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Abstraet New ways of conducting non-destructive testing of vehicles. of analysing the processes and flows inside furnaces. of
visualising the polluling processes sbove citics. and many other practical uses for HPCC, arc changing not only the facc of
engincering. but of business and public policy-making. Modeiling, sumulaion aud visualisation are emerging as the regular tools
which shouid/could be oxploited by those charged with the responsibilisy of making decisions al national level. The chalienge
emerging now is to widen (he fleld of application. and even more importanily. to casare thai practitioness in smali and mediom
cnierprises are given the opportunity (o exploit the techniques ia thelr drive for international competitiveness. This paper outlings
what The Warren Centre at The University of Svdney is doing 1o bring the benefits of Compulational Engincering - modelling.
simulation and visualisalion - to the wider arena of users and potential users of HPCC, A video of the project on HPCC and
discussion of the methodelogy [or assessing user needs and the way in which linkages with appropriate centres of exceilence are
catablished. will demonstrate The Warren Centro's pragmatic approach 1o helping industry fo make use of the new iools.

O SILLIAC in 1956, an carly cnginecring probicm of

1. THE NEED FOR COMPUTATIONAL pinpointing lcaks in gas distribution networks was selved
ENGINEERING by applying Hardv-Cross analysis.

This paper is about the application of high performance LiZ  Applied Science

compulational procosses (o the solutton of engincering

problems, Computational Engincering (CE} isa The first commercial computers wore not ondy used for
convenient shorthand for computational science and busingss data  processing, but for tackling  major
enginecring, the lechuology of using compuling and cngincering works design and anabysis. The IBMGS0 first
communication for analysing. visualising and solving the installed in the MLC buiiding in Nonth Sydney, was uscd
many compicx problems enconntered in modern industry, by many to do work not feasible by hand. such as mulu-

plate fractional distiliation column design.
CE is uscd for:

«  Solving problems via simulation, modeling and 1.1.3.  Challenges

other computational methods.
«  Oplimising and speeding product design | Now, nearly forty years later, mecting the real challengas.
+  Qplimising processes, of computing and presenting ihe resulls of masshve
+  Simulating complex phenomena, cg pollution, simulations. of producing understandable tmages which
= Testing public policy options. model a process or a planned siluation, arc achicvable by
> Communicaling complexitics, sclutions and virtue of the advances in technology and in computation,

options through visualisation.

b2 Keyv Steps: Modelling and Simulation

1.1 History of Computing in Enginecring Most technical people from all disciplines like 1o 'scc how
things work' or 'find st what will happen’ In various
Since Babbage, who last contury devised the ancostor of circuinstances they may postulate. In the past that
modern compulers, 1o calculate mathematical tables - required them (o build physical models or find satisfactery
which had been notoriously full of errors - antomatic analogucs 10 simulate the processes or things in question.

computalion has been increasingly applicd 10 solve
engincering problems with speed and accuracy.
1.2.1.  Bathematics and Movement

111, Barliest Problem Solving With modern mathematical tools it is possible to describe

the processes and cntitics with high precision and o
In Australia carly work using a diffcrential anaiyser rocalculate successive stales with such speed as Lo
solved the engincering design problems of water flow effectively describe the transitions over time. As a resull
surges in the then proposcd Snowy Mountaing Scheme, by mathemalical modelling permits rescarchers io follow the
simulating flows, given the rainfall records and the design changes and movements of their subject-matier in ‘real
parameters of the Scheme's storage ponds and conduits. time' or cven al a faster pace which permits extrapolation

to an exteni not otherwise possible.



1.3. Pragmatic Engincering Spawns Visualisation

‘Learning by onc's mistakes' can he an expensive excreise
i dealing with modern complox capital goods. Mew
designs of vehicles and weapons can be tried out in the
ficld to an extent. but when it comes {o testing for safoy.
and training new operators, the danger and expense. ot
alone the infrastructure necessary lo control and measure
physica! lests. have made non-destructive mathematical
medelting. simulation and visualisation atlractive.

1.3.1.  Humnan-Bachine Synevpy

The bonus benefit of using computer visualisation has
been the synergistic way in which people interacting with
the machine learn to excel and. cven thongh # may enly
be a training cxpericnee, o make the most of the foatures
of the systern with which they arc engapged.

1.4. High Performance Computing, 2 Strategic Too!

Use of very powerful. fagt machines (‘supercomputers’)
over the past decade o conduct such scemingly impossible
tasks as o simufaie the formation of smog over a ciiy. or
o explore the formation of silt beds and channels in
rivers. has enabled administrators (o make better informed
decisions and to test the lkely cffccts of alternative
policics. HPCC has become a strategic support toof lor
many,

148 Mational Issues

tn the USA the While House. Congress and The Pentagon
are all said to have uscd HPCC simulation and modelling
to support decisions on rationg! issucs.

1.4.2. GCrand Challenges

Some proponents of truly massive HPCC development
aver that the "Grand Challenges’ of Science, including the
secrets of DNA, the origin of the universe and the
boundarics of knowledge may now be explored effectively.

1. THE WARREN CENTRE FOR ADVANCED
ENGINEERING

At a very pragmatic level the need for engincers lo make
the most of burgeoning techaology. and to be innovative.
s0 as o assist Australia in Hs pursuit of wealth creation,
has fed the Warren Centre to investigate the new ways in
which cngineering, including compuialional cagincering,
can make effective contribation.

The Warren Centre was cstablished in 1983 as a
Foundation within The University of Sydney, 10 mark the

first 100 vears of Engineering thore. With several million
dollars, donated by Australia’s largest and other well
known companies, and some far-sighted individuals. it
has cstablished a reputation for nominating and exploring
the key issucs cmerging for cngincers, and lor the
country. Although it operates within the universily, iis
board of management has a majority of members {rom
industry. 1 thus bridpes the gap belween academia and
the world.

2.1, Advanced Engineering Technologics and
Technigues

From the outsct, the Warren centre has plaved a catalylic
rolc in bringing important. advanced engincering
tcchnologics and techniques to the altention of Australian
industry and in helping induslry apply those technologics,

2.2. Projects and related Activities

The principal vehicles for this work have been projects in
which timely topics have been cxplored and  the
knowledge gained disseminated through the participants
and by subsidiary activitics such as Forums, Workshops.
Seminars and Lectures. Further, cach of these have given
rise lo substantial publications {eg The Chiel Exccutive's
Handbook) which form valuabie reforences.

2.3, Mew Technologies Impact

The shilt of cmphasis in Australia from the traditional
heavy enginecring industries to those with electronics,
communication and more recently to computing and
information iechnology, has impacied the work of the
Cenire considerably. Computer Alded Design, Local Arca
Metworks and Educating Australis for a Technelogical
Future were carly proiect topics.

lmevitably, in 1991 aticntion turned to 'Supercomputing'
or 'High Performance Computing', and their likely
interaction with advanced conginecring. A project o
explore these, which was to load 1o the congepl of
Computational  Engincering. was  thus concoived and
taunched.

3. THESUPERCOMPUTING/HIGH
PERFORMANCE COMPUTING AND
COMMUNICATIONS PROJECT AND
SEMINAR,

By 1992 it was clear that Australian indusity needed
guidance in how the new High Performance Computing
and Communications {(HPCC) wusing 'supcrcomputers'
might best, profitably and quickly bc cmpioyed by
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government and industry. Following the ssual pattern of
its public projects. The Warren Cenire set up a stecring
structure and project manager 10 enable practitioners and
experts to come together, 1o learn, to discuss and o
cxplore the subject practically.

3.1. A Natienal Focus Demanded an International
Leader

The scope of the new project was such that il needed
strong and effective leadership. by someone of significant
stature, internationally and 1cchnically, The Visiting
Fellow (Project Leader) who amply filied this rolc was
Professor Greg McRac, an Australian chemical engincer,
origimally from Mclbourne, but then ai Carnggic-Mellon
and deeply involved in the USA supercompuling centres
program. and also an adviser to the US administration on
policy maticrs arising. He later wenl on to MIT.

3.2. Real Cases on an Impressive Scale

tt was agreed that the project was of such importance thal
& number of highly visible casc studies. in a spread of
application areas, should be simuliancously conducted and
if possible major companics and national organisations
should be involved. This was achieved with great effect,
Some sixty praject fellows (practitioner participants) from
companics large amd small, povernment! enterprises,
universities and private praclice camc together, formed
teams and over several months pursued in depih the use of
HPCC in pinc widely differing substantial case siudies,
ranging from vehicle design to waterway behaviour and
from sicel making to fruit packing and delivery.

3.3. Complex Techmigues, yet Simple o Use

The mathematicat modelling nccessary 1o describe the
mechanisms and processes in these studies emploved the
full range of techmiques (arrays of simuliancous
differential and difference equations were a familiar sight)
and the range of necessary software 1o cffect solutions was
equally impressive. Understandably, with 3 network of not
neeessarily compatible high performance machines, some
compromises were necessary, but the project was most
cifective in achigying cooperation among the participants
and in gaining strong support frem the various vendors
involved.

New ways of conducting non-destructive testing of
vehicles, of analysing the processes and flows inside
furnaces. of visualising the polluling processes above
cities, and other practical uses for HPCC, were brought to
bear on the case studics with grea! success. The outcome
was not only a demonstration of what can be done but in a
number of the cases faid the foundation for very practical
application by the participanis when back in their own
organisations. What is more, under Greg MeRae's
guidance participanis soon became awarce that HPCC is

e VT

capable of changing not oaly the face of engineering. but
of business and public policy-making,

3.4, Far-Reaching Cooperation and Network

A notable achicvement of the project was the rapid
assembly and inicreenncction of a multi-million dollar
aetwork of powerful technology, spread over the Eastern
Seaboard with supercomputing facilities in Brishane.
Sydney  and  Melbourne all cooperating. and made
accessible for the project fetlows from a single laboratory
in Svdney. Here we had powerful units from Siicon
Graphics, Cray, Digital, and IBM, networked {o reach
virtually world-wide through the AARNe! conacction.

A 12 minute video of the project on HPCC will
demonsirate The Warren Contre's pragmatic approach 1o
helping industry o make use of the new tools. Other
outputs from the project have been a more detailed video,
project and seminar reports, and other publications.

Since then The Warren Centre has extended the work on
HPCC with proposals to government and discussion with
others en methodologies for assessing user needs and the
ways in which Hnkages with appropriatc contres of
cxcellence can be cstablished. It is expected that an
effective network of resources and expest guidance for
HPCC users will result,

4. LESSONS FROM THE HPOC PROJECT

The experience gaincd during and since the HPCC project

poinls {0 several vatuable conclusions:

s+ HPCC is applicable to a wide range of industries and
applications. The casc studics spanned governiment
cnierprises. agriculturc. mining, heavy process
industrics, engingering [abrication and federal, state
and local governmend interests.

e There arc substantial bencfits possible  through
HPCC. Improved product design, and processcs,
products o market faster. suppont for public policy
choices, and so on, were demonstrable oulcomes. The
benefils wore there for enderprises, large and small

o HMPCC is not difficult to apply. The project started by
providing partticipants with basic awarcpess, then
offered access 10 the necessary advice, skills and
facilitics and gave the appropriate training so that
tangible resulis were achicved in a very tolerable
time.  {Project  fellows  from widely  differing
backgrounds, some scarcely PC literate, were soon all
doing useful work. Few would have crediied that they
would prodoce meaningful results in just a few
hours.)

= Access to HPOC facilities, skills, nctworks and
advice, really opens wp  new  perspectives  and
apporfunitics for engineers. Whole new avenues for
professional  developmeni cmerged as the work
progressed.



s Itwas particularly gratifving for those invoived 1o see
peoples” eves opened lo the new possibilities via
visualisation 1ools which were a complete revelation
to them.

s Madelling. simulation and visuslisation arc cmerging

as the reguiar tools which should/could be explotted
by those charged with the respensibility of making
decisions at national lovel

The technology of course continues lo cvobve at breakaeck
pace, and what at the commencement of he project was
stimulating and new. may 0 some have row become quite
routine. Fven so. the almost immediate aeceplance of the
new (ools means thal people arc finding them useful and
filling & real need. HPCC technology and Hs application 1s
oiving rise to new industrics. and visualisation, for
instance. is already supperting. cven driving, mulli-media
and 'infolainment’. as seen daily on TV, as well as
extending the boundarics of engincering and science.

4,1, Wide Rangs of Industries/Applications

Engincering based indwstrics are not the only oncs 1o
benelit from the fechniques explored. Agriculiure is a key
industry for Australia and onmc of the casc siudics
concerned 1he necd to model the processes at work while
{ransporling fruit in overscas containges, The oulcome i3
tikely 1o be delivery of produce to market in primc
condition and within predictable cconomic constraints.
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Improved Product Design and Processes

Designing products 1o saiisfy the many consirainis which
must be met in the competilive intornational markelplace
has never been casy. HPCC showed project participants
that vehicle design. for instance. cap be made safer,
stronper. more {lcvible and more cconomic {o build, using
the lools made available,

4.3. Straight-Forward Application

The new graphics hascd compuiutional and software tools
cnabled engincers 1o connect computational processcs by
'pipes’ which could be scen on the sereen and manipuiated
as ‘'objects’ with ease. Quile straightforward  stops
permilicd them lo show physical processes. modelied
mathematicaily. as colourcd moving piclares on thelr
screens, As a conscguence the stimulus to the participants’
imaginations seon led to innovative modifications to their
siudics and enabled wvery rcal decisions capable of
affecting design. fabrication or operation.

One of the most inleresting was the Pacific Power lcam's
modeliing of combustion in steam-raising {urnaces. Once
the descriptive cguations were sct. thetr work showed
visually how flame. temperature and gas-flow patlerns
would change inside a furnacc. given different conditions
and confligurations. How much simpler. quicker. nore
cconomic and less dangerous il was o study changes and

effects on a screen than trying 1o probe inside a high
tempersture furnace!

4.4, Mew Perspectives

Hven more challenging was the study of the Hows of
molten metal in a continuous operation steel furnace. Now
ways of visual presentation were dovised to show how
differemt flow paticrns might affect production and
quality. In a similar way the {lows of polluting gases in
the atmosphese over Port Phillip and Melbonme under
difforing conditions were shown visually, using the new
technigques. 10 give greater insights and understanding,
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4.3, New Industries

it heeame clear that the combination of these iechniques.
compulational cngineering. modelting and simulation.
which together constitute the art of 'virtual realisy’. couid
be (he basis of whele new industrics. DEnlertainment,
architccture, environmenlal scionce. and health and safoly
investigation. for instance. might all benelf from new
products and services incorporaling HPCC visualisation.

A

WHERE 1S AUSTRALIA'S HPCC NOW?

One would think thai with such demenstration of
pragmatic wility. the use of HPCC for computational
engincering. modelling and simulalion might accelerate
dramatically, It has centainly grows but there is much vl
thal can be dong. given cocouragement. 1t is an aim of
The Warren Condre to act as a galeway and catalyss Tor
the mere widespread cffcctive use of HPCC as an essenial
aid to Australiz’s nternational competitivencss and as a
means for wealih creation for the benelit of all.

5.1, Heal Competition for Australia

Our competitors in Asia are alrcady conscious of the
potential and some arc alrcady making good use of HPCC,
This impeses nrgency on our need (o take advantape of
what has been done, and io build on that lead. A
coordinated  coffort o apply HPCC  strategicaily in
Australian industry would scem @ priority imperaiive.

5.2, Warren Centre Seminar Highlighted Needs

In April 1994, the 'supercompaicr’ project was followod
with @ scminar o look at the prospects of lugh-
performance compuiing and communication inio (he
remaining nincties. The aim was {o taise the profiic of
HPOC, 10 stimulate awarencss outside the circle of those
atroady involved and o enable diffusion of the lechnology
10 those who might most benefit

5.3. Mational Policy, Recognition and Funding



Considerabic cffort in and through Canberra was
successful in drawing attention of senior people to the
potential and importance of HPCC. al a national policy
level. Im late 1994 there was a meeting of a task force in
witich The Warren Centre was involved with the Prime
Minister's Science and Enginecring Commitice (PMSEC.
This drew atlention to the importance of the subject and to
the need for tangible support. Both DEET and DIST have
taken action. and it is hoped that seme $30 million will he
spent over ihree wears. Industry keenly awaits the
Minister's innovation Statement in which it i3 hoped that
cmphasis wiil be placed on the wider use of HPCC,

5.4, Diffusion to Where i is Meeded and Practicable

It has become clear thal @1 s not only the very large
organisations thal should apply HPCC, but the smali and
medium enierprises, through which a great proportion of
Austrafia’s wealth is expected o be created. Further it is
also clear that the rapid development of the technology
has brought down the cost of accessing the faciiities. so
that for even very small groups of SMEs who have the
need, i is very affordable.

The project and seminar showed that using mctwork
access and appropriate software, existing HPCC facilitics
centres can be used casily [rom any location. Thus,
strengthening existing centres {6 cope with an increased
SME usage would scem a prudent use of the available
funds.

6. HOW DOES A LOCAL SME USE HPCC ?

One of the case studics iliustrates quite dramatically what
can be done to tura this new fechnology to real advantage.
It involved a well regarded SME, here in the Hunier
Region, long cstablished as an inpovative cngincering
cnterprise,

6.1. "The A, Geninan & Co. Story”

A Goninan & Co. is best known as the largest Australing
designer and manufacturer of railway rolling stock. They
have other cngingering design and  manufacturing
activitics, and have for vears been an innovative nser of
computers, including on-line networks, for their work

6.2. PCs to Advanced Workistations

As shown in the video. A Goninan & Co. brought their
PC muodels, using FEA (finite clomen: analysis) in their
bogie design {o the Warren Cenire project. Their PC
models typicatly required computation for days to run
different designs. Using the HPCC facilitics accessed by
the projoct these times were reduced from days 1o hours,
an improvement which cuabled them to think in much
wider terms for exploring design aliernatives.
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Subscguently, A Goninan & Co. found that advanced
workstations could cnable them 1o progress the HPCC
applications from within and also {0 integraie the FEA
process with an advanced CAD/CAM application.

From there they have progressed {o a purposc-built
engineering  design centre at Cardiff, bristling with
advanced workstations, which together arc able 1o
approach, i nol match the 'supercomputer’ performance
achioved at the Warren Contre project. at a fraction of the
cost.

6.3, 30 Images, Models and FEA

The computational cagincering al A Goninan & Co.

proceeds in three sircams:

»  Conceplual design with 3-D images,

= 3D solid modeliing, crealing prolofyvpes within the
computer  thalt can  be thoroughly tested for
manufacturabifity and assembly ('digital assembh'y,
and

s FEA 1o conliem strongth and indegrity of design in
structures and 1o oplimise their weight.

6.4, From Licensee to Exporter

A Goninan & Co. is now a design contractor to the US
iocomeotive glant Geaeral Electric Co. So. in five years,
the company has gone from a lcenses of overscas
technology 10 an exporter of designs in this field.

6.5, Virtual Bealiy?

Where will this all lcad in the future? A recent statement
by a senior A Goninan & Co. executive provides 2
glimpse into their thinking about the role of HPCC in
their funture:
1 can see in the fiture that we will be able to simalate
mamifacturing  processes. such  as  welding  and
asscmbly, using virtwal reality techniques, without
physical prototyvping.
Such is the progress A Goninan & Co. have made with
HPCC.

7. HOW WILL OTHER 5MES ACCESS HPCC?

The A Goninan & Co. story is certainly a success. How
can we assist others, particularly SMEs, 1o follow with
their own successes? The Warren Centre has proposed a
means and a way 1o do so. We believe that the practical
approach of providing a gatcway and guidance in using
HPCC is now appropriate. The plan s 1o create a
Resource Contre for Computational Engincering (RCCE)Y.

7.1. The Warren Centre Proposal

The RCCE iz to be a wehicle by which awareness of the
potential and relevance of computational engineering can



be fostered and the current shortage of skills in the ficld
can be addressed. particularly among SMEs. There s
abundant affordable technology 1o serve this imporiant
scetor, but they need a fcility o enable effective usc of it

The proposal, now beforc government, is 10 esiablish the
Resource Centre at the Australian Technology Park in
Rodfern as a focus for users in NSW. There users can be
irained, given advice and assistance lo access the very
capable cenires of HPCT cxcellence at ANSTO, UTS,
VisLab and cngincering compuling resources al The
University of Sydney. CANCES at UNSW, and others, via
the Broadband Netwosk,

From this beginning # will be possiblc io extend the
facility nationallv, by use of other broadband nelworks
which will connect to RCCEs in other states, and
ultimately internationally, as a technology  diffusion

network for Compuiational Engincering,
7.2, The Role of the Hesource Cenire

The RCCE is not intended 1o duplicate or conflict with the
existing HPCC lagilitiss, but rather (o acl as an enabling
bridge between industry. ai present slow to adopt the
technology, and the available skills and facilitics of the
universitics, rescarch institutions and  'supcrcompuier
burcaux. Through the RCCE users and potcntial uscis
will be guided 1o make cffective use of high performance
computing. and to take the knowledge back o their
organisations. fully able to access HPCC from their own
workstations.

7.5 kreping up with Progress

The Warren Contre at The University of Sydney i
mainiaining s thrust o bring  the benciits  of
Compulational Engineering - modelling. simulation and
visualisation - to the wider arcna of uscrs and polential
users of HPCC. 1t recently held a forum on The Inlernct
and Indusiny’ which further emphasised he benefits of
connectivity Tor individual uwsers in industry. via the
computer networks, now made accessible through features
like the WorldWideWeb, Other activitics arc planned.

8. TOWARDS Z000: DEVELOPMENTS AND
EMERGING OPPORTUNITIES,

Development and proliferation of information technology
contimues refentlessly. 1t is useful to review the recent rate
of development and to project forward, say o the end of
the contury, as 1o what we may expect.

2.1, Accessible and Usable Technology

The mosl important development for small and medium
cnterprises has been the ready availability of substantial
comipuiing power plus communications capability on the
desktop. Mow, for a {ow thousand dollars compulational

engineering can be set up and initiated right where the
engincer works. Problems. designs and plans can be
explored and tested there, and then when necessary the
main compulational Jead can be sent off to be carried out
on the larger, higher speed machines  elsewherc
Visualisation cnables the user to literally watch 'whiat
happens' and receive resufls visually.

%.2, The Pyramid of HPCC 1994-2668

This past year we have seen the speeds of computation
and  thc  necessary  accompanying  siOFage  grow
dramatically. This is not oniy true of the 'supercomputers'
but  of their smaller  cousing, the medium-scale
supercompaters, and the oven  smaller  (deskiop)
workstations. The latier are now proliforating so thal in
terms of mumbers. rather than capability, they can be
represented by a pyramid, with supcrcomputers af the
apex and workstations across the basc Measured  in
floating point operations per second (ftops) the speeds are
now heading towards a teraflop’ (1.000,000.000,600)!

4. COMCLUSIONS

Undoubtediy the twenly-first century will scc advances in
lechnolopy  well  bevond owr  abililty 1o imagine
Nevertheless we are assured that the ability we have now
1o formudate models, Lo simalate processes and 1o visualise
them throngh the nse of high performance computing and
communications. is an cxeelicnt foundation for the ways
we wilt b able 0 use the technology. #s specds and i3
capacity, bevond 2000,

What we mast all strive for. however, is a betier and
wider understanding of the fundamental tools we now and
will use. This means that organisations like the Warren
Centre must emphasise. fosier awarcoess of, and initiate
effective cducation and training in the systematic analysis
of the underlving problems, the mathematical models we
employ and the techniques for prescntation of resulls,

If we maintain our offorl towards these objoctives, these
acw wools of advanced engincoring can indeed be put o
profitable and sensible use, on a wide scale.
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