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Linear Codes

*** An [n,k,d] code C over F is a k-dimensional vector
subspace of F with mmlmum distance d, where F
denotes the f|n|te field of order q. Here, the mlnlmum
distance of C is defined as

d(C) =min{d(x,y) :x,y €EC,xFy},

where d(x,y) counts the number of coordinates where x
and y differ (the so-called Hamming distance).

Linear Complementary Dual Codes (LCD)
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‘% Let Cbe alinear code. The dual code of Cis defined as
the orthogonal complement of the subspace C of F and
it is denoted by C—.

Ct={yE F" | <xy>=0,forallx€C}
where < X,y > is the standard inner product.

¢ Linear complementary dual codes (LCD Codes) are codes
whose intersections with their dual codes are trivial.

CNcCt ={0}

** LCD codes drew attention in recent years especially due
to their applications in cryptography.

Generator Matrix and Parity-Check Matrix

** A generator matrix for a linear code Cis a matrix G
whose rows forms a basis for C.
\/

‘* A parity-check matrix H for a linear code C is a generator
matrix for the dual code C—.

Remark: If Cis an [n,k,d] linear code, the generator matrix
for C must be k x n matrix and parity-check matrix for C
must be an (n-k) x n matrix.

*Proposition: Let C be a code. Let G and H be a generator
matrix and a parity-check matrix of C, respectively. Then
the following properties are equivalent:

(i) Cis LCD

(i) CL is LCD

(iii) GG' is nonsingular i.e. det(GG') # 0
(iv) HH' is nonsingular i.e. det(HH') #0
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Aim of the Study

=> Constructing LCD Codes and their generator matrices
with the k-cover technique.

-> Studying and establishing the boundaries between the
parameters n,k and d for LCD Codes.

-> There are many tables” for linear codes over Fq, but no
table for LCD codes over Fq. So, we want to create an up
to date table for largest minimum distance among all
binary LCD [n,k,d]-codes.

-> For every LCD [n,k,d]-codes, we want to give the
generator matrices and observing the d parameter
boundaries with the given fixed n and k parameters.

Largest Minimum Distance of Binary LCD [n,k,d]-Codes
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Here you can see the color coded table for binary LCD [n,k,d]-Codes. For any
n and k (less than 24) values, the table provides us the best d parameter
possible. Colors here references to the articles that we used to create the
table.

Example: Let C be a binary [8,2,5] LCD code. Let G be a generator
matrix for C.

1G=111|1 0 0 O
0 0 O 1 1 1

Since det(GG') = 1, this linear code is indeed a binary LCD code
with parameters [8,2,5].

Then, from G, C has the following elements.

C ={ 00000000, 00011111,11111000, 11100111}
d( 00000000, 00011111 )=5

d( 00000000, 11111000) =5

d( 00000000, 11100111 ) =6

d( 11111000, 00011111 )=6

d(11111000, 11100111 ) =5

d( 00011111, 11100111)=5

So, the minimum distance is 5.
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