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Abstract : Any cyclic code with n=pm length can be put into quasi-cyclic form ,where p7# 1, p,m € Z+ .

In this paper, some parameters of the Quasi-Cyclic codes over GF(3) and GF(7) are obtained by using
the best known cyclic codes.
Keywords: Cyclic codes, GF(q), Quasi-cyclic codes.

GF(3) ve GF(7) Uzerindeki yari-devirli kodlar

Ozet: P> M pozitif tamsayilar ve p #1 olmak iizere n=pm uzunlugundaki devirli kodlar yari-
devirli formuna doniistiiriilebilir. Bu makalede iyi bilinen devirli kodlar kullamlarak GF(3) ve GF(7)
tizerinde yari-devirli kodlarin bazi parametreleri elde edildi.

Anahtar kelimeler: Devirli kodlar, Yari-devirli kodlar.

Introduction
Quasi-Cyclic (QC ) codes contain many good linear codes. But unfortunately, there aren’t many construction

methods for good QC codes. Some researchers used computers to get good QC codes [3,4] . Some researchers
used the relation between the codes over [F » [x]/ <x 2 1> and IF , Where P is a prime, they obtained the new

codes over [F p Which improve the best known minimum distance bounds of some linear codes [6]. In [2], there

is another method to obtain good Quasi-cyclic codes.

It was shown that any cyclic code of composite length can be put into quasi cyclic form and obtained many

new good QC codes over IF, . More general, t-generator (JC codes were discussed in [2].

In this paper, we obtained some parameters of the QC codes over GF'(3) and GF'(7), by using the
method in [2] .
Through this paper 1, p, M are positive integers where p # 1.

Let A bea nXn circulant matrix where 1 = pm . Let us denote the polynomial corresponding to the
pm—1

first row of A by a(x) = a, +a,X........... +a,, X . Then
2 P S A
2T TP a,,
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I ) .
If a; corresponds to the element a(q s where g =|— |, ¥ = l(l’l’lOdp), for each 1 = 0,1, ...... pm — 1,
’ p

then @(X) can be written as:
_ r-1 p p-1
a(x) = Aoy tAonX+tag, X" +agpx’ +.tag, ,x7 +

(m=1)p pm—1
...+a<m_1,0)x +...a(m_l’p_1)x

If the rows and columns of A are reordered, then the matrix C' is obtained and it can be written as follows;

ENES) € (X) e ¢, (%) ]
xc, (X)) €¢(X) v ¢, (x)
« xc, ,(x)  xc, (%) e ¢, (%)
| xc,(x) XCy(X) v ¢, (x)

where ¢;(X) = dg ;) + Ay X+ Ao X° + .l X" for i=0,1,...,p—1.

The polynomials C ()C),C1 (X)yeenee »Cpy (x) are derived from the defining polynomial @(X) and these p

polynomials specify the matrix C . In this way, a circulant matrix can be decomposed into a matrix of smaller

circulant matrices. This method was given in [2] .
It can be given an example to this decomposition as follows.

Example 1: The polynomial a(x)=1+2x+ 2x’ +2x* e GF(3)[x] uniquely specifies the circulant

matrix 4 of order 8 :

[12022000]
01202200
00120220
00012022
20001202
22000120
02200012

120220001]

Reordering the rows and columns of A , following matrices of circulants of order 4 and 2 respectively are obtained.

co(x)=1+2x%, ¢,(x)=2+2x for p=2, m=4.
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co(x)=1+2x,

12
21
02
20

00
02
20

20
02
12
21
02
20
00
00

00
00
20
02
12
21
02
20

c(x)=2, c,(x)=0, c;(x)=2 for p=4, m=2.

20
02
00
00
20
02
12
21

1020
0102
2010
0201

0220
0022
2002
2200

2200
0220
0022
2002

1020
0102
2010
0201

These matrices can be specified by matrices of polynomials:

Al(x):|:

1+2x

2
4,(x)= 0
2

X

X

1+ 2x?

2+42x
x(2+2x) 1+2x2}
2 0 2
1+2x 2 0
2x 1+2x 2
0 2x 1+2x

89

An [mp,k] code is said to be QC with basic block length p if every cyclic shift of a codeword by

P positions is also a codeword. A general form of generator matrix for a t-generator QC code is given as follows;

Trakya Univ J Sci, 9(2), 87-96, 2008



90 Yasemin CENGELLENMIS, Hiilya ISCAN, Figen OKE

G, Gy oo G,
| Gar G G,,
G, Gy oo G,

where Gij is a circulant matrix of order m . Let K = (kl,kz,...kt) be the dimension vector. Then the
dimension of t-generator QC [mp, k ] codeis k = kl + k2 + ....kt .The kxXn generator matrix is formed by

k ; Tows from the i-th row of the circulants spans the t-generator QC code, i=12,..,t.

The two theorems in [2] will be given about finding the dimension vector and getting the 1-generator Quasi-
Cyclic codes.

Theorem 1: Let C be a [n,k] cyclic code of composite length 7. A p-generator QC [n,k] code of

- k

dimension vector K = ((ko +1)>< n,r, Xko) where ko =|l—|,h= k—pko and r,=p—n
p

[2].

Example 2: It is known that a(x) =14+2x+2x> +2x" isthe a generator polynomial of the cyclic [8,4]
code over GF'(3). So the dimension vector of 4-generator QC [8,4] codeis (4x1)=(1,1,1,1),
. 4 o

since ko = Z =1, n= 0, r, = 4 and the dimension vector of

2-generator QC [8,4] code is (2 X 2) = (2,2) , since ko = L%J =2, n= 0, r, = 2.

Theorem 2: Given a cyclic [n,k] code C of composite length 71. A 1-generator QC [n,k] code can be
obtained if

k = m—deg(ged(g, (x), €, (X)sernrrng, (X),x" —1)) = m — deg(h(x))
where g, (x) are p generator polynomials derived from the generator polynomial g(x)of C [2].

When &k >m— deg(gcd(go ()C),g1 (X))o & pi (x),x'” —1)), then obtaining a

1-generator QC code is not possible. It is obtained t-generator QC codes with the procedure which is dealt with

in [2]. o

By using the computer, we have determined the generator polynomials g(x) of cyclic codes over
GF(3) and GF(7) of composite length. Then, using the method in [2], t-generator QC codes are obtained

from best-known cyclic codes over GF(3) and GF(7). t-generator (QC codes that are not in
www.codetables.de/ are given in the Table 1-2-3-4-5-6.
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1— generator QC codes over GF(3)
QOC code m g(x) g, (x) h(x)
[8,2,6] |4 | 142x+2x% +2x* +x° +x{ 14+2x+2x +x°2+ x7 x*+2
[8,3,5] |4 I+x+x* +2x° +x° 1+ x1+2x+x* 1+x
[16,2,12]18 | 24 x4+ x? +x* +2x° +2x°| 24+ x+ x> +2x° +2x* +x° 2x° +x*
+2x% 4+ x” x4+ x +xt 4 2x7 1+ 2x% +x* +2x% +1
+2x" +2x" 2x°
[20,4,12] 5 | 24 x+2x% +2x* +2x° 242x+ x> +x* 14+2x2+2x x—1
+2x% + x4 2x" X" +x7+x72x7 4+ x°
x4 x4 x"
[22,109]) 11 | 24 x+x% +2x* +x° +2x° 242x% +xt +2xt +2x0 1+ x x—1
+2x7 +2x" +2x" +2x* +2x°
TABLE 1
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2-generator QC codes over GF'(3)
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g(x) (x
OC code 8:(%) h(x) | K
l+x+x>+2x° +x° L1+x,1,2 1
[8,3,5] 2,))
8.4.4] 1+ 2x+2x° +2x* 1+2x,2,0,2 L (2,2)
(163.10] 24+ 2x4+2x2 +x3 +2x° 2+2x,2+2x,2+2x, . 20
7 +2x° +2x° +2x” +2x" 1+x,0,2+2x,2,0 ’
+x'"+2x"”
T+x+x" +x* +x° 1+x,1+x+2x%,2x,1
167.6] x6 X 9x X x1+x+2x°,2x 1 43)
+2x° +2x
(20412 ] 24 x4+2x +2x* +2x° 242x+x7 +x7,14+2x 2ol 22)
5Ty +Xx 5
+2x0 +x"0 +2x" 4+ x" +2x7 +x°,2+x%,02 + x?
+x" x4
[20.6.10] 1+2x+2x +x° +x° +x° I+x* +2x°2+x2 1 (s.1)

+x F2x x4

+x+x 1+ x7

TABLE 2
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t- generator QC codes over GF (3) (t=3)
QOCcode | ™M g(x) g, (x) h(x)| K
[84,4] |4 | 1+2x+2x> +2x" 1+2x%,2+2 L
x+2x X X X (LLLD)
[8’5’3] 2 1 + X+ x3 171’051 1 (2,291)
[20,4,12 ] 24+ x4+2x7 +2x* +2x° +2x° +] x+2( (LLLD
2
ol 2 15 s 2+x1+2x2+x,0,2+
2+ x,2+x,0,0,0
[2056310] 2 1+2x+2x2+x3+x6+x8 19x+292+2x91+x7x9c 1 (25252)
+xt 4+ 2x? 4 x e x 10,10
T+x7 +x7 +2x* +x° +x° + 24 x+2| (LLLLI)
2
[22,5,12 ] L2 2 1S 26 4 1+2x,0,1+2x,1+2x,
2+ x,1+2x,1+2x,0,0,
T+ x+x2 +x° +x° +2x7 ! (2,2,2)
[22,6,12 ] 2 R 11+ 2x,11+ 2x.2x,
+x"+2x +x +2x x12.12.1

+2x" 4+ 2x" 4+ x1°

TABLE 3
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1-generator QC codes over GF'(7)
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OC code | M &) g,(x) h(x)
(83.6] |4 2+6x+3x" +4x° +x* +5x° 2+43x+x°,6+4x+5x x—6
[16,2,14]] 4 3+5x+2x% +6x° +5x° 6+x>3+5x+4x> +2x°, | x> +6
94y +5x5+4x6+4x3+2x9 5+SX+2X2+2X3,2+4x
+5x" + x" +2x7 +2x 432 | 4557 4351
[16,2,14]| 8 3+5x+2x" +6x7 +5x" 54+6x+5x’
- +5x° +4x° +4x° +2x° +5x1° | 3+2x+5x7 +4x° +4x* +2xt+x°
+x'' 4+ 2x" 207 4+ 30" +5x° +2x° +3x7,5+6x | 42x°
+5x7 +2x" +x° +2x°
[16,7.8] | 8 6+6x+4x>+2x> +5x* 6| x—6
o 6+6x+6x> +4x* +6x° +2x° | 4652 +6x° + x*
+6x” +5x° +x°
(18.2.15] 1+2x+5x% +5x° +x* +x° 14+5x,2+x55+x1+2x5x4 1
- 1+5x,2+x,5
+2x7 +5x8 +5x7 + x4 x"?
2 —|—2x13+5x14 +5x15+x16

TABLE 4




GF(3) ve GF(7) uzerindeki yari-devirli kodlar 95
2-generator QC codes over GF'(7)

m (x h(x)| K
oCodd | oo () @)
[8a3a6] 2 2+6X+3x2 +4x3 +x4 + ] 2+x76+5x7394 1 (1)
[854] |4 | 2+ 6x+x” +5x° 2+x,6+5x 1 (4.1)
12,8416 | 344x+2x>+5x> +6x* 4 3+2x+6x2,4+5x+ x> x2 4| @4

S5x+
4
[12,84] |4 | 344x+2x” +5x° +6x* 4 3+5x,4+6x2+x 1 (4.4)
[12,93]1 € | 3+4x+6x2 +x° 3+6x,4+x x—=3| (64
[162,14] 2 | 34 5x+2x% +6x° +5x* 4| 3+4x5+2x2+5x,6 +x,5+2y x1 | (1.1
+4x° +4x® +2x° +5x10 | 4+3x
+x+2x"? 4 2x"8 4351
16,3,12] 2 +2x+6x> +6x +6x° | 3+2x,2,5x,6+3x,6 1 (2.1)
3+42x+6x" +6x" +6x
+5x° +2x7 +2x° 551 | T6x,643x,5,2
+3x" +6x" +3x"
[16,510] 4 | 24+5x2 +3x* +4x* +3x° | 2+4x+6x> 3x+6x>,5+2x |1 “.1)
+2x° +4x7 +6x* +6x° | +5x%3+4x+2x>
+5x" +2x"
[16,78] |4 | 6+6x+6x> +4x* +6x° | 6+4x+5x>,6+6x+x>,6+2x, 1 (4.3)
+2x° +6x7 +5x% +x° 6x
[169,6] |8 | 6+6x+x> +4x* +5x° 6+4x> +5x>,6+x+5x>+x° |1 ®1)
+5x° +x7
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t-generator QC codes over GF (7) (t=>23)

QC m . p =
code &) g(x) )
[8,5.4] | 2rorextasy 2,6,1,5 I @2y
3 | 34+4x+2x? +5x% +6xt +x° | 3+6x4+x25 |1

[12,8,4] 632
[12.9.3] 2 | 344x4+6x" +x° 3,4,6,1,0,0 1 22220
[12.93] 3 | 344x+6x>+x° 3,4,6,1 1 533)
[16,5.10 2 | 245x2 +3x% +4xt +3x° 2+6x,6x5+5x3 |1 (2,2,1)

- +2x° +4x" +6x° +6x° +2x,4,3,2,4

+5x" +2x"

[16.7.8] 2 | 6+6x+6x>+4x* +6x° 6+5x,6+x,60,4, |1 2,2,2,1)

o +2x° +6x7 +5x% +x° 6,2,6
(169.6] 2 | 64+6x+x> +4x* +5x +5x° 4 6,6,0,1,4,5,5,1 1 (22221

TABLE 6
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