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Welcome to the July issue of the Gazette, in which the future directions of mathematical education in Australia feature heavily.
In Maths Matters, Gavin Brown reﬂects on his recent review of Education in Mathematics, Data Science and Quantitative Disciplines for the Group of Eight universities, and elaborates on the recommendations contained therein. Australian mathematics education also features in a communication from Michael Evans, in which
he supplies the background, motivations and details of the proposed Australian
Curriculum for Mathematics. Comments on the senior secondary curriculum may
be submitted to the Australian Curriculum, Assessment and Reporting Authority
(www.acara.edu.au) before 30 July. Finally, in the President’s Column, Nalini
Joshi suggests that gathering more detailed information from AustMS members
will help the Society eﬀectively represent all sectors of our membership, including
in the dialogue regarding the dire state of mathematical education.
All is not doom and gloom, however, for the future of mathematics! In this issue
we feature invited contributions from two up-and-coming early career researchers.
One of the 2008 T.M. Cherry prizewinners, Michael Haythorpe, details an interior point method for ﬁnding Hamiltonian cycles. Samuel Cohen (who won both
the 2009 T.M. Cherry Prize and the 2009 B.H. Neumann Prize) describes his
work in pricing and risk measurement with backward stochastic diﬀerential equations. On the other end of the career spectrum, Hyam Rubinstein demonstrates in
Mathematical Minds that, for him, mathematics is a cooperative and captivating
endeavour.
In this issue, Phill Schultz, a regular book reviewer, critiques a fascinating account of magic squares in Chinese culture. Gordon Royle reviews the intriguinglynamed Mrs Perkins’s Electric Quilt and Phill completes the trifecta with a look
at Mythematics: Solving the 12 Labours of Hercules. If you are interested in
reviewing a book for the Gazette, the list of available books is on our website,
www.austms.org.au/gazette.
We also include conference reports on ANZIAM 2010 and Phylomania, a technical
paper by David Gauld, Puzzle Corner 18 and news from AMSI, the Society and
members.
Enjoy reading this issue of the Gazette!

Nalini Joshi∗

In preparation for the panel discussion involving regional Heads of Mathematical
Societies from Asia in Seoul in December 2009, I went through the list of our
members at the time to do a small analysis of our distribution. As usual with
the perusal of any collection of numbers and records, I discovered more than I
expected and the results stirred up more questions than I could answer.
In December, we had 999 members1 . It came as a surprise to me to discover,
for example, that as many as 45% of our members are also members of the
ANZIAM Division and that we have an almost equal proportion of members
with mailing addresses in Asia (3.3%) as in North America (3.6%). While 12%
of our members are retired, not all of these reside in Australia. Only 55% of
our members are ordinary members, with the remainder being retired members,
reduced rate members, life members, reciprocal members, honorary members,
educational members and so on. The smallest proportion is the category of
sustaining members, of which we have three2 .
Questions that arose in my mind were how many of these members work in
or are associated with an educational establishment, such as a university or a
school? How many are in government research institutions, such as CSIRO or
DSTO? How many work in the commercial sector, such as in banks, trading
companies or consulting companies? Unfortunately, the details we currently ask
from our members do not provide us with this information. We cannot deduce the
information from our members’ contact addresses, because many provide personal
rather than work addresses.
One problem with the lack of such information is that without it, AustMS cannot
eﬀectively monitor and respond to issues from all of Australia’s professional
workforce in the mathematical sciences. Many of the individual responses I have
received from members of the public after the appearance of newspaper articles
or airing of interviews, on the parlous state of mathematics in Australia, are from
mathematically trained people who pursue the quantitative solution of problems
in the context of biological, ﬁnancial, defence or other applications in their work.
If we do not hear these people’s concerns within the normal processes of AustMS,
we cannot eﬀectively be their collective representative.
I know anecdotally that we have many members who do not work for universities
or schools. I know that when we run workshops for early career researchers, the
∗ E-mail:
1 It

President@austms.org.au

should be noted that we still count those who have not paid their membership fees in the
current year as members.
2 These members pay a modest $220 per year, which is double the ordinary rate of membership.
I encourage more of you to consider becoming sustaining members.
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term ‘researchers’ has caused sensitivities because it implies that we are restricting
our attention only to those who will work in universities. If we want to represent
members outside universities and schools, we will need to know more about issues
that concern them and give a voice to their concerns.
To make sure that we hear these voices, AustMS is pursuing an oﬀer from a member
to help design a survey. Take a moment to consider why you are a member of
AustMS: is it so that you can attend meetings, workshops and conferences? Is it
to support the profession? Is it to keep in touch with colleagues? Is it to maintain
accreditation? Or is it to continue to receive the Gazette and discounted access
to our journals? We have consulted longstanding members who are not in the
university sector to guide us on the design of the survey so that we can move
towards hearing more from those in the private and government sectors.
There are many other pieces of information I would have liked to have seen in
our membership list. One of these is gender. Of course in many cases, this
can be deduced from personal names. However, many members provide initials
rather than personal names. Also, conclusions drawn from personal names can
be erroneous, especially when the names do not originate from one underlying
culture.
I know that many would prefer not to provide such information. One development
on the horizon is to allow each member the right to determine and adjust whatever
additional information they provide by accessing their membership record securely
on our website. This process is well under way, with the help of our webmaster,
Dr Ross Moore.
Later in the year, the AustMS Council will also be considering a resolution
which, if approved, will have the eﬀect of swelling our membership numbers.
The resolution proposes free AustMS membership for all students enrolled in an
Australian tertiary institution for a period of up to ten years. This idea, discussed
by Council and by the Society at the Annual General Meeting in September 2009 in
Adelaide, was proposed in the hope that it will encourage undergraduate students
to sign up as members and continue their membership into their postgraduate
training period, if that is the way they go. Hopefully, the lengthy period of
membership would lead to an aﬀectionate continuing relationship with AustMS
in their subsequent career.
These are interesting times for the mathematical sciences in Australia. To have
more people outside the tertiary education sector become members and vocal
supporters would only add to the volume of our concern about the dire state of
mathematical education in our society.

Nalini Joshi has held the Chair of Applied Mathematics at the University of Sydney since 2002. In 2008, she was elected a Fellow of the
Australian Academy of Science. Her research focuses on longstanding
problems concerning the asymptotic and analytic structure of solutions to nonlinear integrable equations.

Quantitative disciplines in Australia
Gavin Brown∗

Having recently completed a review of Education in Mathematics, Data Science
and Quantitative Disciplines for the Go8 (Group of Eight) universities, I have a
natural core theme for reﬂection.
Let us begin by considering the Report itself. Its preparation was signiﬁcantly
aided by three factors. The ﬁrst of these was an outstanding Reference Committee which contained not only leading Australian mathematicians but also senior
representatives from engineering, statistics and economics. Secondly, the Go8 provided Alan Mackay, fresh from a distinguished career with the Australian Bureau
of Statistics, as coordinator/secretary. Finally, the terms of reference were suitably broad and by no means conﬁned to the Go8, although they commissioned the
review.
From the beginning I was very pleased to discover that there was no hint of tribalism within the Reference Committee. This does have its sinister side because we all
agreed that the state of the enabling discipline mathematics was poor, had deteriorated, and continues to deteriorate. There have been several recent broad reviews
which have demonstrated this and have made many long-term recommendations.
This is important but we decided to focus on some highlight problems and a small
number of recommendations capable of immediate implementation. Rather than
indulge in a culture of complaint we tried to ﬁnd recipes for self-help from universities, mathematicians, users of mathematics, and government. Australia faces
signiﬁcant problems in simply replacing skilled personnel in engineering, statistics and IT in the existing economy. That economy is also growing and, in some
cases, very quickly. Moreover we seek to shift more to a technology-based creative
economy. The development of an education resource base is essential and, without
major change, unattainable.
Good practice begins at primary school when some of the ﬁrst habits of thought
are laid down. Entry to primary teacher training is healthily competitive but does
not, of course, mandate mathematics. It is no surprise that many primary teachers are insecure over quantitative skills and several appear to suﬀer even from
math-phobia. The Universities of Newcastle and Wollongong have introduced
apparently highly successful units, taught by the mathematics departments, to
impart greater conﬁdence to primary teacher trainees, and RMIT has doubled the
numeracy component of its training.
∗ RiAus, The Science Exchange, PO Box 3652, Rundle Mall, SA 5000.
E-mail: LThomson@riaus.org.au
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It is self-evident that the assignment of a randomly selected member of a mathematics department seconded to a school of education would not necessarily enhance
the environment for trainee teachers but the Report makes a sharp recommendation nevertheless:
It is proposed that the Go8 should encourage dialogue between Faculties of
Education and Mathematics Departments with a view to introducing a component in the primary training program giving mathematical conﬁdence and
resources to future teachers. This would be taught by the Mathematics Department or School.

The important point is that the end-users, be it mathematicians or other quantitative disciplines, accept some responsibility and that there is a tangible outcome.
In later primary and early secondary school, international benchmark tests can
be interpreted as not too bad for Australia as far as technical achievement is
concerned. We are, however, heavily outperformed by most Asian countries who
participate, in particular Singapore, Taipei, Hong Kong and Korea. Finland also
stands out and, over recent years, we have regressed relative to the US and UK.
The statistic which worries me, although it is qualitative in nature, is the fact
that in Year 8 only 33% of Australian students retained a positive attitude to
mathematics compared with an international average of 54%. This points towards a recent ﬂood away from serious mathematics options in Years 11 and 12.
The Report recommends the raising of mathematics and science awareness in the
community and extra-curricular resource provision. These are matters central to
the mission of my current responsibility at the RiAus and highly relevant to the
Government’s Inspiring Australia agenda.
For the senior secondary level the Report quotes statistics which show that, from
1995 to 2007, the proportion of the Year 12 cohort (not counting International
Baccalaureate students) whose highest level of mathematical attainment was Elementary increased by almost 30%. During the same period, the proportion taking
Advanced Mathematics dropped by 27%.
What is particularly distressing here is that the term ‘advanced’ refers to the solid
mathematical background required for, say, a good engineering degree. It is not
an indulgent trip into the more esoteric realms of pure mathematics. Nevertheless
it is diﬃcult to ﬁnd teachers well-qualiﬁed to teach this with conﬁdence. This is
especially true of smaller regional centres so there is inherent unfairness in the
distribution of resources.
Much of the success of Finland, which performs outstandingly in international
benchmark tests, has been attributed to that country’s treatment of teachers —
well-paid, well-resourced and respected in the community. I believe that Australia
must set long-term goals in this regard.
Attempts have been made to understand student choice in Year 12 where it is
available. One obvious issue is to balance the later gain in preparedness for further
study against the immediate beneﬁt of high marks to facilitate entry to that study.
Students falling below the highest attainment level in mathematics often describe
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the advanced course as diﬃcult and unforgiving where there is no guarantee that
hard work will earn its reward in examinations.
It has been suggested that the way to ﬁx the problem is to persuade the universities to show more courage in demanding speciﬁc mathematical prerequisites.
Such a strategy ignores the social equity dimension and could have the eﬀect of
lowering numbers in quantitative disciplines at a time when we are already concerned about falling enrolments. Accordingly, the Report recommends that the
universities develop a systematic structure of enabling (remedial) programs which
allow students to gain the skills which are necessary for maintaining the standard
of degrees. This should, of course, be designed in such a way that it does not
disadvantage those who have acquired appropriate skills in high school.
Australia has a proud history of achievement in statistics, so it is painful to recognise that this discipline is now signiﬁcantly weak. There is a serious shortage of
practitioners who can apply existing methodology to a wide range of ﬁelds including the social sciences and the life sciences, and our university training programs
fall well short of demand. We lack also a strong group of researchers in probability
and statistics who push the boundaries of methodology and are linked with new
developments world-wide. (There remain some ﬁrst-rate individual achievers but
that does not constitute a stable base.) In fact the Academica Sinica in Taipei is
accepted as the leading intellectual hub for probability and statistics in our region,
with 37 full-time researchers in a cluster of excellence. The populations of our two
countries are of similar size.
We need to develop some basic statistical intuition in future citizen voters, whether
or not they proceed with study in a quantitative discipline, so that advertised
claims can be evaluated. We need researchers to have a still more sophisticated
sense of how their data can be interpreted and how their experiments should be
designed, even if, as is mandated by the NIH (National Institute of Health) in the
US, they will seek professional statistical advice.
That is another example where longer term investment is essential, but the Report
oﬀers some short-term recommendations. In particular we call upon universities to
pay heed to the structural deployment of statisticians within their institutions to
avoid regression to a model in which there are only isolated specialist consultants
attached to diﬀerent disciplines. Our own consultations provide conﬁdence that
bodies like the Australian Bureau of Statistics, CSIRO and employer groups will
co-operate strongly in strengthening postgraduate training in statistics.
An aspect of the statistics problem can be seen in mathematics departments, as a
whole. Many of these have shrunk to a size which is barely viable. Where matters
are more healthy it is usually because good relationships have developed over service teaching. There are certainly tales from the past describing the arrogance and
inﬂexibility of mathematicians acting as monopoly suppliers and driving engineering or economics schools to hire their own tutors to service local needs. Mathematicians and users alike are now so concerned about the shared enterprise that there
is considerable will to co-operate. The Report recommends that vice-chancellors
review their internal funding models and encourage eﬀective agreements for service
teaching.
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The remaining recommendation recognises the importance of an active research
culture to underpin everything else we have discussed. Moreover it is to the advantage of all if the Go8 can use its stronger position to invest in shared research
activities. One speciﬁc suggestion is that the Go8 could second personnel to AMSI
to assist with the organisation of thematic research network meetings. In comparable countries an organisation such as AMSI would be government-supported to
perform such a role and I believe that demonstrated self-help by the mathematical
community in Australia is a powerful way to show commitment.
The full Report is available on the Go8 website1 and the Go8 currently has an
implementation group at work. I have been pleased by much wider interest than
from the Go8 and hope that there will be further implementation, discussions
and ideas. Certainly there have been positive responses from mathematicians in
universities generally, from teachers’ associations, from engineers and other users,
from the Academy of the Social Sciences in Australia and from governments, state
and federal.
It is my fervent hope that this can be an early manageable part of the process of
rebuilding the base of mathematics and the quantitative sciences in Australia. I
look forward to a time when we are driven more by ambition than rehabilitation.

Gavin Brown AO FAA FRSE FRSN has been the Inaugural Director of RiAus since August 2008. Previously
Vice-Chancellor of Sydney and Adelaide Universities he
has honorary degrees from St Andrews, Dundee, Unitar,
Waseda and Sydney and serves on the boards of the Global
Foundation, the Joanna Briggs Foundation and the Experimental Arts Foundation. He is a fellow of the Australian
Institute of Company Directors and the Australian Institute of Management. He is past Chair of the Association
of Paciﬁc Rim Universities and his present task is to bring
science to the people, and people to science, by raising scientiﬁc awareness and the level of debate on issues arising
from science and technology.

1 www.go8.edu.au/storage/go8statements/2010/Go8MathsReview.pdf

Ivan Guo∗

Welcome to the Australian Mathematical Society Gazette’s Puzzle Corner No. 18.
Each issue will include a handful of fun, yet intriguing, puzzles for adventurous
readers to try. The puzzles cover a range of diﬃculties, come from a variety of
topics, and require a minimum of mathematical prerequisites to be solved. And
should you happen to be ingenious enough to solve one of them, then the ﬁrst
thing you should do is send your solution to us.
In each Puzzle Corner, the reader with the best submission will receive a book
voucher to the value of $50, not to mention fame, glory and unlimited bragging
rights! Entries are judged on the following criteria, in decreasing order of importance: accuracy, elegance, diﬃculty, and the number of correct solutions submitted. Please note that the judge’s decision — that is, my decision — is absolutely
ﬁnal. Please e-mail solutions to ivanguo1986@gmail.com or send paper entries to:
Kevin White, School of Mathematics and Statistics, University of South Australia,
Mawson Lakes SA 5095.
The deadline for submission of solutions for Puzzle Corner 18 is 1 September 2010.
The solutions to Puzzle Corner 18 will appear in Puzzle Corner 20 in the November
2010 issue of the Gazette.
Page numbers
Tom tore out several successive pages from a book.
The number of the ﬁrst page he tore out was 183,
and it is known that the number of the last page
has the same digits but in another order. How
many pages did Tom tear out altogether?

Fraction practice
Franny is practising her fractions on the blackboard. She starts with the following
row of 100 fractions:
1
1
1
1
1
···
.
1
2
3
99
100
For each of the 99 neighbouring pairs, she calculates the diﬀerence and writes
the answer in between the pair. Then she erases the original 100 fractions and
begins the same subtraction exercise on the 99 new fractions, to obtain 98 new
diﬀerences. Franny keeps going until she has one fraction left on the board, what
is that fraction?

E-mail: ivanguo1986@gmail.com
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Invisible point
A point P is marked on a plane with invisible
ink. A magical elf can see this ink but no-one
else can. You are given a particular square on
the plane, and your task is to ﬁnd out whether
P lies inside this square. You are allowed to
draw a straight line on the plane and ask the
elf on which side of the line the point P lies.
The elf will always answer truthfully. If P lies
on the line, the elf will say so as well. What is
the minimum number of times that you would
need to draw a line and ask the elf?
Diﬀering views
An optimist and a pessimist are examining a sequence of numbers. The optimist
remarks, ‘Oh jolly! The sum of any eight consecutive terms is positive!’ But the
pessimist interjects, ‘Not so fast, the sum of any ﬁve consecutive terms is negative.’
Can they both be right? How long can this sequence of numbers be?
Coin conundrum
There are coins of various sizes on a table, with some touching others. As often
as you wish, you may choose a coin, then turn it over, along with every other coin
that it touches. If all coins start out showing heads, is it always possible to change
them to all tails using these moves?
Rational points
(1) In the coordinate plane, is it possible to ﬁnd a 1001-sided polygon with all
sides equal and all vertices having rational coordinates?
(2) Is it possible to ﬁnd 1001 points in the plane with no three being collinear,
such that the distance between any pair of points is irrational but the area
of any triangle formed by any triple is rational?

Solutions to Puzzle Corner 16
The $50 book voucher for the best submission to Puzzle Corner 16 is awarded to
Joe Kupka. Congratulations!
Chocolate blocks
Solution by: Marston Conder
The minimum number of steps is mn − 1. In fact, every allowable way of breaking
up the chocolate block requires exactly mn − 1 steps. We start with one piece,
end with mn pieces, and each break increases the number of pieces by 1.

Puzzle corner 18
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Summing products
Solution by: Stephen McAteer
Let the required sum be S. We consider the product





N



1
1
1
1+
··· 1 +
.
T =
1 + 1i = 1 +
1
2
N
i=1
Expanding this product, we obtain a sum of terms. Each summand corresponds
to some choice of either 1 or 1i from each bracket in the original product. In other
words,

1
1

=1+
= 1 + S,
T =
i
i
P ∈P{1,2,...,N } i∈P

P ∈P{1,2,...,N }\∅ i∈P

where P{1, 2, . . . , N } is the set of all subsets of {1, 2, . . . , N }. Finally, we have
 

N 
N 

(N + 1)!
1
i+1
T =
=
=
=N +1
1+
i
i
N!
i=1
i=1
and S = T − 1 = N .
Sleepy students
Solution by: Gavin Brown
Consider closed intervals I1 , I2 , . . . , In on the number line, ordered by their starting
points. In other words
min(I1 ) ≤ min(I2 ) ≤ · · · ≤ min(In ).
Assume that Ij ∩ Ik ∩ Il = ∅ for all choices of distinct indices j, k and l. Then for
each index k > 1, the interval Ik can intersect with at most one other interval Ij
with j < k. Since each intersection of intervals can be uniquely identiﬁed by the
greatest index involved, and there is no interval before I1 , there can be at most
n − 1 nonempty intersections of the form Ij ∩ Ik , j < k.
Now let 10 intervals I1 , I2 , . . . , I10 represent the sleep periods of the students, and
assume that there is no nonempty triple intersection. By the above arguments
there can be at most 9 nonempty double intersections. However, we are told that
there are 52 = 10 of those, which is a contradiction. So there must be a nonempty
triple intersection. Note ﬁnally that the intervals come in ﬁve pairs, each of which
is a disjoint pair. This implies that no pair appears in a nonempty triple intersection, so we really do have three distinct students asleep at the same time.
Point in square
Solution by: Joe Kupka
Rotate BP C by 90◦ counter-clockwise about B to form BQA. By construction
BQP is a right isosceles triangle. Hence
QP 2 = BQ2 + BP 2 = 8.
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A

D
1
P

3
2
Q

3

2
C

B

Then we have

QP 2 + AP 2 = 9 = AQ2

so ∠AP Q = 90◦ . Therefore
∠AP B = ∠AP Q + ∠BP Q = 90◦ + 45◦ = 135◦ .
Baﬄing buckets
Solution by: Sam Krass
1. Consider the set of pebble numbers in modulo 3. In the beginning we have
{50, 100, 150} ≡ {2, 0, 1} = {0, 1, 2}.
This set is actually invariant under the operation, as the possible outcomes,
in modulo 3, are
{0 − 2, 1 + 1, 2 + 1} = {1, 2, 0};
{0 + 1, 1 − 2, 2 + 1} = {1, 2, 0};
{0 + 1, 1 + 1, 2 − 2} = {1, 2, 0}.
Hence the content of the three buckets can never be equal.
2. Label the buckets by B1 , B2 , . . . , B100 in clockwise order, and let the number
of pebbles contained by a1 , a2 , . . . , a100 respectively. Deﬁne the operation of
removing two pebbles from Bi as a move by Bi .
If there is ever a move by the bucket Bi , the aﬀected pebble values are
ai−1 → ai−1 + 1;

ai → ai − 2;

ai+1 → ai+1 + 1.

In particular, the value of ai+1 has increased. In order to restore the original
pebble numbers, there must be a move by Bi+1 at some point because that
is the only move which decreases the value of ai+1 .
Hence if any bucket makes a move, then each of its neighbours also needs to
make a move. By repeating the argument, every bucket makes at least one
move.
Now, the net eﬀect of every bucket making a move is zero. Since the order of
moves does not aﬀect the outcome (allowing for negative pebble values), we
can disregard those 100 moves and are left with the same problem. Therefore
the total number of moves must be a multiple of 100.

Puzzle corner 18
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3. Consider the set S of all possible triples of pebble numbers b = {b1 , b2 , b3 },
reachable by the doubling move. Since the total number of pebbles is ﬁnite,
there must exist a triple with a minimal pebble value. In other words, there
exists a triple g = {g1 , g2 , g3 } ∈ S with
min(g) ≤ min(b)

for all b ∈ S.

Without loss of generality let g1 ≤ g2 ≤ g3 . Assume it is not possible to
empty a bucket, so g1 > 0, then we can write g2 = kg1 + r where 0 ≤ r < g1 .
Consider the binary expansion of k
m

k=
ai 2i where ai = 0 or 1, 0 ≤ i < m; am = 1.
i=0

Now we will double g1 a total of m + 1 times in the following manner. On
the ith turn, use g2 if ai−1 = 1, otherwise use g3 . The triple at the end of
these moves can be computed to be

m
m


2m+1 g1 , g2 −
ai 2i g1 , g3 −
(1 − ai )2i g1
i=0

i=0

= {2m+1 g1 , g2 − kg1 , g3 − (2m+1 − 1 − k)g1 }.
To check that this triple is indeed still in S, we just need to check that the
terms are nonnegative. Clearly 2m+1 g1 > 0 and g2 − kg1 = r > 0. For the
remaining term, note that k ≥ 2m . So
g3 − (2m+1 − 1 − k)g1 > g3 − kg1 ≥ g3 − g2 ≥ 0
as required. But now there are r < g1 pebbles in one of the buckets, which
contradicts the minimality of g. Therefore we must have g1 = 0, and it is
always possible to empty a bucket.

Ivan is a PhD student in the School of Mathematics and
Statistics at The University of Sydney. His current research involves a mixture of multi-person game theory and
option pricing. Ivan spends much of his spare time playing
with puzzles of all ﬂavours, as well as Olympiad Mathematics.

Hyam Rubinstein∗

Gazette: What led you to become a mathematician?
Rubinstein: I discovered numbers at a young age, inﬂuenced by my mother Gertrude (Masters degrees in Chemistry and Zoology) and eldest brother Martin (I
am third of six boys) and recall doing lots of arithmetical exercises and deciding
very early that mathematics was my career choice. It is a fortunate life to do what
you love as a profession.
At Melbourne High School, I had some exceptional teachers: George Rowney in
physics, Trevor Stanning for applied mathematics and Roy Maher for pure mathematics. Melbourne High School valued all forms of activity, science and arts,
music and politics as well as the ubiquitous sports. I formed a triumvirate with
Albert Langer and Arthur Kaletzky. Albert became a well-known political agitator during and after the Vietnam period. At university, he skipped most classes to
engage in organising and stirring and used to borrow my notes, two weeks before
exams, and still got ﬁrst class honours in mathematics.
Gazette: Students usually ﬁnd arithmetical exercises tedious. Why did they captivate you?
Rubinstein: I loved the patterns of numbers and found mental arithmetic fun.
At Melbourne High, Albert was reading very advanced mathematics and I tried
to catch up, starting with linear algebra. My eldest brother Martin (a contemporary of Terry Speed and Frank Barrington) had gone oﬀ to Berkeley to study
mathematics and sent me Kurosh’s books on groups and Dieudonne’s on analysis.
Kurosh was a real revelation — full of beautiful ideas and introducing me to the
formal approach to mathematics.
Gazette: After high school, was mathematics still your main interest?
Rubinstein: I was always interested in politics and, through my mother and brothers, music and literature. But mathematics was my real passion. I went to Monash
University and was inﬂuenced there by many people, especially Terry Speed, Emmanuel Strezlecki and George Virsik. Terry had shifted from Melbourne University
to Monash University to do his PhD and told me that the program at Monash
was more exciting than at Melbourne, which was going through a lean period.
George had come out from Czechoslovakia during the brief spring period in 1968
and taught us beautiful, rather abstract courses on algebraic topology and diﬀerential geometry. I was hooked and spent a year going through Spanier’s book on
algebraic topology, even doing the hundreds of exercises!
∗ Department
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I took many courses in pure mathematics, applied mathematics, statistics and
physics at second year, but by third year I decided that pure mathematics and
statistics were my main interests as these areas appealed to me the most. Monash
University had so many interesting courses and it was impossible to do them all.
It is regrettable that Australian universities no longer have such rich oﬀerings. I
never thought of doing anything except mathematics until later on, although I did
seriously consider majoring in statistics rather than pure mathematics at graduate
level.
Gazette: Where did you do your PhD?
Rubinstein: I followed my brother Martin to the University of California at Berkeley and had a wonderful mathematical education. Monash had prepared me well
for most of what I needed. Initially my intention was to do algebraic topology
but I found the current research (at the time) rather technical and liked more
geometrical ideas. I dabbled in dynamical systems — Berkeley was a top centre
with Smale and his colleagues — but I had started reading some of Stallings’ classic papers on geometric topology and when he returned from extended leave, I
became his student. He gave me an interesting problem to work on, which took
about 18 months and several failed attempts to solve.
Gazette: Most graduate students would ﬁnd it demoralising to fail to solve this
interesting problem. Was it? Why did you persevere?
Rubinstein: Stallings was very encouraging — the smallest amount of progress was
always discussed enthusiastically to give me more conﬁdence. Stallings was most
likely the reviewer of a wonderful paper by Laudenbach in the Annals of Mathematics, which was the basis of my thesis problem. I really enjoyed reading and
rereading Laudenbach’s paper and I ﬁnally found the trick required to adapt his
method to the new situation.
Gazette: What led you back to Australia?
Rubinstein: After Berkeley, my wife Sue was homesick, so I applied for jobs all
around Australia. It was the time of the recession after the ﬁrst oil shock and only
Melbourne University oﬀered me a short-term postdoctoral position, due to the
recommendation of Simon Rosenblat. Simon was working on bifurcations in ﬂuid
dynamics and thought that a geometric topologist might help. I was again fortunate, even though I never did contribute to this, and held on to get a lectureship.
At one stage I did contemplate changing careers, perhaps to engineering, since the
job situation was very diﬃcult.
At this time, Jim Cross was the sole other person in Melbourne working in geometry (or topology) and I appreciated talking to him. By chance, Tom Price from
Iowa came to Melbourne and showed me a fascinating problem about a threedimensional spherical space form, that is, the quotient of a ﬁnite group of isometries acting on the three-sphere, without ﬁxed points. This three-manifold appears
naturally, when studying embeddings of the projective plane in four-dimensional
Euclidean space, as the boundary of a small neighbourhood of the surface. This
led to many interesting problems and my research took oﬀ.
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Gazette: What areas of mathematics do you work in?
Rubinstein: I became very interested in minimal surfaces. There had been a ‘parallel’ development of ideas in three-dimensional manifolds and minimal surfaces,
which was brought together by the great work of Meeks, Schoen, Simon, Yau and
then picked up by many geometric topologists such as Hass, Freedman, Scott. A
fortuitous study leave was spent at Princeton in 1982. Yau asked me to report
to him on a recent PhD thesis of Frank Smith, supervised by Leon Simon. Yau
thought I should already know about this, but in fact, at that stage had not followed all the lectures on geometric measure theory at Melbourne University. So I
had to catch up quickly and found the thesis a fantastic piece of work. It became
a centrepiece of my ideas.
Frank had extended a previous thesis of Jon Pitts. Pitts and I ended up working
together, with Leon’s encouragement and produced a general way of ﬁnding explicit minimal surfaces in Riemannian three-manifolds using a minimax or sweepout method. This can be viewed as the mountain pass lemma in the space of
embedded surfaces. Later, Bus Jaco and I developed a useful polyhedral theory of
minimal surfaces, which removed some of the need for diﬃcult analysis/geometric
measure theory and I found a polyhedral sweepout technique, which is now called
almost normal surface theory.
Another fortunate occurrence was a visit of G. Tsagas, a ﬁne analyst from Thessaloniki. He and I worked through Hamilton’s great ﬁrst paper on Ricci ﬂow for
three-manifolds of positive Ricci curvature. In 1992 I met Perelman at Berkeley
and we chatted about diﬀerent approaches to geometrisation, including Ricci ﬂow.
Around 1987, I started working with Doreen Thomas on shortest networks, which
are one-dimensional minimal surfaces. We made contributions to the solution of
the Steiner ratio conjecture, by introducing both local and global methods from
the calculus of variations. The network group expanded, with Jia Weng, Marcus
Brazil, Nick Wormald and Peter Grossman joining. Under the inﬂuence of David
Lee, we turned our attention to problems in the design of access to underground
mines. This has been a challenging but worthwhile enterprise lasting for more than
ten years. We have built software based on new algorithms for shortest networks
in three-dimensional space, satisfying restraints on curvature and gradient, with
barrier avoidance and weightings on diﬀerent components, measuring haulage and
development costs. We hope to license this to a mining software company, so that
it can be supported and widely distributed.
Gazette: Your work in underground mines seems very ‘applied’ and atypical of
your other research interests. Is it?
Rubinstein: Underground mining is a superb area, both for the interesting mathematical challenges and also the issue of producing something which people want to
use, that is, something that is relevant to real operations, not just idealised ones.
Gazette: On the subject of postgraduate students and collaborators. . .
Rubinstein: I have had many superb postgraduate students and this has been a
highlight of academic life in Melbourne. Iain Aitchison and Craig Hodgson were
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Masters students who became colleagues. I have had a long and productive collaboration with Iain on polyhedral diﬀerential geometry. There have also been many
collaborators and research fellows who I have enjoyed working with, including Bus
Jaco and Marty Scharlemann. Bus and I share an appreciation for triangulations
and algorithms in low-dimensional topology, plus good red wine. Marty and I
worked on a method to compare two handlebody decompositions, which proved
to be a very eﬀective tool. Currently Joel Hass and Abby Thompson are visiting
from Davis for six months and we are having a lot of fun thinking about diﬃcult
problems.
Gazette: Do you prefer working independently or with others?
Rubinstein: I really prefer collaboration to working alone. Bouncing ideas around
is very much the practice I like to follow. Often two or three collaborators can
bring completely diﬀerent viewpoints which is much more eﬀective. Also, being
rather ineﬃcient, if I have a collaborator I feel guilty and am more likely to get
projects ﬁnished!
Gazette: In which direction is your research going now?
Rubinstein: There continue to be opportunities to explore diﬀerent uses of mathematics. Recent examples include: some network analysis for a paper with some
French physicists on conﬁnement of quarks, Lie group methods with Peter Hall and
Peter Bajorski on principal component analysis, and a connection between hyperplane arrangements and compression schemes in statistical learning theory with
my son Ben who has just graduated from Berkeley, following the family tradition.
Gazette: You were the Chair of the working party of the National Strategic Review
of Mathematical Sciences Research, which delivered its report in 2006. What do
you think about the present state and the future of mathematics in Australia?
Rubinstein: The various reviews of mathematical sciences have raised awareness
about the challenges facing mathematics and statistics, but a coordinated action
plan from government still seems a distant hope.
We produce outstanding mathematical talent in Australia but there is no deep
appreciation of the power of mathematics and statistics to contribute to all areas of
society. I remain cautiously optimistic that eventually the mathematical sciences
will get the support they need, but it is vital that we continue to communicate
with engineers, economists, actuaries, computer scientists, biologists etc. and help
them wherever possible.
Gazette: Of which achievement are you most proud? What has been the highlight
of your career so far?
Rubinstein: Certainly the solution of the three-sphere recognition problem and
being invited to talk about this at the International Congress of Mathematicians
in Zurich in 1996. At the time I did not realise that this was so signiﬁcant, but
there has been much subsequent development of algorithms to solve problems in
low-dimensional topology.
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Gazette: Why do you do mathematics?
Rubinstein: My wife says that I am addicted and so I should not retire, as I
would just continue doing mathematics. Seriously, mathematics is a wonderful
occupation and there are endless new interesting developments to learn as well as
problems to tackle. Moreover, the mathematics community is full of interesting
characters.

Hyam is Chair of the National Committee for Mathematical Sciences and was the Chair of the working party of the
2006 National Strategic Review of Mathematical Sciences Research. He is interested in geometric topology, diﬀerential geometry, shortest networks, machine learning and design of underground mines. He has been a Professor at Melbourne University since 1982 and has supervised more than 20 masters
and PhD students.

Report on Phylomania
(University of Tasmania’s theoretical phylogenetics meeting)
Peter Jarvis∗

Phylogenetics is concerned with the problem of reconstructing the evolutionary history of extant organisms from present-day molecular data such as DNA. Currently,
there is much interest in further development of the mathematics that underlies
computational phylogenetic methods. Hidden from view, in software packages
used by biologists, are algorithms performing statistical inference using Markov
models on binary trees. The mathematics involved represents a wonderful conﬂuence of stochastic methods and probability theory (Markov chain models), discrete
mathematics (combinatorics of tree space), statistical inference (maximum likelihood and Bayesian methods) and, more recently, methods taken from algebraic
geometry and the representation theory of ﬁnite and inﬁnite (Lie) groups. The
latter methods fall under the heading of the emerging ﬁeld of ‘algebraic statistics’.
There are many important theoretical problems that arise, such as statistical identiﬁability of models, consistency and convergence of methods. These problems can
only be solved using a multi-disciplinary approach. Phylomania sought to bring
together leading bio-mathematicians in this area, with the aim of attacking some
of the more pressing problems.
Phylomania was held at the School of Mathematics and Physics, University of
Tasmania from 29–30 October 2009. The meeting came about as a result of the
work of our group and contacts in mathematical biology and phylogenetics over
the last few years. We especially acknowledge the hospitality and support provided
to us by our New Zealand colleagues in our endeavours, several of whom came to
Tasmania as a result. Earlier initiatives in this direction include proposals put to
the organisers of the ANU Summer School series of meetings as long as ten years
ago for a meeting along these lines, and also the recent activities around the bid
for a biomaths ARC network.
The main goal of Phylomania was to provide an international meeting held in
Australia to facilitate the development of theoretical problems in phylogenetics.
Phylomania provided a much-needed bringing together of researchers in phylogenetics with a strong focus on theoretical problems. It was universally acknowledged that there is a niche for such a meeting in Australia, and indeed there are
plans to run the meeting annually on a self-funded basis starting with Phylomania
∗ School of Mathematics and Physics, University of Tasmania, Private Bag 37, Hobart, TAS 7001.
Email: jarvis@oberon.phys.utas.edu.au
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2010. Thus the contribution of the sponsors has provided a fantastic basis for the
regular continuation of this meeting. We are in touch with colleagues at the Australian Centre for Ancient DNA (University of Adelaide) who have been running
the ‘Naracoorte’ series of meetings (most recently at Port Elliot) and we wish to
dovetail or complement our meetings with theirs in future.
There were 12 talks of 50 minutes each over the two days, and 19 registered
participants in total, with informal attendance at a couple of talks from local colleagues in the School of Plant Science (University of Tasmania) and the Institute
for Antarctic and Southern Ocean Studies (IASOS). The conference was opened
on behalf of the University of Tasmania by the Dean of Science, Professor Jim
Reid (Plant Science). All submissions of abstracts were accepted. The breakdown
of attendees was 13 local and six international (three students, four Early Career
Researchers and 12 established researchers) and included three invited speakers:
Stefan Gruenewald and Li Qiang (both from CAS-PICB, the Chinese Academy of
Sciences Partner Institute for Computational Biology) and John Rhodes (University of Alaska).
Phylomania greatly strengthened the existing collaborations between the organisers (Jeremy Sumner and Peter Jarvis) and many of the attendees, in particular
Barbara Holland (Massey University), John Rhodes (University of Alaska) and
David Bryant (University of Auckland). The timetable, overheads of talks, abstracts and other details are available on the conference web pages, http://wwwtheory.phys.utas.edu.au/mini meeting/meeting.html.
The conference included morning and afternoon teas for delegates and catered
sandwich lunches. Activities included a Thursday evening counter meal, as well
as a bushwalk on Mount Wellington for visitors over the weekend.
The meeting was sponsored by the University of Tasmania, the School of Mathematics and Physics, the Australian Mathematics Society, and the ARC complex
systems network COSnet (the latter two each provided conference grants of $3500).
We were delighted to be able to return more than half of these funds pro rata to
each of these major sponsors, because a couple of the speakers originally invited
had other commitments, or illness, and others were kind enough to pay their own
travel.

157

ANZIAM 2010
The 46th Applied Mathematics Conference
Nicole Walters∗ and Alex James∗∗

The 46th annual ANZIAM Conference was held between 31 January and 4 February 2010 at the Rydges Hotel in Queenstown, New Zealand. The conference was
attended by approximately 150 people including over 40 students from as far aﬁeld
as Europe and the USA.
In total, 144 contributed talks were presented, including 41 given by students.
The four parallel sessions included a dedicated SigmaOpt optimisation stream on
Monday and Tuesday, and a Mathematical Biology stream for the duration of the
conference. The contributed talks covered a wide range of topics in applied and
industrial mathematics. This breadth of interest was also noticeable in the list of
invited talks:
• Song-Ping Zhu (University of Wollongong), ‘Pricing ﬁnancial derivatives with
and without stochastic volatility’;
• Carlo Laing (Massey University), (2008 J.H. Michell medallist), ‘Spiral wave
chimeras’;
• Lee White (University of South Australia), ‘Fluid motion in nano-ﬁlms of
hard disc lubricants’;
• Alan Champneys (University of Bristol), ‘Mathematical models for the active
process of hearing in insects and mammals’;
• Matt Visser (Victoria University of Wellington), ‘Horava gravity’;
• Ruth Williams (University of California, San Diego), ‘Resource sharing in
stochastic networks’;
• Antoinette Tordessillas (University of Melbourne), ‘The wonderment of the
ﬁnger and d’Alembert’s dream’;
• Scott McCue (Queensland University of Technology) (2009 J.H. Michell
medallist), ‘Hole-closing problems in ﬂuid mechanics, heat conduction and
mathematical biology’;
• Danny Ralph (University of Cambridge), ‘Risk averse investment in a perfect
competition setting’.
Overall, there was an excellent standard presented in the invited and contributed
talks, which was eﬀectively communicated to the audience with a good level of enthusiasm. An interesting feature of the conference was the choice of session chairs.
∗ School of Mathematics, Statistics and Operations Research, Victoria University of Wellington,
PO Box 600, Wellington 6140, New Zealand. Email:14.nicole@gmail.com
∗∗ Department
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Bob Anderssen, Graeme Wake and Tim Marchant

Usual practice is to select the great and the good from amongst our esteemed
colleagues to chair sessions. This year ANZIAM oﬀered the chairing roles to the
student delegates who took up the challenge with much enthusiasm.
The conference dinner was held at the Rydges Hotel on Wednesday evening. A
highlight of the dinner was the presentation of awards to outstanding researchers in
various stages of their careers. The ANZIAM medal, recognising research achievements in applied or industrial mathematics and contributions to ANZIAM, was
awarded to Robert Anderssen (CSIRO). The recipient of the A.F. Pillow Applied
Mathematics Top-up Scholarship, valued at $10 000 per annum for up to three
years, was Alexander Badran (University of Wollongong). The T.M. Cherry Prize
for the best student presentation was won by Lewis Mitchell (University of Sydney). Larry Forbes (University of Tasmania) won the Cherry Ripe Prize for the
best non-student talk. For an amusing history of the award, which is selected by
the students, see http://www.austms.org.au/Gazette/1995/Aug95/cherry.html.

Alexander Badran

Lewis Mitchell
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The sponsors of the meeting included the Australian Mathematical Society, ANZIAM, the
University of Otago, the University of Canterbury, the Biomathematics Research Centre (at
the University of Canterbury), HRS (Hoare Research Software), the Society for Industrial and
Applied Mathematics (SIAM), and Taylor &
Francis Group.
ANZIAM 2010 was a very social event and the
organising committee couldn’t have picked a
better location — Queenstown is breathtaking.
The views from the Remarkables Room were
spectacular, although the curtains were soon
closed — one suspects so that more attention
Larry Forbes
was paid to the presentations, rather than the
views! The weather was amazing, which helped
on Tuesday afternoon when attendees were free to enjoy the many activities on
oﬀer in Queenstown, both sedate and more extreme in nature! Many participants
went hiking nearby — either stopping at the Skyline gondola or making it various
distances towards the Ben Lomond peak (including those that went all the way to
the top). Other activities included a boat trip and a winery tour.
The hard work of the local organising committee, Boris Baumer (co-chair), Alex
James (co-chair), Misi Kovacs (treasurer), Carlo Laing, Mike Plank and Mick
Roberts, resulted in a very successful and well-organised conference which was
enjoyed by many. We also thank the many people who contributed to the smooth
running of the event.

160

The Australian Curriculum for Mathematics
Michael Evans∗

A discussion of the writing and implementation of an Australian curriculum has
been taking place over the past two decades. In the following, a brief summary of
the pathway to the formation of the drafts for K–12 curriculum in mathematics is
given and the structure of the mathematics courses is outlined. The information
presented here has been derived from press releases from the Australian Curriculum, Assessment and Reporting Authority (ACARA) and from their web site1 .
In April 2008 the inaugural meeting of the interim National Curriculum Board was
held in Canberra. Professor Barry McGaw AO was appointed as the Chairman
of this board. Consultation began in June of that year with key stakeholders. At
this inaugural meeting the then Deputy Prime Minister, Julia Gillard, reinforced
the importance of the collaborative process being undertaken, and the essential
role that Australian and international evidence will play in creating a national
curriculum which underpins world-class education outcomes. ‘We have a rare opportunity here to create a curriculum which helps achieve educational excellence
across the whole community and it should be shaped by the best material and
experience there is,’ Ms Gillard said.
The ACARA board was announced in May 2009 with Professor Barry McGaw AO
as Chairman. ACARA is responsible for:
• a national curriculum from Kindergarten to Year 12 in speciﬁed learning
areas,
• a national assessment program aligned to the national curriculum that measures students’ progress,
• a national data collection and reporting program that supports analysis, evaluation, research and resource allocation and accountability and reporting on
schools and broader national achievement.
Why have an Australian Curriculum?
In 2008, all Australian governments agreed that a quality education for all young
Australians is critical to maintaining Australia’s productivity and quality of life.
They agreed that a national curriculum would play a key role in delivering quality education, and committed to the development of a K–12 national curriculum,
initially in the areas of English, mathematics, science and history.
∗ Australian
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Subsequently, all Australian education ministers committed to a set of educational
goals and actions to better prepare young people for participation in a changing
and increasingly globalised world. One of these actions was the development and
implementation of a national curriculum.
It is widely accepted that Australia should have one curriculum for school students, rather than the eight diﬀerent arrangements that exist at the moment. The
commitment to develop an Australian Curriculum means that:
• the individual and combined eﬀorts of states and territories can focus on how
students’ learning can be improved to achieve the national goals, regardless
of individual circumstances or school location;
• greater attention can be devoted to equipping young Australians with those
skills, knowledge and capabilities necessary to enable them to eﬀectively engage with and prosper in society, compete in a globalised world and thrive in
the information-rich workplaces of the future;
• high-quality resources can be developed more eﬃciently and made available
around the country;
• there will be greater consistency for the country’s increasingly mobile student
and teacher population;
• what young people should be taught and the quality of learning that is expected of them will be made clear in the Australian Curriculum. At the same
time, it will provide ﬂexibility for teachers and schools to build on student
learning and interest.
Whilst the Australian Curriculum will outline the scope of what is to be learned, it
will be teachers in classrooms who will make decisions about how best to organise
learning, the contexts for learning and the depth of learning that will be pursued
for each child in their class.
The national curriculum for mathematics
The writing of the draft K–10 Australian curriculum for mathematics began in
May 2009 and appeared on their website for consultation in February 2010. This
consultation process concluded at the end of May 2010. The writing of the draft
Years 11 and 12 curriculum began in August 2009 and is now on the ACARA
website. It is possible to comment on this draft until the end of July. Senior
secondary curriculum achievement standards will be developed through 2010.
The K–10 mathematics curriculum
The three content strands in the Australian K-10 curriculum will be as follows.
Number and algebra. In this content strand the concentration in the early years
will be on number, and, near the end of the compulsory years, on algebra. An
algebraic perspective can enrich the teaching of number in the middle and later primary years, and the integration of number and algebra, especially representations
of relationships, can give more meaning to the study of algebra in the secondary
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years. This combination incorporates pattern and structure and includes functions, sets and logic.
Measurement and geometry. While there are some aspects of geometry that have
limited connection to measurement, and vice versa, there are also topics in both
for which there is substantial overlap, including newer topics such as networks. In
many curricula the term ‘space’ is used to cover mathematical concepts of shape
and location. Yet many aspects of location, for example maps, scales and bearings,
are aligned with measurement. The term ‘geometry’ is more descriptive for the
study of properties of shapes, and also gives prominence to logical deﬁnitions and
justiﬁcation.
Statistics and probability. Although teachers are familiar with the terms ‘data’
and ‘chance’, the terms ‘statistics’ and ‘probability’ more adequately describe the
nature of the learning goals and types of student activity. For example, it is not
enough to construct or summarise data — it is important to represent, interpret
and analyse it. Likewise, ‘probability’ communicates that this study is more than
the chance that something will happen. The terms provide for the continuity of
content to the end of the secondary years and acknowledge the increasing importance and emphasis of these areas at all levels of study.
Proﬁciency strands
The four proﬁciency strands in the Australian mathematics curriculum will be as
follows.
Understanding, which includes building robust knowledge of adaptable and transferable mathematical concepts, the making of connections between related concepts, the conﬁdence to use the familiar to develop new ideas, and the ‘why’ as
well as the ‘how’ of mathematics.
Fluency, which includes skill in choosing appropriate procedures, carrying out
procedures ﬂexibly, accurately, eﬃciently and appropriately, and recalling factual
knowledge and concepts readily.
Problem solving, which includes the ability to make choices, interpret, formulate,
model and investigate problem situations, and communicate solutions eﬀectively.
Reasoning, which includes the capacity for logical thought and actions, such as
analysing, proving, evaluating, explaining, inferring, justifying, and generalising.
The development of the Australian mathematics curriculum oﬀers a wonderful opportunity to revitalise the experience of all mathematics learners in a way that
respects equity considerations. A key ﬁrst step is to aﬃrm a commitment to ensuring that all students experience the full mathematics curriculum until the end of
Year 10, and with schools developing relevant options preserving, for all students,
the possibility of further mathematics study. This signals to systems and schools
the requirement to ensure structures are inclusive, and that support is available
for students who need it.
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One aspect of making the mathematics curriculum accessible is to emphasise the
relevance of the content to students. Any mathematical concept or skill can be
introduced by drawing on practical situations and so the purpose of the study is
more obvious, and the mathematics is made more meaningful.
The curriculum must also provide access to future mathematics study. It is essential, for example, that all students have the opportunity to study algebra and
geometry. The US National Mathematics Advisory Panel (2008)2 argues that participation in algebra is connected to ﬁnishing high school; failing to graduate from
high school is associated with under-participation in the workforce and high dependence on welfare. The study of algebra clearly lays the foundations not only for
specialised mathematics study but also for vocational aspects of numeracy. Yet the
study of algebra represents a challenge for many students during the compulsory
years, and serves to exclude some students from further options.
There is now an opportunity to rethink the curriculum in the early secondary years.
The intention is to increase student access to relevant and important mathematics,
with a particular focus on ensuring that algebra and geometry are developed in
meaningful and interesting ways.
The senior secondary mathematics courses
There are four courses for Years 11 and 12 mathematics. Each course has been
divided into four units, typically for completion over four semesters. The courses
are diﬀerentiated, each focusing on a pathway that will meet the needs of a particular group of senior secondary students. The names of the courses at present
are:
Course A (Essential Mathematics)
Course B (General Mathematics)
Course C (Mathematical Methods)
Course D (Specialist Mathematics)
Course A (Essential Mathematics) has been designed as a standalone subject.
However consideration has been given to those students who may wish to pick up
a mathematics course at unit 3, having previously not studied mathematics in the
senior years, or who have studied units 1 and 2 of Course B.
Course A focuses on using mathematics to make sense of the world. The emphasis
is on providing students with the mathematical knowledge, skills and understanding to solve problems and to undertake investigations in a range of workplace,
personal, training and community settings. There is an emphasis on the use and
application of information and communication technologies in the course. The
topics in this course include measurement, ﬁnancial mathematics and statistics.
Course B (General Mathematics) has been designed to stand alone or to be studied in conjunction with Course C (Mathematical Methods). Students may choose
to move from Course B to Course A at the end of units 1 or 2.
2 See

http://www2.ed.gov/about/bdscomm/list/mathpanel/report/ﬁnal-report.pdf.
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General Mathematics aims to equip students with the conﬁdence, understanding,
skills and strategies to apply mathematical and statistical techniques to the analysis and solution of problems. The course provides an introduction to some areas
of statistics and discrete mathematics, including ﬁnancial mathematics. General
Mathematics is designed for students who wish to undertake further studies in areas such as agricultural science, the health sciences, biology, psychology, sociology,
political science, business studies and education. In all of these areas, mathematical and statistical knowledge can facilitate understanding, problem solving and
decision-making.
Course C (Mathematical Methods) has been designed as a standalone course or
to be taken in conjunction with General Mathematics (Course B) or Specialist
Mathematics (Course D).
Mathematical Methods is designed for students with an interest in mathematics
and whose future pathways may involve mathematics and statistics at university.
The focus is on calculus, probability and statistics. The course provides a foundation for further studies in disciplines in which mathematics and statistics have
important roles, including economics, primary teaching, secondary mathematics
and science teaching, and all branches of engineering, physical and biological sciences.
Course D (Specialist Mathematics) is designed to be taken in conjunction with
Course C. Consideration has been given to allow students who have studied units 1
and 2 of Course C to enter Course D at unit 3.
The course contains topics in functions and calculus that build on and deepen
the ideas presented in Course C. Vectors, complex numbers and iterative methods
are introduced. A topic selected from among three options (statistical inference,
vectors and dynamics, further calculus techniques and inequalities) contributes
further depth in the chosen area. Course D is designed for students with a strong
interest in mathematics including those intending to study mathematics, physical
sciences, or engineering at university.
Dr Michael Evans is responsible for the ICE-EM mathematics program. He has a PhD in mathematics from
Monash University and a Diploma of Education from La
Trobe University. Before coming to ICE-EM, he was Head
of Mathematics at Scotch College, Melbourne, and was
involved with the Victorian Curriculum and Assessment
Authority in various capacities. He has also taught in public schools. In 1999 he was awarded an honorary Doctor of
Laws by Monash University for his contribution to mathematics education, and in 2001 he received the Bernhard
Neumann Award for contributions to mathematics enrichment in Australia.

Douglas Walter Noble Stibbs
17 February 1919 – 12 April 2010

Walter Stibbs, writing The Outer Layers of a Star.

Professor Walter Stibbs, FRAS, FRSE, was an astronomer and astrophysicist of
international standing who, for thirty years, held the Napier Chair of Astronomy
at the University of St Andrews, Scotland, and the associated post of Director of
the University Observatory. His retirement in September 1989 not only deprived
the University of a colourful personality but also perhaps marked the end of the
era of the traditional academic. A native of Australia, but with Scottish ancestors,
Walter was born in Sydney in 1919 and educated at Sydney Boys’ High School. He
entered Sydney University in 1937, graduated B.Sc. in 1942 with ﬁrst class honours
and the University Medal in Physics, and M.Sc. in 1943. In 1954 he graduated
D.Phil. from the University of Oxford.
As an undergraduate he worked for some time as a vacation student at the
Commonwealth Solar Observatory on Mount Stromlo, Canberra, having been
interested in the stars since childhood. He arrived at Mount Stromlo in December
1939, on the same day as the new Director, Dr (later Sir) Richard van de Riet
Woolley, who later became Astronomer Royal for England. The two men were to
become lifelong friends.
As a research assistant, Walter took part in some of the earliest optical munitions
work undertaken at the Observatory. He designed a folded optical system for a
gun-sight, which went into production later in the Second World War, and a suncompass for use in desert warfare. From 1942 to 1945 Walter spent three years
as an assistant lecturer in the Department of Mathematics and Physics at New
England University College, Armidale (now the University of New England). This
period was interspersed with wartime research work on submarine detection for
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the Royal Australian Air Force, and he also wrote a thesis for his M.Sc. degree
entitled The Ultra-violet Emission from the Sun.
In 1945 he returned to the Commonwealth Solar Observatory, where he was a
scientiﬁc oﬃcer, then senior scientiﬁc oﬃcer. Here he worked on photoelectric
photometry and theoretical astrophysics, and wrote a book, entitled The Outer
Layers of a Star, co-authored with Dr Woolley. Some of his papers published at
this time have become classics, opening new horizons for stellar physics. His book
dealt mainly with the analysis of the observable radiation from a star, particularly
with reference to the formation of the continuum and the line spectrum. In these
early years Walter did some of the most signiﬁcant astronomical research of his
time, both observational and theoretical.
In 1949 Walter married Margaret Calvert, also a science graduate of the University
of Sydney, and in 1950 he was awarded the prestigious Radcliﬀe Travelling
Fellowship by the University of Oxford to carry out observations at the Radcliﬀe
Observatory in Pretoria, South Africa and to work at the University Observatory
in Oxford, England. All his research was done in the days when observational
astronomers had to wear padded clothing at night to keep warm and before
the days of electronically controlled telescopes and computers. His calculations
in Oxford were made on a hand-operated Brunsviga 10 and his D.Phil. thesis
typed on an ancient typewriter!
At Oxford in 1954, he completed his D.Phil. with a thesis entitled Galactic Cepheid
Variables and two years later another thesis, The Diﬀerential Galactic Rotation
of the System of Cepheid Variable Stars, won him the Johnson Memorial Prize
and Gold Medal for the Advancement of Astronomy and Meteorology. Jobs in
astronomy were scarce at this time so he accepted a position as a principal scientiﬁc
oﬃcer with the United Kingdom Atomic Energy Authority at Aldermaston, and
from 1955 to 1959 was a consultant in theoretical astrophysics in atomic weapons
research. Two daughters, Helen and Elizabeth, were born during this time in
England.
In 1959 Walter was appointed Napier Professor at the University of St Andrews,
Scotland, and Director of the University Observatory, a position he held for the
next thirty years. On the occasion of his retirement in 1989 Dr T.R. Carson wrote:
His main astronomical interests were in stellar kinematics and galactic
rotation on the one hand, and radiative transfer in stellar and planetary
atmospheres on the other. These, in a fashion, reﬂected his twin fascinations
with instruments and mathematics, that is to say, with observational and
theoretical astronomy. These topics were to remain of abiding interest
throughout his career, and were the subjects on which he preferred to lecture
to honours students. He had a particular attraction to mathematics, especially
statistics, and always enjoyed the exercise of looking at elementary things from
an advanced standpoint. As a teacher he was formal and meticulous, and his
blackboards were a model of orderliness and legibility.
Concurrently with this work at the University Observatory, as well as
service on Faculty, Senate and numerous committees within the University,
most notably the Awards Committee, Professor Stibbs found time to make
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substantial contributions organisationally to the wider world of astronomy. He
was chairman of the Astronomy Policy and Grants Committee of the former
Science Research Council during the critical phase of the development of
the Northern Hemisphere Observatory and during the time when the AngloAustralian Telescope was under consideration. He also served on a number
of other Science Research Council committees; on the Council of the Royal
Astronomical Society, including a term as Vice-President; on the Council
of the Royal Society of Edinburgh; and on the Finance Committee of the
International Astronomical Union. Naturally his many involvements were
only made possible by the long hours he worked and at the expense of the
time he could devote to teaching and personal research. However he always
kept closely in touch with all that was going on and maintained a lively and
informed interest in the work of his colleagues, whom he was ever ready to
encourage and support. Behind the scenes Professor Stibbs showed a deep
concern for the welfare of the individual, student, staﬀ or other, who suﬀered
any misfortune or needed help.

In 1961 Walter was elected a Fellow of the Royal Society of Edinburgh and was
a member of its council from 1970–1972. He held several visiting professorial
appointments — at Yale University Observatory 1966–1967, the University of
Utrecht 1968, and the College de France 1975–1976, where he was awarded the
Medaille du College. From 1973–1982 he was a member of the National Centre for
Scientiﬁc Research (CNRS) Committee for the Observatoire de Haute Provence,
of which he was the ﬁrst foreign member.
In 1989 he retired from the University of St Andrews and, after an absence of
nearly forty years, returned to live in Canberra where his astronomical career
had commenced. Here he became a Visiting Professor at the Astrophysical
Theory Centre in the School of Mathematical Sciences at the Australian National
University, and also a Visiting Fellow in the Research School of Astronomy and
Astrophysics at the Mount Stromlo Observatory. He gave lectures on both radiative
transfer and astronomical statistics. The ﬁre of 2003 destroyed his study at Mount
Stromlo containing all his historic and irreplaceable books and papers and in the
same year he suﬀered the tragic loss of his younger daughter Elizabeth. For a few
more years he continued to work part time in the Mathematical Sciences Institute
but eventually his eyesight began to fail and shortly before his ninety-ﬁrst birthday
his visits there ceased.
During the years that Walter was the Napier Professor of Astronomy in the
University of St Andrews, the Department of Astronomy and Astrophysics was
always quite small, but the true measure of its success is to be found in its work in
teaching and research and the impact of these both within and beyond St Andrews.
It turned out a remarkable number of successful astronomers, and some of the
most important and innovative projects of recent years are led by Walter’s former
students who may be found in observatories and universities worldwide.
Walter is survived by his wife Margaret, daughter Helen, and one granddaughter.
Margaret Stibbs, Canberra
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Pricing and risk measurement
with backward stochastic diﬀerential equations
Samuel N. Cohen∗

Arguably the key question in much of mathematical ﬁnance is, ‘How does one measure the worth of an uncertain outcome?’ While much work has been done on this
over the centuries, from Daniel Bernoulli through to von Neumann–Morgenstern,
many problems in ﬁnancial markets require new approaches.
Recent work has focussed on the development of nonlinear expectations, and the related dynamic risk measures. These are operators taking random outcomes known
at a future time and assigning them values at previous times (formally, for a probability space with ﬁltration {Ft }, they are maps L2 (FT ) → L2 (Ft ); t ≤ T ). Nonlinear expectations generalise the classical notion of conditional expectation, and
should obey basic axioms (e.g. monotonicity and time-consistency), but allow risk
aversion in preferences to be directly modelled.
Of course, while it is easy to specify a set of axioms for these nonlinear expectations, it is nontrivial to construct interesting examples. A tool which is commonly
used is the theory of backward stochastic diﬀerential equations (BSDEs). These
are stochastic diﬀerential equations where a stochastic terminal condition is given,
rather than an initial condition. The value of this terminal condition is generally
unknown today, and will not be revealed until a future time T . Nevertheless, a
solution to such an equation should be adapted, that is, should not depend on
knowledge of the future. To deal with this, we allow the solution to consist of two
parts — a ‘value’ Y and a ‘control’ Z, where Z allows hedging of the stochastic
part of the outcome. It is then possible to show (see [1]) that such equations
have unique solutions, for arbitrary (ﬁnite variance) terminal conditions, where
the dynamics may depend on Y and Z in a nonlinear way.
In [2] and [3], we explore problems in the theory of BSDEs, where randomness
does not arise from a standard Brownian motion. In [2], we consider BSDEs where
randomness arises from a continuous-time ﬁnite-state Markov chain, and derive
a comparison theorem, which corresponds to a stochastic version of Pontryagin’s
maximum principle in this context. In [3], we consider the corresponding equations
in a discrete-time ﬁnite-state world, and derive existence and uniqueness results,
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along with an appropriate version of the comparison theorem. Using this theory,
we can construct nontrivial examples of nonlinear expectations in these spaces,
and in discrete time, show that every nonlinear expectation must be the solution
to a BSDE.
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Finding Hamiltonian cycles
using an interior point method
Michael Haythorpe∗

Abstract
We present an unconstrained logarithmic barrier algorithm to solve the Hamiltonian cycle problem. The interior point method described here takes advantage of signiﬁcant improvements in eﬃciency gained by the use of a special
LU decomposition. Some initial results and an example are presented to
illustrate the potential eﬀectiveness of this method.

1. Introduction
The Hamiltonian cycle problem (HCP) is a diﬃcult problem in graph theory. Consider a graph Γ, containing nodes V (Γ) and arcs E(Γ) without self-loops. If the
number of nodes |V (Γ)| = N , a Hamiltonian cycle (HC) is deﬁned as a simple
cycle of length N . The problem is to determine whether a graph possesses at least
one Hamiltonian cycle. Despite this simple deﬁnition, the HCP is NP-complete [9].
The HCP is in fact a special case of the travelling salesman problem. The HCP is,
generally, easier to solve for dense graphs (for the intuitive reason that a greedy
heuristic is more likely to ﬁnd an HC in such a graph) so we will consider sparse
graphs for the remainder of this paper. While we will consider directed edges
(arcs) in this paper, it is assumed that any graph is symmetric, so that an arc
(i, j) exists in the graph if and only if arc (j, i) also exists.
There have been a variety of algorithms designed to solve the HCP. Some of these
have been designed for particular subsets of graphs, such as in Eppstein [3] where
only cubic graphs are considered. An excellent survey of algorithms designed to
solve the HCP is included in Vandegriend [12]. Most approaches to the HCP have
been either to employ graph theory techniques (usually on a subset of graphs, so
that properties of the subset may be exploited) to develop a heuristic that ﬁnds
an HC, or to model the HCP as a discrete optimisation problem. We note that the
ﬁrst algorithm to exploit both a Markov decision process embedding of the HCP
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and an interior point method is due to Ejov et al. [2]. However, the algorithm
in [2] works in a space of occupational measures, rather than in the policy space.
Our approach to solving the HCP has been to model the problem using Markov
decision processes (MDPs), and to solve an associated continuous optimisation
problem, where the variables in the program correspond to the probabilities of
travelling from one node to another. These probabilities can be represented as
entries in a probability transition matrix P . Our hope is that, by embedding the
HCP in an MDP, we will be able to take advantage of the tools and techniques of
Markov decision processes that are not available in graph theory. The fundamental
matrix, an important matrix in the analysis of MDPs, motivated the following
result.
Consider the set DS of doubly stochastic matrices induced by the graph Γ that is
deﬁned as
DS = {P | P e = e, P T e = e, pij ≥ 0, pij = 0 if (i, j) ∈ E(Γ)},
where e is an N -dimensional vector containing unity in every entry, and consider
the constrained optimisation problem


1
T
min − det I − P + ee .
(1)
P ∈DS
N
It was proved in [1] that if Γ is a Hamiltonian graph, the set of global maximisers
for (1) is the set of P corresponding to Hamiltonian cycles in Γ, and that the objective function of (1) has optimal value |V (Γ)| = N . Furthermore, it was proved
that if Γ is a non-Hamiltonian graph, then (1) has optimal value that is strictly
less than N . As yet, no algorithms have been designed that attempt to solve (1).
The present paper seeks to redress this, by attempting to obtain the optimal value
using a logarithmic barrier algorithm, in the spirit of those discussed in [11]. For
further discussion as to the merit of this formulation and the beneﬁts of using the
interior point method described in this paper to solve it, the reader is referred
to [7].
Traditional logarithmic barrier algorithms attempt to solve an inequality constrained optimisation problem by essentially eliminating the inequality constraints.
This is done by adding logarithmic terms to the objective function. By starting
at an initial estimate that strictly satisﬁes the inequalities, the algorithms are designed so that all subsequent iterates strictly satisfy them as well. In our case,
we have an additional reason for using this approach. Adding a logarithmic term,
which is convex, results in the new objective being ‘more’ convex than the original.
Indeed if the barrier parameters are suﬃciently large the new objective is strictly
convex and has a unique minimiser. Our approach requires a diﬀerent strategy
for modifying the barrier parameters than that traditionally used. In our case, we
replace the pij ≥ 0 constraints by appending

−
αij ln pij
(2)
(i,j)∈Γ
T

to − det(I −P +(1/N )ee ) to form an auxiliary logarithmic barrier objective function. Deﬁne A(P ) = (I −P +(1/N )ee T ), and the auxiliary objective function f (P )
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consisting of − det(A(P )) augmented by the logarithmic barrier function (2) as

f (P ) := − det(A(P )) −
αij ln pij .
(i,j)∈Γ

Note that if P is in the interior of DS, pij ∈ (0, 1) and hence (2) is well deﬁned.
Then, we attempt to solve the following optimisation problem using a logarithmic
barrier algorithm:
min f (P )
P

subject to
P e = e, P T e = e, pij = 0 if (i, j) ∈ E(Γ).
The initial choice of αij must be of ‘sensible’ size to ensure that the global minimum is well inside the interior of the feasible region but not at the centre.
Once the iterates converge to the global minimiser of f (P ) for a particular selection of α values, we reduce the α values, and the global minimum changes
accordingly. Although − det(A(P )) is nonconvex, it is hoped that this sequence of
global minimisers will converge towards an extreme point of DS that corresponds
to a Hamiltonian cycle (if one exists), but this cannot be guaranteed. In [7] it was
conjectured that no strictly interior local minima exist for (1), which would imply
that the sequence of global minimisers will converge to a point on the boundary
of the DS polytope.

2. Null space
In order to deﬁne the iterates to solve our transformed problem it is useful to use
a basis for the null space of the linear equality constraints. Deﬁne the action space
A(i) = {j | (i, j) ∈ Γ}, for each node i ∈ V (Γ). The equality constraints in the
optimisation problem then take the form:

pij = 1, for all i
(3)
j∈A(i)



pji = 1, for all i.

(4)

j∈A(i)

We represent constraints (3)–(4) using a transportation-like coeﬃcient matrix W ,
so that the above constraints can be rewritten W p = 1. These constraints are
always rank-deﬁcient. Once enough rows are removed to make it full-rank, row and
column swaps can be performed to transform the matrix into a form where ﬁnding
a null space matrix Z is trivial. The null space matrix Z that we construct retains
the sparsity inherent in the original graph, and only contains values of −1, 0 and 1.
We can take advantage of this by using a sparse matrix multiplication algorithm to
perform any multiplications. This algorithm will only have to perform additions
and subtractions, making it extremely eﬃcient and numerically stable.
The use of the null space allows us to drop the equality constraints (3) and (4).
When the algorithm ﬁnds a descent direction x , it can be projected into the null
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space by ﬁnding d = Zx . This will ensure that as long as the starting point is
feasible, subsequent points will remain feasible.

3. Descent directions
At each step of the logarithmic barrier algorithm, we need to move to a new point
P k such that f (P k ) < f (P k−1 ). To do this we use a modiﬁed-Newton method.
Such a method requires solving at each iteration a system of linear equations and
these are solved by a modiﬁed form of the conjugate-gradient algorithm. In addition there is a need to obtain not only descent directions but directions of negative
curvature. These latter directions are found by a truncated form of the Lanczos
algorithm [6].
The conjugate-gradient algorithm attempts to solve the second-order approximation
Z T HZx = −Z T g ,
where g and H are the gradient and Hessian of f (P ), respectively. Then Z T g and
Z T HZ are the reduced gradient and reduced Hessian respectively. The direction x
is then itself projected into the original space to give us a feasible descent direction
d 1 = Zx ,
that will ensure that P
value.

k

remains feasible while improving the objective function

The Lanczos algorithm is used to attempt to approximate the eigenvector y corresponding to the most negative eigenvalue of the reduced Hessian. The Lanczos
algorithm requires the reduced gradient and reduced Hessian as input. We then
project y into the null space to give us a direction of negative curvature
d 2 = Zy .
Ordinarily, only one of the conjugate-gradient or Lanczos algorithms would be
required to ﬁnd a direction to improve the objective function value. However, it is
useful to have both because in certain circumstances either one may fail. In some
graphs, the natural starting point is a saddle point, and the conjugate-gradient
algorithm is unable to ﬁnd any descent direction. In these instances, the Lanczos
algorithm can be used to ﬁnd a direction of negative curvature. In other situations
the reduced Hessian H is positive-deﬁnite, in which case no directions of negative
curvature exist, and only the conjugate-gradient algorithm is required to ﬁnd a
direction that improves the objective function value. When both directions exist
a combination of the two directions, d̂ = βd 1 + (1 − β)d 2 , 0 ≤ β ≤ 1, is chosen in
such a way as to give the maximum improvement to the objective function.

4. LU decomposition
At each iteration of the logarithmic barrier algorithm we need to ﬁnd the gradient
g and Hessian H. The objective function f (P ) contains logarithmic terms, for
which the derivatives are simple to ﬁnd, and the negative of the determinant of
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A(P ). Deﬁne g D and g L as the gradient of the determinant function and the
logarithmic terms respectively. Similarly, deﬁne H D and H L as the Hessian of the
determinant function and the logarithmic terms respectively. The gradient of a determinant is a vector of cofactors, and the Hessian of a determinant is a matrix of
cofactors of minors [10]. Recall from (2) that f (P ) = − det(A(P )) − ij αij ln pij .
Deﬁne Aij (P ) as the matrix A(P ) with row i and column j removed. The general
gradient element of g D is then of the form
D
(P ) =
gij

∂ det(A(P )) daij
= (−1)i+j+1 det Aij (P ),
∂aij
dpij

where aij denotes the (i, j)th entry of A(P ). Note that the gradient has two subscripts because each element of the gradient corresponds to the arc going from
node i to node j. Similarly, we deﬁne A[ij],[kl] (P ) as the matrix A(P ) with rows i
and j and columns k and l removed. The general Hessian element of H D is then
of the form
D
H[ij],[kl]
(P ) = (−1)i+j+k+l det A[ij],[kl] (P ).

In general, the most eﬃcient way of ﬁnding the determinant of a matrix is to
ﬁrst perform an LU decomposition. Then, as L and U are triangular matrices,
their determinants are a product of their diagonal elements. However, this would
require us to ﬁnd an LU decomposition for each element of the gradient and Hessian. Instead, we can use a single LU decomposition to ﬁnd every element of the
gradient and Hessian.
The way this is done is by ﬁnding an LU decomposition of I − P , which was
shown in [8] to always exist for an irreducible P , which will always be the case for
P ∈ Int(DS). We then factorise I − P + (1/N )ee T in the following way:
I −P +

1
1
ee T = LU + ee T = L(I + v w T )Ū ,
N
N

(5)

where vectors v , w and the matrix Ū are deﬁned, either directly, or implicitly, by
the equations
Lv = e,

(6)
v e TN ,

Ū = U +
1
Ū T w = e − e N .
N

(7)
(8)

Note that both v and w can be found extremely eﬃciently by solving the sparse
linear sets of equations (6) and (8), already in reduced row echelon form.
It can then be proved that for P ∈ Int(DS), det(L) det(I + v w T ) = 1 and so
from (5)


1
T
det I − P + ee
= det Ū .
(9)
N
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Furthermore since Ū is, by construction in (7), a triangular matrix, (9) is equivalent to

 
N
1
det I − P + ee T =
ūkk .
(10)
N
k=1

To ﬁnd elements of the gradient g , elementary matrices Eij are created such that
det{Eij (I − P + (1/N )ee T )} = cij , where cij is the (i, j)th cofactor of I − P +
(1/N )ee T . Each element of the gradient is then expressed as
gij = det(Eij )

N


ūkk .

k=1

After some transformations it can be shown that
gij =

N


ūkk (a Tj (I − v w T )b i ),

(11)

k=1

where b i and a j are the unique solutions of Lb i = e i and Ū T a j = e j , respectively.
(Details are supplied in [7].) Hence, each a j and b i can be found eﬃciently in
advance. Then, we can also compute in advance expressions of the form
a Tj (I − v w T )b i ,

(12)

for all i, j = 1, . . . , N .
Once each element of the gradient vector g is found, using similar arguments each
element of the Hessian matrix H can be found to be of the form
H[ij],[kl] = gkl (a Tl (I − v w T )b i ) − gij (a Tl (I − v w T )b k ).

(13)

The right-hand side of (13) contains the diﬀerence of two terms. We note that each
of these terms contains an element of the gradient matrix, and an expression of
the form (12). These are both computed when the gradient is found, and therefore
every element of the Hessian can be calculated using two scalar multiplications of
numbers computed in advance.
The complexity of performing all these calculations is no more than the complexity
of ﬁnding a single LU decomposition. Compared to the more standard method
of ﬁnding a separate LU decomposition for each entry in the gradient vector and
Hessian matrix, this is a large saving in computational time.

5. Rounding
Using the logarithmic barrier algorithm to ﬁnd a solution known to exist on the
boundary of a feasible region is problematic because it can take many iterations
to obtain a point suﬃciently close to the boundary. However, we can alleviate
this problem because we know what form our solution must take. At any iteration
we can round oﬀ the current P matrix and check whether it corresponds to a
Hamiltonian cycle, and this can be done in linear time.
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The rounding can be as crude as replacing any values bigger than 0.5 with 1 and
any smaller than 0.5 with 0, or more sophisticated heuristics can be used. In [4]
a linear program was introduced that will ﬁnd P H corresponding to a Hamiltonian cycle if |P − P H | ≤ δ for moderately sized δ. By use of this linear program
the solution of the logarithmic barrier algorithm can be found without needing to
converge extremely close to the boundary.

6. Results
The algorithm outlined above was implemented in MATLAB and tested on several sets of Hamiltonian graphs. The results of these tests are outlined in Table 1.
Table 1. Results obtained from solving sets of graphs.
Graph
size
N
N
N
N

= 20
= 40
= 60
= 80

Number
solved

Average
iterations

Average run
time (secs)

48
40
30
33

20.42
86.98
198.72
372.76

1.55
12.05
54.77
196.26

Each test set contains 50 randomly generated Hamiltonian graphs of the indicated
size where each node has degree between 3 and 5. For each test set, we give the
number of graphs (out of the 50 generated) in which our implementation of the
interior point algorithm succeeds in ﬁnding a Hamiltonian cycle, the average number of iterations performed, and the average running time for each graph. Note
that since this algorithm is implemented in MATLAB, the running times are not
competitive when compared to other similar models implemented in a compiled
language. However, we provide the running times here to demonstrate how they
grow as N increases.
Example 1. We ran the interior point algorithm outlined above on a 14-node
cubic graph, speciﬁcally the graph with the following adjacency matrix:
⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎣

0
1
1
1
0
0
0
0
0
0
0
0
0
0

1
0
1
1
0
0
0
0
0
0
0
0
0
0

1
1
0
0
1
0
0
0
0
0
0
0
0
0

1
1
0
0
0
1
0
0
0
0
0
0
0
0

0
0
1
0
0
0
1
1
0
0
0
0
0
0

0
0
0
1
0
0
0
0
1
1
0
0
0
0

0
0
0
0
1
0
0
0
1
0
1
0
0
0

0
0
0
0
1
0
0
0
0
0
1
1
0
0

0
0
0
0
0
1
1
0
0
0
0
0
1
0

0
0
0
0
0
1
0
0
0
0
0
1
1
0

0
0
0
0
0
0
1
1
0
0
0
0
0
1

0
0
0
0
0
0
0
1
0
1
0
0
0
1

0
0
0
0
0
0
0
0
1
1
0
0
0
1

0
0
0
0
0
0
0
0
0
0
1
1
1
0

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥.
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎦
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A Hamiltonian cycle was found after eight iterations. The probability assigned to
each arc is displayed in Figures 1–5.
Note that at iteration 1, P (x ) assigned equal probabilities to all 42 arcs, but at
iteration 8, one arc from each node contains most of the probability. The rounding
process at the completion of iteration 8 assigns these arcs to a Hamiltonian cycle
1 → 4 → 6 → 10 → 12 → 14 → 13 → 9 → 7 → 11 → 8 → 5 → 3 → 2 → 1.
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Figure 1. Iterations 1 and 2.
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Figure 2. Iterations 3 and 4.
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Figure 3. Iterations 5 and 6.
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Figure 4. Iterations 7 and 8.
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Trees, the Cantor set and the irrational numbers
David Gauld∗

Abstract
The Cantor set, ﬁrst described by Smith in about 1874, sits naturally as the
limit points of the complete binary tree, showing that the Cantor set is homeomorphic to the topological power 2N , where 2 denotes the discrete two-point
space. It also illustrates why there is no topological change if we replace 2
here by a discrete n-point space for any n > 1. What if we replace 2 by N?
Perhaps surprisingly the answer is that NN is homeomorphic to the irrational
numbers.

The Cantor set, which apparently was ﬁrst described by H.J.S. Smith in 1874 or
1875 [3, p. 147] eight years before Cantor’s independent discovery (and between
those two discoveries also described by du Bois-Reymond and Volterra; see [1] for
a lot of the background), is usually described as follows. Deﬁne S0 = [0, 1], the
closed unit interval. Given Sn , which is a union of 2n closed intervals each of length
3−n , obtain Sn+1 from Sn by removing the open middle third of each of the closed
intervals making up Sn . Thus S1 = [0, 13 ] ∪ [ 23 , 1], S2 = [0, 19 ] ∪ [ 29 , 13 ] ∪ [ 23 , 79 ] ∪ [ 89 , 1],
and so on. The Cantor set, which is here denoted by S in honour of its discoverer,
is the intersection ∩∞
n=0 Sn . Of course all of the end points of the intervals making
up any of the sets Sn will be in S but S contains many other points, for example
1
4 ; indeed, S has the cardinality of the set R of real numbers.
The Cantor set leads to a quick way to construct a space-ﬁlling curve. Firstly
note that the Cantor set consists precisely of those numbers in [0, 1] which have
a ternary representation consisting solely of 0s and 2s. Of course some numbers
like 13 have two ternary representations, 0.10000 . . . and 0.02222 . . . and the latter
contains only 0s and 2s as expected. Since we need to use both ternary and binary representations, we will indicate the base by a preceding superscript such as
3
0.02222 . . . etc. Deﬁne f : S → [0, 1] by f (3 0.c1 c2 c3 . . . ) = 2 0. c21 c22 c23 . . . whenever
each ci is 0 or 2, so that c2i is 0 or 1. Thus, for example, f ( 13 ) = f (3 0.0222 . . . ) =
2
0.0111 · · · = 12 = f ( 23 ). It is easy to see that f is continuous and that f (S) = [0, 1],
so the 0-dimensional Cantor set can be mapped onto the 1-dimensional interval
[0, 1]. There is little more we need to do to construct a continuous surjection
g : S → [0, 1]2 ; for example, we could let


c1 c3 c5
c2 c4 c6
g(3 0.c1 c2 c3 c4 . . . ) = 2 0.
. . . , 2 0.
... .
2 2 2
2 2 2
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The function g easily extends to continuous ĝ : [0, 1] → [0, 1]2 by extending linearly
over the intervals which have been cut from [0, 1] to get S.
The description above of the Cantor set readily leads to the Cantor tree, TS . Recall
that a tree is a partially ordered set T, < such that for each t ∈ T the set of predecessors t̂ = {s ∈ T : s < t} is well ordered by <. Let TS consist of the union over
n of all of the intervals making up Sn and declare I < J, for I, J ∈ S, whenever
I ⊃ J. Often trees are represented by joining any element to each of its immediate
successors. Figure 1 shows part of the Cantor tree, where the horizontal segments
are the elements of the tree and the upward sloping lines show how elements are
related. The tree continues upwards with a level for each natural number and each
vertex has two branches emanating from it.

Figure 1. The Cantor tree.

Notice that each branch of the Cantor tree corresponds to an element of the Cantor
set and vice versa. Each branch may be coded by a sequence consisting of the
numbers 0 and 1. In this way we obtain a bijection between the points of the
Cantor set and the set of all (inﬁnite) binary sequences. If we denote by 2 the twopoint set {0, 1} then the binary sequences are precisely 2N , the set of all functions
from N to 2, so the bijection above may be given explicitly as h : S → 2N where
h(3 0.c1 c2 c3 . . . ) = c21 , c22 , c23 , . . . . Now 2 has a natural metric, where the distance
between 0 and 1 is 1. This gives rise to a metric topology on the product space
∞
2N , the distance from cn to dn in this metric being n=1 |cn − dn |/2n . With
N
this topology the bijection h : S → 2 becomes a homeomorphism. What makes
it work are the gaps imposed between the branches of TS caused by the removal
of the middle thirds of the intervals.
What happens if instead of removing the middle third we remove more intervals,
for example two ﬁfths? Actually this situation was also considered by Smith in [3].
Our tree representation still works but now more branches emanate from each
vertex. For example, if at each stage we removed the second and fourth ﬁfths then
the resulting space would be 3N , which is homeomorphic to 2N , conﬁrming the
fact that removing a diﬀerent number of subintervals in this way does not change
the topological type of the space.
Can we obtain a similar interpretation for NN ? Yes, and some might ﬁnd the
answer surprising. Actually we will look at ZN but Z and N are homeomorphic so
ZN and NN are also homeomorphic. The metric we use on NN and ZN is similar
to that on 2N except that to ensure convergence of the series we truncate the
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individual coordinate distances at 1; more precisely the distance from cn to dn
∞
in this metric is n=1 min{1, |cn − dn |}/2n .
Denote by P and Q the sets of irrational and rational numbers respectively. It is
well known that Q is countably inﬁnite; let α : Q → N be a bijection. When s is a
ﬁnite sequence of integers we denote by s(i) the ith term when that exists. Each
nonempty ﬁnite sequence s has a natural immediate successor of the same length.
We denote this immediate successor by s+ . If s has length l then s+ (i) = s(i) for
each i < l while s+ (l) = s(l) + 1. If s has length l > 1 then by s| we mean the
sequence of length l − 1 obtained by removing the last term in s, i.e. removing
s(l). For any sequence s of length l by s, n we mean the sequence of length l + 1
whose value at i ≤ l is that of s and whose value at l + 1 is n.
By induction on the length of a sequence we construct for each nonempty ﬁnite
sequence s of integers a rational number qs satisfying:
(a)
(b)
(c)
(d)

{qs : s has length 1} = Z;
qs < qs+ for any sequence s;
qs| < qs < qs|+ for any sequence s of length at least 2;
limn→∞ qs,n = qs+ , and limn→−∞ qs,n = qs for any sequence s.

If s has length 1 let qs = s(1). Then conditions (a) and (b) are satisﬁed.
Suppose that qs has been deﬁned for sequences of length less than n so that (a),
(b), (c) and (d) are satisﬁed and let s have length n > 1. Both qs| and qs|+ are
already deﬁned and qs| < qs|+ . Let q̄ be the rational q ∈ (qs| , qs|+ ) for which α(q)
is minimal and set


⎧
1
⎪
⎪
(qs|+ − q̄) if s(n) ≥ 0,
q̄
+
1
−
⎨
2s(n)


qs =
⎪
1
⎪
⎩q̄ − 1 −
(q̄ − qs| )
if s(n) ≤ 0.
s(n)
2
We have two observations about the numbers qs .
1. Every rational number is uniquely represented in the form qs . Firstly every rational number is represented in this form because by (a)–(d), for any
n ∈ N the union of all intervals of the form (qs , qs+ ), as s ranges through
sequences of length n, will consist of all real numbers except those rationals
of the form qs for s of length at most n. Then we choose a rational q̄ in each
of these intervals so that α(q̄) is minimal. So given a rational q ∈ Q, we will
have q = qs for some sequence s of length at most α(q). Uniqueness follows
because those intervals are mutually disjoint.
2. For any given nonempty ﬁnite sequence s the numbers {qt : t| = s} subdivide the interval (qs , qs+ ) in much the same way as Z subdivides R, with the
ordering within R determined by the usual ordering of the last terms of the
sequences t for which t| = s. See Figure 2.
Now we are in a position to identify ZN as a familiar set. Just as the branches
of the Cantor tree are coded by inﬁnite binary sequences so are the branches of
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qs

qs,–2 qs,–1

qs,0 = q

qs,1
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qs,2 qs,3 qs+

Figure 2. Subdividing R.

the tree ZN coded by inﬁnite sequences of integers. Then just as the branches of
the Cantor tree correspond to the gaps used to make the Cantor set, the branches
of the tree ZN correspond to gaps which in turn create a subset of R which is
homeomorphic to the metric space ZN . What is this set? The gaps are precisely
the rationals Q. Thus ZN is homeomorphic to the irrationals P.
The homeomorphism θ : ZN → P is not as easy to describe as that between 2N
and S. Here is one way to see how it works. Suppose s ∈ ZN is given. Let s|n
denote the ﬁnite sequence of length n (a natural number) whose ith term is s(i).
Then the sequence of intervals [qs|n , q(s|n)+ ] is a nested sequence with the interior
of each interval containing its successor. Because the length of these intervals
goes to zero as n → ∞, by the nested sets theorem there is a single point in
∩∞
n=1 [qs|n , q(s|n)+ ]; this is θ(s). The point θ(s) cannot be rational because if it
were rational then at some stage θ(s) would have the least image under α amongst
those rationals lying in a particular one of those intervals so should have been
chosen as q̄, thereby excluding θ(s) from all subsequent intervals. On the other
hand, given an irrational r, we can inductively build up a sequence s ∈ ZN by
choosing s(1) so that s(1) < r < s(1) + 1 and, given s(i) for i < n, choose s(n) so
that qs|n < r < q(s|n)+ .
In [2, Theorem 2], Sierpiński used continued fractions to prove a more general
result: every separable 0-dimensional metric space is homeomorphic to a subset
of P.
Comment. We can easily modify the description above for certain other subsets
of the real numbers. All that is really needed is that the set Q should be countable
and dense. We did use the ﬁeld structure of Q to specify the points qs but we could
instead have made do with the density, making sure that the sequences qs,n
and qs,−n converge respectively to qs+ and qs while the length of any interval
created at the nth stage converges to 0 as n goes to ∞. Thus we could take
the complement in R of any countable dense subset. One familiar example is the
set of transcendental numbers (though we might observe that the set of algebraic
numbers does form a countable ﬁeld so the method used above may be copied in
this case). Another example involves the set of dyadic rationals, that is, those
rationals whose denominators are powers of 2; these are countable and dense but
do not form a ﬁeld. The complement of the dyadic rationals is also homeomorphic
to ZN .
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Legacy of the Luoshu
Frank J. Swetz
A K Peters Ltd, 2008, ISBN: 978-56881-427-8

About 3000 years ago, a Chinese astrologer–mathematician whose name is unknown to us discovered the 3×3 magic square, or, as legend has it, the Sage King Yu
deciphered it from the markings on the breastplate of a turtle emerging from the
River Luo.
There are eight such squares, each obtained from any one of them by applying the
reﬂections and rotations of the square. But this one was rather special. Not only
were the row, column and diagonal sums equal, but also the meritorious number 9
occupied the main southern entrance hall, and the auspicious number 2 stood to
the south-west. Of course there is only one magic square with these properties,
and it is known as the luoshu, or River Luo Writings.
4
3
8

9
5
1

2
7
6

In case you are uneasy with this picture, note that until the 18th Century, Chinese
cartographers oriented maps with south at the top of the page and east to the left,
which demonstrates the arbitrariness of our convention. Incidentally, south is the
dominant direction because it is the source in central China of warm, dry yang,
whereas north is from where cold, wet yin emanates.
Not a great deal was made of the mathematical properties of the luoshu before
the writings of the mathematician Yang Hui, about 1275. Instead it was the
source of most, if not all, Chinese mysticism concerning geography, religious ritual,
architecture, fortune telling, astronomy, physical exercise, classical dance moves
and martial arts.
If this seems rather far-fetched, consider this: all elements of Chinese popular
culture now fashionable in the West, including yi jing [I-Ching], feng shui and tai
chi are parts of the legacy of the luoshu.
This book by Frank Swetz, a mathematics educator and expert on the history and
development of Chinese mathematics, tells the story in great detail. He explains
the importance of ‘ﬁveness’ and ‘nineness’ in Chinese culture from pre-historic
times to the present day. For example, the nine original provinces of China were
arranged very much as in the cells of the luoshu, with the central province, the
home of the divine ruler, called Wu, the Mandarin word for ﬁve. South of it lies
the prominent province of Jiu, or 9. Similarly, China itself was regarded as the
‘Middle Kingdom’ of nine territories forming a continent, which in turn was the
centre of nine continents comprising the world.
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The duality of yin and yang is represented in the luoshu by the interlocking cells
containing even (yin) and odd (yang) numbers. The connection of the luoshu to
building design was through the mingtang temple complexes which were prevalent
in ancient China, and are exempliﬁed in the Temple of Heaven Complex in Beijing.
The central building in these complexes was divided into nine rooms of which the
central one served a special function as the ‘Chamber for Communicating with
Heaven’. The surrounding halls served functions relating to the corresponding cells
of the luoshu and were devoted to ceremonies carried out at appropriate seasons
of the year. Swetz decribes in detail more than you probably want to know about
the ceremonies associated with the mingtang temples.
The dance moves, which are manifested in both tai
chi, spiritual exercises, and tai chi quan, martial arts
with lance and sword, originated with the Daoist
dances performed in the mingtang temples in moving
through the halls in order from 1 north to 9 south.
This became formalised into a system of shuﬄing
dance steps emulating these moves in a restricted
area, and so into a kinetic algorithm for constructing
the luoshu. The Daoist priests owed special reverence
to the constellation bei dou, which we know as the
Plough or Great Bear, and their dance also moved in
a pattern that followed the progression from one star
to the next in this constellation.
We come now to divination through the casting of
lots, which eventually came in the form of rectangular
tiles bearing the eight trigrams, each representing a number in binary form.
Combinations of these led to the 64 hexagrams. Through a rod choosing ritual, the
diviner would arrive at a hexagram whose metaphorical meaning was tabulated in
the yi jing (Book of Changes). The eight trigrams were associated with the eight
cardinal directions of the compass, and hence with the luoshu.
There is a distinct diﬀerence between number mysticism in the West and in China.
Languages which adopted an alphabet descended from Old Semitic, such as Greek,
Arabic, Latin and Russian have an alphabet with an assigned order, so that the
ﬁrst ten letters can be used to represent the nonzero decimal digits, the next ten the
multiples of ten and the next ten, including variants, the hundreds. Thus words
have a numeric interpretation, and conversely. Chinese characters on the other
hand have no accepted alphabetical order. Instead they have the phenomenon
of homonymy, i.e. the same or related sounds represented by diﬀerent characters
and so having diﬀerent meanings, depending on the particular dialect spoken. For
example, the character for 4 is pronounced si, which sounds like the character for
death. Consequently, 4 is considered as a number to be avoided, which explains
why taxis in Singapore never have 4 on their license plates.
Practitioners of feng shui (wind and water) determine auspicious locations for
buildings, rooms within a building, and furniture within a room by examining
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topographical features of the location and constructing an appropriate chart consisting of three superimposed luoshu-derived number squares.
Apart from its oﬃcial usage in temple ceremonies and other religious practices,
the luoshu became a popular good luck charm among the people of China and
surrounding countries. This volume of Swetz contains photographs of Tibetan
religious artwork and amulets from the Indonesian National Museum and Malaysia
featuring the luoshu.
Instances of 3 × 3 and higher-order magic squares occurred, probably independently, in other cultures, but nowhere did they attain the signiﬁcance attributed
to the luoshu. Swetz traces the spread of the luoshu from China ﬁrst to India
and the Islamic world and later its transmission, together with other Chinese
mathematics and technology, by the 16th Century Jesuit missionaries to Europe,
especially France. It was there that Leibniz learned of it, and was particularly
excited by the hexagrams of the yi jing, which seemed to conﬁrm his ideas of a
universal arithmetic based on his binary system.
Perhaps with an eye on the ‘New Age’ market, Swetz has minimised the amount of
mathematics in this book. For example, there is no explanation that every positive
integer up to 63 corresponds to a unique hexagram, and there is no mention of
modular arithmetic, partitions, or symmetry groups, all of which can be related to
the luoshu and could have added some mathematical interest. There is a clumsy
proof of the essential uniqueness of the luoshu, and an account of the higher-order
squares constructed by Yang Hui. Swetz also describes recent results on the construction of magic squares with peculiar properties, but presents no systematic
theory.
For those interested in light reading with a mathematical theme, Swetz has produced a well-written volume free of stylistic and typographical errors.
Phill Schultz
School of Mathematics and Statistics, The University of Western Australia, Nedlands, WA 6009.
E-mail: schultz@maths.uwa.edu.au













Mythematics: Solving the 12 Labours of Hercules
Michael Huber
Princeton University Press, 2009, ISBN: 978-1-4008-3190-6
Most elementary calculus textbooks contain phoney applications, because real
applications require too much background knowledge to ﬁt into a standard unit.
Unfortunately, these artiﬁcial examples fail to excite students or interest lecturers.
Recognising this, many authors introduce fantasy examples, like determining when
a dog chasing a stick thrown into a river should stop running and start swimming,
or how a spider should minimise her crawling distance to a ﬂy. Michael Huber

Book reviews

187

has gone the whole hog: he has written a book of applications of elementary
mathematics based entirely on the mythical 12 Labours of Hercules.
Huber is an applied mathematician at Muhlenberg College, clearly with an interest
in the Classics. Of the many sources for the Hercules myths, he has chosen that
of Apollodorus, in the English translation of Sir James George Frazer. Since it is
written in an ironic tone appealing to modern sensibilities, this is an appropriate
choice. Each chapter of the book is devoted to one of the 12 tasks and each
begins with an excerpt from Apollodorus, followed by a synopsis describing the
corresponding mathematical tasks, a description of the speciﬁc problems to be
solved, and the mathematical techniques needed to solve them. Full solutions and
additional problems follow immediately.
For example, the Fifth Labour requires Hercules to
clean out, in one day, the Augean stables which have
been used to shelter large herds of cattle for many
years. Hercules achieves this by diverting the courses
of the rivers Alphaeus and Peneus to ﬂush out the
stables. Huber invents a number of problems based on
this myth. Students are asked to solve a Diophantine
equation from the Greek Anthology to ﬁnd the number
of cattle; to calculate the dimensions of the stables
required to accommodate all the dung, based on
US Department of Agriculture research which gives
an average of 14 to 18 kg/day/head; to calculate the
hydrostatic pressure at the base of the two-metre high
walls; to estimate the time required to ﬁll the stables
with water given the ﬂow from the two rivers, and the
time needed to empty it through a two-metre diameter bung hole, using Toricelli’s
Law for the rate of ﬂow through a given hole under given pressure. Of course,
all this is completely fantastic, but great fun, introducing students to ideas of
mathematical modelling as well as standard mathematical techniques.
In the chapter on the Fifth Labour, the mathematical problems are clearly related
to the subject of the myth. In others, the connection is more tenuous. For example,
in the Seventh Labour, Hercules is required to ﬁght and capture the Cretan bull
and bring it to King Minos. This he does, but the bull escapes and terrorises the
inhabitants of Marathon. The ﬁrst mathematical problem asks for an estimate,
with given conﬁdence interval, of the probability of a rider staying on the Cretan
bull for eight seconds. The requisite data is taken from the website of Professional
Bull Riders, Inc. The second problem concerns the probability that the bull will
attack someone given their distance from Marathon and a totally artiﬁcial density
function of the probability A(t) that the bull will attack someone within t km of
Marathon.
Unfortunately, some of the modelling is dubious. For example, in the Third Labour,
Hercules is required to carry the Cyrenitian hind from Mt Artemisius to Mycenae.
Huber claims that, assuming a mass of 125 kg and a distance of 80 km, the work
done by Hercules is 125g × 80 000 Newton-metres.
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The mathematical topics considered include diﬀerential and integral calculus, multivariable calculus, separable diﬀerential equations, Euclidean geometry, trigonometry, diﬀerence equations, combinatorics, and probability, including simulations.
There is a rudimentary appendix on solving diﬀerential equations by Laplace transforms.
The lack of a systematic development of mathematical topics, together with the
format of the book, providing full solutions following each problem, makes it unsuitable for use as a course text, even a supplementary one. But this is not the
author’s intention. What we have instead is a reference book that is ready to be
picked from the lecturer’s shelf during a course to inspire appropriate homework
problems. For this purpose it is ideal, provided it is used with discretion.
Phill Schultz
School of Mathematics and Statistics, The University of Western Australia, Nedlands, WA 6009.
E-mail: schultz@maths.uwa.edu.au













Mrs Perkins’s Electric Quilt
Paul J. Nahin
Princeton University Press, 2009, ISBN: 978-0-691-13540-3
Paul J. Nahin is a highly experienced author of popular mathematics books covering a wide range of topics, and this book is a well-polished addition to his work.
Over 19 largely independent chapters, Nahin discusses a number of questions mostly based on physical phenomena such as electricity, gravity and air resistance,
along with a few chapters on random walks. He then shows how each of these
questions is best solved with a mixture of mathematics (mostly calculus) combined
with physical arguments and intuition — this ‘mutual embrace’ of mathematics and
physics being the unifying theme of the book.
Setting the tone, an example early in the book considers the classic calculus exercise of calculating how fast the top of a ladder leaning against a wall moves down
the wall if the bottom end is pulled horizontally away from the wall at a constant
speed. The fairly simple mathematical solution to the exercise has the signiﬁcant
physical ﬂaw that at the end of the ladder’s fall, as it hits the ground, its top end
is moving inﬁnitely fast! How can the mathematical reasoning be reconciled with
the physical intuition telling us that this cannot occur? (See the end of this review
for the answer.)
The chapters are grouped in such a way that each group explores variations on a
single topic. Thus a sequence of chapters starts by considering various properties
of falling objects subject to an unspeciﬁed (but physically plausible) air drag and
then extends and varies the analysis by adding the precise details of the air drag.
Other thematic groups of chapters consider gravity, both above and inside the
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earth, and random walks, and the book is rounded oﬀ with a few chapters that
stand alone. The book’s title comes from one of these chapters: Mrs Perkins’s Quilt
is the name given by Henry Dudeney to a tiling of an integral square with smaller
integral subsquares. In this chapter, Nahin explains the famous work of Brooks,
Smith, Stone, and Tutte, who showed how to associate an electrical network with
a squared rectangle — hence ‘Mrs Perkins’s Electric Quilt’ — and derived various
consequences from this association.
The writing is uniformly excellent and a pleasure
to read. Nahin writes in a warm, conversational
style, enhancing the mathematics (and physics)
with liberal doses of background, historical notes,
personal anecdote, and literary and cultural
references, both old and new. The mathematics itself is presented carefully and completely
(clearly Nahin does not subscribe to the view that
every equation reduces a book’s sales by half)
with almost every chapter containing extended
derivations, mostly calculus-based. The book
claims that the assumed background is that of
a student who has ﬁnished and understood ‘ﬁrst
year in a technical major at a good American
college or university’, but this seems extremely
optimistic to me unless this single year contains
vastly more calculus than is usual in an Australian
ﬁrst-year syllabus.
Each of the chapters contains a few challenging problems (to which solutions are
given) for the reader to work through, and ﬁnishes with comprehensive notes and
academic references. This is deﬁnitely not a book for a recreational mathematician looking for some gentle mental stimulation, but more a book for a serious
student with some aptitude for applied mathematics. It could also be used very
eﬀectively as a resource for lecturers looking for interesting extended examples or
projects for their students. Overall this is an excellent book for those who have
the necessary background, but its implicit marketing as a ‘popular mathematics’
book may disappoint those expecting a lighter read.
Back to the question raised earlier about the ladder: the mathematical model of
the situation leading to the erroneous conclusion is that the ladder forms a triangle
with the wall and the ﬂoor. It is this idealised model that is incorrect at the
boundary — as the ladder is pulled away, the top end ‘breaks away’ from the wall
at some point, and Nahin shows us how to analyse this situation. This example
encapsulates the overarching theme of this book — how physics and mathematics
can inform and illuminate each other.
Gordon Royle
School of Mathematics and Statistics, The University of Western Australia, 35 Stirling Highway,
Crawley, WA 6009. E-mail: gordon@maths.uwa.edu.au

Geoff Prince∗

On 8 June the Parliamentary Secretary for Innovation and Industry, Richard Marles, announced AMSI’s new industry intern program, which will place young researchers with mathematical and statistical skills in Australian small and medium
enterprises.
‘This agreement is a win–win for businesses and interns alike’, Mr Marles, himself
a maths graduate, said.
‘Businesses will be able to tap into new expertise to help drive their innovation,
while the interns will have an invaluable opportunity to apply their skills in practical situations.’
‘Enterprise Connect will refer projects to AMSI to be matched with an intern who
will work with a business for four to ﬁve months’, Mr Marles said.
‘It is about using the vast scientiﬁc knowledge in our tertiary education sector to
foster innovation, increase productivity and support jobs in Australian businesses.’
The new internship program will place up to 90 postgraduates over three years
into Australian businesses to bring new analytical techniques to problems in areas
from supply chain logistics to gene sequencing. The interns, guided by their academic mentors, will spend four to ﬁve months in industry placements working on
innovative solutions to commercial and industrial problems.
The scheme, modelled on a successful Canadian program that aims to place 1500
postgraduate interns this year, will be jointly run by AMSI and the Commonwealth Government’s Enterprise Connect. It will extend Enterprise Connect’s
Researchers in Business program. This program is formally recognised by the
ARC in its consideration of Linkage Grant applications.
The scheme has a total value of more than $3 million and will provide mentors
with a total of $450 000 in research incentive funds. Interns will earn up to $12 500,
usually paid as a scholarship top-up or extension.
The internships are open to postgraduate students in the mathematical sciences
and cognate disciplines such as engineering, physics, computer science and some
biological and medical sciences.
It is my ﬁrm belief that this scheme, and others that are in the planning stage, will
provide a signiﬁcant incentive for postgraduate study in mathematics and increase
∗ Australian Mathematical Sciences Institute, 111 Barry Street, c/- The University of Melbourne,
VIC 3010. E-mail:director@amsi.org.au
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retention of undergraduate domestic students. I also hope that it will improve the
interest of mathematicians in the ARC Linkage Grant scheme, where we have an
indiﬀerent track record. I urge academics and students alike to take advantage of
this new career-making opportunity.
Richard Marles’ media release can be found at http://minister.innovation.gov.au/
Marles/Pages/MathematiciansToSparkSmallBusinessInnovation.aspx.
Enterprise Connect’s Researchers in Business scheme can be found at
www.enterpriseconnect.gov.au/services/Pages/ResearchersinBusinessGrant.aspx.
AMSI’s internship pages can be found at
www.amsi.org.au/index.php/industry/internship.
Contact AMSI’s Industry Marketing Manager, Tom Montague (tom@amsi.org.au)
for details.

I was a Monash undergraduate and took out a La Trobe
PhD in 1981 in geometric mechanics and Lie groups. This
was followed by a postdoc at the Institute for Advanced
Study in Dublin. I’ve enjoyed teaching at RMIT, UNE
and La Trobe. My research interests lie mainly in diﬀerential equations, diﬀerential geometry and the calculus of
variations. I’m a proud Fellow of the Society, currently a
Council and Steering Committee Member. I became AMSI
director in September 2009.

General News

Australian Academy of Science
The following four medals awarded by the Australian Academy of Science recognise
research achievements in the mathematical sciences.
Inaugural Christopher Heyde Medal. The Australian Academy of Science has established the Christopher Heyde Medal to honour the contributions to mathematics by Professor Christopher Charles Heyde AM, DSc, Hon DSc(Syd), FAA, FASSA.
In recognition of Professor Heyde’s broad interests in the mathematical sciences
the award is oﬀered in one of three ﬁelds on a rotating basis: pure mathematics; applied, computational and ﬁnancial mathematics; and probability theory,
statistical methodology and their applications.
The award’s purpose is to recognise distinguished research in the mathematical
sciences by a researcher aged under 40 years at the closing date, except in the case
of signiﬁcant interruptions to a research career. The award may be made annually,
with a prize of $10 000, and is restricted to candidates who are normally resident
in Australia.
The 2011 Christopher Heyde Medal is for research in pure mathematics.
Details of the nomination process, which closes on 30 July 2010, can be found at
http://www.science.org.au/awards/awards/heyde.html.
The Moran Medal. The Moran Medal recognises the contributions to science of
the late P.A.P. Moran, FAA. Its purpose is to recognise outstanding research by
scientists aged under 40 years at the closing date, except in the case of signiﬁcant
interruptions to a research career, in one or more of the ﬁelds of applied probability, biometrics, mathematical genetics, psychometrics and statistics. The award is
normally made every two years.
Details of the nomination process, which closes on 30 July 2010, can be found at
http://www.science.org.au/awards/awards/moran.html.
The Hannan Medal. The Hannan Medal recognises research in any of the ﬁelds
of statistical science, pure mathematics, applied mathematics and computational
mathematics and is made in one of those three areas in turn at two-yearly intervals.
It honours the contribution to time series analysis of the late Professor E.J. Hannan, FAA, Professor of Statistics at the Research School of Social Sciences of the
Australian National University.
The award is made for research carried out mainly in Australia. Work carried out
through a candidate’s entire career is taken into consideration but special weight
is given to recent research.
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The 2011 Hannan Medal is for research in applied mathematics and computational
mathematics.
Details of the nomination process, which closes on 30 July 2010, can be found at
http://www.science.org.au/awards/awards/hannan.html.
The Thomas Ranken Lyle Medal. The Thomas Ranken Lyle Medal recognises the
contribution of Sir Thomas Ranken Lyle, FRS, to Australian science and industry
generally and in particular to his own ﬁelds of physics and mathematics. The
purpose of the medal is to recognise outstanding achievement by a scientist in
Australia for research in mathematics or physics.
Research carried out in countries other than Australia may be taken into consideration if the researcher has spent three of the last ﬁve years in Australia. Work
carried out during the whole of the candidate’s career may be taken into consideration but special weight will be given to recent work. The award is normally
made every two years.
Details of the nomination process, which closes on 30 July 2010, can be found at
http://www.science.org.au/awards/awards/lyle.html.
Australian Curriculum Assessment and Reporting Authority
The proposed new senior subjects for the Mathematics National Curriculum can
now be viewed at the Australian Curriculum Assessment and Reporting Authority
(ACARA) website (www.acara.edu.au). There are four mathematics courses: Essential Mathematics, General Mathematics, Mathematical Methods and Specialist
Mathematics. Comments on them are being invited by ACARA until 30 July.
Queen’s Birthday Honours
We are delighted to report the following awards of the Medal of the Order of
Australia in the Queen’s Birthday Honours list.
William Charles Summerﬁeld, for service to education, particularly in the ﬁeld of
mathematics.
In 1999 Bill was made an honorary member of AustMS, in recognition of his services to ANZIAM. The Council resolution at that stage recorded the following
tribute.
Bill Summerﬁeld has been the Secretary of ANZIAM and its predecessor (Division of Applied Mathematics) for a period of ﬁfteen years. During this time
he has become the backbone of the ANZIAM organization and has provided a
degree of continuity, which it would otherwise have lacked. He has exhibited
a remarkable degree of dedication to all aspects of ANZIAM activities, to
the extent that it has become a major part of his life. Certainly, during this
period he has greatly assisted the Chair of ANZIAM such that it is diﬃcult
to conceive undertaking this role without his assistance and balanced advice.
Bill Summerﬁeld has provided and continues to provide outstanding service
to the Australian Mathematical Society.
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Robert Scott Anderssen, for service to the mathematical and information sciences.
Bob has made many contributions to the Society, including as President from 1984–
1986. His achievements have been recognised by the award of the George Szekeres
Medal in 2004 and the ANZIAM Medal in 2010. The citation for the latter can be
found in the March 2010 issue of the Gazette at http://www.austms.org.au/Gazette
+Volume+37+Number+1+March+2010. Its summary is that
Bob Anderssen has lived the life of the committed Applied and Industrial
Mathematician, and he has demonstrated, through his enthusiasm, energy
and sustained achievement, that he well and truly meets the criteria for this
award.

Sydney University
The SUMS (Sydney University Mathematical Society) Problem Competition, sponsored by the Co-op Bookshop, is open to all Australian undergraduates. A $60
book voucher will be awarded for the best correct solution to each of the 10 problems, which can be found at www.maths.usyd.edu.au/u/SUMS/. This year’s closing date is Friday 13 August 2010.
University of New South Wales
Chris Tisdell’s Vector Calculus series of OpenCourseWare online learning videos
are now available through Academic Earth.
Academic Earth aims to
. . . give internet users around the world the ability to easily ﬁnd, interact
with, and learn from full video courses and lectures from the world’s leading
scholars. [The] goal is to bring the best content together in one place and
create an environment in which that content is remarkably easy to use and
where user contributions make existing content increasingly valuable.

The Vector Calculus videos may be accessed at
http://academicearth.org/courses/vector-calculus.
University of Western Australia
The Department of Mathematics and Statistics at UWA produced a number of
ﬁlms and tapes of lectures and seminars by visiting mathematicians in the 1970s
and 1980s. These include presentations by, for example, Paul Halmos, Ed Hewitt,
Al Tucker and Gustave Choquet. Since we now are compelled to clean out our
archives, we plan to convert some to electronic media and throw others away. If
you or your department or institution are interested in obtaining copies, or the
originals, of this material, please contact Phill Schultz, School of Mathematics and
Statistics, The University of Western Australia (schultz@maths.uwa.edu.au).
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Completed PhDs
Australian National University
• Dr Jörg Arndt, Generating random permutations, supervisor: Richard Brent.
• Dr Sumaira Qureshi, Bioinformatics developments in the longest common
sub-sequence problem and the application of spectral envelopes, supervisor:
Sue Wilson.
La Trobe University
• Dr Omar Rojas, From discrete integrable systems to cellular automata, supervisors: Reinout Quispel, Peter van der Kamp and Tim Garoni.
University of Adelaide
• Dr Daniel Marshall, Conics, unitals and net replacement, supervisors: Susan
Barwick and Rey Casse.
• Dr David Roberts, Fundamental bigroupoids and 2-covering spaces, supervisors: Michael Murray and James Stashe.
University of Melbourne
• Dr Chris Goddard, Various topics in comparison geometry and discrete mathematics, supervisor: Hyam Rubinstein.
University of New South Wales
• Dr Therese Keane, Combat modelling with partial diﬀerential equations,
supervisors: Jim Franklin and Gary Froyland.
• Dr Zhi Jun Guo, Small time asymptotics of implied volatility under local
volatility models, supervisor: Ben Goldys.
• Dr Nathan Pearce, Kernel methods for data analysis, supervisor: Matt Wand.
• Dr James Pettigrew, Characterising singular curves in parametrised families
of biquadratics, supervisor: John Roberts.
• Dr Atiya Zaidi, Existence and uniqueness of solutions to non-linear ﬁrst order
dynamic equations on time scales, supervisor: Chris Tisdell.
University of Queensland
• Dr Peter Finch, The Drinfeld double of dihedral groups and integrable systems, supervisors: Karen Dancer, Phil Isaac and Jon Links.
• Dr Zdravko I. Botev, The generalized splitting method for combinatorial counting and static rare-event probability estimation, principal advisor: Dirk Kroese.
University of Sydney
• Dr Sebastian Hermann, Numerical investigation of the large core limit of
spiral waves in excitable media, supervisor: Georg Gottwald.
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University of Western Australia
• Dr Hamood Amur Hamood Alwardi, Eﬃcient algorithms for solving Hamilton–Jacobi–Bellman equations, supervisors: Song Wang and Leslie S. Jennings

Awards and other achievements
Australian National University
• Professor Alan Carey has been awarded the Humboldt Research Award in
recognition of his past accomplishments in research and teaching.
Griﬃth University
• Environmental Futures Centre researcher Dr Gurudeo Anand Tularam has
been recognised with a prestigious Non Resident Indians (NRI) Welfare Society ‘Hind Rattan Award’. Dr Tularam was recognised for his outstanding
services, achievements and contributions to Vedic math, philosophy and religion. The Hind Rattan Award (which, in Hindi, means ‘Jewel of India’) is
given yearly to about 30 members of the worldwide Indian community.
Monash University
• Christian Jakob has been selected to be the Lead Author for the Fifth Assessment Report of the Intergovernmental Panel on Climate Change.
• Congratulations to Professor Robert Charles Griﬃths, on being elected as
a Fellow of the Royal Society. Bob joined our School (Department then) in
1973 as a lecturer in Statistics. He became a Reader in Statistics in 1989.
Bob left Monash in 1998 to take up a lectureship in the Department of Statistics at Oxford University. He became Professor at Oxford two years later.
Bob’s research is in mathematical population genetics.
The citation reads:
Professor Robert Charles Griﬃths, FRS, Professor of Mathematical Genetics, Department of Statistics, and Fellow of Lady Margaret Hall, University of Oxford.
Professor Robert Charles Griﬃths is Professor of Mathematical Genetics
at University of Oxford and is distinguished for his fundamental contributions to Mathematical Population Genetics in the study of evolutionary
stochastic processes, probability distributions of gene frequencies and of
genealogical trees. He initiated and developed computational algorithms
for full likelihood inference of population genetics parameters from DNA
sequences, and ancestral inference, such as ﬁnding the time to the most
recent common ancestor and ages of mutations in genealogical trees.

University of Sydney
• Leon Poladian received a Faculty of Science citation for Excellence in Teaching.
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• Libo Li won a Faculty Postgraduate Research Prize recognising ‘outstanding
postgraduate achievements, particularly during the early phases of candidature’.

Appointments, departures and promotions
Australian National University
• Dr Sumaira Qureshi has been appointed as a postdoctoral fellow from 3 May
2010.
• Dr Frederic Rochon has been appointed as a lecturer from July 2010.
• Dr Katharina Neusser will start at CMA/MSI as a postdoctoral fellow, working with Mike Eastwood from 5 July 2010.
• Dr Kees van Schaik will start at CMA/MSI as a postdoctoral fellow, working
with Ross Maller from 1 November 2010.
• Dr Lecure Guillaume will start as a postdoctoral fellow on June 2010.
Macquarie University
• Dr Steve Lack (currently at the University of Western Sydney) has accepted
an appointment at Macquarie University as Associate Professor in Mathematics, commencing on 12 July 2010. Steve has a distinguished record in
category theory that was most recently recognised with his award of the 2009
Australian Mathematical Society Medal.
Monash University
• Dr Guillaume Laibe commenced as a research fellow on 21 May 2010. The
goal of Guillaume’s work is to understand the evolution of grains during the
early stages of planet formation, with special focus on the coupling between
dust dynamics and grain growth. The main purpose is to explain in which
way grains are not accreted onto the central star when they reach the optimal
size of migration and to predict the grain size distributions for various kind
of nebulae and growth models. To perform such analysis, Guillaume is using
a full 3D two-phase (gas and dust) SPH code; and also deriving analytical
models so as to give rise to the important physical parameters involved.
University of Adelaide
• Dr Pedram Hekmati from the Royal Institute of Technology, has joined the
School as a postdoctoral research associate, working with Mathai Varghese.
• Dr Guanghua Lian, from the University of Wollongong, has joined the School
as a postdoctoral research associate, working with Robert Elliott and Nigel
Bean.
• Dr Judy Bunder, from the University of Wollongong, has joined the School
as a postdoctoral research associate, working with Tony Roberts.
• Dr Barry Cox, from the University of Wollongong, has joined the School as
Senior Lecturer in Applied Mathematics.

198

News

• Professor Jim Hill, from the University of Wollongong, has joined the School
as Professor in Applied Mathematics.
University of Ballarat
• Professor Sidney Morris retired from the University after an outstanding academic career spanning 40 years. Sid has had an incredible impact not only on
the Graduate School of Information Technology and Mathematical Sciences,
but also on the University of Ballarat as a whole. Sid will continue to have
a signiﬁcant input as an Emeritus Professor (awarded 3rd May 2010).
University of Melbourne
• Dr Henry Segerman has been appointed as a research fellow.
• Dr David Chui has been appointed as a research fellow.
• Ms Marnie Collins, Statistical Consultant, has left.
University of South Australia
• Professor Phil Howlett retired from the University after 45 years of service.
Phil will continue his association with the University, having been awarded
the title of Emeritus Professor (from 1st June 2010).
• Dr Penny Sanchez has been appointed as a lecturer.
• Regina Burachik has been appointed as Associate Professor in Optimisation.
University of Sydney
• Wen-Kain Wang has been appointed as a research associate, starting 1 April
2010, working under the supervision of Christian Ewald.
• Fernando Viera has been appointed as a research fellow.
University of Western Australia
• Simon Guest, a postdoctoral research associate, commenced on 1 January
2010.
• James Springham, a postdoctoral research associate, commenced on 4 January 2010.
University of Wollongong
• Professor Jim Hill, formerly a professorial fellow at the University of Wollongong, will take up the position of Professor of Applied Mathematics in
the School of Mathematical Sciences at the University of Adelaide on 1 July.
Professor Hill is a former Chair of ANZIAM (Australian and New Zealand
Industrial and Applied Mathematics), and a recipient of the ANZIAM Medal.
• Rod Nilsen, Jacqui Ramagge and Graham Williams have been promoted to
Professor.
• Judith Bunder and Barry Cox have left the university.
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Gazette News
There have been several changes of local correspondent in recent months. The
editors of the Gazette wish to thank the following people for their eﬀorts as local
correspondents. Current correspondents are listed inside the back cover.
•
•
•
•
•

John Hewitt (University of South Australia)
John Louis (Charles Sturt University)
Imre Bokor (University of New England)
Valeri Stefanov (University of Western Australia)
Rodney Weber (ADFA)

New Books
University of Adelaide
• Roberts, A.J. (2009). Elementary Calculus of Financial Mathematics. (Monographs on Mathematical Modeling and Computation 15). SIAM, PA, USA.
University South Australia
• Filar, J.A. and Haurie, A. (eds) (2010). Uncertainty and Environmental Decision Making. International series in Operations Research and Management
Science, Vol. 138. Springer, New York.
• Hudson, I.L. and Keatley, M.R. (eds) (2009). Phenological Research: Methods for Environmental and Climate Change Analysis. Springer.
University of Western Australia
• Black, K., Asafu-Adjaye, J., Khan, N. (UWA), Perera, N., Edwards, P. and
Harris, M. (2010). Australasian Business Statistics, 2nd edn. John Wiley.

Conferences and Courses
Conferences and courses are listed in order of the ﬁrst day.
Dynamics Days Asia Paciﬁc 6 (DDAP6)
Date: 12–14 July 2010
Venue: School of Mathematics and Statistics, UNSW
Web: conferences.science.unsw.edu.au/DDAP6/DDAP6.html
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1st Conference of the European Society for Mathematics and the Arts
Date: 19–20 July 2010
Venue: Institut Henri Poincaré, Amphi Hermite, Paris
Contact: C.P. Bruter (bruter@univ-paris12.fr), Hervé Lehning (lehning@noos.fr)
STATPHYS 24: The XXIV International Conference on Statistical
Physics of the International Union for Pure and Applied Physics
Date: 19–23 July 2010
Venue: Convention Centre, Cairns, Queensland
Web: www.statphys.org.au
AMSI Workshop: Algorithms, Algebra and Analysis in Four Dimensions
Date: 20–21 July 2010
Venue: The University of Queensland
Web: www.maths.uq.edu.au/∼tillmann/4md/
Four-dimensional topology is an important branch of geometry and topology. Many
important problems — as well as the decidability of these problems — are still open,
and in recent decades the ﬁeld has become a focus of international activity.
This workshop will bring together researchers in four-dimensional topology from
around Australia, to foster interaction and collaboration in this area. The main
impact of this workshop will be to stimulate interaction between researchers in the
three key areas of algorithms, algebra and analysis, to bring about new collaborations to work on diﬃcult problems that cannot be tackled from one viewpoint
alone.
There is no deadline for registration. However, for catering purposes and reservation of accommodation, you should contact the organisers as soon as possible if
you’re intending to attend the workshop.
Conﬁrmed speakers: Bea Bleile (University of New England), Ryan Budney (University of Victoria), Ben Burton (University of Queensland), Bell Foozwell (Trinity
College), Jonathan Hillman (University of Sydney), Hyam Rubinstein (University
of Melbourne), and Craig Westerland (University of Melbourne),
We gratefully acknowledge the generous support of the Australian Mathematical
Sciences Institute, and the School of Mathematics and Physics at the University
of Queensland.
Mathematics and Physics on the Borderline
between Algebraic and Diﬀerential Geometry
Date: 26–30 July 2010
Venue: Centre for Mathematics and its Applications, ANU
Web: www.maths.anu.edu.au/∼eastwood/workshop.html
Organisers: James Borger, Michael Eastwood and Amnon Neeman
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Speakers: Paul Baird, Nicholas Buchdahl, Jack Hall, Eric Katz, Sheldon Katz,
J.M. Landsberg, Claude LeBrun, Daniel Murfet, Dragos Oprea, Rahul Pandharipande, Mihai Paun, Vivek Shende, Jian Song, Mathai Varghese, Craig Westerland,
Aleksey Zinger.
Please see the website for more details, including how to register for this meeting.

International Congress of Mathematicians: ICM2010
Date: 19–27 August 2010
Venue: Hyderabad International Convention Centre, Hyderabad, India
Web: www.icm2010.org.in
There are posters for ICM2010 at www.icm2010.org.in/posters.php. Feel free to
print them out and display them at appropriate locations.

International Conference on Geometric
and Nonlinear Partial Diﬀerential Equations
Date: 30 August – 3 September 2010
Venue: Mission Beach, Queensland
Web: www.maths.uq.edu.au/∼hong/Missionbeach.htm
This conference will be run similarly to a successful meeting at the same location
in 1998 which generated a lot of interest in a sequel. The conference will host
many of the leading international researchers in diﬀerential geometry and partial
diﬀerential equations as well as provide the opportunity for young researchers and
PhD students to get together to discuss new work in the ﬁeld.
The conference will be run along similar lines to Oberwolfach and Banﬀ workshops,
with a mixture of expository talks and focused discussion sessions covering highly
topical research areas such as geometric ﬂows and their applications, optimal transportation, complex and conformal geometry, regularity issues in nonlinear PDEs,
reaction diﬀusion equations, singular variational problems.
The conference is organised by the Australian National University and sponsored
by the Australian National University and the Australian Mathematical Sciences
Institute.
Further details and registration information is available on the conference website.
Limited funds are also available to defray accommodation costs for some participants. Those interested in such support should contact the conference organisers
directly through alison.irvine@anu.edu.au.

2010 AustMS Early Career Workshop
Date: 25–26 September 2010
Venue: Rydges Oasis Resort, Caloundra, Queensland
Web: www.maths.uq.edu.au/∼tillmann/austms10
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54th Annual Meeting of the Australian Mathematical Society
Date: 27–30 September 2010
Venue: University of Queensland, St Lucia campus
Web: www.smp.uq.edu.au/austms2010
Australian Learning & Teaching Council Project
Date: 30 September – 1 October 2010
Venue: University of Queensland, St Lucia campus
Web: www.austms.org.au/ALTC
Enquiries: Diane Donovan (dmd@maths.uq.edu.au)
Birgit Loch (bloch@swin.edu.au)
We invite all staﬀ to attend a training workshop (symposium) on eﬀective teaching
and learning in the quantitative disciplines. It is being run for tertiary teachers of
mathematics and statistics under the auspices of a project funded by the Australian
Learning & Teaching Council. It is also supported by the Australian Mathematical
Society.
It will be held on 30 September to 1 October 2010 at the University of Queensland,
Brisbane (St Lucia campus), immediately following the 54th Annual Meeting of
the Australian Mathematical Society (27–30 September 2010).
The symposium is targeted mainly at early-career academics, but is also of interest to those who are more experienced who would like to upgrade their skills.
The symposium will provide practical ways of sharing and developing strategies
of teaching in the quantitative disciplines. Participants and facilitators will work
in small groups in interactive sessions to enable peer learning.
Plenary talks and interactive break-out sessions will focus on industrial applications of mathematics, using technology including software and online learning
platforms, methods of teaching in tutorials and lectures, and assessment practices.
The project team will set up a learning management system to enable on-going assessment, to complete further learning modules within the project, and to provide
relevant teaching and learning resources to symposium participants.
To register your attendance or receive updates on plenary speakers and a detailed
programme, visit the website.
Early-bird registration by 31 August 2010 is free for AustMS members, $55 for
non-AustMS members (leading to AustMS membership). Travel support is available upon application.
CARMA and AMSI Workshop on Functional and Nonlinear Analysis
Date: 2–4 October 2010
Venue: The University of Newcastle
Web: carma.newcastle.edu.au/carmaevents.shtml
Contact: juliane.turner@newcastle.edu.au
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Keynote speakers: Professor J. Diestel (Kent State University), Professor Anthony
Lau (University of Alberta) and Professor George W. Willis (The University of
Newcastle).
Other speakers include Laureate Professor Jonathan Borwein (The University of
Newcastle), Dr Jeﬀ Hogan (The University of Newcastle) and Dr Warren Moors
(University of Auckland).
Registration is free. The workshop will contribute toward the cost of accommodation for participants. There are direct ﬂights to Newcastle from Brisbane which
may be of use for anyone wishing to attend on their way south from the Annual
General Meeting of the Australian Mathematical society in Brisbane.
Workshop on Discrete Optimisation
with Applications in Transport, Logistics, and Networks
Date: 12–15 October 2010
Venue: School of Mathematics and Statistics, UNSW
Web: http://do10.maths.unsw.edu.au
Contacts: Gary Froyland (g.froyland@unsw.edu.au)
Lyn Forsyth (l.forsyth@unsw.edu.au)
DO10 is organised by MASCOS, the Australian Research Council Centre of Excellence for Mathematics and Statistics of Complex Systems, in conjunction with
an international consortium of Mathematical Research Centres of Excellence from
Canada, Chile, and Germany (MITACS, CMM, and MATHEON). This workshop
is the third in the series of such collaborative meetings. Previous workshops were
on ‘Rock Mechanics and Planning in Mining’ in Santiago, Chile (2007) and on
‘Natural Resources and Mathematical Economics’ at Banﬀ International Research
Station (2006).
The purpose of this workshop is to bring together academic researchers, industry
researchers and industry leaders to discuss the most recent developments in discrete optimisation, with a particular focus on transport, logistics and networks,
and to promote regional and international mathematical exchange and collaboration.
Registration is free, but speaking slots are limited. Please email Gary Froyland
(g.froyland@unsw.edu.au) to register your interest. See the website for all the current information on the workshop; updates will be made progressively.
CTAC2010
Date: 28 November – 1 December 2010
Venue: University of New South Wales
Web: conferences.science.unsw.edu.au/CTAC2010/
The 15th Computational Techniques and Applications Conference (CTAC) will
be hosted by the University of New South Wales from 28 November 2010 to 1
December 2010.
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On-line registration and abstract submission are now open. Please visit the conference website for details.
2010 New Zealand Mathematical Society Colloquium
Date: 6–8 December 2010
Venue: University of Otago, Dunedin, NZ
Web: www.maths.otago.ac.nz
2011 AMSI Summer School
Date: 10 January – 4 February 2011
Venue: The University of Adelaide
Contact: Finnur Larusson (ﬁnnur.larusson@adelaide.edu.au)
The summer school will feature eight courses for honours and postgraduate students, as well as other mathematical and social activities. With the consent of
their home university, students can take summer school courses for credit. This is
an excellent opportunity for students to broaden their mathematical base and to
make useful connections with mathematics and statistics students and staﬀ from
around Australia. Past experience has shown that students ﬁnd the summer school
to be a very enjoyable and enriching experience.
ANZIAM 2011
Date: 30 January – 3 February 2011
Venue: Stamford Grand, Glenelg, South Australia
Web: anziam2011.adelaide.edu.au
Contact: anziam2011@adelaide.edu.au
7th International Congress on Industrial and Applied Mathematics
(ICIAM 2011)
Date: 18–22 July 2011
Venue: Vancouver, British Columbia, Canada
Web: www.iciam2011.com
Email: info@iciam2011.com

Vale
Michael Hasofer
With regret we inform readers that Emeritus Professor Michael Hasofer, formerly
of the School of Mathematics of the University of New South Wales, passed away.
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Visiting mathematicians
Visitors are listed in alphabetical order 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.
Dr Mohammed Abouzaid; MIT; 14–22 July 2010; – UAD; –
A/Prof Naruhiko Aizawa; Osaka Prefecture University, Japan; 30 August to 2 October 2010; –; UQL; Jon Links and Phil Isaac
Dr Maicon Marques Alves; IMPA, Rio de Janeiro; 25–30 July 2010; –; USA;
Regina Burachik
Pierre-Olivier Amblard; CNRS, France; 1 August 2010 to 28 February 2013; –;
UMB; Owen Jones
Prof Jianye An; Tianjin University of Commerce, PR China; 1 July 2010 to 15
January 2011; –; UWA; –
Prof Paul Baird; Université de Bretagne Occidentale; 24 March to 30 August 2010;
analysis and geometry; ANU; Michael Eastwood
Prof Adolfo Ballester-Bolinches; Universitat de València; 23 July to 26 August
2010; algebra and topology; ANU; John Cossey
Mehdi Behzad; Shahid Beheshti University; 11–18 July 2010; –; UWA; Cheryl
Praeger
Anton Betten; Colorado State University; 10 August to 15 January 2011; –; UWA;
Gordon Royle
Prof John Bland; University of Toronto; 1 June 2010 to 31 August 2011; analysis
and geometry; ANU; Michael Eastwood
Dr Mark Blyth; University of East Anglia, UK; 30 June to 24 July 2010; –; UWA;
Andrew Bassom
Dr Gaetan Borot; CEA-Saclay, France; 4–11 July 2010; –; UMB; Jan de Gier
Dr Ryan Budney; University of Victoria, Canada; 20 June to 23 July 2010; geometry and topology; UQL; Ben Burton
A/Prof Zhiqiang Cai; Tianjin University of Commerce, PR China; 1 July 2010 to
15 January 2011; –; UWA; –
Dr Luigi Cantini; LPTMS Universite Paris-Sud, France; 8–28 February 2011; –;
UMB; Jan de Gier
Prof Alan Carey; Australian National University; 15–16 July 2011; –; USA; Vladimir Gaitsgory
Prof Stephen Chapman; Oxford University; 1 August 2010 to 1 August 2011;
mathematical modelling, methods of asymptotics; USY; N. Joshi
Dr Florica Cirstea; University of Sydney; 14 July 2008 to 14 July 2011; applied
and nonlinear analysis; ANU; Neil Trudinger
Dr Robert Clark; University of Wollongong; 1 July 2008 to 1 July 2011; statistical
science; ANU; Alan Welsh
Dr David Dereude; Universite De Valenciennes; 1 January to 31 August 2010; –;
UWA; Adrian Baddeley
Mr Gnanadarsha Dissanayake; Troy State University; 1 March 2010 to 31 December 2010; time series; USN; M.S. Peiris
Dr Timofei Dokchitser; University of Cambridge; 20 August to 27 September 2010;
arithmetic geometry; USY; J.J. Cannon
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Dr Vladimir Dokchitser; University of Cambridge; 20 August to 27 September
2010; arithmetic geometry; USY; J.J. Cannon
Dr Demosthenes Ellinas; Technical University of Crete; 18 July to 7 August 2010;
–; UQL; Tony Bracken
Dr Fabian Essler; Oxford University, UK; 28 July to 6 August 2010; –; UMB; Jan
de Gier
Nick Gill; University of Bristol, UK; 16–31 July 2010; –; UWA; –
Prof Frederick Goodman; University of Iowa, USA; 10–31 August 2010; –; UMB;
Arun Ram
Andreas Hammel; Princeton University; 23–27 August 2010; –; USA; Regina Burachik
Prof Jianxun Hu; Zhongshan University; 1 July to 10 September 2010; analysis
and geometry; ANU; Bryan Wang
Moharram Irandmusa; Shahid Behestiti University; March 2010 to September
2010; –; UWA; Cheryl Praeger
Prof Martin Isaacs; University of Wisconsin; 4–18 July 2010; algebra and topology; ANU; John Cossey
Wei Jin (student); Central South University, China; 20 September 2008 to September 2010; –; UWA; Cheryl Praeger
Professor Gabor Kassay; Babes-Bolyai University, Cluj-Napoca; 15–26 August
2010; –; USA; Regina Burachik
Dr Syu Kato; Kyoto University; 21 August to 5 September 2010; geometric representation theory; A. Henderson
A/Prof Abdollah Khodkar; University of West Georgia, USA; 1–31 August 2010;
–; UQL; Diane Donovan and Elizabeth Billington
Ik Sung Kim; Korea Maritime University, Busan; 1 March 2010 to 28 February
2011; computational mathematics, image processing; UNSW; Bill McLean
Prof Alexander Kleshchev; University of Oregon, Eugene; 7 July to 14 September
2010; represenatation theory; USY; A.P. Mathas
Prof Sanjay Kumar; Banaras Hindu University, India; 6–25 July 2010; –; UMB;
Aleks Owczarek, Iwan Jensen
Prof Joseph Landsberg; Texas A&M University; 1–7 August 2010; geometric representation theory; USY; A. Henderson
Prof Alain Lascoux; IGM Universite de Marne-La-Vallee, France; 10 June to 20
July 2010; – UQL; Ole Warnaar
Dr Guillaume Lecue; Université de Provence, France; 1 June to 30 September 2010;
analysis and geometry; ANU; Shahar Mendelson
Professor Juli Li; Xi’an Jiaotong University, China; 12–22 July 2010; –; UQL; YaoZhong Zhang
Dr Jean-Marie Maillard; CNRS, France; 10–25 July 2010; –; UMB; Tony Guttmann
Dr Victoria Martin Marquez; Universidad de Sevilla, Spain; 20 July to 10 October
2010; –; USA; Regina Burachik
Dr Peter McNamara; Stanford University, USA; 11 June to 17 August 2010; –;
UWA; Cheryl Praeger, Gordon Royle
Dr Giang Nguyen; Universite Libre de Bruxelles, Brussels; 20 July to 20 August
2010; –; UMB; Peter Taylor
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Professor Bernard Nienhuis; University of Amsterdam, The Netherlands; 30 July
to 6 August 2010; –; UMB; Jan de Gier
A/Prof Kay O’Halloran; Interactive and Digital Media Institute Singapore; 2 August 2010 to 28 January 2011; –; UWA; Kevin Judd
Prof Makato Ozawa; Komazawa University, Japan; 1 April 2009 to 31 March 2011;
–; UMB; Prof Hyam Rubinstein
Melih Ozlen; RMIT, Victoria; 26 August to 2 September 2010; operations research;
UQL; Ben Burton
Prof Ben de Pagter; Delft University of Technology; 6–25 July 2010; –; UNSW; –
Prof Thomas Prellberg; University of London, UK; 2–30 July 2010; –; UMB; Tony
Guttmann
Mr Kyle Pula, PhD student; Colorado, USA; 31 August 2010; combinatorics and
non-associative algebra, transversals of Latin squares; Ian Wanless
Dr Pavel Pyatov; State University, Russia; 17 July to 5 August 2010; quantum
algebras; USY; A.I. Molev
Dr Pavel Pyatov; Joint Institute for Nuclear Research, Russia; 5–11 August 2010;
–; UMB; Jan de Gier
A/Prof Andrei Ratiu; Istanbul Bilgi University; 21 September 2009 to 31 August
2010; –; UMB; Craig Hodgson
A/Prof Simone Rinaldi; Dipartimento di Scienze Matematiche e Informatiche,
Italy; 11–23 July 2010; –; UMB; Tony Guttmann
Dr Keiichi Shigechi; University of Amsterdam, The Netherlands; 24 February to
31 August 2010; –; UMB; Jan de Gier
Shujiao Song; Tsinghua University; 1 February 2010 to 31 July 2010; –; UWA;
Cai Heng Li
Prof David Stanford; University of Western Ontario, Canada; 2 July to 7 September 2010; –; UMB; Peter Taylor
Prof Michael Struwe; ETH, Zurich; 16–29 August 2010; –; UQL; Min-Chun Hong
Prof Emeritus De Witt Summers; Florida State University, USA; 4–11 July 2010;
–; UMB; Aleks Owczarek, Tony Guttmann
Dr Robert Weston; Heriot-Watt University, UK; 1–11 July 2010; –; UMB; Mark
Sorrell
Prof Stuart Whittington; University of Toronto, Canada; 30 June to 10 July 2010;
–; USY; Tony Guttmann
Prof Xiaoyan Zhang; Shandong University, China; 16 January 2010 to 16 January
2011; nonlinear analysis; UNE; Yihong Du

AustMS Accreditation
The secretary has announced the accreditation of:
• Dr Anne C.M. Thomas of the University of Oxford as an Accredited Member
(MAustMS).
Peter Stacey
AustMS Secretary
E-mail: P.Stacey@latrobe.edu.au

Peter Stacey joined La Trobe as a lecturer in 1975 and retired
as an associate professor at the end of 2008 after many years
as head of department and then associate dean. Retirement
has enabled him to spend more time with his family while
continuing with some research on C*-algebras and some work
on secondary school education. He took over as secretary of
the Society at the start of 2010.
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J. McCoy
P. Cerone
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