Managing sustainable and community-driven
research software in physics

Jean-Noél Grad, Alexander Reinauer,
Rudolf Weeber, Christian Holm

Institute for Computational Physics, University of Stuttgart

September 15, 2022

Funded by
— INSTITUTE FOR

COMPUTATIONAL DF Deutsche
a  PHYsICs Forschungsgemeinschaft
ke ESPResSo German Research Foundation




Particle-based simulations with coarse-grained models

e ESPResSo represents collections of atoms as single beads
e suitable for systems in which chemical detail can be ignored
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Computational fluid dynamics with lattice-Boltzmann

e established method to solve Navier-Stokes equations
e ESPResSo introduces coupling to particles
e advanced lattice-Boltzmann features:

e diffusion-advection-reaction models

e multiphase flow

(G. Rempfer, C. Holm; ink droplet in a carrier fluid moving around a solid obstacle)



Community-driven code development
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Community-driven code development
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Development processes

Test-driven development

® new feature — write test on day 1

e enforced by continuous integration
e tests on macOS, Ubuntu, Fedora
® 99% code coverage is required

® merging is blocked if Cl fails

Documentation-driven development
* Doxygen, Sphinx, Jupyter notebooks
® documentation is tested in CI...

e _..and automatically deployed online

All checks have passed
7 successful, 1 skipped, and 1 neutral checks

(@) run tests on mac/ regular_check

@ (@) run tests on mac/ sanitizer_check

® (| kodiakhq: status — (no automerge label)
+ {g) ICP GitLab CI

v %8 WIP — Ready for review

v @ codecov/patch — 99% of diff hit

v @ codecov/project/core — 99% (+0%)

v @ codecov/project/python_tests — 99%

v @ codecov/project/unit_tests — 99% (+0
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Onboarding

e wiki: good coding practices, tooling, processes
online coding days every 3 months

® pair programming and mentoring

¢ collaboration with external contributors

B espressomd / espresso | Fubic

<> Code (O Issues 107 19 Pull requests

Development

Table of Contents

« Writing code
o Source code structure
o Build System
o Adding new source files
« Applying formatting locally
« Testing
« Debugging
« Benchmarking
o Running individual benchmarks

o Running a benchmark site

® Actions [ Projects 5 [ Wiki (@ Security

» Pages @

« Installation FAQ
+ Developer's guide
o Tooling
o Development
o Documentation
o Testing
o Software design
o Naming conventions
o Code review
o Filing bug reports
o Release checklist
+ ESPResSo meeting
+ Planned releases
o 4.3.0 release notes

| Insights



Outreach

® annual 5-day CECAM school in October

e train the next generation of contributors

e discover ongoing projects in the community
¢ GitHub discussions, mailing list, community calls
® public notes from developer meetings

cecam 6 Q Mew

Simulating the dynamics of soft matter with
ESPResSo, PyStencils and LbmPy

October 10, 2022 - October 14, 2022
CECAM-DE-SMSM, Institute for Computational Physics, University of Stuttgart, Stuttgart

Description Participants Program Documents Participate



Dissemination

packaging on Fedora, Ubuntu
Singularity for HPC (planned)
build environment on Gitpod
run in the browser with Binder
remotely executable teaching
material, lectures on YouTube
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Learning ESPResSo
ESPResSo Simulation Package - 4 /10
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ESPResSo Simulation Package

Introduction to Charged Soft Matter
ESPResSo Simulation Package

Managing Simulation Data
ESPResSo Simulation Package

Introduction to Ferrofluids
ESPResSo Simulation Package
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an acid-base ata prescribed value of soluon pH
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