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Abstract: LCD codes is a topic of immense importance since their introduction by Massey ([1]) in 1992. After that, in last
decade several developments in the field of LCD codes has been carried out by several authors ([2] to [22] etc.). Authors studied
these codes over some small finite fields, further study of LCD codes has been carried out on some large fields. Their
generalizations over commutative rings is also carried out. The present paper by us, is a honest attempt to throw a light on these
gradual developments via the survey. This will certainly become an important document for budding researchers in this field.
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l. INTRODUCTION

LCD (Linear complementary dual) codes play an important role in the coding theory. These codes can be employed for studying
side-channel attacks, and study some cryptosystems ([16]). Encoding of messages is important in order to protect our information
while their propagation through noisy channel. Moreover, fast decoding of messages is also an important aspect for recovery of
message. Such thing forms a central object in coding theory.

In this paper, we are going to throw light on developments from rudimentary level to recent in the field of LCD codes. These are
the codes whose intersection with their dual code comes out to be trivial. These codes have been studied via different inner
products([1]-[22]). LCD codes with respect to symplectic inner product has been studied recently in ( [21]). Most of the LCD codes
were studied with respect to usual inner product and Hamming distance.

Let us see some basic results and definitions which are available in ([23]).

Definition 1.1([7],[23]): Let F} be the n-dimensional vector space over the binary field F,. A binary linear [n, k] code is a k-
dimensional subspace of the vector space FJ'.

So linear codes are nothing but vector spaces over finite fields. Note that, n, k in above definition refers to length and dimension of
linear code respectively. For practical purposes, we should have n to be as large as possible. There is one more aspect of code ,
which is defined in all textbooks of coding theory in the following way.

Definition 1.2([23]): d(C) = min{d(x,y):x,y € C and x # y}, where d(x,y) means the number of positions at which x and y
differes from each other.

Example 1.3: Let = {000,100,010,110} , then as per above definitions, this code C is [3,2,1] code over the binary field.

Definition1.4([21]):Let u = (uy, Uy, ..., Uy), v = (U4, V3, ..., V) € g, the Euclidean inner product <, >gis given by < u,v); =
Yih,u.v. For an Fy-linear code € in FZ, define the Euclidean dual C*%={x € F}:(x,c >;=0Vc € C}.

Definition 1.5([21]): For u, v € F 2, the Hermitian inner product <, >y is defined by < w,v), = YL, ;. v; . For an F2-linear
code C in IFZz, define the Hermitian dual C*# = {x € IFZ:: (x,c >y= 0Vc € C}
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Il. RECENT DEVELOPMENTS PERTAINING TO LCD CODES.

Definition 2.1([1]-[22]): A linear code with a complementary dual (or an LCD code) is defined to be a linear code € whose dual
code C* satisfies C n Ct = {0}.

Example 2.2: ¢ = {00,01} € F?

Non Example 2.3: If C is self dual, then it can not be LCD Code, for if, assume that, C is self dual, then C = C*, therefore C n
Ct # {0}. Therefore any non-trivial self dual code can not be LCD code.

Remark 2.4([1]): If C is LCD, then so is C*. This is because of the fact that, (Ct)* = C.
Theorem 2.5([1]-[22]): If G is a generator matrix for the [n, k] linear code C, then C is an LCD code if and only if the k x k matrix
GGT is an invertible matrix.

This is one of the most important characterizations of LCD codes, which is widely used in each of the references from [1] to [22].

In order to study some combinatorial aspects of LCD codes, one object was defined in ([7]), which we are going to state below.
This object is useful to study bounds on LCD codes in binary set up.

Definition 2.6([7]): LD (n, k) := max {d | there exists a binary [n, k,d] LCD code}. It means for fixed n and k, write all LCD
codes and then collect their distance in one set. The maximum distance among those distances will be denoted as LD (n, k).

Some well known bounds on LD(n, k) in binary set up are given in subsequent theorems. These bounds are similar to that of
Aq(n, d) and B, (n, d). For more details of these two notations, one may refer [23].

Theorem 2.7([7]): LD(n,2) < lz?nj forn > 2.
For some values of n the inequality in above theorem becomes equality which is shown explicitly by authors in their article [7].

Theorem 2.8([7]): Letn = 2. Then LD(n, 2) = lz?”J forn=1,42,0r3(mod6 .

The upper bound on LD (n, 2) for value of k = 3 is given in [7], via the use of well known Griesmer bound. For exposition of
Griesmer bound, one may refer [23].

n.gk-1
2k—1

Theorem 2.9([7]): LD (n, k) < [

Jfor3sk5n.

The characterization of LCD codes can be stated for Hermitian as well as Euclidean case in following theorem, which is stated in
[21].

Theorem 2.13([21]): Let G be a generator matrix for the [n, k]-linear code C, then C is an Hermitian (respectively. a Euclidean)
LCD code if and only if (iff) the k x k matrix GGT has non-zero determinant.

In case of Symplectic LCD codes, the characterization of LCD codes is little bit modified and it is given in [21].
Theorem 2.14([21]): Suppose G is a generator matrix for the F,-linear code C in qun with parameters [2n, k], then C is a

. . . . . 0
symplectic LCD code iff the k x k matrix GQGT is invertible, where O = [

I . . .
_1 8] and O means zero matrix of compatible size.
n

In [21], new constructions of Symplectic LCD codes out of old ones is derived. Such constructions used to produce new codes with
new parameters, which are most of the times superior to their ancestral codes.

Theorem 2.15([21]): LetC; be a g-ary [2n;, 2k;, d;] symplectic LCD code with a generator matrix G = [Gl(i) | szi)], where i =
1,2. Then

- ¢ o 6 o
0o ¢® o ?

generates a g-ary [2n; + 2n,, 2k, + 2k,, min{d,, d,}] symplectic LCD code C.
Above construction have been generalized in [21] by authors for n number of codes. This is stated below.

Theorem 2.16([21]): LetC; be a g-ary [2n;, 2k;, d;] symplectic LCD code for i = 1,2,,n and
60 = [6” 1 6’

be a generator matrix of C;. Then,
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¢ o - o 6 o 0]
c=| 0 ¢?» - 0 0 6P - 0
0 0 - G1(n) 0 0 - Gz(n)

generates a g-ary[Y. /=, n;, > k;, min{d;}] symplectic LCD code C.

In [21], authors put forth one more condition on generator matrices of C; and C, and come up with one more construction of
symplectic LCD codes.
Theorem 2.17([21]): LetC be a g-ary linear code with a generator matrix

16, 0
G‘[o G,

where G; is a generator matrix of a g-ary [n, k, d;] linear code C;,i = 1,2. If C;, C, are Euclidean LCD and G G, is symmetric, then
Cisa[2,,2,ds] symplectic LCD code, where dg = min{d,, d,}.

CONCLUSION:

Study of LCD codes is quite important from the prospective of coding theory. Study of bound on LCD codes is quite important for
studying important parameters of codes from which error detection and error correction capabilities of such codes can be studied.
The present article will serve a better , concise reference material for future work on LCD codes.
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