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INTRODUCTION

A t-design is weakly p-self-orthogonal if all the Let D be such that k = a (mod p) and |B; n B;| = d (mod p), foralli,j € {1,...,b}, © # j, where B; and B; are
block intersection numbers gives the same residue two blocks of the design D.
modulo p. A design is self-orthogonal if the block in-
tersection numbers and the block size are even num-
bers. )
The code Cr(D) of the design D over the finite fi-
eld I is the space spanned by the incidence vectors

of the blocks over F. A code C' over field of order g, 3. If a # 0 and d = 0, then the matrix [\/—a - I, M| generates a b-dimensional self-orthogonal code over F,
length n, dimension & is [n, k], code. If ¢ = 2 and mi- where F = [, if —a issquarein F,, and F = [F = otherwise.

nimum distance d, we denote code C' by |n, k, d]. The
dual code C* is the orthogonal under the standard in- 4. if a = d # 0 then the matrix [M,/—a - 1| generates a self-orthogonal code over [, where F = F, if —a is

ner product,i.e. C+ = {v e F* |v-c=0forallce C}. square in Fy, and F = F 2 otherwise, and

. . J_ .
A code (' is self-orthogonal if ¢ < C, self-dual if 5. ifa # 0,d # 0, a # d, then the matrix [\/d — a - I, M,~/—d - 1] generates a b-dimensional self-orthogonal

_ L - L
¢=C and LCDif €0 O = 0, . . code over IF, where F = I if d — a and —d are squares in F,, and F = F > otherwise.
We will denote b x v incidence matrix of a design

by M. A finite field will be of order g, where ¢ = p"
and p is prime.

SELF-ORTHOGONAL CODES FROM WSO DESIGNS

1. If a = d = 0, than M generates a self-orthogonal code over F,.

. Ifa = 0and d # 0, then the matrix [\/d - I,, M, /—d - 1] generates a b-dimensional self-orthogonal code over
F, where F = IF, if d and —d are squares in I, and F = IF = otherwise.

LCD CODES FROM WSO DESIGNS

Let D be such that k = a (mod p) and |B; n B;| = d (mod p), foralli,j € {1,...,b}, © # j, where B; and B; are
ORBIT MATRIX two blocks of the design D.

Let D be 1l-design and G be an automorphism 1. If a = d = 0 then the matrix [M, zI,] for z # 0, and the matrix [M, zI,,y1] for y # 0 and x* + by? # 0,

group of D. Let vy = [V1,...,vn = [Vn] be the sizes generate an LCD code over the field F,.
of point orbits and b; = |B4|,...,b,, = |B;,| be the si-

zes of block orbits under the action of the group GG. We 2. If a = d # 0 then the matrix [M, zI,] for z # 0 and 2* + ba # 0, and the matrix [M, zI,, y1] for = # 0 and
define an orbit matrix under the action of G as m x n by + 2% + bd # 0, generate an LCD code over the field FF,,.

matrix O = |a; ;|, where a; ; is the number of points . | | |
of the orbit V; incident with a block of the orbit ;. 3. If a = 0and d # 0 then the matrix M for (b — 1)d # 0 and if M is of full rank, the matrix [M, y1] for

by* + (b — 1)d # 0 and if M is of full rank, the matrix [M, zI,] for z — d # 0 and 22 + (b — 1)d # 0, and the

Let D be 1 — (v, k,r) design and G an automorp- . .
matrix [M, zI,, y1] for z° — d # 0 and by® + x* + (b — 1)d # 0 generate an LCD code over the field F,,.

hism group of D with f; fixed points and n point

orbits of length ¢, and with fo fixed blocks and m 4. If a # 0 and d = 0 then the matrix M if M is of full rank, the matrix [M, y1] for by* + a # 0 and if M is of
block orbits of length ¢g. We define matrices: OM1 = full rank, the matrix [M, zI,] for 22 + a # 0, and the matrix [M, xI,, y1] for z* +a # 0 and by* + x* +a # 0,

:a"ﬂ] ,Z € . fa)s J € {1, - f1} and OM2 = generate an LCD code over the field F,,.
s i€ (ot Lo fa b1, € Lo Ly fo 411,
where the columns 1,..., f; correspond to the fixed 5. Ifa #0,d # 0, a # d then the matrix M for a + (b — 1)d # 0 and if M is of full rank, the matrix [M, xI;]| for

points and the rows 1,..., fo correspond to the fixed 72 —d+a# 0and z° +a + (b—1)d # 0, the matrix [M, y1] for by + a + (b — 1)d # and if M is of full rank,
blocks. and the matrix [M, zI,, y1] for z* —d +a # 0 and by* + 2* + a + (b— 1)d # 0 generate an LCD code over F,,.

SELF-ORTHOGONAL CODES FROM ORBIT MATRIX OF WSO DESIGNS

LetDbeal — (v,k,r) designand |B; n B;| = s, foralli,j € {1,...,b}, ¢ # j, where B; and B, two blocks of the design D.

Let £ = 0 (mod p), s = 0 (mod p), and let G be an automorphism group of D with n point orbits of length w and m block orbits of length w. Then linear code spanned by
the rows of orbit matrix of the design D is a self-orthogonal code over I, of length =~ with dimension equal to rank(O).

Let £k =0 (mod p), s =0 (mod p), and let G be an automorphism group of the design which acts on D with f; fixed points and n point orbits of length ¢, and with f;
fixed blocks and m block orbits of length g. Then linear code spanned by the matrix OM1 is a self-orthogonal | f1, rank(OM1)] code over F, and the linear code spanned by
the matrix OM?2 is a self-orthogonal [n, rank(OM?2)] code over F,,.

Let £ = 0 (mod p) and s = d (mod p), and let G be an automorphism group of the design which acts on D with n point orbits of length w and m block orbits of length
w and let O be the orbit matrix of D under action of the group G. If p | w, then linear code spanned by the rows of the matrix [\/d - I,,,, O] is a self-orthogonal [m + n, m]
code over F, where F = F, if d is square root in F,, and F = F . otherwise. If p | w — 1, then linear code spanned by the rows of the matrix [vwd - I,,,, O,~/—wd - 1] is a
self-orthogonal [m + n + 1, m| code over I, where F = [, if wd and —wd are square roots in F,, and F = [ 2 otherwise. If p / w and p / w — 1, then linear code spanned by

the rows of the matrix [\/d - I,,,, O, \/—wd - 1] is a self-orthogonal [m + n + 1, m] code over F, where F = F, if d and —wd are square roots in F,, and F = [F > otherwise.
Let £k =0 (mod p), s = d (mod p), and let G be an automorphism group of D with f; fixed points and n point orbits of length ¢, and with f, fixed blocks and m block
orbits of length ¢. Then linear code spanned by the matrix [\/d - I t,, OM1,+/—d-1] is a self-orthogonal [ f> + f1 + 1, fo] code F (F = F, if d and —d are square roots in F,, and

F = F,. otherwise), and linear code spanned by the matrix [\/d - I,,,, OM?2] is a self-orthogonal [m + n,m] code over F (where F = F, if d is square root in F,, and F = F
otherwise).

Let £k = a (mod p) and s = 0 (mod p), and let G be an automorphism group of D with n point orbits of length w and m block orbits of length w. Then the linear code
spanned by the rows of matrix [\/—a - I,,, O], where O is the orbit matrix of the design D is a self-orthogonal [m + n, m] code over F, where F = F,, if —a is a square rootin
F,,, and F = F 2 otherwise.

Let £k = a (mod ¢), s =0 (mod ¢), and let G be an automorphism group of D with f; fixed points and n point orbits of length ¢, and with f, fixed blocks and m block
orbits of length ¢. Then linear code spanned by the matrix [\/—a - If,, OM1] is a self-orthogonal [f2 + f1, f2] code over F (F = F, if —a is square root in F,, and F = F
otherwise) and linear code spanned by the matrix [\/—a - I,,,, OM?2] is a self-orthogonal [m + n, m] code F (F = F, if —a is square root in F,, and F = F > otherwise).

Let £ = a (mod p) and s = d (mod p), for all 7,5 € {1,...,b}, i # j, and let G be an automorphism group of the design which acts on D with n point orbits of length w
and m block orbits of length w and let O be the orbit matrix of D under action of the group G. If a = d and p | w, then linear code spanned by the rows of the matrix O is a
self-orthogonal |[m, rank(O)| code over the field F,,. If a = d and p / w, then linear code spanned by the rows of the matrix |O, /—wd- 1] is a self-orthogonal [m + 1, rank(O)]
code over the field F, where F = F, if —wd is square rootin F,, and F = F 2 otherwise. If a # d and p | w, then linear code spanned by the rows of the matrix [\/d — a- I,,,, O]
is a self-orthogonal |[m + n, m| code over the field FF, where F = F, if d — a is square root in F,, and F = F 2 otherwise. If a # d and p | w — 1, then linear code spanned by
the rows of the matrix [\/wd — a - I,,,, O, N/—dw - 1] is a self-orthogonal [m + n + 1, m] code over the field F, where F = F, if —wd and wd — a are square roots in F,, and
F = F,» otherwise. If a # d and p f w and p f w — 1, then binary linear code spanned by the rows of the matrix [\/d — a - I,,,, O, ~/—wd - 1] is a self-orthogonal [m +n + 1, m|
code over the field F, where FF = F, if d — a and —wd are square roots in IF, and IF = IF = otherwise.

Let k = a (mod p), s = d (mod p), and let G be an automorphism group of D with f; fixed points and n point orbits of length ¢, and with f; fixed blocks and m block
orbits of length ¢. If a = d, then linear code spanned by the matrix [OM1,+/—a - 1] is a self-orthogonal [ f; + 1, rank(OM1)] code over F (F = F, if —a is square root in I,
and F = F . otherwise) and linear code spanned by the matrix OM?2 is a self-orthogonal [n, rank(OM2)] code of length over . If a # d then linear code spanned by the
matrix [\/d — a - I,,OM1,+/—d - 1] is a self-orthogonal [ fo + f1 + 1, f2] code over F (F = F, if d — a and —d are square roots in F,, and F = F_: otherwise) and linear code
spanned by the matrix [\/a — d - I,,,, OM2] is a self-orthogonal [m + n, m| code over IF (F = F, if a — d is square root in F,, and F = IF > otherwise).
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