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Abstract  
This correspondence determines the lower and upper bounds of the covering radius in some kind of 

block repetition codes over the finite ring ℛ = ℤ2ℤ∗, where ℤ∗ = ℤ2 + 𝑣ℤ2 + 𝑣
2ℤ2, 𝑣

3 = 𝑣. For 

covering radii of binary and octonary block repetition code over ℛ is also discussed. This leads to the 

convenient formulation of code and arrives at the bounds. 

Keywords: block repetition codes; covering radius; different weight; finite ring. 

 

Abstrak 
Korespondensi ini menentukan batas bawah dan batas atas dari jari-jari penutup suatu kode blok perulangan pada 

gelanggang hingga ℛ = ℤ2ℤ∗, dengan ℤ∗ = ℤ2 + 𝑣ℤ2 + 𝑣
2ℤ2, 𝑣3 = 𝑣.  Dibahas juga jari-jari kode blok 

perulangan biner dan oktonari atas ℛ. Diperoleh rumus untuk kode dan batasnya. 
Kata Kunci: kode blok perulangan; penutup jari-jari;  berat yang berbeda; gelanggang hingga. 
 

2020MSC: 11T71, 94B05, 11H71. 
 
 

1. INTRODUCTION 

Recently, there has been substantial interest in the class of additive codes. In [1]  [2] , Delsarte 
contributes to the algebraic theory of association scheme where the main idea is to characterize the 
subgroups of the underlying abelian group in a given association scheme.  

Additive codes over ℤ2ℤ4 have been extensively studied in [3] [4] [5] [6]. In [7] [8], the author 
gave lower and upper bounds on the covering radius of codes over the finite rings with respect to 

different distance and they explained the covering radius of various repetition codes. 
The above results motivate us to work in this area. In this correspondence, obtain the block 

repetition codes over ℛ, with respect to different weights such as Lee, Euclidean, Chinese Euclidean, 
and Homogeneous. At this juncture, the meaning of constructing new codes is to concatenate binary 

and octonary. These results in the block repetition codes over ℛ, which contain the corresponding ℤ2 
and ℤ∗ codes as a subclass. 

 

2. PRELIMINARIES  

Let ℛ be a finite ring, where ℛ = ℤ2ℤ∗ and  ℤ∗ = ℤ2 + 𝑣ℤ2 + 𝑣
2ℤ2, 𝑣

3 = 𝑣 and ℤ2 = {0,1} is an 

integer modulo 2. That is, the finite rings ℤ∗ = {0,1, 𝑣, 1 + 𝑣, 𝑣
2 , 1 + 𝑣2 , 𝑣 + 𝑣2 , 1 + 𝑣 + 𝑣2} and ℛ =
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{00, 01, 0𝑣, 0𝑎, 0𝑣2 , 0𝑏, 0𝑐, 0𝑑, 10, 11, 1𝑣, 1𝑎, 1𝑣2, 1𝑏, 1𝑐, 1𝑑}, where 𝑎 = 1 + 𝑣, 𝑏 = 1 + 𝑣2, 𝑐 = 𝑣 +

𝑣2 , 𝑑 = 1 + 𝑣 + 𝑣2. 

In this section, some preliminary results are given based on [4] and [6]. A non-empty set 𝐶 is an 

ℛ-additive code if it is a subgroup of ℤ2
𝛼 × ℤ∗

𝛽
. In this case, 𝐶 is also isomorphic to an abelian structure 

ℤ2
𝛼 × ℤ∗

𝛽
, for some 𝛼 and 𝛽. That 𝐶 is of type 2𝜆8𝜇 as a group. It follows that it has |𝐶| = 2𝛼+3𝛽 

codewords and the number of order two codewords in 𝐶 is |𝐶| = 2𝛼+𝛽 .  

Let 𝜙: ℤ∗ → ℤ2
4, be a Gray map is defined by [9] [10]: 

𝜙(0) = (0, 0, 0, 0), 
𝜙(1) = (0, 1, 0, 1), 
𝜙(𝑣) = (0, 0, 1, 1), 
𝜙(𝑎) = (0, 1, 1, 0), 
𝜙(𝑣2) = (1, 1, 1, 1), 
𝜙(𝑏) = (1, 0, 1, 0), 
𝜙(𝑐) = (1, 1, 0, 0), 

𝜙(𝑑) = (1, 0, 0, 1). 

In general, the extension Gray map is 

𝜌 = ℤ2
𝛼 × ℤ∗

𝛽
→ ℤ2

𝑛, with 𝑛 = 𝛼 + 3𝛽, 

given by 

𝜌(𝑢,𝑤) = (𝑢, 𝜙(𝑤1),⋯𝜙(𝑤𝛽)) , ∀𝑢 ∈ ℤ2
𝛼 , ∀(𝑤1, ⋯ ,𝑤𝛽) ∈ ℤ∗

𝛽
 . 

Then the binary image of a  ℛ -additive code under the extended Gray map is called a ℛ-linear code of 
length 𝑛 = 𝛼 + 3𝛽. 

The Hamming weight of 𝑤, denoted by 𝑤𝑡𝐻(𝑢) and 𝑤𝑡𝐿(𝑤), 𝑤𝑡𝐸(𝑤), 𝑤𝑡𝐶𝐸(𝑤), 𝑤𝑡𝐻𝑜𝑚(𝑤) the Lee, 

Euclidean, Chinese Euclidean and Homogeneous weights of 𝑤 respectively where 𝑢 ∈ ℤ2
𝛼  and         

𝑤 ∈ ℤ∗
𝛽

. 

In [11] [12] are defined as the vector of 𝑦 = (𝑦1, 𝑦2,⋯ , 𝑦𝑛) ∈ ℤ∗ in table 1. 
 

Table 1. Define for vector 𝑦 = (𝑦1, 𝑦2,⋯ , 𝑦𝑛) ∈ ℤ∗. 

Code 𝑦 ∈ ℤ∗ 
𝑤𝐿(𝑦) 0 if 𝑦 = 0; 1 if 𝑦 = {1, 𝑎, 𝑏, 𝑐}; 2 if 𝑦 = {𝑣, 𝑣2}; and 4 otherwise 

𝑤𝐸(𝑦) 0 if 𝑦 = 0; 1 if 𝑦 = {1, 𝑑}; 4 if = {𝑣, 𝑣2, 𝑐}; and 9 otherwise 

𝑤𝐶𝐸(𝑦) 0 if 𝑦 = 0; 1 if 𝑦 = {1, 𝑑}; 2 if 𝑦 = {𝑣, 𝑐}; 3 if = {𝑎, 𝑏} and 4 otherwise 

𝑤𝐻𝑜𝑚(𝑦) 0 if 𝑦 = 0; 2 if 𝑦 ≠ 𝑣2; and 4 otherwise 

 
If 𝑐1, 𝑐2 ∈ 𝐶 be any two distinct codewords of distance 𝑑𝐷 are defined as  

𝑑𝐷(𝐶) = {𝑑𝐷(𝑐1, 𝑐2)|𝑐1 − 𝑐2 ≠ 0 𝑎𝑛𝑑 𝑐1, 𝑐2 ∈ 𝐶}. The minimum weight of 𝐶 is 𝑑𝐷(𝐶) =

𝑚𝑖𝑛{𝑑𝐷(𝑐1, 𝑐2)|𝑐1 − 𝑐2 ≠ 0 𝑎𝑛𝑑 𝑐1, 𝑐2 ∈ 𝐶}. In 𝐶 is a linear code, then the 𝑑𝐷(𝐶) =
𝑚𝑖𝑛{𝑤𝐷(𝑐)|𝑐 ≠ 0 ∈ 𝐶}. Therefore, 𝑑𝐷(𝑐1, 𝑐2) = 𝑤𝐷(𝑐1 − 𝑐2). 

Let 𝐶 ⊆ ℛ𝑛 is a linear code, where 𝑛 is the length of code, the number of codewords 𝑁 and the 

minimum distance 𝑑𝐷 is said to be an (𝑛, 𝑁, 𝑑𝐷)-code in ℛ. The weights of 𝑥 are defined as 𝑤𝑡𝐷(𝑥) =

𝑤𝑡𝐻(𝑢) + 𝑤𝑡𝐷(𝑤) with 𝑥 = (𝑢,𝑤) ∈ ℤ2
𝛼 × ℤ∗

𝛽
, and 𝑢 = (𝑢1, ⋯ , 𝑢𝛼) ∈ ℤ2

𝛼 , 𝑤 = (𝑤1, ⋯ ,𝑤𝛽) ∈ ℤ∗
𝛽

,  

where 𝐷 = {Lee(L), Euclidean(E), Chinese Euclidean(CE) and Homogeneous(Hom)}. 
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Σ 

The Gray map defined above is an isometry that transforms the (weights) distances defined over 

ℤ2
𝛼 × ℤ∗

𝛽
 to the Hamming distance defined over ℤ2

𝑛, with 𝑛 = 𝛼 + 3𝛽. 
 
Example 2.1. Let 𝑦 = (1  𝑣  𝑣2) ∈ ℛ. Then 𝑤𝑡𝐻(𝑦) = 3, 𝑤𝑡𝐸(𝑦) = 9, 𝑤𝑡𝐶𝐸(𝑦) = 7 and        
𝑤𝑡𝐻𝑜𝑚(𝑦) = 8.  

 

3. THE COVERING RADIUS OF CODES AND BLOCK REPETITION CODES IN ℛ 

Let 𝐶 be a code of length 𝑛 with minimum distance 𝑑 over a code alphabet ℛ. Then the spheres 

of radius ⌊
𝑑−1

2
⌋ around the codewords may not cover the whole space. The least non-negative integer 

𝑎 such that the sphere of radius 𝑟 around the codewords cover the whole space ℛ𝑛 is called the covering 

radius of the code. That is, the covering radius of 𝐶 is  

ℝ(𝐶) = max
𝑡∈ℛ𝑛

{min
𝑐∈𝐶

{𝑑(𝑡, 𝑐)}}. 

For a binary code 𝐶, its covering radius 𝑟(𝐶) is defined as follows 

𝑟(𝐶) = max
𝑡∈𝔽2

{min
𝑐∈𝐶

{𝑑𝐻(𝑡, 𝑐)}}. 

The extension of this definition to codes over ℛ is that the covering radius of a code 𝐶 is the smallest 

number 𝑎 such that the spheres of radius 𝑟 around the codewords cover ℤ2
𝛼 × ℤ∗

𝛽
. Hence, the covering 

radius of a code 𝐶 over ℛ, with respect to the distance(D), is given by  

𝑟𝐷(𝐶) = max
𝑡∈ℤ2

𝛼×ℤ∗
𝛽
{min
𝑐∈𝐶

{𝑑𝐷(𝑡, 𝑐)}}, 

respectively. It is easy to see that 𝑟𝐷(𝐶) is the minimum value 𝑟𝐷  such that 

ℤ2
𝛼 × ℤ∗

𝛽
= ⋃ 𝑆𝑟𝐷(𝑐)𝑐∈𝐶 , 

respectively, where 

𝑆𝑟𝐷(𝑢) = {𝑤 ∈ ℤ2
𝛼 × ℤ∗

𝛽
; 𝑑𝐷(𝑢, 𝑤) ≤ 𝑟𝐷}, for 𝑢 ∈ ℤ2

𝛼 × ℤ2
𝛽

. 

In order to determine the covering radius of some classes of block codes over ℛ are defined. The 
approach in [1] is used to obtain the covering radius.  

Let 𝐶𝑛 be a block repetition code over ℛ is an ℛ-additive code of length 𝑛 = ∑ 𝑛𝑗
15
𝑗=1  with 

generator matrix 

𝐺 = (01⋯01⏞    
𝑛1

0𝑣 ⋯0𝑣⏞    
𝑛2

0𝑎⋯0𝑎⏞    
𝑛3

0𝑣2⋯0𝑣2⏞      
𝑛4

0𝑏⋯0𝑏⏞    
𝑛5

0𝑐⋯0𝑐⏞    
𝑛6

0𝑑⋯0𝑑⏞    
𝑛7

10⋯10⏞    
𝑛8

11⋯11⏞    
𝑛9

1𝑣 ⋯1𝑣⏞    
𝑛10

 

1𝑎⋯1𝑎⏞    
𝑛11

1𝑣2⋯1𝑣2⏞      
𝑛12

1𝑏⋯1𝑏⏞    
𝑛13

1𝑐 ⋯1𝑐⏞    
𝑛14

1𝑑⋯1𝑑⏞    
𝑛15

), where 𝑎 = 1 + 𝑣, 𝑏 = 1 + 𝑣2 , 𝑐 = 𝑣 + 𝑣2 , 𝑑 = 1 + 𝑣 +
𝑣2. 
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If, for a fixed 1 ≤ 𝑖 ≤ 15. For all 1 ≤ 𝑗 ≠ 𝑖 ≤ 15, 𝑛𝑗 = 0, then the code 𝐶𝑛 = 𝐶𝑛𝑖  is denoted by 

𝐶𝑖. Therefore, the fifteen basic codes are given in Table 2. 

Table 2. The fifteen basic codes 

Generator Matrix Codes 

𝐺01(0𝑎)(0𝑏)(0𝑑) = [01⋯01] 𝐶01(0𝑎)(0𝑏)(0𝑑) = {𝑐𝑖,𝑖=0 𝑡𝑜 7} 

𝐺0𝑣(0𝑐) = [0𝑣⋯0𝑣] 𝐶0𝑣(0𝑐) = {𝑐0, 𝑐2, 𝑐4, 𝑐6} 

𝐺0𝑣2 = [0𝑣
2⋯0𝑣2] 𝐶0𝑣2 = {𝑐0, 𝑐4} 

𝐺10 = [10⋯10] 𝐶10 = {𝑐0, 𝑐1} 

𝐺11(1𝑎)(1𝑏)(1𝑑) = [11⋯11] 𝐶11(1𝑎)(1𝑏)(1𝑑) = {𝑐𝑖,𝑖=0 𝑡𝑜 15} 

𝐺1𝑣(1𝑐) = [1𝑣⋯1𝑣] 𝐶1𝑣(1𝑐) = {𝑐𝑖,𝑖=0,2,4,6,8,10,12,14} 

𝐺1𝑣2 = [1𝑣
2⋯1𝑣2] 𝐶1𝑣2 = {𝑐0, 𝑐12} 

 

where {𝑐0 = 00 ⋯00, 𝑐1 = 01 ⋯ 01, 𝑐2 = 0𝑣 ⋯0𝑣, 𝑐3 = 0𝑎⋯0𝑎, 𝑐4 = 0𝑣
2  ⋯ 0𝑣2, 𝑐5 = 0𝑏 ⋯0𝑏, 

𝑐6 = 0𝑐 ⋯0𝑐, 𝑐7 = 0𝑑 ⋯0𝑑, 𝑐8 = 10 ⋯10, 𝑐9 = 11 ⋯11, 𝑐10 = 1𝑣 ⋯1𝑣, 𝑐11 = 1𝑎 ⋯1𝑎, 𝑐12 = 

1𝑣2  ⋯ 1𝑣2 , 𝑐13 = 1𝑏 ⋯1𝑏, 𝑐14 = 1𝑐 ⋯1𝑐, 𝑐15 = 1𝑑 ⋯1𝑑}. 

The following theorems provide the covering radius of 𝐶𝑗 , for 1 ≤ 𝑗 ≤ 15. 

 

Theorem 3.1. Let 𝐶𝑗,1≤𝑗≤15 be the codes in the generator matric 𝐺𝑗,1≤𝑗≤15. Then 

1. 
3𝑛

4
≤ 𝑟𝐿(𝐶01) = 𝑟𝐿(𝐶0𝑎) = 𝑟𝐿(𝐶0𝑏) = 𝑟𝐿(𝐶0𝑑) ≤

5𝑛

2
, 

2. 𝑛 ≤ 𝑟𝐿(𝐶0𝑣) = 𝑟𝐿(𝐶0𝑐) ≤ 3𝑛, 

3. 𝑛 ≤ 𝑟𝐿(𝐶0𝑣2) ≤ 3𝑛, 

4. 2𝑛 ≤ 𝑟𝐿(𝐶10) ≤ 4𝑛, 
5. 𝑟𝐿(𝐶11) = 𝑟𝐿(𝐶1𝑎) = 𝑟𝐿(𝐶1𝑏) = 𝑟𝐿(𝐶1𝑑) = 2𝑛, 

6. 
5𝑛

4
≤ 𝑟𝐿(𝐶1𝑣) = 𝑟𝐿(𝐶1𝑐) ≤

3𝑛

2
, and 

7. 
5𝑛

4
≤ 𝑟𝐿(𝐶1𝑣2) ≤ 3𝑛 ,  where  𝐶𝑗,1≤𝑗≤15 is the covering radius of codes with assigned to the 

lee weight in ℛ. 

 

Proof.  

1) For 𝑐 ∈ 𝐶𝑗 , 1 ≤ 𝑗 ≤ 15, let 𝑡𝑖(𝑐), 0 ≤ 𝑖 ≤ 15 denote the number of occurrences of symbol 𝑖 

in the codeword 𝑐. Considering 1 to 15, that 

𝑟𝐿(𝐶𝑗) = max
𝑥∈ℛ𝑛

{𝑑𝐿(𝑦, 𝐶𝑗): 1 ≤ 𝑗 ≤ 15}. 

If 𝑦 ∈ ℛ𝑛 and 𝑦 is given (𝑡0, 𝑡1, 𝑡2, 𝑡3, 𝑡4, 𝑡5, 𝑡6, 𝑡7, 𝑡8, 𝑡9, 𝑡10, 𝑡11, 𝑡12, 𝑡13, 𝑡14, 𝑡15), where 

∑ 𝑡𝑖
15
𝑗=0 = 𝑛, then 

𝑑𝐿(𝑦, 00̅̅̅̅ ) = 𝑛 − 𝑡0 + 𝑡2 + 3𝑡4 + 𝑡6 + 𝑡9 + 2𝑡10 + 𝑡11 + 4𝑡12 + 𝑡13 + 2𝑡14 + 𝑡15, 
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𝑑𝐿(𝑦, 01̅̅̅̅ ) = 𝑛 − 𝑡1 + 𝑡3 + 3𝑡5 + 𝑡7 + 𝑡8 + 𝑡10 + 2𝑡11 + 𝑡12 + 4𝑡13 + 𝑡14 +  2𝑡15, 

𝑑𝐿(𝑦, 0𝑣̅̅̅̅ ) = 𝑛 − 𝑡2 + 𝑡0 + 𝑡4 + 3𝑡6 + 𝑡9 + 𝑡11 + 2𝑡12 + 𝑡13 + 𝑡15 + 4𝑡14 +  2𝑡8, 

𝑑𝐿(𝑦, 0𝑎̅̅̅̅ ) = 𝑛 − 𝑡3 + 𝑡1 + 𝑡5 + 3𝑡7 + 𝑡8 + 2𝑡9 + 𝑡10 + 𝑡12 + 2𝑡13 + 𝑡14 +  4𝑡15, 

𝑑𝐿(𝑦, 0𝑣2̅̅ ̅̅ ̅) = 𝑛 − 𝑡4 + 3𝑡0 + 𝑡2 + 𝑡6 + 4𝑡8 + 𝑡9 + 2𝑡10 + 𝑡11 + 𝑡13 + 2𝑡14 + 𝑡15, 

𝑑𝐿(𝑦, 0𝑏̅̅ ̅) = 𝑛 − 𝑡5 + 3𝑡1 + 𝑡3 + 𝑡7 + 𝑡8 + 4𝑡9 + 𝑡10 + 2𝑡11 + 𝑡12 + 𝑡14 +  2𝑡15, 

𝑑𝐿(𝑦, 0𝑐̅̅ ̅) = 𝑛 − 𝑡6 + 𝑡0 + 3𝑡2 + 𝑡4 + 2𝑡8 + 𝑡9 + 4𝑡10 + 𝑡11 + 2𝑡12 + 𝑡13 + 𝑡15, 

𝑑𝐿(𝑦, 0𝑑̅̅̅̅ ) = 𝑛 − 𝑡7 + 𝑡1 + 3𝑡3 + 𝑡5 + 𝑡8 + 2𝑡9 + 𝑡10 + 4𝑡11 + 𝑡12 + 2𝑡13 + 𝑡14, 

𝑑𝐿(𝑦, 10̅̅̅̅ ) = 𝑛 − 𝑡8 + 𝑡1 + 2𝑡2 + 𝑡3 + 4𝑡4 + 𝑡5 + 2𝑡6 + 𝑡7 + 𝑡10 + 3𝑡12 + 𝑡14, 

𝑑𝐿(𝑦, 11̅̅̅̅ ) = 𝑛 − 𝑡9 + 𝑡0 + 𝑡2 + 2𝑡3 + 𝑡4 + 4𝑡5 + 𝑡6 + 2𝑡7 + 𝑡11 + 3𝑡13 + 𝑡15, 

𝑑𝐿(𝑦, 1𝑎̅̅̅̅ ) = 𝑛 − 𝑡11 + 𝑡0 + 2𝑡1 + 𝑡2 + 𝑡4 + 2𝑡5 + 𝑡6 + 4𝑡7 + 𝑡9 + 𝑡13 +  3𝑡15, 

𝑑𝐿(𝑦, 1𝑣
2̅̅ ̅̅ ̅) = 𝑛 − 𝑡12 + 4𝑡0 + 𝑡1 + 2𝑡2 + 𝑡3 + 𝑡5 + 2𝑡6 + 𝑡7 + 3𝑡8 + 𝑡9 + 3𝑡14, 

𝑑𝐿(𝑦, 1𝑏̅̅ ̅) = 𝑛 − 𝑡13 + 𝑡0 + 4𝑡1 + 𝑡2 + 2𝑡3 + 𝑡4 + 𝑡6 + 2𝑡7 + 3𝑡9 + 𝑡11 + 𝑡15, 

𝑑𝐿(𝑦, 1𝑐̅̅ ̅) = 𝑛 − 𝑡14 + 2𝑡0 + 𝑡1 + 4𝑡2 + 𝑡3 + 2𝑡4 + 𝑡5 + 𝑡7 + 𝑡8 + 3𝑡10 + 𝑡12, 

𝑑𝐿(𝑦, 1𝑑̅̅̅̅ ) = 𝑛 − 𝑡15 + 𝑡0 + 2𝑡1 + 𝑡2 + 4𝑡3 + 𝑡4 + 2𝑡5 + 𝑡6 + 𝑡9 + 3𝑡11 + 𝑡13. 

Therefore, 𝑑𝐿(𝑦, 𝐶01) = 𝑑𝐿(𝑦, 𝐶0𝑎) = 𝑑𝐿(𝑦, 𝐶0𝑏) = 𝑑𝐿(𝑦, 𝐶0𝑑) = 𝑚𝑖𝑛{𝑑𝐿(𝑦, 00̅̅̅̅ ), 𝑑𝐿(𝑦, 01̅̅̅̅ ), 

𝑑𝐿(𝑥, 0𝑣̅̅̅̅ ), 𝑑𝐿(𝑦, 0𝑎̅̅̅̅ ), 𝑑𝐿(𝑥, 0𝑣
2̅̅ ̅̅ ̅), 𝑑𝐿(𝑦, 0𝑏̅̅ ̅), 𝑑𝐿(𝑦, 0𝑐̅̅ ̅), 𝑑𝐿(𝑦, 0𝑑̅̅̅̅ )} ≤

5𝑛

2
 and hence 

𝑟𝐿(𝐶01) = 𝑟𝐿(𝐶0𝑎) = 𝑟𝐿(𝐶0𝑏) = 𝑟𝐿(𝐶0𝑑) ≤
5𝑛

2
. 

If 𝑦 = (00⋯00⏞    

𝑛

8

01⋯01⏞    

𝑛

8

0𝑣⋯0𝑣⏞    

𝑛

8

0𝑎⋯0𝑎⏞    

𝑛

8

0𝑣2⋯0𝑣2⏞      

𝑛

8

0𝑏⋯0𝑏⏞    

𝑛

8

0𝑐⋯0𝑐⏞    

𝑛

8

0𝑑⋯0𝑑⏞    

𝑛

8

) ∈ ℛ𝑛 , then 

𝑑𝐿(𝑦, 𝐶01) = 𝑑𝐿(𝑦, 𝐶0𝑎) = 𝑑𝐿(𝑦, 𝐶0𝑏) = 𝑑𝐿(𝑦, 𝐶0𝑑) =
𝑛

16
+ 2(

𝑛

16
) +

𝑛

16
+ 4(

𝑛

16
) +

𝑛

16
+ 2(

𝑛

16
)+

𝑛

16
=
3𝑛

4
. Thus 𝑟𝐿(𝐶01) = 𝑟𝐿(𝐶0𝑎) = 𝑟𝐿(𝐶0𝑏) = 𝑟𝐿(𝐶0𝑑) ≥

3𝑛

4
 and hence, 

3𝑛

4
≤ 𝑟𝐿(𝐶01) = 𝑟𝐿(𝐶0𝑎) = 

𝑟𝐿(𝐶0𝑏) = 𝑟𝐿(𝐶0𝑑) ≤
5𝑛

2
. 

2) In 𝐶0𝑣(0𝑐), 𝑑𝐿(𝑦, 𝐶0𝑣) = 𝑑𝐿(𝑦, 𝐶0𝑐) = 𝑚𝑖𝑛{𝑑𝐿(𝑦, 00̅̅̅̅ ), 𝑑𝐿(𝑦, 0𝑣̅̅̅̅ ), 𝑑𝐿(𝑦, 0𝑣2̅̅ ̅̅ ̅), 𝑑𝐿(𝑦, 0𝑐̅̅ ̅)} ≤ 3𝑛. 

Thus, 𝑟𝐿(𝐶0𝑣) = 𝑟𝐿(𝐶0𝑐) ≤ 3𝑛. 

If 𝑦 = (00⋯00⏞    

𝑛

4

0𝑣 ⋯0𝑣⏞    

𝑛

4

0𝑣2⋯0𝑣2⏞      

𝑛

4

0𝑐 ⋯0𝑐⏞    

𝑛

4

) ∈ ℛ𝑛 , then 𝑑𝐿(𝑦, 00̅̅̅̅ ) = 𝑑𝐿(𝑦, 0𝑣̅̅̅̅ ) = 𝑑𝐿(𝑦, 0𝑣2̅̅ ̅̅ ̅) =

𝑑𝐿(𝑦, 0𝑐̅̅ ̅) = 2 (
𝑛

8
) + 4 (

𝑛

8
) + 2 (

𝑛

8
) = 𝑛. Thus 𝑟𝐿(𝐶0𝑣) = 𝑟𝐿(𝐶0𝑐) ≥ 𝑛 and so, 𝑛 ≤ 𝑟𝐿(𝐶0𝑣) = 𝑟𝐿(𝐶0𝑐) 

≤ 3𝑛. 

3) In 𝐶0𝑣2, 𝑑𝐿(𝑦, 𝐶0𝑣2) = 𝑚𝑖𝑛{𝑑𝐿(𝑦, 00̅̅̅̅ ), 𝑑𝐿(𝑦, 0𝑣
2̅̅ ̅̅ ̅)} ≤ 3𝑛 and hence 𝑟𝐿(𝐶0𝑣2) ≤ 3𝑛. 

If 𝑦 = (00⋯00⏞    

𝑛

2

0𝑣2⋯0𝑣2⏞      

𝑛

2

) ∈ ℛ𝑛 , then 𝑑𝐿(𝑦, 00̅̅̅̅ ) = 𝑑𝐿(𝑦, 0𝑣2̅̅ ̅̅ ̅) = 𝑛. Therefore, 𝑟𝐿(𝐶0𝑣2) ≥ 𝑛 and 

thus 𝑛 ≤ 𝑟𝐿(𝐶0𝑣2) ≤ 3𝑛. 



P. Chella Pandian 
 

 

156 | InPrime: Indonesian Journal of Pure and Applied Mathematics 
 

4) In 𝐶10, 𝑑𝐿(𝑦, 𝐶10) = 𝑚𝑖𝑛{𝑑𝐿(𝑦, 00̅̅̅̅ ), 𝑑𝐿(𝑦, 01̅̅̅̅ )} ≤ 4𝑛 then 𝑟𝐿(𝐶10) ≤ 4𝑛. 

If 𝑦 = (00⋯00⏞    

𝑛

2

01⋯01⏞    

𝑛

2

) ∈ ℛ𝑛 , then 𝑑𝐿(𝑦, 00̅̅̅̅ ) = 𝑑𝐿(𝑦, 01̅̅̅̅ ) = 2𝑛. Thus 𝑟𝐿(𝐶10) ≥ 2𝑛 and hence 

2𝑛 ≤ 𝑟𝐿(𝐶10) ≤ 4𝑛. 

5) In 𝐶11(1𝑎)(1𝑏)(1𝑑), 𝑑𝐿(𝑦, 𝐶11) = 𝑑𝐿(𝑦, 𝐶1𝑎) = 𝑑𝐿(𝑦, 𝐶1𝑏) = 𝑑𝐿(𝑦, 𝐶1𝑑) = 𝑚𝑖𝑛{𝑑𝐿(𝑦, 00̅̅̅̅ ), 𝑑𝐿(𝑦, 01̅̅̅̅ ), 

𝑑𝐿(𝑦, 0𝑣̅̅̅̅ ), 𝑑𝐿(𝑦, 0𝑎̅̅̅̅ ), 𝑑𝐿(𝑦, 0𝑣2̅̅ ̅̅ ̅), 𝑑𝐿(𝑦, 0𝑏̅̅ ̅), 𝑑𝐿(𝑦, 0𝑐̅̅ ̅), 𝑑𝐿(𝑦, 0𝑑̅̅̅̅ ), 𝑑𝐿(𝑦, 10̅̅̅̅ ), 𝑑𝐿(𝑦, 11̅̅̅̅ ), 𝑑𝐿(𝑦, 1𝑣̅̅̅̅ ),  

𝑑𝐿(𝑦, 1𝑎̅̅̅̅ ), 𝑑𝐿(𝑦, 1𝑣2̅̅ ̅̅ ̅), 𝑑𝐿(𝑦, 1𝑏̅̅ ̅), 𝑑𝐿(𝑦, 1𝑐̅̅ ̅), 𝑑𝐿(𝑦, 1𝑑̅̅̅̅ )} ≤ 2𝑛. Therefore 

𝑟𝐿(𝐶11) = 𝑟𝐿(𝐶1𝑎) = 𝑟𝐿(𝐶1𝑏) = 𝑟𝐿(𝐶1𝑑) ≤ 2𝑛. 

Let 𝑦 = (00⋯00⏞    

𝑛

16

01⋯01⏞    

𝑛

16

0𝑣 ⋯0𝑣⏞    

𝑛

16

0𝑎⋯0𝑎⏞    

𝑛

16

0𝑣2⋯0𝑣2⏞      

𝑛

16

0𝑏⋯0𝑏⏞    

𝑛

16

0𝑐⋯0𝑐⏞    

𝑛

16

0𝑑⋯0𝑑⏞    

𝑛

16

10⋯10⏞    

𝑛

16

 

11⋯11⏞    

𝑛

16

1𝑣⋯1𝑣⏞    

𝑛

16

1𝑎⋯1𝑎⏞    

𝑛

16

1𝑣2⋯1𝑣2⏞      

𝑛

16

1𝑏⋯1𝑏⏞    

𝑛

16

1𝑐 ⋯1𝑐⏞    

𝑛

16

1𝑑⋯1𝑑⏞    

𝑛

16

) ∈ ℛ𝑛, then 𝑑𝐿(𝑦, 00̅̅̅̅ ) =

𝑑𝐿(𝑦, 01̅̅̅̅ ) = 𝑑𝐿(𝑦, 0𝑣̅̅̅̅ ) = 𝑑𝐿(𝑦, 0𝑎̅̅̅̅ ) = 𝑑𝐿(𝑦, 0𝑣2̅̅ ̅̅ ̅) = 𝑑𝐿(𝑦, 0𝑏̅̅ ̅) = 𝑑𝐿(𝑦, 0𝑐̅̅ ̅) = 𝑑𝐿(𝑦, 0𝑑̅̅̅̅ ) =

𝑑𝐿(𝑦, 10̅̅̅̅ ) = 𝑑𝐿(𝑦, 11̅̅̅̅ ) = 𝑑𝐿(𝑦, 1𝑣̅̅̅̅ ) = 𝑑𝐿(𝑦, 1𝑎̅̅̅̅ ) = 𝑑𝐿(𝑦, 1𝑣2̅̅ ̅̅ ̅) = 𝑑𝐿(𝑦, 1𝑏̅̅ ̅) = 𝑑𝐿(𝑦, 1𝑐̅̅ ̅) =

𝑑𝐿(𝑦, 1𝑑̅̅̅̅ ) =
𝑛

16
+ 2(

𝑛

16
)+

𝑛

16
+ 4(

𝑛

16
) +

𝑛

16
+ 2(

𝑛

16
) +

𝑛

16
+

𝑛

16
+ 2(

𝑛

16
) + 3 (

𝑛

16
) + 2 (

𝑛

16
) +

5 (
𝑛

16
) + 2 (

𝑛

16
) + 3 (

𝑛

16
) + 2 (

𝑛

16
) =

32𝑛

16
= 2𝑛. Thus 𝑟𝐿(𝐶11) = 𝑟𝐿(𝐶1𝑎) = 𝑟𝐿(𝐶1𝑏) = 𝑟𝐿(𝐶1𝑑) ≥ 2𝑛 

and hence,  𝑟𝐿(𝐶11) = 𝑟𝐿(𝐶1𝑎) = 𝑟𝐿(𝐶1𝑏) = 𝑟𝐿(𝐶1𝑑) = 2𝑛. 

6) In 𝐶1𝑣 , 𝑑𝐿(𝑦, 𝐶1𝑣  ) = 𝑑𝐿(𝑦, 𝐶1𝑐) = 𝑚𝑖𝑛{𝑑𝐿(𝑦, 00̅̅̅̅ ), 𝑑𝐿(𝑦, 0𝑣
2̅̅ ̅̅ ̅), 𝑑𝐿(𝑦, 1𝑣̅̅̅̅ ), 𝑑𝐿(𝑦, 1𝑐̅̅ ̅)} ≤

3𝑛

2
, then 

𝑟𝐿(𝐶1𝑣) = 𝑟𝐿(𝐶1𝑐) ≤
3𝑛

2
. 

If 𝑦 = (00⋯00⏞    

𝑛

4

0𝑣2⋯0𝑣2⏞      

𝑛

4

1𝑣⋯1𝑣⏞    

𝑛

4

1𝑐 ⋯1𝑐⏞    

𝑛

4

) ∈ ℛ𝑛 , then 𝑑𝐿(𝑦, 00̅̅̅̅ ) = 𝑑𝐿(𝑦, 0𝑣2̅̅ ̅̅ ̅) = 𝑑𝐿(𝑦, 1𝑣̅̅̅̅ ) =

𝑑𝐿(𝑦, 1𝑐̅̅ ̅) = 4 (
𝑛

8
) + 3 (

𝑛

8
) + 3 (

𝑛

8
) =

5𝑛

4
. Thus 𝑟𝐿(𝐶1𝑣) = 𝑟𝐿(𝐶1𝑐) ≥

5𝑛

4
 and so, 

5𝑛

4
≤ 𝑟𝐿(𝐶1𝑢) =

𝑟𝐿(𝐶1𝑐) ≤
3𝑛

2
. 

7) In 𝐶1𝑣2 , 𝑑𝐿(𝑦, 𝐶1𝑣2 ) = 𝑚𝑖𝑛{𝑑𝐿(𝑦, 00̅̅̅̅ ), 𝑑𝐿(𝑦, 1𝑣
2̅̅ ̅̅ ̅)} ≤ 3𝑛, then 𝑟𝐿(𝐶1𝑣2) ≤ 3𝑛. 

If 𝑦 = (00⋯00⏞    

𝑛

2

1𝑣2⋯1𝑣2⏞      

𝑛

2

) ∈ ℛ𝑛 , then 𝑑𝐿(𝑦, 00̅̅̅̅ ) = 𝑑𝐿(𝑦, 1𝑣
2̅̅ ̅̅ ̅) =

5𝑛

4
. Thus 𝑟𝐿(𝐶1𝑣2) ≥

5𝑛

4
 and 

hence 
5𝑛

4
≤ 𝑟𝐿(𝐶1𝑣2) ≤ 3𝑛. 

Theorem 3.2. The covering radius of 𝐶𝑗,1≤𝑗≤15, with respect to the Euclidean, Chinese Euclidean and 

Homogeneous weights are given by 
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Table 3. The Euclidean, Chinese Euclidean and Homogeneous weights. 
Codes Euclidean Weight Chinese Euclidean Weight Homogeneous Weight 

(𝐶01(0𝑎)(0𝑏)(0𝑑)) = 𝐶1 2𝑛 ≤ 𝑟𝐸(𝐶1) ≤ 5𝑛 𝑛 ≤ 𝑟𝐶𝐸(𝐶1) ≤ 3𝑛 𝑛 ≤ 𝑟𝐻𝑜𝑚(𝐶1) ≤ 4𝑛 

(𝐶0𝑢(0𝑐)) = 𝐶2 
3𝑛

2
≤ 𝑟𝐸(𝐶2) ≤ 6𝑛  𝑛 ≤ 𝑟𝐶𝐸(𝐶2) ≤ 3𝑛 𝑛 ≤ 𝑟𝐻𝑜𝑚(𝐶2) ≤ 5𝑛 

(𝐶0𝑢2) = 𝐶3 𝑛 ≤ 𝑟𝐸(𝐶3) ≤ 6𝑛 𝑛 ≤ 𝑟𝐶𝐸(𝐶3) ≤ 3𝑛 𝑛 ≤ 𝑟𝐻𝑜𝑚(𝐶3) ≤ 4𝑛 

(𝐶10) = 𝐶4 𝑛

4
≤ 𝑟𝐸(𝐶4) ≤ 7𝑛  

𝑛

4
≤ 𝑟𝐶𝐸(𝐶4) ≤ 3𝑛 

𝑛

4
≤ 𝑟𝐻𝑜𝑚(𝐶4) ≤ 5𝑛 

(𝐶11(1𝑎)(1𝑏)(1𝑑)) = 𝐶5 
9𝑛

4
≤ 𝑟𝐸(𝐶5) ≤

9𝑛

2
  

5𝑛

4
≤ 𝑟𝐶𝐸(𝐶5) ≤

5𝑛

2
  

5𝑛

4
≤ 𝑟𝐻𝑜𝑚(𝐶5) ≤ 3𝑛  

(𝐶1𝑣(1𝑐)) = 𝐶6 7𝑛

4
≤ 𝑟𝐸(𝐶6) ≤

11𝑛

2
  

5𝑛

4
≤ 𝑟𝐶𝐸(𝐶6) ≤ 4𝑛  

5𝑛

4
≤ 𝑟𝐻𝑜𝑚(𝐶6) ≤ 5𝑛  

(𝐶1𝑣2) = 𝐶7 
5𝑛

4
≤ 𝑟𝐸(𝐶7) ≤

11𝑛

2
  

5𝑛

4
≤ 𝑟𝐶𝐸(𝐶7) ≤

5𝑛

2
  

5𝑛

4
≤ 𝑟𝐻𝑜𝑚(𝐶7) ≤ 3𝑛  

 

Proof. Use to Theorem 3.1 with different weights such as Euclidean, Chinese Euclidean and 
Homogeneous. 
 

Block repetition code in 𝓡  

Let 𝐶𝑛: 𝐵𝑅𝑒𝑝𝑛1+𝑛2+⋯+𝑛15 be the block repetition code over ℛ is an ℛ-additive code. Then the 

generator matrix 𝐺 = [0101⋯01⏞      
𝑛1

0𝑣0𝑣⋯0𝑣⏞      
𝑛2

0𝑎0𝑎⋯0𝑎⏞      
𝑛3

0𝑣20𝑣2⋯0𝑣2⏞        
𝑛4

0𝑏0𝑏⋯0𝑏⏞      
𝑛5

0𝑐0𝑐 ⋯0𝑐⏞      
𝑛6

 

0𝑑0𝑑⋯0𝑑⏞      
𝑛7

1010⋯10⏞      
𝑛8

1111⋯11⏞      
𝑛9

1𝑣1𝑣⋯1𝑣⏞      
𝑛10

1𝑎1𝑎⋯1𝑎⏞      
𝑛11

1𝑣21𝑣2⋯1𝑣2⏞        
𝑛12

1𝑏1𝑏⋯0𝑏⏞      
𝑛13

1𝑐1𝑐 ⋯1𝑐⏞      
𝑛14

 

1𝑑1𝑑⋯1𝑑⏞      
𝑛15

]. 

The  parameters of 𝐶𝑛:  

𝑛 = ∑ 𝑛𝑗
15
𝑗=1 , 

𝑁 = 16, 

𝑑𝐿 = 𝑚𝑖𝑛 {(32𝑛1 + 32𝑛2 + 24𝑛3 + 32𝑛4 + 24𝑛5 + 32𝑛6 + 24𝑛7 + 8𝑛8 + 32𝑛9 + 32𝑛10 +
32𝑛11 + 40𝑛12 + 32𝑛13 + 40𝑛14 + 32𝑛15), 32(𝑛1 + 𝑛2 + 𝑛4 + 𝑛6 + 𝑛9 + 𝑛10 + 𝑛11 + 𝑛13 +

𝑛15) + 24(𝑛3 + 𝑛5 + 𝑛7) + 8𝑛8 + 40(𝑛12 + 𝑛14)}, 

𝑑𝐸 = 𝑚𝑖𝑛 {(72𝑛1 + 48𝑛2 + 64𝑛3 + 32𝑛4 + 64𝑛5 + 48𝑛6 + 64𝑛7 + 8𝑛8 + 72𝑛9 + 56𝑛10 +
72𝑛11 + 56𝑛12 + 64𝑛13 + 56𝑛14 + 72𝑛15), 72(𝑛1 + 𝑛9 + 𝑛11 + 𝑛15) + 48(𝑛2 + 𝑛6) +

64(𝑛3 + 𝑛5 + 𝑛7) + 32𝑛4 + 8𝑛8 + 56(𝑛10 + 𝑛12 + 𝑛14) + 64𝑛13}, 

𝑑𝐶𝐸 = 𝑚𝑖𝑛{(40𝑛1 + 32𝑛2 + 32𝑛3 + 32𝑛4 + 32𝑛5 + 32𝑛6 + 32𝑛7 + 8𝑛8 + 40𝑛9 + 40𝑛10 +
40𝑛11 + 40𝑛12 + 40𝑛13 + 40𝑛14 + 40𝑛15), 40(𝑛1 + 𝑛9 + 𝑛10 + 𝑛11 + 𝑛12 + 𝑛13 + 𝑛14 +

𝑛15) + 32(𝑛2 + 𝑛3 + 𝑛4 + 𝑛5 + 𝑛6 + 𝑛7) + 8𝑛8}, 

𝑑𝐻𝑜𝑚 = 𝑚𝑖𝑛{(40𝑛1 + 32𝑛2 + 32𝑛3 + 32𝑛4 + 32𝑛5 + 32𝑛6 + 32𝑛7 + 8𝑛8 + 40𝑛9 + 40𝑛10 +
40𝑛11 + 40𝑛12 + 40𝑛13 + 40𝑛14 + 40𝑛15), 40(𝑛1 + 𝑛9 + 𝑛10 + 𝑛11 + 𝑛12 + 𝑛13 + 𝑛14 +

𝑛15) + 32(𝑛2 + 𝑛3 + 𝑛4 + 𝑛5 + 𝑛6 + 𝑛7) + 8𝑛8}. 
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Theorem 3.3. Let 𝐶𝑛 be the block repetition code in ℛ  with length 𝑛. Then the covering radius of 

the block repetition codes are 

1. 
3(𝑛1+𝑛3+𝑛5+𝑛7)+4(𝑛2+𝑛4+𝑛6)+8(𝑛8+𝑛9+𝑛11+𝑛13+𝑛15)+5(𝑛10+𝑛12+𝑛14)

4
≤ 𝑟𝐿(𝐶

𝑛) ≤ 

40(𝑛1+𝑛3+𝑛5+𝑛7+𝑛10+𝑛14)+48(𝑛2+𝑛4+𝑛6+𝑛8+𝑛12)+32(𝑛9+𝑛11+𝑛13+𝑛15)

16
, 

2. 
3(𝑛1+𝑛3+𝑛5+𝑛7)+6(𝑛2+𝑛4)+4𝑛4+𝑛8+9(𝑛9+𝑛11+𝑛13+𝑛15)+7(𝑛10+𝑛14)+5𝑛12

4
≤ 𝑟𝐸(𝐶

𝑛) ≤ 

80(𝑛1+𝑛3+𝑛5+𝑛7+𝑛9+𝑛11+𝑛13+𝑛14+𝑛15)+62(𝑛2+𝑛12)+96(𝑛4+𝑛6+𝑛10)+144𝑛8

16
, 

3. 
4(𝑛1+𝑛2+𝑛3+𝑛4+𝑛5+𝑛6+𝑛7)+𝑛8+5(𝑛9+𝑛10+𝑛11+𝑛12+𝑛13+𝑛14+𝑛15)

4
≤ 𝑟𝐶𝐸(𝐶

𝑛) ≤ 

3(𝑛1 + 𝑛2 + 𝑛3 + 𝑛4 + 𝑛5 + 𝑛6 + 𝑛7 + 𝑛8 + 𝑛9 + 𝑛10 + 𝑛11 + 𝑛12 + 𝑛13 + 𝑛14 + 𝑛15), 

4. 
4(𝑛1+𝑛2+𝑛3+𝑛4+𝑛5+𝑛6+𝑛7)+𝑛8+5(𝑛9+𝑛10+𝑛11+𝑛12+𝑛13+𝑛14+𝑛15)

4
≤ 𝑟𝐻𝑜𝑚(𝐶

𝑛) ≤ 

3(𝑛1 + 𝑛8 + 𝑛11 + 𝑛12 + 𝑛13 + 𝑛15) + 4(𝑛2 + 𝑛3 + 𝑛4 + 𝑛5 + 𝑛6 + 𝑛7 + 𝑛9 + 𝑛10 + 𝑛14). 

 
Proof.  
Use to ref. [13] and Theorem 3.1, 3.2, thus 

𝑟𝐿(𝐶
𝑛) ≥

3(𝑛1+𝑛3+𝑛5+𝑛7)+4(𝑛2+𝑛4+𝑛6)+8(𝑛8+𝑛9+𝑛11+𝑛13+𝑛15)+5(𝑛10+𝑛12+𝑛14)

4
. 

Let 𝑥 = 𝑥1𝑥2𝑥3𝑥4𝑥5𝑥6𝑥7𝑥8𝑥9𝑥10𝑥11𝑥12𝑥13𝑥14𝑥15 ∈ ℛ
𝑛 with 𝑥1 , 𝑥2, 𝑥3, 𝑥4, 𝑥5, 𝑥6, 𝑥7 , 𝑥8, 𝑥9, 𝑥10,  

𝑥11, 𝑥12 , 𝑥13, 𝑥14 , 𝑥15 is (𝑎𝑖), (𝑏𝑖), (𝑐𝑖), (𝑑𝑖), (𝑒𝑖), (𝑓𝑖), (𝑔𝑖), (ℎ𝑖), (𝑘𝑖), (𝑙𝑖), (𝑚𝑖), (𝑛𝑖), (𝑜𝑖), (𝑝𝑖), 

(𝑞
𝑖
)
𝑖=0,1,2,3,4,5,6,7,8,9,10,11,12,13,14,15

, respectively such that 𝑛1 = ∑ 𝑎𝑗
15
𝑗=0 , 𝑛2 = ∑ 𝑏𝑗

15
𝑗=0 , 𝑛3 = ∑ 𝑐𝑗

15
𝑗=0 , 

𝑛4 = ∑ 𝑑𝑗
15
𝑗=0 , 𝑛5 = ∑ 𝑒𝑗

15
𝑗=0 , 𝑛6 = ∑ 𝑓𝑗

15
𝑗=0 , 𝑛7 = ∑ 𝑔𝑗

15
𝑗=0 , 𝑛8 = ∑ ℎ𝑗

15
𝑗=0 , 𝑛9 = ∑ 𝑘𝑗

15
𝑗=0 , 𝑛10 = ∑ 𝑙𝑗

15
𝑗=0 , 

𝑛11 = ∑ 𝑚𝑗
15
𝑗=0 , 𝑛12 = ∑ 𝑛𝑗

15
𝑗=0 , 𝑛13 = ∑ 𝑜𝑗

15
𝑗=0 , 𝑛14 = ∑ 𝑝𝑗

15
𝑗=0 , 𝑛15 = ∑ 𝑞𝑗

15
𝑗=0 . 

Thus, 𝑟𝐿(𝐶
𝑛) ≤

40(𝑛1+𝑛3+𝑛5+𝑛7+𝑛10+𝑛14)+48(𝑛2+𝑛4+𝑛6+𝑛8+𝑛12)+32(𝑛9+𝑛11+𝑛13+𝑛15)

16
. 

Similarly, 𝑟𝐸(𝐶
𝑛), 𝑟𝐶𝐸(𝐶

𝑛), 𝑟𝐻𝑜𝑚(𝐶
𝑛).  

REFERENCES 
 

[1]  P. Delsarte, "An algebraic approach to the association schemes of coding theory," Philips Research 
Rep. Suppl., vol. 10, 1973.  

[2]  P. Delsarte and V. Levenshtein, "Association schemes and coding theory," IEEE Trans. Inform. 
Theory, vol. 44, no. 6, p. 2477–2504, 1998.  

[3]  T. Abualrub, I. Siap and N. Aydin, "Z2Z4-additive cyclic codes," IEEE Trans. Inform. Theory, vol. 
60, no. 3, p. 115–121, 2014.  



On Codes Over 𝓡 and its Bounds of Some kind of Block Repetition Codes in 𝓡  

159 | InPrime: Indonesian Journal of Pure and Applied Mathematics 

 

[4]  M. Bilal, J. Borges, S. T. Dougherty and C. Fernandez-Cordoba, "Maximum distance separable 
codes over Z4 and Z2Z4," Des. Codes Cryptogr., vol. 61, no. 1, p. 31–40, 2011.  

[5]  Borges, S. T. Dougherty and C. Fernandez-Cordoba, "Characterization and constructions of self-
dual codes over Z2Z4," Adv. Math. Commun., vol. 6, no. 3, pp. 287-303, 2012.  

[6]  Borges, C. Fernandez-Cordoba, J. Pujol, J. Rifa and M. Villanueva, "Z2Z4-linear codes: 
generator matrices and duality," Des. Codes Cryptogr., vol. 54, no. 2, p. 167–179, 2010.  

[7]  P. P. Chella, "Bounds on the covering radius of some classes of codes over R," Open Journal of 
Discrete Applied Mathematics, vol. 2, no. 1, pp. 14-23, 2019.  

[8]  P. P. Chella, "On codes over the finite non chain ring A = F4 + vF4, v2 = v and its covering 
radius of codes with Bachoc weight," International Journal of Algebra and Statistics, vol. 8, no. 1-2, 
pp. 12-18, 2019.  

[9]  M. K. Raut and M. K. Gupta, "On octonary codes and their covering radii,".  

[10]  C. Carlet, "Z2k -linear codes," IEEE Trans. Inform. Theory , vol. 44, no. 4, pp. 1543-1547, 1998.  

[11]  I. Constantinescu, W. Heise and T. Honold, "Monomial extensions of isometries between codes 
over Zm,," in Proc. workshop ACCT’96, Sozopol, Bulgaria, 1996.  

[12]  M. K. Gupta, D. G. Glynn and G. T. Aaron, "On senary simplex codes," in International 
Symposium, on Applied Algebra, Algebraic Algorithms and Error-Correcting Codes, Springer, Berlin 
Heidelberg, 2001.  

[13]  G. D. Cohen, M. G. Karpovsky, H. F. Mattson and J. R. Schatz, "Covering radius-survey and 
recent results," IEEE Trans. Inform. Theory, vol. 31, no. 3, p. 328–343, 1985.  

 

 
 

 

 

 

 


