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Abstract- In this paper, we construct 1-symmetric
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discuss their properties. We further discuss some
codes associated with some of this design
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I INTRODUCTION

Let G be the Mathieu group Ma4. Group G acts on the
triad to generate the point stabilizer L3(4): Ss. the point
stabilizer is a maximal subgroup of degree 2024 in G.
The group G acts on this point stabilizer to form orbits.
The orbits of this point stabilizers are 1, 63, 210, 630
and 1120. Given a primitive permutation group G
acting on a set €2, it follows from theorem 3.4.1 and
3.4.2 that if we form orbits of the point stabilizer and
take their images under the action of the full group, we
obtain the blocks of a symmetric 1 - design with the
group G acting as an automorphism group.

. SYMMETRIC 1- DESIGNS

In this section we examine all designs invariant under
G. Let Q be the primitive G - set of degree 2024 and
Q4, Qo, Q3, Qu, Qs, with sub degrees 1, 63, 210,630
and 1120 respectively denote the sub orbits of G on Q
with respect to the point stabilizer Ls(4): Ss. We
consider the p - element subsets {iy, iz, i3, is, is} of the

set {1,2,3,4,5} to form(f))distinct unions of suborbits

Qi. Observe that |UT_, Q| where 1 <p <5 and 1 < k
<2024.

In Table 1 the first column represents the 1-design Dy
of orbit length k, the second column gives the orbit
length, the third column shows the parameters of the
1-designs Dy and the fourth column gives the
automorphism group of the design.
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Table 1: Designs from primitive group of degree

2024
Design orbit parameters  Automorphism
length Group
D63 63 1-(2024, 63, S24
63)
D64 64 1-(2024,64,64) S24
D210 210 1- M24
(2024,210,210)
D211 211 1- May
(2024,211,211)
D630 630 1- S24
(2024,630,630)
D1120 1120 1- M 24
(2024,1120,1120)
D631 631 1- S24
(2024,631,631)
D1121 1121 1- M 24
(2024,1121,1121)
D273 273 1- M 24
(2024,273,273)
D693 693 1- S24
(2024,693,693)
D1183 1183 1- M 24
(2024,1183,1183)
D840 840 1- M 24
(2024,840,840)
D1330 1330 1- S24
(2024,1330,1330)
D1750 1750 1- S24
(2024,1750,1750)
D274 274 1- M 24
(2024,274,274)
D694 694 1- S24
(2024,694,694)
D1184 1184 1- M 24
(2024,1184,1184)
D841 841 1- M 24
(2024,841,841)
D1331 1331 1- S 24
(2024,1331,1331)
D1751 1751 1- S24
(2024,1751,1751)
51
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D903 903 1- M 24
(2024,903,903)
D1393 1393  1- S24
(2024,1393,1393)
D1960 1960 1- S24
(2024,1960,1960)
D1813 1813 1- M 24
(2024,1813,1813)
D904 904 1- M 24
(2024,904,904)
D1394 1394 1- S24
(2024,1394,1394)
D2023 2023 1- S24
(2024,2023,2023)
D1961 1961 1- S24
(2024,1961,1961)
D1814 1814 1- M 24

(2024,1814,1814)

e Proposition 2.1. Let G be the Mathieu simple group
Mo2s, and Q the primitive G-set of size 2024 defined
by the action on the cosets of L3(4): Ss. Let M and
N be the sets M = [210,211,1120,1121,273,1183,
840,274,1184,841,903,1813,904,1814] and N =
[63, 64,630, 631,693,1330,1730,694, 1331,1751,
1393, 1960, 1394, 2023, 1961]. Let p = {M?% g €
G} and Dy = (Q, B). Then the following hold:

i Dkis a primitive symmetric 1 —(2024, M |, | M |)
design.

i Ifk €M, then |Aut (Dk)| =M24

iii Ifk €N, then |Aut (Dy)|=S24

e Proof
i.  Group G acts as an automorphism group, primitive

on points and on blocks of the design and so G <
Aut (Dy).

ii.  First, we consider the case when k € M. The only
composition factor of Aut (D) is

ili.  Maa. This implies that Aut (Dx) =M2a

iv.  We consider the case when k eN. The composition
factors of Aut (Dy) are Z2 and A4. This implies that
Aut (Dk) =S,4.

I1l.  BINARY CODES
We note that the binary row span of the incidence

matrices of each design Dy yield the code denoted Cy.
In the following subsections, we examine the
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properties of some of the codes Cyxwhere computations
are possible.

o Proposition 3.1. Cea1 is a projective [2024, 24,253]
binary code. The dual code C-g3; of Ce31 is a [2024,
2000, 4].

e Proof
The minimum weight of Ctez code is 4. Hence
Cea1 is projective.

CONCLUSION

Let G be the primitive group of degree 2024 of
M2sand C a linear code and D a primitive design
admitting G as an automorphism group. Then
the following holds:

a) There exists a self-orthogonal doubly even
projective code.

b) There exist a set of Primitive Symmetric 1-Designs
related to Moa.

REFERENCES

[1] B. G. Rodrigues (2003), Codes of Designs and
Graphs from Finite Simple Groups, Ph.D. thesis,
University of Natal, Pietermaritzburg,

[2] J. Mooriand G.F. Randriafanomezantsoa (2014),
Designs and codes from certain finite groups.
Transactions on Combinatorics ISSN (print):
2251-8657, ISSN (on-line): 2251-8665Vol. 3
No. 1 (2014), pp. 15-28. University of Isfahan

[3] J. D. Key and J. Moori (2002), Designs, codes
and graphs from the Janko groups J; and Js, J.
Combin. Math. and Combin. Comput. 40, 143—
159.

[4] L. Chikamai, J. Moori, and B. G. Rodrigues
(2012), Linear codes obtained from 2modular
representations of some finite simple groups’.
Phd thesis D-Space software copyright ' 2002-
2013 Duraspace

[5] M. Grassl (2006), Searching for Linear Codes
with Large Minimum Distance, Discovering
Mathematics with Magma (Wieb Bosma and
John Cannon, eds.), Springer, New York.

ICONIC RESEARCH AND ENGINEERING JOURNALS 52



