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Supercomputing in science 

•  Engineering: combustion, turbulence, fluids, materials 

•  Life sciences: genomics, pharmaceuticals, hemodynamics 

•  Geophysics: climate, weather, earthquakes, plate tectonics 

•  Particle physics: structure of matter  

•  Astrophysics/Cosmology: exoplanets, black holes, galaxy formt’n 

•  Software: data frameworks,  community s/w 

Many techniques and strategies in common, but also problems: 

large dynamic range, resolution/domain size/time, parallelization 
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The traditional scientific 
method 

Experiment/
Observation 

Theory 

Limitations: 
- Cannot perform experiments (climate, cosmology) 

- Theory is too complex (turbulence) 

Newton /Descartes 
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The modern scientific 
method in cosmology 

Theory 

Computer 
simulation 

Experiment/
Observation 
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DG for Production Astrophysics Simulations

High-order methods Astro/cosmo codes

Versatility and robustness will be key in the long run

• Zoology of limiters?

• Extension and coupling to more physics?

• Crazy source terms? (SN feedback, radiation, chemistry, …)
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Thomas Gillet 
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Non-baryonic dark matter 
cosmologies 

In CDM structure 
forms hierarchically 

Early CDM N-body 
simulations gave 
promising results 

Davis, Efstathiou, 
Frenk & White ‘85 

HDM 
Ω=1 CfA redshift 

survey 

ΛCDM 
Ω=0.2 

Neutrinos 
Ω=1 

Davis, Efstathiou, 
Frenk & White‘85 

Neutrinos cannot 
make appreciable 
contribution to Ω 
à mν<< 30 ev 

Frenk, White 
& Davis ‘83 

Neutrino DM à  
wrong clustering 



University of Durham 

Institute for Computational Cosmology 

0.5 Mpc/h 

The Millennium/Aquarius/Phoenix simulation series 

Springel et al ‘05, ’08, 
Gao et al ‘11 
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 Since 1980s 

•  Galaxy surveys ì x103 

•  N-body simulations ì x107 
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The future 

Theory,experiment  computing 

  In next decade 

Galaxy surveys ì x103 

Simulations ì  x10 è complexity 


