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Often, we mathematicians are asked that dreaded question: “What is it you actually
do all day?” A few of us are perhaps brave (or is it foolish?) enough to respond with an
exposition on elliptic curves, homotopy theory, pde’s or Markov processes, but most of us
will give a deep sigh, look sheepish, and begin to stutter “Uhhhhh . . . , well . . . , hmmm . . . ,
you see . . . ,” to finally blurt out in what seems like a super-human effort, “It is kind of
complicated,” hoping this will satisfy our inquisitor.
Perhaps a reasonable response would be to explain that mathematics is much like art
or music, with ‘beautiful theorems’, ‘amazing proofs’ and ‘stunning conjectures’, but that
unfortunately the wonderland of mathematics can only be fully appreciated by those initiated
into the art. This may not actually answer the question about what mathematicians do,
but hopefully conveys that ‘doing mathematics’ is a creative proces that requires passion,
inspiration and an eye for beauty. After all, how different (apart from being not quite as
famous) are Gauss and Euler from Mozart and Picasso?
Before you is the final Gazette for 2004 and the first issue with completely new artwork.
Art, and how to best protect it, is also Norman Do’s topic in Mathellaneous. His inclusion
of the ‘proof from the Book’ of the ‘Art Gallery Theorem’ illustrates the view of mathematics
as an aesthetic endeavour rather well.
With the end of the year drawing near, Peter Taylor has thrown down the gauntlet and
challenged us in Math Matters to take control of the mysterious process between theory
and application by adopting a rather radical new year’s resolution.
We all, of course, have at one time or another resolved to prove the Riemann hypothesis
or, if that were to hard, one of the other million dollar Millenium Problems. This issue of
the Gazette launches a new series of mathematical challenges that could (or should?) have
been on the Clay Institute’s distinguished list, and in The 8th problem Alexander Molev,
poses his favourite open problem.
In this last issue of the year we take the opportunity to thank our columnists, book
reviewers, local correspondents and all other contributors to the Gazette for their efforts in
2004. In particular we would like to thank R. Baxter, R. Berghout, R. Brak, R. Buchholz, B.
Clarke, G. Cohen, D. Donovan, I. Doust, D. Fitzgerald, N. Frankel, O. Foda, O. Goodman,
J. Groves, P. Hall, W. Hart, M. Hirschhorn, H. Lausch, K. Matthews, P. Norbury, A. van
der Poorten, W. Read, K. Seaton, E. Seneta, J. Simpson, M. Williams, N. Witte and R.
Zevenbergen for their behind-the-scenes support with refereeing and translating.
We wish you all a great finale to the year and hope for your continued involvement with
the Gazette in 2005.

Michael Cowling

The President of the Australian Mathematical Society takes office after the Annual
General Meeting of the Society, which in
turn takes place toward the end of the Annual Conference. So I took office during the
meeting at RMIT University, organised by
Kathy Horadam and her team, which was a
highly successful event. In fact, it was the
best attended Annual Conference that the
Society has had for many years. I therefore
begin by congratulating Kathy and the Program Committee for arranging an excellent
range of speakers—these are important in
attracting participants—and for running a
very pleasant and interesting week for all of
us who came.
As I begin my first President’s report, I
am intensely aware that there have been remarkable achievements in the Mathematical
Sciences in Australia in the last few years,
due in no small measure to the efforts of my
predecessor Tony Guttmann. I am referring
in particular to the Australian Mathematical Sciences Institute (AMSI), the International Centre of Excellence for Education in
Mathematics (ICE-EM), and the Centre of
Excellence in Mathematics and Statistics of
Complex Systems (MASCOS). While mathematicians have previously been awarded a
Centre of Excellence (at the ANU), we have
not previously obtained the recognition of
the importance of our role which AMSI and
ICE-EM signify.
Despite these successes, however, the
situation of Mathematics in universities
(which is where most of our members work
or worked) in Australia still seems gloomy.

And one has to ask why this is so. One
obvious answer is that very few students
perceive Mathematics to be a viable career
choice, and this is at least in part due to the
low visibility of mathematicians who work
outside universities and schools. There
is a new discipline of “business analytics”
(see, for instance, http://www.iapa.org.
au) which might loosely be described as
mathematics, statistics and information science applied in a commercial environment;
there are many advertisements for jobs in
the area, and most of these specify numerical skills in the essential criteria and business knowledge as a desirable but not essential extra. If this discipline were called
“business mathematics”, then there might
be more students in university mathematics courses, and the members of Mathematics Departments might feel more optimistic.
Surely a part of the answer is to make the
public aware of the importance of mathematics in the real world even though it is
not always labelled mathematics.
Raising awareness of the mathematical
sciences is part of the brief of AMSI, MASCOS and ICE-EM. I would argue strongly
that the Society must, in cooperation with
these bodies, work to this end. We do not
have the resources or the staff that they do,
but we will (I hope) still be around when
their funding finishes, and we need to be
able to pick up the baton and run on. I
will commit myself to this, and I hope to be
able to report some successes to you over
the next two years.

Peter Taylor
The Mysterious Process between Theory and Applications
I would like to start by congratulating the
editors, Jan de Gier and Ole Warnaar,
for encouraging debate about the state of
our discipline via the “Math matters” and
“Brain drain” columns. The previous contributions to these columns, plus some letters to the editor in response, have been
both interesting and thought-provoking. I
know that some people have found the blunt
nature of some comments off-putting. However, it is healthier for the discipline to get
these things out in the open. The mathematical community should, in the words of
Jan and Ole “be strong and mature enough
to allow a free and open debate” [2].
The Math matters series started off with
Peter Hall’s statement “There is little dispute that the mathematical sciences in Australia are in decline” [5]. Peter then went
on to detail a bleak picture of the way that
the mathematical sciences have evolved in
Australia over the last few years. Garth
Gaudry [4] started in a similar vein, but
then pointed out that there might be recent
signs of a reversal of fortunes in the funding of the Australian Mathematical Sciences
Institute (AMSI), the International Centre
of Excellence for Education in Mathematics
(ICE-EM) and the ARC Centre of Excellence in the Mathematics and Statistics of
Complex Systems (MASCOS).
Possibly because I am a natural optimist
or possibly because, like Kevin, I personally have been funded relatively well, I find
myself agreeing with Kevin Burrage’s sentiments that we should “have more emphasis on the positive and on our collective
achievements” [1]. That a great deal needs
to be done is undeniable. However, I have

faith that our community is capable of responding to the challenges that currently lie
in front of it.
Cheryl Praeger [6] and Tony Dooley
[3] took a slightly different approach to
the Math matters column than Peter and
Garth. Rather than surveying the current
situation, they put forward ideas that they
believe would be of considerable benefit to
our community. Cheryl emphasized that
mathematics should see itself as a profession and made a number of concrete suggestions as to how this might be brought
about. Tony, in his reflection on how research in the mathematical sciences might
look in fifty years’ time, offered a number of perceptive observations and strongly
advocated the opening of communication
channels between the mathematical sciences
community and those outside it.
On page 78 of [3], Tony wrote
“What I am arguing here is that the profession must try to take greater control of
that mysterious process between theory and
applications. If this is better done and understood, our work will be seen as more relevant, the benefits of a centralised profession
of mathematical researchers will be manifest, and mathematicians will also be seen
as the natural people for teaching of mathematics to other areas”.
In these few lines, Tony has set an agenda
that, if followed, would solve most of the
major problems facing the mathematical
sciences today. I can not think of a better way to express the case than Tony did,
so what I plan to do in this column is expand on his statement a little and offer some
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thoughts on how the mathematical science
community might implement his agenda.
My first observation is that it is implicit
in Tony’s statement that our destiny is in
our own hands. This sets a tone different from that of many other contributions
to the debate. We all need to appreciate
that the health of the mathematical sciences
lies with the mathematical community. If
the mathematical sciences do not flourish in
Australia, then it will be due to our failure,
rather than the shortsightedness of “ignorant” politicians and administrators. Also,
observe that implementing Tony’s agenda is
necessarily a task in which the great majority of the mathematical community must
partake, and for which we should all take
collective responsibility.
Very few of us would contest the truth
of, for example, the statements by Phillipe
Tondeur and General W.E. Odom quoted
by Peter Hall in [5]. However the leap to the
conclusion that all the research mathematicians in our publically-funded institutions
should be given resources to do what they
like is one that would not survive the refereeing process in any of our journals. The
argument needs to be deeper than that, and
we should be prepared to address the proposition that the people making funding decisions adverse to the mathematical sciences
might not be as misguided as we think they
are.
Let us ask the question of what the Australian community gets when it funds a
mathematician to do research? To focus
ideas, I think it is instructive to reduce
this question to a personal level. Roughlyspeaking, it costs the community around
$200,000 per annum to pay my salary and
house me in an office with appropriate facilities. This money could fund quite a few hospital beds or pay for a couple of musicians
in a symphony orchestra, so why should the
community choose to fund me rather than
the hospital beds or the musicians? I would
like to think that there are good arguments
why it should. However, I make it a point

to bear these arguments in mind and continuously check whether they are still valid.
Each of us individually and, indeed, the profession as a whole, is in a similar situation.
There are good arguments that the mathematical sciences should be supported by the
community, but with support comes the responsibility to ensure that funds are spent
well.
A decision-maker faced with the option
of putting resources into mathematical sciences research or some other worthy cause
would not be doing his/her duty if they did
not weigh up the benefits of either decision.
We would argue that the benefits to society produced by mathematical sciences research are often long-term. We might also
say that they are highly uncertain, but that
we need a critical mass engaged in activity
to uncover the rare jewel that will make a
difference. So let us assume that our decision maker is a wise person prepared to
accept the case on these terms. Would the
decision-maker come down in favour of the
mathematical sciences?
If I were that decision-maker, I would ask
one more question. I would want to know
what the profession is doing to ensure that
results of mathematical research have the
best chance of providing some benefit to
the community. In Tony Dooley’s words,
I would want to know what we are doing
to control “the mysterious process between
theory and applications”.
The way that I interpret this statement
is that, wherever we sit on the mathematical spectrum, we should be aware of how the
work that we do links to the work that other
people do and, indeed, how it could eventually be implemented to provide some benefit
for the community. For example, a statistician might design a randomised trial for a
pharmaceutical company, an applied mathematician might solve a problem posed by
an engineer, or a pure mathematician might
locate the work of an applied mathematician in a more general abstract framework,

Math matters

which enables further insight and a better
appreciation of the work’s applicability.
Benefit to the community might accrue
via a long path with many steps. However,
it is the role of a responsible mathematical
researcher to ensure that there exists such
a path. I think it would be fair to say that
many, if not most, research mathematicians
in Australia currently do not think of their
work in these terms. They are content to
work within their own, usually fairly narrow, speciality and produce results that are

287

appreciated by an often very small community. It is this attitude that it is essential
that the profession work to break down.
As a first practical step to achieving this,
I would like to finish with the suggestion
that all of you who are research mathematicians should make a new year’s resolution
that from 2005 onwards you will work on at
least one substantial problem per year introduced by someone outside of your speciality.
I believe that if we all did this, we would be
taking a large step towards taking control
of the “mysterious process”.
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Norman Do
Art Gallery Theorems
1

Guarding an Art Gallery

Imagine that you are the owner of several art galleries and that you are in the process of
hiring people to guard one of them. Unfortunately, with so many in your possession, you
seem to have forgotten the exact shape of this particular one. In fact, all you can remember
is that the art gallery is a polygon with n sides. Of course, guards have the capacity to turn
around a full 360◦ and can see everything in their line of sight, but being terribly unfit, they
are unwilling to move. The question we would like to answer is the following.
What is the minimum number of guards that you need to be sure that they can watch
over the entire art gallery?
This question was first posed in 1973 by Victor Klee when asked by fellow mathematician
Vas̆ek Chvátal for an interesting problem. A little more precisely, let us consider our art
gallery to be the closed set of points bounded by a polygon. We will also need to make
the somewhat unrealistic assumption that our guards are points and we will allow them to
stand anywhere in the polygon, even along an edge or at a vertex. Guards are able to see a
point in the art gallery as long as the line segment joining them lies in the polygon.
To get a feel for the problem, consider the comb-shaped art gallery below which has fifteen
sides. It is clear that at least one guard is required to stand in each of the shaded areas
in order to keep an eye on each of the “prongs” of the comb. Thus, at least five guards
are needed to watch over the entire art gallery, and it is a simple enough matter to verify
that five are actually sufficient. In fact, it is not too difficult to see that you can form a
k-pronged comb-shaped art gallery which has 3k sides and requires k guards. Furthermore,
by chipping off a corner or two, it is clear that there exist art galleries which have 3k + 1 or
3k + 2 sides and require k guards.

In short, you will need to hire at least bn/3c guards to watch over your art gallery, but is
it possible that you might need even more? The following theorem states that you don’t,
which means that the comb-shaped art gallery actually gives a worst case scenario.
Art Gallery Theorem: Only b n3 c guards or fewer are required to watch over an art
gallery with n sides.
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A Proof from the Book

The first proof of the art gallery theorem was produced by Chvátal two years after the
problem was originally posed, but in 1978, a proof from the book1 was found by Steve Fisk
[1]. His proof, which we will now present, involves three main steps and is simplicity in
itself.
◦ You can always triangulate a polygon.
To triangulate a polygon is to partition it into triangles using only diagonals which
join pairs of vertices. This can always be done, as long as we can find a diagonal
which joins two of the vertices and lies completely inside the polygon. For if this
were true, then we could use such a diagonal to cut the polygon into two smaller
polygons, and then cut those into still smaller ones, iterating the process until we
are left with nothing but triangles.
To see that such a diagonal always exists, consider a guard standing at a vertex
X and shining a torch towards the adjacent vertex Y . If the guard were to rotate
this ray of light towards the interior of the polygon, then it must at some stage hit
another vertex, which we will call Z. Now we can take one of XZ or Y Z as the
desired diagonal, as long as there is no vertex of the polygon which lies inside the
triangle XY Z. But no such vertices could possibly exist, otherwise the rotating ray
of light would have hit one of them first.

◦ There is a nice 3-colouring of every triangulation of a polygon.
A nice 3-colouring is a way to assign a colour (or, due to the monochromatic nature
of the Gazette, a number) to each vertex of the triangulation so that every triangle
has vertices with three different colours. This is an easy task if the polygon is a
triangle, so let us consider what happens when there are more than three sides. But
then by the result stated above, there exists a diagonal joining two of the vertices
which lies completely inside the polygon. This diagonal can now be used to partition
our art gallery into two smaller ones. Notice now that if we can nicely 3-colour the
two smaller art galleries, then they can be glued together, possibly after relabelling
the colours in one of the pieces, to give a nice 3-colouring of the original art gallery.
1Many of you will know that the renowned twentieth century mathematician Paul Erdős liked to talk
about “The Book”, in which God maintains the perfect proofs for mathematical theorems. Only on very
rare occasions are we mere mortals allowed to snatch a glimpse of The Book, and only the very fortunate
ones at that.

290

Norman Do

But can we nicely 3-colour these two smaller art galleries? Of course we can. . . just
use the same trick to split them up into smaller and smaller pieces until we are left
merely with triangles, which can obviously be nicely 3-coloured!

◦ Now place your guards at the vertices which have the minority colour.
Suppose that the colour which occurs the least number of times is red, for example,
and that there are actually k red vertices. Since there are n vertices altogether
and only three colours, that tells us that k ≤ n/3 and since k is an integer, we
have k ≤ bn/3c. But what happens when we place k guards at these red vertices?
Well, by the properties of a nice 3-colouring, each triangle contains a red vertex and
a guard standing there can obviously watch over every part of that triangle. So
every triangle in the triangulation, and hence every point in the art gallery, is being
watched by at least one guard.

3

More Art Gallery Problems

Subsequent to the solution of the art gallery problem, people began to explore variations
on the art gallery theme. For example, they posed the problem for guards with constrained
power, for guards with enhanced power, for art galleries with restrictions, for art galleries
with holes inside, for exterior guarding of art galleries and for art galleries of higher dimension, just to name a few. The myriad of results in the area prompted Joseph O’Rourke to
write the monograph Art Gallery Theorems and Algorithms [3], which was the definitive
work on the topic at its time of publication. Presented in this section are just three of the
more natural and pleasing extensions to the art gallery problem.
Orthogonal Art Galleries
Imagine now that you have suddenly remembered that your art gallery isn’t just any old
random polygon with n sides, but actually satisfies the condition that any two walls which
meet do so at right angles. This is known as an orthogonal art gallery for obvious reasons
and, of course, we would like to know how many guards are required to watch over an
orthogonal art gallery with n sides. This time, the example of the comb-shaped art gallery
does not arise, but can be modified to give an orthogonal counterpart. Such an art gallery
with k prongs requires 4k edges, so we need at least b n4 c guards. The following theorem
states that this is all that we need.

Mathellaneous
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Orthogonal Art Gallery Theorem: Only b n4 c guards or fewer are required to watch over
an orthogonal art gallery with n sides.
The original proof relies on the nontrivial fact that any orthogonal polygon can be partitioned
into convex quadrilaterals, whose vertices are selected from those of the polygon. Once this
has been established, it is a simple matter to show the existence of a nice 4-colouring of
the resulting graph. Then placing guards at the vertices of the minority colour yields the
desired result.
Mobile Guards
Or suppose that you have enough money to hire fit guards who don’t just stand still but
patrol along a particular line segment within the art gallery. The astute reader is most likely
wondering how many of these “line guards” are required, a question that is answered by the
following. . .
Art Gallery Theorem for Line Guards: Only b n4 c line guards or fewer are
required to watch over an art gallery with n sides.
Perhaps having guards walking to and fro, disturbing the patrons of your art gallery, is both
unnecessary and undesirable. It may be wiser to only allow your guards to patrol along an
edge of the polygon. So how many of these “edge guards” are required to watch over the
art gallery? Interestingly enough, the answer is unknown, but the following is believed to
be true.
Art Gallery Conjecture for Edge Guards: Only b n4 c edge guards or fewer
are required to watch over an art gallery with n sides, except for a few
special cases.
Three-dimensional Art Galleries
It seems a natural progression for us to move up a dimension and pose the art gallery problem
for polyhedra rather than polygons. Unfortunately, very little is known about this situation.
The main obstruction to progress is the surprising fact that polygon triangulation, which
was central to the proof of the art gallery theorem, does not generalize to three dimensions.
A more precise statement of this fact is the following result.
There exist polyhedra which cannot be tetrahedralized. To tetrahedralize a polyhedron
is to partition it into tetrahedra whose vertices are selected from those of the original
polyhedron.
The simplest example of such a polyhedron was discovered by Schönhardt in 1928 and can
be constructed as follows. Consider an equilateral triangular prism, where the base triangle
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ABC lies directly below the upper triangle A0 B 0 C 0 . Suppose that the edges of the prism are
constructed from wire and that the edges AB 0 , BC 0 and CA0 have been added with extra
wire. It may be helpful to imagine that we have dipped the whole wire frame into soapy
liquid and that a soap film has formed along each of the eight triangular faces.

Now consider what happens if we slowly rotate the upper triangle. If we rotate in one
direction, then the rectangular faces of the prism bend outwards along the extra edges AB 0 ,
BC 0 and CA0 . However, if we rotate in the other direction, then the rectangular faces of
the prism bend inwards, yielding a polyhedron which is not convex. At the point when we
have rotated by a full 60◦ , then the three edges AB 0 , BC 0 and CA0 intersect at the centre of
the figure. Schönhardt’s polyhedron is obtained when the rotation is by some intermediate
value, for example 30◦ . In this instance, the line segments AC 0 , BA0 and CB 0 lie outside
the polyhedron. However, any tetrahedron constructed from the six vertices of Schönhardt’s
polyhedron must necessarily contain one of the line segments AC 0 , BA0 and CB 0 and hence,
cannot lie within its interior.
Note that for two-dimensional art galleries, placing a guard at every vertex will always suffice
to watch over the art gallery. However, this fact only follows once we have established that
every polygon can be triangulated. For then, each triangle in the triangulation is guarded
by the three guards at its vertices. Unfortunately, this argument does not generalize to
three-dimensional art galleries. The difficulties posed by the existence of polyhedra which
cannot be tetrahedralized is highlighted by the following unexpected result.
There exist polyhedra such that guards placed at every vertex do not see all of the
interior of the polyhedron.

4

Illuminating a Room

The following illuminating problem has a very similar flavour to the results presented above.
It was brought to the attention of mathematicians in 1969 by Victor Klee [2], the very same
person who brought you the original art gallery problem. Imagine that you are standing in
a room, perhaps an art gallery, in the shape of a polygon and that each wall is a mirror. If
you strike a match, is it always possible to illuminate the whole room? Of course, the light
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will propagate according to the well-known rule which states that “the angle of incidence
equals the angle of reflection” and to simplify matters, let us assume that light hitting a
corner of the room is not reflected at all. This question was answered in 1995 by George
Tokarsky [4], using the following example. He showed that if you are standing at point A,
then you cannot illuminate the whole room — in fact, you cannot illuminate the point B.
This example uses a polygon with 26 sides, but can you find one which is smaller?

It turns out that even though you cannot illuminate the whole room while standing at the
point A, you certainly can do so by moving to almost any other point of the room. So the
following question still remains. . .
Does there exist a polygonal room which cannot be illuminated from any point?
Playing around with the problem for long enough seems to indicate that no such polygon
exists, but amazingly enough, this fact remains an open conjecture. Consider now what
happens if we broaden our definition of a room to allow ones whose walls are differentiable
arcs. In this case, there are rooms which cannot be illuminated from any point, one of which
is shown in the figure below. It is constructed from two congruent half ellipses whose foci
are labelled F . The reader may like to verify that any light beam which passes through the
region labelled X can never pass through one of the regions labelled Y and vice versa.
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Interesting Problems for Interested Readers

When Victor Klee first posed the art gallery problem, he probably had little idea that
it would motivate such a wealth of research which still continues over thirty years later.
The area is absolutely brimming with interesting problems which anyone can work on with
minimal mathematical background. The interested reader is invited to try the following
selection. For more information, please consult the references listed below. A more extensive
bibliography of the art gallery theorem literature can be found in [5].
◦ Consider a square room whose walls are mirrors, but whose vertices do not reflect
any light. Prove that it is impossible to shine a light beam from a corner of the
room which returns to the same corner.
◦ Prove that b n+1
3 c or fewer guards are required to watch over an art gallery with n
sides and one polygonal hole. (Here, the total number of sides includes the sides of
the hole.)
◦ Prove that any orthogonal polygon can be partitioned into convex quadrilaterals,
whose vertices are selected from those of the polygon.
◦ What is the minimum number of lazy guards that you need to be sure that they
can watch over a polygonal art gallery with n walls? A lazy guard is one who is
unwilling to turn his or her body, but can see everything in their line of sight within
the half-plane in front of them. (UNSOLVED!)
◦ Is it possible to trap light from a point source in the plane with a finite number of
disjoint line segment mirrors? (UNSOLVED!)
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Alexander Molev
In the year 2000, exactly one hundred years after David Hilbert posed
his now famous list of 23 open problems, The Clay Mathematics Institute (CMI) announced its seven Millennium Problems. (http: // www.
claymath. org/ millennium ). Any person to first publish a correct solution, proof or disproof of one of the following problems: 1) Birch
and Swinnerton–Dyer Conjecture, 2) Hodge Conjecture 3) Navier–Stokes
Equations 4) P versus NP 5) Poincaré Conjecture 6) Riemann Hypothesis 7) Yang–Mills Theory, does not only earn immortal fame but will be
awarded the generous sum of one million US dollars. With Perelman’s
(likely) proof of the Poincaré Conjecture, the continued optimism about
an impending proof of the Riemann Hypothesis, and the omission of such
famous problems as Twin Primes and Goldbach, it seems the CMI would
have been wise to have followed Hilbert’s example in announcing not 7 but
23 Millennium Problems. In the coming months the Gazette will try to
repair the situation, and has asked leading Australian mathematicians to
put forth their own favourite ‘Millennium Problem’. Due to the Gazette’s
limited budget, we are unfortunately not in a position to back these up
with seven-figure prize monies, and have decided on the more modest 10
Australian dollars instead.
In this issue Alexander Molev formulates what from now on should be
referred to as Millennium Problem number eight ‘Schubert polynomials
and the Littlewood Richardson rule’.

Littlewood–Richardson problem for Schubert polynomials
This note is my response to the editors’ request to write about my favourite open problem
which could have made it to the CMI Millennium Problem list. I have chosen to discuss the
multiplication rule for the Schubert polynomials.
The symmetric group Sn acts on polynomials in x1 , . . . , xn by permuting the variables.
Given a polynomial P , the difference P − si P with si = (i, i + 1) is antisymmetric in xi and
xi+1 , hence divisible by xi − xi+1 . Define the divided difference operator ∂i by
∂i = (xi − xi+1 )−1 (1 − si ).
These operators satisfy
∂i2 = 0,
∂i ∂j = ∂j ∂i

if |i − j| > 1,

∂i ∂j ∂i = ∂j ∂i ∂j

if |i − j| = 1.

Hence, if w = si1 · · · sip is a decomposition of w ∈ Sn with minimal length then we can
unambiguously set ∂w = ∂i1 · · · ∂ip . For any w ∈ Sn , Lascoux and Schützenberger [3]
defined the Schubert polynomial Sw by
Sw = ∂w−1 w0 (xn−1
xn−2
· · · xn−1 ),
1
2
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where the permutation w0 is defined by w0 (j) = n − j + 1. The polynomials Sw turned out
to possess a number of remarkable properties and they have since been studied by many
authors from the algebraic, combinatorial and geometric viewpoints. An exposition of this
beautiful theory is found in the monographs by Macdonald [5] and Manivel [6]. It can be
shown that Sw is independent of n (when w ∈ Sn ) and the ‘first’ few of the Sw ’s are
Sid = 1,

Ss1 = x1 ,

Ss1 s2 = x1 x2 ,

Ss2 s1 =

Ss2 = x1 + x2 ,
x21 ,

Ss1 s2 s1 =

...,
x21

x2 ,

Ssk = x1 + · · · + xk ,
Ss1 s3 = x21 + x1 x2 + x1 x3 .

The polynomials Sw with w running over all finite permutations of the set of positive
integers form a Z-basis of the ring Z[x1 , x2 , . . . ]. The product of two Schubert polynomials
can therefore be expanded as
X
Su Sv =
cw
(1)
uv Sw ,
w

cw
uv

where the integers
are known to be nonnegative. This leads to what many combinatorialists consider to be the most important open problem in the theory of Schubert polynomials.
Littlewood–Richardson Problem. Find a combinatorial rule for the determination of
the coefficients cw
uv .
A permutation w is called Grassmannian of descent k if w(k) > w(k + 1) and for any
j 6= k we have w(j) < w(j + 1). Any such permutation defines a partition λ = (λ1 , . . . , λk )
with λk+1−j = w(j) − j. The corresponding Schubert polynomial Sw coincides with the
Schur polynomial sλ (x1 , . . . , xk ) which can be defined as the ratio of two determinants,
sλ (x1 , . . . , xk ) =

det[xλj i +k−i ]ki,j=1
det[xk−i
]ki,j=1
j

.

If k is fixed and λ runs over all partitions having at most k parts, then the corresponding
Schur polynomials form a distinguished Z-basis in the ring Z[x1 , . . . , xk ]Sk of symmetric
polynomials. The coefficients cνλµ in the expansion
X
sλ sµ =
cνλµ sν
ν

are calculated by the classical Littlewood–Richardson rule [4]. A combinatorial rule for the
calculation of the coefficients cw
uv for the product of two Schubert polynomials would thus
generalize the Littlewood–Richardson rule. Some particular families of the coefficients cw
uv
were calculated e.g. in Bergeron and Sottile [1] and Kogan [2].
The significance of the Littlewood–Richardson problem for the Schubert polynomials is
explained by its close relationship with the geometry of the flag varieties. Let V = Cn . A
flag in V is a sequence of subspaces
{0} = F0 ⊂ F1 ⊂ · · · ⊂ Fn−1 ⊂ Fn = V
with dim Fi = i. The set Fn of all flags is a complex algebraic variety of dimension n(n−1)/2.
By a theorem of Borel, the cohomology ring H ∗ (Fn ) of Fn is isomorphic to the quotient of
the ring of polynomials
H ∗ (Fn ) ∼
(2)
= Z[x1 , . . . , xn ]/I,
where I is the ideal of Z[x1 , . . . , xn ] generated by all elementary symmetric polynomials
in x1 , . . . , xn . The images of the Schubert polynomials Sw with w ∈ Sn in the quotient
ring Z[x1 , . . . , xn ]/I form a Z-basis of that ring. These images correspond to distinguished
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Schubert classes σw ∈ H ∗ (Fn ) under the isomorphism (2). Then for any u, v ∈ Sn in the
cohomology ring we have
X
cw
σu · σv =
uv σw ,
w∈Sn
w
where the cw
uv are defined in (1). Thus, the coefficients cuv determine the ring structure of
∗
H (Fn ). They may be interpreted as certain intersection multiplicities and are therefore
nonnegative integers—something that does not yet have a combinatorial proof!
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The 48th annual meeting of the Australian Mathematical Society

The 48th annual meeting of the Australian
Mathematical Society took place at RMIT
in Melbourne from September 28 till October 1. With a record number of 50 students
attending (34 of whom presented talks), and
close to 20 oversees participants taking part
from a healthy total of 199 attendees, the
meeting organised by Kathy Horadam, Andrew Eberhard, Asha Rao was a great success. As a first for the annual meeting,
the organising committee was assisted by a
team of professional conference organisers.
A strong drawcard of the organisers was
the exciting list of plenary speakers, including the 2002 Fields medalist Vladimir Voevodsky and the mountaineer, entertainer
and integer sequence guru Neil Sloane. The
full list of plenary speakers was made up of
• Rosemary Bailey (QMC) – Association
schemes and their products
• Alberto Bressan (SISSA) – Hyperbolic
systems of conservation laws
• Louis Caccetta (Curtin) – Industrial
modelling and optimisation
• Danny
Calegari
(Caltech)
–
Shrinkwrapping, and the taming of hyperbolic 3-manifolds
• Boris Mordukhovich (Wayne State) –
Optimal control of evolution and partial differential inclusions
• Neil Sloane (AT&T) – The on-line encyclopedia of integer sequences
• Vladimir Voevodsky (Princeton) – A
categorical approach to probability theory
Special evening lectures on the Australian history of Mathematics were in the
knowledgable hands of Graeme Cohen, who
spoke on Australian mathematical history:
Women in Australian mathematics to 195 0,

and Mathematics at the University of Melbourne between 1935 and 1945.
Of course, as with all good conferences,
organisers and participants alike were held
in suspense over whether some of the more
emminent guests would actually make their
appearance. Due to fog at Melbourne
Airport on the first day of the meeting,
George Szekeres’ flight took a U turn back
to Adelaide. George consequently missed
the opening session and the presentation of
the Szekeres medal. Fortunately, improved
weather conditions in the afternoon allowed
him to belatedly congratulate Bob Anderson and to taste the special 2000 vintage
GSM wine. Vladimir Voevodsky also lived
up to his reputation by not turning up for
his plenary lecture on the Wednesday morning, his spot being filled by Ralph Stanton. Fortunately Voevodsky did make a surprise appearance on the very last day (he
alledgedly showed up the night before at a
Melbourne hotel, without proper clothes) to
deliver his lecture.

Kathy Horadam, Andrew Eberhard and
Asha Rao.
At the opening ceremony, retiring
AustMS President Tony Guttmann presented Bob Anderssen from CSIRO with the
George Szekeres medal. More on this award,

The 48th annual meeting of the AustMS

as well as a written version of Bob’s talk
can be found later. This year, the AustMS
Medal was not awarded.
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doing well. The committee gave special
commendations to Damian Heard from the
University of Melbourne (who also received
a special commendation last year) for his
talk “Searching for hyperbolic structures”,
and to Geoffrey Pearce of the University
of Western Australia for his talk “Transitive factorisations of graphs”. The B.H.
Neumann prize for the most outstanding
talk presented by a student at the 48th
annual meeting of the AustMS was however awarded to Jonathan A. Cohen for his
talk “Unlocking the structure of large base
groups”.

Tony Guttmann and Bob Anderssen
The conference dinner took place at the
Melbourne Aquarium, with scenic views of
the Yarra river and Southbank – not to mention the exquisite aquarium fish. Spirits at
the Western Australian table were particularly high, with the B. H. Neumann prize for
the best student talk awarded to Jonathan
Cohen from the University of Western Australia. The winning mood was undoubtedly
enhanced by the fact that the UWA can
also look forward to hosting the 49th annual
meeting of the Australian Mathematical Society, to be held on 26 – 30 September, 2005
in Perth.

B.H. Neumann prize
This year, 34 students competed for the
B.H. Neumann prize for best student talk.
In her presentation of the prize, Jacqui
Rammage, long-standing Chair of the prize
comittee, stressed that the prize seems to be
working. The quality of the talks this year
was very high, and consequently it is becoming increasingly hard to judge. Some of the
jurors pointed out that there were some potential employees out there who seemed to
be better lecturers than them . . . . Whatever the case may be, the next generation
of Australian mathematicians seems to be

Damian Heard, Jonathan Cohen and Geoffrey Pearce

Citation report of the Szekeres
medal
Bob Anderssen is a very productive applied mathematician who has published
around 200 research and conference papers,
edited a number of conference proceedings,
and translated several mathematical monographs from the Russian.
Bob did his undergraduate work and
a masters degree in applied and computational mathematics at the University of
Queensland, and a PhD in mathematics at
the University of Adelaide. He lectured at
Monash University for a year before moving
in 1968 to a research position in computational mathematics at the Australian National University. Since 1979 he has worked
on industrial and computational problems
in the CSIRO Mathematics and Information
Sciences Division. Bob has supervised 18 research students, many of whom have gone
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on to make important contributions themselves.
The major thrust of Bob’s work has
been to understand and solve inverse problems. He was a pioneer in this field and
his early work on the numerical solution of
Abel integral equations, numerical differentiation and inverse scattering methods for
geophysical problems is still very influential. Bob’s understanding of the ill-posed
nature of most inverse problems and his
deep knowledge of methods for their solution have given him an international reputation. Over the last 15 years Bob’s mathematical modelling work has very wide scope.
He has always been based in Australia,
but has had very many productive collaborations with scientists, pure and applied
mathematicians, and statisticians around
the world.

Bob Anderssen and George Szekeres
In practice it is often some functional of
the solution of an inverse problem that is
needed, and Bob has developed methods for
calculating such a functional directly from

the data, which is usually a less badly posed
problem. He has made significant advances
on the regularisation of the maximum likelihood problem, and established the first stability results for higher order and higher
dimensional numerical differentiation. Bob
has modelled the drying of pasta, and explained the string vibrations in the unique
Australian designed Stuart and Sons piano.
His work on the mixing of bread dough and
on the properties of asphalt has led to fundamental mathematical work on rheology.
Bob was Chair of the Division of Applied Mathematics of the Australian Mathematical Society from 1982 to 1984, President of the Australian Mathematical Society (AustMS) from 1984 to 1986, Chair
of the National Committee for Mathematics (NCM) from 1985 to 1991 and Honorary Treasurer of the Federation of Australian Scientific and Technological Societies (FASTS) from 1985 to 1994. Through
these offices Bob has had a lasting impact
on the mathematical sciences in Australia.
Bob modernised the AustMS with the formation of a Steering Committee, and was
responsible for its strong support for the
Mathematics Olympiad held in Australia
in 1987. In his subsequent post of NCM
Chair his promotion of mathematics was extremely persistent and effective. He lobbied
successfully for mathematical sciences to
be represented in the Australian Research
Council, which transformed research funding for mathematical work.
Bob Anderssen is very well qualified for
the award of a George Szekeres medal.
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Acceptance speech on the award of the George Szekeres
medal
Bob Anderssen

1

From the heart and soul!

Let me first share the huge impact that this
award has had on me. When one sits in an
audience on such occasions, and the recipient of an award says how daunting it is to be
in such a situation, it is difficult to appreciate; if one finds oneself in such a situation,
it is easily understood.
For me, this award continues to be a
great shock that I still have difficulty comprehending. When Elizabeth Billington
telephoned to inform me of the fact, it was
so unexpected I thought I might faint – I
even sent her an email message asking for independent clarification. The emotional impact was so strong that I was nearly in tears
when I told my wife. (She just patted me
on the shoulder.)
For me, as like you, George Szekeres is
very special, and, thereby, any medal named
in his honour is very special. It is therefore
with a mixture of great pride and humility
that I accept this medal and honour.
When I say that I am incredibly shy, everyone laughs! It could be that that shyness
has been important in me being the recipient of this singular honour. The shyness
says, “Why me? There are clearly other
people who deserve this honour.”
The pride says, “If ever there was an honour that I would treasure above all others,
it is the George Szekeres medal. How can
Lady Luck be so kind to me?”
Though my parents, wife, family and
friends have played an important role in
my being honoured in this manner, for
which I am most grateful, it could not have
happened without the trust and support
that I received from key people such as
teachers, peers and colleagues. All cannot be mentioned – it would be a cast

of hundreds. Many are already acknowledged through joint publications. However, it is important for me to acknowledge
those who, historically, were stepping stones
in my professional development: Granger
Morris, Clive Davis, Leo Howard and John
Mahony in Queensland; Ren Potts, Rainer
Radock and Rudolf Vyborny in Adelaide;
Gordon Preston and John Miller at Monash;
Mike Osborne, Bernhard Neumann and Neil
Trudinger at the ANU; Joe Gani, Chris
Heyde, Frank de Hoog, Ron Sandland, Bob
Frater and Murray Cameron in CSIRO;
John Giles, Bill Summerfield, Ren Potts,
Neil Trudinger, Chris Heyde, Terry Speed,
Walter Bloom and Reyn Keats while President of the Australian Mathematical Society.
The importance of the support and guidance that I and the colleagues of my generation received should not be underestimated. It is not now as strong as it was
then. Rationalisms like “Everything must
make a profit!” work against fostering and
development of mathematical talent in our
community, as well as the development of
mathematicians. I sincerely hope that my
award of the George Szekeres medal can be
used to increase awareness of the importance of mathematics and statistics in the
community, and in underpinning the rigour
in science, technology and industry.

2

From the mathematician!

In accepting this medal and honour, I would
like to share with you some of the beacons
that have been most influential to me in the
way that I do research and collaborate with
colleagues. I would also like to briefly review some of my research over the last 15
years.
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Von Bekesy’s rules for experimentation
In 1961, von Bekesy received the Nobel
Prize for Physiology and Medicine for his
work on the functioning of the auditory system, which, among other things, established
the role of the ear drum as a vibrating membrane and not as a set of strings like in a
piano, as originally proposed by Helmholtz.
His rules for performing an experiment
were:
vB-1. Never perform an experiment
unless absolutely necessary.
vB-2. Any experiment must be as simple as possible.
vB-3. The first two rules are best implemented and applied by someone who
could perform the most complicated of
experiments if and when the need arose.
On reflection, these rules can be given an
interesting mathematical interpretation and
perspective:
MIP-1. Understand the problem context and conceptualize the matter under examination before initiating new
research. Many questions have simple answers once viewed from the right
perspective. In a way, George Polya’s
strategy [14] for problem solving represents a way of implementing this rule.
MIP-2. This is the major challenge
of mathematical research: formulate a
model; develop a proof or find an explanation that exposes the matter under
consideration with lucidity and simplicity. This is the real test of mathematical
knowledge and skill. It is easy to write
down mathematics that is more complex than necessary. Finding a simple
and perceptive explanation is the challenge.
MIP-3. This represents a non-trivial
explanation of, and justification for, the
importance of a thorough deep understanding of mathematics. It should be
used by mathematicians as a marketing point for encouraging students to

study mathematics - not because they
should become mathematicians, but because they will be more successful in
what ever they do in the future.
We now know something of how the brain
works. It is clear that the study of mathematics helps build the circuitry in the brain
that is important for problem solving, whatever the context.
There is an equally important counterpart of such rules in terms of how industrial mathematical modelling should be approached. It is the easiest thing in the world
to formulate complex mathematical models of real-world phenomenon. The challenge is to formulate models that respect
von Bekesy’s rules. What is required, for a
good model, is the simplest possible structure that answers the question under examination (viz. Occam’s Razor).
Interestingly, this objective of simplicity often confuses the non-mathematician.
They have an anticipation that the proposed model will involve fancy formulas
about which they have no understanding,
and, moreover, that it will answer every
question that will arise in the future. For
the mathematician there is a need to explain
that one “formulates mathematical models”
to answer questions. Often the challenge is
not the formulation of the model, but the
identification of the question. Indirectly,
this is a feature of the nature of mathematics. The structure of the solutions of
(ordinary differential) equations are often
acutely sensitive to certain small changes in
their structure (e.g., just add a non-linear
term to the equation for simple harmonic
motion).
Initially, however, one must identify the
question under examination! Models are
formulated to answer questions. Knowing
and understanding the question usually assists in keeping the model simple, and assists with the implementation of the von
Bekesy rules.

Bob Anderssen

The agreement between Hardy and
Littlewood about their collaboration
[8]
HL-1. If one wrote to the other, one
did not need to worry that one might
make a mistake.
How very, very deep and seminal. It
brings one back to the “Lets Guess!” paradigm. This is not how mathematicians often behave towards each other’s work, and
other people’s understanding of mathematics. In general, mathematics is not taught
in schools from this perspective.
What is the larger of the two volumes
formed by a rectangular sheet? Young children in general say that they are the same.
When asked why, they respond that the
areas are the same. This is a wonderful
mistake - the associated learning experience
builds new circuitry within the brain.
HL-2. When one received a communication from the other, there should be
no urgency in replying.
This brings one back to von Bekesy’s
rules (i) and (ii).
HL-3. They could each work on the
same aspect, but that would be inefficient.
Successful collaboration involves a mixture of complementary skills. The bigger
the pool of knowledge in which a solution
is sought, the higher the probability of success.
HL-4. Priority would never be an issue.
So very, very important and wise. In
solving a problem, the insight that opens
a new door involving a deeper understanding of the situation is equally important as
the technical gymnastics to put the insight
on a rigorous footing. One does not know in
advance from where that initial key insight
will come.
Great successful collaborations are based
on such rules, though they may not be explicitly understood. The same rules apply
in any collaboration, including personal.

3
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Some snapshots of some of my
research

Let me share with you some aspects of some
of the research which have a direct connection to the award of the George Szekeres
medal.
The Stuart & Sons Piano
To establish a new musical aesthetic, one
must create a significantly new and special
sound that catches the attention of the general public as well as musicians and composers. In general, this will only occur when
something truly innovative is achieved, as
with the Stuart & Sons’ pianos manufactured by Piano Australia. The innovation
was to replace the traditional horizontal zigzag clamping of the strings to the bridge on
the soundboard by a vertical zig-zag clamping. To understand the relevance and significance of this achievement, one must review
the history of the development of the piano, and understand the role of aesthetics in
achieving stability of sound for composers,
musicians and audiences.
The enhanced “singing” sound of the
Stuart & Sons’ pianos relates to psychoacoustics of hearing as well as the nature
of the vibration of piano strings. Experimentally, the proof is simple that there is
a difference between horizontal and vertical zig-zag clamping – just play C two octaves above (or below) middle C on different
pianos and listen to the differences. Musically, to establish a new aesthetic, it is not
only a matter of adapting the performance
practice of existing works to the new genre,
but also composing music, with new sound
effects, that cannot be produced on traditional instruments and which catches the
attention of composers, musicians and audiences.
Prior to 1800, the physical arrangement
of the vibrating length of piano strings
copied that of the harpsichord. One end
of the vibrating length was determined by
an 11o bend through a horizontal zig-zag
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clamp fixed to the bridge on the soundboard. The other end was determined by
an 11o bend around a fixed pin located between the Capo de Astra bar and the tuning
pin. This primitive arrangement was effective for the relatively gentle plucking motion
of the harpsichord, but was unable to retain
the strings in the proper position under the
more powerful blows of the piano’s hammer
action.
During the first decade of the 1800s, the
famous piano and harp maker Erard of Paris
invented a brass stud (called an agraffe (staple)) with holes drilled through it to accommodate the triple, double or single strings of
the tricords, bicords and the monocords. A
thread on the base of the agraffe allowed it
to be rigidly attached to the piano frame.
By firmly resisting the upward motion of
the hammer blow, the agraffe was an immediate success and central to the subsequent
popularity of the piano. It allowed the vibrations of the speaking length to radiate a
clearer tone and a fuller sound with reduced
impact noise.
During the 19th and early 20th centuries,
various attempts were made to duplicate
this more rigid clamping system on the
bridge. Expensive, but cumbersome, vertical zig-zag systems were found to give superior results. However, the cheaper and
simpler historic system retained its dominance. The Australian piano maker Wayne
Stuart commenced his search for a less expensive and more functional solution in the
mid-1970s which resulted in his vertical zigzag innovation of the late 1980s. (This is a
excellent example of how long the innovative
step that solves the specifics of a problem
can lag behind the good idea on which it is
based.) The new (grand) pianos that utilize the Stuart clamping are manufactured
by Piano Australia Pty Ltd in Newcastle
with the brand name Stuart & Sons. As
a direct consequence of the clamping, these
pianos have extraordinary clarity of tone,
increased sustain and lower inharmonicity,

when compared with traditional grand pianos. Interestingly, for a rigorous explanation of the difference between horizontal and
vertical zig-zag clamping, one must turn to
an analysis of the non-linear vibrating string
equation.
The difference in layout of the strings in
traditional grand pianos and the Stuart &
Sons’ pianos is illustrated in Figure 1. The
side views are essentially identical. It is the
plan views that are different, though the difference is minor and relates to whether the
strings are horizontally or vertically zig-zag
clamped to the bridge on the soundboard.
Any modelling of the difference between
horizontal and vertical zig-zag clamping will
remain unfocussed until appropriate data
are identified. Such data have been published by Weinreich [17], [18] and give direct
proof that, in pianos with horizontal zig-zag
clamping, the strings start vibrating vertically, but gradually develop elliptical polarization to eventually vibrate parallel to
the face of the soundboard. Though the
Weinreich experiments [17] have not been
repeated for vertical zig-zag clamping, the
circumstantial evidence indicates that, once
the strings start vibrating vertically, they
continue to vibrate vertically.
To explain the vibrational difference between horizontal and vertical zig-zag clamping, one must examine the difference between the harmonicities that such vibrating
strings radiate. The linear wave equation
is inappropriate as an explanatory model
because it predicts perfect harmonicity independent of the type of clamping. This
happens because, among other things, the
linear wave equation does not model the
changing tension along the string as it vibrates.
As in the solution of many mathematical
problems, one must go into a more general
framework (the non-linear wave equation)
to find a solution before an adequate explanation can be proposed [1]. This extended
framework not only involves mathematical
modelling but also the psychoacoustics of

Bob Anderssen

music and, in particular, the concept of virtual pitch [15, section 2.3.2.].
Wheat-flour dough rheology
In the 1930s, the invention of recording mixers placed cereal science on a firm scientific footing: the resulting pen recordings
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of wheat-flour dough mixing contained sufficient qualitative information to allow endproduct performance of different wheatflours to be consistently assessed. In part,
this was because the pen recordings clearly
captured the features associated with the
protein content of different wheat-flours.

Figure 1. Layout of the strings in the traditional grand pianos and the Stuart & Sons’ pianos.

Early electronic recording mixers aimed
to emulate the traditional pen-recording instruments and used a sampling rate of 10
Hertz [10]. Subsequently, using a much
higher data rate of 250 Hertz, it was possible
to record and compute the changing stressstrain patterns of the individual elongaterupture-relax events as they occurred during the mixing of a dough.
In order to “see and characterize” what
is happening at the molecular level within

a dough during the mixing, it is necessary to analyse the resulting stress-strain
patterns. This has involved mathematical
modelling from a number of independent
perspectives including: hysteretic modelling
of the elongation-rupture-relaxation events
[2], [3]; viscoelasticity and the Boltzmann
causal integral equation [11] and [5]; modelling the fading memory of the relaxation
modulus in the Boltzmann model of linear
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viscoelasticity [4], [6]. Interestingly, in rheological and physical contexts, the “fading
memory” of the relaxation modulus G(t) is
often modelled as a completely monotone
function of the form
Z

∞

G(t) =

exp(−t/τ )
0

H(τ )
dτ.
τ

To date, however, the existence has been
ignored of alternative representations of the
form
Z
G(t) =

∞

exp(−θ(t)/τ )
0

H(τ )
dτ,
τ

where θ(t) is such that θ(0) = 0 and its
derivative is completely monotone. The importance of this generalization for the analysis of viscoelastic processes, at least theoretically, is that it allows for different types
of fading memory for the same molecular
configurations, as well as other possibilities
[4], [6].
Both theoretically and scientifically, the
most important special case for θ(t) is tβ ,
0 < β < 1, which is the generator for the
Kohlrausch (stretched exponential) function [13] and [5].
Pattern formation in plants
The future importance of mathematics and
statistics will depend more and more heavily
on how they contribute to the solution of the
problems of science, technology and industry. The traditional basic research of mathematics and statistics will continue to have
a significant impact, but the funding of such
research will rely increasingly on the visibility that mathematics and statistics establish through their support of applications.
In a way, this is the start of a new
era for mathematics. Mathematical knowledge has reached the stage where there is a
plethora of structures, properties and techniques from which to choose when formulating mathematical models for real-world processes. However, in terms of von Bekesy’s

third rule, this is best done jointly by mathematicians and statisticians, in collaboration with the scientists, engineers and/or
industrialists who conceptualize the initial
framework within which the need for mathematical and statistical expertise arises. In
this way, applications become a driving
force for new mathematics.
In terms of biological research, some examples are:
(i) Biological Model Systems.
Biologists, like mathematicians, use the
structure and properties of simpler model
systems (organisms) to understand the the
properties (genetics) of more complex organisms. Because the simpler model organisms, such as Arabidopsis, have fully sequenced genomes and can be bred from seed
to seed a number of times throughout the
year, it is much easier to determine basic genomic and genetic properties and pathways.
Among other things, the goal is to establish rules for the migration of information
through different levels of organisms such
as
Arabidopsis → Rice → Wheat.
(ii) Pattern Formation in Biology.
The partial differential equation models for
morphogenesis, formulated and analysed by
Turing [16] and others (cf. [12]), have
played a key historical role in the study
of macroscopic patterning in plants. In
such situations, the link to the genetics
is through the coefficients in such equations, which thereby limits interpretations
to macroscopic inhibition and activation.
On the other hand, observational data often
fits the positional information concept of
Wolpert (cf. [12]). However, genetic experiments have reached the stage where some of
the individual genes that control the development are known specifically. From this
molecular perspective, appropriate mathematical models have yet to be formulated.
The possibility that the genetic control is
through some switching signalling needs to
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be explored. Even though the key hormones
are know in some context, such as the role
of auxin in phyllotaxis, the genetics of the
basic geometry remains open [9].
(iii) Bioinformatics and Microarrays.
Though the popular view of the analysis
of microarray data is one of statistics, the
role of the hybridization in determining the
colour of the spots can not always be ignored [7].
Problem ownership
At the 8th International Conference on
Plant Growth Substances, held in Canberra
recently, one of the world experts on the genetic control of phyllotaxis, Professor Cris
Kuklemeier, when discussion mathematical
modelling, commented:
“The most talented and impressive people in the world are mathematicians. However, be careful that they do not snow you.
They love to formulate models and normally
do an excellent job. However, be aware, situations occur where the mathematician is
more interested in the mathematics of the
modelling than its relevance to the problem
under examination or the available data.”
In my view,
when mathematicians/statisticians are not sympathetic to,
and respectful of, the person who brought
the problem to them, they weaken the excellent image of mathematics and statistics.
Great difficulty can and often does arise
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when the mathematician/statistician tries
to take over the ownership from the original
formulator. The original owner should be
treated diplomatically, as an equal, using
the Hardy-Littlewood rules as the guide.
A thankyou to George!
The three letter acronym for the George
Szekeres medal is GSM. Among others,
Rosemount makes a great wine called GSM.
As my thanks to George, I tried to buy
him a bottle of GSM 2002 to mark the year
when the George Szekeres medal was first
awarded. Only Rosemount GSM 2000 was
on sale. But, it has won a medal, and, therefore, is quite appropriate to be my thanks.
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Simon Fitzpatrick
29 July 1953 – 21 August 2004
On Saturday August 21 Simon Fitzpatrick lost his long struggle with cancer. Simon
was both a distinguished mathematician and a champion chess player. He was a senior
lecturer in the School of Mathematics and Statistics at the University of Western
Australia since 1991.
Simon was born on July 29, 1953 in Perth, and shortly after his birth went to Dalwallinu in country Western Australia. His family moved to Perth in 1963. As a
pre-schooler Simon was taught chess by his mother and bridge by his father. He was
immediately attracted to chess and was State Junior Chess Champion each year from
age 12 to 17. His distinction in chess may have played some part in earning him a
full scholarship to Hale School for his highschool years. In 1974 Simon completed a
Bachelor of Science degree with first class Honours at the University of Western Australia winning the Lady James Prize for the most outstanding graduate in Science,
Engineering, or Medicine, and the H. C. Levey Prize for the top honours graduate in
Mathematics.
Simon left Perth in 1975 to undertake postgraduate study at the University of Washington in Seattle. His PhD supervisor, Professor Robert Phelps, regarded Simon as
“one of the brightest graduate students I have encountered in my years at this institution”. During his time in Seattle, Simon met and married Deborah Marie Dace.
After completing his PhD thesis, entitled “The differentiability of distance functions
and the GSP in Banach spaces”, in March 1980 Simon returned, with Deborah, to
Australia briefly as a Visiting Research Scientist in the Division of Mathematics and
Statistics of the CSIRO in Melbourne. Then, in August 1980 he took up a two year
Visiting Lectureship in the Department of Mathematics at the University of Illinois.
Simon and Deborah returned to Australasia in 1982 when Simon was appointed to a
lectureship at the University of Auckland, New Zealand. Renewed contact was made
with mathematicians in Australia during his sabbatical year in 1988, in particular
with John Giles at the University of Newcastle. The year 1988 also marked the start
of Simon’s fruitful collaboration with Jonathan Borweinm, that was to continue up to
the time of his death. In 1988 also Simon promoted to Senior Lecturer in Auckland.
In 1991 Simon was attracted back to Perth with an offer of a Senior Lectureship at
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the University of Western Australia, and he held this position until his death.
In July 1992 he organised a mini-conference on Banach Spaces at the University of
Western Australia to take place after a workshop on this topic organised by John
Giles at the University of Newcastle, and before the annual meeting of the Australian
Mathematical Society in Perth. Mathematical Reviews lists around 50 of Simon’s
research papers. At various times 16 different mathematicians or statisticians have
been his coauthors.
At the University of Western Australia, Simon taught undergraduate mathematics
courses at all year levels, and in 1992 he convened a committee to review all second
year mathematics and statistics courses, to enable the Department to respond to
changes in the high school and first year mathematics curriculum. With Grant Keady
he shared an interest in the Maple Computer Algebra system and its applications,
especially to undergraduate mathematics teaching. Simon gained especial satisfaction
from supervising the work of his Masters student Sanka Balasurya, and in seeing
Sanka’s thesis completed and submitted in June this year.
Simon’s concern for high quality mathematics teaching led to his acceptance of the
role of Chief Examiner for the TEE (tertiary entrance) Calculus examination for three
years 1994-96. The Calculus exam paper in 1994 written under Simon’s leadership
inspired seven heads of mathematics at senior high schools in Western Australia to
write a joint congratulatory letter noting that “the philosophy and intent of the
courses was examined as well as the content and objectives (which have in previous
years been the focus of the papers)”.
Simon’s enthusiasm for chess never left him. As Simon got older - and as his health
declined - he became more interested in correspondence chess and latterly this was
his main sphere of activity. This slow form of the game was particularly suited to
Simon’s temperament and analytical skills and he soon reached international level
as a correspondence player. His success was recognized by the award of the title of
International Correspondence Master in 1999 by the International Correspondence
Chess Federation based in Switzerland. In the following year Simon was Captain of
the Australian correspondence chess team in the CC Olympiad XIV preliminaries,
the chess-equivalent of the Olympics and conducted by e-mail.
Simon Fitzpatrick was held in high esteem by his friends and colleagues. He is remembered especially by his siblings Leigh and Julie, and by his friend of many years
and partner during his last year, Natalie Casal. Those of us who knew him within
Mathematics remember him as a very private and quiet person, an incisive thinker,
and someone with enormous courage. As his long battle with cancer progressed we
could do little more than stand alongside him with sympathy and admiration. Simon approached this battle as he would a chess match, with the same determination,
quietness and perseverance.
Cheryl Praeger
Tributes by Simon’s collaborating colleagues R.R. Phelps, B.D. Calvert, J.M.
Borwein and J.R. Giles along with a full publication list appear on the web,
https://www.maths.uwa.edu.au/People/fitzpatr.
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ICMI Study 16: Challenging mathematics in and beyond the
classroom
Peter Taylor

Readers of the Gazette may well be interested in participating in the coming ICMI
Study on Challenge. In 2002 ICMI announced Study 16 and appointed an International Program Committee (IPC) of 13
mathematics educators to administer the
Study. ICMI Studies take a number of
years.
The IPC defines the Study by writing a
discussion document, which not only outlines the timetable but also airs the relevant educational aspects which should be
addressed by the Study. The highlight of
the Study is a Study Conference, generally
held about 2 years after initial circulation
of the Discussion Document. The culmination of the Study is the Study Book, which
sometimes comprises the papers presented
at the Study Conference but can contain
rewritten material as commissioned by the
Conference.
Attendance at the Study Conference is
by invitation. Anyone wishing to attend
must show the IPC how they would contribute to the Study, and the IPC invites
those who establish an ability to meet the
Study’s requirements. One of the Co-Chairs
for this Study is an Australian, Peter Taylor, Executive Director of the Australian
Mathematics Trust based in Canberra. The
other Co-Chair is Ed Barbeau, of the University of Toronto.
The Study IPC approved the Discussion Document at a meeting recently at

ICME-10 and this can be found at the
Study’s web site http://www.amt.edu.au/
icmis16.html. The Study Conference will
be held in Trondheim, Norway, from 27
June to 3 July 2006. Proposals to attend
must be received by the Co-Chairs by 31
August 2005. The IPC has also authorised
the following abbreviated Discussion Document.
This Study is regarded as addressing a
crucial contemporary aspect of mathematics teaching. There are some people, for example, who view the syllabus as having become particularly routine, with assessment
testing short recall of routine skills. Certainly there is an increasing call for the introduction of greater challenge in the classroom. This can be done in a number of
ways as discussed in the Document. One
way is via competitions and Oympiads, and
competitions now cater for students of all
standards. Other methods involve handon demonstrations and a greater accent on
problem solving in the classroom. Various methods of defining Challenge can vary
from solving a completely unforeseen problem to the process of lifting oneself from one
knowledge state to a higher one. In any case
the Study will address the educational issues as to how challenge an contribute to
the learning process, and the final Study
Volume will become a definitive source on
the topic for decades to come.

Australian Mathematics Trust, University of Canberra, ACT 2601
E-mail: pjt@olympiad.org
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ICMI Study 16: Challenging mathematics in and beyond the
classroom
Discussion Document, Short Version
From time to time ICMI (International Commission of Mathematical Instruction) mounts
studies to investigate in depth and detail particular fields of interest in mathematics education. This paper is an abbreviated version of the Discussion Document of the forthcoming
ICMI Study 16 Challenging Mathematics in and beyond the Classroom.

1

Introduction

In the Discussion Document we provide background to the study, the identification of challenge in its various forms, a need to understand how these challenges interact with the
learning process, and a short desription of the processes of the Study.

2

Description

Challenge
What is a mathematical challenge? This question is regarded as fundamental to the Study.
The International Programme Committee (IPC), which has authored the Discussion Document, offers a number of definitions, but one answer is that a challenge occurs when people
are faced with a problem whose resolution is not apparent and for which there seems to be
no standard method of solution. So people are required to engage in some kind of reflection
and analysis of the situation, possibly putting together diverse factors. Those meeting challenges have to take initiative and respond to unforeseen eventualities with flexibility and
imagination.
How do we provide challenges?
In this section are described the roles of various people, particularly the teacher, in providing
the challenge or otherwise enabling the student to access challenge as a means of motivating
their interest in and improving their skill in mathematics.
Where are challenges found?
In the main version of this document a wide number of instances where challenge is used in
the learning of mathematics are listed.

3

Current context

Practices and examples
In this section deeper contextual discussion of various instances of challenge are discussed.
First are listed the examples of the large inclusive competitions such as the Kangourou in
Europe and others in North America and Asia. There is also a discussion of the exclusive
elite competitions such as the International and various national and regional Mathematical
Olympiads. A variety of other types of competitions, sometimes of interactive nature, usually
in a pleasant environment, are also described.
The Discussion Document then describes some contexts in which challenge is provided
in the classroom. This can involve traditional or innovative methods, including problem
solving situations, and sometimes methods which are easily transported to different classes.
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Mathematical exhibitions are next described, some of on-going nature, some of an occasional nature, some of general nature, others quite specific. Large visitor numbers are
reported for many of these, indicating a special role.
Resources of printed and electronic type are cited as further means of providing challenge.
Also described are various types of mathematical “assemblies”, where students learn and
practice mathematics together, in clubs, circles, houses.
Trends
Trends are discussed, and it is particularly noted that the number of avenues for providing
challenge in its various forms have increased significantly over recent years.
Problems identified
The difficulties that these contexts produce are identified as falling into two categories:
development and applications. In the former category most new initiatives depend on a
small number of people for their success. This makes them fragile in some sense. It also
seems that it is often easier to find money to begin new projects than it is to find continuing
support for them.
By applications we mean applications in schools. It is not clear that much of the new
material available is being used successfully by great numbers of teachers in the regular
classroom.

4

Questions arising

In this section, possible issues are identified and examples of questions that may be considered within this Study are presented. These fall under a number of categories:
• Impact of teaching and learning in the classroom.
• Beyond classroom activities
• More general questions
These questions try to ask how challenge improves the learning process and identify difficulties and issues in the provision of challenge.

5

Call for Contributions

Members of the mathematics education and mathematics communities are invited to contribute to this Study by offering submissions, to be reviewed by the IPC, an international
committee of 13 educators appointed by ICMI. Participation to the Study Conference, to
be held in Trondheim, Norway, from 27 June to 03 July, 2006, is by invitation only, on the
basis of the submitted contributions. The Study Volume, based on selected contributions as
well as on the outcomes of the Conference, will constitute the final stage of the Study and
is expected to be an important reference on this subject for decades to come.
Inquiries on all aspects of the Study, suggestions concerning the content of the Study
Conference and submission of contributions should be sent to both co-chairs:
Prof. Edward J. Barbeau
Prof. Peter J. Taylor
Department of Mathematics
Australian Mathematics Trust
University of Toronto
University of Canberra
Toronto M5S 3G3
ACT 2601
CANADA
AUSTRALIA
E-mail: barbeau@math.toronto.edu E-mail: pjt@olympiad.org
The official website for the Study is http://www.amt.edu.au/icmis16.html
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Higher degrees and honours bachelor degrees in mathematics and statistics completed in Australia in 2003
Peter Johnston

This report presents data relating to students who completed Honours or Higher Degrees in Mathematics during 2003. The data
is part of an ongoing project for the Australian Mathematical Society and should be
read in conjunction with previous reports
[1, 2, 3, 4] covering the period 1993–2002.
Table 1 presents data for Honours students completing in 2002 at all Universities in Australia. Within each institution,
the data are broken down into male and female and into the three conventional areas
of Mathematics: Pure, Applied and Statistics. There is also the general category
“Mathematics” for institutions which do not
differentiate between the conventional areas. Finally, there is an “Other” category
for newer areas of mathematics such as Financial Mathematics. Each category is further broken down into classes of Honours
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awarded. The table shows that in 2003
there were 159 Honours graduates in Australia (compared with 162 in 2001 and 161
in 2002), with 119 receiving First Class Honours (compared with 95 in 2002). This
shows that although the number of Honours
graduates is remaining steady, the quality of
the students is improving.
Figure 1 presents the total number of students completing Honours degrees in Mathematics over the period 1959-2003. It shows
that in 2003 the number of graduates was
similar to that of recent years, which reflects
a slight increase over the previous few years.
The figure also shows the numbers of
male and female students who completed
Honours over the same time period. It is
reassuring to see the increase in the number
of female graduates over the past few years.

Total Honours Students
Male Students
Female Students
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Figure 1. Honours bachelor degrees in mathematics and statistics, Australia 1959-2003.
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Figure 2. Research higher degrees in mathematics and statistics, Australia
1959-2003.

Table 2 presents the data for Higher Degree completions in 2003. The data are
broken down into Coursework Masters, Research Masters and PhD degrees, with the
latter two divided into the three typical areas of Mathematics.
These data are also represented in Figure 2, as part of the overall Higher Degree
data for the period 1959–2003. The figure
shows that: (1) the number of PhD completions has been generally increasing over
the past few years; (2) the number of Research Masters completions dropped slightly
and (3) the number of Coursework Masters
completions increased, reversing the trend
of previous years.
Finally, Table 3 gives a list of completed
Research Masters and PhD theses awarded
in 2003.

For those who are interested in the detailed data, the raw data is available from
links on the web page www.cit.gu.edu.au/
maths. There is an Excel spreadsheet containing the complete data for 2003 as well
as spreadsheets containing cumulative data
from 1959 for Honours, Research Masters
and PhD degrees.
I would like to thank the many people
who took the time and effort to collect this
data and forward it to me. This year I received responses from 30 of the 37 possible
institutions, a significant increase over previous years. I trust that I can count on similar support for the collection of the data for
2004.
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Mathematics and Statistics Degrees 2003
Uni.

Sex

Mathematics
I IIA IIB III

I

Pure
IIA IIB III

I

Applied
IIA IIB III

I

Statistics
Other
Honours
IIA IIB III I IIA IIB III Total

ACU
ANU
BOU

M
F
M
F

6

2

8
0
0
0

CQU
CSU
CUT
DKU
ECU
FDU
GFU
JCU
LTU
MDU
MNU
MQU
NTU
QUT
RMT

M
F
M
F
M
F
M
F
M
F
M
F
M
F
M
F
M
F
M
F
M
F
M
F
M
F
M
F

0
0
2
1
1
0
0
1
0
0
1
1
1
1
2
1
4
2
8
13
0
0
0
0
3
0
3
4

2
1
1

1

1
1
1
1
1

1

1
1

1

2

1
5
1

1

1

2
8

2

1

1

2
1

1

1

1
2

2

SCU
SUT
UAD
UBR
UCB
UMB
UNC
UNE
UNS
UQL
USA
USN

M
F
M
F
M
F
M
F
M
F
M
F
M
F
M
F
M
F
M
F

1

3

1
1

1

5

3
3

2

1
1

1

1

2
3
1

3

6
3
0
0
0
0
12
9
4
0
1
0
6
5
7
1
4
5
11
4

1

1
4
1

1
1

1

1
1

5

1

2
1

6
1

2
3
2
1

1

2
2
2

1
1

USQ
UTM

M
F

1

1
0

UTS
UWA
UWG

M
F
M
F

2

1

1

1

1

1

2
1

1
1
1

1

22

7

4
2

1
1

1

7

3

1

7
4
8
4

UWS
VUT
Totals

M
F
23

4

0

0

26

4

2

1

41 12

4

0

1

1

0

0
0
159

Table 1. Honours bachelor degrees in Mathematics and Statistics, Australia 2003
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University Sex Coursework
Research Masters
Total
PhD
Total
Masters
Pure Applied Statistics
Pure Applied Statistics Other
ACU
ANU
BOU

M
F
M
F

0
0
0
0

M
F
M
F
M
F
M
F
M
F
M
F
M
F
M
F
M
F
M
F
M
F
M
F
M
F
M
F

0
0
1
0
0
0
1
0
0
0
0
0
1
0
1
1
0
0
4
0
0
0
0
0
0
1
0
0

1

1
2

2
2
0
0

CQU
CSU
CUT
DKU
ECU
FDU
GFU
JCU
LTU
MDU
MNU
MQU
NTU
QUT
RMT

1
2
1
1

1
1
1

1

3

1

1
1
1

0
0
2
1
1
0
0
1
1
3
0
0
0
0
4
1
0
0
6
0
1
0
0
0
3
2
0
0

1

1
1
3

3

1

1
1

5

1

3
1

1

SCU
SUT
UAD
UBR
UCB
UMB
UNC
UNE
UNS
UQL
USA
USN

M
F
M
F
M
F
M
F
M
F
M
F
M
F
M
F
M
F
M
F

1
3

1

7
1

1

1

1

0
0
0
0
0
0
1
0
1
0
0
0
2
0
0
0
0
0
1
0

1

1
0
1
0
0
0
6
0
0
1
1
0
3
1
6
5
1
2
4
0

1

2

4

1
1
1

1

2
1

2
3
1
1
3

1

1
1
1

1
1

1

USQ
UTM

M
F

0
0

0
0

UTS
UWA
UWG

M
F
M
F

1
1
1

0
0
1
0

1

2

3
1
1

1

16

39

13

6
1
1
0

UWS
VUT
Totals

M
F
17

2

6

8

0
0
16

1
3

1
0
71

Table 2. Research higher degrees in Mathematics and Statistics, Australia 2003
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Uni.
ANU

Mathematics and Statistics Degrees 2003

Sex
M

Degree
PhD

Area
Appl

Name
Christian Rau

PhD

Stat

Brownen Whiting

M

PhD

Appl

F
M
M

PhD
Mast.
PhD

Stat
Appl
Appl

Verdana Andreas Axelsson
Jacki Wicksr
Leo Ryan
Daniel Stonier

ECU

F
M

PhD
MSc

Math
Math

Tuyet Tran
Mark Murphy

LTU

M
F
M

PhD
PhD
MSc

Stat
Stat
Stat

M

PhD

Appl

John Byrne
Ning LI
Sellapperumage Fernando
Darren Condon

M
M

PhD
PhD

Appl
Appl

Jonathan Aldridge
Apostolos Iatrou

M

DKU

MNU

F

MSc

Pure

Shamsun Begum

M

MSc

Appl

James Scully

M

MSc

App

J. Gill

M
M
M
M
M
M

MSc
MSc
MSc
PhD
PhD
PhD

Stats
Stats
Stats
App
Pure
App

J. Lowe
T. Padazelos
E. Katsavos
A. Crouch
D. Graham
J. Kepert

M

PhD

App

S. Muir

MQU
UAD

M
M
M
M

PhD
PhD
PhD
PhD

App
App
Pure
Pure

T. OKane
Y. Skrynnikov
Roger Patterson
Peter Lawrence

UBR
UNE

M
M

PhD
PhD

Appl
Pure

Musa Mammadov
Andrew Percy

UNS

M
M
F
M

MSc
MSc
PhD
PhD

Appl
Stat
Stat
Pure

Bradley D. Morris
Matthew Maccallum
Daniela Leonte
Chi Mak

M
M

PhD
PhD

Appl
Stat

Vladimir Gubernov
Matthew Plucinski

M

PhD

Appl

Cristian Baloi

M

PhD

Pure

Andrew Blinco

M
M

PhD
PhD

Pure
Other

Nicholas Cavenagh
Francis Clark

F
F

PhD
PhD

Appl
Appl

Bevina Handari
Ratna Herdiana

M

PhD

Appl

Gatot Hertono

F
F
F

PhD
PhD
PhD

Appl
Other
Pure

Kathryn Hogarth
Annette Masters
Maithili Mehta

M
M

PhD
PhD

Stat
Appl

Peter Toscas
Guy Eitzen

F

PhD

Appl

Maria John

F

PhD

Stat

Lynne McArthur

M

PhD

Appl

Greg Lemon

M

PhD

Pure

Emmannuel Letellier

UQL

USA

USN

Title
Curve Estimation and Signal Discrimination in Spatial Problems
Boundary Correction Methods for Multivariate Density Estimation
Boundary value and transmission problems for Dirac operators on Lipschitz domains
Mapping genetic trait loci in humans using nuclear families
Wireless LAN standards - a future perspective.
Stability Theory and Numerical Analysis of Non-Autonomous
Dynamical Systems
Wavelet based simulation of geological variables
Geostatistical optimisation of sampling and estimation in a
Nickel laterite deposit
Short Exact Confidence Intervals from Discrete Data
Statistical Analysis of Infectious Disease Data
Determination of change points in Australian accident data
Numerical solution of eigenvalue problems for differential operators
Aspects of the inverse problem in the calculus of variations
Integrable mappings of the plan preserving biquadratic invariant curves
A study of the standardness problem for ordinary unary algebras
A search for improving numerical integration methods using
rooted trees and splitting
An analysis of the seasonal influences on tropical cyclogenesis
in southern hemisphere
Nonparametric tests of inference
Spatial statistics with applications to Palaeomagnetism
Logistic regression for binary response data
The interaction of solar oscillations with magnetic field
Geometric measure theory and geometric evolution equations
The wind-field structure of the tropical cyclone boundary
layer
A relativistic, 3 dimensional smoothed particle hydrodynamics algorithm and its applications
The statistical dynamics of geophysical flows
Nonlinear coupled waves in stratified flows
Creepers: real quadratic fields with large class number
Yang-Mills connections on U(n)-bundles over compact Riemann surfaces
Fuzzy derivative and its applications
An Eckmann-Hilton Dualto the Π-algebras of Homotopy Theory
Infragravity waves on the Sydney Coast
The long term behavior of some interacting particle systems
Flexible Bayesian modeling of gamma ray count data
On complex reflection groups G(m, 1, r) and their Hecke algebras
Instabilities in Combustion
The investigation of factors governing ignition and development of fires in heathland vegetation
Some applications of genetic algorithms in electricity - power
generation
Graph Decompositions, Theta Graphs and Related Graph Labelling Techniques
Latin cubes
An investigation into the operation of genetic regulatory networks from an information theory perspective
Numerical methods for SDEs and their dynamics
Numerical methods for SDEs with various stepsize implementations
Waveform relaxation techniques for stochastic differential
equations
An analysis of twist in diving
Some extensions to support vector machines
New solutions of the Yang-Baxter equation associated with
quantised orthosymplectic Lie superalgebras
Extended Poisson Process Models
Integer Programming Methods for solving multiskilled workforce optimisation problems
Optimisation models for the generation of data cycle maps
and regional surveillance
Quantification of the relationship between fish populations
and seagrass
Mathematical modelling of some aspects of intracellular second messenger signalling
Fourier transforms of invariant functions on a finite Lie algebra

Peter Johnston

UWA

M
M

PhD
PhD

Appl
Appl

Jonathan Turner
Peter Zeitsch

M

MSc

Appl

Lei Zhang

M
F

PhD
PhD

Pure
Appl

John Bamberg
Amanda Buckingham

M

PhD

Appl

M

PhD

Appl

Mahmoud
ElHirbawy
Thomas Hanselmann

M

PhD

M

PhD

M

PhD
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Signal processing applied to satellite magnetic data
Symmetry groups for hypergeometric partial differential equations
The interaction effect of self-heating packages in a shipping
container
Inately Transitive Groups
Edge Detection and Image Retrieval Techniques in the Interpretation of Magnetic Fields for Mineral Exploration
Calculation of EM Fields of Power Transmission Lines

Approximate Dynamic Programming with Adaptive Critics
and the Algebraic Perception as a Fast Neural Network related to Support Vector Machines
Stat
Nazim Khan
Statistical Modelling and Analysis of Ion Channel Data based
on Hidden Markov Models and the EM Algorithm
Pure
Maska Law
Flocks, Generalised Quadrangles and Translation Planes from
BLT-Sets
Appl
Sasha Roscoe
Algorithms for Detection of Geometrical Features
Table 3: Higher Degrees in Mathematics and Statistics, 2003
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A mathematician goes to hospital
T.M. Mills

How can a university mathematician contribute to university-community engagement? In this paper, the author describes recent experience in seeking to contribute to university-community interaction as an academic who teaches mathematics and statistics. Particular emphasis is given to how this experience contributes to course development and teaching elementary courses to undergraduate
students in Business. Furthermore, key
success factors that govern the interaction
between a university and its community
are suggested.
Key words: teaching, business, mathematics, statistics, community engagement,
health care.
MSC: 97DXX, 62P25

1

Introduction

The city of Bendigo is the location of the
largest regional campus of La Trobe University. Over recent years, La Trobe University, Bendigo has fostered and stimulated
interaction between the University and regional Victoria. While it is easy to imagine
how academics in some disciplines (such as
economics, history, or various professions)
could contribute to community-university
interaction, it is more difficult to imagine
how those in theoretical disciplines (such
as mathematics) can be so involved. As
a mathematician at La Trobe University,
Bendigo, I have chosen to make a contribution to health care in the region. Since
1998, I have been trying to blend my skills as
an academic mathematician with the needs
of Bendigo Health Care Group (BHCG). In
this paper, I will describe the projects at
BHCG in which I am involved, and their impact on my work in undergraduate teaching,
course development, and research. Also,
I will mention some challenges associated

with community engagement and key factors that have led to my experience being
both exciting and rewarding.

2

A national perspective

Before describing how a mathematician can
become involved in health care issues, I wish
to highlight two ideas that have influenced
me in this venture.
“The AVCC believes that the promotion
of effective teaching should be a matter of
highest priority for each university and that
each institution needs to develop a coherent
set of policies and practices which demonstrate that the institution values above all
else the education of its students and the
contributions that academic staff make to
the enhancement of student learning” [3].
These words were not written by some
lone champion of university teaching: they
have been extracted from a paper by
the Australian Vice-Chancellors’ Committee. In particular, we should note the belief
that the university should value the education of its students “above all else”. These
strong words from the leaders of the nation’s
universities have encouraged me in seeking
more effective ways to contribute to the education of our students.
The second influence at a national level is
the Australian government. The following
statement is from the Minister responsible
for universities in the federal government.
“Regional initiatives recognise the significant role of universities, particularly those
in regional areas, in the economic and social
lives of their communities” [15, p. 39].
The Minister is making the point that
contemporary universities should interact
with their communities. On one hand, universities provide wonderful intellectual resources from which local communities can
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benefit. On the other hand, local communities and enterprises offer academics inspiring questions that can lead to innovations
in teaching and research. Central Victoria
is a region in which academics at La Trobe,
Bendigo can explore fascinating questions
in a local context and with global implications. Because these questions are on my
door-step, they have an immediacy that I
find attractive.
It is true that we contribute to our local
community through our teaching: we offer
courses to citizens and assist them in their
careers. Also, universities add to the economy of their local community in so far as
we spend our money locally. We are now
being invited to consider ways in which we
can use our research skills to contribute to
our community.
This aspect of engagement does not come
easily to academics in the 21st century. We
tend to think internationally. We collaborate with colleagues in other countries; we
strive to have our work published in international journals; we attend conferences
around the world — the more exotic location the better. However, an international
reputation does not lead to a local reputation. A few mathematicians in other parts of
the world may be familiar with my work, but
the local high school mathematics teacher
may not know I exist!
Thus, the two factors that have shaped
this work, are the central importance of the
education of our students, and, the importance of a regional university’s contribution
to the local community.

3

The setting

Bendigo Health Care Group (BHCG) is
the major provider of health care facilities in central Victoria. It provides services for acute care, mental health, and rehabilitation and aged care. The Collaborative Health Education and Research Centre
(CHERC) is a department in BHCG that is
devoted to education and research activities.
CHERC has about 15–20 staff most of whom

321

have a background in nursing and now devote their time to the teaching and research
in CHERC. In 1998, I was offered the position as Honorary Senior Research Fellow
at CHERC. These positions are offered to
senior people, usually academics, who have
skills that complement the skills in CHERC.
La Trobe University approved this involvement and I try to spend half a day each week
at CHERC. During the second half of 2000,
I took study leave and spent the entire period at CHERC working on projects of mutual interest.
The aim of this paper is to describe
how this involvement with BHCG has contributed to my work in teaching and research at La Trobe University. Also, I will
attempt to extract some general principles
that influence the success of communityuniversity interaction.

4

Sample size

The first project at CHERC in which I became involved required an estimate of sample size for a study of patient satisfaction.
I will say more about the assessment of patient satisfaction in the next section: here
I will focus on the question of estimating
sample size.
One of the most frequently asked questions that researchers put to statisticians is:
How large should my sample be? If the
study has a complex design, this question
can be difficult to answer. However, in this
particular case, the exercise was simple.
Patients would be invited to answer the
question: Overall, how would you rate the
care that you received as a patient of this
hospital? with possible answers being on a
Likert scale:
1 (= very good), 2 (= good), 3 (= fair), 4
(= poor) or 5 (= very poor).
The question posed to me was “How large
should the sample be to estimate the mean
rating?”.
This is a simple question and most elementary statistics books provide the answer
to this question. To find a 95% confidence
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interval of length 2m for the average rating,
you require a sample of size

n≥

1.96σ
m

2

where σ is the standard deviation of ratings.
In this situation it may be sensible to choose
m = 0.25 say; this will give us an interval of
length at most 0.5.
What is σ? One might be prepared to
take a stab at estimating the average rating
on a scale of 1 to 5; but what would be the
standard deviation of these ratings? Text
books offer various answers to this question.
De Veaux and Velleman [5, p. 442] suggest that one could conduct a pilot survey to
try out the questionnaire and use the results
of the pilot study to estimate σ. However,
this approach provides only an estimate of
σ. It also leads to the question: What should
be the sample size in the pilot study?
Mendenhall et al. [11, p. 320] provide
an answer that goes like this. Suppose that
the variable we are measuring has a normal
distribution. Then we would expect about
95% of the observations to lie in a range of
length 4σ. So estimate the range that would
contain almost all the values you expect and
divide it by 4. (Using a similar line of argument, Weiers [19, p. 333] suggests that you
divide the range by 6.) These methods also
give only a rough and ready estimate of σ.
In the case of a sample survey such as the
assessment of patient satisfaction, the variable being measured takes only the values
1, 2, 3, 4, 5 and definitely does not have a
normal distribution.
Freund [6, pp. 269–270, Example 11.3]
suggests that σ could be estimated from previous studies; Burns and Bush [4, p. 381]
state that “we have to rely on some prior
knowledge about the population”. However,
this method also leads to rough and ready
estimates. Anyway, in the patient satisfaction study, we had not carried out such a
study in BHCG before and so there was no
previous study of direct relevance.

Some exercises in text books simply tell
students to assume that σ has some specified value. (See, for example, Freund [6,
p. 276, Exercise 11.8] (2004, p. 276, Exercise 11.8), Johnson and Kuby [9, p. 230,
Exercise 8.30].)
So, overall, texts do not offer satisfying
answers to this important question.
Now there is a simple answer that is guaranteed to be correct for the Likert scale setting. The responses of the patients would
be most variable if 50% of them answered
“1” to the above question and 50% of them
answered “5”. In this case, the standard
deviation is 2. Since this is the worst case
scenario (that is, the scenario with the most
variability), we can be certain that, in general, σ ≤ 2. If we choose m = 0.25 then we
obtain from the above formula n ≥ 246 and
this is not a huge number of patients for a
hospital to survey. [13]
The argument in the previous paragraph
is mathematically simple and works particularly well in developing a sampling plan for
survey. It is surprising then that it is mentioned rarely in text books. So far, I have
found it in only Gnedenko [7, p. 188, Exercise 9] which is not an elementary text book,
and Aaker et al. [1, pp. 410–411] which is a
text on marketing research rather than statistics. I incorporate this useful detail in my
lectures on statistics. It is remarkable that
it takes so long for relevant developments to
penetrate undergraduate text books. Anyway, this small example is one instance of
how my involvement with BHCG led me to
reconsider a point that arises in teaching
statistics in the university.
A mathematician may wonder about
what happens if we make additional assumptions about the distribution of the variable being measured. Can we have better estimates of σ that would lead to smaller sample sizes? This question lies in the study of
mathematical inequalities. As usual, when
one scratches the surface of the literature,
one uncovers a wealth of material, and the
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paper chase is on; see Seaman and Odell
[16].

5

Estimating proportions

A standard problem in courses on elementary statistics is to test a hypothesis about
some proportion p associated with a population. We want to test the null hypothesis
H0 : p = p0 against an appropriate alternative hypothesis.
The standard approach outlined by elementary text books requires that certain assumptions be met. For example, the sample
size n must be suitably large; we also require both np and n(1 − p) to be larger than
some minimum value: Johnson and Kuby [9,
p. 387] and Freund [6, p. 333] recommend 5
as the minimum value; De Veaux and Velleman [5, p. 349] and Moore [14, p. 435] recommend 10 as the minimum value. (Fortunately, students tend to buy only one text
book!) In essence, these are saying that n
must be large and p cannot be too close to
either 0 or 1. All this depends on the central
limit theorem – a topic that is too advanced
to explain fully to most undergraduate students in a first course in applied statistics.
So presenting this idea, without adequate
explanation, is not satisfying for the teacher
or the student.
My work at BHCG led me to a situation
in which one doctor was doing some research
on a particular rare medical condition. In
this problem p represents the proportion of
people in the community with this condition. Since the condition is rare it is difficult
to find many people with this condition and
hence to get n to be large; furthermore p
is small. On reflection, one can easily imagine that this situation often arises in medical
statistics.
It is not difficult to deal with this problem
especially these days where packages such as
Excel calculate binomial probabilities exactly. One can control both the size and
the power of the test exactly. This made
me wonder why we teach students about
the complicated approximation referred to
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above at all. After all, its main use is to calculate only an approximation to an answer
that we can calculate exactly with Excel,
and the explanation is complicated with unnecessary and inexplicable rules of thumb.
This experience at BHCG has made me
reconsider many approximations that are
encountered in elementary statistics courses.

6

Assessing patient satisfaction

Hospitals are keenly interested in assessing
the levels of satisfaction among patients.
Clearly patients do not want to be in hospital in the way that a customer wants to
be in a theatre or resort. Furthermore, patients are unwell (except for maternity patients) and not in a mood for assessing their
own level of satisfaction. The literature on
patient satisfaction is enormous but we will
mention only a few publications. The book
by Strasser and Davis [17] is a practical,
readable account of key aspects of the subject.
In 1997, the Victorian Department of Human Services conducted a state wide assessment of satisfaction of patients in public hospitals. In response to this exercise,
BHCG decided to develop its own in-house
procedures so that it could monitor patients’
attitudes, CHERC was asked to develop
the process and I became involved in the
project. Some results are reported in [12].
This experience has made me aware of
the role of assessment of satisfaction in quality management. So I have often incorporated this field of study as the context for
exercises in my classes. Here is an assignment question from my notes on Statistical
Methods as presented in our off-shore program.
A bank employs a management consulting firm to carry out, each year, a survey
of its customers in order to measure customer satisfaction. Each year, the company
selects a random sample of n = 100 customers and asks each customer: Are you satisfied with the service provided by the bank?.
In the 1997 survey, 65% of the customers
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said “Yes”; the rest said “No”. In the 1998
survey, 70% of the customers surveyed said
“Yes”; the rest said “No”. Is this evidence
sufficient to conclude that customer satisfaction has improved?
Thus my experience with the analysis of
health care data influences the contexts of
many problems that I set for students.
Furthermore, the experience with the
analysis of patient satisfaction data made
me aware of the potential applications of
multivariate analysis in quality management. Time and time again, I have seen
studies that are based on the analysis of
data obtained from questionnaires and the
final reports consist of pages and pages of
histograms that show the distributions of
responses for each item on the survey instrument. Multivariate analysis of the data
is often absent. Hence, in a recent revision
of the Bachelor of Business program at La
Trobe University, we introduced a statistics
major that includes Multivariate Analysis as
a compulsory final year subject; in turn, this
contributed to the need for Business students in the majoring in Statistics to study
Linear Algebra. Hence, my experience with
the analysis of patient satisfaction data at
Bendigo Health Care Group contributed to
these curriculum developments.

7

Elementary statistics in Business courses

In this section I will give another example
that illustrates how my experience at BHCG
has altered my view on course development.
In working with colleagues at BHCG, I
have often met professionals who have a degree in some area and have successfully completed a standard first level statistics subject during their university studies. Even
though their present job may involve some
quantitative aspects, it certainly does not
involve inferential statistics. I now wonder
if it is appropriate to make inferential statistics the centerpiece of any compulsory first
year statistics subject in a business degree
as is the practice in many universities.

I reckon that this material is never used
by many accounting graduates who work in
small practices, banks or government departments. I wonder whether Business graduates with majors in areas such as human resource management, international business,
tourism and hospitality or information systems are likely to make any use of inferential statistics. To be sure, Business students who plan to major in disciplines such
as marketing or economics or go on to postgraduate studies may need to know about
t-tests, p-values and the like; but is it necessary to subject all Business students to this
in their first year?
Now I do accept that business disciplines
are far more quantitative than they have
been in the past, and it is reasonable to insist that all first year Business students undertake a suitable subject in mathematics
or statistics. So, let me suggest a suitable
compulsory first year statistics subject for
Business program in an Australian university.
The name of the subject could be Australian Statistics. In this subject students
would encounter key statistical measures of
Australian society. Demographic, economic,
industrial, and social measures would be
considered. They would learn about definitions of statistics and their limitations,
sources of data, data collection methods,
time series, trends and index numbers. A
special feature could be discussion of regional statistics and community profiles. Although the subject would be focused on
Australian statistics, international comparisons may be included. The subject would
lead naturally into discussion of descriptive
statistics, statistical distributions, sampling
and hypothesis testing. (Although inferential statistics would not be the core of
the subject.) Australian Statistics would
assist students to develop a fresh perspective on the nation and its people – a statistical perspective. I imagine that Business students would find their experience
in this subject useful in many subjects in
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their degree because it would provide them
with some knowledge of Australian data on
which they could base arguments. International students studying in Australia would
also learn something about the country as
an integral part of their studies.

8

Modelling patient flow

Understanding how patients flow through
a hospital is an important topic in quality
management in health care. There are many
ways in which mathematics is being used
to improve our understanding of congestion
in hospitals. One can used techniques such
a simulation, advanced methods in statistics and operations research. For a recent
exposition of a variety of mathematical approaches, see [8]. Currently, I am involved
with a team of colleagues who are investigating how these approaches can be applied to
BHCG. We are interested in applying mathematics to improve our understanding of the
ways in which patients flow through the system at BHCG. Progress was reported in [10].
There is a direct link between this research
investigation and certain topics in the subject Pharmacy Mathematics; both employ
compartment modelling. This example illustrates how a question at BHCG leads to a
mathematical research project which in turn
is connected to topics involved in teaching.

9

General aspects of community
engagement

I find the work with BHCG exhilarating.
When I tackle a problem at BHCG, I consider any approach that could be useful –
irrespective of whether or not I know much
about the approach itself. I tend to be more
prepared to seek ideas outside my own comfort zone that I would have previously. (Can
neural networks or support-vector machines
help me with patient satisfaction studies?)
To cope with the risks associated with going
beyond one’s own expertise, I readily call on
help from experts in a wide variety of fields
to assist. Colleagues from other disciplines
are keen to participate, and, it does help to
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increase the web of connections between the
university and the community.
The success of community-university interaction is based on partnerships. I have
been fortunate that La Trobe University and
BHCG allow me to move easily between the
two institutions. This cooperative, indeed
encouraging, spirit is one key to the success of such interactions. Thus, an academic
who is interested in being involved in such
work needs to identify a suitable partner and
get the support of both the university and
the partner. Perhaps much of this could be
achieved through personal contacts.
On the other hand, being involved with
an organisation off-campus makes demands
on one’s time. I believe that it important
for me to spend time at BHCG on a regular basis; I think better about health issues while I am there. Hence I endeavour
to spend half a day a week at BHCG. Often, people alert me to interesting problems
simply because I happen to be there. However, my involvement in two organisations
complicates my timetable. Fortunately, the
cooperative spirit between the two organisations plays a role in facilitating the work.
When one changes direction in an academic career, there is a delay in one’s publication rate; an enlightened university will
appreciate this fact. Also, one should be
aware that, although this sort of community involvement can enhance an academic’s
work in teaching and research, it could easily
develop into providing routine advice that
would not contribute much to an academic
vocation; by the same token, the involvement could also lead to a new vocation!

10

Conclusions

In this paper I have described how my experience from being involved with Bendigo
Health Care Group has contributed to my
work as an academic mathematician. By
discussing particular health care projects, I
have outlined how they influence the way I
think about teaching, and the way in which
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this experience prompts new ideas in teaching and research. Perhaps this assists students to develop a “realization that the statistical skills they are learning can be used
to help people” [18, p. 143]. It is very satisfying to be able to relate ideas that crop
up in class to direct experience with a local,
highly respected organisation in our community.
Thus, the experience also assists me to
“close the loop” between teaching and research. It is pleasing to be able to show undergraduate students where research work
fits in with their education.
This leads me to the general conclusion
that academics in any discipline could be involved in this sort of work if they choose. If
I, with a background in theoretical mathematics, can enjoy it, then scholars from
other disciplines could too! However, this
work is not everybody’s cup of tea and, I
believe in the old-fashioned idea that academics do their best work when they have
the maximum amount of freedom to define
their own involvement in teaching and research.
Minister Nelson asserts that “more encouragement should be given [to universities] for building partnerships with other

institutions, businesses, research agencies
and communities.” [2, p. vi] By focussing
my efforts on projects that are of interest to BHCG in particular, I hope to contribute to strengthening links between two
prominent organisations in Bendigo, namely
Bendigo Health Care Group and La Trobe
University. Building such networks between
universities and organisations will be more
successful if academics assist their vicechancellors in this effort.
Finally, universities have to work hard at
making a contribution locally just as they
do to make a contribution internationally.
One might say that these two directions are
orthogonal. In this paper, I have tried to
show that our discipline can assist in these
efforts.
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Wallis sequence estimated through the Euler–Maclaurin
formula: even from the Wallis product π could be
computed fairly accurately
Vito Lampret
Summary
The power of the Euler–Maclaurin summation formula is illustrated through the example
in which π is computed quite accurately from the slowly convergent Wallis sequence
n
Q
4k2
W (n) :=
. Using the Euler–Maclaurin formula the rate of convergence of
4k2 −1
k=1

4
3
< π2 − W (n) < 10n
, for integer n ≥ 3. Presented example
W (n) is estimated as 10n
implicitly suggests that perhaps in the undergraduate mathematics curriculum the Euler–
Maclaurin formula of a lower order should be included, or simply replacing the Simpson’s
formula.

Key words: acceleration of convergence, Euler–Maclaurin summation, the rate of convergence, Wallis product.
MSC: 40A05, 40A20, 40A25, 65B10, 65B15.

1

Introduction

of a circle in a form of a limit has been made by
The first presentation of π := circumference
diameter of a circle
Wallis1 in 1655, see [22] and [24]. This presentation can be obtained in the following way.
For the sequence
Z π2
sink x dx
Ik :=
0

we have I0 =

π
2,

I1 = 1, and, using the method of integration by parts,

k−1
Ik−2 for k ≥ 2.
k
Consequently, putting k = 2n and k = 2n + 1 (n ∈ N), we find, by induction, the next two
expressions
n
Y
2k − 1 π
I2n =
·
2k
2
Ik =

k=1

and
I2n+1 =

n
Y
k=1

2k
.
2k + 1

Because
0 < sin2n+2 x < sin2n+1 x < sin2n x < 1
1John Wallis, 1616 – 1703, English mathematician

 π
for x ∈ 0,
and n ∈ N,
2
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we have
0 < I2n+2 < I2n+1 < I2n < 1
for all n ∈ N. Hence, due to the previous expressions for I2n and I2n+1 , the estimate
n+1
Y
k=1

n
n
Y
Y
2k
2k − 1 π
2k − 1 π
·
<
<
·
2k
2
2k + 1
2k
2
k=1

k=1

holds. Therefore
n
Y
k=1

or

n
n+1
n
Y
Y 2k
Y
2k
π
2k
2k
·
<
<
·
·
2k − 1
2k + 1
2
2k − 1
2k + 1
k=1

n
Y
k=1

k=1

4k 2
4k 2 − 1

!
<

π
<
2

n
Y
k=1

k=1

4k 2
4k 2 − 1

!
·

2n + 2
2n + 1

for every n ∈ N. Thus, the sequence
n 7→ W (n) :=

n
Y
k=1

4k 2
1
≡
4k 2 − 1
2n + 1

n
Y
k=1

2k
2k − 1

!2
,

(1)

involving only rational numbers, converges towards the infinite Wallis product
!
∞
∞
Y
Y
1
π
4k 2
1−
= ;
=2
W (∞) := lim W (n) =
n→∞
4k 2 − 1
2
(2k + 1)2

(2a)

k=1

k=1

see [1, p. 258], [2, p. 384],[7, p. 213], [14, pp. 5&47], [16, p. 384], [19, pp. 14&465] or [22]. This
old and interesting formula seems to be of small practical value for numerical computation of
π as it is frequently noted in the calculus textbooks. In fact, the Wallis sequence converges
very slowly and its late terms are directly not easily computable. However, even from the
Wallis product, π could be computed fairly accurately. Indeed, expressing the Wallis product
by the Gamma function [1, pp. 255&258] as

2
π Γ2 (n + 1)
πn2
Γ(n)
W (n) =
=
2n + 1 Γ2 (n + 12 )
2n + 1 Γ(n + 21 )
and then using the continuous version of Stirling’s formula2 [1, p. 257]
r
2π  x x Θx
Γ(x) =
x e
12x
for x > 0 and some Θx ∈ (0, 1), we obtain the expression

2n+1


1
1
Θn
Θ0n
W (n) = πe 1 −
exp
−
2
2n + 1
6n
6n + 3
and consequently also



2n


1
1
Θ0n
Θn
−1
π = W (n) 2 +
e
1+
exp
−
n
2n
6n + 3
6n

(2b)

(2c)

for every positive integer n and some Θn , Θ0n ∈ (0, 1). From this last formula it is possible
to compute π to several decimal places and from preceding formula we can compute Wallis
products also for large values of n.
C
2The constant C figured in the original version of Stirling’s formula, Γ(x) = √
x

determined just using the Wallis product as C =

√


x x Θx
,
e
12x

was in fact

2π. This expression for C was still unknown to Stirling.
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In the lines above we have used two important theorems concerning Gamma function,
the last one was the Stirling’s formula, which plays the crucial role in the approximations
given above. However, this theorem can be deduced using special technique of summation
known as the Euler–Maclaurin summation formula, see for example [1, 12, 13, 14, 16, 17, 25].
Although this formula is very important, it is not included, contrary to our opinion, in the
undergraduate curriculum. Perhaps due to the fact that many a mathematician believes
that the Euler–Maclaurin formula, as well as its derivation, is too complicated to enter into
the undergraduate curriculum. Is it true? Certainly not, as was clearly shown in [17] and
[18]. Moreover, using only the Euler–Maclaurin formula of order 3, the Wallis sequence, as
well as π, could be estimated directly rather well, similarly to (2b) and (2c), avoiding all the
complications quoted above. Hence, we wish to present the power of the Euler–Maclaurin
tool and simultaneously complement the article [17] with this example. Using this formula
we can often successfully estimate definite integrals, sums and products as well. In the
present article we use also the Taylor’s formula, which is also deduced in [17].
We wish to point out to teachers what powerful device they are overlooking. We plead
for the Euler–Maclaurin formula of order p ≤ 4 to be included into the universities/colleges
undergraduate curriculum. The absence of this formula in the mathematics curriculum is
similar to the absence of DNA technology in forensic science. Namely, as it is possible to
deduce from only one hair, found on the victim, a lot of crucial conclusions, similarly we
can in some cases compute the sum of a slowly convergent series using the Euler–Maclaurin
formula, and even much more, see [17]. In the present article we illustrate this fact, where
we transform the slowly convergent Wallis sequence into the faster convergent sequence
with limit equal to π2 . This way we introduce the numerical summation technique to a wide
community of readers. The presented technique should attract teacher/student into a sphere
of constructive (concrete) mathematics. Derivation of the Euler–Maclaurin formula of low
order, for example of order p ≤ 4, can be carried out quite easily, even more easily than it
was done in [17]; see also [18]. But with such a formula we can compare integral and its
integral sum, which is interesting for a teacher and for a student as well. For example, from
(6), (7a), (7b) and (10) below we extract the Euler–Maclaurin formula of order p = 3 :
Z n
Z
n−1
X
1
1 0
1 n
f (k) −
f (x) dx = − [f (n) − f (m)] +
[f (n) − f 0 (m)] −
P3 (−x) f (3) (x) dx,
2
12
6
m
m
k=m

1
where P3 is 1-periodic, differentiable function, bounded as |P3 (x)| < 20
for x ∈ R. So, if
(3)
f (x) is small, we can make useful estimate of the difference between the integral and
its integral sum. This way we produce formulas for numerical integration and summation
simultaneously. It is interesting that the Euler–Maclaurin formula of order 4 gives for the
absolute value of the remainder in the numerical integration rule (Hermite’s rule) four times
smaller a priori estimate as it is known for the Simpson’s rule. Moreover, Simpson’s rule is
less suitable for numerical summation as compared to Hermite’s rule [18].
As a matter of fact the purpose of this article is not the computation of π, since many
very efficient techniques for this task are known. The main purpose of this article is to
introduce the method, which transforms practically useless formula into applicable one.
Further, we also wish to show some elementary means in creating the quantitative formulas
concerning the rate of convergence of a sequence. This article contains also the message that
mathematics and computers do not exclude each other, quite the contrary, they complement
one another. This is illustrated by the fact that Mathematica and Maple softwares have the
Euler–Maclaurin formula built-in. This is the reason why these programs execute some
numerical summations so fast.
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Transforming the Wallis product

By putting a suitable weights on the terms of Wallis sequence, using the Euler–Maclaurin
formula, we can obtain a faster convergent sequence.
By (2a), due to the continuity of the logarithmic function, we have
lim ln W (n) = ln W (∞).

(3)

n→∞

But, according to (1),
ln W (n) =

n
X


ln

k=1

4k 2
4k 2 − 1


≡

n
X

f (k),

(4)

k=1

where




4x2
1
f (x) ≡ ln
≡ ln 1 + 2
≡ ln 4 + 2 ln x − ln 4x2 − 1 ,
4x2 − 1
4x − 1
Function f has the derivatives
2
,
f 0 (x) ≡ − 3
4x − x


f 00 (x) ≡ 2

12x2 − 1
,
(4x3 − x)2

(5a)

(5b)
(5c)

and


1 2
5
x2 − 16
+ 768
384x4 − 48x2 + 4
f (x) ≡ −
≡
−384
< 0,
(5d)
(4x3 − x)3
(4x3 − x)3
for x ≥ 1. Because all derivatives of function f (x) converge to 0 as x tends towards infinity
we can use the Euler–Maclaurin summation formula of order 1, 2 or 3 for the sum S(n),
n
X
S(n) :=
f (k)
(6)
(3)

k=1

figuring in (4). For example, in [17, p. 118], item (23a), there is stated that
Z n
1
1 0
S(n) = S(m − 1) + [f (m) + f (n)] +
[f (n) − f 0 (m)] +
f (x) dx + ρ3 (m, n), (7a)
2
12
m
where, due to [17, p. 117], item (21b),
ρ3 (m, n) = −

1
6

Z

n

P3 (−x) f (3) (x) dx.

(7b)

m

In (7a) we need also
r
F (x) ≡ ln

2x − 1
2x + 1



4x2
4x2 − 1

x !
,

(7c)

being the primitive of f .
From (4)–(7c) we find
f (m) f (n)
1 0
+
+
[f (n) − f 0 (m)] + F (n) − F (m) + ρ3 (m, n) ,
2
2
12


1
1
ln Wn = C(m) + f (n) + f 0 (n) + F (n) + ρ3 (m, n) ,
(8)
2
12

ln W (n) = S(n) = S(m) −
hence

where
C(m) ≡ S(m) −

f (m) f 0 (m)
−
− F (m)
2
12
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depends only on m. According to (5a), (5b), (7c), and (7b) the equality (8) can be expressed
in the form




1
4n2
1
2
ln W (n) = C(m) + ln
+
− 3
(9)
2
4n2 − 1
12
4n − n
!
r

n
Z
2n − 1
4n2
1 n
P3 (−x) f (3) (x) dx
+ ln
−
2n + 1 4n2 − 1
6 m
for n > m. As n grows beyond all limits expression ln W (n) approaches to ln W (∞), considering (2a). Further,
r

n !
2n − 1
4n2
lim ln
=0
n→∞
2n + 1 4n2 − 1
because


4n2
4n2 − 1

"

n
≡

1
1+ 2
4n − 1

4n2 −1 # 4n2n−1

converges towards e0 = 1 as n tends to infinity. Moreover, by [17, p. 115], item (18a),
Bernoulli periodic function P3 (x) is bounded
1
, x ∈ R.
(10)
|P3 (x)| <
20
R∞
Thus, the integral m P3 (−x) f (3) (x)dx is absolutely convergent due to (5d) and (5c).
Hence, letting n to grow beyond all limits in (9), we obtain
Z
1 ∞
ln W (∞) = C(m) −
P3 (−x) f (3) (x) dx .
(11)
6 m
Subtracting equation (9) from equation (11) we find the expression


W (∞)
1
4n2
1
ln
= − ln
+
W (n)
2
4n2 − 1
6 (4n3 − n)
r

n !
Z
4n2
−1 ∞
2n − 1
+
P3 (−x) f (3) (x) dx .
− ln
2n + 1 4n2 − 1
6 n
|
{z
}

(12a)

=δn

(3)

By (5d) derivative f
does not change its sign. Consequently, by the mean value theorem
and because of the periodicity of Bernoulli function P3 , there exists, for each integer n ≥ 1,
some ξn ∈ [0, 1], such that
Z ∞
Z ∞


(3)
P3 (−x) f (x) dx = P3 (ξn )
f (3) (x) dx = P3 (ξn ) · f (2) (∞) − f (2) (n)
(12b)
n
n


12n2 − 1
= P3 (ξn ) · −2
.
(4n3 − n)2
Therefore, the remainder
1
δn := −
6

Z

∞

P3 (−x) f (3) (x) dx

n

in (12a) can be estimated as
|δn | ≤

1 1
12n2 − 1
1
·
·2
<
2.
3
2
2
6 20 (4n − n)
80 (n − 1)
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Hence, by (12a) and (12b), there exists, for each integer n ≥ 2, some ϑn ∈ [−1, 1], such that
!
n


1
1
1
ϑn
exp
W (∞) = W (n) 1 +
1− 2
+
(13a)
2n
4n
6n (4n2 − 1) 80 (n2 − 1)2
and consequently

W (n) = W (∞) 1 −

3

1
2n + 1


1+

1
4n2 − 1

n

ϑn
−1
−
6n (4n2 − 1) 80 (n2 − 1)2

exp

!
(13b)

Approximating π.

Since W (∞) =

π
2,

by (2a), we nest π, according to (13a), as
π1 (n) < π < π2 (n),

valid for any integer n ≥ 2, where


n
1
1
π1 (n) :=W (n) · 2 +
exp
1− 2
n
4n

(14a)

1
1
−
6n (4n2 − 1) 80 (n2 − 1)2

!
(14b)

and
π2 (n) :=π1 (n) · exp

!

1
2

40 (n2 − 1)

.

(14c)

Figure 1 illustrates the convergence of sequences n 7→ π1 (n) and n 7→ π2 (n).

3.14159268

3.14159266

Π

3.14159264

3.14159262

40

60

80

100

Figure 2. Convergence of sequences π1 (n) and π2 (n).

According to (1), the Wallis sequence W (n) is increasing monotonically and converges
towards π2 . Thus, for any positive integer n we have W (n) < π2 . Consequently, from (14b)–
(14c), we obtain the estimates
π2 (n) − π1 (n) =
!"


n
1
1
1
1
W (n) 2 +
1− 2
exp
−
exp
n
4n
6n (4n2 − 1) 80 (n2 − 1)2
!


π
1
1
e
<
2+
· 1 · exp
2
2 ,
2
2
6 · 2 (4 · 22 − 1)
40 (n2 − 1)
that is
π2 (n) − π1 (n) <

3
10 (n2

2,

− 1)

!

1
2

40 (n2 − 1)

#
−1

(14d)
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for every integer n ≥ 2. Here we used the simple inequality ex < 1 + e · x, valid for 0 < x ≤ 1.
Example 1. By (14d) we estimate π2 (1000)−π1 (1000) < 3.1×10−13 and so we expect to
obtain twelve decimal places of π by putting n = 1000 into (14a)–(14c). Direct computation
gives π1 (1000) = 3.14159265358975 . . . and π2 (1000) = 3.14159265358983 . . . , i.e. π is really
determined to twelve decimal places as π = 3.141592653589 . . . .

4

Computing the Wallis products.

Similarly, as we derived (14a), we obtain from (13b) the estimate
W1 (n) < W (n) < W2 (n) ,

(15a)

where
π
W1 (n) :=
2



1
1−
2n + 1


1+

1
4n2 − 1

n


1+

1
4n2 − 1

n

!

exp

1
−1
−
6n (4n2 − 1) 80 (n2 − 1)2

!

exp

1
−1
+
6n (4n2 − 1) 80 (n2 − 1)2

(15b)

and
π
W2 (n) :=
2



1
1−
2n + 1

(15c)

for any integer n ≥ 2. From these relations we can compute W (n) for rather large n.
However, for a very large n a direct computation using
 these
 formulas is not easy due to
the third factor in (15b)–(15c), which varies like exp 4n2n−1 , according to the well known
convergence towards the exponent function. The rate of this convergence is evident from
the following lemma:
Lemma 1 For any positive real x and t ≥ 2x there holds the estimate





x t
x2
x2
< 1+
< exp x −
.
exp x −
2t
t
3t
Indeed, integrating the inequality
1− t <

1
2
< 1− t
1+t
3

valid for t ∈ (0, 12 ), we obtain the estimate
Z y
y2
y2
dt
<
= ln(1 + y) < y −
y−
2
3
0 1+t
valid for y ∈ (0, 12 ]. Because for any x > 0 and t ≥ 2x the number y := xt lies in the interval
(0, 12 ], we can put this y into the relations above to obtain

x2
x2
x
x
x
− 2 < ln 1 +
<
− 2,
t
2t
t
t
3t
which verifies the proposition.
According to the just verified lemma, where we put t = n and x = 4n2n−1 , we find that
n


 

1
exp 4n2n−1 − 2(4n2n−1)2 < 1 + 2
< exp 4n2n−1 − 3(4n2n−1)2
(16)
4n − 1
for every integer n ≥ 1.
From (15a)–(16) we deduce the estimate
W1∗ (n) < W (n) < W2∗ (n) ,

(17a)
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where

ϕ(n) :=

W1∗ (n)

π
:=
2



1
1−
2n + 1



W2∗ (n)

π
:=
2



1
1−
2n + 1



exp (ϕ(n)) ,

(17b)

exp (ψ(n)) ,

(17c)

n
n
1
1
−
−
−
,
4n2 − 1 2 (4n2 − 1)2
6n (4n2 − 1) 80 (n2 − 1)2

(17d)

and

1
n
n
1
−
−
+
2
2
2
2
− 1 3 (4n − 1)
6n (4n − 1) 80 (n − 1)2
for any integer n ≥ 2. For such n we have
0.9
1.02
< ϕ(n) < ψ(n) <
4n
4n
and for n ≥ 18 there holds the estimate
1.00001
0.999
< ϕ(n) < ψ(n) <
.
4n
4n
Indeed, from (17d) there follows


n
1
1
1
h
i
ϕ(n) = 2
1−
−
−
2
2
2
4n − 1
2 (4n − 1) 6n
4 (n + 1) 20 (n − 1) (n + 1)
#
"
1
1
1
1
1
>
1−
−
· λ(n)
−
=
2
4n
2 (4n2 − 1) 6n2
4n
20 (n − 1) (n + 1)
|
{z
}
ψ(n) =

4n2

(17e)

(17f)

(17g)

=λ(n)

and from (17e) we find
n
n
1
1
h
i
< 2+
+
2
2
2
− 1 80 (n − 1)
4n
4 (n + 1) 20 (n − 1) (n + 1)
"
#
1
1
1
<
1+
=
· µ(n).
2
4n
4n
20 (n − 1) (n + 1)
|
{z
}

ψ(n) <

4n2

=µ(n)

Factor λ(n) increases and µ(n) decreases, hence λ(n) ≥ λ(2) > 0.9 and µ(n) ≤ µ(2) < 1.02
for n ≥ 2, moreover λ(n) ≥ λ(18) > 0.999 and µ(n) ≤ µ(18) < 1.00001 for n ≥ 18. This
confirms (17f) and (17g).
In order to simplify (17a)–(17e), we use the Taylor’s formula of order 1 for the exponential
function, to produce the estimate


ex
x
1 + x < e < 1 + 1 + x x,
(18a)
2
valid for positive x. Thus, by (17f), we have
exp (ϕ(n)) > 1 + ϕ(n)

(18b)

exp (ψ(n)) < 1 + ω(ψ(n)) · ψ(n) ,

(18c)

and

336

Vito Lampret

where ω(x) := 1 + ex x/2 increases for x > 0. Thus, due to (17f)–(17g), there holds the
estimate




1.02
1.02
ω(ψ(n)) < ω
≤ω
< 1.073
4n
4·2
for n ≥ 2 and




1.0001
1.00001
≤ω
< 1.0071
ω(ψ(n)) < ω
4n
4 · 18
for n ≥ 18. Hence, according to (18c), we obtain
exp (ψ(n)) < 1 + 1.073 · ψ(n)

(18d)

exp (ψ(n)) < 1 + 1.0071 · ψ(n)

(18e)

for n ≥ 2 and
for n ≥ 18.
Considering (17a)–(17c) and (18b), (18c) we find
a(n) < W (n) < b(n),

(19a)

where, for n ≥ 2,
π
a(n) :=
2



1
1−
2n + 1


(1 + ϕ(n))

(19b)

and



π
1
b(n) :=
1−
(1 + 1.073ψ(n)) ,
2
2n + 1
but for n ≥ 18 we can take more accurate bound


1
π
1−
(1 + 1.0071ψ(n)) .
b(n) :=
2
2n + 1

Figure 2 shows the graph of sequence n 7→ b(n) − a(n) for 18 ≤ n ≤ 84.

0.00014
0.00012
0.0001
0.00008
0.00006
0.00004
0.00002
0

20

40

60

80

Figure 3. Graph of sequence n 7→ b(n) − a(n).

5

Estimating the rate of convergence of the Wallis products

By (19a)–(19d) and (17f)–(17g) we obtain





1
1 + δ1
π
1 − δ1
π
a(n) >
1−
1+
=
1−
2
2n + 1
4n
2
2(2n + 1)
and
b(n) <

π
2


1−

1
2n + 1





1 + δ2
π
1 − δ2
1+
=
1−
,
4n
2
2(2n + 1)

(19c)

(19d)
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where we can take δ1 = −0.1 and δ2 = 0.1 for n ≥ 2 and similarly δ1 = −0.001 and
δ2 = 0.008 for n ≥ 18. Consequently




π
1.1
π
1.1
a(n) >
1−
>
1−
2
2(2n + 1)
2
4n
for n ≥ 2, and




1.001
π
1.001
π
1−
>
1−
2
2(2n + 1)
2
4n
for n ≥ 18. Similarly, for n ≥ 2, we have




π
0.9
π
0.8
b(n) <
1−
<
1−
2
2(2n + 1)
2
4n
z }| {
a(n) >

n≥4

and for n ≥ 18 we obtain
π
b(n) <
2



0.992
1−
2(2n + 1)


<
z }| {

π
2



0.99
1−
4n


.

n ≥ 250

Therefore, according to (19a), using also direct computations, we find




π
1.1
π
0.8
1−
< W (n) <
1−
2
4n
2
4n

(20a)

for n ≥ 3, and




π
1.001
π
0.990
1−
< W (n) <
1−
(20b)
2
4n
2
4n
for n ≥ 62. This way we have estimated the rate of linear convergence lim W (n) = π2 :
n→∞

0.990
π
1.001
< − W (n) < π ·
(20c)
8n
2
8n
for every integer n ≥ 62. Consequently, the estimate
π
0.4
0.3
< − W (n) <
(20d)
n
2
n
is true even for n ≥ 3, by using direct computation [26]. The bounds could certainly be
improved simply by using the Euler–Maclaurin formula of order higher than 3. In the
literature better bounds are also known, see for example [9] and [15].
Example 2. According to (20c) we have π2 − 4 · 10−3001 < W (10001000 ) < π2 − 3 · 10−3001 .
Considering (14d), we see that the convergence of sequence n 7→ 2W (n) towards π is
much slower than the convergence of sequences n 7→ π1 (n) and n 7→ π2 (n). Modified Wallis
sequences 12 π1 (n) and 21 π2 (n) have considerably accelerated convergence, relatively to the
convergence of the original Wallis sequence. Figure 3 illustrates relation (20a) by showing
1.1
the graph of sequence n 7→ π2 − W (n) and the graphs of functions n 7→ π 0.8
8n , and n 7→ π 8n
for 3 ≤ n ≤ 60.
π·

Remarks.
R1. If we should approximate the Wallis product W (n) =

1
2n+1



n
Q
k=1

Euler–Maclaurin summation formula of order 3 for the function


2x
g(x) ≡ ln
≡ ln 2 + ln x − ln (2x − 1) ,
2x − 1

2k
2k−1

2
by using the

(21)
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0.08
0.06
0.04
0.02
10

20

30

40

50

60

Figure 4. Lower and upper bounds n 7→ π 0.8
and n 7→ π 1.1
for the null-sequence
8n
8n
n 7→ π2 − W (n).

we should obtain the expression


2n 




1
1
ϑn
1
·e 1−
exp
· exp
π = W (n) · 2 +
n
2n
6n(2n − 1)
60n(n − 1)2
for some ϑn ∈ (−1, 1). This formula is a little bit better than (2c), but less accurate than
(13a).
R2. For the functions f (x) and g(x) from (5a) and (21) we should use the Euler–Maclaurin
formula of the higher order than the order three to obtain more accurate formula for π and
W (n). However, such formulas should be more complicated than the one just presented.
R3. In 16653 , ten years after Wallis, Newton made the very first application of his new
calculus. He computed π to sixteen decimal places using the binomial expansion
#
Z x
Z x"X
∞ Z x  1
∞  1
X

−2
dt
−2
k
2
√
−t
dt =
(−1)k t2k dt
arcsin x =
=
2
k
k
1−t
0
0
0
k=0
k=0
1 3
1·3 5
1·3·5 7
x +
x +
x + ··· ,
2·3
2·4·5
2·4·6·7
where he put x = 12 to obtain the expansion for π6 . Later, in 16664 or 16715 or 16806, he
found another way to compute sixteen correct digits of π, using his formula7 employing 22
terms of an infinite series expansion:
√
Z 1/4
√ √
3 3
π=
+ 24
x 1 − x dx
4
0
√


3 3
1
1
1
1
=
+ 24
−
−
−
··· .
4
12 5 · 25
28 · 27
72 · 29
=x+

After a 15 digits computation, during the plague in Cambridge and London (between 1665
and 1666)8 Newton wrote: I am ashamed to tell you to how many figures I carried these
computations, having no other business at the time [5]. Perhaps Newton should have less
3http://www-gap.dcs.st-and.ac.uk/~history/HistTopics/Pi_chronology.html#s44;
http:
//wvwv.essortment.com/pimathematicsa_rjar.htm; http://www.geocities.com/lady_lizzie/info.html
4http://members.tripod.com/egyptonline/newton.htm
5
http://numbers.computation.free.fr/Constants/Pi/piCompute.html
6
http://www.colab.sfu.ca/PiDay/3_14/Pi1.html; author Greg Fee
7 See [5, pp. 110&111] or [10, pp. 174–177].
8http://people.bath.ac.uk/ma3mju/calc.html#newt
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work in his computation if the Euler–Maclaurin method of summation should be known to
him. However this method has been discovered about 60 years later and unfortunately not
in its correct form – with a remainder, which has been presented the first time by Poisson
in 1823 [21].
R4. Knowing the Euler–Maclaurin formula it is not difficult to find numerical sum of slowly
convergent Leibniz series
∞
X
(−1)k+1
π
= ,
2k − 1
4
k=1

which, like the Wallis product, also is considered in the literature as unsuitable for numerical
computation of π.
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More terms of the asymptotic solution of a difference
equation considered by Ramanujan
Helmut Prodinger
Hirschhorn [1] (following Ramanujan) studied the difference equation
1
u(λ) +
= 1 + eλx
u(λ − 1)
and expanded it with the help of Maple up to the powers of x2 . He then writes: “It is
tempting to go on and try to extend the series to the term in x3 , but life isn’t long enough!”
We make the ansatz 1
λ+C +1
a(λ)x
b(λ)x2
c(λ)x3
d(λ)x4
u(λ) =
+
+
+
+
2
2
2
λ+C
(λ + C)
(λ + C)
(λ + C)
(λ + C)2
e(λ)x5
f (λ)x6
g(λ)x7
h(λ)x8
+
+
+
+
+ ···
2
2
2
(λ + C)
(λ + C)
(λ + C)
(λ + C)2
and could compute all the coefficients up to powers of x8 within a few minutes of Maple’s
time.
After a suitable change of variable, there was always a recursion
t(i) − t(i − 1) = SOMETHING(i),
for t(i) = a(i), b(i), . . . , h(i), from which we conclude that
t(i) =

i
X

SOMETHING(j) + t0 ;

j=1

in all instances Maple could easily produce a closed form for the sum involved.
As an example, we cite
1 6
b(i) − b(i − 1) = − 16
i −

−

1
144 (−62C
4
1
144 (3C −

−

3
1
144 C

−

−

2
4
1
144 (31C − 45 − 75C)i
1
+ 4C − 9 − 84C)i3 + 144
(72a0 + 6C 3 + 3C 4
48Ca0 + 72a0 + 2C 5 − C 2 )i − 61 Ca0 − 16 C 2 a0

1
48 (10C −
2
3

4
1
144 C
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9)i5 −

2
4 2
1 (−12a0 −C +C )
144
i+C
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+ 15C + 40C 2 )i2
+

5
1
144 C

+

6
1
144 C

2
4 2
1 (−12a0 −C +C )
.
144
i−1+C

So we obtained (C, a0 , . . . , h0 are unspecified constants)
a(λ) =
b(λ) = −

λC
λ2 C 2
λC 2
λ3
λ2
λ4
2λ3 C
+ λ2 C +
+
+
− a0 +
+
+ ,
3
3
2
2
2
4
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1Slightly different from Hirschhorn, but that seems to work best for Maple
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Fortran 95/2003 Explained
M. Metcalf, J. Reid, M. Cohen
Oxford University Press 2004
ISBN 0-19-852693-8
In the 50 or so years since its inception, the Fortran programming language
has evolved to accommodate remarkable
changes in computer hardware as well as the
experiences and insights gained by generations of programmers. For a striking impression of this evolution, one need only
compare Fortran 95/2003 Explained with
the earliest Fortran manual; the latter is
readily available via the world wide web (go
to [2] and follow the links “Index” → “IBM
Fortran Manual for the 704”). The language standardisation process has given us
Fortran 66, Fortran 77, Fortran 90 and Fortran 95. At present, the approval process for
the next standard, known as Fortran 2003,
is in its final stages [4].
Metcalf and Reid, the first two authors of
the work reviewed here, are well known for
a series of books on Fortran 90/95 that they
have updated progressively over the past 15
years. Their latest offering adds a third author, Malcolm Cohen. Fortran 95/2003 Explained contains 20 chapters and 6 appendices. Chapters 1–10 describe Fortran 95
and Chapters 11-20 describe the language
features added in Fortran 2003. Actually,
the features in Chapters 11-12 were fixed
several years ago in two Technical Reports
and are already widely implemented. Thus,
Chapters 1–12 repeat pretty much the contents of the previous book. At 416 pages,
Fortran 95/2003 Explained is about 20%
longer than Fortran 90/95 Explained, which

perhaps gives a fair idea of scale of the new
features of the language.
Fortran 2003 is fully backwards compatible with Fortran 95, so neophobes have the
option of ignoring the new standard. However, although some of the new features
take considerable effort to understand, others make the language simpler and allow
better performance. A relatively trival example is that it becomes legal to say
real, parameter :: PI=4*atan(1.0)
because Fortran 2003 permits any intrinsic function in an initialization expression.
More significantly, the allocatable array extensions and the associate construct reduce the need for using pointers. Another
important simplification is interoperability
with the C programming language. Calling C procedures from Fortran, or vice
versa, has always been a portability nightmare. Providing standardised support for
mixed-language programming will certainly
be welcomed by anyone wanting to provide
C bindings for a Fortran library. Fortran
2003 also improves portability by providing new intrinsic procedures for accessing
command-line arguments and environment
variables, thereby standardising what is currently provided only via compiler-specific
extensions. Other new intrinsics relate to
IEEE arithmetic and floating-point exception handling.
Although very useful, none of the above
features changes the language in any essential way.
More interesting are the
enhanced facilities for derived types and
object-oriented programming. Fortran 2003
allows derived types to be parameterized in
the same way as the intrinsic data types.
For example, we might define
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type, public ::
integer, len
integer, kind
real(kind=wp)
end type point

point(dim,wp)
:: dim
:: wp
:: coord(dim)

and then declare a two-dimensional, singleprecision point P and a three-dimensional,
double-precision point Q by
type(point(dim=2, kind=SP)) :: P
type(point(dim=3, kind=DP)) :: Q
where the constants SP and DP are the kind
type parameters for single and double precision reals, respectively. Support for objectoriented programming is provided by introducing procedure pointers, type extension
(simple inheritance), polymorphic variables,
abstract interfaces and type-bound procedures. As an example of a type-bound procedure we might define
type, public :: triangle
real :: corner(3,3)
contains
procedure :: centroid
end type triangle
where centroid is a function that returns
the centroid of the triangle. After declaring
type(triangle) :: t
and initialising t, we may use either the
component-selection syntax t%centroid()
or the traditional centroid(t).
Space does not allow further elaboration
of these and other new features of Fortran 2003. Short of buying the book, I can
recommend a 38 page article by the second
author [1], available via the world wide web
(go to Fortran standards web page [4] and
follow the link to “Electronic Archives”).
I have used the earlier books by Metcalf and Reid intensively for many years,
and fully expect Fortran 95/2003 Explained
to take their place as my reference on Fortran. The great strengths of the book are
its attention to detail, careful explanation
of fine points and comprehensive coverage.
Although not suited to a complete beginner, the text does a good job of illustrating
language features with examples and also
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provides numerous exercises (with solutions
at the back of the book). I do not know
of any better reference work for the experienced Fortran programmer.
As a practical matter, it will be some
time before any compilers implement the
whole of Fortran 2003. This fact dictates
the structure of the book, with Chapters
1–12 providing a self-contained description
of Fortran 95 and the remaining Chapters
13–20 covering the new features of Fortran 2003. Such a structure is also convenient for anyone already familiar with Fortran 95. One point to note is that the
new book does not explain the differences
between Fortran 90 and Fortran 95. For
this reason, if your Fortran compiler does
not fully implement the Fortran 95 standard then the previous book will be a more
suitable reference. Alternatively, you might
consider using the open-source compiler [3]
which has undergone very rapid development in the past year.
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Curve Ball
J. Albert and J. Bennett
Springer-Verlag Heidelberg 2003
ISBN 0-387-00193-X
This is a very good, fun and highly interesting book, applying some straightforward,
and some more difficult, statistical estimation and modeling concepts to baseball. I
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should mention here that I am a statistician, and mostly Bayesian at that, and this
definitely enhanced my interest and enjoyment of the book. The book is not only
for baseball fans, although it helps to be
a sports lover and a pre-requisite is knowing the rules, and language, of baseball in
the US. In a few instances, even an avid
sports watcher like myself was stumped by
baseball terminology used; this is the main
drawback of this book. A further drawback
for mathematicians may be the lack of any
non-statistical mathematical concepts, this
was not a problem for me! This book is for
sports minded numerate people. In addition the book contains no real modern or
complex statistics, despite a certain quote
on the inside cover.
The book starts off by sneakily introducing basic concepts of statistical modeling
and probability through an analysis of various baseball tabletop board games. These
games use probability and simulation, either
through the use of dice or a spinning disk, to
simulate outcomes from a baseball match.
To a statistician this reads like an introduction to discrete data distributions, probability and independence, concepts well used
throughout the book. The concept of an interactive effect between pitcher and batter
is also well presented. Next, current player
performance statistics, such as batting average, On Base Percentage and SLuGging
percentage for batters, plus strikeouts and
walk rates for pitchers, are considered while
introducing the concepts of continuous distributions (and comparing these) and confidence intervals for unknown true percentages. These are introduced from a welldisguised Bayesian point of view. The book
actually contains many hidden jibes at frequentist statisticians, although I challenge
anyone but a Bayesian to find them! This
is consistently very subtly done and added
to my enjoyment of the book.
The question of whether players really
have different abilities, whether some players or teams really have hot or cold streaks

and what factors (apart from ability) really affect performance is well presented and
discussed. These questions are discussed
at great length in the media and by fans,
who will be relieved to know that baseball
is probably not driven by random variation
alone. Linear regression is discussed next,
searching for the ‘best’ batting statistic for
predicting runs per game. Surprisingly a
lot of research has been done in this area,
well past the simple OBP or SLG. The comparison of these statistics is very interesting,
especially comparing additive to multiplicative models. Much of the rest of the book
is concerned with measuring the effects of
certain ‘plays’ at certain stages of the game
and innings. For instance, what is the effect
of a home run at a certain stage of a game,
depending on number of outs, difference in
runs scored, number of completed innings,
runners on base, etc. Or, whether it is really ever worth the risk of stealing a base.
These questions draw on most of the data
ever collected about baseball and again are
interesting and fun to look at. The analysis
of the effects of certain influential plays, so
called ‘clutch’ plays, in the world series of
baseball, and how they changed the probability of a certain team winning or losing
should be intriguing to sports fan and statistician alike. Wrapping up the book is an interesting simulation illustrating how often
the team with the best ability actually wins
the annual world series of baseball.
Initially this book starts out as a sneaky
introduction to statistics and Bayesian concepts, however, it turns into a delight for
sports fans and statisticians alike. Highly
recommended if you are either or both (as I
am) of these.

Richard Gerlach
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Cyclic Homology
in Non-Commutative Geometry
J. Cuntz, G. Skandalis, and B. Tsygan
Enc. Math. Sci. 121
Springer Heidelberg 2004
ISBN 3-540-40469-4
The Springer Encyclopedia of Mathematical
Sciences is a well-known series of volumes,
containing concise but in-depth overviews of
many of the main topics of Pure Mathematics. Therefore, the volume under review,
which is part of a sub-series on Operator
Algebras and Non-Commutative Geometry,
raises high expectations. Over the past few
decades Non-Commutative Geometry and
Cyclic Theory have established themselves
as important research areas. The central
idea behind Non-Commutative Geometry is
to treat non-commutative (associative) algebras as if they were algebras of functions
on a manifold. In particular, cyclic cohomology then is the analogue of de Rham
cohomology. This approach has shed new
light on Non-Commutative Algebra in general, and in particular on the theory of operator algebras. On the other hand, it has
also found applications to problems in classical Geometry, for example the study of
foliations and group actions on manifolds,
which both give rise to a non-commutative
algebra that can serve as a model for the
algebra of functions on the quotient space,
even if the set of orbits no longer has a reasonable topology.
Since Non-Commutative geometry is not
part of mainstream undergraduate or graduate education, good overviews of the area
are essential for interested outsiders. There
are two well-known introductions, one by
Connes and one by Loday. Given the fact
that they are about ten years old, a new
overview of the field is more than welcome.
The volume under review offers a collection of three separate survey articles. The
first article, by Cuntz, offers an introduction to cyclic cohomology, with many improvements over the approach presented in
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Loday’s book. It also gives a quick introduction to bivariant K-theory and the ChernConnes character for locally convex algebras
as developed by the author, and a short
section on further variations, such as entire
cyclic cohomoloy and local cyclic cohomology. The second article, by Tsygan, starts
again with basic definitions of cyclic homology, but in a different set-up than Cuntz.
It then proceeds with ‘Non-Commutative
Differential Calculus’, which generalises the
calculus of differential forms and vector
fields on manifolds to the non-commutative
setting, using the framework of homotopical
algebra. The final sections briefly give some
examples and a very rough sketch of Index Theory for deformations and its application to the proof by Bressler-Nest-Tsygan
of a conjecture by Schapira and Schneider
concerning a Riemann-Roch type theorem
for so-called elliptic pairs, which generalised
Riemann-Roch for complex manifolds, the
Atiyah-Singer index theorem, the Boutet de
Monvel index theorem for boundary value
problems, and the Kashiwara index theorem for holonomic D-modules. The final
article in the volume is a translation of the
Séminaire Bourbaki talk by Skandalis on the
work by Connes-Moscovici on Index Theory
in the context of manifolds with group actions.
Unfortunately, the pace, the level of detail and the motivation provided is very uneven amongst and even within the articles.
The part of Cuntz’ article concerning cyclic
homology is an excellent introduction for
the non-expert; it is elegantly written and
well-motivated. On the other hand, the part
dealing with K-theory and the Chern character does give all the necessary definitions,
but with hardly any motivation, or general
background philosophy. The article by Tsygan is very strong when it comes to motivation, philosophy, providing a broad view
and stimulating ideas. However, it is too
short: only forty pages. This shows especially towards the end, where detail and exposition are suppressed to such an extent
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that at least the reviewer found it impossible to get any grip on even the main ideas.
Skandalis’ Bourbaki talk, on the other hand,
is of a highly technical nature, and for that
reason essentially inaccessible for the average interested outsider.
In conclusion, I feel this volume is a
missed opportunity. In the hands of a critical editor with a strong commitment to
non-expert readers it could have become
an excellent survey of the area. However,
in its current form I find it hard to recommend, especially when taking into account the price of about AU$150 for only
137 pages.
Joost van Hamel
School of Mathematics and Statistics, University of
Sydney, NSW 2006
E-mail: vanhamel@maths.usyd.edu.au













Lectures on Partial
Differential Equations
Vladimir I. Arnold
Universitext
Springer-Verlag Heidelberg 2004
ISBN 3-540-40448-1
This book contains a series of lectures delivered by Professor Arnold to third year students at the Mathematical College of the
Independent University of Moscow throughout the fall semester of the 1994/1995 academic year. Many important examples of
partial differential equations are found in
the continuous - medium models of mathematical and theoretical physics. These
equations, mainly of the second order, and
the boundary value problems associated
with them are discussed in these lectures.
As the author points out, there is no unified theory of partial differential equations.
Some classes of equations have their own
theory, for example elliptic and parabolic
equations, whereas others have no theory

at all. The reason for this, according to
the author, is a very complicated geometry
intertwined with partial differential equations. There is a complete theory for equations of the first order. These equations
are thoroughly discussed in the first two lectures. The main topics are their characteristics and the Cauchy problem, as well as
the geometry associated with these.
Lectures from 3 to 12 are devoted to partial differential equations of the second order. Lectures 3 - 5 cover Huygen’s Principle in the theory of wave propagation. Solutions to main boundary value problems
(Cauchy and D’Alembert) are constructed.
Emphasis is made on the importance of
the Fourier method which is very effective
for these equations. Many laws of physics
can be described by the variational principles. Lectures 6 - 7 contain a discussion of
the principle of least action going back to
Hamilton. This results in the derivation of
the Euler - Lagrange equations. As an illustration the boundary value problems for
the wave and Laplace equations are studied.
Lecture 8 gives detailed studies of harmonic
functions: mean value property and maximum principle amongst others. Lectures 9
-10 are concerned with potential theory for
harmonic functions and the role of fundamental solutions in this theory. This culminates with a theorem on removable singularities for harmonic functions, which in
a colloquial language can by expressed by
saying: “a stretched membrane cannot be
propped up at one point by a needle”. The
final lecture is devoted to the Dirichlet and
Neumann problems in bounded and exterior
domains for the Laplace equation.
The books is closed with Appendix A offering the proof of Maxwell’s theorem on the
multifield representation of spherical functions and Appendix B containing examination problems.
In brief, this book contains beautifully
structured lectures on classical theory of
linear partial equations of mathematical
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physics. Professor Arnold stresses the importance of physical intuitions and offers
in his lecture a deep geometric insight into
these equations. The book is highly recommended to anybody interested in partial differential equations as well as those
involved in lecturing on these topics. I encourage readers of this book to take note of
the Preface which contains very interesting
comments on the role of Bourbaki’s group
in mathematics, a theme which resurfaces
many times in these lectures.

J. Chabrowski
Department of Mathematics, The University of
Queensland, St Lucia QLD 4072
E-mail: jhc@maths.uq.edu.au













Symmetric Functions
and Combinatorial Operations
on Polynomials
Alain Lascoux
CBMS Reg. Conf. Series in Math. 99
American Mathematical Society 2003
ISBN 0-8218-2871-1
The theory of symmetric functions is a
rich and beautiful subject which has applications ranging from the representation
theory of the symmetric and general linear groups, to orthogonal polynomials, knot
theory, combinatorics and algebraic geometry.
By definition, a symmetric function of
an alphabet A is any function of the elements of A which is fixed by all permutations of A. Least this definition seems too
specialized, suppose that f (x) is a polynomial in one variable with (distinct) roots
A = {α1 , . . . , αn }. Then
f (x) = (x − α1 )(x − α2 ) . . . (x − αn )
n


X
X
=
(−1)k
αi1 . . . αik xn−k .
k=0

1≤i1 <···<ik ≤n
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Thus, the coefficient ek (A) of (−1)n−k xk
is a symmetric polynomial in the roots of
f (x). In fact, ek (A) is the kth elementary
symmetric polynomial in the alphabet A. It
is a celebrated theorem of Newton’s that the
ring of symmetric functions in A is generated by the elementary symmetric functions
{ ek (A) | 1 ≤ k ≤ #A }.
This book develops and applies the theory of symmetric functions to the study of
polynomials. This is possible because, as illustrated above, the coefficients of any polynomial are symmetric functions of the roots
of the polynomial. The first chapter introduces symmetric functions, with the Cauchy
kernel playing a central role both here, and
throughout the book, as it used to define
an inner product on the space of symmetric polynomials. Chapter 2 looks at λ–
rings and Lagrange inversion. In chapter 3
the Euclidean algorithm is reinterpreted in
terms of symmetric functions, with remainders and resultants being described in terms
of Schur functions. Later chapters consider,
among other topics, continued fractions,
Wrońkians, the division algorithm, Padé
approximation, divided differences and orthogonal polynomials. The last three chapters switch to the non–commutative setting
and introduce Schubert polynomials, a non–
commutative Cauchy kernel and the plactic
algebra.
There is a wealth of information in this
book, as well an extensive bibliography and
an abundance of exercises (with solutions!)
for the conscientious reader. The major
drawback of this book is that is it written for
experts with many details being left to the
reader. Moreover, important concepts are
often introduced hastily without being fully
explained or motivated. For example, one of
the stated aims of the book is to use the theory of symmetric functions to “describe the
technique of λ–rings”; yet, λ–rings are never
formally defined and, instead, one must pick
this up by osmosis.
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For the reasons above, before attempting
this book I recommend that beginning readers first read Sagan [2] or Stanley [3]. The
bible in this subject is of course Macdonald’s classic book [1]. This said, Lascoux
does cover many topics which are not easily found elsewhere in the literature, so the
reader who is willing to invest the necesary
time will find this book a great adventure.
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Russian Mathematicians
in the 20th Century
Yakov Sinai (ed.)
World Scientific Singapore 2003
ISBN 981-02-4390-1
This large book (700 pages) has chapters
about 33 Russian mathematicians, each of
whom was one of the important mathematicians of the 20th century — but there is
no perceptible ordering in that list, neither
chronological nor alphabetical. The mathematicians considered are (in alphabetic order): A. D. Aleksandrov, P. S. Aleksandrov,
S. N. Bernstein, N. N. Bogoliubov, N. G.
Chebotaryov, B. N. Delone, D. F. Egorov,
D. K. Faddeev, I. M. Gelfand, A. O. Gelfond, L. V. Kantorovich, M. V. Keldysh, A.
Ya. Khinchin, A. N. Kolmogorov, M. G.
Krein, M. A. Lavrentev, Yu. V. Linnik, L.

A. Liusternik, N. I. Luzin, A. M. Lyapunov,
A. I. Malcev, A. A. Markov, D. E. Menshov, P. S. Novikov, I. G. Petrovsky, L. S.
Pontryagin, V. A. Rokhlin, V. I. Smirnov, S.
L. Sobolev, V. A. Steklov, A. N. Tikhonov,
P. S. Urysohn, I. M. Vinogradov. Israil
Moiseevich Gelfand is the only one still living. Remarkably, no women are included —
I would certainly have expected a chapter
about O. A. Ladyzhenskaya; and each of V.
N. Faddeeva, P. Ya. Kochina, L. V. Keldysh
and O. A. Oleinik had a strong claim to be
included.
Each chapter starts with a brief biography by the Editor, with photograph and
dates of birth and death. None of those biographical articles cites any source, except
for D. K. Faddeev. (But there is no photograph of D. K. Faddeev, and no date is given
for his death.) The texts of the biographies
mostly occupy 1 to 2 pages: but the entire biographical text for L. A. Liusternik
(p. 469) consists of the sentence “Lazar
Liusternik was a corresponding Member of
the Division of Physical-Mathematical Sciences since 4 Dec 1946”.
The Editor’s biography is followed by a
biographical article (in Russian) for V. A.
Steklov, and by 3 biographical articles (1
in Russian, 2 in English) for D. F. Egorov.
Each of the other 31 chapters reprints one
or more articles by that mathematician (in
Russian or French or German or English,
or in English translation from Russian or
from French), and in some chapters another
biographical article is reprinted (in English
translation from Russian, or in English).
This anthology of mathematical writings
contains many very significant works, including I. M. Vinogradov’s renowned papers on primes, A. O. Gelfond on Hilbert’s
7th problem, A. Ya. Khinchin’s classic little book Three Pearls of Number Theory,
A. N. Kolmogorov on turbulent fluids, S. L.
Sobolev on functional analysis, I. G. Petrovsky on partial differential equations, L. V.
Kantorovich’s pioneering papers (written in
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English) on linear programming, and A. A.
Markov (junior) on algorithms.
Many of the reprints of articles lack bibliographic details, and so the reader needs
to consult the list of Contents (pp.vii-xi ) —
but some bibliographic information is missing there. The articles by A. M. Lyapunov
are printed in English translation (typewritten), but the Contents ascribes those translations only to Collected Papers, with no
further information. The article about V.
A. Steklov is a speech (in Russian) given by
N. M. Gyunter at a memorial meeting of
the Leningrad Physical-Mathematical Society on 9 October 1926, and the Contents
identify the source only as Uspekhi, Vol. 1,
new series, No. 4. In fact, Gyunter’s speech
was first published as pp. 49–77 in the book
In Memory of V. A. Steklov (in Russian), a
collection of papers published by the Academy of Sciences of the USSR at Leningrad
in 1928. It was reprinted in Uspekhi Matem.
Nauk (new series) 1, No. 3–4 (1946), 23–
43, and that reprint is reproduced in this
book. I. M. Vinogradov’s renowned papers
on primes are published in English translations, which are not identified as coming
from his Selected Works[1].
The 3 chapters of A. Ya. Khinchin’s classic little book Three Pearls of Number Theory are reproduced from the English translation published by Graylock Press — but
the publication date (1952) is not stated.
And Khinchin’s very significant preface A
Letter to the Front: March 24, 1945 is not
reproduced from pages 9 and 10. He addressed that to a former student (for one
year) who had been wounded after 3 years
of fighting against the Nazi invaders, and
had written from a hospital to his former
professor asking him to send “some little
mathematical pearls”. After several days
deliberation, Khinchin selected “the three
theorems of arithmetic which I am sending you, to be genuine pearls of our science”. He explained that “They have all
been solved quite recently, and there are two
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remarkable common features in their history. First, all three problems have been
solved by the most elementary arithmetical
methods (do not, however, confuse elementary with simple: as you will see, the solutions of all three problems are not very
simple, and it will require not a little effort
on your part to understand them well and
assimilate them). Secondly, all three problems have been solved by very young, beginning mathematicians, youths of hardly your
age, after a series of unsuccessful attacks on
the part of ‘venerable’ scholars. Isn’t this a
spur full of promise for future scholars like
you? What an encouraging call to scientific
daring!
The work of expounding these theorems
compelled me to penetrate more deeply into
the structure of their magnificent proofs,
and gave me great pleasure.”
A. N. Kolmogorov’s 4 papers on turbulence in fluids are published in English
translations, which are not identified as
coming from Volume 1 of his Selected Works
[2]. L. S. Pontryagin’s papers are published
in English translations, which are not identified as coming from Volume 1 of his Selected Works [3].
The paper [4] by M. Krein and D. Milman (in English with Ukrainian summary,
pp. 457–462) was published in the Polish journal Studia Mathematica t. 9, but
the highly significant date of publication
(1940) is not indicated. L. A. Liusternik’s
survey article [5] is attributed to Uspekhi,
new series, Vol.1, No.1 with no date given:
actually it was published in Vol.1 No.11
(1946), 30–56. The very brief biographical
article (p. 599) about Andrei Andreyevich
Markov (1856–1922) tells that “Markov had
a son (of the same name) who was born on
September 9, 1903 and followed his father
in also becoming a renowned mathematician”. But the following articles were both
written by the younger Andrei Andreyevich
Markov! M. A. Lavrentev’s paper is attributed to J. d”analyse Mathematique 19;
which should be J. d’Analyse Mathématique
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19 (1967), 217–225. A. N. Tikhonov’s paper
is attributed to Math. Ann. 102, but the
date of publication (1930) is not indicated;
and P. S. Aleksandrov’s paper The principal topological discoveries of A. N. Tikhonov
is misnamed in the Contents (p.xi ) as The
principal mathematical discoveries of A. N.
Tikhonov.
There are several further misprints, including (on p.viii ) “Scienes” for “Sciences”,
“P. S. Alexdrov” for “P. S. Aleksandrov”
and “Petreovski” for “Petrovsky”.
This book is a valuable anthology of
mathematical writings — but it should have
been edited with greater care.
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MathMedia
“Google Labs Aptitude Test”

In search for more, the editors were disappointed that the first prime 10-digits string in π
(hint: try 5926535897) did not lead them anywhere. For more information on the GLAT
see http://www.google.com/googleblog/2004/09/pencils-down-people.html
The Age 10 Sep 2004 (Contributed by John Miller)

352

News

Appointments
Griffith University:
• Dr Scott McCue has been appointed to a five-year Lectureship (Level B) in Applied
Mathematics in the School of Science.
• Dr Roger Cropp and Dr Gurudeo Anand Tularam have been appointed Lecturers
(Level B, continuing) in the Australian School of Environmental Studies.
Monash University:
• Dr Burkard Polster has been appointed Senior Lecturer in Pure Mathematics.
Queensland University of Technology:
• Associate Professor Helen MacGillivray has been promoted to Professor.
• Associate Professor Vo Anh has been promoted to Professor.
• Dr Ian Turner has been promoted to Associate Professor.
University of Melbourne:
• Dr Renata Sotirov has been appointed as a Research Fellow.
• Dr Michael Evans has been appointed as Schools Project Officer for ICE-EM.
• Dr Frank Barrington will be retiring as of 31 December 2004.
University of New England:
• Dr Gerd Schmalz (University of Bonn) and Dr Shusen Yan (University of Sydney)
have accepted level B positions at the University of New England. They will commence duties early February.
University of New South Wales:
• Dr Wolfgang Schief and Dr Matthew England have been promoted to Associate
Professor.
University of Queensland:
• Dr Martin O’Hely has been appointed as MASCOS Research Fellow.
• Dr Hanjun Zhang has been appointed ARC Centre Fellow within MASCOS.
University of Western Australia:
• Dr Dorothy Anderson has resigned from the end of 2004, to return to England.
University of Western Sydney:
• Dr Kenan Matawie, School of Quantitative Methods and Mathematical Sciences,
has been promoted to Senior Lecturer.

New Books
G.J. McLachlan, K.-A. Do, and C. Ambroise, Analyzing Microarray Gene Expression Data,
(Wiley Hoboken, New Jersey 2004), 320 pages, ISBN 0-471-22616-5.
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Completed PhDs
Monash University:
• Dr Elizabeth Stark, Gravitoelectromagnetism and the Question of Stability in Numerical General Relativity, supervisor: Dr Tony Lun.
University of Ballarat:
• Dr Nadejda Soukhoroukova, Data classification through nonsmooth optimisation,
principal supervisor: Alex Rubinov, associate supervisor: Adil Bagirov.
University of South Australia:
• Dr Julia Piantadosi, Optimal policies for storage of urban stormwater, supervisors:
Phil Howlett and John Boland.
• Dr Kathrine Rosenberg, Stochastic modelling of rainfall and generation of synthetic
rainfall data at Mawson Lakes, supervisors: John Boland and Phil Howlett.
University of Western Australia:
• Dr Sandra Pereira, Analysis of Spatial Point Patterns Using Hierarchical Clustering
Algorithms, supervisor: Prof Adrian Baddeley.
• Dr Jahar Choudhury, Competing Risks Models for the Analysis of Multivariate
Failure-Time Data: Applications to Biomedicine and Criminology, supervisors: Prof
Ross Maller and Dr Mike Thornett.
• Dr Ronald Monson, The Computer-Aided Verification of Mathematical Reasoning in
Education and the counting of satisfieable Instances of k-SAT, supervisor: Dr Kevin
Judd.
• Dr Tarn Duong, Bandwidth Selectors for Multivariate Kernel Density Estimation,
supervisor: Dr Martin Hazelton.

Mathematics-in-Industry Study Group 2005
The 21st Mathematics-in-Industry Study Group (MISG) is on track and is scheduled to be
at Massey University, Auckland, New Zealand on 24–28 th January, 2005.
A list of problems to be presented, along with registration details can be found on http:
//misg2005.massey.ac.nz.
Early registration is recommended. The annual ANZIAM conference is the following week
at Napier; about 6 hours drive south of Auckland.
At the time of writing (early October 2004), there are seven problems to be presented.
These cover engineering, biological, and logistical areas. There is only one problem from
Australia (on an aerodynamics feasibility) though strong efforts are being made to obtain
more. As the problem list is augmented, details will be added to the website.
We are fortunate that recognition of MISG has been given by New Zealand Government
agencies. Tech NZ (a Government agency which fosters scientific developments in liaison
with Industry) has expressed strong support and the Deputy Prime Minister of New Zealand
is giving the opening address on 24th January.
We welcome the strong involvement from all of the ANZ applied mathematician fraternity.
Further, links formed with us in South Korea and Thailand. These countries which currently
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desire to emulate MISG-style operations, are likely to be represented. We (Mark McGuinness, John Donaldson, Robert McKibbin and Graeme Wake) have visited these countries in
various roles during 2003–4 and strong interactions are being forged.
As reported in the AustMS Gazette 31 (2004), 218 in the article by Cheryl Praeger, the
Mathematics-in-Industry Study Group, now under the auspices of ANZIAM is one of the
more visible and successful initiatives in the ANZ mathematics scene, dating back to its
inception in 1984. Currently it is scheduled to be in Eastern Australasia (=NZ) for 2004 –
2006, and then will move back to Australia in 2007. The enlargement of this activity beyond
its present annual event is under discussion and input to this debate is welcome. Clearly
both countries need expansion in this area.
Meanwhile we look forward to high involvement in January 2005 in an unique first: both
the MISG and the ANZIAM Conference in New Zealand. Be assured the problems are
challenging and need your input, but a raft of opportunities will emerge.
Graeme Wake

Centre for Mathematics in Industry, Massey University, Auckland, New Zealand
E-mail: G.C.Wake@massey.ac.nz

Awards and other achievements
Professor Adrian Baddeley was presented the Pitman Medal for 2004 by the Statistical
Society of Australia (SSA). The Pitman Medal is the highest honour that can be bestowed
by the SSA, and it is awarded for achieving high distinction in Statistics which enhances the
international standing of Australia in this discipline.
Professor Cheryl Praeger has been chosen as a highly cited research author by the
ISI. http://www.ISIHighlyCited.com/ is the most recent in a series of projects at ISI
and Thomson-ISI to identify and honour researchers whose collected publications have received the highest number of citations across the past two decades. Being acknowledged by
Thomson-ISI as a Highly Cited Researcher means that an individual is among the 250 most
cited researchers for their published articles within a specific time-period.

Our local Primary Schools Mathematics Competition
Results are now in for the 24th Newcastle Permanent Building Society Primary Mathematics
Competition (see AustMS Gazettes 28 (2001), 269; 30 (2003), 49; 31 (2004), 29). This year
a record 16,314 students from years 5 and 6 competed from 244 local schools.
The winner is Malathi Siritharan from year 6, New Lambton Public School so that school
will again hold the “Our Town Shield” for the next year. Closely following is Cameron
Darragh from Year 5, Kanwal Public School.
Fred Bishop the founding Director of the Competition has seen participation grow from
2,337 students in 1981 to what is is today. Fred is retiring as Director and is to be succeeded
by Bob Aus in 2005.
John Giles
University of Newcastle, Callaghan NSW 2308
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Conferences
International Conference on Mathematical Inequalities and their Applications
6 – 8 December 2004, Victoria University, Melbourne
Web: http://rgmia.vu.edu.au/conference
BioInfoSummer, AMSI Summer Symposium in Bioinformatics
6 – 10 December 2004, Australian National University, Canberra
Web: http://www.maths.anu.edu.au/events/BioInfoSummer04/
6th International Conference on Optimization: Techniques and Applications
9 – 11 December 2004, University of Ballarat
Web: http://www.ballarat.edu.au/icota
2004 World Conference in Natural Resource Modelling
12 – 15 December 2004, RMIT, Melbourne
Web: http://www.ma.rmit.edu.au/2004RMAconference
The First International Workshop on Intelligent Finance (IWIF 1)
13 – 14 December 2004, Crown Promenade Hotel, Melbourne
Web: http://www.iwif.org
The 2004 NZIMA Conference in Combinatorics and its Applications and The
29th Australasian Conference in Combinatorial Mathematics and Combinatorial
Computing (29ACCMCC) (Joint Conference)
13 – 18 December 2004, Lake Taupo, New Zealand
Web: http://www.nzima.auckland.ac.nz/combinatorics/conference.html
CMA National Research Symposium - A Celebration of Modelling and Applied
Probability (in honour of Professor Joe Gani’s 80th Birthday)
14 – 15 December 2004, Australian National University, Canberra
Web: http://www.maths.anu.edu.au/events/sy2004/gani.html
APAC Summer School
10 – 21 January 2005, Australian National University, Canberra
Web: http://www.maths.anu.edu.au/events/apacss05/
ICE-EM/AMSI Summer School
10 January – 4 February 2005, Australian National University, Canberra
Web: http://www.maths.anu.edu.au/events/amsiss05/
Geometry: Interactions with Algebra and Analysis
January – June 2005, Auckland
Web: http://www.math.auckland.ac.nz/Conferences/2005/geometry-program
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Mathematics-in-Industry Study Group 2005
24 – 28 January 2005, Massey University at Albany, Auckland, New Zealand
Web: http://misg2005.massey.ac.nz
ANZIAM 2005: The annual ANZIAM Applied Mathematics Conference
30 January – 3 February 2005, Napier, New Zealand
Web: http://www.math.waikato.ac.nz/anziam05
CMA National Research Symposium: Levy Process Theory and its Applications
in Finance
4 – 5 March 2005, Australian National University, Canberra
Organiser: Professor Ross Maller
E-mail : Ross.Maller@anu.edu.au
16th Australasian Workshop on Combinatorial Algorithms (AWOCA)
21 – 24 September 2005, University of Ballarat
Organiser: Professor Mirka Miller
E-mail : pmanyem@linus.levels.unisa.edu.au or m.miller@ballarat.edu.au
Topics include: Algorithms and Data Structures, Complexity Theory, Graph
Theory and Combinatorics, Cryptography, Algorithms on Strings, Graph Algorithms, Graph Drawing, Computational Algebra and Geometry, Computational
Biology, Communications Networks, Probabilistic and Randomized Algorithms,
New Paradigms of Computation, and other topics in theoretical Computer Science.
Authors who would like to submit papers can contact Dr Prabhu Manyem or
Prof. Mirka Miller at the above email addresses.
49th Annual Meeting of the Australian Mathematical Society
26 – 30 September 2005, The University of Western Australia
Director: Lyle Noakes
E-mail : lyle@maths.uwa.edu.au
Web: http://www.maths.uwa.edu.au/~austms05/index.html
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Visiting mathematicians
Visitors are listed in the order of the last date of their visit and details of each visitor are
presented in the following format: name of visitor; home institution; dates of visit; principal
field of interest; principal host institution; contact for enquiries.
Prof. Denis White; University of Toledo; 3 to 24 November; Analysis and Geometry; ANU;
Prof. Alan Carey
Dr Emmanuel Russ; Universit dUAix-Marseille III; 22 to 29 November; harmonic analysis,
partial differential, equations and operator theory; MQU; Dr Xuan Duong
Mike Thorne; British Columbia Cancer Research Centre; July to November 2004; Combinatorics of Finite Sets, Bioinformatics; CDU; Dr Ian Roberts
Prof. Lincheng Zhao; University of Science & Technology of China; October to November;
–; UWA, Dr Jiti Gao
Prof. Z.M. Guo; Donghua U; September to November 2004; –; UNE; –
Prof. Bill Lampe; University of Hawaii; 7 November to 11 December; Universal algebra,
lattice theory; LTU; Dr Brian Davey
Prof. David Pike; Memorial University of Newfoundland; 15 October to 11 December; combinatorial designs and graph theory; UQL; Elizabeth Billington
Dr Miroslav Haviar; M. Bel University, Slovakia; 18 October to 18 December; Universal algebra, duality theory; LTU; Dr Brian Davey
Prof. Carlo Casolo; University of Firenze; 6 November to 18 December; Algebra and Topology; ANU; Dr Laci Kovacs
Dr Emmanuel Russ; Techniques de Saint-Jerome; 22 November to 18 December; Analysis
and Geometry; ANU; Prof. Alan McIntosh
Prof. Chaiho Rim; Chonbuk National University; 1 December to 22 December; –; UMB;
Paul Pearce
Prof. Pascal Auscher; University de Paris XI-Orsay; 10 December to 23 December; Analysis
and Geometry; ANU; Prof. Alan McIntosh
Prof Charles Leedham-Green; Queen Mary College, University of London; 14 November to
23 December; –; UWA; Cheryl Praeger and Alice Niemeyer
Dr Eamonn O’Brien; University of Auckland; 12 to 24 December; – ; UWA; Cheryl Praeger
and Alice Niemeyer
Dr Rachel Camina; DPMMS Centre for Mathematical Sciences, Cambridge; 17 August to 27
December 2004; –; UWA; Prof. Cheryl Praeger and Dr Alice Niemeyer
Prof. Chengxiu Gao; Wuhan University; 9 October to 31 December; –; UMB; Dr Sanming
Zhou
Dr Michael Levitan; USA; January to December 2004; –; UWA
Prof. Dongsheng Tu; Queen’s U; 1 February to 31 December; Statistical science; ANU; Profs.
Peter Hall and Sue Wilson
Mr Bard Stove; University of Bergen; 4 October to 31 December; –; UWA; Dr Jiti Gao
Dr Segiv Sagitov; Chalmers Unversity; 12 December 2004 to 10 January 2005; Branching
Processes; MNU; Professor Fima Klebanar
Prof. Giuseppe Mussardo; SISSA, Trieste; 1 November 2004 to 11 January 2005; –; UMB;
Paul Pearce
Prof. Gi-Sang Cheon; Daejin U, South Korea; 15 January 2004 to 15 January 2005; linear
algebra and combinatorics; ANU; Dr Ian Wanless
Prof John Miller; Trinity College; 13 December 2004 to 23 January 2005; –; UWA; Song
Wang
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Prof. Ralph Stohr; UMIST; 26 August 2004 to 25 January 2005; Algebra and Topology;
ANU; Dr Laci Kovacs
Prof. Chaohua Dong; China; 1 February 2004 to 31 January 2005; –; UWA
Prof. Karl Hofmann; Technische Universitat Darmstadt; 1 October 2004 to 31 January 2005;
topological groups and semigroups; UB; Sidney A. Morris
Prof. Dale Rolfsen; University of British Columbia; 1 November 2004 to 31 January 2005;
–; UMB; Prof. Hyam Rubinstein
Prof. Stefano Kasangian; University of Milan; 1 November 2004 to 31 January 2005; Category Theory; UNE; Dr I. Bokor
Prof. R.A. Bailey; Queen Mary University of London; 4 January to 4 February 2005; Design
of experiments; USA; Dr Chris Brien
Prof. Anthony Krzesinski; University of Stellenbosch; 14 January to 7 February 2005; –;
UMB; Dr Peter Taylor
Prof. Nick Wormald; University of Waterloo, Canada; 10 to 24 February 2005; –; UMB;
Prof. Hyam Rubinstein
Prof. Vladimir Rittenberg; Bonn University, Germany; 4 December 2004 to 28 February 2005;
–; UMB; Dr Jan DeGier
Prof. Jean Bertoin; University Pierre et Marie Curie; 1 March to 21 March 2005; Stochastic
Analysis; ANU; Prof. Ross Maller
Wahib Arroum; University of Southampton; 13 October 2004 to 31 March 2005; –; UMB;
Owen Jones
Prof. Alexander Alekseevich Borovkov; Sobolev Institute of Mathematics, Novosibirsk; 10 January to 10 April 2005; –; UMB; Dr Kostya Borovkov
Dr Alex Lindner; Technischen University Munchen; 16 January to 12 April 2005; Stochastic
Analysis; ANU; Prof. Ross Maller
Prof. Akos Seress; Ohio State University; July 2004 to July 2005; –; UWA; Prof. Cheryl
Praeger
Prof. Wen-Han Hwang; Feng Chia University; February to August 2005; Statistical Science;
ANU; Prof. Richard Huggins
Kim Levy; Universite de Montreal; 11 August 2004 to 1 August 2005; –; UMB; Felisa
Vazquez-Abad
Dr Ruth Kantorovitz; University of Illinois; 20 September 2004 to 20 September 2005; Algebra and Topology; ANU; Prof. Amnon Neeman
Prof. Robert Lipster; Tel Aviv University; 1 October 2004 to 30 September 2005; Stochastic
Processes; MNU; Prof. Fima Klebanar
Dr Aliki Muradova; Tblisi State University; 17 September 2003 to 17 September 2005; Advanced Computation and Modelling; ANU; Dr Markus Hegland
Eloim Gutierrez; Universite de Montreal; 10 September 2004 to 1 December 2005; –; UMB;
Felisa Vazquez-Abad
Prof. Kazem Mosaleheh; Shiraz University; 1 January to 31 December 2005; Analysis of
PDEs; MNU; Dr Alan Pryde
Prof. John Ryan; University of Arkansas: August 2005 to December 2005: Analysis and
Geometry; ANU; Prof. Alan McIntosh
Dr Shenglin Zhou; Shantou University; October 2004 to October 2006; –; UWA; Prof. Cheryl
Praeger

AustMS Accreditation
The secretary has announced the accreditation of:
Scott Wiggins, Queensland University of Technology, as a Graduate Member (GAustMS).

Nominations sought for the 2005 AustMS Medal
The Medal Committee for the 2005 Australian Mathematical Society Medal is now seeking
nominations and recommendations for possible candidates for this Medal. This is one of
two Medals awarded by the Society, the other being the George Szekeres Medal, which is
awarded only in even numbered years. The Australian Mathematical Society Medal will be
awarded to a member of the Society, who is under 40 years of age on 1st January 2005, for
distinguished research in the Mathematical Sciences.
For further information, please contact (preferably by email) the Chair of the 2005 Medal
Committee, Professor A.J. Bracken, Department of Mathematics, The University of Queensland, QLD 4072 (Email : ajb@maths.uq.edu.au). Nominations should be received by the
end of January 2005 at the latest.
Other members of the 2005 Medal Committee are:
Professor N. Trudinger (Outgoing Chair)
Professor C. Rogers (Incoming Chair)
Professor K. Horadam (One year)

Rules for the Australian Mathematical Society Medal
(1) There shall be a Medal known as “The Australian Mathematical Society Medal”.
(2) (i) This will be awarded annually to a Member of the Society, under the age of
40 on 1st January of the year in which the Medal is awarded, for distinguished
research in the Mathematical Sciences.
(ii) A significant proportion of the research work should have been carried out in
Australia.
(iii) In order to be eligible, a nominee for the Medal has to have been a member of
the Society for the calendar year preceding the year of the award; back dating
of membership to the previous year is not acceptable.
(3) The award will be approved by the President on behalf of the Council of the Society
on the recommendation of a Selection Committee appointed by the Council.
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(4) The Selection Committee shall consist of 3 persons each appointed for a period of 3
years and known as “Incoming Chair”, “Chair” and “Outgoing Chair” respectively,
together with a fourth person appointed each year for one year only.
(5) The Selection Committee will consult with appropriate assessors.
(6) The award of the Medal shall be recorded in one of the Society’s Journals along with
the citation and photograph.
(7) The Selection Committee shall also prepare an additional citation in a form suitable
for newspaper publication. This is to be embargoed until the Medal winner has been
announced to the Society.
(8) One Medal shall be awarded each year, unless either no one of sufficient merit is
found, in which case no Medal shall be awarded; or there is more than one candidate
of equal (and sufficient) merit, in which case the committee can recommend the
award of at most two Medals.
Elizabeth J. Billington
AustMS Secretary

