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Proof: Letq := p". Consider the polynomial function

"
—1
(711,,71'2,"',,1‘77,)!—)Z(r,‘)q .

Actually, ¢ mapsF; onto the prime field=,. Wle_(lzan viewF; as an
F,-vector space of dimensiom. The F,-degree ofy is ¢ — 1, but
what about itd=,-degree? The functions
i=0,1,---,r—1
areF,-linear. So, decomposing the monomiefl~' as

2071 = xpfl(;tp‘)pfl(wpz)pfl L (wpwl )p*l
we see that thE, degree ofy is equal tor(p — 1). The function

viC—F,  w(e)=ple) -t

¢ Fy = F,

¥
p— L

on therk-dimensionalF,-vector space& will have degree at most
r(p — 1). Sov defines a word in the generalized Reed—Muller code
R,(r(p — 1),7k). The weight of this word is the size of the support

of ¢

wt () =

>

iZtmod p

A:(0).

It is well known (cf. [2] or [3]) that the minimum weight of
R, (r(p — 1),rk) is equal top™ ™" = ¢*~!
the minimum-weight codewords are thg-affine (rk — »)-flats in
F;*. So, if

A4(C0)=¢""

2

1Ztmod p
then
¢ = {e € C|wt(e) # tmodp}

is anF,-affine (rk — r)-flat in the rk-dimensionalF ,-vector space
C. Since we assumed thatt 0 mod p, the seC”) contains the zero
vector and hence is afrk — r)-dimensionalF,-linear subspace of

C. Finally, C%¥) is invariant under scalar multiplication with nonzero

elements fronf,. SoC' actually is & & — 1)-dimensionaF ,-linear
subspace of. O

, and that the supports of

1545

Theorem 4 can be combined with the MacWilliams identities and
other constraints on the weight distribution to prove the nonexistence
of codes with certain parameters. Here is one example.

Example 6: Let C be a putative85, 6, 61]4-code. We apply the
usual linear program with respect to the MacWilliams equations and
information on the dual distance and nonexistence of residual codes
from the table in [1]. As a result, we find that

> A(C) <1764 < T-
1 odd
Hence the preceding remark and Theorem 4 imply ¢hatin be ex-
tended to 486, 6, 62]4-code. The table in [1] tells us that such a code
does not exist. Consequentfydoes not exist.

4572,
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Cocyclic Hadamard Codes

Kathy J. Horadam and Parampalli Udajx¥ember, IEEE

Abstract—We demonstrate that many well-known binary, quaternary,

We now can invoke once more Construction X to obtain the folsng g-ary codes are cocyclic Hadamard codes; that is, derived from a co-

lowing generalization of Hill and Lizak’s result.

Theorem 4: LetC be an[n, k, d]-code over a finite fieldr, of char-
acteristicp. If d Z 0 mod p and

Z A (C) =q"!

1Zdmod p
thenC can be extended to 4n + 1, k, d + 1]-code.

Remark 5: The weight

[3] for a survey. This means that ¥°,_.,,..4, 4i(C) is below a
certain bound, then it has to be equalto . We give two examples.

1) If ¢ := 3 andd # 0Omod 3, then
> A0 <5377

1Zdmod 3

implies that
1Zdmod 3

2) If ¢ := 4, then
Z Ai(C) < T-4F2

1 even

> A =41

i even

A;(C) =3,

implies that

distribution of the (generalized)
Reed-Muller codes is known to possess gaps. See, for instanc

cyclic generalized Hadamard matrix or its equivalents. Nonlinear cocyclic
Hadamard codes meet the generalized Plotkin bound. Using presemifield
multiplication cocycles, we construct new equivalence classes of cocyclic
Hadamard codes which meet the Plotkin bound.

Index Terms—Cocycle, generalized Hadamard matrix, Hadamard codes,
presemifield, relative difference set.

|. INTRODUCTION

(?h [12], the first author introduced a very general description of co-
cyclic codes in order to demonstrate the previously unrecognized (and
well-hidden) presence of cocycles in several code construction tech-
nigues. Cocycles are mappings G x G — C, whereG and(' are
finite groups withC' Abelian, which satisfy a particular quasi-associa-
tive equation (1). They arise naturally in the topology of surfaces, in
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