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Cyclic Reed—Solomon codes, a type of BCH codes, are widely
used in consumer electronics, communication systems, and
data storage devices. This fact demonstrates the importance
of BCH codes — a family of cyclic codes — in practice.
In theory, BCH codes are among the best cyclic codes in
terms of their error-correcting capability. A subclass of BCH
codes are the narrow-sense primitive BCH codes. However,
the dimension and minimum distance of these codes are not
known in general. The objective of this paper is to determine
the dimension and minimum distances of two classes of
narrow-sense primitive BCH codes with designed distances
§=(q—1gm ' =1—ql»" /2 and § = (g — 1)g™ ' =1 —
glm+1/2]  The weight distributions of some of these BCH
codes are also reported. As will be seen, the two classes of
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BCH codes are sometimes optimal and sometimes among the
best linear codes known.
© 2017 Elsevier Inc. All rights reserved.

1. Introduction

Throughout this paper, ¢ always denotes a power of a prime p. An [n, k, d] linear code
C over GF(q) is a k-dimensional subspace of GF(¢)"™ with minimum Hamming distance d.
Let A; denote the number of codewords with Hamming weight 4 in a linear code C of
length n. The weight enumerator of C is defined by

14+ Az 4+ Az + -+ A, 2"

The weight distribution of C is the sequence (1, Ay,..., A,).
A linear code C over GF(q) is cyclic if (co,c1,- -+ ,cn—1) € C implies (¢p—1,co,¢1,- -,
¢n—2) € C. We may identify a vector (cg,c1,--+ ,¢n—1) € GF(g)™ with the polynomial

co+ 1+ cox® + -+ 12"t € GF(q)[x]/(z™ — 1).

In this way, a code C of length n over GF(q) always corresponds to a subset of the quotient
ring GF(q)[z]/(z™ — 1). A linear code C is cyclic if and only if the corresponding subset
in GF(¢)[z]/(z™ — 1) is an ideal of the ring GF(q)[x]/(z"™ — 1).

It is well-known that every ideal of GF(q)[z]/(z™ — 1) is principal. Let C = (g(z)) be
a cyclic code, where g(x) is monic and has the smallest degree among all the generators
of C. Then g(z) is unique and called the generator polynomial, and h(x) = (™ —1)/g(x)
is referred to as the check polynomial of C.

From now on, let m > 1 be a positive integer, and let n = ¢™ — 1. Let a be a
generator of GF(¢™)*, which is the multiplicative group of GF(¢™). For any integer ¢
with 0 < i < ¢™ —2, let m;(z) denote the minimal polynomial of o’ over GF(q). For any
2 < § < n, define

9(q,m,s) (1') = lcm(ml (x), mQ(x)’ e ,méfl(x))a

where lcm denotes the least common multiple of these minimal polynomials. We also
define

G(q.m,5)(®) = (2 — 1)g(q,m.s)(T).

Throughout this paper, let C, , 5 and C(q,mﬁ) denote the cyclic codes of length
n over GF(q) with generator polynomials g(q .5 (2) and Gig,m,s)(z), respectively. This
set C(y,m.5) is called a narrow-sense primitive BCH code with designed distance ¢, and
@(q,m’(;) is referred to as a primitive BCH code with designed distance § + 1.
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