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1. Preliminaries

Fq, q = pr, p � prime, the �eld with q elementsDe�nition. A multiset in PG(k − 1, q) is a mapping

K :

{

P → N0,
P → K(P ).

K(P ) � the multipli
ity of the point P .
Q ⊂ P : K(Q) =

∑

P∈QK(P ).

K(P) � the 
ardinality of K.� XII International Workshop on ACCT, Novosibirsk, Russia, 05.-11.09.2010 � 1



Points, lines, ... ,hyperplanes of multipli
ity i are 
alled i-points, i-lines, ... ,

i-hyperplanes.
ai � the number of i-hyperplanes
(ai)i≥0 � the spe
trum of K
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De�nition. (n, w)-ar
 in PG(k − 1, q): a multiset K with1) K(P) = n;2) for every hyperplane H : K(H) ≤ w;3) there exists a hyperplane H0: K(H0) = w.De�nition. (n, w)-blo
king set with respe
t to hyperplanes in

PG(k − 1, q) (or (n,w)-minihyper): a multiset K with1) K(P) = n;2) for every hyperplane H : K(H) ≥ w;3) there exists a hyperplane H0: K(H0) = w.
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2. Ar
s and linear 
odes

Theorem. The existen
e of an [n, k, d]q-
ode of full length is equivalent to thatof an (n, n − d)-ar
 in PG(k − 1, q).
⋄ C � [n, k, d]q-
ode with n = t + gq(k, d);
⋄ K - (n, n − d)-ar
 asso
iated with C;
⋄ γi := maximal multipli
ity of an i-dimensional subspa
e of PG(k − 1, q),

i = 0, 1, . . . , k − 1,

γi ≤ t + gq(i + 1, d).
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Problem A. For given k, d and q �nd the smallest value of n for whi
h thereexists an [n, k, d]q-
ode.The Griesmer bound:
nq(k, d) ≥ gq(k, d) =

k−1
∑

i=0

⌈
d

qi
⌉

Problem B. Chara
terize geometri
ally all Griesmer 
odes with given parameters

k, d and q. Equivalently: Chara
terize all minihypers in PG(k − 1, q) with

(

k−2
∑

i=0

ǫivi+1,

k−2
∑

i=0

ǫivi,

)

, 0 ≤ ǫi ≤ q − 1,where vi = (qi − 1)/(q − 1).� XII International Workshop on ACCT, Novosibirsk, Russia, 05.-11.09.2010 � 5



- probably hopeless in all generality- Belov, Loga
hev, Sandimirov, 1974- N. Hamada,T. Helleseth- R. Hill- T. Maruta- L. Storme, J. De Beule, P. Govaerts et al.- A. Klein, Kl. Mets
h and many others
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3. Chara
terization of the (102, 26)-ar
s in PG(3, 4)

3.1. The (101, 26)- and (102, 26)-ar
s in PG(3, 4)Theorem. There exists exa
tly one (102, 26)-ar
 in PG(3, 4). It is obtained asthe sum of an ovoid and the 
omplete spa
e.Spe
trum:

a22 = 17, a26 = 68, λ0 = 0, λ1 = 68, λ2 = 17.

Theorem. Every (101, 26)-ar
 in PG(3, 4) is extendable to a (102, 26)-ar
.
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d g4(5, d) n4(5, d) (n, w)-ar
 K K|H
297 398 399 (399, 101)-ar


298 399 400 (400, 101)-ar
 (101, 26)-ar


299 400 401 (401, 101)-ar
 in PG(3, 4)
300 401 402 (402, 101)-ar


301 403 404 (404, 102)-ar


302 404 405 (405, 102)-ar
 (102, 26)-ar


303 405 406 (406, 102)-ar
 in PG(3, 4)
304 406 407 (407, 102)-ar
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Open problem. Chara
terize geometri
ally the ar
s with parameters

(q3 + 2q2 + q + 2, q2 + 2q + 2) in PG(3, q), q > 2.

These ar
s are asso
iated with Griesmer 
odes with parameters

[q3 + 2q2 + q + 2, 4, q3 + q2 − q]q.

An obvious 
onstru
tion: the sum of an ovoid and the whole spa
e PG(3, q).The question is: are there other 
onstru
tions?
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• In PG(3, 3): We have two (50, 17)-ar
s:(a) the sum of a 
ap and the whole spa
e;(b) two 
opies of PG(3, 3) minus two di�erent planes π0, π1 minus a line (skewto the line ℓ = π0 ∩ π1).
• In PG(3, 4): There is exa
ly one (102, 26)-ar
 and it is the sum of an ovoidand the whole spa
e.

• In PG(3, 5): There is exa
ly one (182, 37)-ar
 and it is the sum of an ovoidand the whole spa
e.
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Conje
ture. (At least) for every prime p ≥ 5 there is a unique ar
 withparameters (p3 + 2p2 + p + 2, p2 + 2p + 2) in PG(3, p). It is obtained as thesum of an ovoid and the whole spa
e.How 
an one prove this?
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3.2. Redu
ibility of plane (x(q + 1) + 1, x)-minihypersThe planes of maximal multipli
ity have parameters (q2 + 2q + 2, q + 3).The existen
e of su
h ar
s is equivalent to that of minihypers with parameters

(q2, q − 1) (with maximal multipli
ity of a point equal to 2).These parameters 
an be written as (x(q + 1) + 1, x) with x = q − 1.
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Redu
ible (x(q + 1) + 1, x)-minihypers. 
an be obtained from (x(q + 1), x)-minihypers by adding a point.R. Hill, H.N WardI. Landjev, L. StormeIrredu
ible (x(q + 1) + 1, x)-minihypers.
◦ the 
omplement of an oval for all odd q

◦ for q = 4: one irredu
ible (16, 3)-minihyper
◦ for q = 5: one further irredu
ible minihyper with λ2 = 2, λ0 = 8.
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(16, 3)-minihyper in PG(2, 4)

(25, 4)-minihyper in PG(2, 5)
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