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Chapter 2

Reseach and developmentactivity

The Departmenbf Mathematicsaand Computinghas hasbeenintensvely studiedexperimentallyandtheoret-

an active researchand developmentprogrammecover-

ically with basictheoreticalapproachbeing averaging

ing mary different®elds. The main actvities canbe acrosghe ow.

convenientlyclassi®edunderthefollowing headings.

1. Fluid mechanics

2. Mathematicamodelling
3. Applied ComputerScience
4. Databases

5. ParallelComputing

6. Statistics

7. Educationadevelopment
8. Miscellaneous

Descriptionsof theresearctanddevelopmentbeingun-
dertalen in the above categoriesmay be found on the
following pages.

In addition, a Simulationand Statistical Consulting
Group has beenestablishedand is supportingthe re-
searcmeedof staf andpostgraduatstudents.

2.1 Fluid mechanics

2.1.1 Low-dimensional modelling of thin
Im uid ows

(Roberts, Strunin)

Whena jet of "uid hits a "at horizontalsurfacethe
“uid spreadsutradially in athin, rapidly owing layer.
At a certaindistancefrom the jet a suddenthickening
of the ow takesplace,which is calledthe circular hy-

We adherea novel approachresting on the centre
manifold techniquedeveloped for thin "uid ®Ims by
A.J. Roberts. The approachhasan adwantageof rigor-
ousderivation of coupledevoluation equationsfor the
“ow thicknessand cross-streanaveragevelocity from
the Navier-Stokes equations. The setof coupledequa-
tionsadmitstime-dependergolutionsandthusallowsus
to studynot only a steady-stateow but alsononstation-
ary regimes. The steady-stateegimessettleundercer
tainconditionsafteranintermediateonstationargtage.

We also obtain settlednon-stationaryregimeswhere
the hydraulic jump performsoscillations. A detailed
structureof the “ow, suchasvelocity pro®lesand vor-
tex patternsjs analyzedor all regimes.

2.1.2 Turbulence generated by step-wise
velocity or density distrib utions

(Strunin, Roberts)

This problempresentssigni®canttheoreticalinterest
andalsohasgeophysicabind engineeringapplications.
The casewhereturbulenceis generatedy the density
jumpis commonlyreferredto asthe Rayleigh-hylorin-
stability. This phenomenoimasbeenstudiedby a group
of researcherdoth experimentallyand via humerical
computation®f the Eulerequations.

We aim to anlyzetheseprocessesising a different
approachwhich is basedon the Kolmogorw-type k-
I model of fully developedturbulence. In agreement
with availableexperimentabdatawe obtainthequadratic
law of expansionof a turbulent layer in time for the
Rayleigh-Tylor caseandlinearlaw for the shearinsta-
bility case.Thek-I modelgivesvertical pro®lesof the

draulic jump. Over the last decadeghis phenomenon averagevelocity (or density)andpro®lesof the average
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kinetic enepy of turbulence. Self-similarity and stabil-
ity of thesolutionsaredemonstrated.

2.1.3 Scalingin decayingturb ulent bursts

(Strunin)

Localizedturbulent burstsare typical in wall turbu-
lenceandgeophysicabtrati®ed ows wherethey play a
determiningrole in atransporiof tracers(contaminants,
temperaturetc). An interestingheoreticabndpractical
guestionis how strongthe burstmixesthetracersup.

One candistinguishthe following oppositetrendsin
theburst's development.Ontheonehand theburstcon-
stantlyinvolvessurrounding uid into theturbulentmo-
tion. This processactstowardsmakingthe "uid more
homogeneousOn the otherhand,the turbulentenegy
distributesover largervolumesof spaceanddecaysiue
to a viscousdissipation. Theseprocessesctin the op-
positedirection.

Evolutions of the burst and the tracerare described
by self-similarlaws in the (k — €) modelof turbulence.
Analytical solutionsshav thatthe uid remainssubstan-
tially nonuniforminsidethe burst. Of particularinterest
is to inspectif thesesolutionsareattractorsof otherso-
lutions originatingfrom variousinitial conditions.

2.1.4 Principles of low dimensional dy-
namical modelling and applications
to uid mechanics

(Suslov, Roberts)

The mostcomplete accurateandreliablemathemati-
cal modeldescribinga wide variety of "uid owsis the
Navier-Stokesequationsin mary casest unfortunately
accountsfor too mary minute details makingit virtu-
ally impossibleto simulatethe natureof the phenom-
enausing existing computerfacilities. Moreover, even
if resultsare obtainedthroughdirect numericalsimula-
tions, their qualitative interpretationfrequentlyrequires
constructionof a further simpli®ed model to ®lter the
main featuresof the "ow from thosewhich areof little
interestin a given application. Thusthereis a continu-
ing needfor accurateandreliablelow-dimensional mod-
els capableof resolvingthe main physicalcharacteris-
tics of "ows aswell asof servingasanaccurateool for
guantitatve predictionsn engineeringpplicationsThe
deriationof suchrelatively simplemodelshasednrig-
orousmathematicatechniquesuchascentremanifold
theoryis the objectof our currentresearch.

2.1.5 Convection

(Roberts, Passmore)

Vertical heattransportin the ocean,atmosphereand
mantleis dominatedby the heatcarriedby the encom-
passing uid. Simplecorvectionalmotionmaybe anal-
ysedmathematically Variantsof centremanifold the-
ory are being usedto develop accuratemodelsof the
comple, evenchaotic,dynamicsof corvectionbetween
poorly conductingooundariegrepresentatie of corvec-
tionin theearths mantle).

In particular we areinvestigatingthe issueof how to
specifyboundaryconditionsfor mathematicainodelsof
the complex dynamics. Suchboundaryconditionswill
take accountof realistic physicaleffects of the bound-
aries.

2.1.6 Turbulent ood ow

(Roberts, Suslov and Li)

We aredevelopinga new modelfor the dynamicsof
turbulent oodwater Cornventionalmodelsarebasedn
the 150 yearold St Venantequations.Using the tech-
niquesof centremanifold theory describedn the next
section the newv modelis basedn the k-e modelof tur-
bulencebut rigorously simpli®ed for shallov-water (or
long-wave) “ow. The new modelshouldbe of wide use
in simulatingandpredicting oods,estuarineows, and
rivers.

2.1.7 Impact Delivery of Prebiotic Organ-
ics

(Brookshaw)

A signi®canffractionof theterrestriaplanets'volatile
inventorymayhave beenacquiredasalate-accretinge-
neerfrom impactsof carbonaceouasteroidsandcomets
during the period of heary bombardment.5 x 10° to
3.8 x 10° yearsago. In addition to simple volatile
moleculessuchas H,O and short-chainhydrocarbons,
carbonaceouasteroidandcometsarealsorich in com-
plex organics.It haslong beenspeculatedhatthe earth
accretedprebiotic organic moleculesimportantfor the
origins of life from the impactsof carbonaceouaster
oids and cometsduring the period of heary bombard-
ment. A comprehense treatmentof comet-asteroid
interactionwith the atmospheresurface impact, and
resulting organic pyrolysis is neededto quantify this
sourceof prebioticorganicmolecules.
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This project (being done in conjunction with C.F.
Chyba, Princeton and W. Davis, NASA Ames) isto ex-
tend early work that focused on the earth and quantify
the sources of prebiotic organic molecules for Mars.

2.1.8 Impact Triggered Tsunamis

(Brookshaw)

A considerable amount of interest has been generated
in the last few years on the problem of near earth object
detection and interception. Thisinterest has been fueled
by so-called risk analyses of a catastrophic impact of an
asteroid or comet on the surface of the earth. Thereislit-
tle doubt that an asteroid 10 kilometres in diameter (the
size of the Cretacious-Tertiary impactor 65 million years
ago) impacting the earth would cause global devastation,
but the period of large impactors is approximately 25
million years. A far more likely scenario is the impact
of an object tens of metresin diameter. The 20 Megaton
explosion over Tunguska, Siberiain 1908 is thought to
have been caused by a stony meteorite of this size.

Though smaller impactors are more frequent the dev-
astation is localised when the impact occurs over land
(the Tunguska explosion fiettened 2,000 square kilome-
tres of forest) The destructive potential of small im-
pactors increases signifi cantly if the projectile hits the
ocean and can generate a tsunami. Little is known
of small impactors ability to generate tsunamis, this
project, using an hydrodynamic particle code to model
the impact into water, and an incompressible fi nite dif-
ference code to model the subsegquent wave motion, is
making a study of the waves generated by a variety of
small impactors. With these results amore informed risk
analysis should be possible.

2.1.9 Hydrodynamics of Pulsar Driven
Winds

(Brookshaw)

Eclipsing millisecond pulsars (eg. PSR 1957+20, PSR
1744-24A) are known to exist in binary systems. A stel-
lar wind from the pulsar companion is induced by the
high energy particles and radiation of the pulsar wind.
The wind from the companion then interacts with the
low energy radiation from the pulsar and a bow shock is
formed. The bow shock geometry can explain many of
the features of the observed eclipsing patterns.

Using a particle hydrodynamic numerical code we
(thiswork is being done with M. Tavani, Columbia Uni-
versity) are modelling the expansion and bow shock ge-
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ometry under different conditions relevant for vaporiz-
ing millisecond pulsars.

2.1.10 Hypervelocity Impacts

(Brookshaw)

Since 1994 a number of hypervelocity experiments
testing scram-jet engines at the SHARP (Super High Al-
titude Research Project) facility at Lawrence Livermore
National Laboratory, (LLNL) have been carried out. The
SHARP gas gun isthe largest two-stage light gasgun in
the world and is used as a hypersonic research facility.
Projectiles 1-10 kg in mass are fi red horizontally into
air, past high-speed diagnostic equipment (roughly 20 m
fight path), and into a projectile-retaining area, a con-
crete bunker fi lled with sand.

The recent experiments testing scram-jet engines pro-
vide an opportunity to conduct hypervel ocity impact ex-
periments at no cost with a total energy (20 MJ) more
than 3 orders of magnitude larger than previous studies.

The project is to compare numerical models with the
experimental results from diagnostic equipment placed
in the sand in the target bunker and is being conducted
with P. Fiske, LLNL.

2.1.11 The dynamicsof thin Ims of uid

(Roberts, Simpson and Suslov)

Thin layers of fuids are of considerable importance
in the world around us. They occur in many engineer-
ing situationsincluding painting, coating and lubrication
fiows. The human body also uses such thin fuid layers
to protect parts of the body and to transport or capture
material. In this project, in collaboration with Dr Valery
Roy of the University of Delaware, we are developing
models for the fow of thin fi Ims viscous fLids and any
material they transport. We look to model not only sim-
ple Newtonian fuid fows, but also the complex rheol-
ogy of non-Newtonian flids. Further, the models will
properly account for curvature of the substrate as such
curvature has a fundamenta infuence of the fow. We
are also developing techniques to derive the correct ini-
tial conditions for such thin fLid fi Im models.
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2.2 Mathematical modelling

2.2.1 Erodibility and sourceeffectson dust
plume formation

(H Butler)

Wind erosion induced dust plumes represent a major
problemin Central Australia. These dust plumesremove
a substantial amount of nutrients from the parent soil.
Thisproject looks at the effect that source erodibility and
location has on the structure of these dust plumes at the
local and regional scale. Theultimateaimisto beableto
predict erosion rates on a particle size basis, along with
the location of sources, purely from dust plume observa-
tions.

2.2.2 Heat and topographical effects on
the wind ow in the channelcountry

(L Brookshaw, H Butler)

The research work of Butler, has indicated the exis-
tence of anumber of secondary processes, such as heat-
ing, that play an important role in the formation of dust
plumes. These processes interact with each other, to al-
ter the wind flow, across the source area. This project is
an initial attempt to quantify these effects on the wind
fbw, using afuid dynamical based model.

2.2.3 Zonal models of shear dispersion in
channelsusing centre manifolds

(Roberts, Strunin)

Zona models of contaminant dispersion in shear
fows describe skewness of contaminant distribution
along a channel. In the simplest case a zona model
considers two zones, fast and slow, leading to a cou-
pled pair of evolution equations for averaged concen-
trations in each zone. However, existing derivations do
not lead to an exact form of these equations. We con-
struct a two-zone model whose accuracy is guaranteed
by centre manifold theory. The model leads to a new
form for the evolution equations and new values of the
interaction coeffi cients. We formulate appropriateinitial
conditions for the model and study their infuence nu-
mericaly. Using the correct initial conditions we obtain
agood agreement with adirect numerical solution of the
original advection-diffusion equations.
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2.2.4 Auto-solitonsin various physical sys-
tems

(Strunin)

Solitons have been a subject of numerous studies over
the last three decades. An upsurge of interest in soli-
tons was to a large extent motivated by integrability
properties of certain classes of soliton-generating con-
servative systems. No less interesting is another type of
soliton, called auto-solitons, which encounter in dissipa-
tive systems with an intrinsic source of energy. Unlike
usual solitons, auto-solitons have unique amplitude and
unique speed governed by adynamical system. A typical
system of such type is combustion front where reaction
plays arole of the energy source and heat conductivity
plays arole of the dissipation.

We are focused on constructing new models of auto-
solitons in connection with various physical systems,
in particular, unstable combustion fronts in solid-phase
compounds and extended elementary particles. Distant
in scale and nature these systems nonethel ess may be de-
scribed within closely related mathematical models. A
shape of spinning combustion front and a shape of the
action function corresponding to the elementary parti-
cle are modelled by nonlinear PDESs of similar structure.
Those models are relatively simple asthey present asin-
gle equation with asmall number of termsinvolved. Our
model of the spinning combustion front is substantially
shorter than existing multi-component models which of -
ten rely on poorly justifi ed variables and coeffi cients. A
question of particular interest is whether our model is
capable of generating chaotic multi-soliton regimes.

2.2.5 Hyperbolic and nonlinear effectsin
coupledthermoelasticity

(Strunin, Melnik and Roberts)

This research is a devel opment of the project on con-
structive approximations and mathematical analysis in
coupled dynamic thermoel asticity.

The classical theory of thermoelasticity based on a
parabolic-type heat equation leads to the physically un-
realistic phenomenon of instantaneous heat propagation.
This brings about well-known limitations of the classi-
cal theory of thermoelasticity when applied to a number
of practically important problems such as those dealing
with sudden heat inputs or extremely low temperature
regimes. By introducing thermal relaxation times, this
diffi culty can be overcome. Mathematical modelling
with new models of hyperbolic thermoelasticity is the
main focus of this project.
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We investigate numerically coupling nonlinear and
hyperbolic effects in sodium fluorine and bismuth crys-
tals in the range of critical temperatures. By using the
Rankine-Hugoniot compatibility conditions, we study
the structure of the thermoel astic wave front in the vicin-
ity of hot and cold shocks observed experimentally in
these crystals.

The complexity of solving coupled problems of ther-
moel asticity has often led to different decoupling formu-
lations in multidimensional models of thermoelasticity
theory. However, such formulations become unsatisfac-
tory for the problems with high spatial gradients giving
rise to signifi cant amount of thermal stresses. Starting
with the general 3D model of hyperbolic thermoel astic-
ity and using a computer algebra technique, we develop
alow-dimensional model adequately describing coupled
thermomechanical processes in materials that are sub-
jected to sharp impulse heating of the surface.

2.2.6 Thermally induced hysteresisin vis-
coelasticand pseudoelastianaterials

(Melnik, Roberts and Harman)

The adequate description of thermomechanical be-
haviour of viscoelastic materials, ranging from viscous
fuids to (pseudo) elastic solids, is an important and dif-
fi cult task. The key points in such a description be-
long to the appropriate time scaling and to the choice
of constitutive relations which couple stresses, defor-
mation gradients, thermal fluxes and temperature. Our
main emphasis in this project is given to the mathe-
matical and numerical analysis of materials known as
pseudoelastic. A typical example of such materias is
provided by shape-memory aloys (SMA) which have a
strong dependence of load deformation upon tempera-
ture. The key to the understanding of thermomechani-
cal behaviour of SMA isin the mechanism of the phase
transition from the low to high temperature known as
the martensitic-austenitic transition. In this project we
address the problem of the mathematical description of
this transition taking into account the coupling of elas-
tic and thermal fi elds. We develop effi cient approximate
models and apply them to the computational analysis
of thermomechanical behaviour of shape-memory-alloy
structures.
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2.2.7 Constructive approximations and
the mathematical analysisin coupled
dynamic thermoelasticity

(Melnik, Roberts and Thomas)

Mathematical models describing dynamics of the in-
teraction between mechanical and thermal fi eldsin elas-
tic materials have signifi cant practical importance and
are used in many applications such as structural mechan-
ics, power engineering, electronic device design. How-
ever, the thermomechanics of materials that undergo
large deformation and/or considerable thermal distur-
bances has not been studied with the assiduity it de-
serves. Mathematically, we consider a system of partial
differential equations coupled by a characteristic param-
eter and by the boundary conditions. The system of such
types does not belong to any classical types of partial
differential equations as it contains both parabolic and
hyperbolic modes. The key diffi culty lies with the fact
that the solutions of many practically important prob-
lems based on such models do not possess the degree of
smoothness often postulated a priori. The construction
and the justifi cation of adequate approximate models of
coupled dynamic thermoelasticity as well as the devel-
opment of numerical procedures for their effective solu-
tion isthe core of the project.

2.2.8 Mathematical and numerical analy-
sisof the quasi-hydrodynamic model
in semiconductordevice theory

(Melnik, Roberts, Harman and He)

During recent years computational microelectronics
has provided a wide range of chalenging mathemati-
cal problems that require collaborative efforts of math-
ematicians, electrical engineers and physicists. In this
project we address the problem of analysis of mathe-
matical models for charge transport in semiconductors.
Although the fundamental drift-diffusion model (DDM)
of the semiconductor device theory has been extensively
studied mathematically and by now isrelatively weel un-
derstood, new models are required to account for non-
equilibrium and non-local behaviour of semiconductor
plasma. The aim of this project is to improve the math-
ematical and numerical analysis of non-local models for
semiconductors.
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2.2.9 *“Fingerprints” of linear operatorsin
the solution of spectral problems

(Melnik and Spunde)

The study of eigenvalues has been revolutionised by
the ready availability of computing power. Once the
basic mathematical ideas have been understood, many
practical problemsfrom avariety of industrial and scien-
tifi ¢ areas involving large matrices and linear operators
may be attacked. Surprising results, however, are quick
to appear and present well-known, yet non-trivial, diffi -
culties. In this project we analyse a number of phenom-
ena where classical computation with such packages as
MATLAB, MATHEMATICA, APL, MAPLE leads to
misleading results. It is not a question of which software
package does better, nor is it a choice between fbating
point or symbolic arithmetics that is of primary impor-
tance in the explanation of these phenomena, but rather
a choice of what is feasible and appropriate to compute.
We review some of the computational diffi cultiesin the
solution of spectral problems and show how the visual-
isation capability of readily available software packages
may be used to present an approach with a somewhat
altered perspective. Such a perspective is based on the
notion of pseudospectraand on theideaof relating infor-
mation in the complex plane to the behaviour of matrices
or, more generaly, linear operators.

2.2.10 Automatic Differentiation Tech-
niques for the Solution of Differen-
tial Equations

(Spunde)

High order Taylor Series approximations have been
shown to be a viable alternative to classical approxima-
tions for the solution of systems of ordinary differential
equations through the application of techniques of au-
tomatic differentiation. Multi-point techniques applied
to stiff systems are being investigated; and also multi-
variable techniques for partial differential equations.

2.2.11 Roadtrafc ow modelling

(Plank)

The performance of non-signalised traffi ¢ intersec-
tions is affected by variability in vehicle behaviour due
to differences amongst vehicles/drivers and inconsis-
tency inindividual driver behaviour. Research so far has
partly quantifi ed the effects of these two factors on mea-
sures of intersection performance such as capacity and
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delay for stationary fbw conditions and for simple traf-
fi c conficts. Insight has been gained into the importance
of including inconsistency and/or inhomogeneity param-
etersin formulae which traffi ¢ engineers use to measure
and predict the degree of congestion at uncontrolled ur-
ban intersections under realistic fow conditions. Ongo-
ing and planned research include the modelling of more
complex traffi ¢ conflcts, the impact of severe inconsis-
tency and inhomogeneity on performance measures, and
the development of a useful model for non-stationary
fow conditions.

2.2.12 Modelling of Driers usedin Sugar
Factories

(Plank & McFarlane)

Sugar factories receive billeted cane and produce raw
sugar by a number of complicated unit operations. The
raw sugar hasto conform to certain quality and physical
characteristics to be able to be transported anywhere in
theworld in avariety of climatic conditions. It must also
be able to be easily refi ned into white sugar.

To date, modelling of unit operations has, almost ex-
clusively, assumed steady-state conditions. Unfortu-
nately a variety of disturbances routinely occur in the
cane supply, steam supply, mixing and chemical addi-
tives amongst others, some or al of which may impact
on the raw sugar product.

This on-going project aims to examine the influence
of variation in input variables on the raw sugar prod-
uct using a stochastic process modelling approach. The
ultimate intention is to model the entire sugar factory
in order to better understand the nature of interactions
amongst input variables and to devise control strategies
to improve the output quality.

Work to date has concentrated on the fi nal unit op-
eration of the process - the drying stage. An existing
steady-state model has been adapted to deal with vari-
ability in the input variables and a method devel oped of
effi ciently simulating the drying process in the presence
of many input variables.

2.2.13 Dust Transport Modelling

(Butler)

Inthelast ten years most Australian capitals have been
affected by major dust storms. The majority of this dust
originated in the rich farming lands of rural Austraia
and carries a large amount of the nutrients/chemicals
that were present in the soil. Current modelling work
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is aimed at producing a source based model that will
accurately predict dust concentration downwind of the
source. It is anticipated that this model will give us
insight into where these nutrients/chemicals are being
transported, and their effect on the various ecosystems
in Australia.

2.3 Applied Computer Science

2.3.1 DocumentTechnology

(R. Addie)

An expanding industry concerned with preparation,
transformation, communication and presentation of doc-
uments has developed over the last decade. The Univer-
sity of Southern Queensland and associated industry in
Toowoomba is an active and committed contributor to
this industry. This project has the goal of constructing
technical ideas (protocols, document structure concepts,
agorithms) in thisindustry.

2.3.2 Agent-basedintelligent Information
SystemsDevelopment

(Z. Zhang)

Intelligent information systems have excelled conven-
tiona 1S in capability of learning and adaptability to
the changing environment. One approach to developing
such kind of systemsisto integrate artifi cial intelligence
techniques with agent technique. This project aimsto:

1. examiner intelligent processing techniques such as
fuzzy logic, neural networks and genetic algorithms

2. exploit agent architectures and communication lan-
guages

3. develop techniques for the integration of intelligent
agents

2.3.3 Distorted-Oriented Display Based
HTML DocumentsViewing System

(Z. Zhang)

Distorted-Oriented Displays (DOD) isauser interface
approach which can display the information of interest
at amost detailed level and their context but with distor-
tion. This approach has afeature that it isableto display
information as much as possible without losing its con-
text on alimited size computer screen (monitor).
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In this project, we will develop a special DOD and it
will be applied in viewing the relationship (relevance)
among HTML documents on a computer using Java
technology.

2.3.4 Risk Management Using Object-
Oriented Techniques

(Zhou)

Current software, for example, web server software
that is supplied by vendors always declare that their soft-
ware is secure and provides a security model that imple-
ments certain security protocols. These security models
have some problems:

e Did not include the analysis of system environment
and simply implement certain cryptographic rules

e May not be sure that the server can continue its se-
Ccurity operations

e May not beresistant to a determined attack over the
Internet or from corporate insiders

e Most of the software is based on applets security
models and cannot prevent the network application
attack through indirect methods of applet applica-
tions

e Cannot balance the load among multiple servers

e Lack of implementing the security analysis of dif-
ferent system functions

The current research is to propose a Target Informa-
tion Base (TIB) and Risk Information Base (RIB) sys
tem, an object-oriented risk analysis and management
tool. It addresses a variety of risk information ma
nipulations, including analysis of system Internet envi-
ronments, system functions, data processing, rule-based
analysisand risk cal culations. Such arange of manipula-
tionsis not fully addressed by any single security model
or programming approach. Because of its modular de-
sign, the TIB-RIB system can readily be customised to
address the specifi ¢ analytical needs of different sys-
tem environments. Using object-oriented risk analysis,
it would alow improved system security and reducing
environmental Internet impact.
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2.3.5 Broadband Network Analysis, De-
sign,and Management

(Addie)

Recent work in modelling broadband and internet
traffi c by R.G. Addie and co-workers has important im-
plications for the analysis, design, and management of
communication networks. It has now been shown theo-
retically, and experimentally, that traffi c becomes closer
to Gaussian as it is aggregated. Furthermore, when the
Gaussian approximation becomes valid, a law of in-
creasing effi ciency sets in which implies that network
performance can be maintained at excellent levels de-
spite utilisation approaching one hundred percent. These
conclusions are explained in the paper of the August is-
sue of the IEEE Communications Magazine. The cen-
tral limit theorem result has been published in the Jour-
nal of Statistical Planning and Inference. Recent work
with llkka Norros has extended the previous results to
continuous time Gaussian models with realistic autocor-
variance functions.

e Performance Models. This project entails research
on continuous time Gaussian models with realistic
autocovariance and their implications and further
refi nement of the central limit theorem for network
traffi c.

e Architectural Principles for Communication Net-
works. The analysis tools and ideas aready devel-
oped, and under development have important im-
plications for network architecture, which will be
explored. These include:

— Multiplexing Gain (the fact that networks be-
come more effi cient as traffi ¢ grows)

— Layering of networks: principles and practise

— Differentiation of service:
practise

principles and

e Measurements. Further implications of the Gaus-
sian analysis described above is the importance of
short time-scale behaviour of network traffi c. This
needs to be understood better in order to provide a
sound foundation for dimensioning broadband and
I P networks. Thiswork will include:

— A program of measurements.

— Statistical theory to support the measurements
(including methods for estimating fi ne time-
scale behaviour from more crude measure-
ments)
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e Simulation. Development of high speed (using im-
portant splitting) simulations to support the analy-
sis and measurement work described previously.

e Network Design. * Development of principles of
network design applicable to broadband and I P net-
works.

2.3.6 Risk Analysis of Using Applets that
are Running Multiple Threads

(Zhou)

Many internet browsers allocate a thread for each ap-
plet on a page, using that thread for al calls to the ap-
plet's magjor methods. Some browsers allocate multi-
ple threads or a thread group for each applet. Multi-
ple threads share more of their enrivonment with each
other than singletasking. Threads may be distinguished
by the value of their program counters and stack address
while sharing a multiple address space and set of vari-
ables. The threads that the major methods are called
from depends on the application that is running the ap-
plet, so that it is easy to kill or get the control part or all
the threads that belong to a particular applet.

It is diffi cult to directly discover the flaws in the de-
sign and implementation of internet browsers. The cur-
rent research is to design a risk analysis method to ex-
ploit weaknesses in the type checking of threads and
Java applets and system-level fews, in order to prevent
the vulnerabilities caused by Javalapplet applications,
that possibly leak sensitive information, corrupt an ap-
plication environment and cause great inconvenience.

2.3.7 Programming languagedesign

(House)

A major problem in computing is designing computer
languages that provide an effective medium for the de-
sign and implementation of large or complex systems.
Some diffi culties relate to specifi ¢ language features,
othersto overall language design considerations.

This project addresses both of the above kinds of dif-
fi culties. The research focuses on methods of data and
process encapsulation, and on methods of object decla-
ration. A specifi ¢ language feature success was the cre-
ation of a clean language feature for declaring scientifi ¢
unit information that specifi es allowable data combina-
tions: for example, lengths and masses may be muilti-
plied, but not added. An overall design issue tackled
successfully was design of improved block-structuring
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rules for Algol-like languages. A new paradigm for lan-
guage type systems is also hear completion.

Present work focuses on design of an inverse object-
oriented paradigm which, in combination with existing
object-oriented concepts, would permit unprecedented
fiexibility and clarity in a programming language.

A long-term goal isthe design of acompl ete program-
ming language that embodies these concepts.

2.3.8 SystemsSimulation of Meat Process-
ing
(McFarlane)

Systems simulation is a powerful strategy for mod-
elling and analysing complex systems in which varying
degrees of randomness impacts on the performance of
tasks, the arrival and flow between processes, the avail-
ability of resources, and the interaction of subsystems
competing for scarce resources.

The use of systems simulation as a decision support
system isrelevant to meatworks, enabling decision mak-
ers to explore the operational implications of adjust-
ments to meat processing without the expense and asso-
ciated risks of major aterations. In this way, managers
can evaluate new/aternative technologies and examine
the feasibility of implementation at minimal cost. Com-
parison of alternative technologies, plant design/layout
can be made in relation to bottle-necks, capacity, effi -
ciency and resource utilisation as afunction of plant lay-
out. The ability to evaluate new technology at minimal
cost will lead to more confi dence in the expected perfor-
mance of that technology, allow labour utilisation within
new systems to be determined and planned as part of
the devel opment and will encourage quicker adoption of
technology into industry.

These projects are concerned with the development of
'standard’ systems simulation models for all meat pro-
cessing activities, related to slaughter fbor and boning
room operations. The development of sophisticated user
interfaces and animated graphical displayswill allow the
models to be used interactively by managers.

2.3.9 SystemsSimulation of Food Distri-
bution at the Toowoomba BaseHos-
pital

(McFarlane & Parker)

Systems simulation is a powerful strategy for mod-
elling and analysing complex systems in which varying
degrees of randomness impacts on the performance of
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tasks, the arrival and flow between processes, the avail-
ability of resources, and the interaction of subsystems
competing for scarce resources.

This project involves the use of systems simulationin
the comparison of aternate technologies involved in the
preparation and distribution of food throughout a large
hospital.

2.3.10 Comparison of Alter native Slaugh-
ter Floor Con gurations

(McFarlane)

Systems simulation is a powerful strategy for mod-
elling and analysing complex systems in which varying
degrees of randomness impacts on the performance of
tasks, the arrival and flow between processes, the avail-
ability of resources, and the interaction of subsystems
competing for scarce resources.

This project is concerned with analysing performance
differences between these modifi cations proposed by a
large meat processor.

2.3.11 User interface design for software
developmenternvironments

(Toleman & Welsh)

Computer-aided software engineering (CASE) tools
have a vital role to play in software development and
maintenance. In practice, however, the uptake of in-
novative CASE tools by software engineers is typically
much slower than their designers expect, and the bene-
fi tsare consequently limited. This slow uptake of CASE
toolsis often attributed to usability concerns, but use of
systematic usability evaluation techniques to overcome
such problemsis certainly not common practice and has
not been widely canvassed in the relevant literature.

The aim of this project is to apply usability evalua-
tion techniques to a number of innovative CASE tool
features, to determine the effectiveness of the evaluation
techniques concerned in this context. If successful, the
experiment will also provide valuable information on the
potential of the innovative tool features evaluated.

The outcomes will be

e adocumented case-study of the application of us-
ability evaluation techniques to CASE tools, which
will be of signifi cant genera value to tool develop-
ers, and
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a systematic evaluation of the specifi ¢ innovative
features concerned, which will help to determine
their usefulnessin future CASE tool developments.

The project isacollaborative one between researchers
at the University of Queensland who have devel oped the
tool features concerned, and researchers at the Univer-
sity of Southern Queensland, whose expertise in usabil-
ity evaluation will ensure an independent, well-designed
experiment.

2.3.12 Generic Language-BasedEditors

(Welsh & Toleman)

The generic editors UQ1 and UQ2 provide the plat-
formfor several other projects. Thisproject isconcerned
with improving the quality and usability of these editors
so they can function effectively as the front-end to ava-
riety of software development environments, and with
integrating the results of other projects into the generic
UQx environment as they emerge.

2.3.13 Real-Time Multicast Communica-
tion in ATM Networks

(Zhang and Jia)

Real-time multicast is an important communication
mechanism required by many multimedia applications,
such as interactive video conferencing systems, video-
on-demand, distance education, and so on. However, lit-
tlework has been done in supporting real-time multicast
in ATM networks. This project has three major tasks:

1. develop areal-time analytical model to analyse de-
laysin ATM networks;

2. develop amulticast routing agorithm which gener-
ates optimal routing trees (in terms of network cost)
under real-time constraints;

3. develop a real-time multicast connection setup
method which combines the multicast routing with
the real-time verifi cation of routing trees.

2.4 Databases

2.4.1 Visual DatabaseProcessingOver In-
ternet

(Cao, Hou, Zhang)

Visual database processing concerns techniques for
display and query processing based on database schema.
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In networking environments, the global schemaor feder-
ated schema of networking databases may not be known,
as the integration in many cases can not be automated
due to the semantic conficts. Sothat it is hard to display
and view the complete distributed or global structure at
any point in time.

We will start with a data model to describe database
schema to be visualised, a 3-D visualization model and
the mappings between the database schema and the visu-
aization model. Based on these, a graphical user inter-
face will be developed to guide users to formulate their
database queries and to refi ne their queries dynamically.

We will then develop an effi cient visual mechanism
for schema integration, query formulation and infor-
mation retrieval over the internet databases. This will
provide effective navigational views for the user during
their exploration of global or federated schemasand help
users quickly gain the understanding of the federated
schema. For schema integration, we will adopt object-
oriented design techniques and also incorporate user's
input to guide the integration.

2.4.2 Database Security and Electronic
Commerce

(Zhang, Limthanmaphon)

Information stored in databases is often considered
as a valuable and important resource for organisations.
Database security, the protection of information from
unauthorised disclosure either by direct retrieval or by
indirect logical inference, iscrucia to organisations. On
the other hand, due to the tremendous growth of inter-
net and in particular the WWW, businesses and organi-
sations are restructuring themselves in order to interact
with consumers and other organisations in a global on-
line cooperative work and/or electronic commerce en-
vironment. This poses great challenges for supporting
both database security and cooperative work at the same
time, especially in the area of electronic commerce.

In this work, we investigate secure database design
based on the security and collaboration reguirementsin
addition to the traditional functional requirements, and
develop a transaction processing model to support the
workflow in electronic commerce environments.

2.4.3 Spatial and Multimedia Database
Processing

(zhang, Roberts, Lai and Xiao)

In this project, we will develop techniques and algo-
rithms:
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to support the graphic and logical representation of
multimedia data such as documents and images,
thus increasing the speed and accuracy of user’s
query formulation;

to facilitate the information retrieval in spatial
databases, image and multimedia databases by uti-
lizing various index techniques;

to improve the response time by better balancing
the load and maximizing the performance of paral-
lel spatial and image database processing.

2.4.4 Normalization in Object-Oriented
DatabaseDesign

(Zhang, Xiao, and Fuller)

Normalization theory is an aid which provides a rigor-
ous procedure for relational database design. Although
the relational model has provided database practition-
ers with a modelling methodology independent of de-
tails of physical implementation, many designers believe
that the relational model does not offer a sufficiently rich
conceptual model for problems that do not map onto ta-
bles in a straight forward fashion. The past decade has
seen the emergence of numerous data models with the
aims of providing increased expressiveness to the mod-
eller and incorporating a richer set of semantics into the
database. This collection of data models can be loosely
categorized as object-oriented or “semantic” data mod-
els since their one unifying characteristic is that they at-
tempt to provide more semantic content than the rela-
tional model.

In this project, we will investigate the normalization
process for object-oriented database design, including
the object normal forms and the normalization proce-
dure.

2.4.5 Design and Management of Dis-
trib uted Databases

(Zhang)

The design methodology and transaction manage-
ments for centralised database have been well studied
and understood. Due to the development of network
technology, mobile computing and the nature of decen-
tralization of many nation-wide and world-wide orga-
nizations, the centralised database design and manage-
ment do not meet the decentralised application require-
ments. To support distributed processing, one need to
design distributed database systems, mobile distributed
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databases or integrate the existing database systems
into a federated database system. In this project, we
will develop algorithms or approaches for distributed
database design and distributed transaction manage-
ment, including concurrency control and recovery in
federated databases and mobile distributed database sys-
tems.

2.4.6 Database Support for Cooperative
Work and Advanced Transaction
Processing

(Zhang)

Although the traditional database transaction model
is suitable for conventional database applications, it has
limited applicability in many advanced applications such
as software development environments. In those envi-
ronments, transactions are usually very complex, have
a need to access many complex data items, tend to be
very long, and may need to cooperate with each other.
For example, in cooperative environments, several de-
signers might work on the same project. Each designer
starts up a cooperative transaction. Those cooperative
transactions jointly form a transaction group. Coop-
erative transactions in the same transaction group may
read or update each other’s uncommitted object ver-
sions. Therefore, cooperative transactions may be in-
terdependent. However, the traditional transaction tech-
nique does not support cooperation among the transac-
tions. Cooperative applications may require different
correctness criteria rather than serialisability theory. Co-
operative transactions might be long and able to interact
with each other. Therefore, there is a special need for
research in cooperative transaction management.

In this project, we consider cooperative environments
of systems design. We treat the cooperative transac-
tions as a transaction group, and relax the requirement
for atomicity and serialisability. We start with an ad-
vanced transaction model, develop its consistency and
correctness criteria and then design cooperative concur-
rency control and synchronization mechanism.

2.5 Parallel and Distrib uted Com-
puting

2.5.1 Interprocedural Induction Variable
Analysis

(Tang)
Induction variable analysis is an essential step in par-
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allelizing compilers to form data dependence test equa-
tions for parallelization. All the previous work on in-
duction variable analysis only focused on induction vari-
ables within explicit loops of loop statements. However,
induction variables can also occur in procedure parame-
ters as a result of recursive procedure calls. The work on
interprocedural analysis on those interprocedural induc-
tion variables has been carried out late 2000. A frame-
work for such analysis and its algorithm have been pro-
posed. The details of the results are described in a work-
ing paper entitled “A framework for interprocedural in-
duction variable analysis”, http://www.sci.edu.au/
research/ SC-MC-0017, Faculty of Sciences, USQ.

2.5.2 Pointer Alias Analysis

(Tang)

| started to work on pointer analysis for the lan-
guages with indirect memory references such as C, C++
and Java. We are seeking efficient (with feasible time
and memory requirements at compile time) and accu-
rate algorithms for interprocedural pointer alias analy-
sis. The purpose of such algorithms is to provide more
accurate pointer alias information to generate better bi-
nary codes for the multi-threaded computer architec-
tures. Advanced multi-threaded architectures such as
Superthreaded Architecture provide run-time data de-
pendence checking to allow compilers to generate data
synchronizations for possible data dependences. The
alias information provided by the current pointer alias
analysis is not accurate enough. As a result, the compiler
may generate too many data synchronizations which will
flood the hardware buffer for inter-thread communica-
tion.

The work has been carried out on a level-based algo-
rithm to sharpen the analysis. The future work includes
the implementation of the algorithm on an SGI’ Prof64
compiler and measures the effectiveness of the algo-
rithm. This is a joint project with the high-performance
compiler group headed by Prof. Pen-Chung Yew at the
University of Minnesota.

2.5.3 SSAForm for Languageswith Indi-
rectReferences

(Tang)

SSA (Single Static Assignment) form is an essential
internal representation for further data flow analyses in
compilers. How to generate SSA forms for the lan-
guages with indirect memory references such as C, C++
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and Java, is a non-trial problem solved the SGI com-
piler group in 1996. We have been trying to extend
SGI’s SSA algorithm to use the SSA form to sharpen
the pointer alias analysis based on the concept of pointer
level. By integrating SSA form generation with pointer
alias analysis level by level, we expect to achieve more
accurate pointer alias information. In particular, we have
found that the new integrated SSA and pointer alias al-
gorithm can solve the forward path combining problems
with better efficiency.

This is a joint project with the high-performance com-
piler group headed by Prof. Pen-Chung Yew at the Uni-
versity of Minnesota.

2.5.4 Inter procedural Analysis and Paral-
lelization

(Tang)

I resume my work on interprocedural analysis and
parallelization. The goal is to define an appropriate in-
terprocedural analysis framework for the deep scalar and
array analysis across procedure call boundaries. This
framework should enable parallelizing compilers to dis-
cover

interprocedural induction variables

more accurate array access summaries for recursive
procedure calls

which cannot be achieved by the existing interprocedural
analysis. With this deep interprocedural analysis, paral-
lelizing compliers will be able to discover more paral-
lelism in the loops with procedure calls.

2.5.5 Programming Model for Parallel and
Distrib uted Computing

(Tang)

Work on the programming model for parallel and dis-
tributed computing has been continued. Two existing
coordination models: data-oriented model Linda and
control-oriented model IWIM (ldeal Worker Ideal Man-
ager), have been investigated. Our goal is to invent and
devise a novel coordination model and language to over-
come the limitations and drawbacks of the Linda model
at one hand and the IWIM model at the other. This new
model and language should have the following proper-
ties:
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It should be a general coordination model and lan-
guage to cover all types of distributed and parallel
applications.

It should provide high-level abstractionsto ease the
diffi culty of programming large and complicated
distributed and parallel applications.

We are also investing real world distributed and paral-
lel applications such as Distributed Interactive Simula-
tion (DIS), Collaborative Computing and Virtual Envi-
ronment (VE) to evaluate our new programming model.

2.5.6 Implementation of IP modelfor Par-
allel and Distrib uted Computing

(Tang, Sinnamon)

Work on the implementation of IP (Interacting Pro-
cesses) model for parallel and distributed applications
has made big progress in the last year. The implemen-
tation of multiparty interaction using the Java platform
is near completion. The future work includes the test of
the implementation with real-world distributed applica-
tions written with the high-level constructs of multiparty
interaction in Java.

2.5.7 Interacting ProcesseglP) for Paral-
lel Computing

(Tang)

We started to work on the model of Interacting Pro-
cesses (IP) for parallel computing in 1998. IPis a dis-
tributed programming model for interactive applications
based on the concept of multiparty interaction proposed
by Nissim Francis and Ira R. Norma. We found that the
IP model isextremely suitablefor parallel programming.
Work has been done on the suitability of the IP model for
parallel programming with several examples. A paper to
argue for the |P model for parallel programming will be
published and presented at the 12th International Work-
shop on Languages and Compilers for Parallel Comput-
ing (LCPC99).

2.5.8 Algorithm for First-Order Multi-

party Interactions

(Tang)

First-order multiparty interaction is one of the key ab-
stractions in the distributed programming model called
Interacting Processes (1P). We have worked out a new
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effi cient algorithm for fi rst-order multiparty interaction
by taking advantage of multi-threading supported by

modern operating systems. This algorithm will be

used to implement multiparty interactions for Java us-

ing acompile-time metaobject protocol (MOP) language

called OpenJava.

2.5.9 Programming Model for Parallel and
Distrib uted Computing

(Tang)

Work has been done on a unifying programming
model for both parallel and distributed computing. We
have been investigating three existing related models: 1P
model, Actor Model and Adaptive Programming model
and are working on our own new model. The imple-
mentation of our new model is going to be based on the
technique of compile-time metaobject protocols (MOP)
and use aM OP language called OpenJava on top of Java.

2.5.10 Distributed Virtual
gramming

Reality Pro-

(Tang)

We are investigating Virtual Reality Modeling Lan-
guage (VRML 2.0) and trying to use it as a base to build
complicated distributed applications such as distributed
games, virtual community, etc. The aim of the project is
to study and investigate the effectiveness of our new pro-
gramming model for parallel and distributed computing
(see above) and the effi ciency of itsimplementation in a
context of real-world distributed applications.

2.6 Statistics

2.6.1 Toowoomba Community Develop-
ment Project

(Fahey, Hegney)

A limited term project initiated by the Common-
wealth Department of Health and Aged Care and led
by Prof Hegney from the Department of Nursing. Co-
investigators include academic staff from Nursing, Psy-
chology and Mathematics and Computing. The aim is
to document diffi culties faced by elderly people (and
their carers) upon discharge from acuate care hospitals
in Toowoomba and identify any improvementsin the de-
sign of aged care services which could address these dif-
fi culties.
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2.6.2 Locum sewice

(McFarlane)

A report detailing data collection, storage, and analyt-
ical strategies and methodologies, to monitor and eval-
uate the Locum Service intended to support Continu-
ing Education activities and relief for rural doctors, was
presented to the Cunningham Centre at the Toowoomba
General Base Hospital.

2.6.3 Predictive Inference

(Khan)

Prediction distribution is the basis of predictive infer-
ence. Unlike the common practice of estimating param-
eters of a model of performing tests of hypotheses re-
garding the parameters involved, often the aim of are-
searcher/practitioner isto predict the value of afuturere-
sponse from a given model. The technique of prediction
isused in many real world situations asit has a common
sense of appeal and simpleinterpretation. The prediction
distribution isthe probability distribution of one or more
future (unobserved) responses, conditional on a set of
observed responses from the same model. Themethod is
useful in both univariate and multivariate problems. Pre-
dictiveinferenceis possiblefor modelswith independent
aswell as dependent and correlated responses. Bayesian
and other approaches can be adopted for the purpose
of predictive inference. Available methods can handle
the conventional normal model and non-normal robust
models. Application of predictive inference includes
problems in areas such as tolerance regions, model se-
lection, process control, optimization, perturbation and
many others.

2.6.4 Impr oved Estimation for Multi vari-
ate Models

(Khan)

The usual estimators, both the least square and max-
imum likelihood, can be improved by incorporating un-
certain prior information in the form of a null hypoth-
esis. The unrestricted estimator and the restricted esti-
mators can be improved by using all available informa-
tion and recently developed statistical techniques. the
method of preliminary test estimators (PTE) has been
developed by Bancroft by using the ‘Fisher's recipe’ of
testing out the uncertainty in the null hypothesis. The
PTE depends on the levels of signifi cance and is an ex-
treme choice between the unrestricted and restricted es-
timators. Stein-type shrinkage estimator addresses those
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problems. However, the shrinkage estimator becomes
unreliable when the value of the test statistic is close to
zero. The positive rule shrinkage estimator provides fur-
ther improvement in addition to solving the problem of
the shrinkage estimator. Study of the aboveimproved es-
timators are conducted for different multivariate normal
and Student-t models. The later model based estimators
are robust and include afamily of eliptical models.

2.6.5 Variance Modelling in GLMs

(Dunn)

Generalised linear models (glm's) contain a very
broad class of models that provide a uniform frame-
work for regression modelling for many types of data.
Glm’'s assume (among other things) that variance is pro-
portional to some function of the mean. However, there
are cases in which this mean-variance relationship fails
or needs to be estimated. This research will examine the
mean-variance relationship through the concept of dou-
ble generalised linear models which assume link-linear
predictors for both the mean and the dispersion. It will
also examine statistical models whose responses are not
members of the exponential family to extend the idea of
generalized linear models.

2.6.6 Tweedie Exponential
Models

Dispersion

(Dunn)

The generalized linear model framework provides
probability distributions or mass functions for many data
types, including the standard continuous and discrete
data types. Distributions are characterized by their vari-
ance function, V (1). The Tweedie family densities are
distributions for which the variance functions are of the
formV (u) = pP for somereal index p ¢ (0;1). Specia
cases include the normal (p = 0), the Poison (p = 1),
the gamma (p = 2), and the inverse Gaussian (p = 3)
distributions. For 1 < p < 2, the Tweedie densities are
continuous for Y > 0, with a discrete mass at Y = 0.
For values of p apart from 0, 1, 2 and 3, the densities
have no closed form. This research examines methods
of evaluation for the Tweedie densities, and subsequent
applications in generalized linear modelling, including
modelling the deviance.
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2.7 Educational development

2.7.1 CalculusReform

(Spunde)

The calculus/algebra reform program at USQ has
beenin effect since 1988. A computationally rich mathe-
matics instruction program in fi rst year mathematics was
developed in a CAUT sponsored project providing an
alternative approach to afi rst semester course in mathe-
matics, and integrating work on both calculus and linear
algebra. An Open Learning Quality Enhancement pro-
gram builds on the work of the CAUT project to pro-
duce an alternative method of delivering the Foundation
Mathematics course (MAT13) to open learning students
equipped with a computer.

The USQ program is unique amongst calculus reform
projectsin that it concentrates attention on the direct nu-
merical computation of functions, their derivative func-
tions and indefi nite integrals, and the application of the
rules of calculus to the manipulation of numeric func-
tion tables rather that symbolic formulae (in thefi rst in-
stance). A workshop for teachers offered at APL95 by
W. Spunde and R. Neidinger (Davidson, N.C.) demon-
strated how these numerical ideas could be implemented
in Mathematica, Maple, Matlab, APL, J and on the
HP48G and the T182 and TI85 calculators. Current de-
velopment focuses on a hybrid language (H+TkTcl) for
mathematics instruction.

The program aims to provide students with a strong
background of computational experience on which to
base an understanding of mathematical symbolism and
symbolic manipulations.

2.7.2 What Motivatesthe Study of Mathe-
matics and Computing?

(Fuller, McDonald and Cretchley)

It is common knowledge that fewer females than
males choose to undertake tertiary studies in Mathemat-
icsand/or Computing. Various explanations for why this
is so have been put forward, with most focussing on why
girls do NOT choose to enter these fi elds. Recently Pa-
tricia Cretchley, Anne Fuller and Christine McDonald
began an investigation into the factors that infuenced
1st year Mathematics Computing students to enter these
courses. Studentsin Algebra and Calculus 1 have com-
pleted a questionnaire, and shortly we will be interview-
ing selected students to obtain more detailed data. This
pilot study will be extended to all Queensland universi-
ties.
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We hypothesise that girls enter Mathemat-
ics’Computing for different reason from boys. We
further hypothesise the existence of regiona (rura vs
urban etc.) differences.

If we can identify any such motivational differences,
we, and other universities, can better target potential stu-
dents, both male and female.

2.7.3 Measuring Attitudes Towards Math-
ematicsin Early Childhood and Pri-
mary TeacherEducation

(Roberts C., Cretchley and Harman)

Changes in attitude have been measured over a
semester of mathematics in the fi rst year of Early Child-
hood and Primary teacher training. The unit of study
is not a curriculum unit, is taught by mathematcians
and explores mathematical ideas and experiences. The
Fennema-Sherman Attitudes Scale was used to measure
changes in confidence, effectance motivation, and use-
fulness. Analysis of the results indicates a challenging
outcome - the only signifi cant change wasadrop in their
perception of the usefulness of mathematics.

2.7.4 Enriching Distance Teaching and
Learning of Undergraduate Mathe-
matics using Videoconferencing and
Audiographics

(Harman and Dorman)

An interactive teaching/learning model involving
Desktop Videoconferencing and other audiographic fa-
cilities has been developed and trialed for distance ed-
ucation in undergraduate mathematics. It appears that
very little has been reported previously in this area of
mathematics teaching, certainly not on the scale of this
development. Such teaching and learning requires the
incorporation of a wide range of electronic communi-
cation tools which enable ideas to be explored using
verbals, visuals, algebraic symbolism, geometric repre-
sentation, and computer applications/graphics software.
Most importantly, the medium must also facilitate the
development of motivation and the communication of
enthusiasm for the subject. Weekly teaching/learning
sessions of two hours duration were held with afi rst-year
group throughout the teaching semester. It was demon-
strated that it was possible to integrate the systems used,
together with applications software, to enable the repre-
sentation of algebraic, geometric, and numeric concepts,
all of which are essential for the development of higher
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level mathematical topics. Various qualitative measures
were used for analysis of (i) complexity of the environ-
ment, (ii) effectiveness of the medium/methodology;, (iii)
improvement in skills, and (iv) the development of inter-
activity.

2.7.5 Analysis of the effect of the use
of powerful mathematicalcomputing
software on undergraduate attitudes
towards Mathematics and Learning

(C. Harman, P. Cretchley, N. Ellerton and G. Fogarty)

The influence of introducing MATLAB into first-year
mathematics has been analysed. The key factors studied
are influences on attitudes and concept development.

2.8 Miscellaneous

2.8.1 Quality monitoring in acutehospitals

(Fahey)

The aim is to develop methods for detecting, report-
ing and responding to unusual variation in clinical per-
formance between hospitals. The data source used is the
NSW medical record front sheet which collects about
120 data items on each of the 1.5 million acute hos-
pital admissions in that state each year. The analysis
methods are centred on variation indexes which adjust
for chance, ’usual’ between hospital variation and con-
founding variables such as patient condition and pa-
tient characteristics. Reporting systems are designed
to demonstrate variation in clinically meaningful terms
(such as potential dollars saved or potential adverse
outcomes averted). Response strategies are being in-
vestigated through workshops and collaboration with
hospital-based quality practitioners. The research is con-
ducted in collaboration with health services research
groups at the University of Newcastle.

2.8.2 Holistic nite differenceapproxima-
tions

(Roberts)

We aim to develop accurate finite difference approx-
imation to dynamical equations. The analysis is based
upon centre manifold theory so we are assured that the
finite difference model accurately models the dynam-
ics and may be constructed systematically. The trick
to the application of centre manifold theory is to divide
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the physical domain into small elements by introducing
insulating internal boundaries which are later removed.
Burger’s equation is used as an example to show how
the concepts work in practise. In this example the re-
sulting finite difference models are shown to be signif-
icantly more accurate than conventional discretisations,
particularly for highly nonlinear dynamics. This centre
manifold approach treats the dynamical equations as a
whole, not just as the sum of separate terms—it is holis-
tic. The techniques developed here will be used to ac-
curately model the nonlinear evolution of quite general
spatio-temporal dynamical systems.

2.8.3 Fractal geometry

(Roberts)

The distribution of plants and animals in their environ-
ment is frequently patchy. Recent research has shown
that this patchiness occurs, at least sometimes, on all
scales in the distribution of the species. This appear-
ance of structure on all scales leads naturally to a de-
scription of the distribution as a fractal object. Indeed
analysis of the settlement and subsequent evolution of
fucoids (“seaweed”) off the coast of South Australia is
showing the distribution to be a multi-fractal.

A current project is to overcome present limitations
in estimating fractal dimensions and determining the
multi-fractal spectra. Current methods are based on
straight line fits on log-log plots. By generating artifi-
cial multi-fractals and comparing the underlying struc-
ture of neighbour-distance information, we can deter-
mine which multi-fractals best match the physical data.
With this fit, we then use the analytically known infor-
mation about the artificial multi-fractal to estimate the
fractal nature of the original.

2.8.4 StochasticVehicleRouting

(Wark)

In many real-world vehicle routing problems the de-
mands of customers are not known in advance. More-
over, some customers may not need to be serviced in a
particular service period, but that may not be known un-
til after the vehicle servicing those customers has begun
its travel. If vehicles are to be used efficiently, it is in-
evitable that on occasions a vehicle may not be able to
service all customers on its intended route without an in-
termediate return to the depot. Thus vehicle routes need
be determined to minimize the probability of route fail-
ure, or to minimize the total expected cost of routes. In-
vestigations are being conducted to determine ways of
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fi nding good solutions for these stochastic vehicle rout-
ing problems.

2.8.5 Celestial mechanicsand astronomi-
cal graphics on computers

(Forbes)

Thisisawell-established project which | have person-
ally used to compare observations of satellite phenom-
ena (eclipses, occultations, shadows, transits) of Jupiter
and Saturn with computer program predictions.

A computer program shows images of the appearance
of the planets and their satellites at any chosen time.
Currently the rings of Saturn are invisible due to the
plane of the rings being close to edge-on to the Earth and
the Sun. The program is being used to predict the dis-
appearance and reappearance of the rings. This means
that the above satellite phenomenaare now occurring for
Saturn whereas they usually do not because of the large
angle between the plane of Saturn’s equator (and thering
plane) and the solar system’s ecliptic plane. (Thisisas
distinct from Jupiter, where such phenomena are always
occurring frequently).

These events have caused me to recently refi ne the
calculations for Saturn’s rings and satellites and further
refi nement will no doubt be necessary after comparison
with observations.

2.8.6 Two-dimensionalspectral estimation
using Pick Functions

(Forbes)

A very extensive chapter in my PhD dissertation was
devoted to 1-dimensional spectral analysis using Pick
functions. The method is new and appears to be suc-
cessful.

Another chapter was on 2-D spectral analysis using
Auto Regressive methods.

| am attempting to extend the Pick function method to
2 dimensions.

2.8.7 Mathematicsin Sport

(Chris Harman)

A model has been developed for optimising baserun-
ning trajectories for a baseballer. Previous studies have
been able to determine time differences due to running
on the curve for 200 m and 400 m sprints. These mod-
els assumed constant curvature (circular) and uniform
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speed. The baserunning model takes into account ac-
celeration from rest and the problem of modelling the
motion on general curves.

The techniques for determining curvature effects have
aso been applied to an analysis of lane effects in the
200 m and 400 m sprint events. The analysis is being
extended in an attempt to optimise velocity profi les.

2.9 PhD, Masters and Honours
Students

2.9.1 Penny Baillie (PhD Student) + The
Synthesisof Emotions in Intelligent
Agents: An Affective Agent Archi-
tecturefor Intuiti ve Reasoningin Ar -
ti cial Intelligences

(Supervisor: Dr Mark Toleman)

The aim of my research isto devel op and examine the
use of goal-oriented, emotive, artifi cial agents to sim-
ulate human rendered activity in realistic and fantastic
virtual environments. This work aims at developing an
artifi cial intelligence that can synthesize a range of hu-
man emotions using experiences in successes or failures
and interact with human-users through natural language
within avirtual environment.

2.9.2 Maurice Danaher (PhD Student) £ A
knowledge based expert system ap-
proachto preliminary structural de-
sign

(Supervisor: Dr Wei Lai)

Maurice is researching approaches to the problem of
preliminary design. He is particularly interested in the
approach of modelling design in a hierarchical manner
commencing at the abstract and becoming detailed as
the hierarchy is descended. He is developing asystem to
test this method.

2.9.3 Sagarmay Deb (PhD Student) *
Content-Based Image Retrieval in
Multimedia Databaseswith Empha-
sison Emergencelndex

(Supervisor: Dr Yanchun Zhang)

Based on input given, we study the emergence phe-
nomenon in images of the multimedia databases and re-
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trieve records that match input. Emergence phenomenon
involves studying the implicit meaning or hidden shapes
lying in an image.

2.9.4 Michael de Raadt (PhD Student) +
Novice Programmers and Their En-
vironments

(Supervisors: Dr Mark Toleman, Dr Richard Watson)

Currently, a study is underway into trends in novice
programming languages used in introductory program-
ming units around Australia. The study’s primary fo-
cus is the teaching of non-commercial languages, as op-
posed to teaching wide-spread commercial languages.
Hopefully this will provide a clearer picture of trends in
this area, to assist in the production of teaching methods
and support tools.

2.9.5 Jingyou Hou (PhD Student) + Web-
BasedData Management

(Supervisor: Dr Yanchun Zhang)

This research project is to build a web-based data in-
tegration management system. To do this, we will start
with connecting different relational databases by using
JDBC and JDBC-ODBC implementation. On the basis
of this work, we will use the object-oriented techniques
and analysis methods to build the data models for web-
based data, from which some common schema at the
conceptual level will be built and the user can formulate
transactions according to this schema. Then Java pro-
gramming techniques and related database management
methods will be developed to integrate the web-based
data to form a web-based data management system. At
last we will investigate the efficient algorithms for the
web transaction management of the system we built.

The implementation of this research project will set
a frame for integrating heretogeneous web-based data
sources, which is important for information processing
and management on networks. The corresponding data
models and transaction management algorithms can be
applied to other database management systems.

2.9.6 ZhenquanLi (PhD Student) + Mod-
elling Shallow Turbulent Fluid Dy-
namicsand Thin 3D Fluid Flows

(Supervisor: Prof Tony Roberts)

This dissertation develops the use of centre manifold
techniques in the derivation of low-dimensional mod-
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els of: turbulent long waves on shallow water based
on the k-epsilon model of turbulence, similarity solu-
tions of a generalised Burgers equation, and thin 3D
fluid flows with inertia on curved substrates. These low-
dimensional models provide good predictions for the dy-
namics in each case.

In collaboration with Mei and Roberts, Zhen has de-
rived a low-dimensional model for the evolution of the
water depth, vertically averaged flow velocity and tur-
bulent parameters from the k-epsilon model for turbu-
lence. This new model for the shallow water dynam-
ics of turbulent flow includes interaction between turbu-
lence and long waves and gives a rational alternative to
classic models for turbulent environmental flows. Dam
break flows are numerically simulated.

Burgers equation is one of the simplest nonlinear par-
tial differential equations—it combines the basic pro-
cesses of diffusion and nonlinear steepening. In some
applications it is appropriate for the diffusion coefficient
to be a time-dependent function; this we call a gener-
alised Burgers equation. Using Wayne’s and some other
transformations, Zhen has derived 1-mode and 2-mode
centre manifold models of the generalised Burgers equa-
tions for some time dependent coefficients. These sim-
ilarity solutions of the generalised Burgers equation are
calculated easily. The solutions of these models have
attractivity and therefore extend existing results.

Zhen has also modelled the 3D flow of a viscous New-
tonian fluid upon a curved substrate when the fluid film
is thin as occurs in many draining, coating and biological
flows. He derived a model of the dynamics of the film,
the model being expressed in terms of the film thickness
and the mean lateral velocities. The model accurately in-
cludes the effects of the curvature of substrate, fluid in-
ertia and a gravitational body force, and may be used to
describe wave-like phenomena in the dynamics of such
viscous fluid flows.

2.9.7 Benchaphon Limthanmaphon (PhD
Student) - Database Support for
Electronic Commerce

(Supervisor: Dr Yanchun Zhang)

Over the past few years, electronic commerce (EC)
has emerged as a dramatic new mode of business. The
Internet is used as a medium which could eventually sup-
port trading activities more efficiently. Early research
focused mostly on security and payment mechanisms.
Recent interesting projects investigated the use of soft-
ware agents to improve the capabilities of EC systems.
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However, there are some major hurdles that are block-
ing EC, such as missing high-level interoperability of
EC applications. This means it lacks ad-hoc collabora-
tionsin both of the virtual organisations and the dynamic
business-to-business commerces. Furthermore, it lacks
automated third party services such asvirtual catal ogues
and electronic brokers. So the key requirements for
global EC systems are openness, distributed and interop-
erable virtual marketplaces, secure and fiexible payment

mechanisms, and effi cient protected mechanisms when
information is exchanged over the networks. The es-
sential functionalities that an EC system should provide
are: information searching; data integrating from het-
erogeneous product catal ogues; negotiation mechanisms
among customers, providers and other third parties; se-
cure payment mechanism and effi ciency management of
business transactions.

To achieve this level of support, the purpose of this
research is to design and develop an open and confi g-
urable framework for aglobal electronic commerce sys-
tem by using the enabling web technol ogies, databases,
and distributed computing platforms such as CORBA,
XML and Java. The expected outcome is the develop-
ment of an open and fexible architecture and database
transactional support for global electronic system. This
architecture will serve as atestbase for conducting large
scale market experiments.

2.9.8 Jitian Xiao (PhD Student) £ On Pro-
cessing of Spatial and Multimedia
Data Processing

(Supervisor: Dr Yanchun Zhang)- Completed January
2001.

Spatia data is involved more and more in multime-
dia systems since many multimedia applications require
spatial information queries. A common feature of spatial
data and multimedia datais that they might be very large
in size. For example, atypical map in a spatial database
contains tens of thousands of polygons (ie, millions of
edges) that may need 10-100 Mbyte storage, while a
two-hour movie in a multimedia database might be sev-
era gigabytes in size. Handling these new data types
brings new challengesto traditional database modelsand
structures.

The intersection of spatial data processing (SDP) and
multimedia data processing (MMDP) cals for two re-
search efforts. One is the search for effi cient methods
to retrieve information from very large amounts of data,
and the other is the support of new complex data types.
In this project, we investigate techniques to support the
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graphic and logical representation of multimedia data,
and develop algorithms to facilitate the information re-
trieval in spatial and multimedia databases. By utilizing
variousindex techniques and data partitioning strategies,
we aim to improve the response time of spatial and mul-
timedia database system.

The objective of this research can be stated as the fol-
lowing four subgoals:

1. toimprove the performancein SDP for spatial data
sets of small size;

2. to develop multilevel data partitioning approach to
partition large amounts of objectsinto clusters;

3. to develop effi cient scheduling techniques for clus-
tered objects; and

4. to propose the uniform method to present different
types of multimedia dataincluding spatial and non-
spatial data of large sizes.

Based on these, a data processing approach will then
be developed to effi ciently retrieve information from
multimedia databases.

2.9.9 LaurenceBull (Honours Student) +
Using Web-Based Technologiesfor
Practical Assessmenin an Academic
Context: A Pilot Implementation

(Supervisor: Dr Ron Addie)

The Introductory Computing unit, 66001, at the Uni-
versity of Southern Queensland, Toowoomba, has run an
early test-out exam for the last few years. A Web-based
system, eTestout was fi rst piloted in Semester 2, 1999,
to handle the academic administration and the adminis-
tering of the exam including the student responses. The
pilot wasto determine the feasibility of using Web-based
practical assessment and to explore associated issuesina
bid to increase the utility of the assessment and decrease
the workload.

A second, enhanced version was implemented and
used for the test-out exam in Semester 1, 2000. Thisalso
included students at Hervey Bay campus |located severa
hundred kilometres from the USQ campus. Two ma-
jor enhancements in version 2 include using the USQ
LDPAP server and database support for data manage-
ment. The access to LDAP services for authentication
and some student information streamlines the student in-
terface and substantially simplifi ed the system. Database
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support contributes to ease of reporting and flexibility
for further development of the system.

The eTestout system was used to run the test-out exam
successfully over two semesters. This established the
feasibility of Web-based practical exams. Moreover, it
gave the examiner the ability to introduce a set of practi-
cal questions to test the student’s skill in using word pro-
cessing, database and spreadsheet software to complete
a set of tasks. The administrative processes involved in
preparing and running the exam were reduced, while the
confidence in the authenticity of the exam paper was en-
hanced.

Some larger issues involving assessment and Web-
based technology are discussed. Having established the
feasibility and practicality of Web-based assessment in
66001, it has implications for broader application of
Web-based assessment, particularly with respect to the
scalability of assessment and temporal rigidity.

2.9.10 James Sinnamon (Honours Stu-
dent) £ Designand Implementation
of 'Interacting Processestodel for
Parallel Programming

(Supervisors: Dr Ron Addie and Assoc Prof Peiyi Tang)

The project is to implement a model for parallel
programming based upon ’Interacting Processes’® The
model is to be implemented as a Java package of classes,
instances of which will be run as processes performing
the parallel computations. The package is to be known
as "MultiPI’ for *Multi-Party Interactions’. It will be
built upon open source Java libraries such as Jato and
JDOM.

The immediate goal is not to write a compiler, but
rather to develop a system, whereby IP program state-
ments can be encoded as syntactically equivalent ele-
ments in an XML document. Using Jato scripts, these
XML elements can then be translated so as to cause the
instantiation and parallel execution of MultiPI objects.

The current state of the project is the running of *vir-
tual’ parallel programs, where processes run as threads
within a single Java Virtual Machine (JVM). The critical
task of the implementation of the process coordination
algorithm, (see 2.5.5) of Tang and Muraoka, is close to
completion. Once this is accomplished, the single *vir-
tual’ parallel program will be extended so that the par-
alle thread/processes can be run, in an optimal fashion,

Lt is described in "Interacting Processes: A multiparty approach to
Coordinated Distributed Programming” by Nissim Francez and Ira R.
Forman, Addison Wesley, 1996.
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within JVVMs on whatever hosts are available on the net-
work.

The automatic distribution of the parallel processes
across a network is to be accomplished using Jini regis-
tered "CPU availability’ and ’ProcessRunner’ services.

2.9.11 Kerryn Thomas (Honours Student)
*+ Modelling the Pricing of Financial
Options

(Supervisor: Prof Tony Roberts)- Completed December
2000.

In this project we consider the derivation of the Black-
Scholes model for pricing options. We look at two ap-
proaches.

Firstly, we consider the Black-Scholes Stochastic Dif-
ferential Equation (SDE). Some methods from the the-
ory of SDEs are introduced and these are used to trans-
form the SDE into a partial differential equation, which
is solved analytically.

Secondly, we use martingales to develop a self-
financing strategy which can be used to find the arbitrage
price of an option. This gives the same result as the first
approach.

We then use spectral analysis, R/S analysis and other
statistical tests and measures to test the basic assump-
tions of the model, and to explore the nature of any vio-
lations of these assumptions.

With the violations in mind, we the explore alterna-
tives to the existing Black-Scholes model. In particular,
we look at alternative distributions for the increment in
the underlying asset price.
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Grants and presentations

3.1 Reseach, consultingand
teachinggrants

Research, consulting and teaching devel opment
projects to be supported by competitive grants include
the following.

S.A. Sudov. Early Career Researcher Grant.
Project Title: Investigation of Spatio-Temporal
Instabilities and Instability Mode Interactions in
Flows of non-Boussinesq Fluid, USQ Australia,
October 2000.

D.V. Strunin and A.J. Roberts. Grant of the
Australian Partnership for Advanced Computing

(APAC) under the Merit Allocation Scheme, 2000.

P. Fahey. Co-Investigator on a grant of $45,000
from the Department of Health and Aged Care
(Awarded in January 2001).

A.J. Roberts. Developing effective and
low-dimensional models of fluid mechanics
ARC/DETYA Large Research Grant 2000-2002,
($144,529).

Y. Zhang. ARC Small Grant for 2000 Information
Visualisation and Database Processing ($17,000).

Y. Zhang. International Collaboration Program
with Professor Yahiko Kambayashi (Kyoto

University, Japan) from 1998-2001 on Cooperative

Databases Systems and Web Information Systems.
($150,000 from the Ministry of Education for
International Cooperative Research, Japan,
Kambayash Lab, Kyoto University).

A.J. Roberts. Developing effective
low-dimensional models of fluid mechanics,
ARC/DETYA Large Research Grant 2000-2002,
($144,529).

3.2 Seminars

The department has an active seminar programme.
Seminars organised during the year by the department
include the following.

Zahirul Hogue, Department of Mathematics &
Computing, USQ, Regular Fractions in 2m  4n
Factorials, May 2001.

Michael de Raadt, Department of Mathematics &
Computing, USQ, PowerPoint Tips, May 2001.

Paolo Rosso, Computer Science Department,
Polytechnic of Valencia, Italy, Dialogue systems
and speech recognition, May 2001.

Bob McKay, Australian Defence Force Academy,
Canberra, Evolutionary Learning and Genetic
Programming, May 2001.

Shahjahan Khan, Department of Mathematics &
Computing, USQ, Distribution of the regression
and the sum of squares and products matrices for
the generalized multilinear matrix-t model, April
2001.

Stanislav Gordeyev, Visiting Research Professor,
Department of Aerospace and Mechanical
Engineering, University of Notre Dame, USA,
Large-Scale Structure in the Self-Similar Region of
the Planar Jet at Moderate Re number, March
2001.

Ron Addie, Department of Mathematics &
Computing, USQ, Quantum Simulation, February
2001.

Ron Addie, Department of Mathematics &
Computing, USQ How | Teach Network Analysis
and Design, January 2001.
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Michael Simpson, Department of Mathematics &
Computing, USQ, An accurate lubrication model
of contaminated coating flows , November 2000.

Sergey Suslov, Department of Mathematics &
Computing, USQ, Searching convective/absolute
instability boundary for flows with fully numerical
dispersion relation, November 2000.

Tony Roberts, Department of Mathematics &
Computing, USQ, Holistic finite differences
rationalise projecting initial conditions onto a
numerical discretisation, November 2000.

Peter Dunn, Department of Mathematics &
Computing, USQ, Using MATLAB demonstrations
to teach calculus and statistics, November 2000.

Bingyang Zhou, Department of Mathematics &
Computing, USQ, Web risk analysis and a security
model, October 2000.

Bob Anderssen, Chief Scientist, CSIRO, Canberra,
Playing Mathematics with the Stuart Pianos,
October 2000.

Tony MacKenzie, Department of Mathematics &
Computing, USQ, The dynamics of reaction
diffusion equations lead to a holistic
discretisation, September 2000.

Sergey Suslov, Department of Mathematics &

Computing, USQ, Non-Boussinesq convection
with application to CVD reactors and thermal

insulation systems. Part 1: Introduction to flow
instability phenomena, August 2000.

Patricia Cretchley, Department of Mathematics &
Computing, USQ, Why do they choose to study
mathematics & computing at University level?,
August 2000.

Kerryn Thomas, Department of Mathematics &
Computing, USQ, Is Brownian Motion the Driving
Force of the Australian Stock Market?, August
2000.

Asis Kumar Chattopadhyay, Department of
Statistics, Calcutta University, India Mobility
Models and Related Statistical Inference
Problems, August 2000.

Shahjahan Khan, Department of Mathematics and
Computing, USQ & A. K. Md. Ehsanes Saleh,
School of Mathematics and Statistics, Carleton
University, Ottawa, Canada Estimation of
Parameters of Several Parallel Regression Lines in
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the Presence of Uncertain Non-Sample Prior
Information, July 2000.

Peter Dunn, Department of Mathematics and
Computing, USQ, Evaluation of Tweedie Family
Densities Using Inversion, Acceleration and
Interpolation, June 2000.

Tony Roberts, Department of Mathematics and
Computing, USQ, A holistic finite difference
approach models linear dynamics consistently,
June 2000.

Laurence Bull, Department of Mathematics and
Computing, USQ, Online Assessment: A Case
Study, June 2000.

Seminars presented outside the University of Southern
Queendand:

S. Khan. Opportunities of Higher Education in
Australia with special reference to the Dual Mode
Education of the University of Southern
Queensland, North South University, Dhaka, 14
January 2001.

S. Khan. Future of Dual Mode Education in
Bangladesh: Lessons from an Australian
Experience Asian University of Bangladesh,
Uttara Campus, 23 December 2000.

S. Khan. Invited seminar: Role of Statistics for
Business Executives, Asian University of
Bangladesh, Dhanmondi Campus, 23 December
2000.

3.3 Reseach Workshop in
Inf ormation Technology&
Mathematics

In December 2000, the Department held a Research
Workshop in Information Technology & Mathematics.
During the day, nineteen of the mathematics and
computing staff and postgraduate students presented
details of their current research. Presenters and topics
included:

Mike McFarlane - Simulation Studies
Mark Toleman - Agent Technology

Yanchun Zhang - Web Data Management and
e-Commerce
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Jinli Cao - Optimization of Cooperative
Transactions in Heterogeneous Database Systems

Jingyu Hou - From XML to Object-Oriented
Models

Benchaphon Limthanmaphon - An Automated
Negotiation Approach for e-Commerce Systems

James Sinnamon - MultiPl: A Java Library for
Parallel Computing

Ron House - Issuesin the devel opment of the
language gud

Bingyang Zhou - Multi-media application design
using MOR

Peter Dunn - Bootstrap evaluation of accuracy of
estimates of rainfall distributions

Ron Addie - Signifi cance and accuracy in the
evaluation of statistical climate models

Paul Fahey - Monitoring clinical outcomes of
acute care hospitals

Tony Roberts - Modelling with dynamical systems
theory

Kerryn Thomas - Modelling the pricing of
fi nancial options. a case study of the Australian
Stock Market

Laurence Bull - Online sssessment with eTestout

at USQ

Patricia Cretchley - Can we use powerful scientifi ¢
packages effectively, for the learning of fi rst-year
mathematics? A brief report on some current
research

Mark Toleman - Generic description of a software
document environment

Ron Addie - Criteriafor auniversal protocol for
network commerce

Zhongwel Zhang - Multi-Agent System
Development

3.4 Conferencesand Presentations

Conferences attended by members of the department,
and their presentations, are listed bel ow.
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PK. Dunn & G.K. Smyth. Tweedie Family
Densities: Methods of Evaluation in Proceedings
of the 16th International Workshop on Statistical
Modelling, Odense, Denmark 2—6 July 2001.

S. Khan. Predictive inference for the class of
dliptically contoured location-scale models,
Seventh Islamic Countries Conference on
Statistical Sciences (ICCS-VIl), University of
Lahore, Pakistan, 2-5 January 2001.

S. Khan. Distribution of sum of squares and
products matrices for the generalized multilinear
matrix-T model, Seventh Islamic Countries
Conference on Statistical Sciences (ICCS-VI1),
University of Lahore, Pakistan, 2-5 January 2001.

S. Khan. Estimation of parameters of several
parallel regression linesin the presence of
uncertain non-sample prior information, Joint
Meeting of International Indian Statistical
Association Conference, Delhi, India, 30
December 2000 to 3 January 2001.

S.A. Suslov & S. Paolucci. A Petrov-Galerkin
Method for Flows in Cavities, The First M.1.T.
Conference on Computational Fluid and Solid
Mechanics, Cambridge, Massachusetts, USA, June
2001.

P. Wark. 4th Operations Conference, Queensland
ASOR Branch at USQ, April 2001.

PK. Dunn. Utilising MATLAB’s Graphical
Capabilitiesin Satistics Classes, in Proceedings
of the 2000 Australian MATLAB User's
Conference, Melbourne 2000.

PK. Dunn. A Callection of Demonstrations for
Teaching Calculus, Proceedings of the 2000
Australian MATLAB User’'s Conference,
Melbourne 2000.

PK. Dunn & Gordon K. Smyth. Evaluation of
Tweedie Family Densities using inversion and
acceleration techniques. The 151" Australian
Statistical Conference, Adelaide 2000.

R.W. Gibberd, J. Ibrahim & PP. Fahey. The
monitoring of quality: Therole of clinical
indicators, Preconference workshop to the 11th
Annual Conference of the Australasian Association
for Quality in Health Care, Carlton Hotel, Darwin,
June 14, 2000.

C. Harman. Curvature effects in running the 200
and 400 metre sprints. Proceedings - Fifth
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Australian Conference on Mathematics and
Computers in Sport, Sydney, 2000.

A.J. Robertsand D.V. Strunin. Rigorous zonal
model of contaminant dispersion in shear flows,
WSES Int. Conference on Applied and Theoretical
Mathematics, Vravrona, Greece, December 2000.

D.V. Strunin. Computations of auto-solitary
structures modelling extended elementary
particles, Int. Conference on Computational
Physics CCP-2000, Gold Coast, December 2000.

D.V. Strunin. A transfer of a tracer in decaying
turbulent layer”, Int. Conference on
Computational Physics CCP-2000, Gold Coast,
December 2000.

D.V. Strunin, R.V.N. Melnik & A.J. Roberts. On
the possiblity of thermomechanical instability
induced by thermal relaxation, 36" ANZIAM
Conference, Bay of Islands, New Zealand,
February 2000.

S.A.Suslov and A.J. Roberts. Advection-diffusion
model of sample separation in field flow
fractionation channels. ANZIAM 2000. The 36"
Applied Mathematics Conference, Bay of Islands,
New Zealand, 8-12 February 2000.

S.A. Suslov was awarded a US$880 grant to
present the results of his research at the
International Congress of Theoretical and Applied
Mechanics, May 2000.

S.A. Sudov. Searching Convective/Absolute
Instability Boundary for Flows with Fully
Numerical Dispersion Relation, CCP2000:
Conference on Computational Physics 2000, Gold
Coast, Queensland, Australia, December 2000.

S.A. Sudov & S. Paolucci. Spatially Developing
Instabilities in non-Boussinesq Convection Flows,
ICTAM 2000 Abstract Book, p 6, ISSN 0073-5264,
Chicago, August 2000.

B. Zhou. Asia Pacifi ¢ Web International
Conference (APWEB2000), Xi’an, China, 2000.

B. Zhou. 36th International Conference on
Technology of Object-Oriented Languages and
Systems (Tools-Asia 2000) October 30 —
November 4, 2000, Xi’an, China.

B. Zhou. International Conference on Internet
Computing 2000 (1C' 2000) June 26-29, 2000, Las
Vegas, Nevada, USA.
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3.5 ConferenceOrganisation

Mr. P. Fahey was a Member of the Organising
Committee for Analysis of Longitudinal/Repeated
Measures Datain Health Studies (A Biostatistical
Collaboration of Australia Workshop), Greenmount
Beach Resort, Coolangatta, November 23-24 2000.

Mr. P. Fahey isaMember of Scientifi c Committee and
Organising Committee for the 13th Annual Conference
of the Australasian Association for Quality in Health
Care, Mariott Hotel, Gold Coast, June 2002.

Dr. S. Khan was Secretary of the International Scientifi c
Committee, Seventh Islamic Countries Conference on
Statistical Sciences (ICCS-VI1), University of Lahore,
Pakistan, 2-5 January 2001.

D. S. Khan was Chair of the Scientifi ¢ Session on
Statistical Methods, Seventh Islamic Countries
Conference on Statistical Sciences (ICCS-VII),
University of Lahore, Pakistan, 2-5 January 2001.

Dr. M. Toleman was a Program Committee Member for
OZCHI 2000 held in Sydney in December 2000.

Dr. P. Wark Co-Editor, Proceedings of the 4th
Operations Research Conference, Queensland ASOR
Branch at USQ, April 2001.

Dr. Y. Zhang is Conference Vice-Chair of the 3
International Symposium on Cooperative Database
Systems for Advanced Applications (CODAS 01),
Beijing, China, April 2001.

Dr. Y. Zhang is Co-Chairman and President of Web
Information Systems Engineering Society (WISE
Society), 2000.

Dr. Y. Zhang was General Chair of the 1% International
Conference on Web Information Systems Engineering
(WISE’ 2000), Hong Kong, June, 2000.

Dr. Y. Zhang was a program committee member of the
following international conferences:

e The First International Conference on Electronic
Commerce and Web Technologies
(EC-Web' 2000), September, 2000, UK.

e The 11" and 12" Australasian Database
Conferences (ADC 2000 and 2001).

e The5!" International Conference on Visua
Databases (V DB’ 2000), September 2000,
Fukuaka, Japan.

e The 7" International Conference on Parallel and
Distributed Systems (ICPADS 2000), Internet
Data Management Track, July, 2000, Iwate, Japan.
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Dr. Y. Zhang was a Steering Committee Member of the
WISE Conference Series and CODAS Symposium
Series.

Dr. Y. Zhang is the Editor-in-Chief of Internet and Web
Information Systems, an International Journa (IWIS
Journal) Kluwer Academic Publishers.

Dr. Y. Zhang is a guest editor for the following specia
issues of Journals:

e Guest Editor, Special Issues of International
Journal of Cooperative Information Systems,
Specia |ssues on Cooperative Databases and
Applications, Val. 9, No. 2 & 3, World Scientifi c,
2000.

e Guest Editor, Special Issue of Informatica,
International Journal of Computing and
Informatics, Vol. 24, No. 1, 2000.

Dr.Y. Zhang is Associate Editor of the Journal of
Applied Systems Studies, Cambridge I nternational
Science Publisher.

Dr Zhongwei Zhang is a Programme Committee
member for the International Conference of Web
Information Systems Engineering(WISE’ 2000) Hong
Kong, China June 19-20, 2000.

Dr. B. Zhou was Chair of the Web Based Information
Systems, International Conference on Internet
Computing (1C’ 2000) June 26-29 2000, Las Vegas,
USA.

Dr. B. Zhou was a Programme Committee member for
the following conferences:

e International Conference on Internet Computing
2001 (I1C'2001), June 25-28, 2001, L as Vegas,
USA.

e Internationa Conference on Parallel and
Distributed Processing Techniques and
Applications (PDPTA’ 2001), June 25-28 2001, Las
Vegas, Nevada, USA.

Dr. B. Zhou was Associate Editor of the following
conference publications:

e |C’ 2000 Conference Proceedings, International
Conference on Internet Computing (IC’'2000) June
26-29, 2000 Las Vegas, USA.

e International Conference Proceedings,
International Conference on Internet Computing
(1C'2001) June 25-28, 2001, L as Vegas, Nevada,
USA.
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Chapter 4

Recentpublications

This chapter lists the research papers written by
members of the department for recognised journals and
conferences since 1998.

The Department of Mathematics and Computing is also
actively involved in the Faculty of Sciences Working
Paper Series. These are listed in each staff members
publications aswell. A full listing of the current
working papers can befound at http://www.sci.usq.
edu.au/cig-bin/wp/research/workingpapers.
From 1998 they are accessible in postscript format.

4.1 R.G.Addie

e T.D. Neame, M. Zukerman & R.G. Addie.
Modeling Broadband Traffi ¢ Streams, Proceedings
of IEEE GLOBECOM ’'99, Rio de Janiero, Brazil,
December 1999.

e T.D. Neame, M. Zukerman & R.G. Addie.
Application of the M/Pareto Process to Modeling
Broadband Traffi ¢ Streams, Proceedings of IEEE
ICON '99 Brisbane, Australia, September 1999.

e R.Addie, T. Neame & M. Zukerman. Modeling
Superposition of Many Sources Generating Self
Similar Traffi ¢, Proceedings of IEEE ICC "99
Vancouver, Canada, June 1999.

e M. Zukerman, T. Neame & R.G. Addie. Modelling
broadband traffi ¢ streams: a practical approach,
invited talk, Proceedings of IFORS’99, Beijing,
China, August 1999.

e R.G. Addie. Tailsof Queueswith Stationary Input,
Faculty of Sciences Working Paper Series,
University of Southern Queensland, SC-MC-9907,
May 1999.

e M. Fiedler & R.G. Addie. Verifi cation and
Application of a Second-Order Scale Symmetry
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for Queuing Systems, Proceedings of the 16th
International Teletraffi c Congress UK, Elsevier,
June 1999.

R.G. Addie. P. Mannersalo & |. Norros.
Performance Formulae for Queues with Gaussian
Input Proceedings of the 16th International
Teletraffi c Congress UK, Elsevier, June 1999.

R.G. Addie, M. Zukerman & T.D. Neame.
Application of Centra Limit Theorem to
Communications Networks Proceedings of the
16th International Teletraffi c Congress UK,
Elsevier, June 1999.

T.D. Neame, M. Zukerman & R.G. Addie. A
Practical Approach for Multimedia Traffi ¢
Modeling, in D.H.K. Tsang and PJ. Kuehn,
editors, Broadband Communications:
Convergence of Network Technologies, pp73—-82,
Kluwer Academic Publishers, Norwell,
Massachusetts, (Proceedings of IFIP Broadband
Communications’ 99, Hong Kong, November
1999).

R.G. Addie. On Weak Convergence of Long-range
Dependent Traffi ¢ Processes,Journal of Statistical
Planning and Inference, 1999.

M. Zukerman, R.G. Addie & N. Lavaud. The
Gaussian queue: the fundamental dimensioning
tool for multimedia networks, Program of
INFORMS International, Israel, Tel Aviv, Israel,
June 28-July 1, 1998.

R.G. Addie. On the Applicability and Utility of
Gaussian Models for Broad Band Traffi ¢, Faculty
of Sciences Working Paper Series, University of
Southern Queensland, SC-MC-9815, June 1998.
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4.2 P. Balllie

e P Baillie& D. Lukose. Urging Desire;
Motivational Mechanisms for Intelligent Agents
with Minds of their Own, Cybernetics and Systems
Journal Special Edition, in press, 2000.

e P Baillie, D. Lukose & M. Toleman. How to Give
an Agent an Attitude Agent-Based Smulation
Conference, Passau, Germany, 2000.

e P Baillie, M. Toleman & D. Lukose. Emotional
Intelligence for Intuitive Agents, PRICAI 2000,
Melbourne.

e P Baillie, M. Toleman & D. Lukose. Could
Emotions be the Key to Real Artifi cia
Intelligence, CIS 2000, Wollongong.

e P Baillie, M. Toleman & D. Lukose. Emotional
Intelligence for Intuitive Agents, Faculty of
Sciences Working Paper Series, University of
Southern Queensland, SC-MC-0008, May 2000.

e P Baillie, M. Toleman & D. Lukose. Could
Emotions be the Key to Real Artifi cial
Intelligence, Faculty of Sciences Working Paper
Series, University of Southern Queensland,
SC-MC-0009, May 2000.

e P Baillie& D. Lukose. To Believe, To Desire, To
Intend: Motivating Intelligent Agents with Minds
of their Own, Managing Enterprises’99 School of
Management, University of Newcastle, 1999.

4.3 L. Brookshaw

e L. Brookshaw. An Equation of State for
Serpentine, Faculty of Sciences Working Paper
Series, University of Southern Queensland,
SC-MC-9813, April 1998.

4.4 J.Cao

e J. Hou, Y. Zhang, J. Cao & W. Lai. Visual Support
for Text Information Retrieval Based on Matrix’s
Singular Value Decomposition, Proceedings of the
1st International Conference on Web Information
Systems Engineering (W SE2000) Hong Kong
19-20 June 2000.
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e X. Zhou, X. Lin, C. Liu & J. Cao. Spatial Query

Processing Using Generalized Filter, International
Journal of Cooperative Information Systems, 9
Nos. 1 & 2 77-91, World Scientifi ¢, 2000.

X. Meng, S. Wang. X. Jaé& J. Cao. Natural
Language Query Optimization and Trandation in
Chinese Database Systems, Cooperative
Databases and Applications’99, Eds. Y. Zhang,
M. Rusinkiewicz and Y. Kambayashi, Proceedings
of 2nd International Symposium on Cooperative
Database Systems for Advanced Applications
(CODAS 99), Wollongong, March 1999.

C. Liu, X. Zhou, J. Cao & X. Lin. Global
Transaction Management in a Cooperative
Database System, Database, Web and Cooperative
Systems, Vol. 1, Proceedings of 1st International
Symposium on Database, Web and Cooperative
Systems (DWACOS 99), Baden-Baden, August
1999.

4.5 P.Cretchley

e P. Cretchley, C. McDonad & A. Fuller. Tertiary

Students’ Rankings of the Factors Behind their
Choice to Study Mathematics and Computing: A
Gender and Regional Study, Mathematics
Education Beyond 2000, M athematics Education
Research Group of Australasia Incorporated,
Perth, 2000.

G. Fogarty, P. Cretchley, C. Harman, N. Ellerton &
N. Konki. Validation of a Questionnaire to
Measure Maths Confi dence, Computer Confi dence
and Attitudes to the Use of Technology for
Learning Mathematics, (submitted to MERJ),

2000.

P. Cretchley, C. Harman, N. Ellerton & G. Fogarty.
MATLAB in early undergraduate mathematics: an
investigation into the effects of scientifi c software
on learning (Submitted - Special Technology
Edition, Mathematics Education Research
Journal, 2000.

P. Cretchley. An Argument for More Diversity in
Early Undergraduate M athematics A ssessment,
The Challenge of Diversity, Proceedings of the
Delta ' 99 Symposium on Undergraduate
Mathematics, 1999.

P. Cretchley, C. Harman, N. Ellerton & G. Fogarty.
Computation, exploration, visualisation: reaction
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to MATLAB in first-year mathematics.
Proceedings - Delta’ 99 The Second Australian
Symposium on Undergraduate Mathematics,
Laguna Quays, November 1999.
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