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Overview
● Background
● Traditional physics  ↔  Computer simulations
● Problems with current practices?
● Suggestions for solutions
● Why should we compare models?
● Future activities?



   

Background
● Published papers on the Mars­solar wind iteraction 

show small and large differences in, e.g., ion escape 
rates, ion flux morphology, ...  

● Is the reason due to 
– Model? MHD? Hybrid?
– Boundary conditions and source terms? Solar wind 

conditions? Exosphere model? Ionosphere model?
– Numerical issues?  Grid resolution?  Number of particles?  

Simulation time? 
– Errors?  In the implementation?  Model problems?



   

Mars­Solar Wind Models



   

Black box

Input
Solar wind
Exosphere

...

Output
Escape rates

...

Mars­Solar Wind Models



   

Traditional Physics Research

● Hard sciences: Reproducibility
– External reality
– Simple physical laws
– Independence of the observer



   

Reproducibility in Computing
Difficulties:
● For one program:  

Changing environment.  All must be known.  
● For many programs: We will focus on this.
● Results are often reproduced for different set of 

parameters/conditions
● The situation (Bruckheit et al.):

● Researchers cannot reproduce others work
● Advisors cannot investigate student's problems
● Researchers cannot reproduce their own work



   

Reproducibility in Solar System Simulations

● Of course results reproducible, e.g., a hybrid 
simulation of the Mars­Solar wind interaction 
with a Chamberlain exosphere, and .... as 
described in the paper. 

● Anyone should be able to make a new version 
of the modell, thus reproducing the results

● Problem: Details matter in computing...



   

Stages

World Model Algorithm Implementation

Solar wind­planet
interaction

Magnetohydrodynamics
(MHD)

Finite volumes Fortran
MPI

Space Physics example
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Why? Are code errors a problem?
● "Physics computing is easy, and therefore 

reliable"
● Counter example: Binary search



   

● Problem: 
● Determine if the sorted array x[0..n­1] 

contains the target element t.  The answer is 
stored in p.  
If t is not in the array, p is ­1.

● Solution by binary search
t = 7:

Binary Search

1 2 7 10 12 17 23

1 2 7 10 12 17 23

1 2 7 10 12 17 23



   

Binary Search
● 10% of professional programmer can implement 

this without errors in a couple of hours (Bentley)
● The first binary search was published in 1946. 

The first binary search without bugs was published 
in 1962 (Knuth)



   

Open source code?
Why keep the source code secret?
● Work
● Fear
● Control
● Commersial value
● No benefits

Valid reasons, but not in tune with science



   

Keith V. Roberts, Panel Discussion on: Applications and Organization of the new Field of 
Computational Physics, Symposium on Computer Simulation of Plasma and Many­Body 
Problems, Williamsburg, Virginia, April 19­21, 1967, NASA SP­153. 

A 40 year old debate



   

Suggestions for solutions
● Publish source code and parameter settings
● Write specifications
● Use source code control systems
● Testing

– Perturbed parameters and initial conditions
– Automated testing
– Automated generation of figures in publications: 

Reproducible research



   

Model Intercomparisons
● A first step toward reproducible simulations
● Many examples from other fields, e.g., 



   

Why should we compare models?

Our proposed strategy to tackle the problem of reproducibility and standardization 
of numerical models in planetary science is to initiate model intercomparison 
activities. The benefits of model intercomparison activities are many, among them 

(1) Ensures that the science is reproducible 

(2) Model errors will be found 

(3) Standardized data formats for the simulation outputs, making simulation results 
easier available to data analysts that are not directly involved in simulations. This 
will also stimulate the comparison between observations and the results of 
numerical models. 

(4) Standardized software interfaces, services, and libraries. This will enable 
software reuse, e.g., of visualization tools and data I/O libraries. It will also simplify 
the coupling of models, e.g., magnetosphere, exosphere, or thermosphere models. 

(5) Collaboration between different research groups, using different codes, will 
increase and provide new research groups in the field with a starting point and 
reference solutions, and 

(6) New diagnostics will be found, i.e. new ways of looking at model results.



   

Model Intercomparisons
● An iterative process. 

Continue after this meeting with
– Workshops
– Website
– ...

● Two possible options to continue the effort 
– ISSI team proposal
– EU FP7 Europlanet Proposal
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