appl. Math., vol. 87, no. 6, pp. 845–853, 2013, doi: 10.12732/ijpam.v87i6.13.

[6] J. A. Gallian, Contemporary Abstract Algebra, Ninth Edition. CENGAGE Learning,
2017.

[7] W. Adkins and S. H. Weintraub, Algebra : An Approach Via Module Theory. Baton
Rouge: Springer-Verlag, 1992.

[8] A. A. Nugraha, Fitriani, M. Ansori, and A. Faisol, “The Implementation of Rough Set
on a Group Structure,” J. Mat. Mantik, vol. 8, no. 1, pp. 45–52, 2022, doi:
10.15642/mantik.2022.8.1.pp.

[9] D. Miao, S. Han, D. Li, and L. Sun, “Rough Group , Rough Subgroup an Their
Properties,” in Lecture Notes in Artificial Intelligence, no. 3641, 2005, pp. 104–113.

[10] N. Bagirmaz and A. F. Ozcan, “Rough semigroups on approximation spaces,” Int. J.
Algebr., vol. 9, no. 7, pp. 339–350, 2015, doi: 10.12988/ija.2015.5742.

[11] A. K. Sinha and A. Prakash, “Rough exact sequences of modules,” Int. J. Appl. Eng.
Res., vol. 11, no. 4, pp. 2513–2517, 2016.

[12] B. Davvaz and M. Mahdavipour, “Roughness in modules,” Inf. Sci. (Ny)., vol. 176, no.
24, pp. 3658–3674, 2006, doi: 10.1016/j.ins.2006.02.014.

[13] P. Isaac and U. Paul, “Rough G-modules and their properties,” Adv. Fuzzy Math., vol.
12, no. 1, pp. 93–100, 2017.

[14] S. T. Almohammadi and C. ¨Ozel, “A New Approach to Rough Vector Spaces,” Gen.
Lett. Math., vol. 6, no. 1, pp. 1–9, 2019, doi: 10.31559/glm2019.6.1.1.

[15] S. Wahyuni, I. E. Wijayanti, D. A. Yuwaningsih, and A. D. Hartanto, Teori Ring dan
Modul. Yogyakarta: Gadjah Mada University Press, 2016.

[16] I. N. Herstein, Abstract Algebra, Third Edition. New Jersey: PRENTICE-HALL, 1996.

JOURNAL OF FUNDAMENTAL MATHEMATICS 
AND APPLICATIONS (JFMA) VOL. 5 NO. 2 (NOV 2022) 

Available online at www.jfma.math.fsm.undip.ac.id

https://doi.org/10.14710/jfma.v5i2.15194 p-ISSN: 2621-6019 e-ISSN: 2621-6035103


	I. INTRODUCTION AND BASIC THEORY
	II. result and discussion
	III. CONCLUSION
	REFerenceS



