A Note on a Result by
Hamada on Minihypers

lvan Landjev

Institute of Mathematics and Informatics
Bulgarian Academy of Sciences

Assia Rousseva

Faculty of Mathematics and Informatics
Sofia University

— Xl Intternational Workshop on ACCT, Pamporovo, June 16-22, 2008 —



Linear Codes and the Griesmer
Bound

C': linear |n, k, d]-code over F,

The Griesmer bound:

k-1 oy
n > Zfﬁ = gq(k,d)

1=0

Griesmer code: [gq(k, d), k, d],.
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Multisets and Minihypers in PG(%,q)

PG(t,q) = (P, L, 1)

t+1_4
g—1

A multiset in PG(¢,q): R: P — Np.

Ut+1 =

The support of R: SuppR={P € P | K(P) > 0}.
A projective multiset in PG(¢,q): Im & = {0,1}.

A characteristic multiset of a set Q C P:

|1 PeQ,
X710 Q¢o
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Multisets and Minihypers in PG(%,q)
(cont.)

Definition. A multiset § in PG(t,q), t > 2, is called
an (f, m;t, q)-minihyper or (f, m)-minihyper if

(a) §(P) = f,
(b) §(H) > m for any hyperplane H;

(c) there exists a hyperplane Hy with §(Hp) = m.

An (f,m;t, q)-minihyper § is said to be reducible if
there exists an (f’, m;t,q)-minihyper § with f' < f
§'(P) < §(P) for every P € P.
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Minihypers and Linear Codes

Let C' be an [n, k, d],-code.

If (s —1)g" 1 < d < sg" ! then d can be written
(uniquely) as:

where

(a) O<)\1§§)\h<k—1,

(b) at most ¢ — 1 of the values \; are equal to a given
value.

The Griesmer bound:

h
n > gq(k,d) = svp — Z Ux;+1

1=1
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Minihypers and Linear Codes(cont.)

Theorem. (Hamada)

Ifd = sg*1 — Z:;L:1 g there exits a one-to-one cor-
respondence between the set of nonequivalent |n, k,d],
codes meeting the Griesmer bound and the set of all
projectively distinct minihypers with parameters

h h

(Z ?))\Z._H, Z ’U)\i; k — 1, q).
1= 1=1

1
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Characterization Results on
Minihypers

Theorem. (Hamada, Helleseth, Maekawa)

A non-weighted minihyper with parameters

t—1 t—1
(E €;Vi41, E €;V;;t, q),
i—=0 i=0

where Zf;é €; < \/q+1, is a union of €;_1 hyperplanes,
€:_o (t — 2)-dimensional spaces, ...,€1 lines, and €g
points, which all are pairwise disjoint.
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Characterization Results on
Minihypers (cont.)

Theorem. (De Beule, Metsch, Storme)

A (S evin, S0 et )-minibyper,  where
Y i—o€i < 0o, with 6o equal to one of the values in
the table below, is a union of €;_1 hyperplanes, €;_s
(t — 2)-dimensional spaces, ..., €1 lines, and €y points,
which all are pairwise disjoint. (In the table ¢ = p®, p

prime, s > 1.)

p S do

P even < Va

p s =1 <(p+1)/2

p 3 < p°

2 | 6m+1,m>1 < 2%mtl _g%m _ gimil /9

>26m+1,m>1| <p™" —p*™ —p T /24 1/2

[\

VIV IV

>2|6m+3,m>1 < ptmTE _ pimtE g 9

Table 1: upper bounds on g
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Characterization Results on
Minihypers (cont.)

Theorem. (Hamada) A non-weighted

h h
E v/\m,E Uzt q

minihyper, witht > Ay > Ao > --- > A\p > 0, is the
union of a A1-dimensional space, Ao-dimensional space,
..., Ap-dimensional space, which all are pairwise disjoint.
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Characterization Results on
Minihypers (cont.)

Theorem. (Landjev, Storme)

Let§ bea (Z?Zl U1 2?21 U;; t, q)-minihyper, with
t>2 q>3, and

t>A > X > >\, > 0.

Then

h
5= Z X
=1

where T; is a A;-dimensional subspace of PG(t, q) and
i1=1,...,h.

— Xl Intternational Workshop on ACCT, Pamporovo, June 16-22, 2008 — 9



The Theorem

Theorem. Lett > 2 be an integer and let ¢ > 3
be a prime power. Let A\i,...,\n be a sequence of
non-negative integers such that

(1)t>)\1>)\22)\32...2)\h20,ana’

(2) equalities in (1) occur in at most r(q) — 1 places,
where g+ 1-+1(q) is the size of the smallest nontrivial
blocking set in PG(2, q).

Then every minihyper § in PG(t,q) with parameters
(27};;1 Ux;+1, 27};1 vy;) can be represented as

h
g — Z X
=1

where ; is a \j-dimensional subspace of PG(t,q) and
i=1,...,h
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