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Conference Code of Conduct

The conference is dedicated to providing a harassment-free conference experience for everyone,
regardless of gender, gender identity and expression, age, sexual orientation, disability, physical
appearance, body size, race, ethnicity, religion (or lack thereof), or technology choices. We do
not tolerate harassment of conference participants in any form. Sexual language and imagery are
not appropriate for any conference venue, including talks, workshops, parties and online media.
Agreeing to the following ANZIAM 2022 Conference Code of Conduct is a condition of registration.
ANZIAM is committed to a professional, open, productive and respectful exchange of ideas. These
aims require a community and environment that fosters inclusion, provides mutual respect, and
embraces diversity. All members of ANZIAM and attendees and sponsors at ANZIAM-endorsed
meetings are required to agree to the following code of conduct.
Harassment in any form will not be tolerated. This includes, but is not limited to, speech or
behaviour (whether in person, in presentations, or in online discussions) that intimidates, creates
discomfort, prevents or interferes with a person’s participation or opportunity for participation in
ANZIAM’s vision and mission. We aim for ANZIAM to be an organisation where harassment in
any form does not happen, including but not limited to harassment based on race, gender, religion,
age, colour, national or ethnic origin, ancestry, disability, parental status, caring responsibilities,
marital status, sexual orientation, or gender identity. Harassment includes but is not limited to
verbal comments that reinforce social structures of domination; sexual images in public spaces;
deliberate intimidation, stalking, or following; unwelcome photography or recording; sustained
disruption of talks or other events; inappropriate physical contact; unwelcome sexual attention;
and advocating for or encouraging any of the above behaviour.
ANZIAM will take seriously all reports of breaches of this code of conduct, and treat all parties
with respect and due process without presupposition of guilt. Complaints will be handled with
sensitivity, discretion, and confidentiality to the extent allowed by the circumstances and as required by law. If an ANZIAM member engages in harassing behaviour, the Executive Committee
may take any action they deem appropriate, including warning the offender or expulsion from
the Society.
All event participants have a responsibility to speak out against breaches of this code of conduct. Depending on the situation, this could mean raising it with the transgressor, or reporting
the behaviour to someone. This could include a conference organiser or a representative to be
designated nearer the conference.
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Conference Details and History

2.1

Organising committee

• Michael Small (The University of Western Australia) — chair, webmaster
• Thomas Stemler (UWA) — local organising committee
• David Walker (UWA) — catering committee
• Débora Corrêa (UWA) — technical programme chair
• Shannon Algar (UWA) — invited speakers committee
• Ayham Zaitouny (UWA)
• Braden Thorne (UWA) — publication
• Eugene Tan (UWA)
• Samson Ting (UWA)
• Duncan Farrow (UWA)
• Yong Wu (Curtin)
• Graaeme Hocking (Murdoch)
• Steven Richardson (ECU)

2.2

Invited speakers committee

• Mat Simpson (Chair, Queensland University of Technology)
• Shannon Algar (Conference Organizing Committee Rep, The University of Western Australia)
• Boris Baeumer (University of Otago)
• Yvonne Stokes (The University of Adelaide)
• Peter Taylor (The University of Melbourne)
• Cecilia Gonzalez Tokman (The University of Queensland)
• Jennifer Flegg (The University of Melbourne)
• Gary Froyland (The University of New South Wales)
• Barbara Holland (The University of Tasmania)
• Mary Myerscough (The University of Sydney)

2.3

Invited speakers

• Nalini Joshi, Sydney University – 2021 ANZIAM Medal
• Michael Plank, University of Canterbury – 2021 E.O. Tuck Medal
• Lewis Mitchell, University of Adelaide – 2021 J.H. Michell Medal
• Ruth J. Williams, University of California, San Diego
• Robyn Owens, University of Western Australia
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• Lai-Sang Young, New York University
• Christian (Kit) Yates, University of Bath
• Bronwyn Hajek, University of South Australia

2.4

Past conference locations

Surfers Paradise 1973, 2015
Tanunda 1975
Barossa Valley 2001

Broadbeach 1978
Caloundra 2009

Hahndorf 1993, 2017
Leura 1979, 1988
Katoomba 2008

Coolangatta 1990, 1998

Pokolbin 1994

Newcastle 2013
Terrigal 1977
Hunter Valley 2020
Glenelg 2011
Sydney 2003
Bundanoon 1982
Wollongong 1972
Wirrina 1986
Busselton 1995
Waitangi 2000
Canberra 2002, 2016
Mollymook 1999
Kangaroo Island 1966
Batemans Bay 1992
Victor Harbour 1969, 1981
Merimbula 1984
Coorong 1966
Jindabyne 1976
Rotorua 2014
Halls Gap 1968
Wairakei 1987
Napier 2005
Cape Schanck 2021 Smiggins Hole 1971
Warrnambool 2012
Mansfield 2006
Masterton 1996
Ballarat 1989
Nelson 2019
Launceston 1985
Lorne 1970, 1974, 1997
Hanmer Springs 1991
Cowes 1980
Hobart 2004, 2018

Perth 1983
Fremantle 2007

Adelaide 1967

Queenstown 2010

1966
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983

Kangaroo Island (Aug)
Coorong (Dec)
Adelaide
Halls Gap
Victor Harbor
Lorne
Smiggin Holes
Wollongong
Surfers Paradise
Lorne
Tanunda
Jindabyne
Terrigal
Broadbeach
Leura
Cowes
Victor Harbor
Bundanoon
Perth

1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002

1
1 held

online due to COVID-19 travel restrictions

Merimbula
Launceston
Wirrina
Wairakei
Leura
Ballarat
Coolangatta
Hanmer Springs
Batemans Bay
Hahndorf
Pokolbin
Busselton
Masterton
Lorne
Coolangatta
Mollymook
Waitangi
Barossa Valley
Canberra

2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022

Sydney
Hobart
Napier
Mansfield
Fremantle
Katoomba
Caloundra
Queenstown
Glenelg
Warrnambool
Newcastle
Rotorua
Surfers Paradise
Canberra
Hahndorf
Hobart
Nelson
Hunter Valley
Cape Schanck1
Perth1
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2.5

The ANZIAM Medal

The ANZIAM Medal is awarded on the basis of research achievements or activities enhancing
Applied or Industrial Mathematics and contributions to ANZIAM. The first award was made in
1995. Past recipients are listed below.
1995
1997
1999
2001
2004
2006
2008

2.6

Renfrey Potts
Ian Sloan
Ernie Tuck
Charles Pearce
Roger Grimshaw
Graeme Wake
James Hill

U. Adelaide
UNSW
U. Adelaide
U. Adelaide
Loughborough U.
Massey U.
UoW

2010
2012
2014
2016
2018
2019
2020
2021

Bob Anderssen
Robert McKibbin
Kerry Landman
Frank de Hoog
Phil Howlett
Peter Taylor
Larry Forbes
Nalini Joshi

CSIRO
Massey U.
U. Melbourne
CSIRO Canberra
UniSA
U. Melbourne
U. Tasmania
Sydney U.

The E. O. Tuck Medal

In honour of the late Ernest Oliver Tuck, FAustMS, FTSE and FAA, ANZIAM has instituted
a mid-career award for outstanding research and distinguished service to the field of Applied
Mathematics. The inaugural E. O. Tuck Medals were presented at ANZIAM 2013. Past recipients
are listed below.
2013 Geoffry Mercer
Shaun Hendy
2015 Troy Farrell
2017 Kate Smith-Miles

2.7

ANU
VUW and Callaghan Innovation
QUT
Monash U.

2018
2019
2020
2021

Yvonne Stokes
Scott McCue
Matthew Simpson
Michael Plank

U. Adelaide
QUT
QUT
U. Canterbury

The J. H. Michell Medal

The J. H. Michell Medal is awarded to outstanding new researchers who have carried out distinguished research in Applied or Industrial Mathematics, where a significant proportion of the
research work has been carried out in Australia or New Zealand. Past recipients are listed below.
1999
2000
2001
2002
2004
2006
2007
2008
2009
2011

Harvinder Sidhu
Antoinette Tordesillas
Nigel Bean
Stephen Lucas
Mark Nelson
Sanjeeva Balasuriya
Yvonne Stokes
Carlo Laing
Scott McCue
Frances Kuo

UNSW
U. Melbourne
U. Adelaide
UniSA
UoW
U. Sydney
U. Adelaide
Massey U.
QUT
UNSW

2012
2013
2014
2015
2016
2017
2018
2019
2020
2021

Matthew Simpson
Terence O’Kane
Ngamta Thamwattana
Barry Cox
Joshua Ross
Alys Clark
Claire Postlethwaite
Ryan Loxton
Jennifer Flegg
Lewis Mitchell

QUT
CMAR CSIRO
UoW
U. Adelaide
U. Adelaide
U. Auckland
U. Auckland
Curtin U.
U. Melbourne
U. Adelaide
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The T. M. Cherry Student Prize

A student prize was introduced in 1969 at Victor Harbor and is awarded annually for the best
student talk presented at the conference. In May 1976, ANZIAM (then the Division of Applied
Mathematics) adopted the title “T.M. Cherry Student Prize” in honour of one of Australia’s
leading scientists, Professor Sir Thomas MacFarland Cherry. Past recipients are listed below.
1969
1970
1971
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1988
1987
1989
1990
1991
1992
1993
1994
1995
1996

R. Jones
J. Rickard
J. Jones
R. P. Oertel
R. E. Robinson
J. P. Abbott
J. Finnigan
S. Bhaskaran
B. Hughes
P. Robinson
J. R. Coleby
B. Hughes
M. Lukas
A. Plank
G. Fulford
J. Gear
P. Kovesi
A. Kucera
S. Wright
G. Fulford
F. Murrell
A. Becker
K. Thalassoudis
W. Henry
M. Rumsewicz
M. Myerscough
J. Roberts
J. Best
S. K. Lucas
S. F. Brown
D. Standingford
B. Barnes
A. Buryak
A. Gore
D. Scullen

U. Adelaide
UCL
Mount Stromlo
U. Adelaide
U. Sydney
ANU
CSIRO
U. Adelaide
ANU
UQ
U. Adelaide
ANU
ANU
UNSW
UoW
U. Melbourne
UWA
UoW
UQ
UoW
U. Melbourne
Monash U.
U. Adelaide
ANU
U. Adelaide
U. Oxford
U. Melbourne
UoW
U. Sydney
UoW
U. Adelaide
Monash U.
ANU
U. Newcastle
U. Adelaide

1997 S. Cummins
1998 J. Clark
T. Gourlay
1999 E. Ostrovskaya
2000 C. Reid
2001 M. Haese
2002 V. Gubernov
W. Megill
2003 Not awarded
2004 K. Mustapha
2005 J. Looker
2006 C. Fricke
2007 S. Harper
2008 E. Button
M. Haythorpe
2009 S. Cohen
2010 L. Mitchell
2011 S. Butler
J. Caffrey
2012 J. Nassios
2013 D. Khoury
T. Vo
2014 M. Chan
2015 H. Tronnolone
2016 D. Arnold
A. Jenner
2017 C. Miller
E. Hester
2018 N. Fadai
E. Trendenick
2019 E. Musoke
C. Li
2020 R. Croker
2021 A. Browning
R. Valani

Monash U.
U. Sydney
U. Adelaide
ANU
Massey U.
U. Adelaide
ADFA
UBC/UoW
UNSW
U. Melbourne
U. Melbourne
Massey U.
U. Melbourne
UniSA
U. Adelaide
U. Sydney
U. Sydney
U. Melbourne
U. Melbourne
UNSW
U. Sydney
U. Sydney
U. Adelaide
U. Adelaide
U. Sydney
U Melbourne
U. Sydney
U. Oxford
QUT
U. Auckland
UWA
U. Adelaide
QUT
Monash
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The Cherry Ripe Prize

Since 1995 the students have run an alternative competition for the best non-student talk. Past
recipients are listed below.
1995
1996
1997
1998
1999
2000
2001
2002
2004
2005
2006
2007
2008

2.10

Natashia Boland
Andrew Pullan
Neville de Mestre
David Stump
Mark McGuinness
Joseph Monaghan
Andy Philpott
Phil Broadbridge
Ernie Tuck
Larry Forbes
Stephen Lucas
Kerry Landman
Vicky Mak
James Sneyd
Geoffry Mercer
Neville de Mestre

U. Melbourne
U. Auckland
Bond U.
UQ
VUW
Monash U.
U. Auckland
UoW
U. Adelaide
U. Tasmania
UniSA
U. Melbourne
Deakin U.
U. Auckland
USW
Bond U.

2009 Philip Maini
2010 Larry Forbes
2011 Larry Forbes
Darren Crowdy
2012 Martin Wechselberger
2013 Scott McCue
Sheehan Olver
2014 Peter Kim
2015 Not awarded
2016 Matthew Simpson
Melanie Roberts
2017 Christopher Green
2018 Christopher Lustri
2019 Raúl Rojas
2020 Mike Meylan
Peter Taylor
2021 J. Nathan Kutz

U. Oxford
U. Tasmania
U. Tasmania
Imperial College
U. Sydney
QUT
U. Sydney
U. Sydney
QUT
IBM Research Australia
QUT
Macquarie U.
Freie Universität Berlin
U. Newcastle
U. Melbourne
Washington

The A. F. Pillow Applied Mathematics Top-up Scholarship

The A. F. Pillow Applied Mathematics Trust offers an annual “top-up” scholarship to a student
holding either an Australian Postgraduate Award (APA) or equivalent award for full-time research
in Applied Mathematics leading to the award of a PhD. The aim of the A. F. Pillow Applied
Mathematics Top-up Scholarship is to increase the quality of postgraduate students in the field
of Applied Mathematics in Australia. Past recipients are listed below.
2009
2010
2011
2012
2013
2014

Christopher Lustri
Alex Badran
Michael Dallaston
Hayden Tronnolone
Lisa Mayo
Audrey Markowskei

QUT
UoW
QUT
U. Adelaide
QUT
Macquarie U.

2015
2016
2017
2019
2020

Pouya Baniasadi
Alexander Tam
Jody Fisher
Jesse Sharp
Matthew Berry

Flinders U.
U. Adelaide
Flinders U.
QUT
UoW
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Virtual Conference Venue

gather.town is a web-based video conferencing/networking platform. Before the conference you
will be issued with a URL to gain admission to the conference venue. When you log in you will
control a two-dimensional customisable avatar. This is you. The avatar is embedded in a twodimensional world reminiscent of 1990 role playing games. This world will be a fully functional
conference venue complete with
• lobby with tables, TVs, a monitored help desk etc.,
• a foyer where you can have discussions and read graphical abstracts for the upcoming talks,
leading to
• a number of seminar rooms for parallel and pre-recorded sessions,
• a large plenary room,
• a versatile presentation space for panel discussions as well as cooking workshops,
• a collaboration space configured for co-working, activities and games, and
• features made possible only in the digital world such as hyperspace which can be used for
fast navigation through the centre.

You will navigate the two-dimensional conference centre using just the arrow keys on your keyboard. As you encounter other registrants in the corridors of the centre, a video and audio feed
will fade in and out based on your proximity which gives the illusion of ′ bumping into′ people
spontaneously. You can also do other fancy things like generate a path between you and any
attendee present so you do not have to go looking for people. Some items in the environment
interact with you on proximity and others require you simply to press “x” on your keyboard to

12
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interact. In this way, the environment is configured to integrate with other environments such as
“Zoom”. We will also have access to a dedicated server to provide a smooth experience.

If you want to explore the software ahead of the conference, a free demo is available at gather.town.
If you are concerned about having to learn the technical aspects of the software, “Gather” is designed to be intuitive and to replicate the feeling of a real conference as close as possible from your
home office. Before the conference begins, on Sunday the 31st of January, we will be running a
guided tour and tutorial of the virtual venue. You can also read further details on our conference
philosophy at https://www.anziam.org.au/++ANZIAM+Annual+Conference+2021+-+strategy.

4

Conference Events

4.1

Guided tour of the virtual conference venue

The Virtual Conference platform will be open from 8:00 (Perth time) on Wednesday the 2nd of
February for independent exploration. A general orientation session and tutorial on its general
use will be also be scheduled for 9:00–10:00 on Thursday the 3rd of February, where the features
and functionality of the conference’s online platform will be showcased. All registered delegates
are invited and strongly encourage to attend.

4.2

Women in Applied Mathematics Panel

The Women in Mathematics Panel will be held under the umbrella of the Women in Mathematics Special Interest Group (WIMSIG) of the Australian Mathematical Society from 12.30-2pm
(AWST) on Tuesday 8th February. It is free to all registrants, regardless of gender or membership
of WIMSIG. The purpose of the panel is to celebrate women in the mathematical sciences and
to support women, and particularly early career researchers, to enter and establish careers in
mathematics. Come along and hear about the careers of our featured female mathematicians,
discuss issues concerning women in mathematics, and network with fellow WIMSIG members and
supporters. The WIMSIG panel will be held in the plenary room on the gathertown platform.
The panellists are:
• Dr Adrianne Jenner, Queensland University of Technology
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• Associate Professor Bronwyn Hajek, University of South Australia
• Professor Nalini Joshi, The University of Sydney
• Professor Robyn Owens, The University of Western Australia
A Q&A with the panellists has now been published by AustMS https://austms.org.au/spec
ial-interest-groups/wimsig/wimsig-qas/anziam-2022-qa/
Organisers: Professor Serena Dipierro and Associate Professor Xiaoping Lu, WIMSIG
For information/enquiries please contact serena.dipierro@uwa.edu.au

4.3

Early career workshop

On Friday (4/2) before the main conference we will be organising a special ECR event – open
to all participants who identify as “early career”. We have three invited speakers for the ECR
workshop:
• David Khoury, Group Leader – Malaria Analytics, Kirby Institute, UNSW Australia
• Cheng Yang, Director – Preparedness and Recovery Policy, Department of Jobs, Precincts
and Regions, Victoria
• Belinda Spratt, Senior Performance and Insight Analyst, Super Retail Group
At this time the programme will be:
• 8-10: Career progression discussions (30m per speaker + 30m panel)
• 10-11: Lunch
• 11-12.30: Interview practice (with speakers)
• 12.30-2: Social time
All times in AWST (Perth time – GMT+8). The event will take place on the gathertown platform,
register your interest by contacting Dr Michael Lydeamore (michael.lydeamore@monash.edu).

4.4

Mathematical Biology SIG workshop

MBSIG 2022 will be held online following the ANZIAM 2022 meeting on Monday 14 February
2022. The event will be held from 2pm-6pm NZ time, 12pm-4pm AEDT (Melbourne/Sydney),
11am-3pm AEST (Brisbane time), 9am-1pm AWST (Perth time). We will showcase the work
of the winner of our Annual Best Student Paper Prize, researchers from across the MBSIG
Community, and hold our AGM. Please fill out the below form to express your interest in
attending, and we will mail out details in mid-January 2022. This meeting will be FREE!
https://forms.gle/U4vjdkgLsDeWSHk2A

14

4.5

ANZIAM 2022 Conference

ANZIAM AGM

All members of ANZIAM are invited to attend the 47th General Meeting of ANZIAM, to be
held via Zoom during the upcoming ANZIAM Conference at 2:40 pm Perth time on Wednesday
9/2/22. The link is https://monash.zoom.us/j/84769777594?pwd=SWRjMFhIcnRORDZIMHNTT
TJqdTdkQT09.
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Plenary Lectures and Invited Speakers Information

Invited plenary lectures will held in Plenary Room and will be 50 min in duration including
approximately 10 min for questions.
Day/Time (AWST)

Speaker

Invited talk title

Monday 8:10

Ruth J. Williams

Stochastic Networks: Bottlenecks, Entrainment
and Reflection

Monday 11:50

Robyn Owens

My unpredictable career

Monday 2:40

Kit Yates

Adventures in developmental biology

Tuesday 8:10

Nalini Joshi

Motion and monodromy

Wednesday 8:10

Michael Plank

Mathematical modelling of Covid-19 in New
Zealand

Wednesday 11:50

Lewis Mitchell

On applied mathematics and data science

Thursday 8:10

Lai-Sang Young

Towards a mathematical understanding of neural
mechanisms of vision

Thursday 11:50

Bronwyn Hajek

Reaction-diffusion, symmetries, and solutions
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Stochastic Networks: Bottlenecks, Entrainment and Reflection
Ruth J. Williams
University of California, San Diego
Stochastic models of complex networks with limited resources arise in a wide variety of applications in science and engineering, e.g., in manufacturing, transportation, telecommunications,
computer systems, customer service facilities, and systems biology. Bottlenecks in such networks
cause congestion, leading to queueing and delay. Sharing of resources can lead to entrainment
effects. Understanding the dynamic behavior of such modern stochastic networks present challenging mathematical problems.
This talk will describe some recent developments and open problems in this area. A key feature
will be dimension reduction, resulting from entrainment due to resource sharing. An example of
bandwidth sharing in a data network will be featured.

My unpredictable career
Robyn Owens
University of Western Australia
My career journey started with a love for mathematics, as much as anything with a love for
mathematical thinking. But it wasn’t a traditional career path. In this talk I will outline how my
training in pure mathematics led to working on engineering projects, working with biomedical
scientists, discovering a passion for computer vision, and leading to an interest in systems level
strategy. A training in abstract thinking still represents the most important skill in any undergraduate degree. However, mathematics must evolve to remain relevant for the problems of the
21st Century.

ANZIAM 2022 Conference
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Adventures in developmental biology
Kit Yates
University of Bath
In this talk I will give a number of short vignettes of work that has been undertaken in my group
over the last 15 years. Mathematically, the theme that underlies our work is the importance
of randomness to biological systems. I will explore a number of systems for which randomness
plays a critical role. Models of these systems which ignore this important feature do a poor job
of replicating the known biology, which in turn limits their predictive power. The underlying
biological theme of the majority our work is development, but the tools and techniques we have
built can be applied to multiple biological systems and indeed further afield. Topics will be drawn
from, locust migration, zebrafish pigment pattern formation, mammalian cell migratory defects,
appropriate cell cycle modelling and more. I won’t delve to deeply into anyone area, but am
happy to take question or to expand upon of the areas I touch on.
Kit Yates is a Senior Lecturer in the Department of Mathematical Sciences and co-director of the
Centre for Mathematical Biology at the University of Bath. He completed his PhD in Mathematics
at the University of Oxford in 2011.
From the mathematical point of view, his group focussed on systems in which stochasticity
(randomness) plays an important role – the fully stochastic model of the system displays different
behaviour to that of the corresponding deterministic model (if such a model exists). From a
biological stand-point Kit place no restrictions on the types of systems on which members of his
group work, other than that they conform, in some sense, to the mathematical areas of interest
above. In particular, I have worked across a variety of spatial and temporal scales modelling
the microscale stochastic motion of single molecules at one end to the macroscale migration of
swarming insects at the other (and the wide range scales in between).

18
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Motion and monodromy
Nalini Joshi
Sydney University
Newton was inspired by Kepler’s laws of planetary motion to study motion on curves. This led
him immediately to transcendental functions, that is, functions that cannot arise as solutions
of polynomial equations. A century and a half later, the identification of new transcendental
functions became a major topic in mathematics. I will give an overview of these results before
considering monodromy: the study of how a function changes as its independent variable moves
around a singularity. These two themes come together in the study of solutions of the Painlevé and
discrete Painlevé equations. They arise in a wide range of applications and have surprisingly rich
mathematical properties, lying at the intersection of many directions in mathematics, including
analysis, dynamical systems theory, number theory, and algebraic geometry. But there remain
tantalizing open questions. In this talk, we touch upon what we know, and more importantly,
what we don’t know about these functions.

Mathematical modelling of Covid-19 in New Zealand
Michael Plank
University of Canterbury
Since early 2020, mathematical modelling has been used to support New Zealand’s response to the
Covid-19 pandemic. In this talk, I will give an overview of some of the stochastic branching process
models that have been used to help understand and communicate the dynamics of the epidemic
under different control scenarios. I will describe how these models have been calibrated to national
data and updated over time to provide situational awareness and help strategy planning. I will
also discuss some of the policy applications which include New Zealand’s “alert level” framework,
border restrictions, testing and contact tracing, vaccination, and healthcare capacity planning.
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On applied mathematics and data science
Lewis Mitchell
Adelaide University
Data science has become one of the “buzzwords” of the past 10 years, in both scientific and
industry contexts. Perhaps frustratingly for some applied mathematicians, it involves many of
the same core skills of applied mathematics: real-world applications, mathematics, computation,
and importantly, modelling. Is data science merely a rebranding of applied mathematics for the
21st century? Worse, does it pose an existential threat to the discipline of applied mathematics?
In this talk I’ll attempt to define data science, and discuss some of its similarities and differences
to applied mathematics, illustrating with examples from my own research. Far from being an
existential threat, I will argue that data science and applied mathematics have many synergies,
and that the two disciplines can work together and interact for mutual benefit.

Towards a mathematical understanding of neural mechanisms of vision
Lai-Sang Young
Courant Institute/NYU
I will discuss some recent work on two of the most crucial visual capabilities of the Macaque
monkey, whose visual system is very similar to that of humans. The two capabilities are orientation selectivity (OS), i.e., the ability of neurons to discern orientations of edges, and direction
selectivity (DS), their ability to detect the direction of motion. Both properties are enjoyed by
neurons in the primary visual cortex (V1), but not by cells that provide input to V1. Two scientific questions, therefore, are biological origins of these visual capabilities. For OS, the hypothesis
of Hubel and Wiesel half a century ago offered important clues. No plausible explanation of DS
for monkey had been found. After a brief review of relevant facts, I will propose a theory that
is grounded in biology and tested in large-scale models the outputs of which compare well with
data. Most of all I would like to convey the mathematical thinking that contributed to these
results in visual neuroscience.
Lai-Sang Young is a Professor of Mathematics at the Courant Institute and Henry and Lucy
Moses Professor of Science at NYU. She is currently also a Distinguished Visiting Professor at
the Institute for Advanced Study, Princeton. Young started her career in pure Mathematics,
specializing in Dynamical Systems. She is best known for her work on chaos, for which she was
awarded the Jurgen Moser Prize for distinguished contributions to nonlinear science. In the last
20 years she has expanded her research to include applications of dynamical systems ideas to
Mathematical Physics and to Computational Neuroscience. Young has delivered plenary lectures
in the International Congress of Mathematicians and the International Congress on Mathematical
Physics. She is a member of the US National Academy of Sciences and a member of the American
Academy of Arts and Sciences.
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Reaction-diffusion, symmetries, and solutions
Bronwyn Hajek
University of South Australia
Nonlinear reaction-diffusion equations are used widely to model many different systems and processes, particularly in biology (for example cell proliferation, population dynamics, and transmission of nerve impulses) but also in other areas such as heat transfer, flow through porous media,
and chemical reactions. While exact analytic solutions are often extremely useful, they can be
particularly difficult and sometimes impossible to construct for nonlinear PDEs.
In this talk, I’ll show how symmetry methods can be used to construct exact analytic solutions
to nonlinear reaction-diffusion equations. These methods provide a systematic way to search for
transformations that typically allow a reduction in the number of independent variables. In this
way, we hope to reduce our model equation to another equation that is exactly solvable.
In particular I’ll describe a special nonclassical symmetry which, under certain conditions, is valid
in any number of dimensions and in any coordinate system. I’ll discuss two biological problems
where this symmetry has proved useful in constructing an exact solution – the first is a model
for growth of a cell population, the second models fertilisation waves in amphibian eggs. If time
permits, I’ll also discuss some preliminary results where shock solutions might be constructed.

ANZIAM 2022 Conference

6

21

Conference Events at a Glance
ANZIAM 2022 CONFERENCE PROGRAM

AWST

AEST

TIME
ACDT

AEDT

NZT

8:00 am

10:00 am 10:30 am 11:00 am 1:00 pm

8:10 am

10:10 am 10:40 am 11:10 am 1:10 pm

9:00 am

11:00 am 11:30 am 12:00 pm 2:00 pm

9:30 am

11:30 am 12:00 pm 12:30 pm 2:30 pm

Monday

Tuesday

Wednesday

Thursday

Friday

Announcements and Opening Ceremony
Plenary 1
(Williams)

Plenary 4
(Joshi)

Plenary 5
(Plank)

Plenary 7
(Young)

BREAK

Contributed 1

10:50 am 12:50 pm

1:20 pm

1:50 pm

3:50 pm

11:50 am

1:50 pm

2:20 pm

2:50 pm

4:50 pm

Plenary 2
(Owens)

12:40 pm

2:40 pm

3:10 pm

3:40 pm

5:40 pm

BREAK

Contributed 3

Contributed 5

Contributed 7

Contributed 9

Plenary 8
(Hajek)

Contributed 10

BREAK

Plenary 6
(Mitchell)

BREAK

WIMSIG
(plenary room)
12:50 pm

2:50 pm

3:20 pm

3:50 pm

5:50 pm

2:10 pm

4:10 pm

4:40 pm

5:10 pm

7:10 pm

2:40 pm

4:40 pm

5:10 pm

5:40 pm

7:40 pm

Contributed 2

Contributed 6

BREAK

Plenary 3
(Yates)

Contributed 4

AGM
(via zoom)

Contributed 8

Prizes and
Closing
Ceremony
(plenary room)
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Contributed Talks

The duration of each contributed talk will be 15 minutes with 5 minutes for questions and handover. Contributed talks will be held in virtual rooms named after indigenous Western Australian
fauna: the chuditch, potoroo, quenda and quokka. Some speakers have offered to prerecord their
talks and these will be available on demand from the television in the foyer. Plenary speakers
have all agreed to have their talks recorded. For privacy reasons the remaining contributed talks
will not be recorded.

8

Daily Talks and Events Timetable
MONDAY: CONTRIBUTED SESSION 1

TIME (AWST)

CHUDITCH

POTOROO

QUENDA

QUOKKA

Chair

Froyland

Simpson

Hancock

Gilbert

9:30 am

Ozcakir
Exact coherent structures in pipe
flows: effect of roughness and
transpiration

Zanca (Student)
Push or pull? The influence of cell
proliferation and migration during
wound healing

Oelz
Protein friction and F-actin bending
promote contraction of disordered
actomyosin netwoks

Doak (Student)
A robust safety factor constraint for
anisotropic MHD stability studies of
edge localised modes

9:50 am

Ceccacci (Student)
Warne
Weerasinghe (Student)
Diao
The effect of slip on the
Multifidelity multilevel Monte Carlo
Discrete and continuum modelling Modelling gene content to determine
development of flow separation due
for approximate Bayesian
for tumour microenvironment (TME)
when genes become associated
to a bump in a channel
computation

10:10 am

Germano (Student)
Pfefferlé
Modelling realistic 3D deformations
Cohomology to the rescue of relative
of epithelium in dynamic
helicity formulae in magnetostatics
homeostasis

10:30 am

Valani
Bifurcations and dynamics in inertial
focusing of particles in curved
rectangular ducts

TIME (AWST)

CHUDITCH

POTOROO

QUENDA

QUOKKA

Chair

O'Kane

McCaw

M. Roberts

Mola

12:50 pm

Lindstrom
Splitting methods: searching in the
dark for a solution that might not
exist

Jin
Identifying the persistence of SIV
virus reservoir under ART: a modelbased data analysis approach

Wake
Sustainable farming: Monitoring
catchment pollution

Sloan
High-dimensional approximation

1:10 pm

Tan (Student)
Inferring Structure and Dynamics on
Networks with Backpropagation

Flegg
Two–phase model of compressive
stress induced on a surrounding
hyperelastic medium by an
expanding tumour

Broadbridge
Spillover from Fishery no-take areas

Tam
Distributed optimisation without
central coordination

1:30 pm

Vittadello
Harrison (Student)
An algebraic approach to comparing
A flexible framework for the
mathematical models of biological surveillance of Plasmodium knowlesi
systems
malaria

Valdinoci
The Lévy flight foraging hypothesis

Burmester (Student)
Investigations in modelling compact
star mergers using the moving-mesh
code AREPO

Lippmann (Student)
Optimising facility location and
sizing for coral aquaculture
production

Shigetomi (Student)
An explicit formula for isoperimetric
deformation of discrete space curve
with constant torsion angle

Jones (Student)
Mathematical models of microbial
growth

Terauds
Genome algebras in action

Jeyakumar (Student)
Structure-preserving and geometric
discretisations for applications in
particle-in-cell simulations

Stevenson
Circular genome rearrangement
models

Williams (Student)
Directional fluctuation spectra and
length-scalesin Rayleigh-Taylor
mixing experiments

MONDAY: CONTRIBUTED SESSION 2

1:50 pm

Kandanaarachchi
Getting better at detecting
anomalies by using ensembles

Mehra (Student)
Superinfection and the hypnozoite
reservoir for Plasmodium vivax
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TUESDAY - CONTRIBUTED SESSION 3
TIME (AWST)

CHUDITCH

POTOROO

QUENDA

QUOKKA

Chair

Pan

J. Flegg

Daquin

Suslov

9:30 am

Browning
Identifying cell-to-cell variability in
internalisation using flow cytometry

9:50 am

Tam
Khoury
Forrest (Student)
The effect of geometry on survival
Liang (Student)
Modelling to predict waning vaccine
Energy based modelling of bacterial
and extinction in a moving-boundary Transfer of ocean waves to Ross Ice
efficacy and protection against SARSsignalling systems
problem motivated by the Fisher-KPP
Shelf vibrations
CoV-2 variants
equation

10:10 am

Murphy
Designing and interpreting 4D tumour
spheroid experiments

10:30 am

Sherlock (Student)
Krauskopf
A framework for optimising
Sustained self-pulsations in an
ourcomes of oncolytic virotherapy: excitable biological cell with delayed
To wait or to treat?
feedback

McCaw
Epidemic modelling to support
Australia's COVID-19 planning and
response

Mancini (Student)
Analysis of a conceptual AMOC
model with two time delays

Kalyanaraman (Student)
Wave induced motion of icebergs

Mansoor (Student)
Unsteady free surface flow due to a
line sink at an arbitrary location with
surface tension

Ghosh (Student)
Chan (Student)
Anwar (Student)
Chirappurathu Ramesan
Renormalisation of the twoExponential and algebraic decaying
A multiscale mathematical model of
A biphasic model for wound closure
dimensional border-collision normal solitary waves and their connection
Plasmodium vivax transmission
form
to hydraulic fall solutions

TUESDAY - CONTRIBUTED SESSION 4
TIME (AWST)

CHUDITCH

POTOROO

QUENDA

QUOKKA

Chair

Murphy

Jin

Altmann

Stemler

2:40 pm

Hancock
Modelling the coupling of the Mclock and C-clock in lymphatic
muscle cells

Abell (Student)
Understanding the impact of disease
and vaccine mechanisms on the
importance of optimal vaccine
allocation

Xu (Student)
Finite-time stability and synthesis

Nguyen (Student)
Asymptotic analysis of RayleighPlesset equation for interacting gas
bubbles in liquids with application to
acoustic frequency comb generation

3:00 pm

Sharma (Student)
Bistability and noise-induced
transient behaviour of steady states
in a cancer network with the
regulation of microRNA

Lydeamore
The burden of healthcare acquired
infections in Australian public
hospitals

Arancibia-Ibarra
Radially symmetric patterns in a
three-component FitzHugh-Nagumo
system

Holden (Student)
A thermodynamic limit for metric
graphs

3:20 pm

Soewongsono (Student)
The shape of phylogenies under
phase-type distributed times to
speciation and extinction

Chen (Student)
Use of the Sibuya distribution for
simulating non-Markov
epidemiological comparmental
models

Muni (Student)
Globally resonant homoclinic
tangencies

Kamalakkannan (Student)
A novel protocol to retrieve the
cardiac bidomain conductivities

3:40 pm

Pan
Energy-based modelling of cell
metabolism using bond graphs

Faris Saad (Student)
Modelling of tissue invasion in
epithelial monolayers

Muir (Student)
Computation of particle orbits in
discontinuous magnetic fields

Stephen (Student)
Investigating recirculation in
oscillatory fluid flow through
periodic micropore structures using
the lattice Boltzmann method
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WEDNESDAY - CONTRIBUTED SESSION 5
TIME (AWST)

CHUDITCH

POTOROO

QUENDA

QUOKKA

Chair

Dewar

Lydeamore

Mitchell

Bui

9:30 am

Gilbert
Density estimation using quasiMonte Carlo methods with
preintegration

Little (Student)
Understanding human mobility
patterns and their link to COVID
transmission

Dennis-Henderson (Student)
Optimisation as a tool for natural
language processing

Dipierro
The evolution of atomic dislocations
in crystals

9:50 am

Srikumar (Student)
Approximating distribution functions
in uncertainty quantification

Golchin
Machine learning-based risk
prediction of pathogen richness

Kalenkova
Structural and behavioural distances
between regular languages

Louw (Student)
Ferric ion diffusion in an analyte
solution with MOF crystal sink

10:10 am

Taylor
A continuous-time Markov chain
model for the distribution of
blockchain heights.

Yue (Student)
Exploration of the difference in
epidemic dynamics under varying
isolation monitoring strategies

Altmann
Bursty dynamics in social media

Aljedani (Student)
Analysing the stability of graphene
wrinkles using variational calculus

10:30 am

Kumar (Student)
Normal mode spectrum of multiregion relaxed
magnetohydrodynamics

Hassell Sweatman
Remission and relapse with respect
to diet-induced overweight type 2
diabetes: altering advice to counter
relapse.

Watt (Student)
Personality profiling using digital
footprints

Cesana
Mesoscale models of planar
disclinations

TIME (AWST)

CHUDITCH

POTOROO

QUENDA

QUOKKA

Chair

Osinga

Pooladvand

Buenzli

Fatoyinbo

12:50 pm

Froyland
Spectral analysis of climate
dynamics with operator-theoretic
approaches

1:10 pm

Denes (Student)
Persistence and material coherence
of an Agulhas ring

1:30 pm

Bailie (Student)
Ahmed
Yuwono (Student)
Bifurcation analysis of a conceptual Cell death and cholesterol toxicity in
Can solving the 1D heat equation be
model for the Atlantic Meridional
an ODE model for atherosclerotic
this difficult?
Overturning Circulation
plaque composition

WEDNESDAY - CONTRIBUTED SESSION 6

1:50 pm

Perrella (Student)
Linearisability of divergence free
vector fields along invariant tori

Williams (Student)
Kekulthotuwage Don (Student)
Mottammall (Student)
Choice of spatial discretisation
Modelling of complex predator-prey
Dynamics of two non-identical microinfluences the progression of viral
interactions for invasive species
swimmers
infection within multicellular tissues
management

Stadler
Seeding a season of malaria: The
role of super-spreaders in carrying
infection across the dry season

Myerscough
Modelling multiple timescales in
developing atherosclerotic plaques

Miller (Student)
Symmetry methods for shock
solutions in reaction-diffusion

Mariya (Student)
Comparison between the scaling
behaviour of hard sphere and soft
dendrimer diffusivities

Baron (Student)
Semi-reduction and scattering for an
extended rigid body problem

Benjamin (Student)
Distribution transforms for orbit
tomography

Miller
Predicting the impact of a single
individual’s vaccination on others
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THURSDAY - CONTRIBUTED SESSION 7
TIME (AWST)

CHUDITCH

POTOROO

QUENDA

QUOKKA

Chair

Sweatman

Myerscough

Valdonici

Arancibia-Ibarra

9:30 am

Osinga
Parameter-dependent deformations
of phase resetting curves

Jenner
Establishing combination regimens
for treating ovarian cancer

Cockerill (Student)
Non-spherical bubbles in fluids

Abrasaldo (Student)
Predicting low discharge pressure
events in geothermal production
wells

9:50 am

C'Julio (Student)
Transition to a blender in a threedimensional Hénon-like map; in the
search for wild chaos.

Pooladvand
Modelling oncolytic virotherapy in
collagen-dense tumours

Jose (Student)
Extraction of density-layered fluid
from a porous medium

Bui
Optimisation methods for
maintenance scheduling in the
mining industry

10:10 am

Fatoyinbo
Border collision bifurcation in
noninvertible two-dimensional
piecewise-smooth maps

10:30 am

Broadbridge
Spillover from Fishery no-take areas

TIME (AWST)

CHUDITCH

POTOROO

QUENDA

QUOKKA

Chair

González-Tokman

Pfefferle

Hajek

Algar

12:50 pm

Ting (Student)
Challenges in model calibration and
validation

Curran (Student)
Applying the Maslov index to the
nonlinear Schrödinger equation

Johnston
Modelling collective navigation via
non-local communication

Shahriari (Student)
Ordinal partition network-based
cryptocurrency price analysis

1:10 pm

Berry (Student)
Using hotspots to induce selfignition within large industrial
stockpiles

Valani
Anomalous transport of a classical
wave-particle entity

Hezaveh (Student)
Simulation of wave-particle
interaction in fusion devices using
the MEGA code

Smart (Student)
Measuring coordination between
point processes

Georgiou (Student)
Hungry hungry hoppers:
Multidimensional modelling of
masticating morphs

Zaitouny
Tracking dynamical features from
health-monitoring signal for early
fault detection

Koptev (Student)
A systematic review of objection
detection in 3D images with
assistance of machine learning

Hinton
Stabilising co-flow in a Hele-Shaw
cell using channel geometry

Watson
Otaif (Student)
A lipid-structured model of
An investigation of slip condition on
atherosclerotic plaque macrophages
a combined electroosmotic and
with lipid-dependent kinetics
pressure-driven flow

Alahakoon (Student)
Making inferences from multiple
outbreak data

Madduma Wellalage (Student)
Staff rostering at a blood donor
centre

Thorne (Student)
An introduction to time series
analysis with reservoir computing

THURSDAY - CONTRIBUTED SESSION 8

1:30 pm

Rahman (Student)
Hole
A mathematical model for the axonal Hierarchy of plasma physics models
cargo transport
for toroidal magentic confinement

1:50 pm

Mola
A novel population balance model
for aggregation and breakage in the
flocculation process

2:10pm

Taylor
A continuous-time Markov chain
model for the distribution of
blockchain heights.

Moston-Duggan (Student)
Nanoptera of Karpman equations:
The effects of discretisation

Louw (Student)
Ferric ion diffusion in an analyte
solution with MOF crystal sink
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FRIDAY - CONTRIBUTED SESSION 9
TIME (AWST)

CHUDITCH

POTOROO

QUENDA

QUOKKA

Chair

Forbes

Broadbridge

Browning

Warne

9.10 am

Moston-Duggan (Student)
Nanoptera of Karpman equations:
The effects of discretisation

9:30 am

McCue
Minimal models for ship waves
generated by thin ship hulls

Suslov
Modular modelling of tropical
cyclones: the role of ocean spray

Simpson
Mean exit time for diffusion on
irregular domains

Sweatman
Four and five masses on
symmetrical and periodical orbits in
the plane

9:50 am

Pototsky
Equilibrium shapes and floatability
of static and vertically vibrated
heavy liquid drops on the surface of
a lighter fluid

Buenzli
Mechanical cell interactions on
curved interfaces

Carr
Perturbation solution for heat/mass
transfer across an irregular interface

Arias Calluari
Dynamics of weight variations of
honeybee hives

10:10 am

Smith
Dewar (Emeritus)
Swarmalators with second order
Relaxed magnetohydrodynamics with
phase coupling: Syncing, swarming
ideal Ohm's Law constraint
and clustering

Loo
The role of a programmatic immune
response on the evolution of
pathogen traits

Wiwatanapataphee
Optimization of traffic flow under
non-recurrent events using
reinforcement learning-based VSL
and RM controls

Gaina
Stability of termination and
sufficient-completeness under
pushouts via amalgamation

Wang (Student)
Last mile delivery allocation using
deep Q-learning

Rahman (Student)
A mathematical model for the axonal
cargo transport

10:30 am

Bennetts
Thick and thin: On approximating
boundary conditions for floating
plates

TIME (AWST)

CHUDITCH

POTOROO

QUENDA

QUOKKA

Chair

Pototsky

Hole

Golchin

Wake

11:50 am

Keady
For polygons with n sides and given
area, does the regular n-gon
maximize the torsional rigidity?

Maksymov
Physical reservoir computing with
neural Liquid State Machine/Echo
State Network using oscillations of
gas bubbles in water

Roberts
Gully rehabilitation and MERGE

Kraitzman
Slow migration of brine inclusions in
first-year sea ice

12:10 pm

Forbes
An extended Boussinesq model for
fluid flow

Qu
Finding the optimal stellarator
design with complicated magnetic
fields

Lu
American option pricing with
transaction costs

Fowkes
Capacitor dip coating: boundary
tracing

12:30 pm

Meylan
Predicting tsunami waves

March
Fast Fourier Transform-based
computational homogenization for
metal 3D printing

O'Kane
ENSE prediction via scalable entropyoptimal machine learning
classification

Deng
Traveling waves in perturbed
granular chains

Pitt
Model predictions of overwash
extent into the marginal ice zone

FRIDAY - CONTRIBUTED SESSION 10
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Contributed Abstracts (ordered by surname of presenter)

Understanding the impact of disease and vaccine mechanisms on the importance of
optimal vaccine allocation
Isobel Abell, James McCaw, Christopher Baker
The University of Melbourne
Potoroo, 14:40 Tuesday
Prophylactic vaccination is an important epidemic intervention strategy, but when limited resources are available it is important to consider how we allocate those vaccines within a population. In this paper we investigate how optimal allocation strategies change when varying disease
and population characteristics and highlight the importance of allocation strategy even when good
vaccine resources (high vaccine efficacy or high vaccine coverage) are available. By extending the
SEIR model to incorporate a range of vaccine mechanisms and disease characteristics, we study
the impact of vaccination on a population comprised of “high-risk” and “low-risk” individuals.
We then compare the outcomes of optimal and sub-optimal vaccination strategies for a range of
public health objectives using numerical optimisation. This comparison shows that the difference
between vaccinating optimally and sub-optimally is dependent on vaccine mechanism, diseases
characteristics, population dynamics and objective considered. Even when good vaccine resources
are available, sensible allocation strategy remains important as allocating poorly could result in a
worse outcome than allocating poor vaccine resources well. This work highlights the importance
of considering vaccine allocation when designing vaccination strategies, as sensible allocation of
resources can be crucial to the overall success of the strategy.
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Predicting low discharge pressure events in geothermal production wells
Paul Michael B. Abrasaldo, Andreas W. Kempa-Liehr, Sadiq J. Zarrouk
The University of Auckland
Quokka, 10:30 Thursday
The relatively slow adoption and development of geothermal technology is largely due to the
high capital costs and resource risks brought about by the heterogeneity of most geothermal
systems. One of the manifestations of this heterogeneity is the observance of low permeability
wells that are drilled in the midst of multiple higher permeability wells. In this study, we looked
at using real-time wellhead pressure sensor data to develop classification models that would
predict the occurrence of low discharge pressure events for a low permeability well. Accurate
prediction of such events would allow a geothermal operator to pre-emptively cut the well out
from the system and allow it to discharge at atmospheric conditions to prevent its discharge from
completely collapsing. This would result in avoidance of well stimulation costs that would have
been incurred if the well had fully stopped discharging. Systematic time-series feature extraction
using the python package tsfresh was utilized to generate relevant features that were then used as
predictors in the initial predictive models. The models were trained on the data gathered on the
first twelve months of the observation period and then validated using the latter eighteen months
worth of data. The best performing classifier resulted in a Mathew’s correlation coefficient score
of 0.745. The model was also able to correctly predict 27 out of 31 well collapse events when it
was fed the validation dataset.
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Cell death and cholesterol toxicity in an ODE model for atherosclerotic plaque
composition
Ishraq U Ahmed, Mary R Myerscough
The University of Sydney
Potoroo, 13:30 Wednesday
A distinguishing feature of late stage atherosclerotic plaques is the presence of a large necrotic
core, which consists of a highly inflammatory mixture of cholesterol and debris from dead cells.
Controlled cell death (or apoptosis) is a normal part of immune cell function, and live macrophages
possess mechanisms for clearing dying cells before they become problematic. In plaques however,
the cytotoxic nature of cholesterol causes higher rates of cell death, which may ultimately overwhelm live macrophages’ ability to efficiently clear out apoptotic material.
In this talk, we present a series of ODE models for the composition of the deep plaque. We begin
with a general multiphase PDE model, and we show that for multiphase tissue growth models that
are dominated by bulk advection with little interphase motion, the ODEs obtained via the method
of characteristics provide a good approximation for how the deep plaque composition evolves. We
use our ODE models to investigate how the plaque composition depends on the balance between
cell death and cell recycling, and we show that complete cell die-off is unavoidable beneath a
threshold cell recycling rate. We also investigate how cholesterol-induced cytotoxicity can worsen
cell die-off, as well as how HDL (or ”good cholesterol”) can help prevent this fate by accepting
excess cholesterol from macrophages.

Making inferences from multiple outbreak data
Punya Alahakoon, James M. McCaw, Peter Taylor
The University of Melbourne
Potoroo, 10:30 Thursday
The dynamics of an infectious disease outbreak is affected by stochastic effects, pathogen-related
factors and the characteristics of the sub-population in which the pathogen circulates. We consider a set of such outbreaks that had evolved independently in a set of sub-populations. An
effective way to study these outbreaks is using a hierarchical modelling approach– a statistical
inference framework that enables us to study outbreaks at several levels (example: group and
sub-population levels). Other advantages of this framework include improving the accuracy of the
parameter estimates and allowing for missing data. However, there are challenges in using this
framework, especially when the disease dynamics are modelled as stochastic epidemic models. In
such conditions, estimation of model parameters becomes computationally inefficient. To address
this issue, we propose a two-step algorithm to estimate model parameters under a hierarchical
modelling framework in a Bayesian context. Our algorithm makes use of existing Approximate
Bayesian computation (ABC) methods and allows acceleration of computing time using parallel
computing methods. In this talk, I will illustrate the usage and advantages of this algorithm with
an application to a simulation study of multiple outbreak data.
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Analysing the stability of graphene wrinkles using variational calculus
Jabr Aljedani, Michael Chen, and Barry Cox
The University of Adelaide
Quokka, 10:10 Wednesday
Various configurations are commonly observed in graphene grown by chemical vapour deposition
including ripples and wrinkles. Standing self-adhered graphene wrinkles may fold over after
reaching a certain height and lead to collapsed graphene wrinkles. In this talk, I will present a
novel mathematical model to study the behaviour of collapsed graphene wrinkles. The calculus of
variations is employed to minimise the energy of the system and derive parametric solutions for the
conformation of the wrinkle. Through an energy comparison, the analysis reveals that the folded
bilayer is always followed by a at region in collapsed wrinkles. The model also predicts the critical
height of the self-adhered wrinkle giving consistent results with theoretical and experimental
measurements.

Bursty Dynamics in Social Media
Eduardo Altmann
The University of Sydney
Quenda, 10:10 Wednesday
Mathematical models and methods are increasingly important to extract information from large
datasets of human communication in social media. How does information spreads through the
network of users? How does the attention of users concentrate and shift from topic to topic (and
from meme to meme)? Data invariably reveals a rich dynamics, with seemingly unpredictable
bursts of activity at multiple time scales. In this talk I will explore how to characterize these
bursty dynamics, how universal statistical patterns co-exist with the seemingly erratic behaviour,
and finally I will try to draw conclusions about the processes and mechanisms underlying the
observations.
References:
[1] “Scaling laws and dynamics of hashtags on Twitter” HH Chen, TJ Alexander, DFM Oliveira,
EG Altmann, Chaos 30 (6), 063112 (2020)
[2] “Unraveling the origin of social bursts in collective attention” M De Domenico, EG Altmann,
Scientific reports 10 (1), 1-9 (2020)
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A multiscale mathematical model of Plasmodium vivax transmission
Md Nurul Anwar, Roslyn Hickson, Somya Mehra, James McCaw, Jennifer Flegg
The University of Melbourne
Potoroo, 10:30 Tuesday
Malaria is caused by Plasmodium parasites which are transmitted to humans by the bite of
an infected Anopheles mosquito. Plasmodium vivax is distinct from other malaria species in
its ability to remain dormant in the liver (as hypnozoites) and activate later to cause further
infections (referred to as relapses). Mathematical models to describe the transmission dynamics of
P. vivax have been developed, but most of them fail to capture realistic dynamics of hypnozoites.
Models that do capture the complexity tend to involve many governing equations, making them
difficult to extend to incorporate other important factors for P. vivax, such as treatment status,
age and pregnancy. In this paper, we have developed a multiscale model (a system of integrodifferential equations) that involves a minimal set of equations at the population scale, with an
embedded within-host model that can capture the dynamics of the hypnozoite reservoir. In this
way, we can gain key insights into dynamics of P. vivax transmission with a minimum number
of equations at the population scale, making this framework readily scalable to incorporate more
complexity. We performed a sensitivity analysis of our multiscale model over key parameters
and found that prevalence of P. vivax blood-stage infection increases with both bite rate and
number of mosquitoes but decreases with hypnozoite death rate. We have also included radical
cure treatment with mass drug administration (MDA) in our multiscale model to study the effect
on both disease transmission and hypnozoite reservoir. Since our mathematical model captures
the complex dynamics of P. vivax and the hypnozoite reservoir, it has the potential to become a
key tool to inform elimination strategies for P. vivax.

Radially symmetric patterns in a three-component FitzHugh-Nagumo system
Claudio Arancibia-Ibarra, Pascal Buenzli and Peter van Heijster
Queensland University of Technology
Quenda, 15:00 Tuesday
In this work, we study the dynamics of a system of planar reaction-diffusion equations that
can support non-stationary patterns. We will use a planar three-component FitzHugh-Nagumo
model. In particular, we focus on dynamically evolving N-front solutions. By using geometric
singular perturbation theory, we show the existence of families of radially symmetric stationary
solutions such as spot, ring and spot-ring. We also show the existence of non-stationary solutions
such as expanding and/or contracting spot and ring patterns. In addition, we show N coupled
ODEs that governs the positions of the fronts. We use numerical simulations to compare the
position of the fronts obtained from the ODE solutions with the position of the fronts observed
in the PDE solutions.
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Dynamics of weight variations of honeybee hives
K. A. Calluari, T. Colin, T. Latty, E. G. Altmann
The University of Sydney
Quokka, 09:50 Friday
Several studies have investigated the effects of external stressors on honeybee colony failure, but
limited research has been performed on the internal dynamics of the hives. Here we develop a
simple mechanistic model of the colony that connects indicators of the health of the colony to
data of the intra-day variation of hive weight. We describe the variation in the hive’s weight as a
linear combination of the number of forager bees inside the hive, the food brought by the foragers’
bees, and the weight of the hive’s structure. We obtain differential equations that describe the
weight dynamics during the day and night, which depend on the arrivals and departure rate of
forager bees and on other parameters such as the number of forager bees and the average amount
of food found by the foragers. The parameters of the model are inferred from time-series data
of the weight of hives sampled every minute. Our data analysis of several different hives across
a year of data reveals that our mechanistic model is able to obtain relevant and interpretable
information about the health state of the colony.

Bifurcation analysis of a conceptual model for the Atlantic Meridional Overturning
Circulation
John Bailie
The University of Auckland
Chuditch, 13:30 Wednesday
The Atlantic Meridional Overturning Circulation (AMOC) carries warm water into northern
latitudes and returns cold deep waters back south. It is driven by salinity and temperature
differences and gives rise to the Gulf Stream. The AMOC has been slowing down in the last
century, and it has been proposed that melting from the Greenland ice sheets could further
weaken the circulation.
We derive and study a conceptual box model for the North Atlantic Ocean, which takes into
account freshwater influx from the melting ice. This model takes the form of a smooth planar
vector field with a switching function between two regimes of ocean mixing. We present the
bifurcation analysis of the limiting case of infinitely fast switching, which is piecewise-smooth and
linear. We then discuss briefly the relevance of the different types of behaviour thus identified
for the smooth planar model. This analysis provides the foundation for future research involving
delayed feedback loops involved in the AMOC.
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Semi-reduction and scattering for an extended rigid body problem
Jacob Baron, David Pfefferlé, Lyle Noakes
University of Western Australia
Quokka, 13:10 Wednesday
We apply Euler-Poincaré reduction to solve a peculiar axial 2-body system, freely rotating around
its centre of mass, whose components are constrained to move along and rotate around a common
axis. Due to constraint forces, the system behaves as if it has an effective potential of ∼ 1/r2 ,
in a way that the two bodies undergo a “collision”. In cases with sufficient symmetry, explicit
solutions are found, and whether or not the two bodies pass through each other is dependant on
a dimensionless constant. We find an exact formula for the deviation, or scattering angle, of the
axis of rotation after the two bodies interact. This system is an example of a class of systems
that can be solved by quadrature.

Distribution transforms for orbit tomography
Stuart Benjamin
Australian National University
Quokka, 13:30 Wednesday
A goal of fusion plasma diagnostic research is reconstructing the experimental fast ion distribution during tokamak operation. This process involves combining readings from multiple fast ion
diagnostics in a process called tomography, and is limited by the large dimension of the fast ion distribution. However, by disregarding the small and fast gyrokinetic motion of charged particles in
a magnetic field, and assuming certain symmetries in the plasma geometry, the time-independent
6D position-velocity phase space can be described using only three coordinates. Recently, a new
type of minimum-dimension coordinate system has emerged that defines particle orbits according
to their extrema of motion. While these “orbit-space” coordinates are computationally compact,
they do not represent a particular frame or carry local information about particles like traditional
coordinate systems. This makes it difficult to convert between orbit-space and velocity-space coordinate systems. Orbit tomography relies upon these new coordinates to experimentally resolve
the complete position-velocity fast ion distribution in tokamaks. However, during calibration, it
is necessary to convert these results to and from traditional 4D experimental tokamak coordinates, for comparison with simulated fast ion distributions. This has proven difficult in the past.
We present two new grid-based distribution transform codes that convert back and forth from
orbit tomography’s extremum coordinate system. These codes account for a type of error specific to the unique topology of fast ions in orbit-space, offering an improvement over alternative,
sampling-based transforms.
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Thick and thin: On approximating boundary conditions for floating plates
Luke Bennetts
The University of Adelaide
Chuditch, 10:30 Friday
I’ll consider the canonical hydroelastic problem of a plate of semi-infinite length floating on an
infinite water domain, with motions forced by incoming waves. This is the basic model for ice
shelf vibrations caused by ocean waves, which is used to predict potentially destructive stresses
imposed on the shelf front. The full equations of linear elasticity that govern the plate are
typically simplified by replacing them with some depth-averaged “thin plate” equations, under
the assumption that the wavelengths involved are much greater than the plate thickness. But the
manner in which the theory is applied when the plate is thick enough to have a non-negligible
draught has led to inconsistencies in the boundary conditions on its wetted surface. I’ll present
a variational principle equivalent to the full hydroelastic problem and use it to generate a formal
floating thin-plate approximation. Preliminary results will be shown.

Using hotspots to induce self-ignition within large industrial Stockpiles
Matthew Berry
University of Wollongong
Chuditch, 13:10 Thursday
The ignition of large industrial stockpiles is a well known phenomenon. In many applications we
seek to prevent ignition as this poses a hazard, particularly during transport, and also results in
a loss of material. However in some applications, we seek to promote the ignition of the material
due to the beneficial nature of the reaction products. In this talk I will be discussing the use of
hotspots to induce ignition within large stockpiles. We examine some of the relationship between
the Frank Kameknetskii parameters and temperature of the hotspot. We focus on the application
to hotspots of filter cake from the Basic oxygen steel-making process.
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Spillover from Fishery No-Take-Areas
Philip Broadbridge
La Trobe University
Chuditch, 10:30 Thursday
With harvested species under severe pressure, most jurisdictions have some enforced NTAs to
preserve some breeding stock, with limited harvesting allowed outside.
A single population is traditionally modelled by a single Fisher-KPP type of reaction-diffusion
equation with nonlinear source of Verhulst logistic form. For any geometry of NTA, there is a
critical domain size that must be exceeded in order for the extinction point to be unstable. Having
satisfied that condition, there is a stable non-uniform steady state. For a one-dimensional domain,
that steady state can be calculated exactly. Therefore from the flux density at the boundary we
can calculate the spillover rate, which has been a point of contention between harvesters and
conservationists. Numerical calculations show that spillover from a circular NTA takes the same
form as that from a 1D NTA. Now we can answer two questions that have been puzzling:
1: Although more mobile species are not so well protected and their spillover should be higher,
why is their density gradient outside the NTA, not discernible compared to that of slow-moving
species ? 2: In the Medes Island Group Marine Protection Area near the Spanish Mediterranean
coast, why are numbers of white seabream stable whereas the gilthead seabream are diminishing
?

Identifying cell-to-cell variability in internalisation using flow cytometry
Alexander Browning
Queensland University of Technology
Chuditch, 09:30 Tuesday
Cell-to-cell variability is often a primary source of variability in experimental data, yet is often
overlooked. We develop a mathematical and statistical framework to identify sources of cell-to-cell
variability in the internalisation of material by cells. We demonstrate our framework by collecting
potentially measurements of the amount of material internalised by several million cells using flow
cytometry. The model reproduces experimental observations, captures both variability introduced
by physical and physiological differences between cells and extrinsic noise introduced by the
measurement process and, importantly, provides information relating to inferential uncertainty.
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Mechanical cell interactions on curved interfaces
Pascal R. Buenzli, Shahak Kuba, Ryan J. Murphy, Matthew J. Simpson
Queensland University of Technology
Potoroo, 09:50 Friday
Biological tissues grow by the production of new tissue material and its redistribution in space
by mechanical relaxation. In most tissues, synthesis occurs at or near the tissue surface, where
the geometry of available space and the strength of lateral diffusion along the tissue surface
exert a strong influence on tissue progression rate due to crowding and spreading effects. In
this contribution, we propose a simple mathematical model of mechanical cell interactions along
curved interfaces to represent the mechanical redistribution of cells on the tissue surface. This
work extends previous mathematical models that consider one-dimensional chains of cells with
spring-like mechanical interactions on a flat line. We show that in an appropriate continuum limit,
the density of cells is governed by a nonlinear diffusion equation where diffusion is represented
by the Laplace-Beltrami operator. This limit involves a rescaling of the mechanical stiffness and
drag coefficient with the total number of cells formally justified by a Fourier analysis. While the
effective lateral redistribution of cells is not affected by the curvature of the tissue surface, the
cell’s normal stress state is shown to depend on curvature.

Optimisation Methods for Maintenance Scheduling in the Mining Industry
Thi Hoa Bui
Curtin University
Quokka, 09:30 Thursday
Maintenance planning and scheduling is critical in any asset-intensive business, and there is now
growing interest in industry on optimisation models that can partially automate the scheduling
process and reduce the errors associated with manual scheduling. This talk gives an overview of
the presenter’s experience working with the WA mining industry to develop mathematical optimisation techniques for maintenance scheduling. By exploring duality theory in nonsmooth optimisation as a bridge between discrete and continuous optimisation, we develop efficient solution
methods for mixed-integer quadratic programming models that arise in maintenance scheduling.
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Investigations in modelling compact star mergers using the moving-mesh code
AREPO
Uri Pierre Burmester
The Australian National University
Quokka, 13:30 Monday
The merging of degenerate dead stars (compact stars) have been of interest to astrophysicists for
several decades. White dwarfs (WDs), in particular, are important not only as a macroscopic
demonstration of quantum degeneracy and stellar astrophysics but also vitally important to investigate the nature of many violent astrophysical phenomena, such as Type Ia supernovae, routinely
used to study the accelerating expansion of the universe, gamma-ray bursts, and possibly also
Fast Radio Bursts, which are the most mysterious and luminous objects in the universe.
This work discusses the application of the 3D MHD code AREPO to mergers of WDs and discusses
some of the early results of these simulations [1]. Prior work by, e.g., Schwab et al., Schneider et
al., and Zhu et al [2-4] rely on simplified assumptions of reduced dimensionality, use unrealistic
WD chemical structures or neglect to fully account for magnetic effects. Several prior studies
including Zhu found strong magnification of magnetic fields as a result of the Magnetorotational
Instability (MRI), though these observations are generally not factored into an analysis of plasma
fusion during the merger [2].
Here we show results of simulations which include more accurate WD internal structures generated
using the White Dwarf Evolution Code (WDEC) [5]. We also discuss future work relating the
stellar masses and mass ratios have on the production of ultra-strong magnetic fields (100-1011
Tesla) observed in white dwarfs and neutron stars, which may trigger thermonuclear runaway
explosions.
This talk will include a discussion of the numerical techniques used to model gravitational and
plasma physics in AREPO, and the general relationship between high-performance computing
(HPC) and astrophysics. Finally, we highlight the physical limitations of the simulation framework, which include numerical accuracy and restrictions on the WD chemical composition. Such
limitations, in turn, have downstream effects on models of chemical abundances in the Galaxy
and on simulations of Type Ia supernovae.
References
[1] R. Weinberger, V. Springel, & R. Pakmor, ApJS, vol. 248, no. 2, p. 32,. 2020, doi:
10.3847/1538-4365/ab908c. [2] C. Zhu, R. Pakmor, M. H. van Kerkwijk, and P. Chang, ApJ,
vol. 806, no. 1, p. L1, Jun. 2015, doi: 10.1088/2041-8205/806/1/L1. [3] J. Schwab, K. J.
Shen, E. Quataert, M. Dan, and S. Rosswog, Monthly Notices of the Royal Astronomical Society, vol. 427, no. 1, pp. 190–203, Nov. 2012, doi: 10.1111/j.1365-2966.2012.21993.x. [4] F. R.
N. Schneider et al. Nature, vol. 574, no. 7777, pp. 211–214. 2019, doi: 10.1038/s41586-0191621-5. [5] A. Bischoff-Kim and M. H. Montgomery AJ, vol. 155, no. 5, p. 187. 2018, doi:
10.3847/1538-3881/aab70e.
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Transition to a blender in a three-dimensional Hénon-like map; in the search for
wild chaos.
Dana C’Julio, Bernd Krauskopf, Hinke M. Osinga
The University of Auckland
Chuditch, 09:50 Thursday
Wild chaos is a new type of chaotic dynamic that can only arise in systems of sufficiently high
dimension. The characterising feature of blenders is that they admit invariant manifolds that
behave as geometric objects of higher dimensions than expected from the dimensions of the
manifolds themselves. This may imply the existence of complicated and robust heterodimensional
connections between different parts of phase space, which can lead to wild chaos.
We construct an orientable three-dimensional Hénon-like map that has the ingredients to exhibit
a blender. With advanced numerical techniques, we compute the one-dimensional stable and
unstable manifolds of this map and characterise the geometric properties of intersections of the
manifolds with a plane. Moreover, the intersections feature a self-similar structure that brings
about the generation or disappearance of blenders. This allows us to estimate the parameter
values for which a blender arises.
dana.cjulio@auckland.ac.nz, b.krauskopf@auckland.ac.nz, h.m.osinga@auckland.ac.nz

Perturbation solution for heat/mass transfer across an irregular interface
Elliot J. Carr
Queensland University of Technology
Quenda, 09:50 Friday
We study the solution of the diffusion equation across an irregular interface separating two layers
of distinct diffusivity. Our interest in this problem is motivated by recent experiments studying
cold water treatments for scald burns and the well-defined irregular interface that separates
the epidermis and dermis layers in skin. In this talk, we show how perturbation theory can
be used to develop an asymptotic expansion of the solution when the irregular interface is a
small perturbation of a perfectly horizontal interface. Reported results for several choices of the
perturbed interface confirm the developed perturbation solution is in good agreement with a
standard numerical solution provided an adequate number of terms is taken in the expansions.

ANZIAM 2022 Conference

39

The effect of slip on the development of flow separation due to a bump in a channel
Silvia Ceccacci
Macquarie University
Chuditch, 09:50 Monday
Control of flow separation plays a crucial role in the laminar-turbulent transition process. The
application of slip boundary conditions is a way of introducing a type of roughness that can
delay transition and reduce frictional drag. In this study, the effect of surface slip on the flow
in a constricted channel is presented, with the aim of exploring the use of surface slip to control
flow separation. Direct numerical simulations are performed on two-dimensional flow over a
bump with a fixed aspect ratio. When the channel walls are fully no-slip, such a flow is known
to develop a region of separation behind the bump, at sufficiently large Reynolds numbers. A
Robin-type slip boundary condition is imposed along the length of the bump, characterised by a
slip length λ. The effect of slip on the separation bubble dynamics occurring behind the bump is
investigated. The Reynolds numbers Re, based on the channel half width, chosen for this study
are 2000 and 4000 to ensure linearly unstable behaviour was not excited by either the bump or
pockets of separated flow. It is shown that surface slip: (i) attenuates the intensity of separation
as it diminishes the minimum of the streamwise u-velocity in the separation bubble; (ii) delays
the onset of the separation bubble, shifting it along the bump and (iii) reduces the dimensions of
the bubble behind the bump, allowing the flow to reattach faster. It is found that the separation
bubble is larger in dimensions and intensity for a higher Reynolds number. Ultimately, slip
inhibits separation, with the points of flow separation and reattachment coalescing, for a slip
length λ of approximately 0.2 for both Reynolds numbers.

Mesoscale models of planar disclinations
Pierluigi Cesana
Kyushu University
Quokka, 10:30 Wednesday
We describe some recent results on the modeling of planar wedge disclinations. These are rotational mismatches at the level of a crystal lattice which are observed in classes of Shape-Memory
Alloys undergoing the austenite-to-martensite transformation and in crystal plasticity. We introduce an energy functional defined over a triangular lattice accounting for nearest-neighbor
interactions. We design special rotational-type boundary value problems on the lattice so that
the minimizers necessarily exhibit non-homogeneous rotations. We are interested in the asymptotics of the energy minima and minimizers as the lattice spacing vanishes which we compute
exactly with Gamma-convergence. We perform numerical calculations for the discrete model and
show that both the shape of the solutions as well as the values of the energies are in agreement
with classical results for positive and negative disclinations. This is a collaboration with P. van
Meurs (Kanazawa).
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Exponential and algebraic decaying solitary waves and their connection to
hydraulic fall solutions
Keith C.H. Chan, Andrew C. Cullen, Simon R. Clarke
Monash University
Quokka, 10:30 Tuesday
The forced Korteweg-de Vries (fKdV) equation describes incompressible inviscid free surface flows
over some arbitrary topography. We investigate solitary and hydraulic fall solutions to the fKdV
equation. Numerical results show that the fKdV equation at the critical Froude number is a nonlinear eigenvalue problem, with exponential decaying solitary wave eigenfunctions. Furthermore
we show how exponential decaying solitary waves evolve into algebraic decaying solitary waves.
A novel and stable numerical approach using the wave-resistance coefficient and tabletop solutions
is used to generate the hydraulic fall parametric space. We show how hydraulic fall solutions
periodically evolve into exponential decaying solitary waves.

Use of Sibuya Distribution for Simulating non-Markov Epidemiological
Compartment Model
Yuhui Chen
Australian National University
Potoroo, 15:20 Tuesday
Markov Chains and ODEs are often successfully used in compartment-style epidemic models.
But these models rely on assumptions that may not always apply, for example, with long-term
symptoms of Covid-19. One approach to dealing with this is to use a different distribution for the
infectious period, such as a power-law distribution, which leads to fractional ODEs rather than
ODEs. However, this creates many computational challenges, as this process is non-Markov. In
this talk I will describe this modelling framework and present some initial results using a discrete
time approximation with a Sibuya infectious period distribution.
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A biphasic model for wound closure
Gopikrishnan Chirappurathu Remesan, Jennifer Flegg
IIT Bombay
Chuditch, 10:30 Tuesday
A wound is healed by the controlled division of cells within and surrounding it. A novel biphasic model for wound closure during healing is presented in this work, wherein the phases are
healthy cells and the fluid medium surrounding them. The model is derived in three-dimensional
Cartesian coordinates and later simplified to a single dimension by applying radial symmetry
arguments. The model variables are the volume fraction and velocity of healthy cells, velocity of
the fluid medium, average fluid pressure, nutrient concentration, and wound radius. Numerical
solutions obtained from an appropriate combination of finite volume and finite element methods
are presented. The results complement existing scientific literature and heuristic intuitions. The
modelling framework is generic as additional complexity, such as the effect of a drug or capillary
formation, can be included without extra effort.

Non-spherical bubbles in fluids
Madeleine Cockerill
University of Tasmania
Quenda, 09:50 Thursday
This talk concerns the behaviour of non-spherical bubbles, beginning with a non-spherical extension to the classic Rayleigh-Plesset bubble. The stability and morphology of non-spherical
bubbles in fluids is highly interesting, and includes features such as bubble collapse, jet formation, outflows, and toroidal bubbles. Disturbances to the surrounding environment, surface
tension, viscosity, gravitational effects, and magnetic fields each add richness and complexity
to the problem and its solutions. Considering these factors is also important in a number of
more concrete modelling applications including underwater explosions, cavitation and sonoluminescence, and astrophysical bubble formation, and has further relevance in fields such as cooling
of nuclear fusion reactors.
We begin with a simple linearised inviscid model, then a non-linear inviscid model before ultimately including viscosity and considering a Boussinesq model. Results of these three models are
compared, and various interesting features such as curvature singularities and jets are displayed.

42

ANZIAM 2022 Conference

Applying the Maslov index to the Nonlinear Schrodinger equation
Mitch Curran
The University of Sydney
Potoroo, 12:50 Thursday
The Maslov index is a hammer with which we hit the stability problem for standing waves of
the Nonlinear Schrodinger equation on a compact interval. More precisely, it can be thought
of as a winding number for a path of Lagrangian subspaces of a real symplectic vector space,
and its applications are numerous: it can been used to generalise Sturm-Liouville theory to
systems of ODEs, and appears in so-called Morse-Maslov theorems, where a count of the negative
eigenvalues of a (typically selfadjoint) differential operator is given in terms of the Maslov index
of an appropriate Lagrangian path. The interesting aspect of this problem is a failure of the usual
properties of regularity and monotonicity in general. We prove a sharpening of the Jones-Grillakis
(in)stability index for the standing waves considered. Analysis of the irregular case leads to a
sign condition that resembles the Vakhitov-Kolokov criterion on the real line.

Persistence and material coherence of an Agulhas ring
Michael Charles Denes
UNSW Sydney
Chuditch, 13:10 Wednesday
Ocean eddies play an important role in the transport and mixing processes of the ocean due
to their ability to transport material, heat, salt, and other tracers across large distances. They
exhibit at least two timescales; an Eulerian lifetime associated with persistent identifiable signatures in gridded fields such as vorticity or sea-surface height, and multiple Lagrangian or material
coherence timescales that are typically much shorter. Here, I will present a dynamical systems
approach to study the multi-timescale material transport, leakage, and entrainment by eddies
with their surroundings. I apply this approach to examine the persistence and material coherence
of an Agulhas ring, using particle trajectories derived from a high resolution global numerical
ocean simulation.
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Traveling waves in perturbed granular chains
Guo Deng
Macquarie University
Quokka, 12:30 Friday
We study the behaviour of the traveling waves in a woodpile chain. Traveling waves in such
systems are generally “nanoptera”. In contrast to classical solitary waves, nanoptera are not localized; instead they are composed of a central solitary wave and non-decaying oscillations on one
or both sides of the central wave. These oscillations arise from the Stokes phenomenon and appear
across special curves, called Stokes curves, in the complex plane. We use exponential asymptotics
to approximate the oscillatory tails of the nanoptera. These methods typically require an analytic expression for the leading-order travelling wave. We developed an exponential asymptotic
method that can be applied to both analytic and numerically-determined leading-order waves,
and we show that the method gives accurate predictions of the oscillation amplitudes in both
cases.
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Optimisation as a tool for natural language processing
Ashley Grace Dennis-Henderson
The University of Adelaide
Quenda, 09:30 Wednesday
Every day more textual data is created, for example, through online product review and social
media websites. In recent years, this has also included text created by libraries and archives as
they digitise and transcribe their collections of historic documents. This process not only allows
researchers easier access to historic documents, but it also allows large collections of historic documents to be analysed using natural language processing techniques. However, natural language
processing techniques have primarily been developed and tested on modern data. As such, it may
not be possible to accurately apply these techniques to historic data. Therefore, it is necessary
to research these techniques, and the underlying structure of written language, in order to ensure
the techniques can accurately be applied to historic text. Our research focuses on investigating
and refining two natural language processing techniques, sentiment analysis and date extraction,
to ensure they are accurate on historic text. For sentiment analysis, this involves investigating
factors which contribute to a person’s sentiment, such as their gender or life experiences. This also
requires us to investigate whether the assumptions used in the development of current techniques
match the structure of written historic texts. For example, it has been shown that sentiment
techniques which rely on a dictionary are often inaccurate when applied to texts from different
contexts and time periods [1, 2]. When considering techniques for analysing historic documents,
it is necessary to have an accurate date extraction technique as many historic diaries have been
collected by libraries. However, it is necessary to have methods that not only extract dates, but
also clean them as dates are not always written in a clear and consistent format. To do this,
it is necessary to understand the various methods that dates are written, and the reasons why
these may not be written in a consistent format. In this talk we will give an overview of these
techniques, and why it is necessary to have a well-formed mathematical model which could be
applied in various circumstances. We will then give an example of how this can be done, by
discussing our current progress on a date extraction technique which uses optimisation in order
to clean dates.
References:
[1] W. L. Hamilton, K. Clark, J. Leskovec, and D. Jurafsky, “Inducing Domain-Specific Sentiment Lexicons from Unlabelled Corpora,” arXiv:1606.02820 [cs], Sep. 2016. [2] J. Lukes and A.
Sogaard, “Sentiment analysis under temporal shift,” in Proceedings of the 9th Workshop on Computational Approaches to Subjectivity, Sentiment and Social Media Analysis. Brussels, Belgium:
Association for Computational Linguistics, Oct. 2018, pp. 65–71.
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Relaxed Magnetohydrodynamics with Ideal Ohm’s Law Constraint
Robert L. Dewar
Australian National University
Chuditch, 10:10 Friday
The gap between a recently developed dynamical version of relaxed magnetohydrodynamics
(RxMHD) and ideal MHD (IMHD) is bridged by approximating the zero-resistivity “Ideal” Ohm’s
Law (IOL) constraint using an augmented Lagrangian method borrowed from optimization theory. The augmentation combines a pointwise vector Lagrange multiplier method and global
penalty function method and can be used either for iterative enforcement of the IOL to arbitrary
accuracy, or for constructing a continuous sequence of magnetofluid dynamics models running
between RxMHD (no IOL) and weak IMHD (IOL almost everywhere). This is illustrated by
deriving dispersion relations for linear waves on an MHD equilibrium.
Keywords: MHD Hamiltonian; Augmented Lagrangian; Variational principle.

Modelling gene content to determine when genes become associated
Jiahao Diao
University of Tasmania
Quenda, 09:50 Monday
We consider a model inferring functional gene links. The model can detect the instances of
independent or correlated gain and loss of pairs of genes from species genomes. We start at a
simple case that the phylogenetic trees generated by the birth-death process, which has a pair
of genes in the evolutionary process. The presence (’1’) and absence (’0’) of these two genes are
affected by two different rate classes. The transition between two rate classes depends on the
state of presence or absence of two genes. The possible states of these two genes in a phylogeny
are applying R package corHMM from (Boyko & Beaulieu, 2020). We aim to obtain the best fit
of rates in these two different rate classes and how the transition between two rate classes would
be more realistic to understand the gene gain and loss in the evolutionary process. Moreover, we
would like to extend the model to more than two genes are associated with the function.

46

ANZIAM 2022 Conference

The evolution of atomic dislocations in crystals
Serena Dipierro
The University of Western Australia
Quokka, 09:30 Wednesday
We consider an evolution equation motivated by the Peierls-Nabarro model and we discuss its
mesoscopic and macroscopic limits. The model deals with atomic dislocations in crystals and
we discuss how the dislocation function has the tendency to concentrate at single points of the
crystal, where the size of the slip coincides with the natural periodicity of the medium. These
dislocation points evolve according to the external stress and an interior potential, which can
be either repulsive or attractive, depending on the relative orientations of the dislocations. For
opposite orientations, collisions occur, after which the system relaxes exponentially fast.

A Robust Safety Factor Constraint for Anisotropic MHD Stability Studies of Edge
Localised Modes
Joshua Andrew Lefeaux Doak
Australian National University
Quokka, 09:30 Monday
The anisotropic ideal magnetohydrodynamics codes HELENA+ATF and MISHKA-A are being used to study the linear stability of edge localised modes in tokamak plasmas with a wellconstrained safety factor. Edge localised modes provide significant challenges for modern tokamaks and heating methods produce significant pressure anisotropy with respect to magnetic field
lines, motivating detailed study of stability boundaries. Previous growth rate scans of pressure
anisotropy and edge localised mode linear stability [Plasma Phys. Control. Fusion 60 065006,
2018] have been extended to higher aspect ratio tokamak configurations, showing an inverted
trend. Variations in the safety factor after equilibrium remapping are more pronounced in the
low aspect ratio cases, with effects on the growth rate comparable to the apparent effect of pressure
anisotropy. This suggests significant influence from the safety factor on low aspect ratio growth
rate scans. To remove this influence, an internal safety factor constraint is being applied in which
the anisotropic and flowing force balance equation is solved in a form that depends explicitly on
the safety factor. This should provide more robust equilibria than the external methods which
calculate tokamak equilibria iteratively but do not always converge exactly to the same safety
factor. Because many magnetohydrodynamic modes are sensitive to the safety factor, a robust
constraint for an anisotropic ideal magnetohydrodynamic equilibrium code will also be beneficial
to more broad tokamak stability studies.
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Modelling of Tissue Invasion in Epithelial Monolayers
Alsubaie Faris Saad
The University of Queensland
Potoroo, 15:40 Tuesday
Mathematical and computational models are used to describe biomechanical processes in multicellular systems. Here, we model how two types of epithelial cell layers interact during tissue
invasion, simulating cancer cells expanding into a region of healthy cells. We model the invasion process using the Cellular Potts Model and implement our two-dimensional computational
simulations in the software package CompuCell3D. We investigate how the invasion speed and
direction vary depending on the cell division and death rates and on mechanical properties of the
cells. We found that differences in mechanical properties can lead to tissue invasion even if the
division rates and death rates of the two cell types are the same.

Border collision bifurcation in noninvertible two-dimensional piecewise-smooth
maps
Hammed O. Fatoyinbo; David J. W. Simpson
Massey University
Chuditch, 10:30 Thursday
Border collision bifurcation occurs in a wide range of switched dynamical systems, including
many power converters, industrial control systems, and encryption algorithms. Dynamics near
border-collision bifurcations are well approximated by piecewise-smooth maps. In this study,
we consider the noninvertible two-dimensional border collision normal form to reveal a wide
variety of dynamics such as fixed points, periodic solutions, and more complex phenomena such
as multistability and attractors. These results are applied to power converters
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Two–phase model of compressive stress induced on a surrounding hyperelastic
medium by an expanding tumour
Jennifer A. Flegg, Gopikrishnan C. Remesan and Helen M. Byrne
The University of Melbourne
Potoroo, 13:10 Monday
When performing in vitro experiments, tumour cells are often seeded in a gelatinous medium,
a hydrogel, that mimics the properties of human tissues. As the cells proliferate, the tumour
increases in size and compresses the hydrogel against the boundaries of the culture dish. The
mechanical stress generated in the hydrogel may, in turn, inhibit the tumour’s growth. In this talk,
I’ll present a mathematical model that describes how mechanical deformations in the hydrogel
affect tumour growth.

An Extended Boussinesq Model for Fluid Flow
Larry Forbes, Ross Turner and Steve Walters
University of Tasmania
Chuditch, 12:10 Friday
We want to consider modelling the flow of a multi-phase fluid, consisting of two (or more) viscous fluids separated by one (or more) interfaces. Doing this “exactly” is usually formidably
difficult, because the Navier-Stokes equations would have to be solved in each fluid region, and
then matched at each interface by satisfying the difficult boundary conditions on the moving
interface(s). Boussinesq theory avoids all this, by making two approximations: 1) that the interfaces have finite width, so that the whole system can be thought of as a single fluid with varying
density; and 2) that the density doesn’t vary much from fluid to fluid, anyway. This allows the
system to be modelled with a much simpler system of equations that can be integrated numerically in a fairly straightforward way. The model works surprisingly well, so as long condition 2)
holds. However, if the density differences are large, then Boussinesq theory tends to over-react,
predicting elaborate interface structures that don’t really occur. We will consider an Extended
Boussinesq Theory that retains the advantages of this approximation, but performs rather better
for larger density differences.
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Energy Based Modelling of Bacterial Signalling Systems
Joshua Forrest
The University of Melbourne
Chuditch, 09:50 Tuesday
A key challenge in systems biology is creating mathematical models that can be easily and accurately combined with other models. Such models will need to share a consistent modelling
framework and be easily reusable by systems biologists.
One solution to this challenge is to use a physics-based approach to modelling. Bond graphs are an
energy-based modelling framework that describe the rate of energy flow (power) moving through
system components. By construction, bond graphs models enforce physical and thermodynamic
constraints, making model components physically consistent with one another. Bond graphs also
provide a graphical representation of the model and allow for easy hierarchical modelling.
To demonstrate bond graph modelling applied to biological systems, we have applied this framework to Two Component Systems (TCS). TCS are a signalling mechanism found in many common
bacteria such as E. coli and B. subtilis. By modelling the explicit energy dependence of TCS using
bond graphs, we find new insights into the behaviour of the system in different energy contexts.
A modular framework also means we can combine models together to investigate coupling dynamics of TCS. In future, we argue that such an approach could lead towards the development
of a systems-wide, physically plausible whole-cell model.

Capacitor dip coating: boundary tracing
Conway Li, Neville Fowkes, Brendan Florio, Miccal Matthews
The University of Western Australia
Quokka, 12:10 Friday
If a rectangular object is dipped into a liquid then the contact line will normally dip near the
corners due to surface tension. Is it possible to round the corners of the object, or roughen
the surfaces, so that the contact line is horizontal? This ‘archetypal’ problem is of industrial
importance in dip coating applications.
A novel procedure known as boundary tracing is useful for addressing the problem.
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Spectral analysis of climate dynamics with operator-theoretic approaches
Gary Froyland, Dimitris Giannakis, Ben Lintner, Max Pike, Joanna Slawinska
University of New South Wales
Chuditch, 12:50 Wednesday
The Earth’s climate system is a classical example of a multiscale, multiphysics dynamical system
with an extremely large number of active degrees of freedom, exhibiting variability on scales ranging from micrometers and seconds in cloud microphysics, to thousands of kilometers and centuries
in ocean dynamics. Yet, despite this dynamical complexity, climate dynamics is known to exhibit
coherent modes of variability. A primary example is the El Niño Southern Oscillation (ENSO),
the dominant mode of interannual (3–5 yr) variability in the climate system. The objective and
robust characterization of this and other important phenomena presents a long-standing challenge
in Earth system science, the resolution of which would lead to improved scientific understanding
and prediction of climate dynamics, as well as assessment of their impacts on human and natural
systems. Here, we show that the spectral theory of dynamical systems, combined with techniques
from data science, provides an effective means for extracting coherent modes of climate variability from high-dimensional model and observational data, requiring no frequency prefiltering, but
recovering multiple timescales and their interactions. Lifecycle composites of ENSO are shown to
improve upon results from conventional indices in terms of dynamical consistency and physical
interpretability.

Stability of termination and sufficient-completeness under pushouts via
amalgamation
Daniel Gaina, Masaki Nakamura, Kazuhiro Ogata, Kokichi Futatsugi
Kyushu University
Quenda, 10:30 Friday
In the present study, we provide conditions for the existence of pushouts of signature morphisms
in constructor-based order-sorted algebra, and then we prove that reducibility and termination
of term rewriting systems are closed under pushouts. Under the termination assumption, reducibility is equivalent to sufficient-completeness, which is crucial for proving several important
properties in computing for constructor-based logics such as completeness, existence of initial
models and interpolation. In logic frameworks that are not based on constructors, sufficientcompleteness is essential to establish the soundness of the induction schemes which are based
on some methodological constructor operators. We discuss the application of our results to the
instantiation of parameterized specifications.
Keywords: term rewriting, algebraic specification, parameterized specification, termination, reducibility, sufficient-completeness
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Hungry hungry hoppers: Multidimensional modelling of masticating morphs
Fillipe Harry Georgiou
The University of Newcastle
Quenda, 13:30 Thursday
Density dependent phase polyphenism is the exhibiting of two or more distinct phenotype expressions from a single genotype depending on local population density. The most well known
insect to exhibit this phenomenon is the locust, with whom the profound effect on behaviour leads
to the classification of the two phases; solitarious, where locusts actively avoid of other locusts,
and gregarious, where locusts are strongly attracted to other locusts. It has been shown that
food distributions at both small and large scales have an effect on the process of gregarisation.
While gregarisation offers advantages, such as greater predator avoidance, the relationship between phase polyphenism and potential foraging benefits is still not fully understood. Using our
previously developed partial differential equation model of foraging, we explore the foraging advantage of gregarisation within increasingly heterogeneous environments. We begin by examining
a single two-dimensional simulation of a density dependent phase polyphenic organism within a
spatially heterogeneous environment. We then look at the steady state foraging advantage, with
a fixed portion of the population being gregarious, in environments ranging from homogeneous to
very spatially heterogeneous. Finally, we perform a parameter sensitivity analysis to show that
spatial heterogeneity has the greatest effect on foraging advantage. Consequently, in increasingly
heterogeneous food environments it is better to be gregarious than solitarious. Conversely, the
foraging advantage disappears in homogeneous environments.

Modelling realistic 3D deformations of epithelium in dynamic homeostasis
Domenic Paul Joe Germano
The University of Melbourne
Potoroo, 10:10 Monday
The maintenance of tissue and organ structures during dynamic homeostasis is often not well
understood. In order for a system to be stable, it must finely balance cell migration and renewal. Moreover, a tissue’s shape must remain relatively unchanged. One common system used
to study these behaviours is the distinct invaginations within the intestinal wall, known as the
crypts of Lieberkürn. Much is known about these crypts, such as the steady cell renewal processes responsible for tissue renewal. However, questions still remain around the biomechanical
processes responsible for their structural maintenance—one hypothesis is that cell shape within
the epithelium and pressure differentials within the surrounding stromal tissue contribute to the
crypts structural stability.
Here, we will present a 3D, multilayer, cell-centre model of tissue deformation. Cell movement
is governed by the minimisation of a bending potential across the epithelium, cell-cell adhesion,
and viscous effects. Using this model, we will show how the tissue is capable of maintaining a
consistent structure while undergoing self renewal.
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Renormalisation of the Two-Dimensional Border-Collision Normal Form
Indranil Ghosh, David J. W. Simpson
Massey University
Quenda, 10:30 Tuesday
Piecewise-linear maps arise from mathematical models in diverse applications. Families of such
maps readily exhibit chaos in a robust fashion and this was popularised by Banerjee, Yorke, and
Gregobi in their 1998 Phys. Rev. Lett. paper. In this talk, I will show how we can apply the
powerful technique of renormalisation to their map to reveal its bifurcation structure. Broadly
speaking renormalisation involves showing that, for some member of a family of maps, a higher
iterate or induced map is conjugate to a different member of the family.

Density estimation using quasi-Monte Carlo methods with preintegration
Alexander Gilbert
University of New South Wales
Chuditch, 09:30 Wednesday
Approximating the cumulative distribution function (cdf), or probability density function (pdf),
of a high-dimensional random variable is a difficult task that arises in many applications, ranging
from derivatives pricing in finance to computing failure probabilities in engineering. By formulating the cdf as the expected value of an indicator function of the random variable, the problem
becomes one of computing a high-dimensional integral. Quasi-Monte Carlo (QMC) methods are
deterministic quadrature rules that have recently achieved great success in efficiently computing
high-dimensional integrals. But the success of QMC requires some level of smoothness in the
integrand, which for the problem of computing a cdf is destroyed by the discontinuity caused
by the indicator function. Recent work on preintegration (a.k.a. conditional sampling) showed
that first integrating certain discontinuous functions with respect to a single variable results in a
smoother function, but now in one dimension less.
In this talk, I will present a QMC method based on randomly shifted lattice rules and a preintegration step, to approximate the cdf of a random variable defined on Rd . The basic idea is
to use preintegration to “integrate out” the discontinuity in one dimension, and then apply a
lattice rule to the remaining (d − 1)-dimensional function, which is now as smooth as the original
random variable. By formulating the pdf as an expected value of a Dirac delta function, it can be
approximated by a similar strategy. A rigorous analysis of the error shows that our cdf (and pdf)
estimators achieve the same rate of convergence as using QMC to approximate the expected value
only, namely, 1/N where N is the number of quadrature points. Finally, to illustrate the power
of this method we apply it to a problem from option pricing and present numerical results.
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Machine learning-based risk prediction of pathogen richness
Piper Rains, Christine Little, Maryam Golchin, Roslyn Hickson
CSIRO
Potoroo, 09:50 Wednesday
Infectious disease emergence from spillover (transmission of diseases across species) events is of
global concern, and has the potential to cause significant harm to society as shown by the ongoing
COVID-19 pandemic. More than 70% of the +400 infectious diseases that emerged in the past
five decades have a zoonotic origin, including all recent pandemics. There are many known drivers
and factors leading to increased spillover risk, based on the interfaces and connectedness of the
health of humans, animals, and shared environments (I.e. One Health). In this study, we built
a spatiotemporal predictive model at the country level for pathogen richness. It is a Multilayer
Layer Perceptron (MLP) Neural Networks model based on data including urban population, land
use proportion, road length, flight passenger, and biodiversity (species richness). Our model will
be used to understand the drivers of the pathogen richness as a step towards predicting spillover
risk.

Modelling the coupling of the M-clock and C-clock in lymphatic muscle cells
Edward Hancock
The University of Sydney
Chuditch, 14:40 Tuesday
Chronic dysfunction of the lymphatic vascular system results in fluid accumulation between cells
(lymphoedema). The condition is commonly acquired secondary to diseases such as cancer or the
associated therapies. The primary driving force for fluid return through the lymphatic system is
provided by contractions of the lymphatic muscle cells, driven by electrical oscillations. However,
there is an incomplete understanding of the molecular and bioelectric mechanisms involved in
lymphatic muscle cell excitation, hampering the development of pharmacological therapies. Here,
we propose a model of oscillations in the membrane voltage (M-clock) and intracellular calcium
concentrations (C-clock) of lymphatic muscle cells. We modify a model by Imtiaz and colleagues
to enable the M-clock to drive the C-clock oscillations. This approach differs from typical models
of calcium oscillators in lymphatic and related cell types, but is required to fit recent experimental
data. We use phase-plane analysis to show that these M-clock oscillations are qualitatively similar
to those of a generalised FitzHugh-Nagumo model. We also provide phase plane analysis to
understand the interaction of the M-clock and C-clock oscillations. The model and methods have
the potential to help determine mechanisms and find targets for pharmacological treatment of
lymphoedema.
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A flexible framework for the surveillance of Plasmodium knowlesi malaria
Lucinda Harrison
The University of Melbourne
Potoroo, 13:30 Monday
Disease surveillance activities are often resource-limited so should be optimised to achieve specific
objectives. In a spatial context, the allocation of surveillance resources should therefore be based
on our knowledge of the spatial distribution of the disease. But how can we account for extreme
uncertainty in our understanding of the disease’s distribution? Plasmodium knowlesi is a zoonotic
strain of malaria that is increasingly found across Southeast Asia and is now the most common
cause of malaria in Malaysia. Previous surveillance of P. knowlesi malaria has been limited
by diagnostic accuracy and available resources. As a result, P. knowlesi malaria case data is
sparse and highly spatially biased. There is now an active group of stakeholders working to
facilitate study of P. knowlesi malaria in Indonesia, including the facilitation of human disease
surveillance at existing primary healthcare centres. Given an existing geospatial statistical model
of relative P. knowlesi malaria risk and specific stakeholder sampling objectives, we develop a
flexible decision workflow to support the selection of sites for human surveillance of P. knowlesi
malaria, quantifying study aims into an objective surface and considering a meaningful definition
of healthcare centre catchment area.
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Remission and relapse with respect to diet-induced overweight type 2 diabetes:
altering advice to counter relapse.
Catherine Hassell Sweatman
Auckland University of Technology
Potoroo, 10:30 Wednesday
The development or remission of diet-induced overweight type 2 diabetes involves many biological
changes which occur over very different timescales. Remission, defined by HbA1c < 6.5% as well
as fasting plasma glucose < 126 mg/dl, may be achieved by following weight loss guidelines.
Modelling predicts that, on a new diet (following a trajectory in phase space), plasma insulin and
triglyceride concentrations approach steady state values in a few weeks, while fat mass changes
slowly over months and years. Fasting plasma glucose adjusts quickly with insulin sensitivity
but may have a very slow component linked to improving β-cell function. These predictions
match experiments and observations reported in the literature. Hence short-term remission may
be achieved quickly. However, it is often assumed that sufficient fat mass has been lost after
observing plasma glucose, insulin and triglyceride concentrations seem healthy and fairly stable
over a few months. Hence remission trajectories to health are abandoned long before the slower
variables approach steady state. Modelling predicts that a change from a weight loss plan to
a weight-maintaining plan will result in relapse, if fat mass was far from steady state on the
remission trajectory. This study leads to the suggestion that type 2 diabetes remission guidelines
be given in terms of model parameters, not variables; that is, the patient should adhere to a given
nutrition and exercise plan, rather than achieve a certain subset of variable values. The faster
variables are predicted to be useful indicators of the potential success of the chosen plan.

Simulation of wave-particle interaction in fusion devices using the MEGA code
Hooman Hezaveh, Yasushi Todo, Zhisong Qu, Boris Breizman, Matthew Hole
The Australian National University
Quenda, 13:10 Thursday
Wave-particle interaction is a key topic in the operation of future fusion reactors as new sources
of clean energy. Developing theory and simulation is essential to understand and control this
phenomenon. MEGA is a computationally expensive code to simulate wave-particle interactions
in realistic geometries. We introduce the hybrid simulation model implemented in MEGA to
investigate the evolution of plasma waves excited by fast particles. This includes the set of nonlinear magnetohydrodynamics equations which are discretized using the method of finite difference
and the fields are solved in an Eulerian scheme where the computational domain is gridded. on
the other hand, the fast particles are treated kinetically in a Lagrangian picture and a particlein-cell method is applied to project the impact of fast particles charge onto the grid points and
update the fields in a self-consistent manner at each time step. Finally, a recent computationally
expensive study on the non-linear behaviour of a plasma wave using the MEGA code is discussed.
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Stabilising co-flow in a Hele-Shaw cell using channel geometry
Edward Hinton, John Grenfell-Shaw, Andrew Woods
The University of Melbourne
Quokka, 13:50 Thursday
The parallel co-flow of two fluids in a narrow channel of spatially varying geometry occurs in many
industrial, biological and geological contexts. Applications often require a detailed understanding
of the interfacial behaviour with a view to triggering or suppressing instabilities.
We present a linear stability analysis of the co-flow of two fluids in a Hele-Shaw cell with cross-flow
varying gap width. The complex dispersion relation for the growth rate of each mode is derived.
The interface stability is controlled by (i) the relative density of the fluids, (ii) surface tension in
the direction of flow, and (iii) the effect of surface tension across the gap. This latter effect may
stabilise (or destabilise) the interface depending on whether the wetting fluid is in the thinner
(or thicker) part of the channel. We show that the stability is well-approximated by the sign of
a simple expression, which incorporates these three effects.
This talk is based on the recent JFM RAPIDs paper “Instability of co-flow in a Hele-Shaw cell
with cross-flow varying thickness” doi:10.1017/jfm.2021.731

A thermodynamic limit for metric graphs
Sidney Holden
The University of Sydney
Quokka, 14:40 Tuesday
A metric graph is a complex of intervals, and can serve as a model of a spider web, electrical
power grid, rail network, brain. . . A given interval (edge) acts as the spatial domain for a
modelling differential equation. Boundary conditions at the meeting points of edges result in
a coupled system of problems over the whole metric graph. If a metric graph is embedded
within some region of Euclidean space, what partial differential equations result from taking its
“thermodynamic limit”, where the vertices become dense and the edge lengths shrink to zero?
Does the one-dimensional Laplace operator on each edge become the Laplace-Beltrami operator
on the underlying d-dimensional space?
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Hierarchy of Plasma Physics Models for Toroidal Magnetic Confinement
Matthew John Hole
The Australian National University
Potoroo, 13:30 Thursday
The realisation of fusion energy requires confinement of ionised gas (a plasma) at temperatures
10 time hotter than the core of the Sun, typically through confinement in a toroidal magnetic
bottle. The description of fusion plasmas has long been an applied mathematics and computational challenge: plasmas have a range of temporal and spatial scales, from the electron gyration
time scale (picoseconds) to energy confinement time scale (seconds), and electron gyro-radius
(micrometers) to device scale (10m). Similarly high dimensional phase space (7 dimensions) is
required to resolve the full particle motion. Plasma physics models have a range of hierarchy, from
dielectric tensor through to magnetohydrodynamics, multi-species fluid models, gyrokinetic theory and finally particle in cell simulations. In this talk I will provide a brief journey through these
models, and highlighting some physics topics that drive mathematical modelling development at
the ANU. A feature illustration will be the description of pressure anisotropy and flows.

Establishing combination regimens for treating ovarian cancer
Adrianne Jenner
Queensland University of Technology
Potoroo, 09:30 Thursday
Ovarian cancer is commonly diagnosed in its late stages, and new treatment modalities are needed
to improve patient outcomes and survival. We have recently established the synergistic effects of
combination tumour necrosis factor-related apoptosis-inducing ligand (TRAIL) and procaspase
activating compound (PAC-1) therapies in granulosa cell tumours (GCT) of the ovary, a rare
form of ovarian cancer, using a mathematical model of the effects of both drugs in a GCT
cell line. To understand the mechanisms of combined TRAIL and PAC-1 therapy, study the
viability of this treatment strategy, and accelerate preclinical translation, here we leveraged our
mathematical model in combination with population pharmacokinetics (PopPK) models of both
TRAIL and PAC-1 to expand a realistic heterogeneous cohort of virtual patients and optimize
treatment schedules. Using this approach, we investigated treatment responses in this virtual
cohort and determined optimal therapeutic schedules based on patient-specific pharmacokinetic
characteristics. Our results showed that patients in the high PAC-1 clearance group were predicted
to have a worse prognosis when compared to those in the normal elimination group.
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Structure-preserving and geometric discretisations for applications in
particle-in-cell simulations
Sandra Jeyakumar, David Pfefferlé, Matthew Hole
Australian National University
Quokka, 10:10 Monday
Particle-in-cell (or PIC) simulations are widely used as a computational tool in fluids and plasma
physics. They typically aim to solve a time-dependent, six-dimensional system of hyperbolic PDEs
called the Vlasov-Maxwell equations. This system is a result of coupling Maxwell’s equations for
electromagnetism with a statistical treatment of the time-evolution of charged particles in phasespace given by the Vlasov equation. The numerical treatment of these equations is challenging
due to the highly nonlinear dynamics and collective behaviour that they model, requiring fine
time- and length-scale resolutions for accurate results. As the Vlasov-Maxwell system possesses
rich Hamiltonian structure, overcoming these challenges has required the adoption of symplectic
integrators and other geometric methods in numerical simulations. We discuss the motivation
for such methods and present an implementation in a simplified, one-dimensional particle-in-cell
simulation. The challenges in maintaining good conservation properties will also be discussed.
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Identifying the persistence of SIV virus reservoir under ART: a model-based data
analysis approach
Wang Jin
University of New South Wales
Potoroo, 12:50 Monday
The persistent virus reservoir under antiretroviral therapy (ART) is the key obstacle to HIV
eradication. However, whether these latently infected cells are formed directly after integration
or following a phase of productive infection remains unclear. Standard approaches for identifying
the virus reservoir often involves calibrating exponential decay models to the experimental data of
viral load (VL), DNA and RNA, respectively. However, the information about the latent reservoir
contained in these types of the data can be very different. This leads to misleading parameter
estimates and hence makes the models incapable of distinguishing the latently infected cells from
the productively infected cells. We address this question in SIV-infected macaques by performing
experimental CD8 T lymphocyte depletion either prior to infection or prior to ART initiation, and
developing a model-calibration approach that unifies the VL, DNA, and RNA data. We propose a
nonlinear mixed-effects model to describe viral decay in the primary infection, in which both VL
and RNA are described in terms of the DNA associated with short- and long-lived infected cells.
Calibrating the model to the grouped data, we find that the depletion of CD8 T lymphocytes
results in (i) slower decline of plasma viremia, indicating that cytotoxic T lymphocytes (CTLs)
reduce the average lifespan of productively infected cells, and (ii) increased ratio of cell-associated
viral RNA/DNA. However, the CD8 T lymphocyte depletion does not change the size of the virus
reservoir. These results indicate that during acute SIV infection the persistent reservoir under
ART is established mainly through direct formation and independent of CTL control.
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Modelling collective navigation via non-local communication
Stuart Johnston
The University of Melbourne
Quenda, 12:50 Thursday
Collective migration occurs throughout the animal kingdom, and demands both the interpretation
of navigational cues and the perception of other individuals within the group. Navigational cues
orient individuals towards a destination, while it has been demonstrated that communication
between individuals enhances navigation through a reduction in orientation error. We develop a
mathematical model of collective navigation that synthesizes navigational cues and perception of
other individuals. Crucially, this approach incorporates uncertainty inherent to cue interpretation
and perception in the decision making process, which can arise due to noisy environments. We
demonstrate that collective navigation is more efficient than individual navigation, provided a
threshold number of other individuals are perceptible. This benefit is even more pronounced in
low navigation information environments. In navigation ‘blindspots’, where no information is
available, navigation is enhanced through a relay that connects individuals in information- poor
regions to individuals in information-rich regions. As an expository case study, we apply our
framework to minke whale migration in the northeast Atlantic Ocean, and quantify the decrease
in navigation ability due to anthropogenic noise pollution.

Mathematical Models of Microbial Growth
Brandon Jones
Massey University
Potoroo, 10:30 Monday
Models can be used to describe and explore the growth of populations of a microbial species, and
so understand communities that consist of multiple co-existing populations. In this talk we are
concerned with models that describe the substrate limited growth of anaerobic microbes. We want
a model that contains thermodynamic inhibition which predicts a non-zero threshold substrate
concentration and can be extended to multiple growth-limiting substrates. We consider four
established models with a single growth limiting substrate, note their strengths and weaknesses,
and derive new connections among them, before looking at how they may be extended to model
situations with multiple limiting substrates.
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Extraction of density-layered fluid from a porous medium
Jyothi Jose, Graeme Hocking
Murdoch University
Y, Quenda
talk:6330 Flow of fluids in porous media is very important across a range of applications. Oil
recovery from underground, pumping fresh water from aquifers and mineral leaching in mining
applications are obvious examples. However, there are many other situations in which there is
flow through porous media, such as flow in the liver and flow through crushed cane to recover
sugar. A characteristic of the fluids in many of these applications is that they are stratified
in density either due to fluid properties (oil-water) or salt content (fresh-water, salt-water) or
temperature. In this talk, I will consider the axisymmetric flow into a point sink on the top of
a vertically confined layer containing a porous medium. The fluid will be assumed to have some
density stratification. I used two approaches to solve the equations of flow for the linear density
gradient case. Firstly, I used separation of variables and the series method (Frobenius) to find an
eigenfunction expansion in Whittaker functions. The second method was a simple finite difference
method. Comparison of the two methods verifies the finite difference method is correct, so that
more complicated non-linear, density stratification can be considered. Such nonlinear profiles
cannot be considered with the eigenfunction approach. Interesting results for the case where the
density stratification changes from linear to almost two-layer are presented, showing that in the
nonlinear case there are certain values of flow rate for which a steady solution does not occur.
A spectral method is then implemented to consider cases in which there is a stagnant region
beneath an interface, to examine the situation in which full flowing solutions do not exist.

Structural and Behavioural Distances between Regular Languages
Anna Kalenkova, Artem Polyvyanyy, and Marcello La Rosa
The University of Adelaide
Quenda, 09:50 Wednesday
Regular languages can be represented graphically as finite state automata models or using other
graph-based modeling formalisms. The structural distance between two models does not always
reflect the behavioural distance between the underlying regular languages. In this work, we investigate relations between structural and behavioural distances for regular languages and provide
a theory that supports our observations. Furthermore, this work aims to explain when the structural distance between two models can be used to assess the behavioural distance between the
corresponding regular languages.
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Wave induced motion of icebergs
Balaje Kalyanaraman
The University of Newcastle
Quokka, 09:30 Tuesday
Icebergs are large pieces of ice that have broken off a glacier or an ice shelf, floating freely in
open water. They reach a height of more than 100 m above the sea surface. Icebergs play a
considerable role in regulating sea surface temperatures and impact ocean waves. Icebergs also
pose a significant threat to navigation. Experimental techniques are employed to determine the
motion of the icebergs, and it is challenging since the icebergs need to be of a simple tabular
shape. They also need to be more than 400 m long to avoid capsizing. In this talk, we discuss
a mathematical model to study the motion of icebergs. The fluid flow is modelled as a twodimensional, incompressible and inviscid flow using potential flow theory. The governing equations
are solved using the finite element method. Using this model, we predict Young’s modulus of the
iceberg by calculating the modal response and comparing the numerical results to the observed
strain–spectrum. We also discuss the estimation of the damping in the system by studying
resonance in the complex plane.

A Novel Protocol to Retrieve the Cardiac Bidomain Conductivities
Abbish Kamalakkannan
Griffith University
Quokka, 15:00 Tuesday
Meaningful electrophysiological studies of the heart can help improve the understanding of heart
conditions such as myocardial ischaemia and electrical conduction disorders. Mathematical simulations using the bidomain model can help facilitate such studies; however, these simulations
will only be viable if there is a close match to the true state of the system. Despite almost 50
years of experiments, key parameters for the bidomain model, such as the six cardiac conductivity
values, are still not known with certainty. This talk presents a novel protocol to retrieve these
cardiac conductivities through the use of Bayesian Inference and polynomial chaos techniques.
Furthermore, we will discuss the challenges faced in using experimental measurements to retrieve
cardiac conductivities and show the utility of this protocol by obtaining isotropic conductivities
from a set of recently recovered experimental measurements.

ANZIAM 2022 Conference

63

Getting better at detecting anomalies by using ensembles
Sevvandi Priyanvada Kandanaarachchi
RMIT University
Chuditch, 13:50 Monday
Ensemble learning combines many algorithms or models to obtain better predictive performance.
Ensembles have produced the winning algorithm in competitions such as the Netflix Prize. They
are used in climate modelling and relied upon to make daily forecasts.
In this talk we will explore an anomaly detection ensemble. Anomaly detection is used is many
practical applications including detecting intrusions in computer networks. Anomaly detection is
generally an unsupervised task, that is, we do not train models using labelled data. Constructing
an unsupervised anomaly detection ensemble is challenging because we do not know the labels.
We use Item Response Theory (IRT) – a class of models used in educational psychometrics –
to construct an unsupervised anomaly detection ensemble. IRT’s latent trait computation lends
itself to anomaly detection because the latent trait can be used to uncover the hidden ground
truth (labels). Using a novel IRT mapping to the anomaly detection problem, we construct an
ensemble that can downplay noisy, non-discriminatory methods and accentuate sharper methods.

For polygons with n sides and given area, does the regular n-gon maximize the
torsional rigidity?
Grant Keady
Curtin University
Chuditch, 11:50 Friday
I’m trying to settle a closely related question.
In the 1951 book by Polya and Szego ‘Isoperimetric inequalities of mathematical physics’ the question is answered affirmatively for triangles and quadrilaterals. The symmetrization techniques,
as used, do not extend to larger n.
I found a lower bound on the torsional rigidity which, for tangential polygons, is a relatively
simple function of a few moments about the incentre (IMA Journal of Applied Maths, 2021). For
regular polygons it is remarkably close to the actual torsional rigidity (Maths and Mechanics of
Solids, 2021).
Work is in progress, not on the original pde problem of the title, but concerning whether my
lower bound geometric functional is optimized by regular n-gons. As this doesn’t involve pde
symmetrization techniques progress may be possible for larger n. Numerics so far merely suggests
regular might optimize at larger n too but the objective function is remarkably flat near the regular
n-gon: numerical errors might account for the computed optimum not being very close to the
regular n-gon.
Keywords: torsion rigidity, optimization
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Modelling of complex predator-prey interactions for invasive species management
Shamika Prasadini Kekulthotuwage Don, Pamela Burrage, Kate Helmstedt
Queensland University of Technology
Quenda, 12:50 Wednesday
Interacting species systems are complex, and capturing uncertain dynamics of species interactions
often require novel or advanced modelling techniques. Stochastic models can provide additional
information on uncertain environmental changes or demographic variations than purely deterministic systems where no random processes are involved in the modelling procedure. We focus
on modelling a novel stochastic differential equation (SDE) system for predator-prey interactions
using stochastic interaction dynamics. Then, this system is applied to invasive species eradications where we need robust species management actions under budget constraints. We propose
a new mathematical framework for adaptive predator control in which the predator harvesting
rates change over time according to responses obtained from population changes observed in
previous years. Finally, we perform a cost-benefit analysis to identify the best predator control
strategy out of different management scenarios in which the base model is being modelled under
demographic stochasticity.
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Modelling to predict waning vaccine efficacy and protection against SARS-CoV-2
variants
David S. Khoury, Deborah Cromer, Arnold Reynaldi, Timothy E. Schlub, Adam K. Wheatley,
Jennifer A. Juno, Kanta Subbarao, Stephen J. Kent, James A. Triccas & Miles P. Davenport
University of New South Wales
Potoroo, 09:50 Tuesday
As the COVID-19 pandemic continues to unfold, a key piece of information for informing public
health decision making is how immune the population is over time and to the latest variants.
Immunity to SARS-CoV-2 infection is generated through direct infection and vaccination. The
ideal measure of vaccine efficacy is obtained from randomised control trials, but these require large
numbers of people and can not be quickly employed to assess a vaccines efficacy as, for example,
a new variant emerges. Therefore, an immune marker which correlates with immunity/vaccine
efficacy, such as that used for influenza, is critical for public health decision making. Neutralising
antibodies represent a likely candidate marker of immunity. Thus, we aggregated data across
multiple studies, on the neutralising antibodies induced by 7 different vaccines and in previously
infected individuals, and combined this data from randomised control trials on the efficacy of these
seven vaccines. In doing so we demonstrated a strong correlation between neutralising antibodies
and vaccine efficacy. Further, we developed a mathematical model that related neutralising
antibodies to protection. In this way we were able to estimate that individuals with 20% of the
average convalescent individuals neutralising antibody level have 50% vaccine efficacy against
COVID-19 with ancestral virus. This model can be used this model to predict how vaccine
efficacy will wane as individuals neutralising antibodies decline. Further, this model successfully
predicts the loss of vaccine efficacy against new SARS-CoV-2 variants based on the loss of antibody
recognition of those new variants. This model relating neutralising antibodies and vaccine efficacy
is powerful tool for predicting changes in population level immunity as the pandemic progresses.
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A Systematic Review of Object Detection in 3D Images with Assistance of
Machine Learning
Ivan Koptev, Andreas W. Kempa-Liehr, Cameron Walker
The University of Auckland
Quenda, 13:50 Thursday
A systematic review is an efficient and standardized way of extracting relevant information
from the literature within the field of research. In this presentation, it is shown how Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMAa ) and natural language
processing techniques have assisted to perform a systematic review in the field of object detection
in 3D images. This systematic review is going to be applied to the problem of biomatter detection
in three-dimensional CT scans of baggage. Latent Dirichlet Allocation defined the topics’ and
terms’ distributions, and the visualization techniques were applied for excluding the irrelevant
literature.
a http://www.prisma-statement.org/

Slow Migration of Brine Inclusions in First-Year Sea Ice
Noa Kraitzman, Keith Promislow, Brian Wetton
Australian National University
Quokka, 11:50 Friday
We derive a thermodynamically consistent model for the formation and evolution of brine inclusions in sea ice. Taking the salt entropy relative to the liquid water molar fraction provides
a transparent mechanism for salt rejection under ice formation. We identify slow varying coordinates, including salt density relative to liquid water molarity weighted by latent heat, and
use multiscale analysis to derive a quasi-equilibrium Stefan-type problem via a sharp interface
scaling. The singular limit is under-determined and the leading order system is closed by imposing local conservation of salt under interface perturbation. The quasi-steady system determines
interface motion as balance of curvature, temperature gradient, and salt density. We resolve this
numerically for axisymmetric surfaces and show that the thermal gradients typical of arctic sea
ice can have a decisive impact on the mode of pinch-off of cylindrical brine inclusions and on the
size distribution of the resultant spherical shapes. The density and distribution of inclusion sizes
is a key component of sea ice albedo which factors into global climate models.
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Sustained self-pulsations in an excitable biological cell with delayed feedback
Kyle Wedgwood, Piotr Slowiński, James Manson, Krasimira Tsaneva-Atanasova and Bernd
Krauskopf
University of Auckland
Quenda, 09:30 Tuesday
Once they are triggered, different patterns of pulsations can be sustained by an excitable system
in the presence of a delayed feedback loop; this theoretical prediction has been demonstrated
experimentally with semiconductor lasers. We show here that multiple-spike patterns are also
stably sustained in a living mammalian cell that is subject to self-feedback via the experimental
technique known as the dynamic clamp. Our results are in good agreement with those for a
canonical Morris–Lecar model, and we argue that they capture some key hallmarks of physiological
excitability that are fundamental to information processing.
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Normal mode spectrum of Multi-Region relaxed Magnetohydrodynamics
Arunav Kumar, Z.Qu , M.J.Hole, S.R.Hudson, J.Doak , R.L Dewar , H.Hezaveh
The Australian National University
Chuditch, 10:30 Wednesday
It is well known that the nature of the Ideal-MHD equilibria in three dimensional fusion plasma
is profoundly affected by resonant surfaces, which give rise to non-analytic dependence of the
equilibrium. As a result, the use of ideal MHD to model a hot, near collisionless 3D plasmas cannot
be formally justified. As such the study of MHD stability and it’s Alfven eigenmode spectrum
(of (m,n) Fourier harmonics) are limited and remains an open problem in 3D plasma equilibrium
fields which are typically a blend of nested magnetic surfaces, islands, and stochastic regions.
Throughout the most recent decade, the Multi-Region relaxed Magnetohydrodynamics has been
developed and advances as fixed/free boundary equilibrium theory [1,2], ideal and tearing MHD
stability theory [3,4,5,6], to examine non-axisymmetric plasma where the magnetic islands and
chaos co-exist. Theoretically, MRxMHD employs a generalization of Taylor relaxation model by
using a sequence of sharp boundaries for which discontinuities in the pressure and magnetic fields
are present and allows for relaxation and “magnetic reconnection” at rational surfaces. In this
work, we present the Lagrangian formalism to analyse the normal mode spectra of MRxMHD
for the low-amplitude short wavelength perturbation. To account for stability, we decompose
the Lagrangian by considering the quadratic form of both potential and kinetic energy, and
solve as a generalized eigenvalue problem. The numerical solutions are computed by upgrading
the well-established Stepped Pressure Equilibrium Code which uses the mixed spectral-Galerkin
representation for the vector potential to the normal modes of Stepped Pressure Equilibrium
Code. Perturbed quantities are evaluated using well-posed matric perturbation theories. In a
preliminary stage, we conducted our verification study of frequency domain code, SPECN with
MISKHA-1 [7] and CSCAS [8], in terms of growth rates and Alfven eigenmodes spectrum, in a
axisymmetric tokamak plasmas. In addition, with non-uniform density profile, we are in process
to examine the existence of Alfven timescale in stepped-pressure equilibrium solutions.
[1] Hudson et al, Physics of Plasma, 19, 112502 (2012) [2] S R Hudson et al 2020 Plasma Phys.
Control. Fusion 62 084002 [3] M.J. Hole et al 2007 Nucl. Fusion 47 746 [4] A Kumar et al 2021
Plasma Phys. Control. Fusion 63 045006, [5] A.Kumar et al 2021 (submitted to PPCF, under
review) [6] J.Loizu & S.Hudson Phys. Plasmas 26, 030702 (2019) [7] Mikhailovskii et al Plasma
Physics Reports 23 (10) 844-857 (1997) [8] S.Poedts and E. Schwartz, Journal of Computational
Physics 105, 165-168 (1993)
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Transfer of ocean waves to Ross Ice Shelf vibrations
Jie Liang, Jordan Pitt, Luke Bennetts
The University of Adelaide
Quokka, 09:50 Tuesday
Mathematical models of ice shelf vibrations forced by ocean waves typically use idealised
geometries, most often assuming the shelf is of uniform thickness and the seabed is flat, so
that vibrations travel unhindered along the shelf. Efficient solution methods have recently been
proposed for varying geometries. However, so far they have only been used to study linear
variations, whereas realistic geometries are far more complicated.
The presentation will focus on the Ross Ice Shelf, which is the largest ice shelf, and where
pioneering experimental campaigns have recently been conducted to measure the transfer
of ocean wave energy to ice shelf vibrations. We use the measurements to validate model
predictions, using ice shelf and seabed geometries from the BEDMAP2 dataset in the model.
The model is then used to analyse the vibrational response of the Ross Ice Shelf to ocean waves
over a large number of transects and for waves ranging from swell to tsunami and infragravity
waves. Attention is given to the effect of features in the geometry on the ice shelf response.
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Splitting methods: searching in the dark for a solution that might not exist
Scott Boivin Lindstrom
Curtin University
Chuditch, 12:50 Monday
Many problems take on the general form of identifying a pattern (signal) with desirable
qualities in a set of data. Such problems are often approached with plug-and-play machine
learning tool sets like sci-kit learn (e.g. regression, support vector machines, neural networks). However, supervised methods assume the existence of some training data with a
priori knowledge of correct results (categorical, numerical, or otherwise) that can be used to
construct maps (learning). Unsupervised methods search without such a priori knowledge,
but they generally only seek to satisfy some threshold ratio of desirability to complexity (e.g.
clustering) rather than more complicated constraints that enforce high specificity for the solution.
In this talk, we will address a harder problem that is frequently encountered in engineering contexts: searching for a signal when high specificity is needed and only some limited measurements
or structural information about the solution are available. Such problems are called ”feasibility problems.” We will explain how feasibility problems, together with many of the problems
described above, fall within the more general framework of constrained optimization. We will
explain how splitting methods are frequently employed to decompose the uncomputable parent
problem into computable subproblems that may be used to guide the search for the solution. We
will also show how some splitting methods may provide useful information even in cases when
the feasibility problem has an empty solution set.
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Optimizing Facility Location and Sizing for Coral Aquaculture Production
Ryu B. Lippmann, Kate J. Helmstedt, Mark T. Gibbs, Paul Corry
Queensland University of Technology
Quenda, 13:50 Monday
The worlds’ coral reefs are in decline. Active reef restoration is increasingly being seen as a viable
method for reversing this decline in many locations. Restoration by coral aquaculture involves
growing juvenile corals in hatchery facilities before releasing them in the wild. We assess coral
aquaculture production in onshore hatchery facilities that are then transported and deployed to
specified reef locations. We formulate a novel mathematical programming model of the facility
location and sizing problem for coral aquaculture and solve using a two-stage algorithm and
a standard linear mixed-integer solver. This is used to inform decisions regarding the number,
location, and sizing of facilities and hatchery residence time to minimize total costs over a 25-year
time horizon. Residence time in a facility is assessed in terms of its impact on coral survival,
production demand, and facility throughput. Computational experiments demonstrate that the
optimal number and location of facilities are sensitive to changes in the reefs serviced, and relative
weighting of capital and operational cost parameters. The characteristic function for coral survival
based on facility residence time is shown to be critical in determining the optimal residence time.
This demonstrates the value of data to minimise total costs.

Understanding human mobility patterns and their link to COVID transmission
Christine Little, Jess Liebig, Piper Rains, Roslyn Hickson

Potoroo, 09:30 Wednesday
Human mobility is a known factor that drives the transmission of many modern infectious diseases. The fast spread of the initial COVID-19 outbreak is partly attributed to the availability
of domestic and international air travel routes originating in Wuhan, China. The outbreak has
since become a pandemic, having spread to all six WHO defined world regions. Almost every
country has been impacted substantially, with over 298 915 721 confirmed cases and 5 469 303
deaths attributed to COVID-19 globally, as of 7 January 2022. We developed an air network
model based on OAG Traffic Analyser data and used it to analyse and explore how estimated
passenger flows have changed from before and during the COVID-19 pandemic. We will present
analyses of the passenger flow network, including node degree and centrality. We will further
explore the network weighted by COVID-19 cases. Our analyses help improve our understanding
of human mobility patterns by air transportation, and its contribution towards modern disease
transmission.
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The role of a programmatic immune response on the evolution of pathogen traits
Sara L Loo, Mark M Tanaka
University of New South Wales
Quenda, 10:10 Friday
In modelling pathogen evolution during epidemics, it is important to understand the interactions
between within–host infection dynamics and between–host pathogen transmission. Multiscale
models often assume an immune response that is highly responsive to pathogen dynamics. Empirical evidence, however, suggests that the immune response in acute infections is triggered and
programmatic. This leads to somewhat more predictable infection trajectories where transition
times and, consequently, the infectious window are non-exponentially distributed. We develop
a within–host model where the immune response is triggered by pathogen growth but otherwise
develops independently, and use this to obtain analytic expressions for the infectious period and
peak pathogen load. This allows us to model the basic reproductive number in terms of explicit
functional relationships among within–host traits including the growth rate of the pathogen. We
find that the dependence of pathogen load and the infectious window on within–host parameters
constrains the evolution of the pathogen growth rate.

Ferric ion diffusion in an analyte solution with MOF crystal sink
Kirsten Louw
University of South Australia
Quenda, 14:10 Thursday
In mineral processing, determining the concentration of ferric ions in an analyte solution is important to optimise copper yield in the leaching process. A new ferric ion senor is being developed
that consists of an optic fibre that has a thin polymer/metal-organic framework (MOF) coating
on a small cut-away section of the fibre. After submersion in an analyte solution, a light pulse
through the optic fibre can be used to indicate the number of ferric ions that have associated
with the MOF crystals, and subsequently the concentration of ferric ions in the analyte solution
can be inferred.
In this talk we use a one-dimensional diffusion model to describe how the ferric ions move through
a column of solution and associate to (and/or dissociate from) a MOF crystal. We use numerical
methods to solve the system and analyse four dimensionless constants to identify which parameters
might be manipulated to optimise the time until steady state MOF occupancy is reached .
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American option pricing with transaction costs
Xiaoping Lu
University of Wollongong
Quenda, 12:10 Friday
Mathematics plays an important role in modern quantitative finance. In particular, stochastic
processes and partial differential equations are beautifully used in pricing options, which are financial derivatives with complicated structures. When transaction costs in trading the underlying
stocks are taken into account, far more modelling effort is needed as there is no longer a unique
fair price between the holder/buyer and the writer/seller of an option, as both wish to recover the
costs incurred in hedging their portfolios. Mathematically, transaction costs make option pricing
problems much more complicated, especially for American options. In this talk, we shall discuss
the valuation of American options with transaction costs, and examine the effects of transaction
costs on the price of options, more importantly on the optimal exercise boundary.

The burden of healthcare acquired infections in Australian public hospitals
Michael Lydeamore
Monash University
Potoroo, 15:00 Tuesday
Healthcare associated infections (HAIs) are associated with increased morbidity and mortality,
but there are few data that quantify the burden of infection nationally in Australia. We used
data from an Australian national point prevalence survey to estimate the burden of HAIs amongst
adults in Australian public hospitals. The incidence based approach, introduced by the ECDC
Burden of Communicable Diseases in Europe was used. We estimate that 170,574 HAIs occur
in adults admitted to public hospitals in Australia annually, resulting in 7583 deaths. Hospital
acquired pneumonia is the most frequent HAI, followed by surgical site infections, and urinary
tract infections. We find that blood stream infections contribute a small percentage of HAIs,
but contribute the highest number of deaths (3512), more than twice that of the second largest,
while pneumonia has the higher impact on years lived with disability. This study is the first time
the national burden of HAIs has been estimated for Australia from point prevalence data. The
estimated burden is high, and highlights the need for continued investment in HAI prevention.
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Staff rostering at a blood donor centre
Achini Erandi Madduma Wellalage
The University of Melbourne
Quokka, 09:50 Thursday
The Australian Red Cross Lifeblood collects blood from almost entirely non-remunerated voluntary donors. A satisfying service must be offered to guarantee that donors successfully finish the
donation process and return to donate blood frequently. Donor satisfaction is closely linked to the
amount of time spent in the donor centre. Long assessment and waiting times adversely affect the
donor experience, and consequently, the donor return rate. These waiting times can be reduced
by making the donor flow more efficient via optimal staff rostering. Hence, our objective is to implement a method for determining the optimal staff roster for a typical day based on the predicted
staffing demand via two phases. To begin, we establish the minimum staffing requirements to
ensure that the system’s predicted average waiting time does not exceed a specified threshold. In
the second phase, we find an optimal staff roster that meets the minimum staffing requirements.
We conduct the preliminary analysis based on data acquired from the Melbourne CBD blood
donor centre, which has a donor arrival system featured by a mix of appointment-based arrivals,
random arrivals, and no-shows. Since calculating waiting times analytically is intractable in such
a complex system, we develop a simulation model that captures almost all the uncertainty in
the donation process and then, use it to compute the average waiting time with respect to a
staff configuration. We propose a simulation-based simulated annealing algorithm that seeks the
minimum number of employees to meet varying demand requirements over a single day, divided
into half-hour short periods. To efficiently evaluate the objective function, we develop a novel
neighbourhood searching method for generating new solutions based on the staff occupancy levels. A sensitivity analysis is performed to determine the essential parameters in phase 1. When
constructing the staff roster in phase 2, the minimum staffing requirement returned from phase
1 serves as a constraint. The second phase entails determining flexible shift start times, varying
shift durations, assigning meal and rest breaks for each shift based on labor standards. Therefore,
we construct an optimisation problem for deriving the minimum staff roster for a single day that
fulfil all the labor standards.
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Physical reservoir computing with neural Liquid State Machine/Echo State
Network using oscillations of gas bubbles in water
Ivan S. Maksymov, Andrey Pototsky and Sergey A. Suslov
Swinburne University of Technology
Potoroo, 11:50 Friday
Physical reservoir computing (RC) is a framework, where machine learning algorithms designed
for digital computers are executed using analog nonlinear physical systems, which can provide
high computational power for predicting time-dependent quantities. Here we suggest an RC
system that combines the nonlinearity of an acoustic response of a gas bubble cluster oscillating
in water with a standard Liquid State Machine (LSM)/Echo State Network (ESN) algorithm
that is well-suited to forecast nonlinear and chaotic time series. We computationally confirm the
plausibility of the proposed RC system by demonstrating its ability to predict Mackey-Glass time
series with the efficiency of a typical LSM/ESN computer program.

Analysis of a conceptual AMOC model with two time delays
Renzo Mancini, Bernd Krauskopf and Tra Dinh
The University of Auckland
Quenda, 10:10 Tuesday
We theoretically study the Atlantic Meridional Overturning Circulation (AMOC) by means of
a mathematical model with two-time delays. The time delays are associated with the positive
temperature feedback between the Equator and the North Pole and the salinity exchange
between the surface and deep water at the pole driving the oscillation. Studying the interplay
between these delayed feedback mechanisms conceptually can improve our understanding of the
long-term dynamics and possible responses of the Atlantic ocean.
Here, we consider the positive feedback loop only resulting in a scalar delay differential equation
and perform a numerical bifurcation analysis with the software package DDEbiftool for Matlab.
Our analysis shows rich behaviour organized by homoclinic orbits as well as resonance phenomena
between the delays.
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Unsteady free surface flow due to a line sink at an arbitrary location with surface
tension
Wafaa Faisal Mansoor
Murdoch University
Quokka, 10:10 Tuesday
The unsteady free surface flow induced by a line sink where the sink is located at an arbitrary
location in the domain is considered. An integral technique is employed to find a linear solution
to the unsteady problem and this is compared with the results of an efficient numerical method.
Simulations of the evolution of the free surface for different geometric and initial configurations
will be presented, showing that there are some critical flow parameters at which the flow changes
its nature. Flow with and without surface tension will be considered to show quite different
behaviours, including evolution to a steady state, breaking waves, a delayed drawdown and a
sudden and direct drawdown. Results are of interest in understanding and improving water
quality management in reservoirs.

Fast Fourier Transform-based computational homogenization for metal 3D printing
Nathan March, Dayalan Gunasegaram, Tony Murphy, Samuel McNeil
CSIRO
Potoroo, 12:30 Friday
Metal 3D printing, also known as metal additive manufacturing (AM), is a technique that allows
for the layer-by-layer construction of bespoke metal parts with complex geometries through the
melting of metal alloy powder or wire via a heat source. These parts find application particularly
in industries such as medical, aerospace, automotive and defence. The mechanical properties
of these parts are dependent upon the local microstructure and are of critical importance in
determining the suitability for their intended applications. These (potentially tensor-valued)
mechanical properties can be calculated using computational homogenization, which uses the
solution of boundary value problems (BVPs) on a representative section of the microstructure.
While standard numerical techniques (e.g., finite difference/volume/element methods) can be
used to solve these BVPs, a method based on the Fast Fourier Transform (FFT) has a significant
computational advantage, owing to its computational complexity of O(N log N ) for input of size
N . We apply FFT-based computational homogenization to polycrystalline microstructures that
arise in AM processes, demonstrating improvements in accuracy and efficiency as compared to
standard numerical techniques.
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Epidemic modelling to support Australia’s COVID-19 planning and response
James McCaw
The University of Melbourne
Potoroo, 10:10 Tuesday
Since January 2020, epidemic modelling and infectious disease data analytics have been a core
element of Australia’s COVID-19 planning and response system. Scenario modelling has been
used to explore alternative control strategies, including the role and impact of testing strategies,
quarantine and isolation, public health and social measures and vaccination. Weekly situational
assessments have provided jurisdictions with data-informed estimates of the transmission potential, effective reproduction number and case and clinical forecasts.
In this presentation I will describe some of the models, their purpose and findings, with a focus
on the (ever changing) role and impact of modelling in the Australian COVID-19 response. I will
also describe and reflect on my role as an applied mathematician and invited expert in infectious
diseases dynamics on the Australian Health Protection Principal Committee, Australia’s peak
advisory committee to the National Cabinet.

Minimal models for ship waves generated by thin ship hulls
Scott McCue
Queensland University of Technology
Chuditch, 09:30 Friday
We use linear water wave theory to study the time-frequency properties of waves created at the
stern of a ship. Models of varying sophistication are considered. These include basic minimal
models which use applied pressure distributions as proxies for the ship and the more complicated
Michell thin ship theory which explicitly takes into account the shape of the hull. We develop
a methodology for choosing parameters in the minimal models so that they reproduce the key
features of the more complicated model in the time-frequency domain. Wave interference is a
crucial issue. The theoretical results are supported by experimental data collected in a towing
tank at the Australian Maritime College. Co-authors for the theoretical study are Nicholas Buttle,
Ravindra Pethiyagoda and Timothy Moroney. This work is supported by ARC DP180103260.
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Superinfection and the hypnozoite reservoir for Plasmodium vivax
Somya Mehra, James McCaw, Jennifer Flegg, Peter Taylor
The University of Melbourne
Potoroo, 13:50 Monday
Malaria is a mosquito-borne disease with a devastating impact in the Global South. The epidemiology of Plasmodium vivax, the most geographically widespread species of human malaria, is
underpinned by a reservoir of latent liver-stage parasites known as hypnozoites. A bite from an
infected mosquito can trigger a primary (blood-stage) infection, in addition to establishing a batch
of hypnozoites in the liver. The activation of each hypnozoite, following an indeterminate latency
period, can give rise to a (blood-stage) relapse. Superinfection, which results from hypnozoite activation and/or reinfection events in quick succession, is a commonly observed feature of P. vivax.
Here, we present a model of hypnozoite accrual and superinfection for P. vivax. To characterise
within-host dynamics conditional on the force of reinfection, we construct an open network of
infinite server queues with batch arrivals, yielding analytic (joint) distributions for hypnozoite
and superinfection dynamics. We then propose a density-dependent Markov population process
with “countably many types” to couple host and vector dynamics. We also recover a law of large
numbers (LLN) approximation to the Markov population process, comprising a countably infinite
system of ODEs. Our model provides, to our knowledge, the first complete characterisation of
superinfection and the hypnozoite reservoir – both of which are important, but poorly understood
epidemiological features of P. vivax.

Prediciting Tsunami Waves
Mike Meylan
The University of Newcastle
Chuditch, 12:30 Friday
The devastating impact of Tsunamis is well known. Rapid movements of the seafloor generate
them, and we solve the problem using a double Fourier/Laplace transform which we invert using
residue theory in space and calculate numerically in time. The results allow us to calculate the
effect of ocean compressibility, which plays a significant role at the time and spatial scales of a
Tsunami. In particular, we can calculate the acoustic gravity waves that propagate ahead of the
Tsunami and have been proposed as a method for early detection.
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Predicting the impact of a single individual’s vaccination on others
Joel C Miller
La Trobe University
Quenda, 13:10 Wednesday
It’s well-known that vaccines reduce transmission of infectious disease, and thus can reduce the
total number of infections, and thus individual decisions have impacts on others. Mathematical
models allow us to calculate the expected impact of a single individual’s vaccination decision (by
differentiating the final size relation), but a more elegant calculation can be used, and indeed it
is possible to calculate not only the expected number of infections averted if one individual gets
vaccinated but also the full distribution. An important observation is that for a perfect vaccine,
so long as R > 1, the expected number of infections averted by each vaccination is larger than
1.

Symmetry methods for shock solutions in reaction-diffusion
Thomas Miller
University of South Australia
Quenda, 13:10 Wednesday
Reaction-diffusion equations have many applications in areas such as chemical physics, population
dynamics and biomedical processes, and are used to describe how the density or concentration of
something varies in space and time. Usually the diffusivity is positive which causes the concentration to disperse, but in practice the density can sometimes aggregate. This can be modelled by
including a nonlinear diffusivity that is negative for some values of the concentration. However
negative diffusivity results in models that are generally ill-posed and can result in sharp borders
and shocks appearing in the solution. The aim of this project is to understand the properties
of reaction-diffusion models with negative diffusivity by constructing analytic solutions using Lie
symmetry methods.
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A Novel Population Balance Model for Aggregation and Breakage in The
Flocculation Process
Ismael Mola, Michael Small, Phillip Fawell
The University of Western Australia
Chuditch, 13:50 Thursday
Flocculation, the process of binding smaller particles to form larger aggregates using polymer
solutions, is usually theoretically described by a population balance model (PBM). These models
describe how the aggregate size distribution evolves in time, based on collisions of smaller particles
to form larger particles. Aggregate equivalent radius is calculated from a constitutive relation
between the mass, m, of an aggregate, its radius, r, and its fractal dimension, D, a parameter
that is used to describe the aggregate structure, m ∝ rD . For a monodisperse set of primary
particles, the fractal mass-radius relationship is effectively complete. In many real applications,
however, the particle size distribution is composed of a broad spectrum of particle masses. For
such cases, the traditional PBMs cannot distinguish between two aggregates of the same mass but
a different primary particle composition. This is because the traditional PBMs only describe how
aggregate mass distribution evolves in time. The two equal mass aggregates, however, may have
a completely different radius and, perhaps more importantly, a different surface area available for
reaction with flocculant molecules. This could significantly affect flocculant dosage calculations.
Therefore, the main motivation of this work is to develop a model which considers both mass and
composition of aggregates as the system evolves. In this presentation, I will introduce a novel
PBM, present different validation cases, compare its results with traditional PBM’s results, and
talk about the advantage and disadvantages of each approach.

Nanoptera Of Karpman equations: The Effects Of Discretization
Aaron Moston-Duggan
Macquarie University
Chuditch, 09:10 Friday
Higher-order nonlinear Schrödinger equations are nonlinear Schrödinger equations with additional
linear higher-order derivatives, which we call Karpman equations. Karpman equations are essential in many applications, including plasma physics, nonlinear optics, and molecular biology. We
study generalized solitary waves (GSWs), including nanoptera, which are solitary waves with
non-vanishing exponentially small oscillatory tails, in families of continuous and lattice Karpman
equations. Previous work on Karpman equations has identified stationary GSWs in specific continuous settings. In the first part of this talk, we use exponential asymptotic techniques to identify
additional traveling GSWs in Karpman equations. We then study the effect of discretization on
GSWs by applying an exponential asymptotic analysis to lattice equations generated by applying
finite-difference discretization to Karpman equations. We compare lattice GSWs with their continuous counterparts, showing that the discretization process affects the amplitude, periodicity,
and bifurcations of GSWs oscillations in lattice systems.
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Dynamics of two non-identical micro-swimmers
Prajitha Mottammal, Sumesh P Thampi, Andrey Pototsky
Indian Institute of Technology Madras (India), Swinburne University of technology
Quokka, 12:50 Wednesday
We study the planar motion of two hydrodynamically coupled non-identical micro-swimmers,
each modeled as a force dipole with intrinsic self-propulsion speed. Depending on the initial
conditions and individual characteristics of swimmers, a pair of two non-identical pushers or
pullers may form circular periodic or non-circular quasi-periodic rotational equilibrium states.
We use numerical continuation method to follow the branch of the circular period states to
study their stability and bifurcations. Both types of rotational equilibria may be linearly stable
with respect to two-dimensional perturbations, which suggests the possibility to experimentally
observe these states in a pair of two non-identical pushers or pullers bound to move along a planar
stress-free liquid-gas interface. Planar equilibria also exist in the bulk of a fluid far away from
any interfaces or boundaries; however, they are short-lived due to a monotonic instability with
respect to three-dimensional perturbations.
Keywords: microswimmers, rotational equilibria, bifurcation, liquid-gas interface

Computation of particle orbits in discontinuous magnetic fields
Dean Muir, David Pfefferle, Zhisong Qu, Markus Hegland, Matthew Hole
Australian National University
Quenda, 15:40 Tuesday
A recent update to the the particle orbit code VENUS-LEVIS has allowed it to compute orbits in
plasma equilibria generated for toroidal confinement by the multi-region relaxed magnetohydrodynamic Stepped Pressure Equilibrium Code (SPEC). In SPEC, equilibria are found by solving
a set of Lagrange multiplier problems in distinct annular volumes, subject to boundary conditions on the volume interfaces. By design, the magnetic fields in multi-volume SPEC equilibria
inherently have discontinuities in the radial direction in either field strength and/or pitch.
Therefore, to ensure the accuracy of particle orbits in these fields, we have implemented an
event location procedure, which detects when particles cross a volume boundary and restarts
the integrator at the crossing point. This talk will discuss the event location procedure and
its implementation in the Runge-Kutta 4 integrator used in VENUS-LEVIS. A special class of
particle orbit is reported as the particles gyrate across the discontinuity.
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Globally resonant homoclinic tangencies
Sishu Shankar Muni
Massey University
Quenda, 15:20 Tuesday
Attractors in dynamical systems govern its typical long-term behavior. The presence of many
attractors for a fixed set of parameters is an exotic phenomenon known as multistability. I will
describe a bifurcation phenomenon in planar maps in which an infinite number of attractors
coexist, and explore the unfolding of this bifurcation as the parameters of the system are varied.

Designing and interpreting 4D tumour spheroid experiments
Ryan J. Murphy, Alexander P. Browning, Gency Gunasingh, Nikolas K. Haass, and Matthew J.
Simpson
Queensland University of Technology
Chuditch, 10:10 Tuesday
Tumour spheroid experiments are routinely used to study cancer progression and treatment.
Various and inconsistent experimental designs are used, leading to challenges in interpretation
and reproducibility. Using multiple experimental designs, live-dead cell staining, and real-time
cell cycle imaging, we measure necrotic and proliferation-inhibited regions in over 1000 4D tumour
spheroids (3D space plus cell cycle status). By intentionally varying the initial spheroid size and
temporal sampling frequencies across multiple cell lines, we collect an abundance of measurements
of internal spheroid structure. These data are difficult to compare and interpret. However,
using an objective mathematical modelling framework and statistical identifiability analysis we
quantitatively compare experimental designs and identify design choices that produce reliable
biological insight. Measurements of internal spheroid structure provide the most insight, whereas
varying initial spheroid size and temporal measurement frequency is less important. Our general
framework applies to spheroids grown in different conditions and with different cell types.
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Modelling multiple timescales in developing atherosclerotic plaques
Gigi Lui, Mary Myerscough
The University of Sydney
Potoroo, 13:50 Wednesday
Atherosclerotic plaques cause heart attacks and strokes. These plaques develop over a long time
deep in the body and are usually not identified until there is a clinical event.
Plaque formation in humans takes decades but is due to cellular and immune events that occur
on a timescale of days or weeks. There are no simple mathematical models that capture these
different timescales.
We propose a simple ODE model for lipid (mainly cholesterol) dynamics that includes macrophage
(white blood cell) preference for ingesting apoptotic material and modified low density lipoproteins
(modLDL) over ingesting necrotic material. We use multiple timescale analysis to show that if the
necrosis rate is small then the necrotic (dead) core in the model plaque may continue to develop
slowly even when the lipid levels in plaque macrophages, apoptotic material and modLDL are
in equilibrium. We explore the effect on plaque development of different factors in the plaque
environment.

Asymptotic analysis of Rayleigh-Plesset equation for interacting gas bubbles in
liquids with application to acoustic frequency comb generation
Bui Quoc Huy Nguyen, Ivan S. Maksymov, Sergey A. Suslov
Swinburne University of Technology
Quenda, 09:30 Thursday
Acoustic frequency combs (AFC)—signals with spectra containing equidistant coherent
peaks—are important for a number of sensing and measurement applications in underwater acoustics and biomedicine. However, techniques of AFC generation are still not well-developed. Here
we propose and theoretically validate a new approach for creating spectrally wide AFCs using
oscillations of polydisperse gas bubble clusters in liquids. In particular, we conduct asymptotic
analysis of system of Rayleigh-Plesset equations (RPE)—an accepted model of nonlinear oscillations of a stationary bubble cluster in an incompressible fluid—to explain the formation of the
sideband peaks in the AFC spectrum. We also demonstrate that the secondary Bjerknes force
between the bubbles in the cluster is negligible at the typical driving frequencies used in generation of bubble-based AFCs, which implies that in a relevant experiment the AFC signal would
be stable for a practicable period of time before oscillations of the bubbles become affected by
bubble aggregation.
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ENSO Prediction via Scalable Entropy-Optimal Machine Learning Classification
Illia Horenko, Terence O’Kane
CSIRO
Quenda, 12:30 Friday
Classification problems in the small data regime – i.e., when the size of the data statistic is relatively small with respect to the feature space dimension– are currently a challenge for the state-of
the-art tools in machine learning (ML) and deep learning (DL). Standard methods tend to show
a lack of robustness when applied to problems with significantly less data instances than dimensions, such that the overfitting bound is rapidly reached and predictions are poor with respect
to validation data. To overcome these shortcomings, Vecchi et al (2021) proposed a significant
extension of the recently formulated entropy-optimal scalable probabilistic approximation algorithm (eSPA) of Horenko (2021), by replacing the most computationally-expensive optimization
subproblem with its analytical closed-form solution thereby allowing the model to achieve a linear
scaling in the iteration cost. Here we benchmark eSPA against a wide array of ML and DL tools
in prediction accuracy and computational cost in application to climate prediction and specifically interannual variations of equatorial Pacific ocean temperatures and the El Nino Southern
Oscillation (ENSO).
E. Vecchi, L. Pospisil, S. Albrecht, T.J. O’Kane, I. Horenko (2021) eSPA+: Scalable entropyoptimal machine learning classification for small data problems (submitted Neural Computation)
Horenko, I. (2020). On a scalable entropic breaching of the overfitting barrier for small data
problems in machine learning. Neural Computation, 32(8):1563–1579.

PROTEIN FRICTION AND F-ACTIN BENDING PROMOTE CONTRACTION
OF DISORDERED ACTOMYOSIN NETWORKS.
Dietmar Oelz
The University of Queensland
Quenda, 09:30 Monday
The origins of disordered actomyosin network contraction such as in the cellular cortex remain
an active topic of research. We derive a mathematical model for the evolution of two-dimensional
networks. A major advantage of our approach is that it enables direct calculation of the network
stress tensor, which provides a quantitative measure of contractility. Exploiting this, we use
simulations of disordered networks to confirm that both protein friction and actin filament bending
are required for contraction. We also show that actin filament turnover is necessary to sustain
contraction and prevent pattern formation.
We then consider a toy-model version of the model for only two filaments immersed in an actomyosin network. We find that bending induces a geometric asymmetry that enables motors to
move faster close to filament plus-ends, inhibiting expansion. Our findings confirms the role of
filament bending in giving rise to microscopic-scale asymmetry facilitating network-scale contraction.
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Parameter-dependent deformations of phase resetting curves
Peter Langfield, Bernd Krauskopf, and Hinke Osinga
The University of Auckland
Chuditch, 09:30 Thursday
Phase resetting is a common experimental approach to investigating the behaviour of oscillating
neurons. Assuming repeated spiking or bursting, a phase reset amounts to a brief perturbation
that causes a shift in the phase of this periodic motion. The observed effects not only depend on
the strength of the perturbation, but also on the phase at which it is applied. The relationship
between the change in phase after the perturbation and the unperturbed old phase, the so-called
phase resetting curve, provides information about the type of neuronal behaviour, although not all
effects of the nature of the perturbation are well understood. Mathematically, resetting is closely
related to the concept of isochrons of an attracting periodic orbit, which are the submanifolds
in its basin of attraction of all points that converge to the periodic orbit with a specific phase.
A phase reset maps each isochron in the family of isochrons to another isochron in this family.
Recently, we developed a numerical method that computes phase resetting curves in this precise
context of mapping one isochron to another. The method is based on the continuation of a multisegment boundary value problem and can be applied to systems of arbitrary dimension. In this
talk, we show how this new approach can be used to study parameter-dependent deformations of
phase resetting curves, give a detailed overview of its properties, and investigate how the resetting
behaviour is affected by phase sensitivity in the system.

An investigation of slip condition on a combined electroosmotic and
pressure-driven flow
Amani Otaif
Curtin University
Quenda, 10:30 Thursday
Combined electroosmotic and pressure-driven flows possess many advantages and have been used
in many applications in micro-channels. The characteristics of fluid flow and distribution of
heat transfer depend on the structures and parameters of such devices. In this paper, exact
solutions for velocity and heat transfer distributions are obtained for a mixed electroosmotic and
pressure-driven flow through a circular micro-channel under slip condition. The effects of Joule
heating and axial conduction are considered in the model. The influence of the slip parameter
has been shown for both the bulk and the wall temperatures. The result includes a comparison
for three expressions of the wall heat flux, including linear, sinusoidal, and exponential. The
influences of slip conditions on the Nusselt number and temperature field have been examined
and illustrated. This study shows that the slip condition and parameter have a significant effect
on the temperature field.
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Exact coherent structures in pipe flows: effect of roughness and transpiration.
Ozge Ozcakir, Phil Hall, Hugh Blackburn
Monash University
Chuditch, 09:30 Monday
This talk focuses on the investigation of exact coherent structures in pipe flow obtained through
boundary modifications. A boundary forcing is introduced to pipe wall in the form of roughness
or transpiration to induce instabilities in the base flow. A strongly nonlinear theory to describe
the effect of small amplitude boundary forcing on high Reynolds number shear flows is discussed
and a fully-nonlinear problem is formulated. The resulting nonlinear problem will be used to
discuss linear instabilities induced by both roughness and transpiration. The asymptotic analysis
at small amplitudes is shown to be in excellent agreement with linearized Navier Stokes simulations. Solutions of the nonlinear system describing the bifurcation of disturbances caused by
the transpiration are calculated and a complex bifurcation structure is uncovered with several
nonlinear states possible at some transpiration amplitudes.

Energy-based modelling of cell metabolism using bond graphs
Michael Pan
The University of Melbourne
Chuditch, 15:40 Tuesday
Cells tightly regulate their metabolism so that energy production matches energy demand. Understanding cell metabolism is key to understanding a range of diseases, including heart failure.
Mechanistic models have the potential to elucidate functional changes that occur within disease
that cannot be determined experimentally. Given the central role of energy in metabolism, accurate mathematical models should satisfy the conservation of energy. However, several existing
mathematical models do not meet this requirement, in large part due to difficulties in constraining
kinetic parameters to satisfy energy conservation.
The bond graph is a general modelling approach from engineering that ensures compliance with
the essential conservation laws of physics, including conservation of energy, mass and charge.
This approach has recently been adapted to model biological systems and is thus a promising
framework for modelling cell metabolism.
Here, we present a bond graph model of oxidative phosphorylation, the system responsible for
producing the majority of usable energy in mammalian cells. We show how the bond graph
approach can provide a more detailed picture of how energy is transmitted and dissipated within
oxidative phosphorylation, and we discuss how this model could be used to incorporate data from
proteomics and metabolomics experiments.
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Linearisability of divergence free vector fields along invariant tori
David Perrella, David Pfefferlé and Luchezar Stoyanov
The University of Western Australia
Chuditch, 13:50 Wednesday
One of the main challenges in magnetically confining plasmas is to ensure that the magnetic field B
exhibits flux-surfaces (invariant tori). This challenge is far from complete as the dynamical scope
of magnetic fields is wide and includes chaos. Along flux-surfaces, the quality of confinement is
largely determined by the so-called rotational transform, which describes the twisting of field-lines
around the torus. However, the notion of rotational transform requires additional assumptions
which are not met in general. A related condition is linearisability on a flux surface; namely the
existence of periodic coordinates (θ, φ) in which B becomes a linear combination of the coordinate
fields, B = a∂θ + b∂φ , a, b ∈ R. In these coordinates, the integral curves are straight lines and
the rotational transform is then the common slope ι = a/b. We ask the question of when can
the rotational transform be defined given an invariant torus. Our recent work gives a sufficient
condition, called invariance-to-first-order, for the magnetic field B to lie on straight lines. Lying
on straight lines means, as per Sternberg’s Celestial Mechanics Part II, that the field is expressible
as B = λ(a∂1 + b∂2 ) where λ is a smooth non-vanishing proportionality function. The rotational
transform is again defined as ι = a/b. A special case of invariance-to-first-order is when the torus
is defined by the level set of an invariant function f under the flow of B. One can also achieve
strict linearisability provided that the rotational transform ι = a/b is Diophantine, namely that
ι is poorly approximated by rational numbers.

Cohomology to the rescue of relative helicity formulae in magnetostatics
David Pfefferlé
The University of Western Australia
Chuditch, 10:10 Monday
Magnetostatics defines a class of boundary value problems in which the topology of the domain
plays a subtle role. For example, representability of a divergence-free field as the curl of a vector
potential comes about because of homological considerations. Understanding gauge freedom is
particularly important for the computation and interpretation of total magnetic helicity, which is
⃗ · B.
⃗ On a simply-connected domain, the
the volume integral of the gauge-dependent quantity A
total helicity is the asymptotic Hopf invariant of the magnetic field, measuring the average linking
of its field-lines. This interpretation extends to arbitrary domains only under certain conditions
and under certain gauge choices. Here, we apply de Rham cohomology to neatly recover relative
helicity formulae without explicit coordinates and assumptions about the fields on the exterior of
the domain.
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Model predictions of overwash extent into the marginal ice zone
Jordan Pitt , Luke Bennetts
The University of Adelaide
Potoroo, 10:30 Friday
Overwash is an important aspect of the dynamics in the marginal ice zone where sea ice and
ocean waves interact. Overwash dissipates wave energy, and the presence of water on top of
sea ice can drive growth or melting, depending on the local thermodynamic conditions. The
presence of water on floes is also important for biologic and chemical processes. While overwash
has been observed and investigated under experimental conditions, it has not yet been studied
in the marginal ice zone. One reason for this lack of in-situ measurements and observations is
due to the marginal ice zone being highly dynamic, and the onset of overwash only occurring
under specific and sensitive conditions. To facilitate future observations we have produced a
model of the extent of overwash into fields of sea ice by combining a new model of the onset of
overwash and a standard attenuation model. This model of overwash extent is validated against
experimental observations and is used to provide the extent of overwash for realistic ice and
wave field conditions observed during the July 2017 voyage of the South African icebreaker S.A.
Agulhas II.
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Modelling oncolytic virotherapy in collagen-dense tumours
Pantea Pooladvand and Peter Kim
The University of Sydney
Potoroo, 09:50 Thursday
Solid tumours acquire characteristics that protect them against treatment. A common trait
observed in solid tumours is the synthesis of excess collagen which traps therapeutic agents,
resulting in a lack of dispersion of treatment within the tumour mass. In most tumours, this
results in only a localised treatment. Often the tumour quickly recovers and continues to invade
surrounding regions. Anti-tumour viral therapy is no exception to this rule. Experimental results
show collagen density affects virus diffusion and inhibits cell infection; therefore, accurately
modelling virus dispersion is an important aspect of modelling virotherapy.
Mathematical models generally focus on the interaction between cancer cells and collagen. In
this project, we aim to accurately capture virotherapy outcome in relation to collagen density in
the tumour environment.
Beginning with a random walk, we derive a novel non-Fickian diffusion term for virus dispersion
and show that this diffusion term captures virus dispersion in dense collagen. Applying this
diffusion term to a system of reaction-diffusion equations, we validate our model against
experimental results and show that our model can predict treatment outcome in different
collagen structures.
The results demonstrate that collagen density is an important predictor of tumour response to
therapy, and that standard Fickian diffusion cannot sufficiently capture virus spread in collagendense tumours.
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Equilibrium shapes and floatability of static and vertically vibrated heavy liquid
drops on the surface of a lighter fluid
Andrey Pototsky, Alexander Oron, Michael Bestehorn
Swinburne University of Technology
Chuditch, 09:50 Friday
A small drop of a heavier fluid may float on the surface of a lighter fluid supported by surface
tension forces. In equilibrium, the drop assumes a radially symmetric shape with a circular triplephase contact line. We show that such a floating liquid drop with a sufficiently small volume has
two distinct equilibrium shapes at terrestrial gravity: one with a larger and one with a smaller
radius of the triple-phase contact line. Static stability analysis reveals that both shapes could be
stable if the drop volume is below a certain critical value. Experiments conducted with µL-sized
water drops floating on commercial oil support the existence of multiple contact line radii for a
drop with fixed volume. Next, we experimentally study the floatability of a less viscous water
drop on the surface of a more viscous and less dense oil, subjected to a low-frequency (Hz-order)
vertical vibration. We find that in a certain range of amplitudes, vibration helps heavy liquid
drops to stay afloat. The physical mechanism of the increased floatability is explained by the
horizontal elongation of the drop driven by subharmonic Faraday waves. The average length of
the triple-phase contact line increases as the drop elongates that leads to a larger average lifting
force produced by the surface tension

Finding the optimal stellarator design with complicated magnetic fields
Zhisong Qu, David Pfefferle, Stuart Hudson, Antoine Baillod, Arunav Kumar, Robert Dewar,
Matthew Hole
The Australian National University
Potoroo, 12:10 Friday
A stellarator is a magnetic confinement fusion device with the plasma being a highly shaped
toroid. To achieve maximum performance and desired physical properties, modern stellarators
are products of computer optimization. The magnetic field configuration, namely the equilibrium,
plays a central role in determining these physical properties, such as how well the particles are
confined.
Due to a loss of toroidal symmetry, the magnetic fields in a stellarator are no longer integrable –
they do not lie on nested surfaces. Instead, they form complicated structures such as magnetic
islands and chaos. The stepped-pressure equilibrium is a mathematically well-defined model that
captures these complexities. I will report major improvements in terms of speed and robustness
to its numerical solver, the Stepped-Pressure Equilibrium Code (SPEC).
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A mathematical model for the axonal cargo transport.
Nizhum Rahman
The University of Queensland
Quenda, 09:10 Friday
Abstract: Axonal transport is the process where diverse cargoes deliver through the axon due to
motor proteins. Actin plays a crucial role in different cellular functions, including cell motility and
intracellular transport. The structures of actin are like rings wrapped around the circumference
of axons. The rings are evenly spaced along axonal shafts by their nature. When the cargoes
move through an axon; the spring force, viscous force and potential energy arise. We construct
a physical model to compute the potential function. Finally, we get the model as an obstacle
problem. The obstacle problem gives us the velocity of the cargoes. The speed of axonal cargoes
is inversely correlated with their size.

Gully rehabilitation and MERGE
Melanie Roberts
Australian Rivers Institute, Griffith University
Quenda, 11:50 Friday
Gully erosion is responsible for more than 40% of the sediment that ultimately reaches the Great
Barrier Reef, contributing to poor water quality and negative environmental and ecological outcomes. Gully rehabilitation is a major focus of efforts to improve water quality on the Great
Barrier Reef, and in other key catchments such as Moreton Bay in Southeast Queensland.
Gully rehabilitation focuses on three key actions to prevent or reduce erosion: reducing the flux
of runoff travelling through the gully, reducing the gradient of travel (slope and heights over
drops), and increasing the resistance of the soil to erosion. The MERGE gully erosion model was
designed to inform and guide gully rehabilitation and management. This talk focusses on how
common gully rehabilitation actions can be represented in the MERGE model to inform expected
benefits at diverse sites.
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Ordinal Partition Network-based Cryptocurrency Price Analysis
Zahra Shahriari
The University of Western Australia
Quokka, 12:50 Thursday
The time series of dynamic systems is a good representation of their characteristics and behaviors.
In cases that the details of the structure of the dynamical system are not available, the only way to
obtain information about the system is by analyzing the output time series. Cryptocurrencies are
an example of complex dynamical systems affected by many economic and political conditions. So
the only available data for analyzing the cryptocurrencies’ price is their time series. Consequently,
they can be studied using the existing methods for analyzing signals of dynamic systems. In this
study, by using the price signals, an ordinal partition network (OPN) is constructed, and its
features are extracted to investigate the price fluctuation. This method is applied to the price of
some of the most famous cryptocurrencies, such as Bitcoin, Binance Coin, and XRP.
Keywords: Complex System, Nonlinear Dynamics, Time Series, Ordinal Partition Network, Cryptocurrency

Bistability and noise-induced transient behaviour of steady states in a cancer
network with the regulation of microRNA
Akshay Sharma
Swinburne University of Technology
Chuditch, 15:00 Tuesday
MicroRNAs (miRs) regulatory network models are highly non-linear due to the negative regulation
of gene expression at the post-transcriptional level by miRs and can produce interesting dynamics
of the system such as bistability for miR-transcriptional factors interactions. In this article, we
focus on the miR-17-92 cluster and its interaction with transcriptional factors (proteins) E2F
and Myc. Environmental fluctuations (noise) and randomness in the bio-chemical reactions can
be very important and change the dynamical role of miR-17-92 in the regulatory network. We
have formulated a stochastically forced miR-17-92 and E2F-Myc interaction model and study the
phenomena of intrinsic and extrinsic noise which can induce random switching between steady
states or the destruction of the bistability. Using a method that employs stochastic sensitivity
functions we have constructed confidence ellipses to determine the configurational arrangements
of equilibrium and spatial arrangements of random states near stable equilibria. Simulations
are carried out to numerically show the flow of the solution trajectories under noise. Finally, we
summarise the simulation results and the impact of noise on the dual non-linear role of miR-17-92
cluster to act as an oncogene or as a tumor suppressor gene.
Keywords: Stochastic differential equation, Stochastic sensitivity function, Fluctuations, micro17-92, Transcriptional factors.
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A Framework for Optimising Outcomes of Oncolytic Virotherapy: To Wait or to
Treat?
Brock Sherlock and Adelle C.F. Coster
University of New South Wales
Potoroo, 09:30 Tuesday
Oncolytic viruses are a promising new treatment for cancer, whereby viruses are engineered to
selectively infect cancer cells. The dynamics of the virus-tumour system can be modelled by a
system of ODEs which provides insight into the system outcomes under treatment protocols not
investigated by experiments. By modelling and simulating the system we acquire the capacity to
predict patient outcomes and optimise the treatment for patient specific tumours.
The optimal treatment outcome is the interplay between the protocol and the uncertainty about
the tumour characteristics. The parameters can only be inferred with increasing information –
however the tumour then grows in size. Thus, an inherent tension exists between waiting to know
the characteristics of the tumour system better and initiating treatment.
Here a framework is developed to assess treatment options taking into account both the uncertainty in inference of the tumour characteristics and different measures of outcome efficacy. We
show that the optimal treatment options can be counter intuitive.

An explicit formula for isoperimetric deformation of discrete space curve with
constant torsion angle
Shota Shigetomi and Kenji Kajiwara
Kyushu University
Quokka, 13:50 Monday
Kaleidocycle is a closed linkage mechanism that is composed of identical tetrahedra jointed by
hinges. It is known that the everting motion of Kaleidocycle can be regarded as the motion of a
closed discrete space curve with a constant torsion angle. It is also known that the motion can be
described by some integrable equations. In this talk, we give an explicit formula for isoperimetric
deformation of discrete space curves with constant torsion angle. This formula can be regarded
as an explicit formula of Kaleidocycle.
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Mean exit time for diffusion on irregular domains
Matthew Simpson
Queensland University of Technology
Quenda, 09:30 Friday
Many problems in physics, biology, and economics depend upon the duration of time required for
a diffusing particle to cross a boundary. As such, calculations of the distribution of first passage
time, and in particular the mean first passage time, is an active area of research relevant to
many disciplines. Exact results for the mean first passage time for diffusion on simple geometries,
such as lines, discs and spheres, are well–known. In contrast, computational methods are often
used to study the first passage time for diffusion on more realistic geometries where closed–form
solutions of the governing elliptic boundary value problem are not available. Here, we develop
a perturbation solution to calculate the mean first passage time on irregular domains formed
by perturbing the boundary of a disc or an ellipse. Classical perturbation expansion solutions
are then constructed using the exact solutions available on a disc and an ellipse. We apply the
perturbation solutions to compute the mean first exit time on two naturally-occurring irregular
domains: a map of Tasmania, an island state of Australia, and a map of Taiwan. Comparing the
perturbation solutions with numerical solutions of the elliptic boundary value problem on these
irregular domains confirms that we obtain a very accurate solution with a few terms in the series
only.

High-dimensional approximation
Ian Sloan
University of New South Wales
Quokka, 12:50 Monday
This talk, based on joint work with Vesa Kaarnioja, Yoshihito Kazashi, Frances Kuo and Fabio
Nobile, describes a fast method for high-dimensional approximation, in which the given function is interpolated by a linear combination of kernels, with both the given function and the
approximation assumed to be periodic. The emphasis in the talk will be on practical aspects,
such as the choice of kernel and interpolation points, and the cost and feasibility for significant
high-dimensional applications.
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Measuring coordination between point processes
Bridget Smart
The University of Adelaide
Quokka, 13:10 Thursday
Disinformation campaigns online have aimed to influence opinion on issues ranging from public
health to politics. These campaigns often take advantage of the trending algorithms of online
social media platforms, and networks of coordinated malicious actors pose as ordinary users to
perpetuate a particular narrative and artificially generate interest. The coordination of these
actors provides a useful metric for detecting these networks, and many approaches exist for measuring coordination. Techniques to assess coordination appear across many fields, often appearing
in extremely domain-specific contexts. This talk will consider existing approaches, and discuss
their applicability to measuring coordination in online social networks.
These existing approaches include heuristic models, stochastic methods, and machine learning
approaches. Some of these measures aim to model the underlying process while others approximate the probability that the two processes have events which occur within some interval of each
other. I will discuss the implications of these assumptions for detecting coordination in online
activity and provide an overview of existing approaches.

Swarmalators with second order phase coupling: Syncing, swarming and clustering
Lauren Smith
The University of Auckland
Potoroo, 10:10 Friday
Coupled oscillators have been widely studied, with applications including brain and heart dynamics. Synchronisation is common to coupled oscillator networks, such that oscillators align
temporally. Swarming behaviours have also been highly studied, such that independent agents,
e.g., birds, aggregate spatially. Here we consider a generalisation of the swarmalator model
(O’Keeffe et al., Nat. Comm., 2017) in which particles termed ”swarmalators” have both swarming spatial dynamics and oscillatory phase dynamics. The model has two-way coupling between
the spatial and phase dynamics. The generalisation proposed here is to include the second harmonic in the phase coupling function. This yields many new phenomena, including anti-phase
clustering, anti-phase concentric ring states, and states with two large anti-phase clusters plus a
small group of swarmalators that vacillate between them. Through mean-field reductions, critical
sets of bifurcation parameters are analytically identified which agree with bifurcations observed
in the full system.
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The Shape of Phylogenies Under Phase–Type Distributed Times to Speciation and
Extinction
Albert Christian Soewongsono
University of Tasmania
Chuditch, 15:20 Tuesday
Phylogenetic trees are widely used to understand the evolutionary history of organisms. Tree
shapes provide information about macroevolutionary processes. However, existing macroevolutionary models are unreliable for inferring the true processes underlying empirical trees. Here, we
propose a flexible and biologically plausible macroevolutionary model for phylogenetic trees where
times to speciation or extinction events are drawn from a Coxian phase-type (PH) distribution.
First, we show that different choices of parameters in our model lead to a range of tree balances
as measured by Aldous’ β statistic. In particular, we demonstrate that it is possible to find
parameters that correspond well to empirical tree balance. Next, we provide a natural extension
of the β statistic to sets of trees. This extension produces less biased estimates of β compared to
using the median β values from individual trees. Furthermore, we derive a likelihood expression
for the probability of observing any tree with branch lengths under a model with speciation but
no extinction. Finally, we illustrate the application of our model by performing both absolute
and relative goodness-of-fit tests for two large empirical phylogenies (squamates and angiosperms)
that compare models with Coxian PH distributed times to speciation with models that assume
exponential or Weibull distributed waiting times. In our numerical analysis, we found that, in
most cases, models assuming a Coxian PH distribution provided the best fit. In addition, this
model allows us to fit hazard rate for speciation and we found evidence that speciation rates had
changed through time in some clades of the squamate phylogeny.
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Approximating distribution functions in uncertainty quantification
Abirami Srikumar
UNSW Sydney
Chuditch, 09:50 Wednesday
As high-dimensional problems become increasingly prevalent in many applications, the effective
evaluation of these problems within the limits of our current technology poses a great hurdle
due to the exponential increase in computational cost as dimensionality increases. One class of
strategies for evaluating such problems efficiently are quasi-Monte Carlo (QMC) methods.
Recently the application of quasi-Monte Carlo methods to approximate expected values associated
with solutions to elliptic partial differential equations with random coefficients in uncertainty
quantification has been of great interest. In this talk, we look into extending this from the
computation of expected values to the approximation of distribution functions by reformulating
these functions as expectations of an indicator function. However this requires the integration of
discontinuous functions and hence the need for preintegration, whereby we integrate out a single
variable of the discontinuous function in order to obtain a function of one dimension less with
sufficient level of smoothness to apply QMC methods. We also present some results regarding
the error bounds associated with such approximations.

98

ANZIAM 2022 Conference

Seeding a season of malaria: The role of super-spreaders in carrying infection
across the dry season
Eva Stadler, Deborah Cromer, Samson Ogunlade, Miles P. Davenport, David S. Khoury
UNSW Sydney
Potoroo, 13:10 Wednesday
In many malaria-endemic regions, malaria transmission is seasonal with no transmission in the
months-long dry season. Malaria parasites can survive the dry season within some individuals
who carry parasites from one transmission season to the next. We refer to these individuals as
“carriers”. However, it is not clear why some individuals have these long-lasting infections while
most individuals clear all parasites during the dry season. We aim to characterize carriers using a
stochastic agent-based model to simulate the life history of infectious bites, parasite burden, and
immunity of individuals. Our model includes stochastic seasonal infectious mosquito bites and
deterministic within-host dynamics. We explore two options for who carries parasites over the
dry season: (1) random carriage in a homogeneous population or (2) exposure-dependent carriage
in a heterogeneous population. We simulated both scenarios and found that the distinguishing
feature is the time to the first infection in the transmission season. Data from a longitudinal study
in Mali shows that carriers are infected significantly earlier than non-carriers as in the case of
exposure-dependent carriage in a heterogeneous population. Thus, the most exposed individuals
in a heterogeneous population are more likely to carry parasites over the dry season and start the
next malaria transmission season. Moreover, since the most exposed individuals in a community
are most likely to be dry season carriers, this enables a more than 2-fold faster spread of parasites
into the mosquito population at the start of the subsequent transmission season.

Investigating recirculation in oscillatory fluid flow through periodic micropore
structures using the lattice Boltzmann method
Samuel Jacob Stephen
Griffith University
Quokka, 15:20 Tuesday
When a particle-laden fluid is pumped back and forth through a membrane of axisymmetric pores,
the shape of the pore wall determines the behaviour of the particles. Geometric asymmetry allows
for particle transport throughout periodic micropore structures even when there is no net flow
of the fluid. Recirculation occurs when the flow reverses over time with respect to the main
flow direction. Studying the asymmetry in recirculation patterns is crucial in understanding the
aforementioned particle transport. In this talk, we will be presenting simulations of oscillatory
fluid flow through periodic micropore structures using vector flow field and streamline animations.
The visualisations will be coupled with wall-shear stress calculations to determine the extent of
the recirculation phenomena. Various Reynolds’ numbers and pore shapes will be considered.
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Circular genome rearrangement models
Joshua Stevenson
University of Tasmania
Quenda, 10:30 Monday
In the context of estimating genome rearrangement distances, genomes are often represented by
signed permutations which form a group under composition. Further, the symmetry of genomes
and re- arrangement events can also be described algebraically. I will give an introduction to
genome re- arrangement modelling, and explore some of the questions that naturally arise when
viewing this problem from an algebraic perspective, with the help of Python/SageMath for demonstrations.

Modular modelling of tropical cyclones: the role of ocean spray
Sergey A. Suslov and Yevgenii Rastigejev
Swinburne University of Technology
Potoroo, 09:30 Friday
Tropical cyclones and hurricanes with wind speeds exceeding 250 km/h cause enormous damage worldwide that on average costs around $19 billion per event (around 7 events per year).
Yet their studies and forecast are severely hindered by several objective factors ranging from
the danger of field observation to extreme diversity of the participating physical mechanisms to
disparity of spatial scales encompassing 9 orders of magnitude. In this talk I will discuss the
modular modelling approach based on a rigorous (asymptotic and numerical) solution of physical
conservation equations that we proposed as a practical alternative to correlation-type parameterisations widely used in the field. Specifically, I will focus on our ODE-based analysis of the role
the microscopic sea spray plays in the global sea-air momentum and energy exchange in strongwind conditions of a hurricane. In particular, we show that at a typical volume concentration
of just 10−5 − 10−4 m−3 spray can lead to a significant lubrication effect that is single-handedly
responsible for the longevity of tropical cyclones.
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Four and five masses on symmetrical and periodical orbits in the plane
Winston L. Sweatman
Massey University
Quokka, 09:30 Friday
We consider planar four- and five-mass systems with a rotational symmetry (Caledonian problems). Numerical experiments have been used to find orbits that return to their initial configuration with a simple periodicity. For each different mass ratios there are families of such orbits,
these range between extremes where the masses move collinearly.

The Effect of Geometry on Survival and Extinction in a Moving-Boundary
Problem Motivated by the Fisher–KPP Equation
Alex Tam, Mat Simpson
Queensland University of Technology
Quenda, 09:50 Tuesday
The Fisher–Stefan model involves solving the Fisher–KPP equation on a domain whose boundary evolves according to a Stefan-like condition. The Fisher–Stefan model alleviates two practical
limitations of the standard Fisher–KPP model when applied to biological invasion. First, unlike
the Fisher–KPP equation its solution have compact support, enabling one to define the interface
between occupied and unoccupied regions unambiguously. Second, the Fisher-Stefan model admits solutions for which the population becomes extinct, which is not possible in the Fisher–KPP
equation. Previous research showed that population survival or extinction in the Fisher–Stefan
model depends on a critical length in one-dimensional Cartesian or radially-symmetric geometry.
However, the survival and extinction behaviour for general two-dimensional regions remains unexplored. We combine analysis and level-set numerical simulations of the Fisher–Stefan model
to investigate the survival–extinction conditions for rectangular regions. We find that it is not
sufficient to generalise the critical length conditions to critical area in two-dimensions. Instead,
knowledge of the region geometry is required to determine whether a population will survive or
become extinct.
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Distributed optimisation without central coordination
Matthew K. Tam
The University of Melbourne
Quokka, 13:10 Monday
In distributed computing, the basic computing model considers a fleet of “simple” devices, connected via some network topology, which work collaboratively to solve a complex problem. Each
device has some partial knowledge of the problem which is private to that particular device
and the ability to do work. Most distributed algorithms for solving optimisation problems are
centralised in the sense that they require a “central coordinator” to coordinate, aggregate and
synchronise the fleet of simple devices. In this talk, we introduce new algorithms for distributed
optimisation which can be implemented without central coordination.

Inferring Structure and Dynamics on Networks with Backpropagation
Eugene Tan
The University of Western Australia
Chuditch, 13:10 Monday
Dynamical networks are versatile models that can describe a variety of interesting behaviours
such as synchronisation and feedback. However, applying these models to real world contexts is
difficult as prior information pertaining to the connectivity structure or local dynamics is often
unknown and must be inferred from time series observations of network states. Additionally, the
influence of coupling interactions between nodes also further complicates the isolation of local
node dynamics.
Given the architectural similarities between dynamical networks and recurrent neural networks
(RNN), we propose a network inference method based on the backpropagation through time
(BPTT) algorithm commonly used to train recurrent neural networks. This method aims to
simultaneously infer both connectivity structure and local node dynamics purely from observation of node states. An approximation of local node dynamics is first constructed using a
neural network. Following this, an adapted BPTT algorithm is used to regress corresponding
network weights by minimising prediction errors of the dynamical network based on the previously constructed local model. These two steps are alternated until convergence in the predicted
trajectories and network weights is achieved.
Preliminary results of this method applied to coupled networks of Lorenz oscillators is promising
with partial success in identifying connectivity structure. Freerun prediction performance with
the resulting local models and weights was found to be comparable to the true system with noisy
initial conditions.
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A continuous-time Markov chain model for the distribution of blockchain heights.
Rhys Bowden, Jan de Gier, Anthony Krzesinski and Peter Taylor
The University of Melbourne
Chuditch, 14:10 Thursday
Cryptocurrencies supported by blockchains have become popular and widespread. Via a network of miners, blockchain protocols provide participants with a means to reach consensus on a
continuously-updated, distributed public ledger of transactions.
In many common blockchains, the time that it takes to propagate a block of transactions between
miners and to validate that block is very short compared to the average time between mining
blocks. This means that, while each miner has its own version of the blockchain, these versions
are usually identical.
However, for some blockchains, both real and proposed, the average time that it takes to mine
a block is small relative to the average time that it takes to propagate a block to other miners.
This results in different miners having different versions of the blockchain.
We propose a continuous time Markov chain (CTMC) model to study the distribution of the
different versions. In the many-miner limit, this model reduces to a mean-field limit that satisfies
an infinite systems of ODEs. It seems likely that this system has a travelling wave solution, which
is important because that would indicate that the blockchain achieves consensus about all blocks
except those within a bounded distance of the block of maximal height.

Genome algebras in action
Venta Terauds
University of Tasmania
Quenda, 10:10 Monday
We demonstrate some features of our recently introduced genome algebra framework by applying it to echinoderm mitochondrial genome data. In particular, the framework facilitates a
fine-grained consideration of rearrangement models. We show how varying the underlying rearrangement model and the choice of genomic distance measure can affect the phylogeny that is
produced.
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An Introduction to Time Series Analysis with Reservoir Computing
Braden Thorne
The University of Western Australia
Quokka, 10:10 Thursday
Reservoir computing is a framework for supervised machine learning tasks. The underlying idea
is to take some time series and inject it into a high dimensional recurrent network in order to
construct a representation of the data in the reservoir state space. Up to this point, research has
focused on ways of training this state space to desired outputs or labels, and has done so with
impressive results across many tasks and data sets. However, the reservoir state space in and of
itself is rich with information that can inform us about the original data stream without the need
for training. The ability to use reservoir computing in such an unsupervised way opens up new
possibilities for the field, particularly for time series analysis.
Here, I’ll introduce in more detail what reservoir time series analysis is and present a couple of
ad-hoc methods for generating representative features from the reservoir state space. I’ll focus
on the critical task of distinguishing signals from systems with varying parameters, presenting a
testing framework for determining the capability of methods for this task. This framework will
allow us to highlight the strength and generality of the ad-hoc methods with respect to more
well known time series analysis techniques, such as Fourier or recurrence quantification analysis.
Finally, we’ll motivate the use of reservoir time series analysis in application with a short case
study looking at distinguishing fault modes in bearings from vibration data.

Challenges in Model Calibration and Validation
Samson Ting
The University of Western Australia
Chuditch, 12:50 Thursday
The predictive performance of a model can depend drastically on the parameters values. The task
of estimating an optimal set of parameters values, referred to as parameters estimation or model
calibration and validation, is non-trivial due to an increasing complexity and a large number of
parameters in contemporary modelling software. Furthermore, different research communities
sometimes use different nomenclatures or have subtle differences in their interpretation of the
same terms. In this talk, we first formulate the problem and then discuss a general framework
for the calibration and validation of a generic black box model and the associated challenges. We
then demonstrate how this framework can be applied to estimate the gap acceptance parameters
for a roundabout capacity model based on vehicle trajectory data.
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Bifurcations and dynamics in inertial focusing of particles in curved rectangular
ducts
Rahil Valani, Brendan Harding, Yvonne Stokes
The University of Adelaide
Chuditch, 10:30 Monday
Particles suspended in fluid flow through a curved duct can focus to stable equilibrium positions
in the duct cross-section. Such particle focusing is exploited in various medical and industrial
technologies aimed at separating particles by size. In this talk, I will present results of our
numerical investigation of the dynamics of neutrally buoyant particles in fluid flow through curved
ducts with rectangular cross-sections. I will show that rich bifurcations take place in the particle
equilibria as a function of three system parameters - particle size, duct bend radius and aspect
ratio of the cross-section. I will also present results of the transient dynamics of particles as they
focus to their equilibria.

Anomalous transport of a classical wave-particle entity
Rahil Valani
The University of Adelaide
Potoroo, 13:10 Thursday
A classical wave-particle entity in the form of a millimetric walking droplet can emerge on the
free surface of a vertically vibrating liquid bath. These wave-particle entities have been shown
to exhibit hydrodynamic analogs of quantum systems. In this talk, I will present theoretical and
numerical results of transport behaviour of such a wave-particle entity in a tilted potential. I
will show that the integro-differential equation of motion governing the dynamics of the waveparticle entity transforms to a Lorenz-like system of ordinary differential equations that drives
the particle’s velocity. Several anomalous transport regimes such as absolute negative mobility,
differential negative mobility and lock-in regions corresponding to force-independent mobility, are
observed.
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The Lévy flight foraging hypothesis
Enrico Valdinoci
The University of Western Australia
Quenda, 13:30 Monday
We consider a forager moving via an anomalous diffusion equation and we introduce several efficiency functionals whose optimality is discussed in relation to the Lévy exponent of the evolution
equation. Several biological scenarios, such as a target close to the forager, a sparse environment, a target located away from the forager and two targets are specifically taken into account.
The optimal strategies of each of these configurations are here analyzed explicitly also with the
aid of some special functions of classical flavor and the results are confronted with the existing
paradigms of the Lévy foraging hypothesis. Interestingly, one discovers bifurcation phenomena
in which a sudden switch occurs between an optimal (but somehow unreliable) Lévy foraging
pattern of inverse square law type and a less ideal (but somehow more secure) classical Brownian
motion strategy. Additionally, optimal foraging strategies can be detected in the vicinity of the
Brownian one even in cases in which the Brownian one is pessimizing an efficiency functional.

An algebraic approach to comparing mathematical models of biological systems
Sean Trinity Vittadello
The University of Melbourne
Chuditch, 13:30 Monday
Mathematical models are necessary for developing our understanding of biological systems, due
to both the complexity of these systems and the large amount of associated experimental data.
Because biological systems are generally not well understood, mathematical models of these systems tend to be based on experimental data resulting in a seemingly heterogeneous collection
of models that ostensibly represent the same system. To comprehend a biological system we
therefore need to understand how the different models are related to each other, with an ultimate
view of obtaining a unified mathematical description of the system. This goal is complicated
by the fact that a number of distinct mathematical formalisms may be employed to represent
the same system, making direct comparison of the models very difficult. We previously developed an appropriate framework for model comparison where we represent models as simplicial
complexes, allowing for comparison by distance and comparison by equivalence. In this talk I
will discuss an automatable methodology for determining model equivalence using symmetries of
the simplicial complexes, which greatly simplifies and expedites the process of determining the
equivalence of models. To illustrate this methodology I will then compare some key examples
of mathematical models of developmental-pattern formation, namely Turing-pattern models and
positional-information models.

106

ANZIAM 2022 Conference

Sustainable Farming: Monitoring Catchment Pollution
Graeme Wake
Massey University
Quenda, 12:50 Monday
Many agricultural projects begin by making sense of data, which has been collected in a (sometimes) arbitrary fashion without some real goal or purpose, and most likely the reason for its
collection is not very clear. It is very important to know what is wanted and what is needed to
understand before data is assembled. Therefore, having a pre-determined model is important. In
this exposition it is intended to highlight the use of stochastic processes as a way of quantifying
the dynamic relationships of sequences of random events. Stochastic models play an important
role in elucidating many areas of the agricultural and ecological sciences which, for countries
like New Zealand, are important and highly valued. They can be used to analyse the variability
inherent in these processes and give some precision to their understanding Here emphasis is given
to transforming a stochastic Ito-type process model into a more familiar Fokker-Planck equation
with drift to enable data to be usefully interpreted and to give stochastic predictions to be made
for agricultural practice and predictions for use in catchment areas. Intensive farming practice
leads to cumulative effects, so the “run-off” adds sequentially to give a long-term prediction. The
Fokker-Planck equation is akin to the more familiar advection-dispersion equation which is firstly
a non-autonomous linear partial differential for the evolving probability density function of the
degree of pollution. The drift-term enables it to be transformed into a more familiar equation
which is tractable analytically. The evolving probability distributions of Nitrogen concentration
are determined explicitly employing recent calculus techniques. This is of value in understanding
“downstream effects” in the catchment models. It is intended to become a part of a larger project
nationally to underpin farming pollution in catchment areas caused by the need of more intensive
farming practices. Keywords: animals, pollution;,environment, catchment
Co-authors: Andrea Babylon b, Stephen Taylor c Tony Pleasants d, ,Pierre Beukes b (b Dairy NZ
Ltd,, Private Bag 3221, Hamilton 3240, Hamilton, New Zealand; c Department of Mathematics,
University of Auckland, Private Bag 92019, Auckland 1142, New Zealand; d Al Rae Research
Centre, Massey University, Hamilton. New Zealand) graeme.wake@aut.ac.nz
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Last mile delivery allocation using deep Q-learning
Shengjie Wang, Lele Zhang
The University of Melbourne
Quokka, 10:30 Friday
As e-commerce and online shopping become more popular, the demand for parcel delivery has
been increasing rapidly, thereby posing a great challenge to logistic companies in delivering products in a timely, cost-effective and sustainable manner. One way to tackle this challenge is to
utilise a crowdshipping system, where the concept of crowdsourcing is applied to perform lastmile delivery. In this research, we consider the integration of a crowdshipping platform to the
traditional freight system. We develop a multi-agent simulation model for the integrated system,
and design a meta-heuristic and a bidding system to model the behaviours of freight carriers
and crowdshippers, respectively. We utilise a dynamic pricing system based on reinforcement
learning to model the crowdshipping platform. With simulations consisting of up to 100 crowdshippers, we found that outsourcing delivery tasks to the crowdshipping platform can increase the
profit of freight carriers and also reduce freight-dedicated deliveries and associated environmental
footprint.

Multifidelity multilevel Monte Carlo for approximate Bayesian computation
David J Warne (QUT), Thomas P Prescott (Turing Institute), Ruth E Baker (University of
Oxford), Matthew J Simpson (QUT)
Queensland University of Technology
Quokka, 09:50 Monday
Models of stochastic processes are widely used in almost all fields of science. However, data are
almost always incomplete observations of reality. This leads to a great challenge for statistical
inference because the likelihood function will be intractable for almost all partially observed
stochastic processes. As a result, it is common to apply likelihood-free approaches that replace
likelihood evaluations with realisations of the model and observation process. However, likelihoodfree techniques are computationally expensive for accurate inference as they may require millions
of high-fidelity, expensive stochastic simulations. To address this challenge, we develop a new
method based on recent advances in the class of methods for estimation of expectations with
respect to posterior distributions for parameter inference with partially observed Markov processes
models. Our novel approach combines the multilevel Monte Carlo telescoping summation, applied
to a sequence of approximate Bayesian posterior targets, with a multifidelity rejection sampler
that learns from low-fidelity, computationally inexpensive, model approximations to minimise the
number of high-fidelity, computationally expensive, simulations required for accurate inference.
Using examples from systems biology, we demonstrate improvements of more than two orders of
magnitude over standard rejection sampling techniques.
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A Lipid-Structured Model of Atherosclerotic Plaque Macrophages with
Lipid-Dependent Kinetics
Michael Greg Watson
University of New South Wales
Potoroo, 10:10 Thursday
Atherosclerosis is characterised by the growth of fatty, cellular plaques in the walls of major
arteries. Early plaques are mainly comprised of macrophages (specialised immune cells), which
are recruited to the artery wall to ingest and remove lipids that have entered from the bloodstream.
When macrophages die in the wall, their lipid content is consumed by other macrophages via a
process known as efferocytosis. In this way, macrophages can acquire large internalised lipid loads.
In vitro studies have shown that lipid loading can dramatically alter macrophage functionality.
However, the associated consequences for plaque progression have not been explicitly studied. In
this talk, I will present a model of early atherosclerotic plaque formation in which macrophages
are classified by their ingested lipid content and behave in a lipid-dependent manner. While
most model macrophage behaviours could be considered lipid-dependent, I will focus on lipiddependence in the rates of cell death and emigration. Model simulations demonstrate that these
lipid-dependent behaviours can substantially alter the fate of a plaque by changing both the
distribution and net accumulation of lipid within the system.

Personality Profiling using Digital Footprints.
Joshua Watt
The University of Adelaide
Quenda, 10:30 Wednesday
Social Media is a commonly used platform to convey peoples thoughts and communicate with
others. You leave a unique trace of data when using these services and this is often referred to
as your digital footprint. This data includes your digital activities, actions, contributions and
communications manifested on the Internet. The power of this data is often underestimated, as it
can be used to understand your personality, political opinions, relationships and more. This talk
focuses on modelling and predicting people’s psychological traits through analysing their digital
footprint on social media services. In particular, we focus on how various language features
portray someone’s cognitive processes and influence how we define their personality.
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Discrete and Continuum Modelling for the Tumour Microenvironment (TME)
Hasitha N. Weerasinghe, Pamela M. Burrage, Dan V. Nicolau Jr.
Queensland University of Technology
Potoroo, 09:50 Monday
Cancer is a leading cause of death in the world. However, cancer may not be life threatening if
we can identify it in its early stages. By studying the complexity of the tumour microenvironment (TME), we can identify how tumour cells become invasive under different circumstances.
In this study, we observe tumour cell behaviour under cellular stress of the TME using different
mathematical modelling techniques. First, we develop an agent-based model to study individual
cell behaviour of the TME. Under this agent-based model, we observe how interactions between
tumour cells, normal cells, and the extra cellular matrix (ECM) promote tumour progression and
invasion. Then, to study the tissue level dynamics, we develop continuum models for the TME.
Firstly, we develop a system of ordinary differential equations (ODEs) using the equation-learning
(EQL) method with simulation results of the agent-based model. Additionally, we develop a system of ODEs by considering interactions between normal cells and tumour cells. Furthermore, we
develop two systems of stochastic differential equations (SDEs) by considering alternative formulations of the Chemical Langevin Equation (CLE). Different mathematical models developed in
this study suggest that understanding cell communication in the TME supports identification of
important tumour microenvironmental factors that may cause tumour cell malignancy. Furthermore, the results suggest that more realistic solutions can be obtained by considering the cellular
noise of a system.
Keywords – agent-based modelling, equation learning, ordinary differential equations, stochastic
differential equations
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Directional fluctuation spectra and length-scalesin Rayleigh-Taylor mixing
experiments
Kurt C Williams, David Pfefferlé and Snezhana I Abarzhi
The University of Western Australia
Quokka, 10:30 Monday
Rayleigh-Taylor mixing is a ubiquitous process driving an incredibly broad range of phenomena at
nearly every scale, from the microscopic to the astronomical. Being relevant to such a vast array
of physical processes, understanding Rayleigh-Taylor mixing, including its fluctuation spectra,
characteristic length and timescales, and the departures from isotropic turbulence is of paramount
importance for understanding our universe. In this work, we apply a novel goodness of fit test
to compare the performance of two models for the fluctuation spectra in Rayleigh-Taylor mixing:
a ‘canonical Kolmogorov’ self-similar model and a ‘compound function’ spectra based on the
statistical theories of Kraichnan and physics-based theories of Sreenivasan. We apply a residual
analysis technique to evaluate the goodness of fit of both models - under assumption that noise in
the periodogram of the fluctuation spectra is governed by a series of chi square (χ22 ) distributions.
Parameters for the applied models are estimated using a Maximum-Likelihood Estimate method
used previously by Pfefferlé and Abarzhi. To evaluate the goodness of fit score, we develop a
new Monte-Carlo method for evaluating the Anderson-Darling test distribution for a chi square
(χ22 ) distribution. By evaluating the uncertainty in the fit parameters and the goodness of fit,
indicative values of the fluctuation spectra, and the relevant dynamic range for these regimes,
are estimated. We find that the ‘compound spectra’ model has better predictive power over a
larger dynamic range - suggesting that Rayleigh-Taylor mixing exhibits some invariants of motion
and underlying symmetry, even in the late-time mixing regime. Furthermore, the difference
in estimated parameters in each spectra suggests a directional dependence incompatible with
canonical turbulence. We conclude that Rayleigh-Taylor mixing exhibits properties irreconcilable
with traditional, canonical turbulence, and will require a unique approach to adequately describe.
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Choice of Spatial Discretisation Influences the Progression of Viral Infection within
Multicellular Tissues
Thomas Williams, James McCaw and James Osborne
The University of Melbourne
Potoroo, 12:50 Wednesday
There is increasing recognition of the utility of models of viral spread within the host which are
capable of representing spatial dynamics. A popular modelling choice is to use a hybrid approach
to the dynamics, where cells are represented as discrete regions of space, whereas virus distribution
is described by a density surface. However, the multiple spatial scales implicit in such a model
lead to complexities when solving the system numerically. Specifically, the choice of spatial
discretisation of the virus surface, relative to the spacing of the cell grid can have consequences
for the behaviour of the model. Here we probe the impact that the choice of numerics can have
on model simulations under various conditions, such as viral and diffusion parameters.
Keywords: ”virus dynamics”, ”hybrid modelling”, ”numerical methods”

Optimization of traffic flow under non-recurrent events using reinforcement
learning-based VSL and RM controls
Benchawan Wiwatanapataphee, Yong Hong Wu, Graham Jacoby
Curtin University
Quokka, 10:10 Friday
This paper investigates variable speed limit (VSL) and ramp metering (RM) control strategies for
improving traffic flow under non-recurrent events. Three road-incident scenarios are considered
in this study, including car crashes, vehicle breakdowns, and road debris. A new nonlinear
optimization model is developed using reinforcement learning-based VSL and RM controls. The
RM parameters are introduced into the modified LWR model, while the VSL parameters are
included in the inequality constraints for the freeway capacity. The optimal RM and VSL control
parameters, corresponding to each road-incident situation, are determined to minimize total travel
time and are verified by microsimulation. The results show that the proposed VSL and RM control
strategies improve freeway traffic flow by reducing the total travel time for the road-incident
scenarios considered in this study.
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Finite-Time Stability and Synthesis
Honglei Xu
Curtin University
Quenda, 14:40 Tuesday
In this talk, I will present some recent results on finite-time stability and control design of dynamical systems. Firstly, the finite-time stability analysis in a quantitative sense is reviewed and
a variety of stability results including state transition matrix conditions, the piecewise continuous
Lyapunovlike function theory, and the converse Lyapunov-like theorem are discussed. Secondly,
some finite-time stability results in a qualitative sense are introduced. Finally, design of stabilising
control of impulsive linear systems over piecewise quadratic domains will be discussed.

Exploration of the Difference in Epidemic Dynamics under Varying Isolation
Monitoring Strategies
Yang Yue
The University of Melbourne
Potoroo, 10:10 Wednesday
Detection of infectious individuals combined with case isolation either at home or in a medical
facility reduces transmission of an infectious disease. The level of compliance with isolation
is a crucial factor in determining the impact of isolation on epidemic dynamics. By assuming
perfect compliance, the effectiveness of isolation at reducing the spread of infection is likely to
be overestimated. The level of compliance will depend on a range of societal, health system, and
pathogen factors. Public health authorities may enact a range of strategies to improve compliance,
including frequent monitoring (e.g., daily phone calls or home visits). Such strategies are resourceintensive, and so health system capacity is likely to be exceeded when caseloads are high, reducing
intervention effectiveness.
A stochastic compartmental model framework was developed to consider different relationships
between caseloads, public health workload, and case isolation. In this talk, I will present findings
from an exploration of the difference in epidemic dynamics under varying isolation monitoring
strategies (with associated levels of compliance and workload implications), workload capacities,
and pathogen characteristics.
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Can solving the 1D heat equation be this difficult?
Eunice B. Yuwono, Yvonne M. Stokes, Hayden Tronnolone
The University of Adelaide
Quenda, 13:30 Wednesday
Numerical solution of an asymptotic one-dimensional heat and flow model of steady fibre drawing,
in which advective heat transport dominates conduction, is relatively straight forward: the model
is a first-order vector initial-value problem (IVP). In contrast, inclusion of the second-order conduction term requires a far-field boundary condition, producing a boundary value problem (BVP)
that is surprisingly difficult to solve!
We first explore the causes of this by examining exact and numerical solutions of a simpler
one-dimensional steady advection-conduction equation with constant coefficients and associated
boundary conditions. Following this, we return to the even more complex fibre-drawing problem.

Tracking dynamical features from health-monitoring signal for early fault detection
Ayham Zaitouny
The University of Western Australia
Quokka, 13:30 Thursday
In industry, failures of equipment are of significant impact and could cause an effective delay in
production. In the current technology era, the health-condition of the equipment is automatically
monitored by several sensors. However, the ability to detect failure’s signature in early time before
the equipment completely fails is still challenging. In this study, we introduce a potential tool
based on nonlinear analysis and phase space reconstruction of dynamical systems to detect the
failures with sufficient early time.
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Push or pull? The influence of cell proliferation and migration during wound
healing
Adriana Zanca
The University of Melbourne
Potoroo, 09:30 Monday
Skin wound healing is a complex process that is still not well-understood. Wound management
is expensive for both individuals and the health system overall, and can reduce quality of life for
patients. Given these significant socio-economic impacts, wound healing has long been a focus
of scientific research. Recent in vivo mouse studies have identified two key regions in wounded
skin tissue: a non-proliferative leading edge that actively migrates into wounded space, and a
proliferative hub in which cells have enhanced mitotic properties. This work uses mathematical
and computational modelling to investigate the effect of changing the mechanical characteristics
of cells in these two key regions. In work we explore what characteristics are sufficient for wound
healing, particularly focusing on cell proliferation, since wounds are not able to repair successfully
without sufficient levels of cell division. By considering contact inhibited proliferation, where small
cells are unable to divide, we find that a quiescent region develops if the proliferative hub is able
to grow over time, essentially limiting the number of cells that are able to divide. In contrast,
if the proliferative hub is allowed to grow to a small size below some threshold, then contact
inhibition has a less significant role in wound repair. This work builds upon existing cell-based
computational studies of wound healing and could be modified to investigate different stages of
wound healing or impaired healing and wound treatments.
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Mr Samuel Jacob Stephen

Dr Jordan Pitt

Assoc Prof Sharon Stephen

Conference Delegates

119

Mr Kyle Jacob Stevens

Dr David James Warne

Mr Joshua Stevenson

Dr Michael Greg Watson

Prof Yvonne Stokes
Mr Joshua Watt
Dr Priya Subramanian
Dr Jeremy Sumner
Prof Sergey A. Suslov

Mrs Weerasinghe Mohottige Hasitha Nilakshi
Weerasinghe
Mr Kurt Williams

Dr Winston Sweatman
Mr Thomas Williams
Dr Alex Tam
Assoc Prof Benchawan Wiwatanapataphee
Dr Matthew Tam
Mr Eugene Tan

Mr David Wu

Prof Peter Taylor

Prof Yong Hong Wu

Dr Venta Terauds

Mr Chenchen Xing

Prof Natalie Thamwattana

Mr Honglei Xu

Mr Braden John Thorne
Dr Kit Yates
Mr Samson Ting
Mr Ruarai Tobin

Mr Wenqi Yue

Dr Dimetre Triadis

Mr Yang Yue

Dr Rahil Valani

Miss Eunice Blessica Yuwono

Prof Enrico Valdinoci

Dr Ayham Zaitouny

Mr Jacob Cooper Vandenberg
Ms Adriana Zanca
Dr Sean Trinity Vittadello
Mr Stephen Zhang
Prof Graeme Wake
Ms Shengjie Wang

Prof Song-Ping Zhu

