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motivation



journal/common sense/scientific method requirements
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new 2019 GMD journal policy, doi:10.5194/gmd-12-2215-2019

„everything required to run the experiment must be provided, apart
from the model itself”

„ensure that there is no manual processing of the data: models are
run by a script, and all pre- and post-processing is scripted”

„All figures and tables must be scientifically reproducible from the
scripts”

„It is the opinion of the GMD editors that if the code is not ready,
then neither is the manuscript”

„During the review process, the ease of model download,
compilation, and running of test cases may be assessed”

https://doi.org/10.5194/gmd-12-2215-2019
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programmers’ job market
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Nature 2019 “toolbox” column (on Julia),
doi:10.1038/d41586-019-02310-3

„Among climate scientists, the lingua franca is Fortran: speedy, but
— with roots dating to the 1950s — not terribly exciting”

„Younger programmers prefer languages that can accommodate the
latest trends in software and hardware design”

„‘two-language problem’ — researchers often prototype algorithms
in a user-friendly language such as Python but then have to rewrite
them in a faster language ...”

https://doi.org/10.1038/d41586-019-02310-3
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foci of this talk



Python ecosystem examples to address (simultaneously):
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code readibility  maintainability

performance (incl. ability to leverage modern hardware)

automation (incl. analysis and figure generation)

dissemination (incl. ease of setting up the environment)
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scientific context



Aerosol-cloud-precipitation interactions
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“Cloud and ship. Ukraine, Crimea, Black sea, view from Ai-Petri mountain”

(photo: Yevgen Timashov / National Geographic)



Probabilistic particle-based simulations
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Super-droplet simulation of a shallow convective cloud

(figure: Shima et al. 2009, QJRMS)



SDM: Monte-Carlo scheme of Shima et al. 2009
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PySDM



github.com/atmos-cloud-sim-uj
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PySDM: sample code
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maths

Python



acceleration with Numba (JIT, multi-threading)
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https://numba.pydata.org/

PySDM/SDM/backends/numba.py

https://numba.pydata.org/


acceleration with ThrustRTC and CURandRTC (GPU)
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https://github.com/thrust/ (C++)
https://fynv.github.io/ (Python/C++/C#/Java)

PySDM/SDM/backends/thrustRTC.py

https://github.com/thrust/
https://fynv.github.io/


Pythran: ahead-of-time compilation, OpenMP
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https://pythran.readthedocs.io/

PySDM/SDM/backends/pythran.py

https://pythran.readthedocs.io/


Pythran vs. Numba vs. Fortran ...
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Mohanan et al. 2019, doi:10.5334/jors.238

https://doi.org/10.5334/jors.238


example automation with Jupyter
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https://jupyter.org/

https://jupyter.org/


example automation with Jupyter
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https://jupyter.org/

https://jupyter.org/


dissemination with github and mybinder.org
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https://mybinder.org

https://mybinder.org
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demo



demo (github.com/atmos-cloud-sim-uj/PySDM)
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demo (mybinder.org)
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demo (ipywidgets)
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Thank you for your attention!
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