Earth Systems Science Computational Centr



Overview

Interface modelling in incompressible media
Escript, Finley, Paso (and SGl's SCSL)
Parallelization

Scaling

Future work

Get software from
- https:.//shake200.esscc.uqg.edu.au/twiki/bin/view/ESSC
C/WebHome
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Interface modelling In
Incompressible flow

Bubble in Earth’s mantle rises...
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Interface modelling In
Incompressible flow

...and meets rock at an interface
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Interface modelling In
Incompressible flow

FHuid flow problem

Domain consists of fluids of different viscosities
- Molten mantle interface with rock

Level set method: extraterms in equations give
results without extensive mesh refinement along
Interface
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General PDE

System of linear, steady, second-order partial
differential equations

Finite element method
- 50 x 50 x 100 elements in use today

L arge sparse system of equations
33,000 unit tests run daily
Application area: geophysics
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Software components

e N,
-Define PDE -Large data sets -Preconditioners
-Define elements -Unary, binary ops -Solvers
-Compute matrix -1/0 -UMFPACK, MKL,

SCSL, PASO
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Programming languages

Python C++ C

User interface Data() Intensive tasks
Access to Data() Expanded Matrix assembly
Small computations Constant Meshes
Initialize values Tagged Solvers
Numarray FunctionSpace()

Domain()

Matlab-like python interface to fast FEM libraries
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Example: Poisson solver

nmydonal n = Rectangl e(l 0=1.,
| 1=1., n0=40, nl1=20)
X = nmydonal n. get X()
gammaD = wher eZer o( x[ 0] )
+wher eZero( x[ 1])
nypde = Poil sson(donmal n=nmydonal n)
nypde. set Val ue(f =1, g=ganmaD)
u = nypde. get Sol uti on()
saveVTK("u. xm ", sol =u)
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Parallelization/data distribution

List of eements divided into N chunks
OpenMP
- Earlier work, successful to 128 CPUs

MPI first version
- CPU owns chunk of domain
- CPU owns corresponding rows of matrix

MPI second version (TBD)
- METIS/ParMETIS
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Scaling

Strong scaling
- Total workload fixed

Double # CPUs and same # elements
Strive for half execution time
Smaller data per CPU may fit in memory better

Weak scaling

- Workload per CPU fixed
Double # CPUs and double # elements
Strive for constant time per iteration
Increase intime is parallel overhead
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Strong scaling

Preliminary results
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Weak scaling

Preliminary results
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Recent accomplishments

Rewrite MPI portion for unstructured meshes and
for efficiency (tuning required)

Graphics with python and VTK
Checkpoint/restart (via NetCDF)

.
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Key applications

Other applications in these areas
- Selsmic wave propagation
- Tsunami model
- Plate subduction model
- Plume formation and reactive transport

- Volcanic lavaflow with unstructured grids (in
progress)
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Future work

Single-processor performance
- Larger problems

Additional solvers
- GMRES, BICGStah, TRILINOS

Mixed-mode programming, OpenMP and MPI
together
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