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Overview

© Complex fluids
@ Amphiphile mesophases: an interesting class of complex fluid

© What HPC makes possible
@ Simulation of complex fluids

© The TeraGyroid project
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Complex fluids N 5 . .
P Amphiphile mesophases: an interesting class of complex fluid

What is a complex fluid?

A fluid in whose macroscopic flow is affected by its microscopic
properties J

Such as:

@ beer
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Complex fluids N 5 . .
P Amphiphile mesophases: an interesting class of complex fluid

What is a complex fluid?

A fluid in whose macroscopic flow is affected by its microscopic
properties J

Such as:

@ beer

e milk

@ blood

o oil wells

@ organelles

@ polymers

@ liquid crystals

@ anything with bubbles



Complex fluids N 5 . .
P Amphiphile mesophases: an interesting class of complex fluid

Why are complex fluids hard to model?

Because 're complex.

@ Show behaviour on many very different length scales
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Complex fluids N 5 . .
P Amphiphile mesophases: an interesting class of complex fluid

Why are complex fluids hard to model?

Because they're complex. ‘

@ Show behaviour on many very different length scales
@ There may be lots of interfaces

@ A simple fluid can be described by p and v; complex fluids
may need composition, orientation, history, ...

@ Impossible to model all molecules in a complex fluid;

macroscopic description may not be known!
v

Because they're fluids. ‘

Fluids are hard to model in the first place; Navier-Stokes equations
are nonlinear.

v
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Complex fluids

Amphiphile mesophases: an interesting class of complex fluid

What is an amphiphile?

Like a soap molecule

@ Composed of oil-loving and water-loving parts

Image from http://www.vcbio.sci.kun.nl/fesem/applets/amphiphiles/
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Complex fluids

Amphiphile mesophases: an interesting class of complex fluid

What is an amphiphile?

Like a soap molecule
@ Composed of oil-loving and water-loving parts
@ Migrates to interfaces, reduces surface tension

@ Diblock copolymers are similar

Image from http://www.vcbio.sci.kun.nl/fesem/applets/amphiphiles/
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Complex fluids Amphiphile mesophases: an interesting class of complex fluid

Cubic mesophases

@ Amphiphile mixtures will often produce very strange-looking
morphologies
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Complex fluids Amphiphile mesophases: an interesting class of complex fluid

Cubic mesophases

@ Amphiphile mixtures will often produce very strange-looking
morphologies

@ These will self-assemble from a random mixture!

@ We've been using HPC to model a particular sort of cubic
mesophase, the gyroid.
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Complex fluids Amphiphile mesophases: an interesting class of complex fluid

Geometry of the gyroid
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Complex fluids Amphiphile mesophases: an interesting class of complex fluid

Gyroids in the real world

Gyroidic Gyroid in Self-assembling
copolymer melt biological system ceramic gyroid
(Shefelbine et al., J. Am. (Landh, FEBS Lett 369 13-17 (Chan et al., Science 286:

Chem. Soc. 121, 8457 (1999) ) (1995)) 1716-1719 (1999))
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Complex fluids Amphiphile mesophases: an interesting class of complex fluid

Self-assembly is hard to model.

Self-assembly dynamics are a typical complex fluid problem:
interactions between macroscopic flow and microscopic properties
are crucial.
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What HPC makes possible Simulation of complex fluids

HPC and complex fluids

Computation is often the only way forwards: even if you can write
down the equations governing a fluid, you still have to solve them. )

Lattice Boltzmann method |
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What HPC makes possible Simulation of complex fluids

HPC and complex fluids

Computation is often the only way forwards: even if you can write
down the equations governing a fluid, you still have to solve them. )

Lattice Boltzmann method |

@ Lattice-based model, discrete in time and space

@ Nearest-neighbour cellular-automaton model

@ Originally developed as a conventional fluid dynamics method,
but turned out to be very useful for complex fluids

@ Doesn't simulate each individual molecule

Doesn't just deal with the high-level velocity field either

@ Hence is called a mesoscale method
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What HPC makes possible Simulation of complex fluids

Our implementation, LB3D

o Fully parallel LB solver
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What HPC makes possible Simulation of complex fluids

Our implementation, LB3D

Fully parallel LB solver

Uses domain decomposition

Good scaling — Gold class on HPCx

Migratable, steerable simulations

Can simulate mixtures of three fluids:
o Red (oil)
o Blue (water)
o Green (surfactant)

Flow in porous media

@ Sheared flow
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What HPC makes possible Simulation of complex fluids

Simulation of large systems

@ We're interested in simulation of defects in gyroids

Jonathan Chin, Peter Coveney HPC in Modelling Complex Fluids



What HPC makes possible Simulation of complex fluids

Simulation of large systems

@ We're interested in simulation of defects in gyroids

@ A workstation-class job can rapidly become limited by
finite-size effects

Jonathan Chin, Peter Coveney HPC in Modelling Complex Fluids



What HPC makes possible Simulation of complex fluids

Simulation of large systems

@ We're interested in simulation of defects in gyroids

@ A workstation-class job can rapidly become limited by
finite-size effects

o If we are to simulate defect dynamics, we need to look at very
large systems: 2563-10243

Jonathan Chin, Peter Coveney HPC in Modelling Complex Fluids



What HPC makes possible Simulation of complex fluids

Simulation of large systems

@ We're interested in simulation of defects in gyroids

@ A workstation-class job can rapidly become limited by
finite-size effects

o If we are to simulate defect dynamics, we need to look at very
large systems: 2563-10243

@ System size of just under 10003 on HPCx

Jonathan Chin, Peter Coveney HPC in Modelling Complex Fluids



What HPC makes possible Simulation of complex fluids

Simulation of large systems

@ We're interested in simulation of defects in gyroids

@ A workstation-class job can rapidly become limited by
finite-size effects

o If we are to simulate defect dynamics, we need to look at very
large systems: 2563-10243

@ System size of just under 10003 on HPCx

o Largest system was 10243 over 2048 CPUs of

lemieux.psc.edu
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What HPC makes possible Simulation of complex fluids

Computational steering

@ Parameter spaces can be huge; exhaustive search out of the
question.

Jonathan Chin, Peter Coveney HPC in Modelling Complex Fluids



What HPC makes possible Simulation of complex fluids

Computational steering

@ Parameter spaces can be huge; exhaustive search out of the
question.

@ Often difficult to quantitatively characterize interesting
behaviour.

Jonathan Chin, Peter Coveney HPC in Modelling Complex Fluids



What HPC makes possible Simulation of complex fluids

Computational steering

@ Parameter spaces can be huge; exhaustive search out of the
question.

@ Often difficult to quantitatively characterize interesting
behaviour.

@ Easy to waste cycles.

Jonathan Chin, Peter Coveney HPC in Modelling Complex Fluids
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@ Often difficult to quantitatively characterize interesting
behaviour.
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What HPC makes possible Simulation of complex fluids

Computational steering

Parameter spaces can be huge; exhaustive search out of the
question.

Often difficult to quantitatively characterize interesting
behaviour.

Easy to waste cycles.

Visualising in real-time and bailing out or steering helps avoid
this.

Also helps reduce storage requirements
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Simulation of complex fluids

What HPC makes possible

Computational steering in action
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What HPC makes possible Simulation of complex fluids

Computational grids

@ Link distributed resources through high-performance network
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What HPC makes possible Simulation of complex fluids

Computational grids

@ Link distributed resources through high-performance network
@ Use remote storage, compute, visualization facilities

@ Use remote expertise: permits allows scientists in different
countries to work together on the same simulation in real-time
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The TeraGyroid project

The TeraGyroid project

e Funded by EPSRC (UK) and NSF (USA) to join the UK
e-Science Grid and US TeraGrid
e application from RealityGrid

e 3 month project including work exhibited at Supercomputing
and SC Global, November 2003
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The TeraGyroid project

e Funded by EPSRC (UK) and NSF (USA) to join the UK
e-Science Grid and US TeraGrid

e application from RealityGrid
e 3 month project including work exhibited at Supercomputing
and SC Global, November 2003

@ Main objective was to deliver high-impact science which it
would not be possible to perform without the combined
resources of the Us and UK grids

@ Featured the world's largest Lattice Boltzmann simulation, to
study defect dynamics in liquid crystalline surfactant systems

@ Won " Most innovative data-intensive application” at SC03
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The TeraGyroid project

The TeraGyroid network

Starlight (Chicago)

10 Gbps Netherlight Q
(Amsterdam)

Manchester

Caltech o
BT provision
2x 1 Gbps

SDSC
Phoenix

SCinet

@ visualization
@ Computation © Access Grid node ucL
. Network PoP . Service Registry % Dual-homed system
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The TeraGyroid project

Migration and visualization in real time

@ Migrate simulation from Manchester to NCSA
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The TeraGyroid project

Migration and visualization in real time

@ Migrate simulation from Manchester to NCSA
@ Visualization at Argonne National Lab
e Controlled from laptop in Phoenix

@ Viewed via multicast at UCL, BT Adastral Park, Boston,
Phoenix, and SCGlobal sites
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The TeraGyroid project

Hardware infrastructure

Computation |

@ HPCx (Daresbury), 1280 CPUs IBM Power4 Regatta,
6.6 Tflops, 1.024TB

Lemieux (PSC), 3000 procs HP/Compaq, 6Tflops peak, 3TB
TeraGrid Itanium?2 cluster (NCSA), 256 procs, 1.3Tflops peak
@ TeraGrid Itanium?2 cluster (SDSC), 256 procs, 1.3Tflops peak

Green (CSAR), SGI Origin 3800, 512 cprocs, 0.512TB
(shared)

e Newton (CSAR), SGI Altix 3700, 256 Itanium2 procs 384GB
(shared)
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The TeraGyroid project

Hardware infrastructure

Visualization |

@ Bezier (Manchester), SGI Onyx 300, 6x IR3, 32procs
e Dirac (UCL), SGI Onyx2, 2x IR3, 16 procs

@ SGI loan machine (Phoenix), SGI Onyx, 1xIR4, 1xIR3
@ TeraGrid Visualization cluster (ANL), Intel Xeon

@ SGI Onyx (NCSA)
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Hardware infrastructure

Visualization

\
@ Bezier (Manchester), SGI Onyx 300, 6x IR3, 32procs
e Dirac (UCL), SGI Onyx2, 2x IR3, 16 procs
@ SGI loan machine (Phoenix), SGI Onyx, 1xIR4, 1xIR3
@ TeraGrid Visualization cluster (ANL), Intel Xeon
@ SGI Onyx (NCSA)

A\

Service Registry

@ Frik (Manchester), Sony Playstation2

Jonathan Chin, Peter Coveney HPC in Modelling Complex Fluids



The TeraGyroid project

Hardware infrastructure

Visualization |

@ Bezier (Manchester), SGI Onyx 300, 6x IR3, 32procs
e Dirac (UCL), SGI Onyx2, 2x IR3, 16 procs

@ SGI loan machine (Phoenix), SGI Onyx, 1xIR4, 1xIR3
@ TeraGrid Visualization cluster (ANL), Intel Xeon

@ SGI Onyx (NCSA)

A\

Service Registry

@ Frik (Manchester), Sony Playstation2

Storage

@ 20TB of data generated during project, 2TB stored at
ATLAS/RAL.
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The TeraGyroid project

Data still undergoing analysis

@ Gyroids with defects successfully simulated

e Complete record of self-assembly and defect dynamics from
the start

@ Automatic detection and tracking of defects is tricky...
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The TeraGyroid project

Conclusions

@ Modelling complex fluids is hard
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The TeraGyroid project

Conclusions

@ Modelling complex fluids is hard
@ HPC makes it possible

e Computational grids allow distributed HPC resources at
multiple institutions to be deployed together to attack a
scientific problem.
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The TeraGyroid project

lepcc

o HANCISILE

CARABILITY CONPUTING
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...and hundreds ot Individuals at:

—
TERAGRID
Argonne National Laboratory (ANL)

Boston University
BT

BT Exact
Caltech
csc
Computing Services for Academic Research (CSAR)
CCLRC Daresbury Laboratory
Department of Trade and Industry (DTI)
Edinburgh Parallel Computing Centre
Engineering and Physical Sciences Research Council (EPSRC)
Forschungzentrum Juelich
HLRS (Stuttgart)
HPCx
I1BM
mperial College London
National Center for Supercomputer Applications (NCSA)
Pittsburgh Supercomputer Center
San Diego Supercomputer Center
SCinet

Tufts University, Boston
UKERNA

UK Grid Support Centre plzTeRuRGH
University College London SHPEACOMTITING (=
Universty of Edinburgh

®
University of Manchester
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