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In this paper1, we prove existence of optimal complementary 
dual codes (LCD codes) over large finite fields. We also give 
methods to generate orthogonal matrices over finite fields and 
then apply them to construct LCD codes. Construction meth-
ods include random sampling in the orthogonal group, code 
extension, matrix product codes and projection over a self-
dual basis.
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1. Introduction

Linear codes with complementary duals, which we refer to as LCD codes, were in-
troduced by Massey in [19]. They give an optimum linear coding solution for the two 
user binary adder channel. They are also used in counter measures to passive and active 
side channel analyses on embedded crypto-systems, see [5] for a detailed description. It 
is known from [20] that LCD codes are asymptotically good.

Dougherty et al. [8] constructed binary LCD codes using orthogonal matrices, self-dual 
codes, combinatorial designs and Gray map from codes over a family of non chain rings 
of characteristic 2. Liu et al. [16] characterized matrix product linear complementary 
dual (MPLCD) codes and gave their constructions from orthogonal-like matrices. Using 
generalized Reed–Solomon codes, the authors of [4] and [13] proved the existence of 
optimal LCD codes over finite fields with some conditions on lengths and the field sizes. 
The problem of existence of q-ary [n, k] MDS LCD codes has completely been solved by 
Carlet et al. [6] for the Euclidean case.

Recently, in the paper [21], MDS self-dual codes over large prime fields have been 
constructed from orthogonal matrices and from the generalized method of [1]. It is im-
portant to note that a single orthogonal matrix gives rise to several LCD codes, by a 
different choice of basis.

From the existence of MDS self-dual codes for example in [9,14] as well as from 
MDS self-orthogonal codes, we construct MDS LCD codes with certain lengths. We also 
generalize the constructions [21] of orthogonal matrices from prime fields to arbitrary 
finite fields and afterwards we give explicit constructions of LCD and MPLCD codes. 
Short LCD codes are constructed from orthogonal-like matrices by randomly sampling 
elements in the orthogonal group and from code extension by two symbols while the long 
ones are constructed from matrix product codes and from projection over a self-dual 
basis. Many optimal, almost MDS and MDS codes over different fields are obtained.

The paper is organized as follows: Section 2 gives preliminaries for LCD codes. Sec-
tion 3 proves the existence of LCD codes of certain lengths and also gives method to 
construct and to extend an LCD code. In Section 4 we present numerical results of some 
optimal codes, almost MDS and MDS LCD codes over different large fields.

2. Preliminaries

A linear [n, k] code C of length n over Fq is a k-dimensional subspace of Fn
q . An element 

in C is called a codeword. The (Hamming) weight wt(x) of a vector x = (x1, . . . , xn) is 
the number of non-zero coordinates in it. The minimum distance (or minimum weight) 
d(C) of C is d(C) := min{wt(x) | x ∈ C, x �= 0}. The Euclidean inner product of 
x = (x1, . . . , xn) and y = (y1, . . . , yn) in Fn

q is x ·y =
∑n

i=1 xiyi. The dual of C, denoted 
by C⊥ is the set of vectors orthogonal to every codeword of C under the Euclidean inner 
product. A linear code C is called linear complementary dual (LCD) if C ∩ C⊥ = {0}. 
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