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Motivation
Status Quo: Many use software for research1

Relevant Situations:
• You are given a paper as starting point for your

project. First step: Understand and reproduce
(my M.Sc. thesis)

• You want to continue an old project with a
new idea (also as PI)

• You want to change an experiment later (for
the PhD thesis?!)

Problem: Reproducibility hard in practise2

• >70% failed to reproduce others
• >50% failed to reproduce own experiments -,-

⇒ We need reproducability strategies! But: No lab,
only “computer”. . .

1[Flemisch Gläser ’23] 2[Baker ’16’]
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What Does “Reproducible Numerics” Mean?
Definition:
Reproducing the exact numerical outcomes using the same setup.
Why?

• Establishes trust and ensures accuracy
• Building on previous work: standing on the shoulders of giants

(avoid reinventing the wheel)

What can go wrong?
• Scripts not available, only method “description”
• Missing information, e.g. parameters N, h, ηlearn, etc
• Unknown software versions, e.g. v1.9.3 vs. v1.6.7 LTS
• Missing datasets (mesh.msh, training-images.zip, etc)
• Use of proprietary or unpublished, in-house software
• Other differences (Windows, macOS, Linux, etc) (M1, x64, etc)

Typical TOCs

Lambert Theisen Publishing Reproducible Numerics: A Student’s Perspective 2/7



Motivation Definition Tools & Best Practices Archiving Code for Publication (with Zenodo) Conclusion Refs End

What Does “Reproducible Numerics” Mean?
Definition:
Reproducing the exact numerical outcomes using the same setup.
Why?

• Establishes trust and ensures accuracy
• Building on previous work: standing on the shoulders of giants

(avoid reinventing the wheel)
What can go wrong?

• Scripts not available, only method “description”
• Missing information, e.g. parameters N, h, ηlearn, etc
• Unknown software versions, e.g. v1.9.3 vs. v1.6.7 LTS
• Missing datasets (mesh.msh, training-images.zip, etc)
• Use of proprietary or unpublished, in-house software
• Other differences (Windows, macOS, Linux, etc) (M1, x64, etc)

Typical TOCs

Lambert Theisen Publishing Reproducible Numerics: A Student’s Perspective 2/7



Motivation Definition Tools & Best Practices Archiving Code for Publication (with Zenodo) Conclusion Refs End

Outline

1. Motivation

2. What Does “Reproducible Numerics” Mean?

3. Tools & Best Practices
Reproducable Progress (with Git)
Reproducable Environments (with Docker)
Reproducable Workflows (with Gitlab/-hub)

4. Archiving Code for Publication (with Zenodo)
Archiving Code for Publication (with Zenodo)

5. Conclusion

Lambert Theisen Publishing Reproducible Numerics: A Student’s Perspective 2/7



Motivation Definition Tools & Best Practices Archiving Code for Publication (with Zenodo) Conclusion Refs End

Reproducable Progress (with Git)
Version control with

• Problem: paper-v1.tex →
paper-v3-final.tex →
paper-v3-FINALLL.tex

• Solution: Track only differences
• Workflow: git add test.py → git commit

-m "Add convergence test" → git push
• Allows to go back in time, also allows for

asynchronous collaboration
• Nowdays: DevOps platform to track issues, run

automated tests, store dependencies, create
roadmaps, etc

• Git LFS: For large binary files track are hard to
“diff” (mesh.msh, tomography.dat, etc)
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Reproducable Environments (with Docker)
Problem: People have different setups (student has
macOS+python3.11 but PI has Windows+python3.7)
⇒ First step: Specify all dependencies

• e.g. requirements.txt, setup.py for Python
• e.g. package.yml and manifest.yml for Julia

But what about external deps (gmsh, TensorFlow,
FEniCS, . . .) or other cfg?

Virtualization with :
• Create common “Cooking recipe” (⇔

Dockerfile): Use this, install that . . .

• Workflow: docker build –tag myimg . →
docker run -i -t myimg /bin/bash to
open a shell inside container

• IDE Coupling: Possible in VSCode
• Automation: Can be used for testing of code!

Example Dockerfile:
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Reproducable Workflows (with Gitlab/-hub)
Explain usage: README.md for installation/execution
Documentation (automated)

• e.g. Sphinx, Documenter.jl, doxygen, . . .

• Transform code comments (docstrings) to
documentation, ideally host via Git pages

Testing with (RWTH instance) or
• CI/CD: Function from 6 month ago, still work?

⇒ Write tests for your methods
• Ideally: Also test the numerical examples (e.g. numdiff

to captured output)
• A good team: Gitlab/-hub with automated tests.

Every commit triggers the tests to run. Specifications
via, e.g., .gitlab-ci.yml or
.github/workflows/[name].yml

• Useful: Automatic LATEX compilation (these slides)
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Archiving Code for Publication (with Zenodo)
Setup: Code and paper ready for publication
Problem: Papers have a very long “lifecycle” but internet
moves fast (Website links might change, people move)

Digital Object Identifier (DOI) System:
• Organized by DOI Foundation, ISO standard, managed by

registration agencies, prefix/suffix1

• Example: 10.1137/21M1456005
• Resolver: doi.org/10.1137/21M1456005 links to

“correct” location
Archiving using (or RWTH Publications in AC, DaRUS in STU)

• From CERN, creates DOI (citeable, unchangeable)
• Create versions (v1.0, v1.1, etc) of dataset/software
• Strategy: Git tag, download tarball, upload, cite DOI

1[Uekerman ’23]
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Conclusion

Reproducable . . .progress with
• Backup, collaboration, DevOps platform

. . .environments with
• Specify all dependencies, create “cooking recipe”
• Hardware/software independence

. . .workflows with or
• CI/CD automation (docu, testing, hosting, . . .)
• Confidence by automatic testing

Permanent archiving using
• Get permanent DOI identifier (citeable)

Other aspects
• Interactivity (Jupyter notebooks), . . .
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Questions?

# lambert.theisen@ians.uni-stuttgart.de
# lambert.theisen@rwth-aachen.de
© @lamBOOO
� https://thsn.dev

r NMH @ Institute of Applied Analysis and Numerical Simulation
� University of Stuttgart
£ German Research Foundation (DFG) project 411724963

Thank You.
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