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 Abstract: Let 
 qdkn ,,

 code be a linear code of length n, dimension k and minimum Hamming distance d over 

GF (q). One of the most important problems in coding theory is to construct codes with best possible minimum 

distances. In this paper new one-generator quasi-cyclic (QC) codes over GF (3) are presented. Some of the 

results are received by construction X.   
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I. INTRODUCTION 

Let GF(q) denote the Galois field of q elements. A linear code C over GF(q) of length n, dimension k and  

minimum Hamming distance d is called an 
 qdkn ,,

- code. 

A code C is said to be quasi-cyclic (QC) if a cyclic shift of a codeword by p positions results in another 

codeword. A cyclic shift of an   m-tuple    
 110 ,,, mxxx 

 is   the m-tuple 
 201 ,,,  mm xxx 

. 

The blocklength, n, of a QC code is a multiple of  p, so that  
mpn 

. 

A matrix  B  of  the form 
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 is called a  circulant matrix. A class of  QC codes can be constructed from  mm  circulant matrices. In this 

case, the generator matrix G can be  represented  as  

 pBBBG ,,, 21 
,                 (1) 

where  
,iB
 

,1 pi 
 are   circulant  matrices . 

The algebra of  mm   circulant matrices over GF(q) is isomorphic to the algebra of polynomials in the ring 

    1/ mxxqGF
 if B is mapped onto the polynomial, 

      
,...)( 1

1

2

210



 m

m xbxbxbbxb
 

formed from the entries in the first row of  B. The b i (x) associated with a QC code are called the  defining   

polynomials.  

If the defining polynomials 
 xbi  contain a common factor, which is also a factor of 1mx , then the QC code 

is called  degenerate. The dimension  k of the QC code is equal  to the degree of   
 xh

,  where  

 

        xbxbxxxh p

mm ,,,1gcd/1 0 
 

 

If the polynomial 
 xh

 has degree m, the dimension of the code is  m,  and  (1 )  is a generator matrix. If  

   mkxh deg
, a generator matrix for the code can be constructed by deleting km  rows of  (1). 
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Theorem 1 [2]: Let  C  be a one-generator QC code over GF(q) of length 
mpn 

. Then, a generator  

g(x)     pmxxqGF 1/ 
 of  C  has the following form 

              ,,,, 2211 xgxfxgxfxgxfxg pp
where

  1m

i xxg
 

and
       1/1,  xgxxf i

m

i   for all 
.1 pi 
 

Let the defining polynomials of the code  C  be in the  next  form 

 

          ,,, 221 xgxfxdxgxd       ,xgxfxd pp 
                                                                                 

 

where      
   1| mxxg

  and     
   xfxg i,

 
    1/ mxxqGF

 ,  

           
       1/1,  xgxxf m

i    

and             
     xgmxf i degdeg 

 

for all 
.1 pi 
 Then  C  is a degenerate QC code, which is one-generator QC code and for this code 

mpn 
,  and  

))(deg( xgmk 
.  

 

Theorem 2: (Construction X)   

Let qsdlknC ],,[2 
code be a subcode of  the code  qdknC ],,[1   and  let qslaC ],,[3  be  a 

third code.  Then  there exists an   qsdkanC ],,[ 
code. 

In this paper, one-generator QC codes (p > 1) are constructed, using an algebraic-combinatorial computer 

search, similar to that in [2], [3]. 

The codes presented here, improve the respective lower bounds on the  minimum  distance in [1]. 

 

 

II.THE METHOD 

We have restricted our search to one-generator QC codes with a generator of the form as in Theorem 1. with one 

generator polynomial g(x) and f_1(x)=1. Let q=3, m=32. 

Let us consider 
 

3
17,32p

, 
,4,,2p

 one-generator QC linear codes. First, using Berlekamp's algorithm, 

we factorize 132 x . There are  nine multipliers: 

 
       12222222221 2222424484832  xxxxxxxxxxxxxx

  

  21  xx
. 

For  k=17  has  30 possibilities to obtain g(x) of degree 15. We checked for these possibilities consecutively,  

using nonexhaustive search, and when  

 

  22222 3567891012131415  xxxxxxxxxxxxg
,  

  22 278910111214

1  xxxxxxxxxf
, 

  122 345678

2  xxxxxxxxf
  and 

  1222 45678910

3  xxxxxxxxxf
,   

 363,17,128
 code is obtained. 

 

By same way, we consider all other one-generator QC linear codes. 

 

III.  NEW QC CODES 

 

Theorem 3 There exist new one-generator quasi-cyclic codes with parameters( Table 1) [1]: 
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Table 1 

 333,12,66
 

 390,15,168
 

 324,17,60
 

 363,17,128
 

 348,21,112
 

 381,21,170
 

 388,21,182
 

 375,22,160
 

 387,22,182
 

 345,24,112
 

 360,24,138
 

 

 

Proof: The defining polynomials of the new codes are: 

1
 333,12,66

: 

2122122211100000000000,1001002021011121100000,1201001220201000121000; 

 

2. 
 390,15,168

: 

10012001110120000201202221011222010122000100000000000000, 

21012001100021202121022002210212220111120201101110000000, 

22011002201122012011101020222012022211100001112110000000; 

 

3. 
 324,17,60

: 

21210000000000000000,20100110112210000000,21210101021021100000;  

 

4. 
 363,17,128

: 

20010211212011210000000000000000,10120022202220122010220011122100, 

20121020211001121010210100000000,22012110221222222121111201000000; 

         

        5. 
 348,21,112

: 

        11122002110022011220010011220220011100000000000000000000, 

         22212220220001111221201020011222121220022010000000000000; 

           

         6. 
 381,21,170

:   

        12202111111201110001002002012000002122210002201011222001111221111000000000 

         00000000000 ,            

         10100020202112110001112200120202011020012102020221202101002102002110111210 

         0000 0000000; 

          

           7. 
 388,21,182

: 

         111102120021011012021001212220200122012100010002202011000110200012200010000000 

         0000000000000,                  

        210100000100201102210002002111112020002002120212021212022121100012101201211100 

        0 000 000000000; 

 

         8. 
 375,22,160

:                        

   20220121111111201012002011021010111002121120110111111210001000000000000000000000, 

   21220221211022211011211011011201102201211012021221110212111022210210000000000000; 

 

 

        9. 
 387,22,182

: 

         

202000121110010210102022200020100101001102210121001012112221210022101100000000000000000000

0, 

110210121212001022202111002220100001122211210001101212200202001202020101021000000000000000

0; 

 

    10.  
 345,24,112

: 

       20010210021002222212101212102222100000000000000000000000, 
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       21000110121010200222111112222011111221111100000000000000; 

 

    11. 
 360,24,138

: 

       2120022201122102120011100000000000000000000000, 

       2202120011102120112020211222110000000000000000, 

        2012001101111020221220022121022122100000000000. 

 

IV.  NEW CODES  BY CONSTRUCTION  X 

Theorem 4:  There exist new linear codes  with parameters: 

 

   
 378,22,167

    
 381,22,172

 
 385,21,178

,
 388,22,185

 
 394,21,194

                        

Proof.  Below (` Table 2) is  showed   the connection between  the codes 321 ,, CCC
 and C, according to 

Theorem 2.  

 

Table 2 

1C
 2C

 3C
 

C 

 375,22,160
 

 378,18,160
 

 33,4,7
 

 378,22,167
 

 375,22,160
 

 381,16,160
 

 36,6,12
 

 381,22,172
 

 381,21,170
 

 385,17,170
 

 34,4,8
 

 385,21,178
 

 387,22,182
 

 388,19,182
 

 31,3,3
 

 388,22,185
 

 388,21,182
 

 396,15,182
 

 36,6,12
 

 394,21,194
 

For  clearness,  the defining polynomials of codes 2C
 are given: 

 

1. 
 378,18,160

: 

22122122000111211102212000021201112120222110120102211221100112200000000000000000, 

20201100001202200120002220110021202201220221200002122111210212202202202000000000; 

 

2. 
 381,16,160

: 

21110110010121220101111110020112212211012100001211110201002122001000000000000000, 

22022202001010101101102120220220110102000011111002010101222101000100100210000000; 

 

 

3. 
 385,17,170

: 

1022110202202222002211002110220020202102120011221020210210101111010210000000000000000, 

1122210211020010212220210222022012111100211022100111102112010220121121120210100000000; 

 

4.: 
 388,19,182

: 

221021101011001020000112020122021012010222021021220122102120022211210120200000000000000000

0, 

122220021121112100022111101102121201211202202221221211000021022000010022002022000000000000

0; 

 

5. 
 396,15,182

: 

101200002202202222101212022212022211011211211211010111022011111001010001012010000000000000

0, 

221110000221000011201220001022011020102111000000220001022102102122120020011122201100000000

0; 

 

One generator matrix of code  C  is constructed  by the indicated way: 
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













 3

2 0

G

G

 

where 2G
 and 3G

are generator matrices of  codes 2C
 and 3C

, respectively,  and   
 

 denotes 3k
 linear 

independent  codewords of  code 1C
. 

 

V.  NEW DERIVED CODES  

 

There are  trivial constructions.  Given a linear code with parameters  
 3,, dkn

, we can obtain some other 

codes as follows: through shortening 
 3,1,1 dkn 

 code, through puncturing 
 31,,1  dkn

 code and 

extendcode 
 3,,1 dkn 

. 

 

For example, by  
 345,24,112

code, there exist  
 345,23,111

,
 344,24,111

 and 
 345,24,113

codes. 
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