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The annual GiG

Groups in Galway

Origins

The GiG (Groups in Galway) conference, and related activity, has been
running annually since 1978 and is the longest running annual international
mathematical conference on a special topic. It has its origin from the inaugural
meeting of the IMS (Irish Mathematical Society) when Professor Martin Newell
proposed that instructional conferences be organised in various topics in Mathe-
matics; the first of these on Group Theory was held on May 12-13 1978 at UCG;
this one has continued annually ever since. The term GiG, Groups in Galway,
was penned in the Newsletter of the LMS (London Mathematical Society which
is the main UK mathematical society) in 1982 and that title has stuck with it
ever since. The conference and its resulting environment has attracted many
international experts to Galway.

The history of GiG, including a complete list of speakers and titles, is avail-
able on-line at the history of mathematics site www-history.mcs.stand.ac.uk.
More than 360 keynote talks have been presented, mostly survey talks on new
developments.

Figure 1: Groups, Galway 1993; includes Fields Medal1 winner Efim Zelmanov
(10th and 2nd from left at back).

Galway continues to be recognised internationally for its expertise in the
area and for attracting international experts to its GiG. Recently the de Brún

1While there is no Nobel Prize in Mathematics, the Fields Medal is often considered the
equivalent.
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Centre for Mathematics was established with funding from SFI; this fosters
research activities in Computational Group Theory and the related areas of
Computational Algebra and Geometry.

What is Group Theory?

Group Theory is essentially the study of symmetries of objects or systems.
As well as being an extremely interesting area of study in itself it has, as one
might expect, many applications to various related areas where symmetry can be
involved; this involves areas of the Physical and Medical Sciences and in recent
times in the Communications and Finance areas. It can be considered as a
branch of Algebra and has connections to many different areas of Mathematics.

Figure 2: Dodecahedron, Octahedron, Icosahedron, Football. What are their
(group of) symmetries?

Nowadays, for good or bad – but especially when funding is sought! – a
research project must somehow be shown to be ‘applicable’ or ‘useful’ immedi-
ately. Here are some specific areas where research in Group Theory has found
and continues to produce applications.

• Various physical systems, such as crystals and the hydrogen atom, can
be modelled by symmetry groups. Thus group theory and the closely re-
lated representation theory have many important applications in physics,
chemistry, and materials science.

• Group Theory is central to Coding Theory which can be considered as
the safe transmission of data. Coding Theory, including error-correcting
codes, is a fundamental tool in modern communications. It is used for
the safe transmission of data over a ‘noisy’ channel. This channel could
be storage on disk drives, data broadband, communication to and from
mobile phones, satellite communication and deep space communication
and others. Hard disks, CDs, DVDs, flash cards, computer memory, RAID
storage, digital cinema, HD TV, surround sound, all depend ultimately on
error-correcting codes many of which are derived from Group Theoretical
methods. Even communication and storage devices that are in general
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use, including CDs and DVDs, could not exist and many others would be
much more primitive were it not for error-correcting codes.

• Group Theory and Number Theory, both considered ‘abstract’ areas, are
central to cryptography which can be considered as the secure (secret)
transmission of data; this is fundamental for transactions on the internet
and elsewhere.

Alan Turing, mathematician, cryptanalyst and computer scientist, is de-
scribed as ‘the father of theoretical computer science and artificial intel-
ligence’; he derived many of his fundamental ideas on computers from
working on cryptography.

Figure 3: (1): Alan Turing, mathematician, cryptanalyst, and computer scien-
tist. (2): Colossus, the first digital, electronic, programmable computer.

• Group Theory has found applications in the areas of Finance. For example
Lie Group Theory has attracted significant applications in Finance as such
groups exhibit properties that make them suitable for the modelling of
interest rates. ‘Symmetry determines the market’ is much more correct
than ‘the market determines’ !

• Group Theory is now being studied in connection with the ‘Symmetry of
viruses’. The group of symmetries of a virus turns out to be what is called
a Coxeter Group and indeed when the virus mutates its symmetry group
changes to a related Coxeter Group.

Coxeter’s research on icosahedral symmetries played an important role
in the discovery by scientists at Rice University, Texas, of the carbon-60
(C60)molecule for which they won the 1996 Nobel Prize in Chemistry.

• Communication with implanted medical devices requires low storage and
low power. A solution is to store the communication error-correcting code
in group theory language as an abstract formula which can produce the
code as required.
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Figure 4: C60 and Rotavirus

• Group theoretical methods have been used in image processing such as
for MRI scans. FFT (Fast Fourier Transforms) or Wavelets are used to
analyse the signals.

• Games have been developed using Group Theory ideas. Group theory
provides the conceptual framework for solving puzzles or indeed for show-
ing that a solution does not exist. Many of you may be familiar with
the Rubik’s Cube which is a group theory puzzle; the size of the group is
43,252,003,274,489,856,000.

‘Sudoku’ is a recreational puzzle the solutions of which rely ultimately on
symmetries of the system.

Enormous sums have been offered for solving various symmetry puzzles,
such as for the 14-15 puzzle; but it doesn’t matter how much is offered as
no solution exists! Why? Beware ...

Basic is fundamental

GiG has contributed magnificently to these developments. It is quite amazing
indeed how such an abstract idea as Group Theory has now become so useful
and fundamental in many areas, such as recently in communications’ systems. It
is not just an abstract notion, it can be a useful abstract notion! Group Theory
is a prime example of how ‘basic research’ is so fundamental and essential for
cutting-edge applications – if that is what is required.

But the subject is also studied for its beauty and its art. Some of you may
be familiar with the beautiful art work of M.C. Escher; copyright prevents it
being displayed here but much can be seen on-line by searching Google.
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Figure 5: Rubik’s Cube, Sudoku puzzle, Sam Loyd’s 14-15 puzzle

Google itself, which got its name from the mathematical term ‘Googol’ mean-
ing 10100 (a really huge number), displays enormous symmetry in its structure;
when a ‘hit’ is made the whole system, which is a monstrous matrix in dis-
guise, works on the symmetry and connections to produce a listing and ranking
according to basic mathematical rules, theorems and algorithms. Google was
initiated by two mathematicians, Sergey Brin and Larry Page, who ‘invented’
the PageRank algorithm on which the ranking is based. The corporate head-
quarters of Google in Mountain View, California, is aptly named ‘Googleplex’
which in mathematical terms means 10googol = 1010

100

. Stanford University
actually owned the PageRank patent, as both Brin and Page worked or studied
there, and the University eventually sold the patent to Google for a sum of
about $450,000,000.
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‘Impossible’, I say and I’ll prove it.

Group Theory has been used to prove that certain constructions are impossible.
It is impossible to ‘Solve the quintic by radicals’ or ‘Square the circle’ or ‘Trisect,
generally, an angle’ no matter how ‘hard’ we try! The phrase ‘square the circle’
is often misused, in particular by politicians and the media, as referring to ‘an
unusually difficult (but perhaps not impossible) problem’.

Why do politicians and the media on so many occasions display lack of logic
and so much innumeracy in their arguments? Charles Babbage (1791-1871), a
mathematician who originated the concept of a programmable computer, and
wrote on symmetries of objects, is quoted as follows: “On two occasions I have
been asked [by members of Parliament] ‘Pray, Mr. Babbage, if you put into the
machine wrong figures, will the right answers come out?’ I am not able rightly
to apprehend the kind of confusion of ideas that could provoke such a question.”
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