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Abstract. In this paper we present construction of some additive codes with very good parameters over the four

elements finite field, each of these quaternary additive codes has double code words than its corresponding optimal

linear code of the same length and minimum distance.

1. Introduction

Additive codes are generalizations of linear codes over
finite fields, they have close relations with quantum
error-correcting codes, for a general introduction of
additive codes and a theory of quantum codes, please see
[1] and [2]. In [3-7], some authors discussed the
parameters of optimal additive codes and explicit
construction of short length additive codes with length
n <15 and leaves several cases unsolved. The results of

[3-5] shows that, for length 72 <15, there are quaternary
additive codes have double codewords than their
corresponding optimal linear code of the same length and
minimum distance. As for larger length additive codes,
little are known on their parameters, let alone on
construction of additive codes with good parameters and
compare them with their counterpart linear codes. Thus, it
is an interesting topic to discuss construction of additive
codes with good parameters.

Here we concentrate on the construction of good
quaternary additive codes. Before give our discussion, let
us introduce some basic knowledge on quaternary field,
quaternary additive codes and make some notations.

Let F, ={0,1,®,®} be the Galois field with four
elements such that @ =1+ @ = @, @ =1, and the
conjugation is defined by )_c =x”. An additive subgroup
C of F, is called an additive code over F, . If C
contains 2" vectors, C is called an (7,2") additive
code. A matrix whose rows form a base of C over F, is
called an additive generator matrix of C'. Especially, if
C is a k -dimensional subspace of F)," over F,, C is
called a linear code over F) and is denoted as [n,k], . It

is easy to see that an [nm,k], code is an additive

(n,2")=[n,2**] code. However, generally, an

[1,2°*] additive code is not a linear code, for details
please see [1].

An [n,k,d], linear code is called an optimal linear
code if there is no [mk,d+1], code, neither
[n,k+1,>2d], code. For details on parameters of

optimal linear code over F) , please see [8].
Notation: In the following of this paper, we use

G=(ay)

an additive (72,2"") code
matrices in compact form, we use '2' to denote @ and

to denote an additive generator matrix of

mxn

C, in order to present the

use 3'to denote @ in the remain of this paper.

2. Construction of Additive Code

In this subsection, we construct generator matrices of
some additive codes by combinational method, our
discussion is presented in two cases.

5
Case I: construction of (n,2°,d) additive codes.
To save space, we need some special matrices as
follows.
Let

0,=(0,0,0),1, =(1,1,1),2, =(2,2,2),
0,=(0,0,0,0),1, =(1,L,L,1),
2,=(2,2,2,2),3,=(3,3,3,3),

X=(O7152’3) 5Y=(193’250)7
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In this case, we use combinational and inductive

methods to construct additive codes. Firstly, define
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031
G7,31:031
G5,31

Using the above matrices as blocks, we can
construction four matrices as follows:

G7,35 :(Al,Az,A3,A4,A5)
G7,72 = (Bl>B2’BZ>B3JB3aB4aB4aB4>B5)

G7,96 = (BI’BI’ G7 Bs)

,72°

G7,127 =(B1aB1aBla"' . B4’G7,31)

It is not difficult to check that G7’35 generates an

additive code C, ;5 with parameters (35,27,26), and
the weight
1+1052*° +152°* +72°° . Puncturing C, 35 on any

polynomial of this code is

one coordinate of G7’3 5, one can obtain an additive code
C, 5, with parameters (34,27,25), and it is not difficult
to calculate the weight polynomial of this code C, 5, is

1+782%° +272°° +122*" +32z** + 62%° + 27,

Similarly, we can check that G, generates an
additive code C, ,, with parameters (72,27,54) , and
the weight polynomial of this code C7,72 is

1+1122°* +122°¢ +32%.

Puncturing C, 5, on the first coordinate, one can
obtain an additive code C,, ~with parameters

(71,27,53), and the weight polynomial of this code is
1+84z +282* +122°° +3z**. Puncturing Cin

on the ninth coordinate, one can obtain another additive
code C',, with parameters (71,27,53) , and the
weight

148427 +282° +927 +32°° +32°*. Hence, we
know there are at least two non equivalent additive codes

with parameters (71,27,53) .

The matrix G, ,, generates an additive code C, o

polynomial of this new code is

with parameters (96,27,72) , and the weight polynomial
of this code is 1+1182"% +92*°.

Puncturing C7,96 on the first coordinate, one can
obtain an additive code C7’95 with parameters
(95,27,71), and the weight polynomial of this code is
148727 +312° +92" .

twenty-fifth coordinate, one can obtain another additive
code C''; o5 with parameters (95,27,71), and the weight

Puncturing C,,, on the

polynomial of this new code is

1490z +382"% +62"° +3z . Hence, we know
there are at least two non equivalent additive codes with

parameters (95,27,71) .

The matrix G ,; generates an additive code C; ,,

with parameters (127,27,96) , and the weight
polynomial of this code is 1+1272% .

3. Discussion and Conclusion

According to Ref.[8], for n=34,35,72,71,96,95,127 and
k=3,4, optimal [n,k,d], linear code has parameters as
follows:

[35.3,26],,[35,3,25],;
[35,4,24],.[34.,4,24],;
[72,3,54],.[71,3,53],;
[72,4,53],,[71,4,52],;
[96,3,72],,[95,3,71],;
[96,4,71],,[95.,4,70],;

[127,3,96],.[127,4,95],.
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Comparing the above linear codes with our additive
codes given in last section, we can obtain the following
fact hold:

(1) The additive code (35,27,26) has double
optimal linear [35,3,26],
=(35,2°,26) code; the additive code (34,27,25)
has double codewords than the
[34,3,25], = (34, 2°,25) code.

(2) The additive code (72,27,54) has double
optimal linear [72,3,54],
=(72,2°,54) code; the additive code (71,27,53)
has double codewords than the
[71,3,53], = (71, 2°,53) code.

(3) The additive code (96,27,72) has double
optimal linear [96,3,72],
=(96,2°,72) code; the additive code (95,2",71)
has double codewords than the
[95,3,71], = (95, 2°,71) code.

(4) The additive code (127,27,96) has double
linear [127,3,96],

codewords than the

optimal linear

codewords than the

optimal linear

codewords than the

optimal linear

than the
=(127, 2°,96) code.

From [9]-[12], we know that additive codes have
many new applications, we wish that using our method
one can construct much more additive codes for other
usage.

Whether one can further construct new good additive

codewords optimal

codes from the above (17,2”,d)codes given in Cases I,

by puncturing on several coordinates? This need further
study in the future.
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