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Plan of seminar

some technical details of hpc
overview of the ac3 hpc facility
overview of research areas which use hpc

overview of applications in telecommuni-
cations which use hpc, such as photonics
and fibre optics

my research and hpc; microwave heating
applications

the study of photonics, fibre optics and
microwave heating are linked (Maxwell's
equations)



What is hpc?

e hpc are computational facilities substan-
tially more powerful than current desk-
top computers, such as PC’'s and work-
stations

e the limiting factors on computer perfor-
mance are clock speed (frequency), mem-
ory access and parallelism

e three main types of hpc architectures

e Vector machines can handle many float-
ing point operations (Flops) at once, eg
can perform operations on vectors rather
than scalars

e the parallelism is hard-wired. Very high
cost



Shared memory machines one mem-
ory and many processors. The operations
can be shared between many processors

the medium-level cost is dominated by
the need for every processor to access ev-
ery segment of the memory. Parallelisa-
tion can be done by the complier and is
easy to do

Clusters of PCs or workstations networked
together. These are cheap

as each processors’ memory is totally sep-
arate, parallelism must be handled explic-
itly by the programmer and is hard to do



The ac3 hpc facility

e the Australian Centre for Advanced Com-
puting and Communications (ac3), is based
at the Australian Technology Park, Red-
fern.

e it is a partnership between the State Gov-
ernment, ATP, various universities (in-
cluding the University of Wollongong) and
industry partners

e the ac3 website is www.ac3.com.au

e they have 3 machines with different ar-
chitectures and operatings systems

e Clare, 64 processor SGI ORIGIN 2400,
this is a shared memory machine, with
one central memory and many proces-
sors. Easy to use and suited to using
OpenMP

e Mudgee, 68 processor IBM SP2, this is
a distributed memory machine. Suited to
using MPI or PVM. The IBM operating
system is hard to use.



Hunter, 2 processor NEC SX5, this is a
vector processor. Runs at 8GFlops, some
10 times faster than a single processor on
Clare

the differing architectures of each ma-
chine makes them suited to different par-
allelisation techniques

the ac3 website has a table to help you
decide what machine best suits your com-
puter code

however, unless you have specialist needs
or skills, choose Clare, as it is the simplest
machine to use

the Silicon Graphics web-site is www.sgi.com



Software on Clare

e freeware and vendor supplied software is
available

e Fortran 77 and 90, C, C++4, Java2

e a vendor supplied scientific library, SCSL;
this includes linear equation solvers and
signal processing routines, such as FFT
and convolution

e Maya, an animation and graphics render-
iIng package

e Scilab, a MATLAB clone

e NWCHEM, a computational chemistry pack-
age

e if you have a local site licence, your soft-
ware can be installed on an ac3 machine
and the licence manager then restricts ac-
cess to the local users



Getting Started

e to obtain an account, download an appli-
cation form from the website

e send the completed form to Tim Marchant
and I will email you when your account is
set up and your token is ready for collec-
tion

e unless you have existing hpc expertise,
and a specific application which requires
one of the other machines, choose Clare
as your machine

e Clare is compatible with Prof. Tsoi's Sil-
icon Graphics machine, which is housed
locally

e ac3 does provide help in parallelising ex-
isting serial computer codes



Parallelisation techniques

e there are many different parallelisation meth-
ods for your FORTRAN or C++ code

o OpenMP complier directives: these suit
shared memory, multiprocessor, machines,
like Clare

e these directives can be manually inserted
in the code to parallelise DO loops. They
distribute the calculations in the loop to
a number of processors

e automatic parallelisation: with this op-
tion the complier inserts openMP com-
plier directives automatically

e VYOUu can insert apo complier suggestions
and directives to improve the automatic
parallelisation

e Message passing: suits distributed mem-
ory machines, such as Mudgee. PVM
or MPI commands are the standard ways
for passing messages between processors.
More complicated to use than OpenMP

9



Research areas for which hpc is important

e Photonics and optics

e involves the modelling of signals in op-
tical fibres and the operation of optical
switches, amplifiers and other devices

e some of the relevant methods and equa-
tions needed are Maxwell's equations, the
Nonlinear Schrodinger (NLS) equation and
electromagnetic scattering theory

e Computational chemistry

e models the molecular dynamics of vibrat-
INg atoms using quantum mechanics. Al-
lows the formation, reaction and decom-
position of molecules to be understood

e N-body problems or particle tracking
methods

e treats material as a collection of discrete
particles. Need to solve equations of mo-
tion for each particle, including interac-
tions between particles
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applications include granular materials, fluid
flows, astrophysics and chemistry

Partial differential equations

represent conservation laws for mass, en-
ergy, momentum etc

applications include fluid flow, heat and
mass transfer, stress and strain analysis

computational limits usually reached for
three-dimensional geometries

typically, commercial finite-element or finite-
volume packages are used

stability and accuracy of numerical schemes
IS important

a common computational theme in many
of these areas is the need to repeatedly
solve large systems of linear equations
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Optical fibres and photonics

e optical fibres have low loss and high band-
width, hence are very appealing to the
telecommunications industry

e the core consists of a thin glass fibre in
which the light travels without escaping,
due to total internal reflection

e attenuation (losses) mean that opto-electrical
amplification devices are needed every 100km
or SO

e dispersion is also important and can de-
grade the signal

e sSolitons have the property that nonlinear
effects cancel the dispersion hence allow-
iIng higher bit rates

e sSpeed and cost means that all electrical
and opto-electrical amplifiers, switches and
splitters need to replaced with all-optical
equivalents
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The NLS equation

e governing equations are Maxwell's equa-
tions of electromagnetism

e we consider nonlinear waves (high power
levels), for which the frequency and am-
plitude of the wave are related

e an asymptotic solution can be derived by
expanding about the carrier frequency and
assuming weak nonlinearity

e the governing equation, for the slowly vary-
INg wave envelope, is the
Nonlinear Schrodinger (NLS) equation

13



T he soliton solution

u = asech[n(T — sZ)]ei[ST_l'%(nQ_SQ)Z]

e a soliton solution exists, for which non-
linearity cancels dispersion

e the soliton profile is that of the slowly
varying wave envelope of the carrier wave-
train

e consists of a pulse or humped wave which
iIs robust to disturbances

e Iideal for information transfer as there is
no dispersion
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Optical applications for the NLS equation

e Pulse compressor A laser produces an
initial periodic wavetrain. A dispersion
decreasing fibre is used to generate a train
of solitons

e Pulse amplifier Uses erbium-doped (or
some other rare earth) fibre to amplify
the signal by the process of simulated
emission

e Optical switches Allows
swapping/splitting/coupling of signal(s)
between different fibres

e all these applications involve solving the
NLS or coupled NLS equations

e hpc often needed for numerical solutions

e Dr. Annette Worthy and Dr. Noel Smyth
have been active in developing approxi-
mate solutions
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Photonics

e concerned with the manipulation and guid-
ing of photons (light) using photonic crys-
tals (PC)

e consist of periodic arrays of atoms, which
via Bragg scattering, suppress the propa-
gation of light, in some or all directions,
for a certain range of frequencies

e analagous to the cut-off frequency for hol-
low metal waveguides

e photonic crystals can be used to construct
optical switches and other optical devices

e research on PC is complementary to that
involving the NLS equation

e holey fibres made from PC materials, have
an array of longitudinal holes which run
the length of the fibre

e light is guided due to total internal reflec-
tion and photonic band effects
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holey fibres have lots of unique proper-
ties such as unusual mode cut-offs and
substantial control over dispersion

for holey fibres guiding light in air, with
extremely low-loss, may be possible

need to use electromagnetic scattering
theory to solve problems involving PC's

expand solution to Helmholtz's equation
in an infinite series

need to solve large sets of linear equations

need to find eigenvalues of large systems,
which involves finding when the determi-
nant of a large matrix is zero

problems with realistic geometries need
hpc

follow the links to the research gallery on
the ac3 web-site for more information
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Microwave heating of three-dimensional
blocks in waveguides

Joint work with Dr. Bin Liu, a postdoctoral
fellow

Microwave heating is becoming an important
industrial process due to the speed of process-
ing. Examples of its uses include

e Smelting metals and sintering ceramics
e Drying wood, wool or glue
e sSterilising medical equipment

e welding or joining metals, plastics and ce-
ramics
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Thermal runaway

Thermal runaway can occur during the irra-
diation of the material. This can destroy or
damage the sample being processed.

e due to the nonlinear temperature depen-
dence of the material properties

e Obtain an S-shaped power versus temper-
ature curve

e need to predict the occurence of thermal
runaway

e analogy with classical ignition problem
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The governing equations

The steady-state equations are

Trx + Tyy + 1%, +’Y|U|2 =0,

where o =af(T), v=8f(T)

and  f(T) = a1+ fre T,

T is the temperature, U the electric-field
amplitude

electrical conductivity o, and thermal ab-
sorptivity v, both assumed to have an Ar-
rhenius temperature dependency

we consider a three-dimensional waveg-
uide with a square cross-section with the
dielectric block filling the cross-section of
the waveguide

an excellent comparison is obtained be-
tween the semi-analytical and numerical
solutions
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Computational issues

e sSteady-state equations discretised using
centred differences

e get equations in the matrix form
AT =c¢, BU=d

e the vectors T and U represent the tem-
perature and the electric-field components

e c and d are functions of temperature so
obtain steady-state solution by iteration

o ATP+l =¢cpr BUPtl=4dr p=0,1,2,..

e during each iteration the matrix equa-
tions are solved directly. The matrices A
and B are constant so they only need to
be decomposed into triangular form once
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for a three-dimensional problem the ma-
trix has size O(n3 x n3), where n is the
number of subintervals in the x direction.

system storage limits are reached for Az ~
0.15, which gives only moderate accuracy

a single S-shaped curve, for a single mode
calculation, takes about 6 hrs of CPU on
a single SGI Origin 2400 processor

the speed up using 8 processors is 2 (ie
it runs in three hours)

a direct matrix equation solver is used.
Guassian elimination is an example of a
direct method

whole banded portion of the matrix must
be stored including zero diagonals within
the banded structure

the speed up is limited by the serial nature
of the matrix solver
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An iterative matrix solver

e the iterative Krylov method has been im-
plemented

e saves on storage requirements as only non-
zero elements of the matrix need to be
stored

e ONn one processor the S-shaped curve takes
1.5 hrs, some 4 times faster than the di-
rect method

e on eight processors the speed up is 5 (ie
the job runs in 18 minutes)

e the parallelised iterative method is 10 times
faster than the parallelised direct method
on eight processors

e theiterative method parallelises much bet-
ter than the direct method

e advantage of using the Krylov method
on a multimode problem should be even
greater (due to the matrix structure)
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