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The structure of λ-constacyclic codes of length 2s over 
the Galois ring GR(2a, m) is obtained, for any unit λ of 
the form 4z − 1, z ∈ GR(2a, m). The duals codes and 
necessary and sufficient conditions for the existence of a self-
dual λ-constacyclic code are provided. Among others, this 
structure is used to establish the Hamming, homogeneous, and 
Rosenbloom–Tsfasman distances, and Rosenbloom–Tsfasman 
weight distribution of all such constacyclic codes.
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1. Introduction

Constacyclic codes over finite fields play a very significant role in algebraic coding 
theory. The most important class of these codes is the class of cyclic codes, which has 
been well studied since the late 1950’s. However, most of the research is concentrated on 
the situation when the code length n is relatively prime to the characteristic of the field F . 
In this case, cyclic codes of length n are classified as ideals 〈f(x)〉 of F [x]

〈xn−1〉 , where f(x)
is a divisor of xn−1. The case when the code length n is divisible by the characteristic p
of the field yields the so-called repeated-root codes, which were first studied since 1967 
by Berman [6], and then in the 1970’s and 1980’s by several authors such as Massey et al. 
[40], Falkner et al. [28], Roth and Seroussi [47]. However, repeated-root codes over finite 
fields were investigated in the most generality in the 1990’s by Castagnoli et al. [15], and 
van Lint [51], where they showed that repeated-root cyclic codes have a concatenated 
construction, and are asymptotically bad. Nevertheless, such codes are optimal in a few 
cases, that motivates researchers to further study this class of codes (see, for example, 
[50,43]).

In the early 1990’s, Nechaev [42], and Hammons et al. [13,31] established the cele-
brated result that many well-known seemingly nonlinear codes over finite fields such as 
Kerdock and Preparata codes are actually closely related to linear codes over the ring 
Z4. Since then, codes over Z4 in particular, and codes over finite rings in general, have 
proved their importance, and they have received a great deal of attention.

The Galois ring of characteristic pa and dimension m, denoted by GR(pa, m), is the 
Galois extension of degree m of the ring Zpa , for some prime number p. In particular, 
rings of the form Zpa such as Z4 are Galois rings. The class of Galois rings has been 
used widely as an alphabet for cyclic and negacyclic codes, for instance [14,52,3,8,35,10]. 
Various decoding schemes for codes over Galois rings have also been addressed [9–12]. 
Since 2003, special classes of repeated-root constacyclic codes over certain classes of 
finite chain rings and Galois rings have been studied by numerous other authors (see, 
for example, [1,8,21,37,44,48]).

In recent years, we have been working on the description of several classes of consta-
cyclic codes, such as cyclic and negacyclic codes, over various types of Galois rings. In 
2005 [20], we investigated negacyclic codes of length 2s over the Galois ring GR(2a, m). 
We showed that the ring GR(2a,m)[x]

〈x2s+1〉 is indeed a chain ring, and the negacyclic codes of 
length 2s over GR(2a, m) are precisely the ideals generated by (x +1)i of this chain ring, 
for i = 0, 1, . . . , 2sa. Using this structure, Hamming distances of such negacyclic codes 
were obtained. In 2007, we computed the Hamming, Lee, homogeneous, and Euclidean 
distances of all those negacyclic codes for the case when the alphabet is Z2a [22], i.e., 
the Galois ring GR(2a, m) with dimension m = 1.
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