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● Traditional physics  ↔  Computer simulations
● Problems with current practices?
● Suggestions for solutions

Overview



Traditional Physics Research

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

● The scientific method: Theory ↔ Experiment



Stages

World Model Algorithm Implementation

Solar wind-planet
interaction

Magnetohydrodynamics
(MHD) Finite volumes Fortran

MPI

Space Physics example



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



Different Flow Models

Empirical Hybrid

MHD



Comparison of Energetic Neutral Atom Production









Reliability in Computing

● Reproducibility does not imply reliability
● Reliable software if 

it always does what is expected of it.

Problems:
– bugs
– numerical inaccuracy/instability

Traditional numerical analysis: Stability, round-off,...



Reliability ― an Example:
Charge Exchange in the Martian Exosphere

JGR, v108, A10, 2003.



Debate

● "Physics computing is easy, and therefore reliable"
● Counter example: Binary search



● Problem: 
● Determine if the sorted array x[0..n-1] 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)



Current Physics Practice

Software usage:
● External software
● Public scientific programs 

(by large communities or small groups)
● Reuse of numerical results
● Unshared resources



Testing

● Usually only by global validation 
(exceptions: large libraries)

● Comparison with approximation, previous 
calculations, and experimantal data

● Consistency with conservation laws (mass, 
energy, ...)

● Peer review

Bug management unusual



Open source code?

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

Valid reasons, but not in tune with science



Invariants



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
– Use assertions and invariants in the code



Are Computer Simulations Science?

They can be...
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