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1. Finite p -groups with many subgroups 2-subnormal

Groups in whichevery subgroup isnormal were investigated hyedekind as early as
1897. He showed that such growgws either abelian or the dirgmtoduct of a quaternion
group with a periodic abelian group with no elementsrder 4. The property of being a
normalsubgroup isot transitive and iH is a normakubgroup ofN andN is a normal
subgroup ofG it is not necessary thetbe a normasubgroup ofG. To make a transitive
relation the concept of a subnormal group has been introduced and in the above Bituation
would be subnormal is.

| am interested in investigating groups with many or all subgroups 2-subnormal. This is in
some sense a step away from the situation in which every group is ngeinle situation

is much more complex. | am interestadinly in finite p-groups (groups oprime power

order) withthe propertythat all ormost subgroupare 2-subnormal. Thesegroups have

been investigatetbr the last thirtyyears,but manyquestiongemainunanswered.Some

of this work involvesconstruction of examples ajroups usingone of the computer
algebra packages, MAGMA or GAP as well as more theoretioadd atdescribinggroups

with the givenproperties. | would suggest apmject that sstudent usehe literature to
investigategroups withmany subgroups 2-subnormal wheine groupsare 2-groups, 3-
groups or 5-groupsind find the similarities and differencewhen these primes are
involved, and perhaps some explanation of the differences. Groups involving these primes
can easily be constructed using one of the packages listed above.
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2. Matrix-Product Codes over Fq.

One of the aims of mathematiciansrking in Coding Theory is tdetermine methods of
constructing new codes fromadready existingcodes. One of thewell known ways of
doing this is called the Plotkij | u + v) —construction for binary codes. Gf is a code of
lengthn, with K, codewords andninimum distancel, betweencodewords,andC, is a



code also ofength, withK, codewords andhinimum distancel,, Plotkin’s construction

yields a code of lengthrn2 with K,K, codewords ananinimum distancemin{2d,, d,}.

This construction gives a standaretative methodor constructing what igknown as the
Reed-Muller codes. These codes were instrumental in the transmission of pictures of Mars
from Mariner 9. Theyarealso used t@orrecterrors in storageevices includingcompact
discs,DVD andbarcodes, in wirelesand mobilecommunicationsdigital television and
high-speed modems. There isimilar constructiorfor ternary codegknown asthe (1 +v

+ w |2u + v | u) — construction and this construction iisrated toproduce aMain
Sequence subfamily of the ternary Reed-Muller codes.

Given code<,, ..., C_ of lengthn over F,, the finite field ofq elements, and am x n
matrix A over F; it is possible todefine amatrix product code C= [C;--- C] - A

consisting of all matrix productsf-- c,] - A. This generalises th@ |u + v) —, (U +v +
w|2u + v |u) — and other similaconstructions. Matrix-product codesire studiedising
the tools of Linear Algebra, which provides a basis fanified analysis othe size of the

codeC, the minimum Hamming distance 6f and the dual codg".

A project in this area would involve learning someelementary codingtheory,
understanding the construction of matrix-product codes ofiaitafield, determining the
size of these codes artdle minimumdistances, constructinghteresting examples of
matrix-product codes and looking at applications of these codes.

Some literature on the subject is given below.

R. Hill, A First Course in Coding TheorDUP, Oxford 1986.

Blackmore,T., Norton, G.H., Matrix-Product Codes overf,, AAECC 12(2001) 6,
477-500.



