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There is a modern commercial characterisation of mathematics in Australia, provided by the
sponsored links of Google when searching for “mathematics” on Australian web pages. Topping the list are two educational software packages, “Mathemagic Computer Tutor” (http:
//www.austmaths.com.au) and “MathsPower Tutoring Software” (http://www.mathspower.
com.au). The first one claims support of the Australian Institute of Mathematics AIMWA
(http://www.aimwa.net.au). Reassuringly, AIMWA is an “Authorised Distributor for the
Australian Institute of Mathematics Products”. The second company goes even one step
further, and advertises as an Australian Government Endorsed Supplier. How comfortable
are we with this characterisation of mathematics? Should a professional organisation such as
the AustMS play an active role in accrediting and endorsing commercial mathematics products? Surely the AustMS should be able to give more thrustworthy advice on professional
mathematics products than the Australian Government?
There are other circumstances where there is an important practical need for a good description of mathematics, for example when we want to properly identify mathematics in
teaching and research for assessment or funding purposes. One definition of mathematics
research in Australia is the collection of RFCD codes we use when applying for grants or
report to funding agencies. Many of us will not like this bureaucratic definition, but we
need to realise that it is the one used by those that feed us. Do we believe that the current
set of codes adequately reflects the ever changing research directions in Australia? With
regards to mathematics education it is equally important to be aware of changing trends.
In this Gazette John Crossley attempts to provide a framework for reviewing the present
curriculum. Again one may ask whether or not the AustMS should raise its profile and play
a more active role in defining mathematics in Australian research and education.
The current Review of Mathematical Sciences in Australia will give its own definition of
mathematics in Australia, but it is unlikely one to look forward to. In Math matters
you can read Tony Guttmann’s submission to the Review and his views for the future of
the mathematical sciences. In another contribution, Peter Hall takes a broader point of
view, trying to measure the value of science, research and innovation in general. Peter
shows a demonstrable strong positive impact on innovation of R&D expenditure in both
public and private sectors. But, as Tony writes, an increase in R&D funding is not easily
achieved in practice. Related to the issue of funding, in particular whether to allocate
funds to mathematics or not, is Imi Bokor’s Letter to the editors, reacting on the recent
retrenchments at University of New England.
Perhaps we should let mathematics speak for itself, and that is exactly what Norman Do
does in Mathellaneous, showing us how to communicate efficiently with limited means,
using stern logic as a helping hand. Applications of elementary probability theory are given
by Michael Deakin who considers paradoxical wine/water solutions, while the mathematics
of tsunamis is discussed by Maurice Brearly. This Gazette’s Historical is written by Joe
Gani, telling the story about Pat Moran’s legacy in statistics at the ANU.

Michael Cowling

A number of members of the mathematical sciences research community in Australia have, at various stages, opined that
the community should ask the ARC to provide smaller grants, but more of them. Generally speaking, those who have thought
about writing a submission to the ARC to
formulate this request have held back, because they fear that the outcome would be
a decrease in grant size without a commensurate increase in number. But there is another strategy, as a look at the latest message sheet (June 2006) from the Engineering and Physical Sciences Research Council (EPSRC) in England shows. There, the
mathematical sciences (defined to be mathematics, statistics and the theoretical end of
operations research) are mentioned in a remarkable number of articles, each of which
is talking about some kind of financial support for the discipline.
The ways in which the EPSRC support
the mathematical sciences are many. They
offer regular research grants like ARC Discovery Projects. They also fund mathematical scientists to build industrial links
(like Australia’s Linkage grants). But the
additional kinds of support are interesting.
A few months ago, the EPSRC was involved in hosting a meeting of representatives of (most) European nations to discuss
ways in which international (which in Europe usually means inter-European) collaboration could be boosted. The EPSRC is
calling for applications for funding for centres (plural) to run advanced mathematical
sciences coursework, pitched at least in part
at PhD students, with the aim of broadening their high level knowledge (this is
something that AMSI/ICE-EM do here, but
they do not get ARC support). And they

are calling for funding for projects where a
mathematical scientist gets involved at the
interface with another discipline, or for support for pilot projects, in the expectation
that this will lead to future applications for
further funding from more standard sources.
The point of this list is that someone,
somewhere, inside the EPSRC has decided
to diversify funding for mathematical sciences research. Perhaps this has been
achieved without cutting other programs
(though I doubt it), but perhaps it has been
achieved by reducing the average size of
grants given out through their regular funding program. I wonder whether the mathematical sciences community in Australia
should not be lobbying the ARC for two
things: first, to accept the general principle that different disciplines need different
funding models, and that the various panels (such as the mathematics and computer
sciences panel to which we belong) should
be allowed, or even encouraged, to develop
their own programs, and second, to support
some particular projects that we might like
to suggest. I am visiting Europe in June
and again in August this year, and I will
be meeting representatives of the British
mathematical sciences community several
times over the next few months, and I aim
(amongst other things) to find out what arguments were advanced, and by whom, to
bring about these new programs in England.
But I would be interested to hear from Australian colleagues their opinions about these
suggestions.
I also aim to talk to European colleagues
about journal publishing. Earlier this year,
I suggested that the Society might explore
the possibility of associating with a commercial publisher, such as Oxford or Cam-
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President’s column

bridge University Press. I remind you that
the main advantage of this kind of arrangement would be that our journals would be
“bundled”, that is, sold to libraries as part
of a package, and that we would get better
exposure that way, with a consequent improvement in our income, our impact factors
and in the quality of articles submitted. I
am surprised that I have received only two
negative comments: I was reminded that we
did try associating with another large math-

ematical society in the past, and that we
were unhappy about a number of issues, and
I was admonished never to think about associating with a large commercial publisher,
but to look at the successful model of the
journal Geometry and Topology, and to contrast that with the flagging fortunes of another leading journal in the field. I intend
to further explore the possibilities unless I
am deluged with contrary advice in the next
week or two.

Vacancy: Editor(s) for the Gazette
The present Editors of the Gazette, Drs Jan de Gier and S. Ole Warnaar, are sadly stepping
down from their position on 31 December 2006. So the hunt is on for a replacement Editor
or Editors, to carry the Gazette forward from 2007 on. An overlap in the position of a few
months, from about October 2006, is envisaged, to enable a smooth transition.
Anyone interested in the position of Editor is invited to send (via e-mail) a brief resumé
and covering letter to both the President and the Secretary, at President@austms.org.au
and Secretary@austms.org.au.
There is financial assistance available for part-time secretarial help. Knowledge of LATEX
is essential. For further information about what the position entails, please contact the
present Editors at gazette@ms.unimelb.edu.au.
Elizabeth J Billington
Hon. Sec., AustMS

Retrenchments at University of New England
The previous issue of the Gazette contained a letter from Professor J.H. Rubinstein to the incoming Vice-Chancellor of the
University of New England concerning a decision apparently made during the tenure
of the previous Vice-Chancellor to halve
the number of mathematicians employed at
UNE.
The response from the new ViceChancellor was also published.
The experience of mathematics staff
at UNE suggests that the new ViceChancellor’s response relies exclusively on
statements, repeated publicly, by members
of UNE’s management appointed before his
arrival.
While it is understandable that a freshly
arrived Vice-Chancellor rely on senior management already there for advice, it is disappointing that this advice be so misleading.
To justify forced redundancies in mathematics, the Vice-Chancellor’s letter makes
several assertions deserving closer scrutiny.
. . . the downward trend in mathematics
and science enrolments . . .
. . . We cannot continue to be overstaffed
. . . the standing of Mathematics at UNE
is in no way compromised by this action
. . . our enrolments are too low to sustain
the current staff profile . . .
. . . the integrity of the degree will not be
compromised . . .
. . . students will not be disadvantaged
. . . The decision was made after careful and exhaustive financial modelling
within UNE.
These points need to be evaluated in light
of information not presented to the new
Vice-Chancellor.

Enrolment Trends and Staffing.
(i) Whereas enrolments in terminating service units reflect the drop in student
numbers in the disciplines they serve,
the number of students taking continuing mathematics courses has increased,
not decreased. For example, there are
twice as many third-year mathematics
students this year as there were five
years ago.
(ii) In those five years, the School was able
to justify hiring five new mathematicians, some replacing departing staff,
others filling newly created positions.
The two last of these new appointments
arrived at UNE in February, 2005. Each
of these appointments had to be carefully justified, particularly in terms of
enrolments.
(iii) Before the retrenchments were announced, the School of Mathematics,
Statistics and Computer Science at
UNE had by far the highest student–
staff ratio of any School in the Faculty
of the Sciences, almost triple that of the
School with the lowest ratio. Throughout the past fifteen years, the School’s
student–staff ratio has consistently been
the highest in the Faculty, fluctuating
between 120% and 150% of the Faculty
average.
Integrity of the Degree and Effect on
Students.
(i) Of the three staff issued retrenchment notices, one accepted and has
departed already. This single departure resulted immediately in the midsemester cancellation of classes (lectures/tutorials/practical sessions) and
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has also disrupted the Statistics and
Computer Science sections of the
School. There are problems with marking examination papers and the teaching of next semester’s offerings cannot
be covered by the remaining mathematics staff.
(ii) In order for UNE to maintain the integrity of the degree, each remaining
member of staff will need to teach at
least five subjects per year at the first
to third year level.
(iii) The Dean is now proposing to delete
half of third year mathematics courses
at UNE.
(iv) Honours and post-graduate students
now find that they need to change their
courses and projects because the lecturers/supervisors are/will be no longer
available.
Financial Analysis and Modelling at
UNE.
(i) When, in the course of disputation, the
mathematics staff and the NTEU requested details of the financial model(s)
used and the data on which they were
based, UNE was unable to specify the
model and gave three different figures

for the School’s salary costs for 2006,
differing by over $130,000.
(ii) When asked on 5th April, 2006, what
the School’s closing balance was for
2005, the Faculty’s financial officer said
that the figure was not known.
(iii) Each appointment made in the last five
years required a detailed financial plan
showing the School’s capacity to maintain the staff. Each was examined
and approved by UNE at three different levels, beginning with the Faculty.
When asked which parts of the financial
plan presented in 2004 in justification
of the appointments taken up in February, 2005, were no longer operable, UNE
replied
There is no 2004 financial plan for
MSCS on Faculty files.
(iv) At the last Academic Board Meeting
before the arrival of the new ViceChancellor, the Acting Vice-Chancellor
reported that UNE’s Finance Committee had been informed that
UNE does not know what its internal costs are.

Imi Bokor
School of Mathematics, Statistics and Computer Science, University of New England, Armidale, NSW 2351
E-mail: imi@turing.une.edu.au, bea@turing.une.edu.au

Tony Guttmann
The Mathematical Sciences—is there a future?1
Last year, at a Summer School in Canberra,
Nobel Laureate (Physics) Steven Chu advised the student participants that the best
investment they could make in their future
was to study mathematics. His argument
was that mathematics is the language of science, and whether one works in the traditional areas, such as physics, chemistry, finance or genetics, or the newer disciplines
of nanotechnology, biotechnology, or information systems, mathematics is the key to
explaining existing phenomena and predicting new ones.
Despite its importance, the situation of
mathematics in Australia is marginal. The
mathematical sciences eke out a tenuous existence. At the school level, we have a growing crisis in the number of properly trained
teachers, a decline in the number of year
11 and 12 students undertaking higher level
mathematics (which is essential for tertiary
study of the more mathematically focussed
courses) and a school student body performing at the mid-level in international comparisons, and well below the performance of our
closest neighbours and major trading partners, such as Singapore, Hong Kong, China
and Japan. There is also the tendency of
educational authorities in some States to
“dumb-down” the curriculum to make it
more accessible. The current situation in
WA is a case in point.
From my perspective, the major problems facing the mathematical sciences
in this country are two-fold.
One
is underfunding—a condition readily addressed in theory, though harder to achieve
in practice, and I shall expand on this problem below.

The other is an attitudinal change in students due to a changed educational emphasis. An attitude is being bred in schools that
efforts are by definition successful. There
are degrees of success, to be sure, but the
concept of failure, or unsatisfactory work
is considered to be potentially damaging
to students, and so must be avoided. An
extreme example is, upon asking “what’s
2+2?” when answered “5”, to respond “very
good, that’s really close!” In schools, and
also in universities in consequence, there is
a flight to subjects where, so it is said, one
person’s opinion is as good as another’s,
there is no right or wrong, and even perceptions of quality are in the eye of the beholder.
As a consequence, subjects like mathematics and statistics in particular, and to
a large extent physics and chemistry, where
concepts of correct and incorrect are fairly
clear, are struggling. Many students of history can discuss World War II in terms of
the social or societal impact, but may not
be able to tell you in which century it was,
let alone that it was from 1939–1945, thus
linking the war to other events of that period. I don’t believe there is any short term
solution to this problem, except to expose
it. It is more advanced in the UK than
in Australia, and has led to an attitude of
entitlement among too many young people,
who are unfamiliar with struggle, and hence
robbed of the joy of success, particularly after a period of struggle.
On a more positive note, there has, in recent years, been some appreciation by Governments at both the State and Federal level
of the importance of the mathematical sciences, and of the need to nurture them.

1Based on my submission to the Review of Mathematical Sciences, 2006
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The Victorian Government has funded
the Australian Mathematical Sciences Institute (AMSI), while the Federal Government has funded the International Centre
of Excellence for Education in Mathematics
(ICE-EM). The Australian Research Council has funded MASCOS, the Centre of Excellence for Mathematics and Statistics of
Complex Systems. But these three centres,
valuable though they are, represent a total investment of less than $5 million p.a.,
which is, by Government spending levels,
petty cash.
At universities, things are grim. With
the increasing reliance on full-fee paying
overseas and local students, the Federal
Government has gradually been withdrawing from the funding of universities. Many
of our top universities now receive less than
30% of their income in direct grants from
the Federal Government. As not many
full-fee paying students are studying the
mathematical sciences, this naturally disadvantages the discipline in the eyes of Vice
Chancellors, who have to keep the enterprise afloat. At the same time, the Federal
Government wishes to impose an increasing
level of control and accountability on universities.
Another concern is that disciplines, like
engineering, that have traditionally included a substantial body of mathematics
in their program, are slowly but inexorably
decreasing the amount of mathematics they
require, and/or the level of mathematical
pre-requisites for an entering student.
One problem is the Federally recommended discipline funding formula
that is disadvantageous to mathematics
departments—that is to say, a university
will get more money from the Federal Government for, say, a computer science student than for a mathematics student. Can
universities be blamed for increasing the
resources in computer science, in preference
to mathematics, under such a regime?
One consequence of this is that Australia has no truly world class Department

of Mathematics or Mathematical Sciences,
despite pockets of excellence, and a general
perception that we punch above our weight.
There are several reasons for this, and I will
consider a few. Firstly, I believe that mathematical talent, like musical talent, is distributed fractally. For each 1000 very good
mathematics students, there will be 100 excellent such students, 10 outstanding students and 1 virtuoso. Each year or two,
on average, at my own university, the University of Melbourne we graduate one outstanding or virtuoso student. He or she will
almost invariably go to the USA for graduate study, will undertake postdoctoral training there, and be offered a Faculty position
at a top university and will make their career there. If we are lucky, they will return
to Australia to visit family occasionally, and
we may benefit from a research seminar, or
a short course of lectures at best.
By way of comparison, if one of our
world class sportsmen, like Thorpe, Hackett, Henry or Mottram, went off to the US
because conditions there were better, there
would be a national outcry! One reason
they don’t is that they have superb conditions here, and are reasonably rewarded for
their efforts.
We do however benefit from Ph.D graduates from Europe and Asia, and, to a lesser
extent, from North America, who come to
work with mathematicians in those pockets
of excellence I referred to above. Many of
them love Australia, the lifestyle, and the
climate. Most would willingly stay, but the
number of permanent positions available at
universities is tiny. So the situation is that
we fail to keep, or attract back, our best students, and nor do we keep our best visitors!
As the overseas trained scholars represent a
huge investment by their home countries in
their education, Australia is really wasting
a valuable opportunity here.
Having sketched some of the problems,
let me outline some, possibly radical, solutions. Firstly, we need to improve the situation in schools by offering more professional

Math matters

development to existing mathematics teachers, more incentives for mathematics graduates to enter the teaching profession, and
a better path for teacher training.
The training of teachers can be improved
by making sure that mathematics teachers
have a mathematics degree, followed by a
Dip. Ed. or equivalent. (And the integrity of Dip. Ed courses, in terms of
their focus on mathematics teaching, must
be ensured). Their mathematical education
should not be provided by Education faculties, but by discipline experts. ICE-EM
is helping by producing exemplary teaching
aids for teachers of mathematics in the middle school years. Secondly, to address the
current shortfall in teacher numbers, salary
loadings should be paid to teachers in disciplines in which it is difficult to find sufficient
numbers, like the mathematical and basic
sciences. Some may claim that this is unfair, but consider that such teachers already
have to saddle the burden of a higher HECS
debt than, say, an Arts graduate, so they
have paid more to become a maths/science
teacher. Is it so unfair that they should
then, in turn, be paid more? In the UK,
prospective mathematics teachers pay no
fees, and get a cash bonus on signing on,
which totals some £25000 over three years.
As a measure to address the shortage
of properly trained mathematics teachers
as quickly as possible, short term retraining courses for highly numerate individuals from other disciplines, such as engineering, may also be cost effective. Attempts
to retrain teachers from areas entirely outside mathematics, as has been attempted in
some States, should be resisted.
While some professional development is
provided by State education authorities, it
is far from sufficient. Too much of the State
Education Department’s professional development budget is spent on training courses
for values education, and classroom discipline matters. Important though these are,
discipline specific professional development
is at least equally important. Indeed, a
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well-informed, engaging teacher is much less
likely to have discipline problems than one
struggling with the material, and whose uncertainty will be all too clear to the class.
These measures may halt the decline in
students taking higher level mathematics.
While the number of students undertaking
year 12 mathematics has kept pace with
population growth, looking more carefully
at the numbers, one sees that the lowest
level of year 12 mathematics is showing significant growth, mid-level is growing in line
with population growth, but higher level
maths is in decline. This is a disaster for
a country that wants an appropriate supply
of home-grown engineers, scientists, finance
experts, statisticians and related professionals.
At the University level, we should bite
the bullet and strive to build a few world
class mathematical science departments,
while at the same time ensuring that an adequate undergraduate mathematical education is available at all universities .
An alternative view, held by some of my
colleagues is that, for a small and somewhat
scientifically isolated country like Australia,
it would be a mistake to strive for one or two
world class departments. Having excellence
concentrated in one place leaves it vulnerable to stochastic extinction, either as a victim of the tall poppy syndrome, or just being subject to ill-advised decisions by managers. Similar arguments apply against trying to create a Harvard or Stanford of the
south—unless of course the Higher Education budget is substantially increased, which
doesn’t seem likely.
Another danger (of the proposed system
of just one or two world class mathematical science departments), is the bleeding of
student talent to those departments and the
demoralisation of talented academics who
do not have the opportunity of employment
at those top institutions. A possible solution to this is to make some changes to the
current ARC structures. At present, mathematics is bundled up with information sci-
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ences. This is both an unnatural and an
uneven conjunction. The number of information science panel members of the ARC
College of Experts, who determine who gets
funded, significantly exceeds the number of
mathematical scientists. Secondly, the nature of scientific publication in the two areas
is quite different. A mathematician will frequently labour over a major piece of work
for a year, two years, or more, whereas
the publication of comparatively brief , and
more frequent, conference proceedings is the
norm in the information sciences. I suggest
that a stand-alone panel be established for
the mathematical sciences, ideally with increased funding. But the Canadian model
for funding mathematical scientists is certainly worthy of close scrutiny. In Australia, a small number of high fliers typically receive grants of $100,000 pa or more.
This limits the number of recipients. In
Canada however, nearly every productive
mathematician actively prosecuting internationally competitive research is likely to
be funded. The average grant size is 1/3
to 1/4 of that received by their Australian
counterparts.
I stress that this suggestion relates only
to research grants for established scientists in fully funded positions. It would
need to be accompanied by more research
fellowships—at all levels—that go directly
to individuals, these to be taken up at the
institutions of the candidates’ choice.
The activities of ICE-EM and AMSI will
also be vital to ensure that students at all
universities have access to the very best
mathematicians, through the funding of international conferences, summer and winter schools and the creation of Access Grid
rooms. All these activities are currently being funded, to an extent, but could be substantially expanded.
The Federal Government could financially encourage universities to bolster their
mathematical sciences departments. One
way would be to change the funding model
that is so disadvantageous to mathematics.

This would make it possible to permanently
retain some of the outstanding young postdoctoral fellows that come to this country.
Another is to provide earmarked infrastructure funding. I have recently returned from
China where I attended the opening of the
Nankai Institute of Mathematics in Tianjin. This building, which dwarfs most academic buildings on Australian campuses,
is equipped with the most modern facilities, a world class library, state-of-the-art
communications and computer systems, but
most of all, superb people. China is attracting back many of its expatriates, frequently by the mechanism of joint appointments. This would be the fastest and probably most cost-effective way for Australia
to benefit from the outstanding home-grown
talent currently working overseas. I believe
a number of expatriate Australians would
welcome the opportunity of a joint appointment, say half a year at an Australian university and the other half at a US or European one. The influx of such people could
really ensure that we develop a world class
mathematical system. Perhaps a first step
might be to make appointments encompassing the (Northern hemisphere) summer. I
see such developments as pivotal to our success in achieving even one world class mathematical sciences department.
Another activity might be to set up exchange schemes with our mathematically
talented near neighbours, such as Singapore, China, Japan, Korea and Taiwan.
Such schemes exist, but they are rare and
not well encouraged or promoted.
We also need a system to recognise, reward, and protect our young stars while
they develop their talents. A young Australian mathematician, Akshay Venkatesh,
from University of Western Australia, has
recently been appointed to a tenured Associate Professorship at the Courant Institute
in New York. He is 23 years old, and just a
couple of years out from his Ph.D. It is inconceivable that such an appointment could
be made in Australia. Mathematicians
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seeking promotion must be “the complete package”. Research excellence is not
enough. They must have demonstrable,
and documented teaching skills, and have
shown both the willingness and the ability
to perform a variety of administrative tasks.
While accepting the reasonableness of this,
it precludes recognition of outstanding, but
by virtue of their youth, less broadly experienced people, who are the ones in the long
term who will make a substantial difference
to the discipline.
Australia’s greatest home-grown mathematician is 30 year old Terry Tao, who
has held a full professorship at UCLA for
5 years. A colleague joked that if he’d
remained in Australia he’d now be writing his application for promotion from Lecturer A to Lecturer B! As it is, he has already won some of the top awards open
to a mathematician, including the Bocher
Prize, a Clay Research Award and a Conant Award. Surely, in the headlong rush to
make universities indistinguishable in structure from the Public Service, there is room
for a mechanism to nurture and encourage
sheer mathematical talent, perhaps sparing
such people from a high teaching load or
burdensome administration while they develop their mathematical virtuosity?
The industry employers of mathematicians also have a responsibility to nurture
the hand that feeds them. Our banks and
financial institutions will happily employ all
the Ph.D graduates we can produce. Other
industries are also increasingly recognising
the power of mathematical training, and the
quality of analytic skills it imparts—so that
sector specific skills can be readily grafted
on. Yet the financial support offered by industry, by way of scholarships, endowments,
summer internships etc. is virtually nonexistent. This must change—and it would
be for everyone’s benefit for it to do so. The
situation is equally bad, or perhaps worse,
in Statistics, where at least one international drug company is threatening to close
down their Australian research laboratories
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because of its inability to find appropriately
qualified statisticians. Such schemes have
to be introduced thoughtfully, however. In
the US we had the situation, in some instances, where young scientists had to go
door knocking to seek half their salaries.
Related to this is Australia’s reliance on
education as an export industry. As currently structured, this has the unwanted
side effect of preventing us from providing local employers with a sufficiently large
graduate pool, as our educational resource
is being used to provide education to those
who will return to their home countries.
Given that education brings more money
into the Australian economy today than
wheat, (perhaps a poor comparison, in light
of recent events in the wheat industry) it
seems reasonable to expect the Government
to put more money back into it to increase
the local graduate pool in areas of high demand.
Ten years ago, a committee of enquiry
into the mathematical sciences in Australia recommended the establishment of
an industry-focussed mathematical research
institute. Canada has such an institute in
MITACS. In Australia, AMSI and MASCOS, while substantially charged with other
aims, are also expected to provide similar facilities and services, and earn income
like MITACS. Yet MITACS has just been
funded for a further 7 years to the tune
of C$7 million p.a., which exceeds the total budget of all three existing Australian
mathematics research centres. Canada, in
addition, has 3 purely research-focussed
mathematical research institutes. In short,
Canada, with a population comparable to
ours is pumping much more money into the
basic sciences in general and the mathematical sciences in particular.
The measures I have outlined are not particularly expensive. They do however require a change in attitude in the educational
sector and the Governments that fund it.
They are not guaranteed to work, and will
create problems of their own. However I
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am confident that they would create a much
more lively, vibrant and engaged mathematical sciences sector. If Australia is to be

other than the world’s quarry, we must effectively address these problems.

Department of Mathematics and Statistics, The University of Melbourne, VIC 3010
E-mail: T.Guttmann@ms.unimelb.edu.au

Norman Do
Communicating with eyes, hats and light bulbs
In his infamous book entitled The Selfish Gene [2], evolutionary theorist Richard Dawkins
coined the increasingly popular buzzword “meme”. A meme is a self-replicating unit of
cultural information which is transmitted from one mind to another. As explained by
Dawkins himself,
“Examples of memes are tunes, ideas, catch-phrases, clothes fashions, ways
of making pots or of building arches. Just as genes propagate themselves in
the gene pool by leaping from body to body via sperms or eggs, so memes
propagate themselves in the meme pool by leaping from brain to brain. . . ”
Among the mathematical cognoscenti, a perfect example of a meme is a mathematical
puzzle. Puzzles which are interesting and enjoyable have a habit of being continually passed
around from one person to another while puzzles which are poorly contrived and uninspiring
tend to die out. This highlights the parallel, originally intended by Dawkins, between memes
and genes. A particularly good source of memetically successful mathematical puzzles is the
topic of communication and information. For some reason, such puzzles tend to tickle the
fancy of both professional mathematicians and laypeople alike. In this article, we discuss
three puzzles involving the concept of communication which have become popular in the
recent past. The reader is strongly recommended, if they have not come across the puzzles
before, to invest some time in them before proceeding to the solutions.

Blue Eyes, Brown Eyes
On the small island of Oculazura is a volcano as well as a tribe of 100 completely logical
people. It is a well-known fact about the Oculazurans that they each have blue eyes
or brown eyes. However, since there are no mirrors or reflective surfaces on the island,
none of them knows the colour of their own eyes, even though they can see the colour
of everybody else’s. In fact, according to their strict religion, any person who is able to
determine the colour of their own eyes must sacrifice themselves to the gods by jumping
into the volcano at midnight on the night of their discovery.
One day, a visiting tourist addresses the entire tribe and announces to them that at
least one of the islanders has blue eyes. What happens next?
What happens next. The fate of the tribe can be determined most easily in the case that
there is precisely one Oculazuran with blue eyes. Supposing that you were this person, you
would already have deduced that the number of people with blue eyes on the island is either
0 or 1, depending on the colour of your own eyes. Thus, the tourist’s announcement is
enough for you to deduce that you must be the only person on the island with blue eyes. So
on the first night, you must take the volcanic plunge, never to be seen again.
Suppose now that you are one of exactly two people on the island with blue eyes. This
time, you can easily deduce that the number of people with blue eyes on the island is either
1 or 2, depending on the colour of your own eyes. If there was only one blue-eyed person on
the island, then they would not live to see the second day. Therefore, when you awake the

158

Norman Do

next morning to find that the tribe is intact, it dawns upon you that you must be one of
exactly two people with blue eyes. Since your fellow blue-eyed islander will have reasoned
in an entirely analogous manner, the two of you must sacrifice yourselves to the Oculazuran
gods on the second night.
At this stage, we find ourselves in the midst of a full-fledged inductive argument. Let us
now work with the hypothesis that if there are precisely k blue-eyed people, then they will
commit suicide on the kth night. Now if you are one of exactly k + 1 blue-eyed people on
the island, then it is apparent to you that there are either k or k + 1 blue-eyed people on the
island, depending on the colour of your own eyes. And if you awake to see the entire tribe
alive and well on day k + 1, then you will know by the inductive hypothesis that you are one
of exactly k + 1 blue-eyed people on the island. Since the remaining blue-eyed people will
have reached the same conclusion, all of the k + 1 blue-eyed people must commit suicide on
the k + 1st night.
This beautiful inductive reasoning proves that for all n, if there are n blue-eyed people
on the island, then they will plunge to their deaths on the nth night. And what about the
fate of the brown-eyed people? Well, they will awake on day n + 1 to find that n of their
tribe have disappeared. It follows that those missing were the only blue-eyed people, so the
remaining islanders will all know that they have brown eyes and follow their comrades into
the volcano on the very next night.
A Twist in the Tale. The problem is surprising due to the fact that each islander can work
out his or her eye colour from the tourist’s seemingly innocent, though eventually genocidal,
remark. However, the true twist in this sorry tale arises when we consider the following
question.
What information did the tourist give the Oculazurans to enable them to
deduce their own eye colours?
For if we consider the case that there is more than one blue-eyed person on the island,
then each of the Oculazurans must be able to see at least one pair of blue eyes. Hence,
every single Oculazuran was already aware, prior to the tourist’s announcement, that there
existed at least one blue-eyed person on the island. So is it not true then that the tourist
has only told the Oculazurans what they already knew? Does it not follow that the tourist’s
presence on the island was unnecessary for the mass suicide to occur? And if so, when would
it have occurred? The reader is strongly urged to ponder these questions before continuing
the article.
It turns out that the tourist is indeed the catalyst for the genocide. To determine what
information is actually being passed to the Oculazurans that they already do not know,
consider the following. What would have happened had the tourist, rather than making
his announcement to the entire tribe, instead whispered the information into each person’s
ear in a clandestine manner? It is easy to see that no deaths would have ensued, and the
islanders would have lived happily ever after (at least until the next tourist arrived on the
island). The crucial fact is that not only does everyone know that at least one islander has
blue eyes, but they also know that every other islander knows this fact, they know that
everyone else knows that they know, and so on ad infinitum. It is this information that
leads to the downfall of the poor Oculazurans.
If a group of agents all know P , then they are said to have first order knowledge. If they
all know P and they know that they all know P , then they are said to have second order
knowledge, and so forth. If they know P to all orders, then the proposition P is said to
be common knowledge. The puzzle of the Oculazurans is an archetypal demonstration of
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how first order knowledge and common knowledge are manifestly different. For more information on common knowledge, the reader is directed to the relevant entry in the Stanford
Encyclopedia of Philosophy [5].
Guessing Game. The following little-known problem has a similar flavour to the previous
puzzle. It was told to me many years ago and, to this day, I still find it astonishing.
Alice and Bob each choose a positive integer and reveal their numbers to
Xander, but not to each other. Xander then writes two positive integers on
a blackboard and tells Alice and Bob that one of them is the sum of their
chosen numbers. He then alternately asks Alice and Bob, “Do you know the
other person’s number?” until one of them answers, “Yes”. Prove that after
finitely many questions, one of them will know the other player’s number.
(Of course, it is necessary to assume that Alice and Bob are completely
logical as well as completely honest!)

Red Hats, Blue Hats
With equal probability, a red hat or a blue hat is placed on the heads of each of three
players. Each player can see the other two hats but is not able to see their own. When
the signal is given, they must simultaneously guess the colour of their own hat or pass.
The team will win the grand prize if and only if at least one player has guessed correctly
and no players have guessed incorrectly.
What is the optimal strategy for the team to maximise their probability of winning?

Beating the odds. Note that if everyone decides to guess randomly, then the probability of
winning is only 18 . On the other hand, if one person is elected to guess randomly, then the
probability of winning is increased to 21 . At first glance, it seems that this may indeed be
the optimal strategy. Indeed, how can any one player gain useful information by seeing the
colours of the other hats, which are chosen independently from their own?
Consider the following strategy: if a person sees two hats of different colours, they pass,
and if a person sees two hats of the same colour, they guess the opposite colour. The following
table shows the outcomes for the eight possible distributions of hat colours amongst the three
players.
Hats
R R R
R R B
R B R
R B B
B R R
B R B
B B R
B B B

Guesses
B B
- - B
R B - R
- R R

B
B
R
R

Result
lose
win
win
win
win
win
win
lose
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Therefore, we can see that this strategy allows the team to win six times out of eight
— that is, with a probability of 34 . This surprising result seems to arise from the fact that
whenever a player guesses incorrectly, all players conspire to guess incorrectly. On the other
hand, whenever a player guesses correctly, they are alone in doing so. In fact, we can turn
these observations into an argument to prove that the strategy is optimal.
Let us assume that the team adopts a deterministic strategy; in other words, one where
each player’s decision is determined uniquely by the hats of the other players. We can do
this since any strategy which involves some sort of randomization cannot do better than a
deterministic one2. Now suppose that the game was played eight times in succession, once
for each possible distribution of hat colours. We can form a table similar to the one above to
represent the guesses and outcomes. The crucial observation is that the number of correct
guesses and incorrect guesses made in all eight games must be equal to the same integer,
call it G. This follows since for any set of hats that a player can see, there are two possible
games that can arise — one where the player has a blue hat and one where the player has
a red hat.
If the team wins W times out of eight, then we must have
W ≤ G,
since at least one correct guess contributes to each win. Furthermore, if the team loses L
times out of eight, then we must have
G ≤ 3L,
since at most three incorrect guesses can contribute to each loss. Concatenating these
inequalities yields W ≤ 3L and with the further condition that W + L = 8, we obtain
3
W ≤ 6. Thus, the probability of winning is W
8 ≤ 4 , as required.
More players, more hats and some coding theory. Having solved the problem for three players, let us pose the question in more generality, for n players. In fact, we can perform a
similar analysis to the three hat case to obtain an upper bound for the probability of winning. This time, we play the game 2n times and let W , L and G correspond to the number
of wins, the number of losses, and the number of correct (or incorrect) guesses made. By
analogous reasoning, we obtain
W ≤G

and G ≤ nL.
n

n2
.
This yields W ≤ nL and with the further condition that W + L = 2n , we obtain W ≤ n+1
W
n
Therefore, the probability of winning 2n is bounded above by n+1 .
Whenever one obtains an upper bound, the next step is invariably to see if it can be
achieved. However, in this case, we can hope for no such luck in general. For W is an
integer, so this particular bound can only be achieved if n + 1 | n2n which implies that
n = 2k − 1 for some positive integer k. And in this case, the upper bound can be achieved,
using a cunning strategy whose idea stems from coding theory.

2The fact that a randomized strategy cannot outperform a deterministic strategy may seem intuitively
plausible to some, and downright obvious to others. A quick sketch of a proof requires one to realise that
a randomized strategy is simply a convex combination of all of the possible deterministic strategies. The
probability of winning is a linear function on the convex polyhedron corresponding to the set of randomized
strategies. Therefore, by the standard optimisation techniques, it must achieve its maximum at a vertex of
the polyhedron, which corresponds to a deterministic strategy.
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For simplicity, we will describe the strategy for the case of 24 − 1 = 15 players. Assign a
4-digit non-zero nimber3 to each of the players — that is, 0001, 0010, 0011, . . . , 1111. Each
player then adds up the nimbers corresponding to all of the people they can see wearing a
red hat. If the sum is 0000, then the player must guess that their hat is red. If the sum is
equal to the number assigned to them, then the player must guess that their hat is blue. If
the sum is equal to neither, then the player simply passes.
Let us see why such a scheme should be optimal. Suppose that the sum of the nimbers
corresponding to all of the people with red hats happens to be 0000. Then all of the people
with blue hats will guess that their hat is red, while all of the people with red hats will
guess that their hat is blue. So in this case, everyone guesses incorrectly, as desired. On
the other hand, if the sum is for example 1011, then the only person who will guess their
hat colour is the person whose corresponding nimber is 1011 and they will guess correctly.
So the probability of winning is the probability that the sum of the nimbers corresponding
to people with red hats is non-zero. And this is simply 15
16 , as one might expect, given that
there are 15 non-zero nimbers from the set of 16 possible.
Surprisingly, the optimal strategy has only been determined when the number of players
is less than nine, one less than a power of two, or a power of two itself. In the case that the
number of players is 2k , the optimality is obtained by forgetting one of the players and using
the strategy discussed above for 2k −1 players. Interestingly enough, the optimal probability
of winning, although not an increasing function in the number of players, approaches 1 as
the number of players approaches infinity.
The astute reader may have noticed that the strategy discussed above is not only useful in
winning hat-based games, but is also useful in constructing error-correcting codes. So rather
than being just a frivolous mathematical puzzle, the problem is of great interest to coding
theorists as evidenced by the article [4]. In fact, the problem evolved out of the PhD thesis
of Todd Ebert entitled Applications of recursive operators to randomness and complexity,
which ostensibly has nothing to do with hats whatsoever. As stated by Buhler in his article
[1] from the Mathematical Intelligencer, “It is remarkable that a purely recreational problem
comes so close to the research frontier.”

Another hat trick. Consider the following variation on the red and blue hats theme.
With equal probability, a red hat or a blue hat is placed on the heads of
each of n players. The players are arranged in a line so that each player
can only see the colours of the hats of in front of him or her. Each player
must guess the colour of his or her hat. However, the guesses are not made
simultaneously, but sequentially, from the back of the line to the front.
If the team has a chance to collaborate beforehand on a strategy, how
many players can be guaranteed to survive?
Can you solve the problem if the hats can be any one of k different
colours?

3No, this is not a typographical error! Nimbers are simply binary numbers where the additions are
performed without any carries. For example, we have 1101 + 1110 = 0011. Their name derives from the
amazing fact that they appear in the analysis of the game Nim.
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One Hundred Prisoners and a Light Bulb
Standing before a crowd of one hundred prisoners is the prison warden who addresses
them as follows.
“In one hour, you will each be put into solitary confinement. However,
every night from now on, I will choose one prisoner at random and take
them to a room where there is a light bulb connected to a switch. That
prisoner may see whether the light bulb is on or off and decide whether
or not to toggle its state. If at some point, you enter the room and
are completely certain that all 100 prisoners have previously visited the
room, then you should tell me. For if you are correct, I will set all of
you free. And if you are incorrect, then you will all be put to death.”
Can you devise a plan that the prisoners can use so that eventually they will all be set
free?
In the event that the prison warden happens to exclude one of the prisoners from visiting
the room, there is obviously no way for the prisoners to escape. However, we will assume
that the prisoners are chosen uniformly at random, so that this occurs with probability 0.
In particular, we will consider a winning strategy to be one which leads the prisoners to
freedom with probability 1. The first response of many people to this problem is to convince
themselves that a winning strategy is clearly impossible. How on earth could the prisoners
count to 100 on a one bit counter? Perhaps the threat of lifetime incarceration would help
to change their minds!
Strategy 1. The following strategy is perhaps the simplest to determine as well as to implement.
◦ The prisoners divide the time of their incarceration into blocks of 100 days.
◦ A prisoner entering the room on the first day of a block must turn the light bulb on.
◦ Every other prisoner who enters the room for the first time in a block must leave
the light bulb on.
◦ A prisoner entering the room for the second time in a block must turn the light bulb
off.
◦ If a prisoner enters the room for the first time in a block on the last day and sees
that the light bulb is on, then he should tell the warden that he is certain that every
prisoner has visited the room.
Strategy 2. When confronted with this problem, many people remain stuck in the mindset
that each of the prisoners must follow the same algorithm. Of course, this is a self-imposed
caveat rather than one given in the problem and doing away with it can lead to elegant
solutions such as the following.
◦ One of the prisoners is designated the “counter” while the rest of them are considered
to be “ordinary”.
◦ The first prisoner to enter the room makes sure that the light bulb is off when he
leaves the room.
◦ When an ordinary prisoner visits the room for the first time and finds the light bulb
off, he turns it on.
◦ When an ordinary prisoner visits the room for a second or later time and finds the
light bulb off, he leaves it off.
◦ When an ordinary prisoner visits the room to find the light bulb on, he leaves it on.
◦ When the counter visits the room to find the light bulb off, he leaves it off.
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◦ When the counter visits the room to find the light bulb on, he turns it off and adds
one to his tally.
◦ When the counter has reached a tally of 99, he should tell the warden that he is
certain that every prisoner has visited the room.
What is the best strategy? Now that the prisoners have two strategies at hand, which one
should they adopt? It seems likely that they would opt for the one which minimises the
expected number of days till their release. Given that this is the case, let us consider how
long that might be. The problem with Strategy 1 is that the 100 prisoners must all enter
the room in one of the blocks of 100 days. Of course, this will eventually happen with
probability 1, but it seems that it might take a considerably long time. Without entering
into the details of the probabilistic analysis, the expected number of days for Strategy 1 is
given by the expression
100101
≈ 1.072 × 1044 .
100!
This is of the order of 1041 years, a phenomenally gargantuan length of time which far
outweighs the currently adopted age of the universe. Only the purest of mathematicians
amongst the prisoners might content themselves with the knowledge that they have a theoretical solution, despite the fact that the prisoners, the warden, perhaps even the universe,
will probably not be around for the duration of the plan. So the prisoners will have to make
do with Strategy 2. In this case, the expected number of days until release is


2 3 4 5
100
100 ×
+ + + + ··· +
≈ 10418.
1 2 3 4
99
This is only about 29 years and probably well within the lifetime of many of the prisoners.
However, is there a better strategy and, if so, how much better can we do?
The best efforts so far, rather than just having one counter, use pyramid schemes whereby
everyone is involved in the process of counting. Such strategies can take as little as approximately 3900 days, or 11 years, for success although it is not known how far this is from
optimal. In this case, a probabilistic analysis is harder to perform, so computer simulation
is necessary to obtain this estimation. We can certainly obtain a lower bound, since the
expected number of days until every prisoner has visited the room is actually
100 log(100) ≈ 461.
Variations on a theme. There are many variations on the prisoners and light bulb theme,
some of which are given below. Amazingly, the prisoners can escape in all of the following
circumstances. For more information on the problem, as well as more variations, and more
spoilers, the reader is encouraged to consult the excellent article [3].
Everybody knows
The prisoners are all freed if and only if they have all told the warden that every
prisoner has visited the room.
Eavesdropping warden
While discussing their strategy, the prisoners realise that the warden is eavesdropping on their conversation. A concerned prisoner decides to ask, “How do we know
that you won’t strategically choose which prisoner visits the room each night, rather
than choosing us uniformly at random?” “Hmmm. . . that’s a good idea, I think I’ll
do that. But to keep things fair, I’ll allow each prisoner to visit the room infinitely
often!” (Note, for example, that Strategy 1 fails to work for this variation.)
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Multiple rooms
There are now n > 1 identical rooms, each with their own light bulb. The prisoners
are taken to one of them at random, but do not know which one.
Messages
Each prisoner is given an arbitrarily long, though finite, message which they must
convey via the light bulb. The prisoner who announces to the warden that every
one else has visited the room must also know all 100 messages for the prisoners to
be freed.
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Philip Broadbridge
AMSI and ICE-EM are pleased to be working with the Australian Mathematical Society
and the Statistical Society of Australia for the betterment of the whole profession. On 23rd
May, AMSI, ICE-EM, Aust MS, SSAI and the Australian Bureau of Statistics hosted the
workshop, Careers and Opportunities, organised by Jan Thomas. An interesting aspect of
the meeting was the broader perspective offered by non-university participants from ABS,
CSIRO, Qestacon, Powerhouse Museum, DEST and state education authorities. Held in
Graduate House at University of Melbourne, the workshop generated lively discussion. A
report is being written, out of which there will emerge a public relations campaign to encourage the study of mathematics. This is still being formulated, in conjunction with our
media advisers.
We are calling interested members to collaborate over the remainder of this year to write
Carrick grant proposals. The three areas that we have in mind are
• Best access grid practice for learning and teaching mathematics
• Engagement of engineering students in mathematics
• Mathematics education for primary teachers
Operations of the Australian Centre for Risk Analysis are well under way. In my previous
report, I suggested that risk analysis might be a worthwhile second string to the bow of a
mathematical scientist. If you would like to find out about the subject, I suggest that you
register for the Conference of the Society for Risk Analysis to be held at AMSI Headquarters,
University of Melbourne, 17th–19th July 2006. The first day of this meeting will be devoted
to biosecurity, which is the primary interest of ACERA. Other topics of the meeting will
relate to engineering and finance, which are areas of interest to many mathematicians and
statisticians.
Mathematical sciences benefit from a healthy international collaborative network. Next
April, we intend to run the first joint activity of AMSI, ICE-EM, MASCOS and MITACS,
the Canadian national network Mathematics, Information Technology and Complex Systems. This will be a short-course and workshop on energy supply, demand and pricing.
Some international students have been enrolling for the ICE-EM graduate school and summer school. These schools and the regular BioInfoSummer are proving to be a boost for
postgraduate education as well as a cohesive agent for our student body. Suitably qualified
AMSI-affiliated students have travel and accommodation funded by ICE-EM without any
debit to AMSI institutional travel accounts.
The North American and European mathematical science institutes regularly run thematic
scientific programs over six months or longer. In Australia, geographic sparsity of mathematical scientists makes it difficult to achieve a critical mass to run such a long program.
However, we can aim to run a shorter version over four to five weeks, three weeks being the
absolute minimum duration. This time would be segmented into different activities such
as an introduction and review session, a short course, a conference and problem solving
groups. Interested organisers may propose such a program to the AMSI Scientific Advisory
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Committee. The first theme program will be From Statistical Mechanics to Conformal and
Quantum Field Theory; AMSI Headquarters, University of Melbourne, 8th January–8th
February, 2007. Organisers: Paul Pearce (Australia), Giuseppe Mussardo (Italy), Chaiho
Rim (Korea).
AMSI is sponsoring or co-sponsoring many workshops. Please consult our monthly bulletin
or website. For current events and developments, see the websites http://www.amsi.org.au
and http://www.ice-em.org.au.
Australian Mathematical Sciences Institute, University of Melbourne, VIC 3010
E-mail: phil@amsi.org.au

Joe Gani
Moran’s Department of Statistics at the ANU, 1952–1982
1

Brief history of the Department

In 1952, P.A.P. Moran joined the ANU from
the Institute of Statistics in Oxford; his new
Department of Statistics was part of the
ANU’s Research School of Social Sciences.
Moran was keen to attract postgraduate
students to the Department and build up
a school of statistics; his first two students
in 1953 were E.J. Hannan and J. Gani, who
became close friends. When Gani suffered
some complications following the removal of
a wisdom tooth in 1954, he was nursed for
several days in the Hannans’ home until he
had fully recovered.
Hannan was to be appointed Professor
of Statistics at the ANU’s School of General Studies (1960–1970) and later joined
Moran’s Department in the ANU’s Institute of Advanced Studies in 1971, succeeding him as its head (1982–1986). Gani, after
a period at the University of Western Aus-

E.J. Hannan (1921–1994)

P.A.P. Moran (1917–1988)

tralia, and later as a staff member in
Moran’s Department (1961–1964), joined
the Universities of Sheffield and Manchester
(1965–1974) and was eventually appointed
Chief of the CSIRO Division of Mathematics and Statistics (1974–1981).
Moran assigned Time Series as a field of
research to Hannan, who had some experience of research in econometrics; he had previously worked in what was to become the
Reserve Bank of Australia. Hannan seemed
to have no difficulty in pursuing this topic,
which was close to his interests. To Gani,
Moran assigned the research area of inference in Markov chains, on which he had just
written a paper The estimation of the parameters of a birth and death process (J. R.
Statist. Soc. B 15 (1953), 241–245). It
took several months for Gani to settle down
to productive research, after spending much
time reading current papers.
At the time, Moran was working on
the theory of dams, on which he later
wrote his monograph The Theory of Storage (Methuen London 1959). Gani was familiar with Moran’s work in progress, and
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accidentally came across the paper A theorem on random functions with applications
to a theory of provisioning by H.R. Pitt (J.
Lond. Math. Soc. 21 (1946), 16–22) in
1954. He thought he recognized something
in Pitt’s paper reminiscent of Moran’s dam
theory and was able to establish a relation
between Pitt’s store and Moran’s dam. This
random event started him on his subsequent
research path.
Discussions of statistical problems were
encouraged by Moran, and these, in which
he often took part, were long and lively.
Moran’s daughter Louise still recalls an occasion, when Moran sat benignly in an armchair at his home smoking a pipe, while
Hannan and Gani circled around him like
whirling dervishes arguing vigorously about
some theorem. Moran had an encyclopaedic
knowledge of the field, and would often settle such arguments with a witty one-liner.
By the end of 1955, Hannan had completed his PhD thesis on stochastic problems in time series, while Gani had finished
his on problems of dam theory and inference in Markov chains. Both graduated at
about the same time. Hannan remained in
the Department as a Research Fellow until 1959 on his appointment to the headship of the Department of Statistics in the
Canberra University College (ANU School
of General Studies from 1960). Gani took

J. Gani

J.E. Moyal (1910–1998)

up a Nuffield Fellowship in Manchester in
1956, and then rejoined the Department of
Mathematics at the University of Western
Australia until 1961, when he accepted a
Senior Fellowship in Moran’s Department.
Moran’s Department always remained
small; he often stated his preference for a
small department consisting of staff of high
quality. He was joined in 1955 by G.S. Watson, who left for Toronto in 1958. P. Whittle
visited the Department from New Zealand
in 1957, and by 1962 there were two staff
members in addition to Moran, J.E. Moyal
as Reader and Gani as Senior Fellow. Moyal
was well-read in both English and French,
and enjoyed discussing history and philosophy. He was a deep mathematical thinker,
but also wrote on philosophy (see Philosophy 24 (1949), 310–317) and the distribution of wars in time (see J. R. Statist. Soc.
A 112 (1949), 446–449).
During the 1960s, N.E. Day, P.D. Finch,
A.M. Hasofer, R.E. Miles and D. Vere-Jones
were also members of the Department, some
only for a short while: Finch stayed on for
18 months. By 1972, the Department staff
had grown to five: Hannan, who had joined
as the second Professor in 1971, D.J. Daley as Senior Fellow, R.E. Miles as Fellow,
R.C. Boston as Research Fellow and R.L.
Tweedie as Post-doctoral Fellow.
By 1982, after Karen Blyth and H. Cohn
had passed through the Department, following the departure of Boston and Tweedie,

Historical

Susan Wilson joined as Research Fellow in
1974 (later Fellow in 1976), while M.R. Osborne was appointed as Professorial Fellow
in 1979. Moran retired in 1982 at the age
of 65, and died six years later.

2

PhDs trained between 1952
and 1982

Moran’s method of supervising graduate
students was hands-off. His statistical interests were wide, and he would select a particular area for a student, and provide a long
list of books and recent papers to be read.
The student was then left to work out exactly what direction to follow; this worked
well with mature or experienced students,
but was hard on many who were not so well
prepared. Other members of Moran’s Department had different approaches to supervision, with a more hands-on style; Hannan,
for example, would give his students a specific problem to tackle, and work alongside
them until it was solved. Students graduating from Moran’s Department were soon
recognized as reaching a high standard, and
these graduates may arguably have been
Moran’s most important legacy to the world
of statistics. Among the 30 or so PhDs from
his Department between 1955 and 1982, all
can be said to have achieved high standards
in research. But the following may arguably
be considered as the most distinguished:
E.J. Hannan FAA (1970)
J. Gani FAA (1976)
G.A. Watterson (FAA, resigned on retirement)
W.J. Ewens FAA (1981), FRS
C.C. Heyde FAA (1977), FASSA
E. Seneta FAA (1985)
Others, listed in order of their graduation, were appointed to Professorships in
Australia, Israel, the U.S.A., the U.K. and
Japan:
C.R. Heathcote
C.E.M. Pearce
P.J. Brockwell

G.M. Laslett
D.B. Pollard
G.H. Pollard
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D.R. McNeil
S. Wilson
P.D. Feigin

V. Solo
K. Tanaka
B.G. Quinn

Yet others achieved distinction in other
areas: C.K. Cheong became CEO of Singapore Airlines and J.D. Henstridge founded
the consulting firm Data Analysis Australia
in Western Australia, while M.A. Cameron
is currently Chief of CSIRO’s Mathematical
and Information Sciences.

3

Research

Moran’s research interests were extremely
broad; he wrote 187 papers and four books:
• The Theory of Storage (Methuen London 1959).
• The Statistical Processes of Evolutionary Theory (Clarendon Press Oxford
1962).
• Geometrical Probability (with M.G.
Kendall) (Griffin London 1963).
• An Introduction to Probability Theory
(Clarendon Press Oxford 1967).
His second book was perhaps the most influential, dealing as it did with a variety of
models in mathematical genetics, later studied by S. Karlin and J.F.C. Kingman.
Hannan’s research was narrower, concentrating essentially on Time Series; he wrote
141 papers and 5 books:
• Time Series Analysis (Methuen London 1960).
• Group Representations and Applied
Probability (Methuen London 1965).
• Multiple Time Series (Wiley New York
1970).
• The Statistical Theory of Linear Systems (with M. Deistler) (Wiley New
York 1988).
• The Estimation and Tracking of Frequency (posthumously with B.G.
Quinn) (Cambridge University Press
2001).
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His first book was the most widely accessible, while his third was perhaps the
deepest. No student of modern Time Series Analysis can overlook Hannan’s contributions to the field.
Other members of the Department working in Canberra at one time or another,
among them Watson, Whittle, Moyal, Gani,
Daley, Miles, Vere-Jones, Tweedie, Cohn,
Susan Wilson and Osborne, together with
their students, all contributed steadily to
the Department’s research efforts. Moyal’s
seminal paper on the theory of population

processes published in Acta Mathematica in
1962 deserves special mention, as does also
the work of Vere-Jones and Seneta on the
theory of denumerable Markov chains and
infinite non-negative matrices. Miles and
Daley published important papers on stochastic geometry, while Osborne extended
the methods of optimisation theory. The
Department was a powerhouse of research
ideas during Moran’s tenure as its head, and
by the mid-1960s had achieved international
recognition.

P.A.P. Moran, E.J. Hannan, G.S. Watson and G.A. Watterson outside the ANU’s University House in 1953.

4

Concluding remarks

During the thirty years that Moran was
head of the ANU’s Department of Statistics (in the IAS after 1960), he and his staff
trained a large number of PhD students,
many of whom became eminent researchers
as well as holding influential positions in
Australia and overseas. Moran achieved
his goal of founding a flourishing school
of statistics. He and his students Watterson, Ewens and Susan Wilson had considerable influence on the development of modern mathematical genetics. Hannan’s work
was crucial in the area of Time Series, as

was Moyal’s in the theory of Stochastic Processes, and Daley and Vere-Jones’ in the
theory of Point Processes. As Foster and
Varghese wrote in their book “The Making
of the Australian National University”, it is
no exaggeration to state that “. . . The ANU
has been the cradle of advanced statistical
research in Australia.”
This article is my warm tribute to Pat
Moran for his guidance and to Ted Hannan
for his friendship; both contributed enormously to the Department during its formative years. Further details about them
and the ANU’s continuing role in Australian
Statistics may be found in the references below.

Historical
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Tony Roberts
Inform with titles, abstracts and introductions
Many years ago Ernie Tuck told me that
when he has a research article to read he
first reads the Introduction and the Conclusion. Why? Because Ernie wants to discover quickly whether to invest time to read
the entire article.
But I ask you: why should Ernie have to
find and read the conclusion? Answer: he
reads the conclusion to find out important
information. But surely such important information should be at the start of the article, in the abstract and introduction, where
information is easy to find. Scientists should
be able to decide whether to read an article
in detail by reading the start of the article.
Consequently, write to convey quality information in the abstract and introduction. Include some results.
Kelley
Quite aside from format and style,
mathematical writing is supposed to say
something. Put another way: the number of ideas divided by the number of
pages is supposed to be positive.
Attract with your title. The title is your
first chance to lose a reader; thus make the
title interesting. Start with a keyword. Put
in a verb and make the title a statement.
Be specific.
For example, the vague “Stochastic inertial manifolds” should be the definite statement “Stochastic inertial manifolds exist
and attract” which informs us what aspect
is being proved.
The abstract is not a table of contents.
Instead, say what you deliver in the article,
give the essential qualities of the research

and its results. Use less than 50 words for
each of the following questions:
•
•
•
•

What was done?
Why do it?
What were the results?
What do the results mean in theory
and/or practice?
• What is the reader’s benefit?
• How can readers use this information
for themselves?
The abstract is probably all most readers
read—the abstract is often the only freely
available information. The abstract must
be a complete though necessarily sketchy
description in itself.
A wide range of people in your discipline
may read your abstract if you have made
the title interesting. Keep the level of jargon
low, perhaps to that appropriate to Honours
degree students.
The introduction must show your
story is worth reading. The introduction
is likely to be all that interested readers
read; again it must be complete in itself.
Use a level of jargon appropriate to say postgraduate students. Place your work in the
context of other research. Summarise your
main results, albeit in a suitably simplified
form.
Jonathan Shewchuk
the introduction is the most important
part of your paper, because few of your
readers will ever read beyond it. And
there’s not much hope that any of them
will if you don’t grab their attention
from the start. So it’s a mystery why
so many papers begin with twaddle. . .

Stylefiles

Face it: only the dedicated diehards are
going to want to wade through the details of
the rest of the paper. Give key results and
connections in your introduction. Address
the same questions as those given above for
the abstract, but address in more detail and
give copious citations to the work of others
and copious forward references to later sections where you give the full gory details.
Avoid what Shewchuk4 calls “an oozing
cyst like this moribund specimen:
This paper is organized as follows. In
Section 2, we describe . . . . In Section 3,
we describe . . . . In Section 4, we prove
...”
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Instead, throughout the introduction embed forward references to the later sections.
Such forward references must be placed in
the description of what was done, your results and their meaning.
Summary. People spend time on what
they perceive will benefit them. Structure
your document so that even those who read
only a little can take away something of
value—that way they are more likely to take
note of what you say and come back for
more. Help Ernie and me by filling the title,
abstract and introduction with understandable and useful information.

Department of Mathematics & Computing, University of Southern Queensland, Toowoomba, QLD 4350
E-mail: aroberts@usq.edu.au

4http://www.cs.cmu.edu/~jrs/sins.html
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The Econometrics of Science, Research and Innovation
Peter Hall

How do we measure the value of science, education and research? How much do education, and university research, contribute to
innovation? In a world where information
and technology can be transferred rapidly,
and economies are often interconnected, the
answers to these questions are far from simple. They rely in part on the public policies of individual countries. For example,
both the costs and the benefits of higher education depend significantly on a nation’s
taxation system, among other facets of its
economy (see e.g. Alstadsaeter [1]).
However, if we are to gain a good understanding of the benefits of education, research and innovation then we are almost
bound to combine data from different countries, and to attempt to assess (or model,
as an econometrician would put it) both the
similarities and the differences. If we work
with information from just a single nation,
such as Australia, we limit ourselves to the
policy, institutional and other characteristics of that country.
Moreover, by confining ourselves to just
one country we make it particularly difficult to infer the potentially massive effects
of linkages with other economies. Would it
have been possible to envisage and predict
India’s burgeoning software industry without comparing the quality and price of programming skills there to those in other countries, such as the US?
There is substantial international literature on measuring the contributions made
by education and research to innovation.
Seven years ago, at a time of relative global
optimism, the US Council on Competitiveness quantified and analysed the factors that
drive innovation (Porter & Stern [6]). It developed an econometric model for innovation, fitted the model to international data,

and introduced an “innovation index” for assessing the strengths of innovation in different countries.
The Council concluded that America’s
standing as an innovator was under threat,
and argued in favour of a new US innovation
strategy, including measures such as reversing “the downward slide of federal support
for R&D” and “attending to the vitality of
basic research at universities”. “The United
States must rebuild its dwindling pool of
scientists and engineers”, wrote Porter and
Stern. It would also be necessary to make
“a concerted effort to rebuild undergraduate and graduate training in technical disciplines”.
In a Science editorial in May last year,
on benchmarks for science funding, Marburger [5] called for “econometric models
that encompass enough variables in a sufficient number of countries to produce reasonable simulations of the effect of specific
policy choices”. Current econometric tools,
such as those used by Porter & Stern and in
the studies reported below, are admittedly
rather primitive, although this may be a
necessary reflection of the quality and quantity of the available data. More detailed
work is needed, Marburger argued, to answer questions such as, “How much should
a nation spend on science? What kind of science? How much from private versus public
sectors?”
In Australia, similar questions are being
asked with increasing frequency. The current Australian Productivity Commission
enquiry “into the economic, social and environmental returns on public support for
science and innovation in Australia” will be
considering issues such as these as it develops methodology and prepares its report,
due in March next year.
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Independently of the Commission’s deliberations, a series of three papers on “Assessing Australia’s innovative capacity” has
examined our position in the world of innovation, and discussed how our performance
might be encouraged and improved (Gans &
Hayes [2, 3], Gans & Stern [4]). The most
recent report updates the earlier ones, using
data for the years 1975 to 2004.
Each of these studies involves a statistical regression onto around a dozen variables.
That is, the “response variable” representing innovation is expressed as a linear form
in a dozen measurable quantities, such as
expenditure on university research, which
might help explain innovation; plus an error term representing other quantities impacting on innovation, but for which data
are not readily available. The methodology
used in all three reports is based on that
of Porter & Stern, and in particular, innovation is quantified, for any given country,
as the logarithm of the number of patents
granted.
Gans & Hayes [3] note that “2004 saw
Australia’s Innovation Index record a small
decline. Together with Austria’s improved
index this decline saw Australia’s OECD
ranking fall from 14th in 2003 to 15th in
2004”. A feature that all three studies share
is the very similar leverage they reveal for
two key statistical variables, “Percentage of
R&D funded by industry” and “Percentage
of R&D performed by universities”.
Indeed, the relative leverage that these
two items of expenditure have on innovation
equals 1.4, 0.9 and 1.0 in the reports of Gans
& Stern [4] and Gans & Hayes [2, 3], respectively. Here we define “relative leverage” in
terms of the ratio of the regression coefficients. In the case of the most recent report,
where the coefficient ratio is almost identical to 1, the statistical significance of the
respective coefficients is particularly high.
Reflecting results such as these, the conclusions and recommendations of the four
reports (Porter & Stern [6], Gans & Stern
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[4], Gans & Hayes [2, 3]) argue strongly
in favour of both private- and public-sector
support for research. The reports stress
the importance of interaction between both
these parts of the economy. Resonating with
the points made earlier by Porter & Stern,
each of the three Australian reports recommends that authorities “ensure a world-class
pool of trained innovators by maintaining a
high level of university excellence and providing incentives for students to pursue science and engineering careers”; and “enhance
the university system so that it is responsive
to the science and technology requirements
of emerging cluster areas”.
We began this article by noting the challenges of comparing science, research and innovation among different countries. The 29
OECD nations whose data contribute to the
work of Gans & Hayes [3], vary greatly in
terms of the ways they motivate and fund
science and research. Some of these differences, as well as potential interactions
among the explanatory variables, might be
taken into account in a more complex model.
However, in the absence of more detailed
data it seems difficult to be significantly
more definitive or more specific, and to respond adequately to Marburger’s call for a
relatively sophisticated approach. This inherent limitation is bound to restrict the
scope and authority of enquiries such as that
by the Australian Productivity Commission.
Indeed, while more advanced econometric techniques would have the capacity to
“torture the data until it confesses”, it is
unlikely that fancier tools would alter the
conclusions drawn by simpler arguments in
all four of the reports discussed above —
that R&D expenditure in both public and
private sectors, education expenditure and
IP protection all have very strong, positive
impacts on innovation.
Acknowledgement.
The author is grateful to Adonis Yatchew
for helpful discussion.
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The essentials of, and for, mathematics
John N. Crossley

The first qualification for judging a piece of
workmanship from a corkscrew to a cathedral is to know what it is — what it was
intended to do and how it is meant to be
used.
C.S. Lewis [6].

How do we approach the teaching of mathematics?5 How do we approach reviewing
the present curriculum? In this paper we
attempt to give a framework for answering
these questions and although these questions are addressed in the context of high
schools, the ideas in this article are equally
applicable to the university context. We describe attitudes rather than content. The
author believes that being constantly aware
of the context in which students will operate will assist in revising the design and lead
to a syllabus and recommendations that are
not only appropriate to our times, but also
can be readily and effectively implemented.

1

Introduction

Sixty years ago, Courant and Robbins wrote
What is mathematics? An elementary approach to ideas and methods [1]. From today’s viewpoint this seems an incredibly
narrow view of mathematics, because mathematics is now employed, and indeed effectively employed, in so many more fields than
they ever envisaged.
Why the change? Let me present some
slogans (of my own)
Mathematics has no end, and many ends.
Many, perhaps most, mathematicians
will feel uncomfortable with such a paradox.

Shortly we will turn to the paradox but remember that major advances in mathematics have come from paradoxes. Obvious examples are the discovery of irrational numbers by Hippasus (see, for example my [2]),
the problems of infinitesimals in the nineteenth century and Cantor’s paradoxes in
set theory. From these three alone came,
eventually, Cartesian geometry, the modern foundations of analysis and the continuing vitality of set theory and mathematical logic. Although, one must admit, the
Cantor’s paradoxes are still not satisfactorily settled for everyone.
Let us return to our paradox: Mathematics has no end.
This is obviously true to mathematicians but, to the surprise of many mathematicians, almost incomprehensible to the
general public. Any mathematician knows
there are always unsolved problems, and
new areas of mathematics itself to be developed. The general public thinks, far too
often, that mathematics is a finished collection of rules and calculations.
More than that, the notions (the plural is intentional) of infinity permeate large
amounts of mathematics. In particular
students are introduced to non-terminating
decimals early on.
Now there are at least two, very different,
aspects of infinity to consider here.
• The possibility of proceeding indefinitely – as in counting 1, 2, 3, . . . . and
• Infinite repetition of the same calculation produces the same result each time.

5
This paper was originally written in response to an invitation from the Victorian Curriculum and Assessment Authority with respect to its work on developing a Framework of Essential Learning. The views
expressed in the paper are those of the author and do not necessarily represent the views of the Authority. I
am particularly grateful to Barry Jay, Tim Brook and Eve Wirth for valuable suggestions and to a number
of other people who have read this article.
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The former opens up possibilities, the latter gives people confidence in mathematics.

2

Mathematics as a human activity

Let us now turn to the ends of mathematics;
that is to say, ‘ends’ in the sense of ‘purposes’. Apart from pure mathematicians,
the world in general believes that mathematics is indeed the servant of the sciences.
It produces tangible and verifiable results
– in many different fields. So the usefulness of mathematics is a major consideration for most people who employ mathematics. And this is the principal motivation for
the majority of those people who want to
study mathematics, apart (again) perhaps
from pure mathematicians. But let us not
forget that
Mathematics is a human activity.
This goes without question. What does
not go without question is the content of
mathematics. I would argue that we cannot separate the content from the process.
If we go back to Aristotle we find him
looking at the organization of knowledge.
I see Aristotle as one who uses logic as a
means of rearranging facts or information.
Thereby we can find the information we really want to have. Mathematics does this
rearranging par excellence.
Over the centuries mathematics has been
organized and formalized so that people now
look at mathematics as the way to find the
facts, though, one must admit, these tend
to be numerical facts.
Mathematics is certainly the key to science and to economics. It is almost unreasonably effective. As Wigner says in his
much quoted article [9]: “The first point
is that mathematical concepts turn up in
entirely unexpected connections.” Certainly
mathematics is unexpectedly effective to
many people.
Mathematics, despite all the hype about
mathematics being timeless and even existing without us, is a human activity. The

way we look at the world, the way we organize our world in order to comprehend it,
the way we look at its structures – all of
these stem from our human condition. This
has only recently begun to be accepted (see
my [2] and Lakoff and Nuñez’s [5]) but note
Keith Devlin’s comment (in email, the original article is [3]):
I think . . . the attitude toward proof today is more realistic than it was when you
and I were students [in the middle of the
twentieth century], when diagrams were verboten, and where proofs were meant to be
logically sound but unintelligible except after great effort.
Given that mathematics is a human activity it should be unsurprising that it changes
over time – and so does its subject matter.
(For an exquisite account of how the subject
matter changes – and becomes more precise
– see Lakatos [4].)
So, despite the conviction of some, I cannot believe that mathematics is absolute.
There is no tangible evidence for a Platonic
heaven, but the world in which we live continually throws up interesting challenges to
which mathematics responds, and thereby is
developed.
In teaching mathematics, therefore, I believe we are trying to open minds, not to
close them. How do we do this?

3

Our context

First of all we have to consider the context.
In teaching mathematics the subject matter
makes sense to the student only if it relates
to his or her previous experience. In ancient China mathematics was used primarily for astronomy and for taxes (see [7]).
Therefore mathematics developed to support these interests: it was important to
know the phases of the moon and the locations of the (known) planets, so mathematics developed interpolation techniques.
(Interestingly this did not lead to the calculus, which arose first in the West and was
only later taken into China.)
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For taxes, other, different, kinds of mathematics were developed, leading to, amongst
other things, the study of quadratic and
higher degree polynomial equations.
In the West, as in the East, concerns of
war also accelerated developments in science
in general and mathematics in particular. In
these developments mathematicians had to
rely on their (human) experience.
One of the most spectacular developments in the West, although Euclid had tangled with it (see my [2], chapter 6), was
Descartes’s correlation of numbers with the
(geometric) line, which eventually led to the
development of the calculus. I could have
used the word “identification” instead of
“correlation” but I prefer not to, because
a geometric line is not a set of numbers nor
any sort of construct from numbers. Nevertheless, in order to work out what happens
with lines it usually was, and is, much easier
to deal with numbers than to think in terms
of lines.
Descartes’s view provides a metaphor.6
That is to say, that the number line and
the geometric line are not the same object,
but that our view of the number line allows us to bring geometric lines into a context where we feel comfortable, and therefore find ourselves able to reason about such
lines. The number line, beloved of many,
is a metaphor, not a reality. But it works
wonderfully well.
Using the metaphor,
Descartes succeeded in changing paradigms.
He used a structure we know — that of the
real numbers — to unlock the unknown, or
at least largely unknown, world of parabolas and other conic sections and to go far
beyond them.
In the same vein, our use of modelling,
in particular mathematical modelling, has
been immensely valuable in solving problems of physics, and the natural sciences,
and even in meteorology. In recent centuries
such modelling has expanded from looking
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at continuous structures: in fluid dynamics, for example, to discrete ones: graphs
and networks in particular, and then even
further to more complicated discrete structures such as cyphers and computer programs. These latter have meant that mathematicians have had to develop new mathematics. Such includes new parts of combinatorics and graph theory as well as of logic
and set theory.
So theories of languages and strings have
been developed. Such have not featured
so much in school syllabuses but are omnipresent in daily life, for example, in
newsagents where one finds unending successions of so-called “logic puzzle” magazines and now sudoku.7 These involve logic
and combinatorics at least. Last century
such theories extended into the development
of algorithms.

4

Computation and proof

Algorithms are now today’s lifeblood, as
functions were in the nineteenth and early
twentieth centuries. Algorithms make us
think of computations but, as we know to
our cost as computer users, algorithms, such
as the ones in the software that we use everyday, do not always produce the answer
or behaviour that they should.
Along with means of computation one
also needs means of proof. Together with
each algorithm one should have a proof that
the algorithm does indeed do what it is supposed to do. This is because there are two
kinds of problems here. The first is the obvious one of human error. The second is that
the specification for the computation, while
being correct as a specification, may not be
a specification for what was really desired to
be computed.
In elementary algebra it is sometimes
hard to see that the algorithm does indeed

6In this context see [5] for an extended discussion of how mathematics depends on metaphor.
7I am not suggesting that the theories of such objects should be in the high school syllabus but I am

saying that students deal with the objects of these theories. Moreover, they are comfortable with these
objects as the popularity of puzzles associated with them demonstrates.
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give the correct result. E.g., if one takes the
formula
√
−b ± b2 − 4ac
x=
2a

should accompany doing (in particular, calculating or computing). Proofs give understanding, or at least they should; computations give results.

for solving a quadratic equation of the form
ax2 + bx + c = 0, then it takes some work to
show that the right hand side does indeed
satisfy the equation.
In elementary geometry, using ruler and
compasses, it is perhaps hard to distinguish
computation, or equivalently, construction,
from proof. Nevertheless both are necessary.
When we look at the calculus, then finding
the area under a (nice, simple, continuous)
curve by a simple formula-driven computation really does need an explicit proof that
it gives the right answer.
R 2
1 3
Thus we know that
+ c by
R n x dx = 13 x n+1
the algorithm that x dx = n+1 x
+c
provided n 6= −1. Nevertheless, proving
that this step towards the result is correct,
or to put it another way, that it actually
leads us to the area, is non-trivial.
So computation and proof should be developed together. Otherwise, how does anyone see the need for a proof that the computation actually works?
There is also the question of why proofs
are needed in mathematics in general. This
is sometimes harder to see. Frank Harary
gave a very nice exposition on this topic
many years ago in Malaysia in 1974. I heard
it, and I still remember and heed his instructions. The essence was as follows. Suppose
you want to present to an audience a theorem that A happens under the hypothesis
H.
• Give examples where A occurs.
• Give counterexamples where it does not
occur.
• Prove the theorem under the hypothesis
H.
• Give examples where the hypothesis H
does not hold, and A does not occur.
Such a procedure also leads to better
understanding, and surely understanding

5

The rôle of technology

At this point in our history we can use
mechanical, or more frequently electronic,
devices to perform repetitious tasks or to
shortcut them. This has been the case since
slide rules were introduced – some might
even say, since the abacus was introduced.
What is different now is that a multitude
of tasks, identical or different, can be performed at, so to say, the touch of a button
and very quickly. This change in quantity
brings with it a change in quality.8
It is easy to deal well with single computations such as finding an n-th root. This
is because we can give a clear and explicit
process for finding such a root and a proof
that it is correct. On the other hand we do
not seem to be able to deal as well, or as
adequately, with long sequences of computations. The very complexity of some computations is too much for us to grasp. We
do not seem to be able to handle such sequences in a way that is satisfactory enough
from a formal point of view (cf. Devlin’s
article [3]).
In order to equip the next generation adequately we need to give them sufficient understanding of the individual processes, and
also sufficient understanding of sequences of
processes, so that they can make informed
judgments about the reliability of the software and hardware that they will employ.
This cannot start too early.
As well as examples of their usefulness,
examples can easily be given where there
are problems: try taking the square root of
a number over and over again on (different)
hand-held calculators: usually twenty or so
times will suffice to illustrate the problem.
Let us also be thoughtful about when it
is appropriate to use computers or calculators. We use them when we do repetitious

8Compare the music of Philip Glass where repetition gives a different quality to his music.
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work. When we need to do a calculation a
thousand times, or even weekly or daily, it is
foolish to use pen and paper: a computer or
calculator is more reliable and less stressful.
However, for a one-off, intricate calculation
it will usually be easier to just do it, rather
than to write, test and run a computer program for it.
This is one issue involving scale, here
meaning the number of times we repeat a
calculation.

objects to study as maps (in either obvious sense) and buildings: the structure of
an argument only becomes clear when one
removes all the superfluous material. For
example, political arguments have all sorts
of emotional (and, of course, political) overtones and embellishments.
In my local State (Victoria, Australia) in
the Curriculum and Standards Framework
II for Mathematics [8] (http://csf.vcaa.
vic.edu.au/ma/lima----.htm), Section
5.2 MARSR502 in Outcomes) we read:

6

Make judgments about the quality of the
reasoning in a mathematical argument expressed verbally or in symbolic form.

The question of scale

One of the great virtues of mathematics is
that, since mathematics gives us the logic
of the world, we can use it for any scale of
activity. Here “scale” does not only refer
to physical size. It also includes complexity. Thus in training people to use and understand mathematics we should show them
how we can shift from macrocosm to microcosm, or anywhere in between, and still
be able to use our mathematical techniques.
Likewise we can look at processes, and at
pieces of software, in the same mathematical way.
We can consider processes and programs
as structures. Within themselves they will
have other, smaller structures. To describe
these we need the language of mathematical
structures. (See also below §7, p. 183.) I
am not convinced that there is a great need
for very formal proofs in the lower years of
high school: in many cases a convincing argument will suffice. Nevertheless some basic facts about graphs, such as the size of a
binary tree, could easily be introduced and
established.
Understanding structures is something
that can only be done by looking at them
in different ways. One of the most productive is to look at them as quite coarsegrained. For example, in the context of
logical arguments which, following Aristotle (see above §2, p. 178), are just as good

This is evident when the student is able
to:
• follow a short chain of reasoning from
a general rule to a particular instance
(e.g. the substitution of a number into
the rule for a function and the subsequent arithmetic)
• follow a short chain of reasoning or from
ideas accepted as being true to logical
conclusion(s) (e.g. that the factors of
rectangular and square numbers can be
used to demonstrate the equivalence of
simple algebraic expressions).
One has to look at both logical arguments
and other (mathematical) structures in the
appropriate scale and neglect fine detail in
structures in order to be able to handle them
with just a few steps.9 But what are the
structures at which we should look?

7

What is it essential to study?

Any answers to this question from virtually
any collection of at least two mathematicians will yield divergent answers. So let
me first ask:
Why should we study what we do?
The items that we need to consider
for our daily lives include taxes, gambling, building and constructing, reading

9Technically one could look at homomorphisms but without giving a formal definition. It is not clear
that such a concept should be formally defined at this stage of schooling.
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the newspaper, watching television, using
computers and generally understanding our
world. For these, many techniques spring
to mind. Now consider the usefulness of
such techniques. We need to know how to
use calculators to a greater or lesser extent.
We need to understand how they work to
a greater, or more probably lesser, extent.
(See above §4, p. 179.) So this should affect
how we look at the process of calculation and
not just its execution.
What kinds of things should we study?
In general in life we are confronted with
problems that require solutions. For these
solutions we need techniques, we need abstraction and, to reduce our efforts, we need
reusability.
Not everyone can master the required
abilities. So when we look at educating the
whole population we need to give everyone
general equipment, but we may choose to
give a smaller fraction of the population the
opportunity to study more advanced topics. Interestingly (as Peter Fensham revealed quite a time ago) although there is a
smaller proportion of the (Australian) population undertaking specialist mathematics,
nevertheless the general level of mathematical education has increased.
It is therefore important to balance the
needs and abilities of the general population against the desires of professional mathematicians.
Getting the balance right
What then should we teach the general population — and what the potential professional mathematicians? It is important to
provide for the latter since they will be the
ones to lead and teach the next generation.
For the general population, the relevance
and accessibility of the mathematics taught
will be paramount.
This creates a conflict for professional
mathematicians that has been very noticeable in recent years. Some believe there is a

canon of mathematics that everyone should
learn. Nevertheless most professional mathematicians appear not to be dismayed by (or
not aware of) the fact, noted above, that virtually any two mathematicians will disagree
on the contents of the canon.
Students, on the other hand, are at the
mercy of many other interests competing
with mathematics. Moreover, there are far
more such interests than there were when
the teachers were trained. It will therefore
be necessary to prioritize. This is something
that was less urgent in the last century. It
is of prime importance now.
So my own (university) students will typically ask, “Why should I study this?” I
believe it is our duty to answer such questions, and I do not feel that this is being at all subservient. Education is a twoway process and over recent years has become much more of a partnership in learning rather than strictly didactic as it was
less than half a century ago. Answers to the
students’ question may range from highly
practical ones — “Using these techniques we
can reduce the price of petrol by one cent a
litre,” to highly sophisticated ones — “This
resolves a problem that has intrigued numbers of mathematicians for years.”
Given this situation, the presentation of
the syllabus will change quite quickly, perhaps even from year to year. The content
however, I would expect to change much
more slowly. Treatments will also change.
This last has been very noticeable in recent years with the advent, first of electronic
calculators and more recently of computer
packages, which do algebra and other parts
of mathematics.
Presentation will depend on the political situation and the environment generally.
Specific details will need to be worked out
by the appropriate education department.
In coming to conclusions here one must bear
in mind that mathematics, like other disciplines, is something more enduring than our
present whims.

John N. Crossley

Using technology. Although there are sometimes problems in using calculators (or computers) as noted above in §8, p. 180, when
used for sensible calculations, calculators
and computers can relieve an enormous
amount of drudgery and save an enormous
amount of time compared with doing calculations by hand. They also allow many variations with little effort. Here a nice example
is the calculation of fractals, which became
possible to visualize only through the use of
computers. The use of computers can therefore assist in giving students experience of a
wider range of mathematical examples than
was possible a generation ago. However, it
is important also to give the students an understanding of what they are doing as noted
above in §4, p. 179.
The amount of material. With almost any
syllabus there is a tendency to include more
material at each revision. But there is also
a tendency to retain everything from before.
This too must be resisted.
Why can we delete items? There are
many possible reasons. Most particularly
the fact that technology has developed and
can now be used to replace old calculations.
But we need to be careful here.
In particular, given the intense and deep
nature of mathematics it is even more important to make students aware of a mathematical approach and to try to set them on
the path to mathematical maturity. In order to do this few subjects should be studied
in depth rather than large numbers treated
in a more superficial way. This is well summarized in a report from the US National
Academy of Sciences:
High school courses for advanced study
in mathematics and science should focus
on helping students acquire in-depth understanding rather than the more superficial knowledge that comes from covering too much material too quickly, says
a new report [Learning and Understanding: Improving Advanced Study of Mathematics and Science in U.S. High Schools]
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from the National Academies’ National
Research Council. (Press release of the
United States National Academy of Sciences, 14 February, 2002 accessed at: http:
//www4.nationalacademies.org/news.
nsf/isbn/0309074401?OpenDocument)
This approach gives a guide to how to select what should be omitted from the syllabus. A balance will need to be struck
between giving students generic skills and
giving them enough experience (which must
include giving them time to practice their
skills) in a particular area. This is necessary to ensure both that students (a) understand the area and (b) are able to take
the approach and apply it in a new area.
It is good to remember that Mathematics
is a highly sophisticated language. Mathematics is hard in the same way that learning any language is hard. It requires practice. Therefore, and particularly in the areas where material is studied in depth, it
is essential for the students to have time to
practice what they have learnt/are learning.
Theory and practice
In providing a revised syllabus it is important to consider one’s starting point. On
the other hand, it is inappropriate to make
huge changes in the syllabus. The side effects on the population of the whole school
system would be too enormous – and too
unpredictable (as they were some years ago
with “New Mathematics”).
In most syllabi that I have seen one considers the notion of proof throughout, but
the notion and treatment of structure is less
apparent.
People often think of graphs (In the sense
of nodes joined by edges) and networks,
when they think of structures today. This
was not the case in much of the twentieth
century. Such an example could easily be
developed into the study of other structures.
One, but only one, of the ultimate goals in
the study of structures would be the understanding of the structure of computer programs – in particular the programs that will
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be composed by the students in the course
of their calculations.
I believe that structure should have equal
prominence with proof. One should not consider patterns only in number and a limited
part of geometry, for example similar figures, and forget the many different sorts of
structures that are amenable to mathematical treatment.
Structures are all around us and it is easy
to
consider objects and activities from a
mathematical perspective (for example, a
netball game), detect and explain mathematical ideas in the features of natural
or manufactured things (for example, the
Myer Music Bowl in Melbourne or the Sydney Opera House), use mathematics to help
explain a phenomenon or object in his or
her environment, describe the mathematics
in some visual representations of physical
aspects of the world (for example metropolitan transport routes), investigate the
meaning of numbers used to label and describe things met in daily life (for example,
postcodes) and investigate the contribution
made to mathematics by a particular individual or groups of people (for example,
the Pythagoreans). Exposing students to
this variety can surely only increase their
awareness of how mathematics has been
used to solve a broad range of problems,
including key problems from historical contexts. (From level 5 of the Curriculum Standards Framework (II ), http://csf.vcaa.
vic.edu.au/ma/lsma05.htm.)

Being able to understand structures is important for everyone, whether for reading
a map, understanding the argument of a
newspaper article or, in a more technical domain, making sense of mathematical equations or explanations that define a structure.
Making students aware that these disparate

examples are all examples of (mathematical) structures is important.10 For this a
beautiful, but rather obvious, example here
is to be found in Federation Square in Melbourne, but other examples include the Sydney Opera House, the streets of Manhattan,
the Juderı́a in Córdoba, Spain, and the London underground.
The structure of the surfaces in Federation Square is the thing one notices on first
acquaintance with the square. To understand the structure one needs to know about
angles and triangles. To enjoy it to the full
one also needs to know about congruence
and symmetry.
A rather different example is provided by
the Worldwide Web, which is familiar to all
students. In terms of navigating the Web
one has the same graph structure as following a street map. However there are many
aspects of the structure of graphs that can
be brought out – and having the language to
talk about them would be very useful. For
example, one could ask why some web-sites
are easier to navigate than others, consider
trees versus graphs, compare complexities
(tree breadth and depth), and consider the
interesting question of scaling (§ 6, p. 181)
involved in collapsing a number of small
pages into one big page, and conversely (see
above, fn. 9, p. 181.)
However, in presenting examples such as
the above it is very important that the students be helped to see the grand pattern and
not to let them become bogged down in the
minutiae of the examples or of routine repetition.

8

Some conclusions

Having determined what the context is in
which mathematics is to be taught, and to
whom, one needs to be aware of its human
origins and also of its enormous potential
for changing, and hopefully improving, the
world.

10At this stage of schooling it would seem inappropriate to introduce the abstract idea of structure as
such but nevertheless examples of (mathematical) structures abound and the language can be introduced.
It is, of course, evident in some mathematics already, such as in the idea of similarity in geometry.

John N. Crossley

At the present time mathematics encompasses much more discrete mathematics
than it ever did. This should be recognized
and an informed choice be made between retaining what has traditionally been taught
and what is needed now.
There is not time or space in school to
retain everything presently in the syllabus
and introduce more. That would also be unfair to both students and teachers. The best
foundation is to treat a limited number of
areas to a good depth and, at the same time,
teach students how to learn mathematics so
that they will later be able to venture into
areas previously unknown to them.
Technology should be used where appropriate, but both its benefits and its limitations should be made clear. The rôles
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of both proof and computation should be
clearly presented and permeate all the work.
Ideas of both proof and (mathematical)
structure are fundamental and support each
other. This should be properly recognized.
However, without the idea of structure, the
idea of proof has no foundation. Further the
usefulness of the language of mathematics
for describing the world, even without proof
or calculation, should be established.
Finally a balance should be struck – and
this is not easy to achieve – between, on the
one hand, supporting, training and developing those students who will be our successors
as teachers and professional mathematicians
and, on the other, trying to give some idea,
however minimal, of mathematics, its usefulness, power and beauty, to everyone.
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[5] G. Lakoff and R.E. Núñez, Where mathematics comes from: how the embodied mind brings mathematics
into being, (Basic Books New York 2000).
[6] C.S. Lewis, Preface to Paradise Lost, (Oxford University Press London 1967).
[7] Li Yan and Du Shiran, Chinese Mathematics: a concise history, (Clarendon Press Oxford 1987),
translated by J.N. Crossley and A. Wah-Cheung Lun.
[8] Victorian Curriculum and Assessment Authority, VCAA Mathematics Curriculum and Standards
Framework (II), 2002, http://csf.vcaa.vic.edu.au/ma/ksma.htm
[9] E. Wigner, The unreasonable effectiveness of mathematics in the natural sciences, Comm. Pure Appl.
Math. 13 (1960), 291–306.
Clayton School of Information Technology, Monash University, Clayton VIC 3800
E-mail: John.Crossley@infotech.monash.edu.au
Received 30 January 2006.

186

Mathematics-in-Industry Study Group 2006
Graeme Wake

The third (and last, for now at least)
of the ANZIAM Mathematics-in-Industry
Study Groups to be held in New Zealand
(MISG2006), took place at Massey University at Auckland, 30th January to 3rd
February 2006. Hosted by the Centre for
Mathematics in Industry at Massey University, the problem-solving week was directed by Professor Graeme Wake, Professor of Industrial Mathematics. Administrative support was provided by the Institute
of Information and Mathematical Sciences
(headed by Professor Robert McKibbin)
and MISG2006 Administrator was Nikki
Luke. Deputy Directors were AssociateProfessor Mark McGuinness from Wellington (VUW), and Dr Winston Sweatman
from Massey.
Seven problems were presented, six from
New Zealand and one from Australia, as in
the previous year. About 110 persons attended from eight countries. Nineteen student financial grants were given. In the following reference, non-technical outlines of
the problems, and the progress made, are
given. Feedback is very welcome.
The Centre for Mathematics in Industry
was formed to provide a national base for
MISG and has also built links with emerging similar activities, in South Korea and
Thailand (the latter in 2004). This years
MISG was fortunate in attracting yet another member of the well-known Oxford
Group: Dr Peter Howell, of the Oxford Centre for Industrial and Applied Mathematics
in the United Kingdom, as an overview facilitator. The Minister of Science and Technology, Hon Dr Steve Maharey provided a
keynote opening address providing welcome
support for MISG2006. He was followed by
the Vice-Chancellor of Massey University,

Professor Judith Kinnear, who endorsed our
initiative and gave the Minister a warm vote
of thanks. Significantly a strong statistical content was evident this year, a trend
noted also in 2005. This attracted several well-known statisticians to attend and
contribute, notably several fron Statistics
New Zealand, a government agency. Student workshops were held and addressed
by Dr Howell, Richard Penny, from Statistics NZ, and MISG2006 Director Professor
Graeme Wake. During the plenary session
on Wednesday 1st February, Dr Brian Pink,
the Government Statistician attended. One
of his colleagues Dr Walter Davis, along
with Dr Howell, gave addresses. Once again
we were fortunate in obtaining a significant
grant from the Foundation for Research, Science and Technology in New Zealand under their Smart Start programme, which is
gratefully acknowledged. Last but not least
we acknowledge the immense work provided
by the problem moderating team, which
again this year included a postgraduate student in each case. The contribution of the
moderators often beyond the call of duty is
warmly acknowledged. Without this input,
MISGs just would not happen.
The seven problems presented are nicely
summarised on the website, which we invite
you to visit. See
http://misg2006.massey.ac.nz/
MISG2006Eqn%20free%20Booklet.pdf
These are non-technical versions of the
problems and outcomes, which can be used
for presentations and information for the
public or students on newer uses of mathematics. All Departments in Australian and
New Zealand Universities are being posted
copies so that they can be used for promotional purposes.
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ANZIAM 2006; the 42nd Applied Mathematics Conference
Simon Clarke
This year’s conference was held at the
Alzburg Inn Resort, Mansfield, Victoria
from 5th-9th February 2006. 135 delegates
attended, with a particularly strong representation of 36 students and attendees
from Canada, USA, Saudi Arabia, Tonga
and Denmark, as well as Australia and New
Zealand. 118 abstracts were submitted, requiring four parallel sessions of 25 minute
talks. Talks covered many areas of applied
and industrial mathematics, but with a continuation of the trend of recent conferences
to the four major areas of mathematical biology, stochastic processes, operations research and classical mechanics. The conference was opened by Mr Tom Ingpen, Mayor
of Mansfield, and for a few days after applied mathematicians were the talk of the
Legends and High Country region, attracting articles in the Mansfield Courier including delegates lounging poolside in the social
pages and news articles on the local WIN
television network.
Eight invited talks were presented at the
conference, all of which were of an excellent
standard. This year’s invited talks were:

• Professor John Dennis, Rice University,
USA, Optimal placement of tsunami
buoys.
• Professor Roger Grimshaw, Loughborough University, UK, Solitons in the atmosphere and ocean.
• Professor Andrew Bassom, University
of WA, Stability of time-periodic flows.
• Professor John Hearne, RMIT University, Mathematics at work in managing
systems involving biota.
• Associate Professor Kerry Landman,
University of Melbourne, Experiments
movies and models: a biased walk
through the world of cell migration.
• Professor Per Lotstedt, Uppsala University, Sweden, Numerical simulation of
stochastic chemical models with application to molecular biology.
• Professor Phil Pollett, University of
Queensland, Modelling the long-term
behaviour of evanescent processes.
• Professor James Sneyd, Auckland University, Calcium oscillations: using
mathematics to do physiology.

Invited speakers for ANZIAM 2006, Back row: Andrew Bassom,
Phil Pollett, John Hearne, Per Lotstedt and John Dennis; Front
row: Roger Grimshaw, Kerry Landman and James Sneyd.
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John Dennis’ visit to Australia was
supported by AMSI, as the inaugral
AMSI/ANZIAM Lecturer. In addition to
attending ANZIAM 2006, John spent February visiting universities in Melbourne,
Perth, Adelaide, Canberra, Brisbane and
Sydney speaking on his research in the field
of operations research. AMSI’s generous
support of the applied and industrial mathematics community is gratefully acknowledged.
The T.M. Cherry Prize for the best student talk was awarded to Chris Fricke of
University of Melbourne, for his presentation on “Clique-based facets for the precedence constrained knapsack problem” [see
next page]. In presenting this prize the
high standard of all students talks was
noted, with honourable mentions to David
Cameron of Sydney University and Anna
Cai, Ruth Luscombe, Maya Muthuswamy,
Maya Ramakrishnan and Abbey Trewenack,
all of University of Melbourne and Amanda
Elvin of Massey University. The Cherry
Ripe prize winners for this year for the best
talk as judged by the students were Vicky
Mak of Deakin University and James Sneyd
for his most entertaining invited presentation.
As reported in the previous Gazette, the
2006 ANZIAM Medal for significant contributions over a career was awarded with
unanimous acclaim to Professor Graeme
Wake of Massey University and the 2006
J.H. Michell Medal for outstanding new researchers to Dr Sanjeeva Balasuriya, University of Sydney. A belated presentation of
the ANZIAM Medal awarded 2 years previously was also made to Professor Roger
Grimshaw.
Throughout the conference the weather
remained warm and fine, and so the social
side of the conference revolved around the
pool, commencing with the traditional Sunday evening BBQ. On the Tuesday afternoon two trips were organised; the more adventurous on hikes up, down and around the

Chris Fricke is congratulated by Tim
Marchant on receiving the 2006 T.M.
Cherry Prize.

top of Mt Buller and for the more sedate,
to Pizzini’s winery in the King Valley for a
marvellous lunch and then to Power’s Lookout for a leisurely stroll. The conference dinner was held on Wednesday evening in the
Alzburg Restaurant. The lack of an invited
dinner speaker was more than made up for
by impromptu speaches from two ANZIAM
Medallists. After dinner entertainment to
early in the morning was provided by the
Rolf Koren Jazz Trio.
In addition to the major sponsorship of
this conference by AMSI, we are appreciative of support from the MathWorks,
Monash University School of Mathematical
Sciences and University of Melbourne Department of Mathematics and Statistics.
From my perspective this conference was
a great success, and thanks for their assistance in achieving this are due to the following people. To the conference committee,
Vicky Mak, Kerry Landman, Terry Mills,
Bernard Ee and, in particular, Christine
Mangelsdorf. To Peter Taylor (Convenor,
Invited speakers committee), Tim Marchant
(Convenor, T.M. Cherry Prize committee)
and Emily Duane (Convenor, Cherry Ripe
prize) and to all the members of those committees. For technical support to Mark
Fisher and Noam Olshina, and to odd-job
man Michael Page. And finally, to Bill Summerfield for advice and support throughout
the planning and running of this conference.
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Examples of new facets for the precedence constrained
knapsack problem
Christopher Fricke

1

Introduction

We consider the polyhedral structure of the precedence constrained knapsack (PCK) problem,
also known as the partially ordered knapsack problem. A set of items N is given, along with
a partial order, or set of precedence relationships, on the items, denoted by S ⊆ N × N.
A precedence relationship (i, j) ∈ S exists if item i can be placed in the knapsack only if
item j is in the knapsack. Each item i ∈ N has a value ci ∈ Z and a weight ai ∈ Z+ , and
the knapsack has a capacity b ∈ Z+ . The PCK problem seeks a maximum value subset
of N whose total weight does not exceed the knapsack capacity, and that also satisfies the
precedence relationships.
The precedence constraints can be represented by the directed acyclic graph G = (N, S),
where the node set is the set of all items N, and each precedence constraint in S is represented
by a directed arc. Note that the precedence constraints are transitive, so without loss of
generality we assume that S does not contain any redundant relationships, that is, S is
the set of all immediate predecessor arcs. If G contains a cycle, all nodes within the cycle
must either all be included in, or all be excluded from, the knapsack. Hence the cycle can
be contracted into a single node, with cumulative value and weight coefficients, and the
resulting directed graph is acyclic.
An integer programming formulation of the PCK problem is as follows. Let
(
1, if item i is included in the knapsack
for all i ∈ N.
xi =
0, otherwise
Then the PCK problem may be written as:
max

X

ci xi

(1)

i∈N

(PCKP)

s.t.

X

ai xi

≤b

(2)

i∈N

xi
xi

≤ xj
∈ {0, 1}

for all (i, j) ∈ S
for all i ∈ N.

(3)
(4)

The PCK problem appears in a wide range of applications. These include investment
problems (Ibarra and Kim [3]), tool management problems (Stecke and Kim [8]), strip mining
(Johnson and Niemi [4]) and local access telecommunication network design (Shaw et. al.
[7]). In these cases the PCK problem has generally been solved using dynamic programming
Christopher Fricke was the winner of the T.M. Cherry Prize for best student talk at ANZIAM 2006, held
in Mansfield, February 2006.
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algorithms, when the underlying precedence graph has a special structure such as a tree, or
heuristics.
Johnson and Niemi [4] showed that the PCK problem is NP-complete. The polyhedral
structure of the problem was first investigated by Boyd [2], who extended the concept of a
cover inequality for the standard 0-1 knapsack polyhedron to the PCK polyhedron. Further
investigation of the PCK polyhedron is presented by both Park and Park [6] and van de
Leensel et. al. [9], where lifting orders and general sequential lifting procedures are derived to
lift valid knapsack cover-based inequalities from lower dimensional polyhedrons into facets
of the PCK polyhedron.
In [1], we determine a new class of facet-defining inequalities for the convex hull conv(P )
of the PCK feasible set P defined by (2)-(4). Unlike previous work [2, 6, 9], we do not take
knapsack covers as our starting point, but instead investigate clique inequalities derived from
a graph representing pairwise conflict relationships between variables. A brief summary
of our approach is presented in this article. In addition, in [1] we present a comparison
with previous polyhedral approaches to the PCK problem based on knapsack cover-like
inequalities, which demonstrates that our clique-based approach can generate facet-defining
inequalities that cannot be found through the cover-based approach of previous authors.
We also note that a relaxation of the conditions under which previous results were obtained
could have allowed additional facet-defining inequalities to be determined, and provide a
thorough classification of PCK covers and cliques, showing the relationships between them.

2

Fundamental Terminology and Conflict Graphs

For each (i, j) ∈ S, item i is an immediate predecessor of item j and item j is an immediate
successor of item i. Let Si be the set of immediate predecessors of item i, that is let
Si = {j ∈ N : (i, j) ∈ S}. It follows that the set of all precedence relationships A is
the transitive closure of S, and (i, j) ∈ A if and only if there exists a path from node i
to node j in the directed acyclic graph G = (N, S). Let Ai be the minimal set of items,
including item i, that must be included in the knapsack for item i to be included, that is
Ai = {j ∈ N : (i, j) ∈ A} ∪ {i}. Note that inclusion in the set Ai is also transitive, so if
j ∈ Ak and k ∈ Ai then j ∈ Ai . Consider also a set of items B ⊆ N. Let A(B) = ∪i∈B Ai
be the union of the Ai sets for the items in the set B. Then A(B) gives the minimal set of
items that must be included for all items in the set B to be included in the knapsack. An
example of a PCK problem is presented in Figure 1. For illustrative purposes note that in
this example A1 = {1, 5, 11} and A({1, 3}) = {1, 3, 5, 7, 10, 11, 12, 13}.
We now combine the precedence sets with the knapsack constraint (2) to determine
the
P
minimum capacity required to include each item in the knapsack. Let H(B) = j∈A(B) aj
be the total capacity
P required to include the items in the set B in the knapsack. It follows
that H({i}) = j∈Ai aj is the capacity required to include item i in the knapsack. For
ease ofPnotation let Hi = H({i}). In the examplePpresented in Figure 1 we have that
H1 = j∈A1 aj = 3 + 5 + 4 = 12, and H({1, 3}) = j∈A({1,3}) aj = 25. Furthermore, we
assume that for every individual item, there exists a feasible solution in which it is included
in the knapsack. Otherwise, the item can be deleted from the problem instance.
Assumption 1 Each item in the set N can be included in the knapsack, that is Hi ≤ b for
all i ∈ N.
In order to identify potential facet-defining inequalities for conv(P ), we require the following definition of a conflict graph for the instance of the PCK problem under consideration.
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Figure 1. PCK Problem Example.

Definition 1 A conflict graph CG = (N, E) contains the edge {i, j} ∈ E if and only if
the pair of items i and j cannot be included in the knapsack together, that is if and only
if H({i, j}) > b.
As noted above, in the example in Figure 1 we have that H({1, 3}) = 25, and since
b = 20 it follows that the edge {1, 3} is included in the conflict graph for this example. A
clique C ⊆ N in the conflict graph CG is a set of nodes such that every pair of nodes in
C is joined by an edge. Hence each pair of items in C cannot be included in the knapsack
simultaneously, and it follows that at most one item in C can be included in the knapsack.
A maximal clique is a clique that cannot be enlarged by adding any additional node. We
also require the concept of an intersection set, defined as follows.
Definition 2 Let C ⊆ N be a clique in the conflict graph CG. Let P(C) be the set of
items in the intersection of the entire precedence sets of all the items in the clique C, that
is P(C) = {k : k ∈ ∩j∈C Aj }.
The intersection set P(C) may or may not be empty. We consider these two cases separately. For example in Figure 1 we have that P({1, 3}) = ∅ and P({1, 2}) = {11}. The terminology introduced in this section is required, along with a number of additional properties
of the precedence sets and conflict graphs, to determine new facet-defining inequalities for
conv(P ). Note that it follows directly from Assumption 1 that the PCK polyhedron is fulldimensional, which allows us to apply a simplified version of Theorem 3.6 from Nemhauser
and Wolsey [5] to determine necessary and sufficient conditions for our clique-based inequalities to be facet-defining for conv(P ).

3

Clique-Based Facets for the PCK Polyhedron

Suppose we have constructed a conflict graph CG = (N, E) according to Definition 1. The
following result is obvious.
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Figure 2. Conflict Graph for PCK Problem Example.

Lemma 1 Let C ⊆ N be a clique in the conflict graph CG. Then the clique inequality
X
xj ≤ 1
(5)
j∈C

is valid for P .
In the case where P(C) = ∅, we have determined necessary and sufficient conditions under
which (5) is facet-defining for conv(P ), where C is a maximal clique in the conflict graph
CG. We have also developed a straightforward procedure that, given any maximal clique
C ⊆ N with P(C) = ∅, can generate a maximal clique satisfying these conditions.
In the case where P(C) 6= ∅, we have determined necessary and sufficient conditions under
which a strengthened form of (5) is facet-defining for conv(P ), where C is a maximal clique
in the conflict graph CG.
Lemma 2 Let C ⊆ N be a clique in the conflict graph CG with P(C) 6= ∅, and let i ∈ P(C).
Then the inequality
X
xj ≤ xi
(6)
j∈C

is valid for P .
Proof. Let C ⊆ N be a clique in the conflict graph CG with P(C) 6= ∅, and let i ∈ P(C).
Hence i ∈ Aj for each j ∈ C. It follows from the transitivity of the precedence constraints
(3) that for all j ∈ C, xj ≤ xi . Hence if xi = 0 it must be that xj = 0 for all j ∈ C, and (6)
holds. Otherwise, xi = 1 and (6) is equivalent to the clique inequality (5), which is valid for
P by Lemma 1. So we have that the strengthened clique inequality (6) is valid for P when
P(C) 6= ∅.

Again in this case we have also developed a straightforward procedure that, given any
maximal clique C ⊆ N with P(C) 6= ∅, can generate a maximal clique satisfying these
conditions. Further detail can be found in [1].
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Application of Clique-Based Inequalities to a PCK Problem Example

We now demonstrate the relative strengthening effect of our clique-based facet-defining
inequalities for conv(P ) on the linear programming relaxation of the PCK problem. Consider
again the PCK problem example given in Figure 1. Applying the approach for deriving facets
of conv(P ) from clique inequalities to this example, we obtain the conflict graph given in
Figure 2. There are ten maximal cliques C ⊆ N in this conflict graph, as shown in Table
1, all of which are such that P(C) = ∅, and six of which do not satisfy our necessary
and sufficient conditions. However, a maximal clique that does satisfy our necessary and
sufficient conditions can be derived from these maximal cliques in all instances, by the
application of a simple reduction procedure described in [1]. In this example, this procedure
does not generate any new facets beyond the four already found. These four clique-based
facet-defining inequalities are shown in Table 1.
Maximal Clique Corresponding facet-defining
clique inequality
{1, 2, 3, 4}
{1, 2, 3, 8}
{1, 3, 4, 6}
{1, 3, 6, 8}
{1, 2, 4, 7}
{1, 4, 6, 7}
{2, 3, 4, 5}
{2, 3, 5, 8}
{4, 9}
{4, 11}

Not facet-defining
Not facet-defining
Not facet-defining
x1 + x3 + x6 + x8 ≤ 1
Not facet-defining
x1 + x4 + x6 + x7 ≤ 1
Not facet-defining
x2 + x3 + x5 + x8 ≤ 1
Not facet-defining
x4 + x11 ≤ 1

Table 1. Maximal Cliques for PCK Problem Example

A comparison of the linear programming (LP) relaxations for this PCK problem example
is presented in Table 2. The two cases tested are (i) the standard integer programming
formulation (PCKP), and (ii) this formulation with the addition of the facet-defining clique
inequalities given in Table 1. It is evident from Table 2 that the addition of the facetdefining
clique inequalities to (PCKP) results
in a reduction in root node gap, defined by


LP relaxation - optimal integer solution
× 100%. In fact, when the facet-defining clique
optimal integer solution
inequalities are added in this example, the optimal integer solution may be found simply
by solving the linear programming relaxation. These results indicate that the addition of
facet-defining clique-based inequalities for the PCK problem is beneficial in certain instances.
Formulation

LP
relaxation

(PCKP) only
(PCKP) and facet-defining clique inequalities

IP
value

Root Node Gap
(%)

32.31 26.00
26.00 26.00

24.26
0.00

Table 2. Summary of Results for PCK Problem Example
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5

Conclusions and Future Work

We have derived a new approach for determining facets of the PCK polyhedron based on
clique inequalities. The necessary and sufficient conditions that have been derived in [1] can
be checked to determine whether clique inequalities determined from the conflict graph are
facet-defining whenever the problem instance contains pairs of items that cannot be included
in the knapsack together. A procedure to generate a facet-defining clique inequality from
any maximal clique in the conflict graph has also been developed in [1]. We also show
computationally that the addition of facet-defining clique-based inequalities for the PCK
problem is beneficial in certain instances.
Our current focus is on the computational application of the results presented in this
article. Particular areas of interest include the a priori addition of facet-defining clique
inequalities to (PCKP), and the solution of the separation problem for finding clique inequalities violated by a fractional solution of the LP relaxation of (PCKP). In both cases
the enumeration of maximal cliques in the conflict graph CG is required. This work is in
progress.
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The behaviour of tsunamis
Maurice N. Brearly

1

Introduction

The behaviour of tsunamis is not easily understood. Readers’ comments on a recently
published paper [3] show that a mathematical analysis of a tsunami does not satisfactorily
explain the matter to everyone. The following description of the mechanism of a tsunami is
an attempt to clarify the situation.
A tsunami usually starts on deep ocean water as a result of a large–scale disturbance
of the sea bed, such as an earthquake or an under water land slide. The surface of the
ocean is raised (in most cases) by a small amount over a very large area, and this elevated
water then flows out in all directions, starting a tsunami. It is the great area of the initial
surface elevation which is responsible for a tsunami’s enormous wave length, which may be
many tens or even hundreds of kilometres. The period of the wave is very long, typically 15
minutes or more, and in mid-ocean the velocity of the wave profile may be many hundreds
of kilometres per hour.
The height of a tsunami in mid–ocean is very small, typically less than one metre [2],
making its passage there imperceptible to anyone on a ship. On reaching a shore, a tsunami
may achieve great heights and deliver massive surges of water which can be very destructive.
Between these forward surges the water at a shore line usually recedes for a long distance,
leaving bare large areas of ocean floor that are normally under water
This paper investigates the behaviour of a tsunami, and explains how its mid–ocean
character is transformed to produce massive surges of water at a shore.

2

Notation and definitions

Figure 1 shows a cross-sectional view of a wave on the surface of water, and some of the
symbols used to describe it. The horizontal dimensions of the wave have been compressed
below those relevant to a tsunami in mid–ocean and its vertical dimensions exaggerated.
When investigating surface waves it is usual to refer them to Cartesian axes Ox, 0y located
as shown.

Figure 1. Progressive wave on the water surface
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Let λ = wave length,
a = amplitude of wave = half wave height,
c = velocity of propagation of wave,
h = depth of water.
A case in which the ratio h/a is very large will be called “deep water”; a case with
h/a of moderate value will be called “shallow water”. (In mathematical wave theory the
magnitude of h/λ is used for these definitions, but for a tsunami the huge value of λ makes
this inappropriate.)
In Section 5 typical values will be ascribed to a and c, and will be used to predict the
magnitude of the surges of water which would result when the tsunami reaches a shore.

3

The nature of wave motion

The mathematical theory of wave motion [4, 5] shows that it is only the wave profile depicted
in Figure 1 which is continually moving forward with velocity c. The particles of water are
not doing so, they are performing closed circuits around fixed points. In deep water (h/a
large), the circuits are circular, the size of the circles decreasing as the depth increases, as
shown in Figure 2. At a depth of half a wave length the radius of the circular motion is only
about 4% of that at the surface.

Figure 2. Circular paths of water particles in a wave on deep water

Figure 2 shows that at the water surface the radius of the circular paths of particles is the
amplitude a of the wave, and that at a wave crest the water particles are moving forward
in the direction of wave propagation, and at a trough the particles are moving backward.
In the case of shallow water (h/a not large), the mathematical theory of wave motion
[4],[5] shows that the paths of particles are elliptical rather than circular, with the major
(long) axes of the ellipses horizontal, as shown in Figure 3. The minor axes are vertical,
their length at the water surface being equal to the height of the wave there. As the depth
below the surface increases, the lengths of the major and minor axes decrease, as shown.
At the ocean floor the ellipses degenerate into straight lines along which the water particles
move back and forth as the wave passes.
Apart from the elliptical shapes of their orbits the behaviour of the water particles in the
shallow water case is just the same as in the deep water case in Figure 2.
The wave in Figure 3 has been compressed horizontally to enable half a wave length to
be shown, which would be hundreds of kilometres long in a typical case.
The movements of water particles depicted in Figures 2 and 3 are experienced by every
particle in the neighbourhood of a wave. Acting together they constitute back and forth
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Figure 3. Elliptical paths of water particles in a wave on shallow water

movements of masses of water which are huge because of the great length of the waves of a
tsunami. The magnitude of these water masses will be considered in the following sections.

4

The transport of water mass by a tsunami

The circular or elliptical movements of the water particles, which occur during passage of a
wave, decrease in size with increasing depth, and their directions vary, as indicated by the
arrows in Figure 4. Near a wave crest all particles have a forward component of velocity,
and near a trough all have a backward velocity component.

Figure 4. Directions of transport of water mass beneath a wave

Because of the great depth of water in mid-ocean, and the huge wave length of a tsunami
(often hundreds of kilometres), the moving masses of water depicted in Figure 4 are enormous. They constitute huge surges of water, in the forward direction in the neighbourhood
of a wave crest, and in the backward direction near a trough.
The wave passes any point in its path which is fixed in the ocean, and consequently at
such a point there are successive surges of water in the forward and backward directions.
The average horizontal velocity of the water in these surges is not the wave profile velocity
c, it is the much smaller value associated with the circular or elliptical motions of the water
particles. This is an important point, as it explains why the water surges of a tsunami at a
shore occur at much smaller velocities than the profile velocity c.

5

Behaviour of a tsunami at a shore line

Far from the initial upheaval the motion is virtually two-dimensional, as depicted in Figure
4, and the rate of transport of mass is still huge. As a tsunami approaches a shore line
and the water gets shallower, the circular movements of the water particles are elongated
into ellipses as shown in Figure 3. Eventually the water becomes too shallow for the water
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particles to complete their elliptical cycles, and the wave breaks and degenerates into an
advancing wall of foaming water.
Water is virtually incompressible, which means that the huge magnitude of the mid-ocean
back and forth surges depicted in Figure 4 remains unchanged as the wave progresses. This
is the main factor responsible for the severe impact of some tsunamis on reaching a shore.
The ocean floor slopes upward near a shore, and the forward surge of water can only be
accommodated by an increased water surface level, adding to the familiar destructive impact
of a tsunami.
The backward surges of water occurring between the forward ones have the same huge
magnitude as the forward ones. Close to a shore their effect is to drain the water away from
the shore, leaving large areas of the sea floor exposed. This can provide any local residents
with a sign that a damaging tsunami wave will soon arrive, but if a forward surge is the first
to reach a shore there will be no such warning of possible disaster.
When the surface of water is disturbed by a sudden shock like the dropping onto it of a
small stone, a small train of waves called a “wave packet” is set in motion, spreading out
away from the disturbance. It is well known that the leading wave in the packet continually
dies away, and that a new wave continually appears at the rear of the packet [1]. This means
that at all times the water of the leading wave is gradually changing between forward and
backward surging states. Though there are no hard data on the matter, it is reasonable to
believe that the same behaviour occurs in a tsunami. It is therefore not possible to predict
whether a tsunami will be in its forward or its backward surging state when it arrives at a
shore; it could be either, depending on the state of the wave and the location of the shore.
Waves travel more slowly as the water gets shallower, so if a wave front approaches a
shore line at an angle the leading part of the front is slowed down more than the rest of it.
This causes the wave front to swing around to become more nearly parallel to the shore, an
effect which is known as wave refraction [1]. This is why waves including tsunamis breaking
on a shore are composed of fronts which are parallel to the shore line, or nearly so.
The mathematical theory of wave motion [4, 5] shows that the rate R of transport of
water volume (per unit length perpendicular to the plane 0xy of Figure 1 is given by
R = ac
Let us use this result to investigate the impact on a shore of a typical tsunami. The amplitude
and velocity of propagation of a tsunami in mid-ocean could be
a = 0.4metres,

c = 700km/hr = 194m/s.

For such a wave, beneath each wave crest (per metre parallel to the shore line) the rate of
forward transport of water would be
R = ac = 0.4 × 194 = 78m3 /s.
At the shore line the height of the forward water surge could be about 10 metres in a
typical situation, in which case its forward speed would be 7.8m/s, or 8m/s approximately.
This is about as fast as most people can run, which explains why so many people are engulfed
by an approaching tsunami. Local topographical features can affect the behaviour of waves
approaching a shore line, including tsunamis. For example, refraction of waves approaching
a headland may concentrate their impact [1], sometimes with devastating results.

6

Tsunami warning systems

In 1946 a tsunami overwhelmed the town of Hilo in the Hawaiian Islands, which led to a
decision to develop a warning system for tsunamis in the Pacific Ocean [2]. One of the
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systems developed depends on a centre in Honolulu receiving prompt reports from several
Coast Survey stations in the Pacific which are equipped with seismographs. Each station can
determine the direction to the epicentre of any submarine earthquake, and the intersection
of these directions pinpoints the location of the epicentre. Ocean depths are known well
enough to make possible the calculation of wave travel times from the epicentre to places
which may be vulnerable to any resulting tsunami. Warnings can be issued to people in
these places that a tsunami may occur at a particular time.
The Pacific tsunami warning system has proved very useful, reducing the loss of life in
this region. Recent events have shown the desirability of installing a similar warning system
in the Indian Ocean region.
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The Wine/Water Paradox:
background, provenance and proposed resolutions
Michael A.B. Deakin
Abstract
The so-called Wine/Water Paradox is one of a number of puzzles associated with elementary probability theory. It has recently been the subject of renewed interest with the
proposal of two competing attempts at resolution. The origins of the paradox will be
explored, as will some of its consequences for the understanding of the nature of probability. It will then be argued that the attempted resolutions do not carry the force their
proposers attach to them.

1

Statement of the Paradox

The Wine/Water Paradox has been given in a number of forms, differing mostly in the
numerical values of the various parameters involved. For convenience, I adopt those given
in a recent re-examination of it [10].
A mixture is known to contain a mix of wine and water in proportions such that
the amount of wine divided by the amount of water (both measured in terms of
some agreed unit) is a ratio x lying in the interval 1/3 ≤ x ≤ 3. We seek the
probability, P ∗ say, that x ≤ 2.
The problem is, in one sense, insoluble, because insufficient information is supplied to
enable a rigorous solution. However, some would argue, according to the so-called Principle of Indifference, that, failing such information, we should suppose that x is uniformly
distributed. That is to say that for any number a in the given interval,
Prob {x ≤ a} =

1
(3a − 1) .
8

From this it follows that
5
.
8
However it is perfectly possible to argue that the amount of wine divided by the amount
of water (both measured in terms of the same unit as before) is a ratio y also lying in
the interval 1/3 ≤ y ≤ 3. If we now suppose (with the same validity as before) that y is
uniformly distributed over this interval, we have for 1/3 ≤ a ≤ 3:
P ∗ = Prob {x ≤ 2} =

Prob {y ≥ a} =

3
(3 − a) .
8

From this it follows that




1
3
1
15
P = Prob {x ≤ 2} = Prob y ≥
=
3−
=
.
2
8
2
16
∗

The paradox lies in the discrepancy between the two values of P ∗ .
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Provenance of the Paradox

The origins of the paradox are somewhat obscure. Mikkelson [10] attributes it to von Mises,
but gives no details. However, von Mises himself [11] claims to follow Poincaré [12] in
attributing it to Bertrand [1]. [I include the Poincaré reference for completeness, although
it has not been available to me.] Certainly Bertrand produced a number of paradoxes in his
exposition of the laws of probability. The best-known is his Chord Paradox, which is briefly
discussed in an appendix to the present paper. I have been unable to find in Bertrand’s
book any discussion of the Wine/Water Paradox or any equivalent to it. (However, see the
appendix.) It is therefore likely that the attribution of the paradox to Bertrand is in fact a
misattribution.
Gillies [6] also presents the paradox, and he attributes it to Keynes [8], who did in fact
espouse a form of the Principle of Indifference, which he termed the Principle of Irrelevance.
Gillies thus finds it admirable that Keynes devotes time to a careful examination of the
objections to the principle. Keynes, however, in his turn, attributes the paradox to von
Kreis [9] (whose work is also here referenced for completeness, although it too has not been
available to me). Keynes, in his account, regards the paradox as saying that there are limits
to the extent to which we can precisely quantify probabilities of this type.
Something of Keynes’ approach is apparent in the work of Schlesinger [13]. Indeed,
Schlesinger goes to some lengths to make more explicit what Keynes merely indicates. In
particular, and for purposes of illustration, he uniformly distributes neither x nor ybut
another quantity (see Equation (1) below), and so reaches the value
P∗ =

5
.
6

Mikkelson [10] describes Schlesinger as “[one of the] lonely defenders of PI [the Principle
of Indifference]”. The other is Jaynes [7], whose discussion of the Wine/Water Paradox is
peripheral to an attempted resolution of the Bertrand Chord Paradox. Mikkelson describes
both as “[throwing] up their hands at [the Wine/Water] Paradox”, and certainly this is a
fair description of the discussion by Jaynes.
Mikkelson presents his own attempted resolution of the paradox, but there has also recently been another. This is by Burock [3], and it produces yet another value forP ∗ . These
two “solutions” will both be examined below, but before this we need to consider some
basics.

3

A Simple Resolution

It is important to note not only what we are told about the situation, but also what we
are not. We have no information at all in the statement of the problem as to the frequency
distribution of x. The cumulative distribution Prob {x ≤ a} = (3a − 1) /8 of Section 1 is
supplied as an assumption to substitute for information that is simply not there. The same
can be said of the assumed distribution of y. The assumption of uniformity means that
these cumulative distributions are linear. As y = 1/x is not itself a linear function, the two
cumulative distributions cannot simultaneously be linear and hence x and y cannot both be
uniformly distributed. This is what Jaynes [7] refers to when he describes the problem as
“overdetermined”.
Any cumulative probability distribution could have been used for Prob {x ≤ a}. That is
to say, we could set
Prob {x ≤ a} = P (a),
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where the only restrictions on P (a) are that it should be an increasing function of a for
which P (1/3) = 0 and P (3) = 1. It follows that the required probability P ∗ could be any
number at all between 0 and 1.
However, those who, like Mikkelson [10] and Schlesinger [13], seek to defend the use
of uniform distributions do so from the point of view of either subjectivist or of “logical”
theory. For the subjectivists, probability seeks to quantify a degree of personal belief, rather
than to represent a measurable underlying reality. But if we consider the ramifications of
this position, we see no paradox at all. All that has happened is that Subject 1, using a
uniform distribution on x, comes up with one subjective probability, while Subject 2, using
a uniform distribution on y, comes up with another. There is no reason whatsoever for
their subjective probabilities to agree! What is true, of course, is that there is no “objective
reason” to prefer either subjective probability over the other. This might be seen by some
as an argument against the underlying theory.
Now consider a variation: the “logical theory”. This attempts to replace the concept
of personal belief with that of “rational belief”. This concept advances the view that the
probability to be assigned to an event is the probability that a rational mind would assign
to it, given the available data. If this concept can be shown to be viable, then clearly we do
indeed have a paradox that needs to be resolved, or as Mikkelson has it, “dissolved”.
However, the mere naming of such a position is not enough to demonstrate that it is
consistent. The burden of proof lies with the advocates of such a view. To say this is
essentially to state in starker form Ramsey’s objection to the account espoused by Keynes [8,
Chapter IV], who used not quite the Principle of Indifference but a closely related Principle
of Irrelevance. There is a good analysis of this debate by Cottrell [4, pp. 30–35] and a
summary and critique of both points of view by Gillies [6, Chapters 3 and 4]
It could indeed be urged that the Wine/Water Paradox constitutes a reductio ad absurdum
of the logical theory. In this connection, it is of interest to note that Jaynes [7, p. 490], who
has considerable sympathy with the “logical theory”, does not accept that the Wine/Water
Paradox is susceptible of sensible resolution.

4

Mikkelson’s Proposed Resolution

In order to consider the alternative resolution favored by Mikkelson [10] and in fact mooted,
before him, by Schlesinger [13, p. 191], introduce some further notation. Let:
W1 be the quantity of water, and
W2 be the quantity of wine,
both in the same agreed unit. In terms of the earlier notation, x = W1 /W2 and y =1/x.
Mikkelson imposes the condition
W1 + W2 = 1

(1)

(which may be done without any loss of generality) and then considers the distribution of a
quantity h defined by
x
h ( = W1 ) =
.
(2)
1+x
This variable is then supposed to be uniformly distributed over the relevant interval, which
is easily seen to be 1/4 ≤ h ≤ 3/4, and it is shown that on this hypothesis, the required
probability P ∗ = 5/6.
He further shows that if h is expressed in terms of y rather than x the same result obtains,
and that the variable h has an attractive intuitive interpretation in terms of the height of a
virtual separation surface in the imagined event that the two liquids do not in fact mix.
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It will be shown in Section 6 that this initially attractive resolution of the paradox is
not unique, and that a fuller analysis leads us to conclude that the required probability P ∗
could be any number between 1/2 and 1.

5

Burock’s Proposed Resolution

Burock [3], noting that the condition xy = 1 is imposed on any proposed joint probability
distribution over (x, y), champions the use of arclength along this curve between the endpoints (1/3, 3) and (3, 1/3) as the quantity to be uniformly distributed. Thus Burock has
R a −2 √
x
1 + x4 dx
1/3
P (a) = R 3
.
(3)
√
x−2 1 + x4 dx
1/3
This expression can be put into a (very cumbersome) closed form involving elliptic integrals.
However, this course will not be pursued here. Rather, as with Burock’s analysis, mine will
proceed in terms of numerical computation. Put
Z a
p
F (a) − F (1/3) =
x−2 1 + x4 dx.
(4)
1/3

Then Burock’s solution is

F (2) − F (1/3)
.
F (3) − F (1/3)
This evaluates as 3.2787. . . /4.2932. . . = 0.7637. . . .
P∗ =

6

(5)

A Generalized Analysis

Mikkelson’s function h is by no means the only one giving the same result whether we
proceed in terms of x or of y. In order to generalize, replace Equation (1) by the more
general
h = f (x),
(6)
where, to impose symmetry between x and y and to preserve Equation (1), we require
f (x) + f (1/x) = 1.

(7)

Equation (7) is a functional equation, one possible solution of which is given by Equation
(1), as the reader may verify. Because of the imposed symmetry, a uniform distribution over
f (x) will also force a uniform distribution over f (y) and vice versa.
We now proceed to the general solution of Equation (7). To this end, set
f (x)
f (x)
=
= ϕ(x)
f (1/x)
1 − f (x)

(8)

from which it follows that
ϕ(x)
1 + ϕ(x)
Also, from (8), ϕ (1/x) = f (1/x) /f (x) and hence
f (x) =

ϕ(x)ϕ (1/x) = 1.

(9)

(10)

Mikkelson’s function h, Equation (1), corresponds to the simple solution ϕ(x) = x, but
this solution is by no means forced upon us. An obvious generalization is ϕ(x) = xn , but
solutions even more general than this are clearly possible.
In order to set up a uniform distribution and to derive meaningful results from it, we
require the correspondence between x and f (x) to be 1–1. The relationship between f and
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φ is 1–1 by virtue of Equations (8) and (9). It follows that the relation between xand φ is
1–1 and thus that the function ϕ(x) is monotonic. Without loss of generality, suppose it to
be increasing with x. Directly from Equation (10), ϕ(1) = 1. Otherwise ϕ(x) is arbitrary
on the interval 1 ≤ x ≤ 3 and we may define it there (under these very broad constraints)
ad lib. Then on the interval 1/3 ≤ x ≤ 1, define ϕ(x) by direct appeal to Equation (10).
Thus ϕ(x), and hence f (x), and so h, may be defined in (infinitely) many different ways.
For a general f (x) satisfying Equation (7),
P∗ =

f (2) − f (1/3)
f (3) − f (1/3)

(11)

which, by Equation (9) and following some simplification, yields
P∗ =

ϕ(3)ϕ(2) − 1
.
[1 + ϕ(2)] . [ϕ(3) − 1]

(12)

The only constraint on the value of ϕ(2) is provided by the condition noted above, namely
1 = ϕ(1) < ϕ(2) < ϕ(3). The value of P ∗ varies monotonically with the value of ϕ(2) from
a minimum of 1/2, the limit as ϕ(2) → 1, to 1, the limit as ϕ(2) → ϕ(3). This reduces the
range of possible values of P ∗ to one half of the general value discussed in Section 2 above.
This reduction is directly attributable to the Symmetry condition imposed by Equation (7).
Comparison between Equations (5) and (11) shows that Burock’s proposed resolution
amounts to the identification f (x) = F (x). The fact that F (x) satisfies Equation (7) is
capable of direct demonstration, which I leave to the reader.

7

A Sociological Remark

The two recent attempts at resolution effectively cancel one another out. Both Mikkelson
and Burock claim to have produced a uniquely correct value for P ∗ . This means that
both cannot be “right” unless there is no agreed definition of “uniquely right”. Mikkelson’s
resolution certainly selects the simplest solution of Equation (10), but Burock’s geometric
argument has its own intrinsic charm. Which we regard as “simplest” is a matter of personal
choice. But this is to wander outside Mathematics and into sociology!

Appendix
Although Bertrand [1] does not deal with the Wine/Water Paradox directly, nor with any
direct equivalent of it, he does consider a close relative (certainly not a clone but perhaps a
sibling, or at most a first cousin). This is the so-called Horizon Paradox [1, p. 5].
A plane is chosen “at random” in space. What is the probability that it makes an angle
of less than π/4with the horizon [i.e. a given plane]?
If we term the required angle θ, and if θ is regarded as uniformly distributed over the
interval 0 ≤ θ ≤ π/2, then the required probability is 1/2. On the other hand, if we regard
cos θ as √
uniformly distributed over the interval 1 ≥ cos θ ≥ 0, then the required probability
is 1 − 1/ 2 ≈ 0.29. [The choice of cos θ as the required function is motivated by a geometric
argument.]
The Horizon Paradox seems not to have attracted the same attention as either the
Wine/Water Paradox or the Chord Paradox. This latter is introduced immediately prior to
the discussion of the Horizon Paradox. Bertrand comments: “This question [the Horizon
Paradox], like the previous one [i.e. the Chord Paradox] is ill-posed, and the two conflicting
answers constitute the proof [of this]” (my translation).
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This has indeed been the almost universal judgment on the Chord Paradox. This paradox
requests the probability that a chord drawn “at random” in a circle has a length greater
than the side of an inscribed equilateral triangle. Bertrand himself used three different
interpretations of “at random” to produce answers of 1/3, 1/2 and 1/4. Subsequently,
Czuber [5] gave plausible arguments leading to three more possible answers, and Bower [2]
later extended the number of plausible answers to ∞.
In a more recent discussion, Jaynes [7] attempted to argue that the answer 1/2 was the
“correct” one. He lists various earlier discussions, all at variance with his conclusion, except
for a somewhat vague statement by Borel. His otherwise full list overlooks a contribution
from Keynes [8, p. 63], who rather imaginatively views the chord as a limiting case of an
inscribed plane figure. He also does less than full credit to Uspensky [14, p. 251]. This is
a more serious oversight, for Jaynes claims to have verified his result experimentally. This
is not really the knockdown argument he supposes, for his experimental design, in which
“long” straws were dropped onto a circular outline, almost guarantees this result. Uspensky
envisaged a similar gedankenexperiment in which a disk was dropped onto a ruled grid to
the same effect. In essence, Jaynes imposes a further condition on the problem in order to
reach his uniqueness result. Recently, however, the Jaynes solution has been influentially
endorsed by Weisstein [15].
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1

Introduction

The meteor that was Ramanujan streaked across our skies from 1887 to 1920. He was a
self–taught mathematical genius. During the time till he was about 25, he worked away at
mathematics in his native India, recording his results in what has come down to us as three
notebooks. More about the Notebooks later. He brought his work to the notice of G. H.
Hardy, who with J. E. Littlewood recognised his genius, and eventually managed to persuade
Ramanujan to come to Cambridge. Ramanujan spent five years in England working by
himself and with Hardy, and published 21 papers, five jointly with Hardy. These have come
down to us in the Collected Papers. During his last two years in England, Ramanujan became
increasingly ill with what was treated as tuberculosis (despite there being indications to the
contrary), and which now appears to have been (eminently curable!) amoebic hepatiasis.
After two years rarely out of sanatoria, and after a slight apparent recovery, Ramanujan
FRS returned to India, where, as far as I can tell, he was largely ignored; his illness grew
worse, and after about a year, he died at the age of 32. During his last year, he worked
at mathematics constantly, we are told. From that last year, all we have of his work is a
sheaf of 138 pages (surely this must constitute only a fraction of his year’s output?), which
eventually came to reside in the library of Trinity College, Cambridge. Here it was discovered
in the (northern) spring of 1976 by George E. Andrews. Andrews realised immediately its
importance, and promptly named it the “Lost Notebook”.
By now, quite a number of books and many papers have been written about Ramanujan
and his work, but at the moment I would like to describe what happened with regard to his
Notebooks and the Lost Notebook.

2

The Notebooks

It was proposed that Ramanujan’s Notebooks (from his early years) be edited and published.
The task was taken up by G. N. Watson and B. M. Wilson, but following Wilson’s premature
death, and with Watson losing interest after about 10 years, the project lapsed (though the
work done by Watson and Wilson survived). In 1957 the Tata Institute of Fundamental
Research put out a photocopy edition of the three Notebooks in two volumes. This is now
completely unobtainable, but I was lucky and got a copy in the early 80’s from a Bombay
remainder(!) bookseller. Through an unlikely sequence of events, Bruce C. Berndt took up
in 1977 where Watson and Wilson had left off, and over the next 30 years or so, published in
five volumes an edited version of Ramanujan’s Notebooks, in which he proved or gathered
from the literature proofs of all 3254 claims made by Ramanujan.
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The Lost Notebook

My first contact with the Lost Notebook came about when, in late 1978, Andrews came to
Australia on Sabbatical. He showed me one result from the Lost Notebook, which I shall
discuss below; the study of that one result earnt me about 40% of my PhD under Andrews,
and I shall always be indebted to Andrews and Ramanujan for that!
At that time, if my memory serves me, Andrews had proved about 350 of the nearly 650
claims in the Lost Notebook.
In 1987, for the Centenary of the birth of Ramanujan, it was decided to put out a
photocopy edition of the Lost Notebook, and whatever unpublished manuscripts, letters by
and about Ramanujan the editors could lay their hands on. This was thrown together in a
short time, and Andrews hastily wrote a masterful preface. Unfortunately, like the earlier
Notebooks, the “Lost Notebook and Other Unpublished Papers” is utterly unobtainable.
At some stage, Andrews and Berndt decided to do for the Lost Notebook and Other
Unpublished Papers (LNBaOUP) what Berndt had done for the Notebooks. This project
is expected to occupy four volumes. So here, thirty years after the Lost Notebook was
discovered, we have the first volume, chiefly on work done by Ramanujan in the one year in
which he lay mortally ill!

4

The book under review

Whereas Ramanujan treated his Notebooks as an essentially systematic compendium of
the results he found, and numbered them accordingly, with divisions into chapters, the Lost
Notebook is a jumble, presumably written in something like chronological order of discovery.
(Part of the problem is, I believe, caused by the fact that Ramanujan had all his ideas
bubbling along simultaneously.) In particular, the entries are not numbered. It is not clear
whether there is a canonical order to the sheets as determined by the librarian at Trinity
College, or whether they are in any semblance of order. But by the time the sheets came to
be photocopied, the editors took it upon themselves to try and improve matters by inserting
among the pages of the Lost Notebook letters, fragments of previously unpublished and
published manuscripts and manuscript copies (by others) of other manuscripts of Ramanujan
that appeared to be related to work occurring nearby. The result is that the LNBaOUP is
even more of a jumble. The one mitigating factor is that pages of the Lost Notebook are
identified as such.
Now what Andrews and Berndt are doing is taking up the challenging task of sieving and
sorting the many entries into chapters, and numbering the entries. They then proceed to
give a proof of each entry, either by referring to work in the literature or by providing a new
proof.
AB1 consists of 18 chapters, in which 442 enties are discussed. The first half of the
book is essentially devoted to various aspects of continued fractions. Then we have three
chapters on q–series, including the Rogers–Ramanujan identities and similar, then chapters
on a variety of topics, including partial fractions, Hadamard products of q–series, integrals
of theta functions, incomplete elliptic integrals, infinite integrals of q–products, modular
equations and Lambert series. These are followed by a location guide, listing page by page
of LNBaOUP all the entries on that page discussed in AB1, then a Provenance, listing the
sources in the literature from which proofs have been taken for AB1 (in the main, papers
by Andrews, Berndt and Berndt’s students and colleagues) and a bibliography of 302 items
(including the items in the Provenance).
Let me attempt to whet your appetite for AB1 by discussing a few of my points of contact
with LNBaOUP. The mathematics may at first sight be daunting, but bear with it!
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The claim of Ramanujan that I mentioned above is the following AB1 Entry 6.2.1,
If
2
∞
X
(a + λ) · · · (a + λq n−1 )q (n +n)/2
G(a, b, λ) = 1 +
(1 − q) · · · (1 − q n )(1 + bq) · · · (1 + bq n )
n=1
then

G(aq, b, λq)
1 aq + λq bq + λq 2 aq 2 + λq 3 bq 2 + λq 4
.
=
G(a, b, λ)
1+ 1+
1+
1+
1 + ···
Andrews was the first to prove this, though “with some difficulty”. When he came to
Sydney he issued me the challenge of finding the convergents to the continued fraction, and
then disappeared to Armidale for a week or two. He returned to find a note on his office
door “I have found the formula, but this note is too small to contain it.” This result appears
as [6, Theorem 3].
If we let n → ∞ in my result, we find
1+

where

aq + λq bq + λq 2 aq 2 + λq 3 bq 2 + λq 4
P (a, b, λ, q)
=
1+
1+
1+
1 + ···
P (b, aq, λq, q)

2
2
2
∞
X
ar bs λt q (r +r+s +s)/2+rs+rt+st+t
P (a, b, λ, q) =
.
(q)r (q)s (q)t
r,s,t=0

(1)

(Here (q)n = (1 − q) · · · (1 − q n ) if n ≥ 1, (q)0 = 1.)
Now, P (a, b, λ, q) is clearly symmetric in a, b, and it is easy to show that
P (a, b, λ, q) =

∞
Y

(1 + bq n ) · G(a, b, λ).

n=1

It follows that
aq + λq bq + λq 2 aq 2 + λq 3 bq 2 + λq 4
P (a, b, λ, q)
P (a, b, λ, q)
1+
=
=
1+
1+
1+
1 + ···
P (b, aq, λq, q)
P (aq, b, λq, q)
Q∞
(1 + bq n ) · G(a, b, λ)
= Q∞n=1
,
n
n=1 (1 + bq ) · G(aq, b, λq)
and we are done. (And we see that in some sense the result is about P (a, b, λ, q) rather
than G(a, b, λ). Stating the result in terms of G(a, b, λ) is a typical Ramanujan–esque twist,
which, deliberately or not, made the result harder to prove.)
The authors give two later proofs, both starting with P (a, b, λ, q). Both proofs rely on
properties of P (a, b, λ, q) that follow easily from (1). In my opinion, this is one instance
where too much detail obscures the beauty and simplicity of Ramanujan’s result (see my
closing remarks).
The authors then proceed to state and prove one by one about 10 corollaries of Entry
6.2.1 given by Ramanujan. A number of these are special cases of just one result in the
existing literature [6, Theorem 2], which the authors might have presented.
The celebrated Rogers–Ramanujan continued fraction is essentially
P∞
2
2
1 + n=1 (−1)n (q (5n −n)/2 + q (5n +n)/2 )
q q2 q3
P∞
C(q) = 1 +
=
1+ 1+ 1 + · · ·
1+
(−1)n (q (5n2 −3n)/2 + q (5n2 +3n)/2 )
 2 3n=1 
q ,q
=
; q5
.
q, q 4
∞

(2)
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Here we adopt the notation
(a; q)0 = 1, (a; q)n = (1 − a)(1 − aq) · · · (1 − aq n−1 ),
(a1 ; a2 , · · · , ak ; q)n = (a1 ; q)n (a2 ; q)n · · · (ak ; q)n ,


a1 , a2 , . . . , ak
(a1 , a2 , · · · , ak ; q)n
;q
=
.
b1 , b 2 , . . . , b l
(b1 , b2 , · · · , bl ; q)n
n
If we write
C(q) =

∞
X

vn q n

n=0

then
1+

∞
X

!
n

(−1) (q

(5n2 −3n)/2

+q

(5n2 +3n)/2

)

n=1

∞
X

vn q n

n=0

=1+

∞
X

(−1)n (q (5n

2

−n)/2

+ q (5n

2

+n)/2

)

n=1

and it is straightforward to calculate the vn up to some point. The same remark applies to
C(q)−1 =

∞
X

un q n .

n=0

In 1968 or thereabouts, George Szekeres carried out these calculations and observed that
from some point on, the sign (+ or −) of the un and of the vn are both periodic with period
5. He and Bruce Richmond succeeded in proving remarkable asymptotic formulae for the
un and vn ,
√



 4π  
2
4πn 3π
−1/2
√
exp
cos
+
+
O(n
)
,
un =
5
25
(5n)3/4
5 5n
√



 4π  
2πn 4π
2
−1/2
√
exp
cos
−
+ O(n
)
vn =
5
25
(5n)3/4
5 5n
which confirm Szekeres’s observations.
There are some formulae in LNBaOUP, AB1 Entries 4.2.2 and 4.2.4 which Andrews proved
and used to prove precise versions of Szekeres’s observations, given as AB1 Corollaries 4.2.1
and 4.2.4. In order to prove Entries 4.2.2 and 4.2.4, one need only apply the quintuple
product identity to the right hand sides of (2) and its reciprocal.
Remarkably, Ramanujan failed to notice that he could apply the quintuple product identity to Entries 4.2.2 and 4.2.4 and obtain simpler formulae. Indeed, it can be shown that
[8]
∞
X
Y
v5n q n = 1/
(1 − q n )an
n≥0

n=1

where an = 0 if n ≡ 0, ±7 (mod 25), an = 2 if n ≡ ±4 (mod 25) and an = 1 otherwise,
with similar formulae for all other nine sequences. From these, Corollaries 4.2.1 and 4.2.2
can be deduced directly.
Finally, it is worth noting that Ramanujan carried the calculation of the un and the vn
(correctly) just beyond 1000 and the results are tabulated on p.49 of LNBaOUP. My bet is
that Ramanujan also observed the periodicity of sign, and that was his reason for carrying
the calculation so far.
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My final mathematical comments concern Chapter 10. Here we find a discussion of a
fragment concerning the so–called Rogers–Ramanujan identities.
2
2
∞
∞
X
X
qn
1
q n +n
1
=
,
= 2 3 5 .
4
5
(q)n
(q, q ; q )∞ n=0 (q)n
(q , q ; q )∞
n=0
Ramanujan discovered these before coming to England, but could not give a proof. In about
1916, he discovered proofs buried within an old paper by Rogers. Ramanujan simplified
Rogers’s proof, as did Rogers, and the two proofs were published together. Incidentally,
Andrews once opined to me that the identities should be named after the three people
who independently discovered and proved them, the Rogers–Schur–Baxter identities. The
outward appearance of the fragment under consideration is that it was written to justify
Ramanujan’s belief that the identities held, but I get the feeling it was written post facto.
In any case, Ramanujan gave four reasons, the fourth being incomplete, and the authors
do their best to examine the fragment. In examining the first reason, rather than simply
explaining Ramanujan’s calculations, they reproduce in over four pages a proof of the R–R
identities appealing to Bailey chains and a transformation due to Sears. Here, I think, a
reference to Andrews’s paper would have sufficed.
Incidentally, the first reason Ramanujan advances is that P. A. MacMahon had verified the
identities up to q 55 . Nowadays, using MAPLE 9.5 and Frank Garvan’s “q–series” package,
verifying the R–R identities to q 1000 takes about one minute. (What could Ramanujan have
accomplished with such tools?)
I might have commented on more of the book if I had understood more. I guess I will
gradually pick up an understanding of more of Ramanujan’s work by reading this book as well
as Berndt’s earlier books and the projected three additional books in this series, but always
with pen and paper handy! There is a lot of work involved. I once read of Ramanujan’s
work that there is nothing that could be asked in even the most difficult examination in the
world!
Just before closing, I will give you just two more intriguing formulae from LNBaOUP.
1
If R(q) = q 5 C(q)−1 then
√


Z
5−1
1 1 (1 − t)5 (1 − t2 )5 · · · dt
R(q) =
exp −
2
5 q (1 − t5 )(1 − t10 ) · · · t
and

√

5−1
−
2

√

5
.
(1 − t)5 (1 − t2 )5 · · · dt
3+ 5
1
1+
exp √
2
5 0 (1 − t1/5 )(1 − t2/5 ) · · · t4/5
I do have a couple of criticisms. The first is that with the authors’ approach (that
is, relying on the somewhat narrow base of their Provenance) they quite often miss the
opportunity of giving the optimal presentation. The second is that the authors do not help
us sufficiently to see what is easy, and what is difficult. Ramanujan wrote at many levels,
and we need to know whether what we are studying is either fairly superficial, or deep. Thus
they give too much detail in some proofs (thereby obscuring their simplicity and beauty),
and give too little detail in others.
But these are perhaps minor points. Andrews and Berndt are to be congratulated on the
valuable job they are doing. This is a first step (they would agree with me) on the way to
an understanding of the work of the genius Ramanujan. It should act as an inspiration to
future generations of mathematicians to tackle a job that will never be complete.
R(q) =

√



Z

q
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Conferences
The 8th Australasian Conference on Mathematics and Computers in Sport
3–5 July 2006, Greenmount Resort, Coolangatta, QLD
Organisers: John Hammond (SCU) and Neville de Mestre (Bond)
E-mail : jhammond@scu.edu.au
Web: http://www.anziam.org.au/MathSport/8M&CS.html
31st Australasian Conference on Combinatorial Mathematics and Combinatorial
Computing (31ACCMCC)
8–12 July 2006, Alice Springs, NT
Enquiries: Ian Roberts
E-mail : Ian.Roberts@cdu.edu.au
Web: http://www.cdu.edu.au/engineering/31ACCMCC.html
Contributed talks in all areas of combinatorics are welcome. Participants are also
invited to stay on for Dry and Discrete (see announcement below)
More Details on the QRT Map as an Automorphism of a Rational Elliptic Surface (a workshop following the conference, “Symmetries and Integrability of Difference
Equations [SIDE] VII”)
10–14 July 2006, Mathematical Sciences Institute Headquarters, University of Melbourne, VIC
Organisers: John Roberts and Wolfgang Schief
Web: http://web.maths.unsw.edu.au/~schief/side/side.html
Dry and Discrete
13–15 July 2006, Uluru, and 16–18 July 2006, King’s Canyon, NT
Enquiries: Ian Roberts
E-mail : Ian.Roberts@cdu.edu.au
Web: http://www.cdu.edu.au/engineering/DandD.html
This workshop will be aimed at cracking some unsolved problems in Graphs, Hypergraphs and Designs
Workshop on Differential Geometry and Applications
13–16 July 2006, La Trobe University, VIC
Organisers: Geoff Prince and Peter Vassiliou
Web: http://www.latrobe.edu.au/mathstats/maths/conferences/workshop_difgeometry_
06/index.html
Mathematics of String Theory 2006
13–23 July 2006, Australian National University, ACT
Organisers: Peter Bouwknegt, Omar Foda and Mathai Varghese
Web: http://tpsrv.anu.edu.au/Members/bouwknegt/MOST06
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17th Australasian Workshop on Combinatorial Algorithms (AWOCA 2006)
13–19 July 2006, Uluru and King’s Canyon, NT
Organisers: Mirka Miller & Joe Ryan (Ballarat), Ian Roberts (CDU) and Ian Wanless (Monash)
E-mail : Ian.Roberts@cdu.edu.au
Web: http://www.ballarat.edu.au/conferences/awoca2006/
This workshop will run parallel to Dry and Discrete, to allow people to participate
in both should they be interested in doing so.
Recent Advances in Nonlinear Partial Differential Equations: A celebration of
Norman Dancer’s 60th birthday
16–21 July 2006, University of New England, Armidale, NSW
Organisers: Daniel Daners (USN), Yihong Du, Chris Radford and Shusen Yan
(UNE)
E-mail : ydu@turing.une.edu.au
Web: http://www.maths.usyd.edu.au/u/daners/une2006/
Conference of the Society for Risk Analysis
17–19 July 2006, Australian Mathematical Sciences Institute Headquarters, University of Melbourne, VIC
Web: http://www.amsi.org.au/pdfs/2006SRA.pdf
Inaugural Queensland Brain Institute Workshop on Mathematical and Computational Neuaroscience
13–14 August 2006, Hillstone St Lucia, Brisbane, QLD
Organisers: The Queensland Brain Istitute, The Australian Mathematical Sciences
Institute and Network: Computation in neural Systems
E-mail : s.doig@uq.edu.au
Web: http://public.qbi.uq.edu.au/cnw
Algebraic Attacks on Stream Ciphers
25–26 August 2006, Deakin University, VIC
Organiser: Lynn Batten
E-mail : lmbatten@deakin.edu.au
Workshop on Stochastics and Symposium on Financial Mathematics
25–28 September 2006, Australian Mathematical Sciences Institute Headquarters,
University of Melbourne, VIC
Organiser: Fima Klebaner
E-mail : fima.klebaner@sci.monash.edu.au
Mathematical Formulation of Micro and Macro Thermodynamics
10 October 2006, Australian Mathematical Sciences Institute Headquarters, University of Melbourne, VIC
Organiser: Eric Hu
Web: http://www.deakin.edu.au/scitech/et/news_events/AMSI.php
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50th Annual Meeting of the Australian Mathematical Society
25–29 September 2006, Macquarie University, Sydney
Director: William Chen
Enquiries: William Chen, Xuan Duong and Ross Street
E-mail : wchen@maths.mq.edu.au, duong@maths.mq.edu.au,
street@maths.mq.edu.au
Web: http://www.maths.mq.edu.au/austms06/
The 50th Annual Meeting of the Australian Mathematical Society will take place at
Macquarie University in the last week of September 2006. For this landmark Annual
Meeting of the Society, the academic program will span five working days instead of
the usual four for most Annual Meetings. The first session of the meeting will start
at 9 am on Monday 25 September, and the last session will end at approximately 3
pm on Friday 29 September.
Invited plenary speakers:
Pascal Auscher - Université de Paris-Sud
Robert Bartnik - Monash University
Michael Batanin - Macquarie University
Steven Evans - University of California at Berkeley
Peter Forrester - University of Melbourne
Andrew Hassell - Australian National University
Frank de Hoog - Commonwealth Scientific and Industrial Organization
Adrian Lewis - Cornell University
Ngaiming Mok - University of Hong Kong
Christopher Skinner - University of Michigan
Terence Tao - University of California at Los Angeles
Katrin Tent - Universität Bielefeld
Claire Voisin - Centre National de la Recherche Scientifique
Xu-Jia Wang - Australian National University
Special sessions: Algebraic Geometry, Category Theory, Combinatorics and Geometry, Differential Geometry, Functional Analysis, Future Impact of Applications on
Mathematics, Geometry and Topology, Group Theory, Harmonic Analysis, Mathematical Physics, Number Theory, Partial Differential Equations, Probability and
Statistics, Representation Theory, Variational Analysis and Optimization.
The B H Neumann Prize will be awarded to the eligible student who gives the best
presentation at the meeting.
For further details of the academic program, registration, accommodation and financial support for research students, please visit the conference website.
5th Ballarat workshop on Global and Non-Smooth Optimization: Theory, Methods and Applications
28–30 November 2006, University of Ballarat, VIC
Conference Co-ordinator: Maxine Kingston
Enquiries: Maxine Kingston, Adil Bagirov
E-mail : m.kingston@ballarat.edu.au, a.bagirov@ballarat.edu.au
Web: http://www.ballarat.edu.au/ard/itms/CIAO/Workshops/OTMA3.shtml
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Summer School and Workshop on Granular Materials
4–8 December 2006, Australian National University, Canberra, VIC
Organisers: Peter Arnold and 20 others
Web: http://wwwrsphysse.anu.edu.au/granularmatter/committee.php
8th Pacific Rim Geometry Conference
11–15 December 2006, Murramarang, South Durras, NSW
Organisers: Ben Andrews, Alan Carey, Alexander Isaev, Neil Trudinger and Xu-Jia
Wang
E-mail : Ben.Andrews@anu.edu.au
From Statistical Mechanics to Conformal and Quantum Field Theory (a Special
Theme Program)
8 January–8 February, 2007, Australian Mathematical Sciences Institute Headquarters, University of Melbourne, VIC
Organisers: Paul Pearce (Australia), Giuseppe Mussardo (Italy) and Chaiho Rim
(Korea)
Web: http://mac0916.ms.unimelb.edu.au/~pap/StatMechFieldTheory2007/
Mathematics in Industry Study Group
5–9 February 2007, University of Wollongong, Wollongong Campus, NSW.
Organisers: Maureen Edwards and Tim Marchant
E-mail : maureen edwards@uow.edu.au

Visiting mathematicians
Visitors are listed in the order of the last date of their visit and details of each visitor are
presented in the following format: name of visitor; home institution; dates of visit; principal
field of interest; principal host institution; contact for enquiries.
Prof. Xiao Zhang; Academy of Mathematics and System Sciences; 5 February to 10 July
2006; Representation theory of supersymmetry algebras in de Sitter spacetime; USN;
R. Zhang
Dr James Parkinson; Sydney; 1 March to 14 July 2006; Affine buildings and Hecke algebras;
USN; R.B. Howlett
Dr George Hanson; University of Wisconsin-Milwaukee; 21 May to 14 July 2006; Mathematical modeling of electromagnetic interactions in nanostructures; MQU; V. Benning
Dr Yuly Billig; Carlton University; 16 July 2005 to 16 July 2006; Quantum algebras; USN;
Dr A.I. Molev
Dr Shusen Yan; University of New England; 19 June to 16 July 2006; Partial differential
equations; USN; E.N. Dancer
Prof Hans Dundersen; Aarhus University; 16 June to 21 July 2006; –; UWA; Prof Adrian
Baddeley
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Prof Kenji Kajiwara; –; 16 to 22 July 2006; Painleve equations; USN; N. Joshi N
Prof Jarmo Hietarinta; University of Turku; 3 to 22 July 2006; Discrete Painleve equations;
USN; N. Joshi
Prof Frank W Nijhoff; University of Leeds; 15 to 22 July 2006; Discrete Painleve equations;
USN; N. Joshi N
Prof Danielle Hilhorst; Université Paris-Sud; 8 to 23 July 2006; Singular Perturbation; USN;
E.N. Dancer
Dr Rognvalder Moller; University of Iceland; 16 July to 23 July 2006; –; Cheryl Praeger
Prof Claude-Michel Viallet; Université Pierre et Marie Curie; 19 to 28 July 06; Discrete
Painleve equations; USN; N. Joshi
Prof. Peiwang Gao; Jinan University; 29 August 2005 to 31 July 2006; Financial Mathematics; UWG; Dr Songping Shu
Prof. Mikael Passare; University of Stockholm; July 2006; Algebraic geometry; UNE; G.
Schmalz
Prof Slawomir Rybicki; Nicolas Copernicus University; 8 to 31 July 2006; Bifurcation Theory;
USN; E.N. Dancer
Prof Herbert Amann; –; 12 July to 4 August 2006; Linear and non linear parabolic differential
equations; USN; E.N. Dancer
Prof. Biswa Datta; Northern Illinois University; 24 July to 4 August 2006; –; UWA; Song
Wang
Prof. Thomas Bartsch; Universität Gießen; 22 July to 10 August 2006; Variational Methods
for Elliptic Partial Differential Equations; USN; E.N. Dancer
Mr John Voight; University of California; 15 August 2005 to 15 August 2006; Computational
Arithmetic Geometry; USN; J.J. Cannon
Dr Raimundos Vidunas; Fukuoka University; 15 May to 15 August 2006; Painlevé equations
and special functions; USN; N. Joshi
Dr Philippe Cara; Vrije Universiteit Brussels; 10 July to 15 August 2006; –; UWA; Cheryl
Praeger
Prof. Stephan Morgenthaler; Swiss Federal Institute of Technology; 17 July to 18 August
2006; –; UMB;
Dr Ciprian Coman; University of Glasgow, 17 July to 19 August 2006; –; UWA; Prof Andrew
Bassom
Prof. Ronald Warren Butler; Colorado State University; 1 June to 20 August 2006; Saddlepoint approximations in statistics; USN; J. Robinson
Dr Shiqing Ling; Hong Kong University of Science and Technology; 26 June to 25 August
2006; Time Series Econometrics; UWA; Jiti Gao
Dr Khurram Wadee; University of Exeter; 25 July to 29 August 2006; –; UWA; Prof Andrew
Bassom
Prof Shigeyuki Hibbi; National Defense Academy, Japan; 21 to 29 August 2006; Fluid dynamics of sloshing tanks; MNU; Prof. Joseph Monaghan
Dr Paul Yip; University of Hong Kong; 1 July to 31 August 2006; –; UMB;
Dr Xiang-Gui Li; Beijing Information Technology Institute; 1 July to 31 August 2006; –;
UWA; Dr Song Wang
Mr Degui Li; Zhejiang University; 1 July to 31 August 2006; –; UWA; Prof Jiti Gao
Dr Mohammadali Iranmanesh; Yazd University; 15 July to 1 September 2006; –; UWA;
Cheryl Praeger
Prof. Jun Hu; Beijing Institute; 5 August to 5 September 2006; Hecke Algebras; USN; A.P.
Mathas
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Prof. Ruth J. Williams; University of California; 25 August to 13 September 2006; –; UMB;
Dr Tim Dokchitser; Robinson College; 17 July to 18 September 2006; Computational Number theory; USN; J.J. Cannon
Dr Satoshi Koike; –; 1 August to 29 September 2006; Equisingularity problems; USN; L.
Paunescu
Dr Bartosz Trojan; Université d’Orleans; 28 July to 29 September 2006; Lattice subgroups
of p-adic groups: USN; D.I. Cartwright
Prof Gregor Kemper; Technical University Munich; 11 to 29 September 2006; invariant theory; USN; J.J. Cannon
Dr Robert Coquereaux; Centre International de Rencontre Mathematiques (CIRM); 20 July
to 30 September 2006; Theoretical Physics, Non-Commutative Geometry, Monoidal
Categories; MQU; V. Benning
Mr Sergei Haller; Justus-Liebig-Universität; 16 January to 10 October 2006; Algorithmic
methods for Lie groups; USN; S Murray
Prof Yuri Borovskikh; Steklov Mathematical Institute; 1 August to 30 October 2006; Asymptotic results for U-statistics; USN; J. Robinson
Dr Supawat Rungsuriyawiboon; Chiang Mai University; 1 May to 31 October 2006; –; UWA;
Prof Jiti Gao
Shenglin Zhou; Shantou University; October 2004 to October 2006; UWA; Prof Cheryl
Praeger
Prof Guenter Last; University of Karlsruhe; 27 October to 1 November 2006; –; UWA; Prof
Adrian Baddeley
Dr Lenny Jones; Shippensburg University, Pennsylvania; 23 September to 5 November 2006;
Hecke algebras, number theory; UWS; A. Francis
Prof. Dan Schafer; Oregon State University; 1 February to 31 December 2006; –; UWA; Dr
Berwin Turlach
Dr Duncan Farrow; Murdoch University; July to December 2006; –; UWA; Prof Andrew
Bassom
Dr Jesse Johnson; University of California Davis; 1 August to 31 December 2006; –; UMB;
Dr Paul Hammerton; University of East Anglia; September to December 2006; –; UWA; Prof
Andrew Bassom
Dr Alex Kitaev; Steklov Institute; 5 April to 5 August 2006 and 7 September to 31 December
2006; Singularities; USN; N. Joshi
Dr Zheng-Xue Tang; Deakin University; 1 January 2005 to 31 December 2006; Computer
simulation of textile yarn spinning; USN; W.B. Fraser
Mr Danker Adriaan Roozemond; Eindhoven University; 30 April to 31 December 2006; Algorithms for Lie Theory; USN; J.J. Cannon
Dr Damien Stehle; French Ministry of Education; 29 January 2006 to 28 January 2007; Lattice reduction; USN; J.J. Cannon
Mrs Horanage Chandrika Fernando; 1 July 2006 to 31 January 2007; Sri Lanka Institute of
Information Technology; –; UMB; –;
Dominic Schuhmacher; University of Zurich; 1 April 2006 to 31 March 2007; –; UWA; Prof
Adrian Baddeley
Prof. Buyung-Moo Kim; Chungju National; 31 July 2006 to 31 July 2007; Integral Theory;
USN; D.E. Taylor
Prof Nicholas Fisher; International Statistics Institute; 1 September 2004 to 31 August 2007;
Statistics; J. Robinson
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Prof Richard Cowan; University of Sydney; 1 January 2005 to 31 December 2007; Stochastic
models; USN; J.Robinson
Dr Youyun Li; Hunan Changsha University; 1 May 2006 to 1 May 2008; –; UWA; A/Prof
Song Wang

Rules governing AustMS Grants for Special Interest Meetings
The Australian Mathematical Society sponsors Special Interest Meetings on specialist topics
at diverse geographical locations around Australia. This activity is seen as a means of
generating a stronger professional profile for the Society within the Australian mathematical
community, and of stimulating better communication between mathematicians with similar
interests who are scattered throughout the country.
These grants are intended for once-off meetings and not for regular meetings. Such
meetings with a large student involvement are encouraged. If it is intended to hold regular
meetings on a specific subject area, the organisers should consider forming a Special Interest
Group of the Society. If there is widespread interest in a subject area, there is also the
mechanism for forming a Division within the Society.
The rules governing the approval of grants are:
(a) each Special Interest Meeting must be clearly advertised as an activity supported by the Australian
Mathematical Society;
(b) the organizer must be a member of the Society;
(c) the meeting must be open to all members of the Society;
(d) registration fees should be charged, with a substantial reduction for members of the Society. A
further reduction should be made for members of the Society who pay the reduced rate subscription
(i.e. research students, those not in full time employment and retired members);
(e) a financial statement must be submitted on completion of the Meeting;
(f ) any profits up to the value of the grant are to be returned to the Australian Mathematical Society;
(g) on completion, a Meeting Report should be submitted to the office of the Australian Mathematical
Society;
(h) a list of those attending and a copy of the conference Proceedings (if applicable) must be submitted
to the Society;
(i) only in exceptional circumstances will support be provided near the time of the Annual Conference
for a Special Interest Meeting being held in another city.

In its consideration of applications, Council will take into account locations around Australia of the various mathematical meetings during the period in question. Preference will
be given to Meetings of at least two days duration. The maximum allocation for any one
Meeting will be $2500, with up to $12,000 being available in 2006. There will be six-monthly
calls for applications for Special Interest Meeting Grants, each to cover a period of eighteen
months commencing six months after consideration of applications.
Elizabeth J. Billington
AustMS Secretary

AustMS Accreditation
The Society has a Program Review Committee for the accreditation of courses and programs
in Australian and overseas institutions. This Program Review Committee has recently
granted Accreditation to the BSc program in Mathematics at Kuwait University; this is
valid until May 2011.
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