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Abstract 

To construct linear codes having minimum distance as large as 
possible, for any given length and dimension is one of the major 
problems in coding theory. In this paper, we show the adequacy of 
Dougherty et al.’s method [2] by providing many numerical evidences. 
We obtain many extremal or nearly-extremal linear codes over several 
finite fields for modest lengths. 

1. Introduction 

Let qF  be a finite field of q elements. A linear [ ]kn,  code C over qF  is 

a k-dimensional subspace of .n
qF  The value n is called length of C and the 

element of C is called codeword of C. A generator matrix G of a linear code 
C is a matrix whose rows are basis of C. The weight ( )cwt  of a codeword 

Cc ∈  is the number of nonzero components of c. The minimum weight d of 
all nonzero codewords in C is called minimum weight of C. An [ ]dkn ,,  
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code is an [ ]kn,  code with minimum weight d. The weight enumerator W of 

C is given by 
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where iA  denotes the number of codewords of weight i in C. 

The space n
qF  is equipped by the Euclidean inner product defined by 
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for two vectors ( )nxxxx ...,,, 21=  and ( )nyyyy ...,,, 21=  in .n
qF  The 

(Euclidean) dual code ⊥C  of C is defined as 

{ [ ] }.allfor,0,: CccxxC n
q ∈=∈=⊥ F  

A code C is called (Euclidean) self-dual if .⊥= CC  From now on, what we 
mean by self-dual is Euclidean self-dual. 

Two codes are called equivalent if one can be obtained from the other by 
a permutation of coordinates. 

An undirected graph ( )EV ,=Γ  is a set of vertices V of cardinality n 

together with a collection E of edges, where each edge is an unordered pair 
of vertices. The vertices iv  and jv  are adjacent if { }ji vv ,  is an edge. The 

degree of a vertex v is the number of vertices adjacent to v. A graph is called 
regular of degree k if all vertices have the same degree k. The adjacency 
matrix ( )ijAA =  of a graph ( )EV ,=Γ  is a symmetric ( )1,0 -matrix 

defined as follows: 1=ijA  if the ith and jth vertices are adjacent, and 

0=ijA  otherwise. The incidence matrix ( )ijMM =  of a graph ( )EV ,=Γ  

is defined to be 1=ijM  if the ith vertex is incident to the edge ,je  and 

0=ijM  otherwise. 
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We provide here some more notations and definitions. Line graph of G, 
denoted by LG, is defined as a graph with vertex set ( ) ( )GELGV =  in 

which two vertices in LG are adjacent if the related edges in G has a common 
vertex. It is well known that the adjacency matrix of LG has the form 

,2IMM T −  where M is an incidence matrix of G. Tensor product HG ×  of 

graphs G and H is a graph such that the vertex set ( ) =× HGV  

( ) ( ),HVGV ×  and ( ) ( ) ( )HGVvvuu ×∈2121 ,,,  are adjacent if and only if 

{ } ( )GEvu ∈11,  and { } ( )., 22 HEvu ∈  We denote by TG the tensor product 

of graphs G and G. 

Among the main problems in coding theory is to construct linear codes 
with the highest possible minimum distance, for any given length and 
dimension. It is because the minimum distance is proportional to 
performance of the codes in detecting and correcting error in communication 
channels. We may construct linear codes by using graphs. 

There are several manners to construct linear codes from graphs. 
Tonchev [9, 11, 12], for example, stated that we can define two linear codes 
from the following generator matrices: 

(a) ( ),, AIG =  

(b) ,AG =  

where I is the identity matrix of order n. Moreover, he [9, 11, 12] showed the 
existence of good codes having generator matrices of type (a) above, for 
large enough value of n, the size of A. Recently, Dougherty et al. [2] 
introduced methods to construct self-dual codes from graphs. Their 
construction [2] may be regarded as a kind of generalization of several 
known methods including generalized doubly circulant method by Gaborit 
[4]. As results they [2] obtained several self-dual codes with good 
parameters. 

The purpose of this note is to provide some more numerical evidence to 
the powerful of the construction methods of Dougherty et al. [2]. We applied 
the methods to construct (not necessary self-dual) linear codes. We obtained 
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several extremal or nearly extremal codes over finite fields of modest 
lengths. As the codes we constructed are used for error correction in data 
transmission, it is important to know the performance of the resulting codes 
with respect to the decoding error probability. For that reason we short the 
codes with respect to their performance in decoding error probability. (See 
[8], see also [3] for detail account of decoding error probability). 

2. Construction Methods 

Let ( )EVG ,=  be a simple, undirected graph with vV =  and 

.ε=E  Let A and M be an adjacency and incidence matrix of G, 

respectively. Define .: AIJA −−=  

We describe the following construction. Let qF  be a finite field. For 

arbitrary scalar qtsr F∈,,  define 

( ) ( ).,, AtsArItsrQ q ++=F  

We constructed linear codes by using four different methods: 

1. ,qAF  adjacency matrix of a graph G, as a generator matrix of a code C 

over .qF  

2. ( )MA |  as a generator matrix of a code C over .qF  

3. ( ) ( ( ))tsrQItsrP qq ,,,, FF |=  as a generator matrix of a code C over 

.qF  

4. For ,,, qF∈γβα  

( )
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as a generator matrix of a code C over .qF  
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The last two methods above are called pure and bordered construction, 
respectively. 

Then we have the following proposition. 

Proposition 2.1. Let G be a generator matrix of a linear code C of 
parameter [ ].,, dkn  Then ( ){ }.1:min nigwtd i ≤≤≤  

As a corollary, regarding the above four constructions we have the 
following. 

Corollary 2.1. Let ( )EVG ,=  with vV =  and ,ε=E  and let 

( )Gδ  denote the smallest degree of G. Then we have 

1. Linear code qAF  has parameters [ ]dkv ,,  with ( ).Gd δ≤  

2. Linear code qAMF  has parameters [ ]dkv ,,ε+  with ( ).Gd δ≤  

3. Linear code ( )tsrP q ,,F  has parameters [ ]dvv ,,2  with .1+≤ vd  

4. Linear code ( )tsrB q ,,F  has parameters [ ]dvv ,1,22 ++  with 

.2+≤ vd  

All observations are focused on the Johnson graphs ( ),, knJ  with 

.21 ⎥⎦
⎥

⎢⎣
⎢≤≤ nk  As usual, the Johnson graph ( )knJ ,  is defined to be the graph 

with vertex set is equal to the collection of all k-subsets of { },...,,2,1 n  and 

any two vertices are adjacent if they have exactly 1−k  elements in common. 

3. Results 

In this section we provide several concrete examples of extremal or 
nearly-extremal linear codes we obtained by the above methods. We first 
explain the notation we use in the tables below. In the first column, 

γβα ,,,,,,,,, tsrknqi  has the following meaning: 

• 1=i  means the codes are obtained from qAF  of the graphs ( )., knJ  
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• 2=i  means the codes are obtained from ( )MA |  of the graphs 

( )., knJ  

• 3=i  means the codes are obtained from pure construction of the 
graphs ( )., knJ  

• 4=i  means the codes are obtained from bordered construction of 
the graphs ( )., knJ  

• 5=i  means the codes are obtained from qAF  of the graphs 

( )., knLJ  

• 6=i  means the codes are obtained from ( )MA |  of the graphs 

( )., knLJ  

• 7=i  means the codes are obtained from pure construction of the 
graphs ( )., knLJ  

• 8=i  means the codes are obtained from bordered construction of 
the graphs ( )., knLJ  

• 9=i  means the codes are obtained from qAF  of the graphs 

( )., knTJ  

• 10=i  means the codes are obtained from ( )MA |  of the graphs 

( )., knTJ  

• 11=i  means the codes are obtained from pure construction of the 
graphs ( )., knTJ  

• 12=i  means the codes are obtained from bordered construction of 
the graphs ( )., knTJ  

We note that: “ex” and “n-ex” stand for extremal and nearly-extremal. 
“s-d” stands for self-dual. “T-II” stands for type II, namely the binary self-
dual codes which all codewords have weight divisible by 4. “LB” and “UB” 
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are lower bound and upper bound, respectively, obtained from [5] (see also 
[1]). 

3.1. Linear codes over 2F  

As mentioned before, the linear codes qAF  constructed from the Johnson 

graphs ( )knJ ,  have parameters ( ) ⎥⎦
⎤

⎢⎣
⎡

⎟
⎠
⎞

⎜
⎝
⎛ dA

k
n

,rank,  with ( ).knkd −≤  

γβα ,,,,,,,, tsrkni  Parameters LB UB Type ,, 1+dd AA  

2+dA  

〈4, 3, 1, 0, 1, 0, 1, 1, 1〉  [8, 4, 3] 4 4 n-ex 3, 7, 4 

〈4, 3, 1, 0, 1, 0, 1, 1, 0〉  [8, 4, 3] 4 4 n-ex 4, 6, 4 

〈4, 3, 1, 0, 1, 0, 0, 1, 0〉  [8, 4, 3] 4 4 n-ex 7, 7, 0 

〈3, 4, 1, 0, 1, 0〉 [8, 4, 4] 4 4 s-d, ex  14, 0, 0 

〈9, 3, 1〉 [9, 4, 4] 4 4 ex 9, 0, 6 

〈1, 2, 5, 2〉 [10, 4, 4] 4 4 ex 5, 0, 10 

〈4, 4, 1, 0, 1, 0, 1, 1, 1〉  [10, 5, 3] 4 4 n-ex 4, 6, 8 

〈4, 4, 1, 0, 1, 0, 0, 1, 0〉  [10, 5, 3] 4 4 n-ex 4, 14, 8 

〈3, 2, 5, 1, 0, 1, 0〉 [10, 5, 4] 4 4 ex 10, 16, 0 

〈4, 4, 1, 0, 1, 0, 1, 1, 0〉  [10, 5, 4] 4 4 ex 18, 0, 8 

〈5, 2, 4, 2〉 [12, 4, 6] 6 6 ex 12, 0, 3 

〈4, 5, 1, 0, 1, 0, 1, 1, 1〉  [12, 6, 3] 4 4 n-ex 5, 10, 0 

〈4, 5, 1, 0, 1, 0, 0, 1, 0〉  [12, 6, 3] 4 4 n-ex 5, 10, 16 

〈4, 5, 1, 0, 1, 0, 1, 1, 0〉  [12, 6, 4] 4 4 ex  5, 16, 0 

〈3, 4, 2, 0, 1, 1〉 [12, 6, 4] 4 4 s-d, ex  15, 0, 32 
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〈4, 4, 2, 0, 0, 1, 0, 1, 1〉  [14, 7, 3] 4 4 n-ex 6, 15, 0 

〈3, 7, 1, 0, 1, 0〉 [14, 7, 4] 4 4 ex 21, 0, 0 

〈4, 4, 2, 0, 1, 1, 1, 1, 0〉  [14, 7, 4] 4 4 ex 21, 0, 32 

〈1, 6, 2〉 [15, 4, 8] 8 8 ex 15, 0, 0 

〈3, 8, 1, 0, 1, 0〉 [16, 8, 4] 5 5 s-d, n-ex, T-II 28, 0, 0 

〈4, 7, 1, 0, 1, 0, 0, 1, 1〉  [16, 8, 4] 5 5 s-d, n-ex, T-II 28, 0, 0 

〈4, 7, 1, 0, 1, 0, 1, 1, 0〉  [16, 8, 4] 5 5 n-ex 28, 0, 0 

〈9, 5, 1〉 [25, 16, 4] 4 4 ex 100, 0, 600 

〈8, 4, 2, 0, 0, 1, 1, 1, 1〉  [26, 13, 6] 7 7 n-ex 54, 64, 135 

〈8, 4, 2, 1, 1, 0, 1, 1, 0〉  [26, 13, 6] 7 7 n-ex 70, 0, 471 

〈8, 4, 2, 0, 0, 1, 1, 1, 0〉  [26, 13, 6] 7 7 n-ex  102, 0, 247 

〈1, 8, 2〉 [28, 6, 12] 12 12 ex 28, 0, 0 

〈4, 6, 2, 0, 0, 1, 1, 1, 1〉  [32, 16, 7] 8 8 n-ex 35, 465, 120 

〈4, 6, 2, 0, 0, 1, 1, 1, 0〉  [32, 16, 7] 8 8 n-ex  120, 380, 120 

〈4, 6, 2, 0, 0, 1, 0, 1, 0〉  [32, 16, 7] 8 8 n-ex  155, 465, 0 

〈4, 6, 2, 0, 0, 1, 0, 1, 1〉  [32, 16, 8] 8 8 s-d, ex  620, 0, 0 

〈12, 4, 1, 0, 1, 0, 0, 1, 1〉  [34, 17, 7] 8 8 n-ex 32, 300, 320 

〈12, 4, 1, 1, 0, 1, 0, 1, 0〉  [34, 17, 7] 8 8 n-ex 32, 620, 320 

〈12, 4, 1, 1, 0, 1, 0, 1, 1〉  [34, 17, 8] 8 8 ex 332, 640, 0 

〈3, 6, 3, 1, 0, 1〉 [40, 20, 8] 9 10 s-d, n-ex, T-II 285, 0, 0 

〈3, 6, 3, 0, 1, 0〉 [40, 20, 8] 9 10 s-d, n-ex 285, 0, 1024 
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3.2. Linear codes over 3F  

γβα ,,,,,,,, tsrkni  Parameters LB UB Type 21,, ++ ddd AAA  

〈4, 3, 1, 1, 0, 0, 0, 1, 1〉 [8, 4, 3] 4 4 n-ex 6, 10, 30 

〈4, 3, 1, 0, 1, 0, 1, 1, 1〉 [8, 4, 3] 4 4 n-ex 6, 12, 22 

〈4, 3, 1, 0, 1, 0, 1, 1, 0〉 [8, 4, 3] 4 4 n-ex 8, 18, 16 

〈4, 3, 1, 0, 1, 0, 0, 1, 0〉 [8, 4, 3] 4 4 n-ex 12, 22, 30 

〈3, 4, 1, 0, 1, 0〉 [8, 4, 4] 4 4 n-ex 22, 24, 20 

〈3, 4, 1, 1, 2, 0〉 [8, 4, 4] 4 4 n-ex 24, 16, 32 

〈2, 4, 1〉  [10, 4, 6] 6 6 ex 60, 0, 0 

〈3, 5, 1, 0, 1, 0〉 [10, 5, 4] 5 5 n-ex 20, 20, 80 

〈3, 5, 1, 1, 2, 0〉 [10, 5, 4] 5 5 n-ex 20, 22, 70 

〈4, 4, 1, 0, 1, 0, 1, 1, 0〉  [10, 5, 4] 5 5 n-ex 30, 24, 54 

〈4, 4, 1, 1, 2, 0, 1, 1, 0〉  [10, 5, 4] 5 5 n-ex 32, 16, 64 

〈9, 4, 1〉 [16, 9, 4] 5 5 n-ex 72, 0, 288 

〈11, 3, 1, 0, 0, 1〉 [18, 9, 5] 6 6 n-ex 54, 72, 36 

〈11, 3, 1, 1, 0, 1〉  [18, 9, 6] 6 6 ex 108, 144, 486 

〈12, 3, 1, 1, 0, 1, 0, 1, 1〉  [20, 10, 6] 7 7 n-ex 72, 168, 396 

〈12, 3, 1, 1, 0, 1, 1, 1, 0〉  [20, 10, 6] 7 7 n-ex 108, 252, 510 

〈12, 3, 1, 0, 0, 1, 0, 1, 1〉  [20, 10, 6] 7 7 n-ex 126, 78, 324 

〈12, 3, 1, 0, 0, 1, 1, 1, 1〉  [20, 10, 6] 7 7 n-ex 126, 90, 312 

〈3, 5, 2, 0, 1, 0〉 [20, 10, 6] 7 7 n-ex 150, 40, 300 

〈3, 5, 2, 1, 1, 2〉 [20, 10, 6] 7 7 n-ex 180, 0, 240 

〈12, 3, 1, 1, 0, 1, 0, 1, 0〉  [20, 10, 6] 7 7 n-ex 216, 168, 702 
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〈1, 6, 3〉 [20, 13, 4] 5 5 n-ex 90, 0, 1560 

〈1, 7, 2〉 [21, 15, 4] 4 4 ex 210, 420, 6244 

〈2, 6, 1〉 [21, 6, 10] 11 11 n-ex 42, 42, 140 

〈1, 10, 2〉 [45, 36, 4] 5 6 n-ex 1260, 1890, 38220 

3.3. Linear codes over 4F  

γβα ,,,,,,,, tsrkni  Parameters LB UB Type 21,, ++ ddd AAA  

〈6, 3, 1〉 [6, 2, 4] 4 4 ex 9, 0, 6 

〈4, 3, 1, 1, w, 1, 1, 1, w〉 [8, 4, 3] 4 4 n-ex 9, 9, 78 

〈4, 3, 1, 1, 0, 1, 1, 1, 1〉 [8, 4, 3] 4 4 n-ex 9, 21, 30 

〈4, 3, 1, 1, w, 1, 0, 1, 0〉 [8, 4, 3] 4 4 n-ex 9, 69, 54 

〈4, 3, 1, 0, 1, 1, 1, 1, 0〉 [8, 4, 3] 4 4 n-ex 12, 18, 48 

〈4, 3, 1, 0, 1, 1, 0, 1, 0〉 [8, 4, 3] 4 4 n-ex 21, 21, 126 

2,1,1,1,,1,1,3,4 ww  [8, 4, 4] 4 4 ex 18, 96, 24 

222 ,,,1,,,1,3,4 wwwww  [8, 4, 4] 4 4 s-d, ex 18, 96, 24 

〈4, 3, 1, 1, w, 1, 1, 1, 1〉 [8, 4, 4]  4 4 ex 30, 48, 96 

〈4, 3, 1, 0, 1, 1, 0, 1, 1〉 [8, 4, 4] 4 4 s-d, ex 42, 0, 168 

〈4, 3, 1, 1, w, 1, 1, 1, 0〉  [8, 4, 4] 4 4 ex 54, 24, 72 

〈9, 3, 1〉 [9, 4, 4] 5 5 n-ex 27, 0, 54 

〈3, 5, 1, 1, w, 1〉 [10, 5, 4] 5 5 n-ex 30, 0, 300 

〈4, 4, 1, 1, w, 1, 1, 1, 1〉  [10, 5, 4] 5 5 n-ex 30, 24, 180 

〈3, 5, 1, 0, 1, 1〉 [10, 5, 4] 5 5 n-ex 30, 48, 60 

〈4, 4, 1, 1, w, 1, 1, 1, 0〉  [10, 5, 4] 5 5 n-ex 30, 96, 108 
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〈4, 4, 1, 0, 1, 1, 1, 1, 0〉  [10, 5, 4] 5 5 n-ex 54, 0, 228 

〈5, 4, 2〉  [12, 4, 6] 7 7 n-ex 36, 0, 9 

〈11, 3, 1, 0, 1, w〉 [18, 9, 7] 8 8 n-ex 432, 594, 5520 

〈12, 3, 1, 1, w, 0, 1, 1, 1〉  [20, 10, 7] 8 8 n-ex 72, 1206, 2160 

222 ,,,,,1,1,3,12 wwwww [20, 10, 7] 8 8 n-ex 108, 1170, 1944 

〈12, 3, 1, 1, w, 0, 1, 1, w〉  [20, 10, 7] 8 8 n-ex 144, 702, 4320 

www ,1,1,,,1,1,3,12 2   [20, 10, 7] 8 8 n-ex 180, 666, 4104 

〈12, 3, 1, 0, 1, w, 1, 1, 0〉  [20, 10, 7] 8 8 n-ex 432, 846, 5952 

〈12, 3, 1, 0, 1, w, 0, 1, 0〉  [20, 10, 7] 8 8 n-ex 684, 1026, 10488 

0,,0,,1,0,1,3,12 22 ww   [20, 10, 7] 8 8 n-ex 684, 1026, 10488 

〈12, 3, 1, 0, 1, w, 0, 1, 1〉  [20, 10, 8] 8 8 n-ex 1710, 0, 20976 

〈4, 5, 2, 1, w, 0, 0, 1, 1〉  [22, 11, 7] 8 9 n-ex 90, 780, 2130 

〈4, 5, 2, 0, 1, w, 0, 1, 1〉  [22, 11, 7] 8 9 n-ex 150, 720, 1950 

222 ,,0,,1,0,2,5,4 www  [22, 11, 7] 8 9 n-ex 150, 720, 1950 

〈4, 5, 2, 1, w, 0, 1, 1, 1〉  [22, 11, 7] 8 9 n-ex 180, 690, 1860 

222 ,,,0,,1,2,5,4 wwww  [22, 11, 7] 8 9 n-ex 180, 690, 1860 

〈7, 4, 2, 0, 1, w〉 [24, 12, 8] 9 9 n-ex 981, 768, 5184 

3.4. Linear codes over 5F  

γβα ,,,,,,,, tsrkni  Parameters LB UB Type 21,, ++ ddd AAA  

〈4, 3, 1, 1, 2, 0, 1, 1, 0〉 [8, 4, 3] 4 4 n-ex 4, 60, 64 

〈4, 3, 1, 1, 0, 0, 0, 1, 1〉 [8, 4, 3] 4 4 n-ex 12, 16, 100 
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〈4, 3, 1, 1, 0, 0, 1, 1, 4〉 [8, 4, 3] 4 4 n-ex 12, 12, 116 

〈4, 3, 1, 0, 1, 0, 1, 1, 0〉 [8, 4, 3] 4 4 n-ex 12, 36, 80 

〈4, 3, 1, 0, 1, 0, 1, 1, 1〉 [8, 4, 3] 4 4 n-ex 12, 24, 68 

〈4, 3, 1, 1, 2, 0, 0, 1, 0〉 [8, 4, 3] 4 4 n-ex 16, 76, 180 

〈4, 3, 1, 1, 3, 0, 0, 1, 0〉 [8, 4, 3] 4 4 n-ex 12, 92, 156 

〈4, 3, 1, 0, 1, 0, 0, 1, 0〉 [8, 4, 3] 4 4 n-ex  24, 44, 228 

〈3, 4, 1, 1, 3, 0〉  [8, 4, 4] 4 4 ex 28, 112, 168 

〈4, 3, 1, 1, 2, 0, 0, 1, 1〉 [8, 4, 4] 4 4 ex 32, 96, 192 

〈4, 3, 1, 0, 1, 0, 1, 1, 2〉 [8, 4, 4] 4 4 ex 36, 80, 216 

〈3, 4, 1, 0, 1, 0〉 [8, 4, 4] 4 4 ex 40, 64, 240 

〈3, 4, 1, 1, 4, 0〉 [8, 4, 4] 4 4 s-d, ex 48, 32, 288 

〈3, 4, 1, 2, 3, 0〉 [8, 4, 4] 4 4 ex 48, 32, 288 

〈4, 3, 1, 1, 3, 0, 1, 1, 0〉 [8, 4, 4] 4 4 ex 72, 56, 172 

〈2, 4, 1〉 [10, 4, 6] 6 6 ex 100, 80, 240 

〈4, 4, 1, 1, 3, 0, 0, 1, 1〉  [10, 5, 4] 5 5 s-d, n-ex 40, 8, 400 

〈4, 4, 1, 1, 3, 0, 0, 1, 2〉  [10, 5, 4] 5 5 n-ex 40, 8, 400 

〈4, 4, 1, 0, 1, 0, 0, 1, 1〉  [10, 5, 4] 5 5 n-ex 40, 20, 340 

〈4, 4, 1, 1, 3, 0, 1, 1, 2〉  [10, 5, 4] 5 5 n-ex 40, 28, 300 

〈4, 4, 1, 0, 1, 0, 1, 1, 4〉  [10, 5, 4] 5 5 n-ex 40, 32, 280 

〈4, 4, 1, 0, 1, 0, 1, 1, 3〉  [10, 5, 4] 5 5 n-ex 40, 40, 240 

〈4, 4, 1, 1, 3, 0, 1, 1, 0〉  [10, 5, 4] 5 5 n-ex 44, 112, 300 

〈4, 4, 1, 0, 1, 0, 1, 1, 0〉  [10, 5, 4] 5 5 n-ex  56, 64, 360 

〈4, 4, 1, 1, 4, 0, 1, 1, 0〉  [10, 5, 4] 5 5 n-ex 64, 32, 400 
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〈11, 3, 1, 1, 0, 2〉  [18, 9, 6] 7 8 n-ex 72, 0, 2124 

〈11, 3, 1, 1, 3, 4〉  [18, 9, 6] 7 8 n-ex 96, 0, 2232 

〈11, 3, 1, 2, 1, 3〉  [18, 9, 6] 7 8 s-d, n-ex 96, 0, 2232 

〈11, 3, 1, 1, 1, 2〉  [18, 9, 6] 7 8 n-ex 168, 144, 1440 

〈11, 3, 1, 1, 0, 1〉  [18, 9, 6] 7 8 n-ex 180, 144, 1368 

〈11, 3, 1, 0, 1, 4〉 [18, 9, 7] 7 8 n-ex 576, 792, 6160 

〈7, 5, 1, 1, 3, 4〉 [20, 10, 7] 8 9 n-ex 40, 1500, 2400 

〈12, 3, 1, 0, 1, 4, 1, 1, 1〉  [20, 10, 7] 8 9 n-ex 72, 1632, 1908 

〈12, 3, 1, 0, 1, 4, 1, 1, 2〉  [20, 10, 7] 8 9 n-ex 96, 1608, 2016 

〈12, 3, 1, 1, 0, 2, 1, 1, 2〉  [20, 10, 7] 8 9 n-ex 144, 984, 3816 

〈12, 3, 1, 1, 0, 2, 1, 1, 3〉  [20, 10, 7] 8 9 n-ex 168, 960, 3924 

〈12, 3, 1, 1, 3, 4, 1, 1, 2〉  [20, 10, 7] 8 9 n-ex  192, 936, 4032 

〈12, 3, 1, 0, 1, 4, 1, 1, 0〉  [20, 10, 7] 8 9 n-ex  576, 1128, 6736 

〈12, 3, 1, 0, 1, 4, 0, 1, 0〉  [20, 10, 7] 8 9 n-ex  912, 1368, 11704 

〈7, 5, 1, 0, 1, 4〉 [20, 10, 8] 8 9 s-d, n-ex 2280, 0, 23408 

〈7, 5, 1, 0, 2, 3〉 [20, 10, 8] 8 9 n-ex 2280, 0, 23408 

〈7, 4, 2, 1, 4, 0〉 [24, 12, 8] 9 10 n-ex 660, 1200, 6960 

〈5, 5, 2〉 [30, 26, 3] 3 3 ex 360, 11280, 234984 

3.5. Linear codes over 7F  

γβα ,,,,,,,, tsrkni  Parameters LB UB Type 21,, ++ ddd AAA  

〈4, 3, 1, 1, 2, 0, 1, 1, 3〉  [8, 4, 4] 5 5 n-ex 36, 192, 552 

〈4, 3, 1, 1, 2, 0, 0, 1, 1〉 [8, 4, 4] 5 5 n-ex 42, 168, 588 
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〈4, 3, 1, 1, 3, 0, 0, 1, 1〉 [8, 4, 4] 5 5 n-ex  48, 144, 624 

〈4, 3, 1, 0, 1, 0, 1, 1, 2〉 [8, 4, 4] 5 5 n-ex 54, 120, 660 

〈4, 3, 1, 0, 1, 0, 0, 1, 1〉 [8, 4, 4] 5 5 n-ex 60, 96, 696 

〈4, 3, 1, 0, 1, 0, 1, 1, 4〉 [8, 4, 4] 5 5 n-ex 72, 48, 768 

〈4, 3, 1, 1, 2, 0, 1, 1, 0〉 [8, 4, 4] 5 5 n-ex 108, 156, 522 

〈2, 4, 1〉 [10, 4, 6] 6 6 ex 150, 120, 900 

〈3, 5, 1, 1, 4, 0〉 [10, 5, 4] 5 5 n-ex 60, 0, 780 

〈3, 5, 1, 1, 5, 0〉 [10, 5, 4] 5 5 n-ex 60, 6, 750 

〈4, 4, 1, 1, 2, 0, 0, 1, 1〉  [10, 5, 4] 5 5 n-ex 60, 12, 720 

〈4, 4, 1, 0, 1, 0, 1, 1, 2〉  [10, 5, 4] 5 5 n-ex 60, 24, 660 

〈4, 4, 1, 1, 2, 0, 1, 1, 5〉  [10, 5, 4] 5 5 n-ex 60, 42, 570 

〈4, 4, 1, 0, 1, 0, 1, 1, 3〉  [10, 5, 4] 5 5 n-ex 60, 48, 540 

〈3, 5, 1, 0, 1, 0〉 [10, 5, 4] 5 5 n-ex 60, 30, 630 

〈4, 4, 1, 1, 4, 0, 1, 1, 6〉  [10, 5, 4] 5 5 n-ex 60, 36, 600 

〈3, 5, 1, 1, 3, 0〉 [10, 5, 4] 5 5 n-ex 60, 60, 480 

〈4, 4, 1, 1, 4, 0, 1, 1, 0〉  [10, 5, 4] 5 5 n-ex 60, 192, 828 

〈4, 4, 1, 1, 2, 0, 1, 1, 0〉  [10, 5, 4] 5 5 n-ex 66, 168, 858 

〈4, 4, 1, 0, 1, 0, 1, 1, 0〉  [10, 5, 4] 5 5 n-ex 84, 96, 948 

〈4, 4, 1, 1, 6, 0, 1, 1, 0〉  [10, 5, 4] 5 5 n-ex 96, 48, 1008 

〈11, 3, 1, 0, 1, 6〉 [18, 9, 7] 8 8 n-ex 432, 972, 13776 

〈11, 3, 1, 1, 3, 4〉  [18, 9, 7] 8 8 n-ex  432, 972, 13860 

〈3, 5, 2, 1, 4, 5〉  [20, 10, 8] 9 9 n-ex  1350, 3600, 44592 

〈3, 5, 2, 1, 4, 5〉  [20, 10, 8] 9 9 n-ex 1350, 3600, 44592 
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〈3, 5, 2, 1, 2, 4〉  [20, 10, 8] 9 9 n-ex  1470, 4860, 34890 

〈3, 5, 2, 1, 5, 6〉  [20, 10, 8] 9 9 n-ex  1530, 2880, 45696 

〈3, 5, 2, 1, 2, 0〉  [20, 10, 8] 9 9 n-ex  1650, 2880, 43290 

〈3, 5, 2, 0, 1, 6〉  [20, 10, 8] 9 9 n-ex  2340, 0, 49152 

〈3, 5, 2, 1, 3, 4〉  [20, 10, 8] 9 9 n-ex  2340, 0, 49860 

〈1, 8, 3〉  [56, 49, 4] 5 6 n-ex 12600, 23520, 
2629872 

4. Concluding Remarks 

We obtained many linear codes with good parameters over finite fields 
of modest lengths. It will be good to apply the methods to construct many 
more linear codes with good parameters for other lengths. As done in [2], the 
methods apply to construct good self-dual codes over finite rings as well. It 
will be beneficial to apply the methods to construct good self-dual codes over 
finite rings other than the ones considered in [2] as well as the same finite 
rings for other lengths. 
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