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Key Application #1: Geodynamics Key Application #2: Global Seismology
Mantle convection simulation with 1nhouse SpecFEM3D - to date the only method avail-
code TERRA able for global seismic wave field simulations

e model uses simplified Navier-Stokes equa-
tions (generalised Stokes problem) com-
bined with time-dependent energy equation

Key Application #3: Local Seismology

SeisSol — simulation of seismic wave propaga-
tion with the arbitrarily high order discontinu-
ous Galerkin method

e p-adaptive ADER-DG (Arbitrary high order
DERI1vatives) scheme

e high order finite elements — high accuracy

e high geometrical flexibility — smooth rep-
resentation of complex structures, topogra-
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UI00250,

e (hierarchical) mesh structure based on phy and interfaces ‘ : e unstructured tetrahedral meshes — highly
mapped 1cosahedron e parallel implementation comparatively easy ‘A,%eg = G o0 complex 3D models

e fully parallel combined conjugate gradient — — diagonal mass matrix 5 e local time stepping for strongly varying
multigrid method as core solver e includes topography/bathymetry tetrahedral mesh spacing

e highly efficient MPI-based parallel imple- ¢ 3D velocity models for mantle and crust A TV X e load balancing for parallelisation requires

mentation reaching 200 GFLOPs aggregate
system performance on TETHYS

weighted mesh partitioning

e 3D anisotropy, 3D attenuation and effects of

Perturbation of average s-wave velocity by self-gravitation and rotation of Earth

convection processes in the Earth’s mantle;
simulation combines a numerical convection (100
mio. finite elements) with a mineral physics model
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Snapshot of synthetic seismic wave field computed

GO with spectral element method for an earthquake in
AR .

the Fiji-Tonga region

Tetrahedral mesh of Grenoble Basin,
colours indicate partitions generated
by Metis partitioning tool
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Technical specifications: Interconnect topology:

e TETHYS currently consists of 80 compute e (theoretical) peak performance: 0.8 TFLOPs

e e T | o) e -] 1e+06 np'= 2 CIIDU/node)' T
des and one cluster head ~ IeSTeSTEWLD | [esreSTems 18 (1 SPURodE)
no e operating system: Debian GNU/Linux 3.1 > % —— PO 138 5 ChUinods)
. _ 1'\‘“\( o — ] W | e e L
e cach compute node consists of two AMD pro (Sarge) AMDG64 port A I o e T oo |
cessors with the following specifications : . : : T T &
& 5P e local hard-drive partitions combined into par- _ = 000 |
allel scratch space (9.6 TByte) with PVFS2 Do B~ - o
?:;EE.EEZ%EEJ:;H} g—ﬁ—ﬁ—* - i —}/I%i -
no. of processors two per node e automatic node setup with FAI (FullyAuto- T .

type of processors AMD Opteron 250

1 10 100 1000 10000 100000 1e+06

maticInstallation) possible in 5 minutes

(64 blt, Single COI'C) " - message size [8-byte units]

clock speed 2.4 GHz e software collection includes compiler suites = R S ——— o

L1 cache 64/64KB (data/instruction) by GNU, Intel, NAG and MPI libraries by e i TR e A —————— Example result from Intel MPI

. . 9 ’ AT L e (R TR LN e TS E (e TR . .

L2 cache IMB (data + instruction) MPICH and OpenMPI T STEETENTY  FewTESTENTY  rewTESTENTL IS TeSTENTE Benchmark Suite (IMB): test of
local memory 2 GB RAM (DDR1) ——— i —— Exchange communication pattern
local storage 160 GB o hardware upgrade scheduled for 2009 and Tr—" | re— r—— ramm— "% | (data exchange with left and right neigh-
network interface 1000T Ethernet (2 ports) 2013

bour in processor chain)

Benchmarks: Key Application #4: 3D Visualisation Acknowledgements:
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100 R 1 PR ———— e 3D stereo projection is possible with a dual References: v Oeser. 1. HoP. Bunce. and M. Mohr: Chuster Do
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