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a b s t r a c t

In this paper, we investigate the completeweight enumerators of two classes of irreducible
cyclic codes. We present the explicit complete weight enumerator of the irreducible
cyclic codes. Furthermore, we obtain a class of optimal constant composition codes from
irreducible cyclic codes.
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1. Introduction

Throughout this paper, let p be a prime, q = ps for a positive integer s. Let Fr be a finite field with r = qm elements and α
be a generator of F∗

r = Fr \{0}. An [n, k, d] linear codeC over Fq is a k-dimensional subspace of Fn
q withminimumdistance d.

An [n, k, d] linear code C over Fq is called cyclic if (c0, c1, . . . , cn−1) ∈ C implies (cn−1, c0, . . . , cn−2) ∈ C. Moreover a cyclic
code C can be viewed as an ideal of the quotient ring Fq[x]/⟨xn − 1⟩. Note that every ideal of Fq[x]/⟨xn − 1⟩ is principal.
Let C = ⟨g(x)⟩, where g(x) is the monic polynomial of the least degree and g(x) is a divisor of xn − 1. Then g(x) and
h(x) = (xn − 1)/g(x) are called the generator polynomial and the check polynomial of C, respectively. If h(x) is irreducible
over Fq, we call C an irreducible cyclic code.

Let the elements of Fq be denoted by b0 = 0, b1, b2, . . . , bq−1, in some fixed order. For a codeword c = (c0, c1,
. . . , cn−1) ∈ C, the composition of c denoted by comp(c), is (ω0, ω1, . . . , ωq−1) where ωi = ωi(c) is the number of
components cj (0 ≤ j ≤ n − 1) equals bi. Clearly,

q−1
i=0 ωi = n. Then the complete weight enumerator of C is

WC(z0, z1, . . . , zq−1) =


c∈C

zω0(c)
0 zω1(c)

1 . . . z
ωq−1(c)
q−1 .

The weight enumerators of cyclic codes have been extensively investigated for many years (see [8,10,9,17,19,23]). It is not
difficult to see that the weight enumerators can be obtained from the complete weight enumerators. Blake and Kith [3,14]
presented the complete weight enumerator of a special class of Reed–Solomon codes. The complete weight enumerators of
generalized Kerdock code and related linear codes over Galois rings were studied by Kuzmin and Nechaev [15,16]. Recently,
the complete weight enumerators of some cyclic codes have been established with exponential sums and Galois theory
[1,12,18].

An (n,M, d, [ω0, ω1, . . . , ωq−1])q constant composition code (CCC in short) is a code over the abelian group
{b0, b1, . . . , bq−1}, with length n, size M , and minimum Hamming distance d such that in every codeword the element bi
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appears exactly ωi times for every i. Two constant composition codes are said to be equivalent if one can be obtained from
the other by coordinate permutations.

Let N > 1 be an integer dividing r − 1, n = (r − 1)/N , and θ = αN . Then

C = {c(a) = (Trr/q(a), Trr/q(aθ), . . . , Trr/q(aθn−1)) : a ∈ Fr} (1)

is called an irreducible cyclic [n,m0] code over Fq, wherem0 is the multiplicative order of qmodulo n, and Trr/q is the trace
function from Fr onto Fq. By Delsarte’s Theorem [6], the check polynomial of C is the minimal polynomial of θ−1 over Fq.

In this paper, we investigate the complete weight enumerators of irreducible cyclic codes in the following two cases:

1. q = p2tγ1 for some integer γ1, where t is the least positive integer such that pt ≡ −1 mod N .
2. n = lv andm = lv1 , where l is a prime, q− 1 = lv2bwith gcd(l, b) = 1, v = v1 + v2 and v1, v2 > 0. Moreover 4 | (q− 1)

if l = 2.

It should be remarked that theweight enumerator ofC has been determined [24] for Case 2. Li et al. [18] used Gauss sums
to determine the explicit complete weight enumerators of C in some cases. In this paper, we give the explicit complete
weight enumerator of C for Case 1 by using Gaussian periods and obtain a class of optimal constant composition codes.
Moreover we use a combinatorial method to present the explicit complete weight enumerator of C for Case 2.

The rest of the paper is organized as follows. In Section 2, we introduce some basic definitions and properties about
character and Gaussian periods. In Section 3, we present the explicit complete weight enumerator of C for Case 1 by using
Gaussian periods and then obtain a class of optimal constant composition codes. In Section 4,we use a combinatorialmethod
to give the explicit complete weight enumerator of C for Case 2.

2. Gaussian periods

Let Fr be the finite field with r elements, where r is a power of prime p. An additive character of Fr is a nonzero function
χ from Fr to the set of complex numbers such that χ(x + y) = χ(x)χ(y) for any pair (x, y) ∈ Fr × Fr . For each a ∈ Fr , the
function

χa(x) = e
2π

√
−1Trr/p(ax)

p ,

where Trr/p denotes the trace function from Fr onto Fp, defines an additive character of Fr . In particular, χ0 is called the
trivial additive character of Fr and χ1 is called the canonical additive character of Fr . The orthogonal property of additive
character which can be found in [20] is given by

x∈Fr

χa(x) = 0 for a ≠ 0.

Let r − 1 = nN and let α be a fixed primitive element of Fr . Define C (N,r)
i = αi

⟨αN
⟩ for i = 0, 1, . . . ,N − 1, where ⟨αN

⟩

denotes the subgroup of F∗
r generated by αN . The Gaussian periods are defined by

η
(N,r)
i =


x∈C(N,r)

i

χ(x), i = 0, 1, . . . ,N − 1,

where χ is the canonical additive character of Fr .
The Gaussian periods in the semiprimitive case are known and are described in the following lemma.

Lemma 1 ([2,22]). Assume that N ≥ 2 and there exists a least positive integer t such that pt ≡ −1 mod N. Let r = p2tγ for
some integer γ .

1. If γ , p and (pt + 1)/N are all odd, then

η
(N,r)
N
2

=
(N − 1)

√
r − 1

N
, η

(N,r)
k = −

√
r + 1
N

for k ≠
N
2

.

2. In all other cases,

η
(N,r)
0 =

(−1)γ+1(N − 1)
√
r − 1

N
, η

(N,r)
k =

(−1)γ
√
r − 1

N
for k ≠ 0.

3. The first case

In this section, we use Gaussian periods to give the explicit complete weight enumerator of the irreducible cyclic code C
defined by (1) for Case 1, and obtain a class of optimal constant composition codes.



Download English Version:

https://daneshyari.com/en/article/4949737

Download Persian Version:

https://daneshyari.com/article/4949737

Daneshyari.com

https://daneshyari.com/en/article/4949737
https://daneshyari.com/article/4949737
https://daneshyari.com

