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Outline

– Open Source approach for computational astrophysics. 

– Computational cosmology and astrophysical fluid dynamics.  

– Open Software as a Scientific Methodology. 

– Open Software and Scientific Careers 

– Practical examples of implementations  
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“Is your code public ?” 

“No, because:” 

– competition is fierce 
– intellectual property 
– scientific exploitation 

“It should be, because:” 

– more users, more bugs found 
– developer’s community 
– more scientific impact 
– reproducibility  
– code comparison 
– code verification and validation 

Introduction

Legal aspects: Open Source versus Free Software
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Computational Astrophysics in Precision Mode

Computer simulations to predict the complex behaviour of non-linear 
dynamical systems with high precision.
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Cosmological simulations

Springel et al., Nature, 2006



Romain TeyssierPlatform MAP 2017

Accuracy of large scale structure simulations

Schneider et al. 2016
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2×1012 Particles
L=3780 h-1Mpc

The Euclid Flagship Simulation

Doug Potter     Joachim Stadel     Romain Teyssier

Piz Daint – over 5000 GPU Nodes

6th Fastest Computer in the World. Upgrade to Haswell & P100 (now)…

Piz Daint: third fastest computer in the 
world now (www.top500.org) !
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Computational Astrophysics in Discovery Mode

Computational Chemistry wins 2013 Nobel prize in Chemistry
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Cosmic reionization from high redshift galaxies

Kimm & Cen (2014)
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A turbulent dynamo as the origin of cosmic magnetic fields

Rieder & Teyssier (2016)
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Open Source as a Science Methodology

What is Physics ?  

A mathematical theory of nature that can be 
tested using reproducible experiments. 

- A mathematical theory that cannot be 
tested is not Physics. 

- An experiment that cannot be reproduced 
by others is not Physics.

Computational Physics as the “third way”. 

- Algorithms can be described as a set of logical expressions. 
- Codes include many additional tricks or recipes that do not 

have any mathematical counterpart, as in a “black box”. 
- Codes run “numerical experiments” that need to be 

reproduced. 
- A simulation published without giving public access to the 

code is not Physics.
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Open Software: Higher Scientific Impact
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Practical Implementation of Open Software

Collaborative environments (bitbucket/github) 

- Publications should refer to the bitbucket/github commit key 
- Publications should have a link to the parameter files and initial conditions 

Open Access database 
- Simulation results in public database 
- Code repository in public database (software can regenerate data) 

Virtual Observatory Initiatives for both simulation data and software  
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Thank you !


