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A bit about myself
How I learned how to program as a physicist

▪ My CS journey as a physics student at EPFL:
○ Learned C++(03) OOD in first year (J-C. Chappelier!)
○ Then, used MATLAB for the rest of Bachelor and Master
○ During PhD.

▪ Started using FORTRAN… or rather Fortran!
▪ Moved from MATLAB to Python

▪ Except for the C++ course, all the others were taught by 
physicists/mathematicians

▪ Learned mostly by copy/paste
▪ Good practices! What are those?

▪ Unfortunately, this reflects many scientist’s CS journey
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Where it all began for me

▪ I worked on a 20 y/o Fortran 90 production code (~75 kloc)
▪ Everyone had a full personal copy of the code

○ Typical workflow: start by merging John’s and Jane’s copies by hand
▪ Using SVN with as little commits as possible
▪ Documentation? 

○ Yes, a 10 y/o physics paper that describes the equations
▪ Tests?

○ You tested the code before committing? So it’s OK
▪ No coding convention

○ Everyone has their own
▪ No code review 
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▪ Copy/paste development in a huge, over-engineered spaghetti code
▪ Run on some top 10 (from Top500) machines
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Profiling applications on top-tier machines

▪ Estimated price of resources from top 1 user: 1.38 M€ / year
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Examples from production codes
Variables naming
▪ Context: developing a new Python code based on an old Fortran code
▪ Before releasing it open source, I proposed renaming the input variables because

○ Most names are not explicit at all
○ Use an old Fortran convention prefixing the name of the variable with its type

▪ E.g. i for integer, l for logical, etc.
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Examples from production codes
Correctness and design
Discussing with a PhD student, I learned that their production code:

▪ Needs a very particular version of a mathematical library
▪ Must be compiled without compiler optimizations

Knowing this, what can we assume about the results?

The mighty globals.f90 file with ~1kloc
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▪ Everybody agrees that scientific software is a tool to produce “science”
▪ But good development practices are seen as an obstacle to “science” production 

rather than a long term investment

The problem

▪ However, those good development practices come from decades of software 
design experience

▪ They aim at making the code:
○ More readable
○ More extensible
○ More testable
○ Less prone to bugs and errors

▪ This should be of utmost importance when producing scientific results
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▪ Not blaming the people, but the system!
▪ Scientists are not properly trained and sometime ignore good practices and 

benefits
▪ Publish or perish culture

○ Shortcuts taken

▪ Not enough recognition in the tool quality

The root of the problem
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Attack the problem from two sides:

▪ Establish and promote a culture for scientific software development
○ Get the lab’s head on board
○ Explain the return on investment
○ Systematic code review (if possible)
○ More systemic recognition
○ Code maintainer

▪ Technical training
○ Code review!
○ Currently developing a course on scientific software design

▪ Bridge the gap between CS literature and scientific code development
▪ Self-paced website
▪ Will be proposed either as a doctoral school, “formation du personnel”, or on-demand

Proposed course of action
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▪ Programming has become an essential task for most scientists
▪ Lack of programming/design courses in Universities curricula
▪ Cultural lack of recognition for good coding practices
▪ Often results in degraded code quality
▪ Problematic as the quality of the tool often reflects the quality of the result

▪ We propose a two-step plan:
○ Promote a culture of good programming practices

○ Adapt the training

Conclusions


