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What do I mean by Software Reproducibility?
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What do I mean by Software Reproducibility?

If I would go to your code repository, download the code and follow the
instructions in the README/documentation, would I be able to reproduce
the results from your publication?

Will I even be able to run your code?

Or compile it?

Do you even have a repository that I can find?
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Why is Software Reproducibility an issue?

▶ Pressure to publish/write
grants/teach/administrate... in
academia

→ Software is not a priority
→ Researchers are (mostly) not

software engineers
→ Better software is no

progression criterion

▶ Not just a problem in
software-based research

→ Replication/Reproducibility crisis
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Reproducibility Crisis

▶ Why Most Published Research Findings Are False, John Ioannidis, 2005

▶ Several controversies in the 2010s about influential results from studies
which could not be replicated

▶ Criticism of research practices

⇒ But what are the incentives?
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1182327/


Fear...

Un-checked, un-tested,
un-documented low-quality code can
lead to...

▶ paper retractions

▶ undetected false results

▶ software sustainability issues

▶ decisions taken based on false
software results

▶ lack of trust
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Positive Incentives

▶ Easier rerunning of experiments when something changes

▶ Reducing technical debt

▶ Saving time and computational resources (?)

▶ Smoother onboarding of new team members

▶ Better collaboration
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Software Reproducibility in the Earth Science Community

The critical need to foster computational reproducibility,
Reinecke et al., 2022, Environ. Res. Lett. 17 041005

”Our non-representative poll through a web-based survey revealed that:
(a) the lack of reproducibility is jeopardizing trust in computational research,
(b) that there is a considerable lack of knowledge on establishing software
development methods, and
(c) that Open Science is still not widely practiced.”

8 of 30



Software Reproducibility in the Earth Science Community

The critical need to foster computational reproducibility, Reinecke et al., 2022
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Software Reproducibility in the Earth Science Community

The critical need to foster computational reproducibility, Reinecke et al., 2022
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Things change (in some parts of the scientific community)

▶ Various groups and organisations work for better reproducibility.

▶ Conferences and journals start to ask for software, data etc. to back up
research findings.

▶ Software sustainability and research software engineering have become a
thing (internationally).

▶ But still not widely known outside of the bubble!
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UK Reproducibility Network

▶ Peer-led consortium within the UK

▶ National Steering Group, local and institutional groups

▶ Training, events

▶ Engaging with stakeholders

▶ https://www.ukrn.org/international-networks/
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RIOT Science

▶ Groups at universities (mostly Psychology, mostly UK)
▶ Conferences, events, seminars open to everyone
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The Turing Way

▶ Handbook
▶ Community
▶ Collaboration
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FAIR4RS

▶ Findability: Software, and its associated metadata, is easy for both
humans and machines to find.

▶ Accessibility: Software, and its metadata, is retrievable via standardized
protocols.

▶ Interoperability: Software interoperates with other software by
exchanging data and/or metadata, and/or through interaction via
application programming interfaces (APIs), described through standards.

▶ Reusability: Software is both usable (can be executed) and reusable (can
be understood, modified, built upon, or incorporated into other software)
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ACM Reproducibility Badges
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SC Reproducibility Initiative

▶ SC (formerly Supercomputing), The International Conference for High
Performance Computing Networking, Storage, and Analysis

▶ Initiative started in 2015, Artifact Descriptions (ADs) optional for the
first years → used in Student Cluster Competition

▶ Then gradually made mandatory for more categories/prizes

▶ Computational Results Analysis (CRA) → Artifact Evaluation (AE)
appendix still optional

▶ AD/AE committee evaluates appendices and recommends ACM badge
awards (IEEE badges seem to have vanished)

▶ Reproducibility challenge introduced 2021
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ReproHack

▶ Challenge: Reproduce the results of a paper in one day!

▶ Started in 2016 and 2017 as satellite events of OpenCon (inspired by a
course by Owen Petchey)

▶ Developed further by Anna Krystalli in her SSI fellowship

▶ More events, a team formed, remote ReproHacks became a thing....
▶ ReproHack Hub launched in 2021

▶ Material and checklists for organisers
▶ Paper database
▶ Evaluation forms
▶ Events listing
▶ Support through ReproHack Slack
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And more!

▶ JOSS

▶ ReScience C

▶ CODECHECK

▶ ML Reproducibility Challenge

▶ Climate Informatics Reproducibility Challenge

▶ ...
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Practical Steps

▶ Code repository & version control

▶ Documentation

▶ Automatisation

▶ Testing and Continuous Integration

▶ Notebooks and containers

▶ Reproducibility review / ReproHack

Photo by Estudio Bloom on Unsplash
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Code repository

▶ Github,Gitlab, Bitbucket,...

▶ Learn how to use it for collaboration and project management!

▶ Tag code version for results.

▶ DOI e.g. through Github-Zenodo integration

▶ Add a license so that users know what they are allowed to do.
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README and Documentation

▶ (In-code)

▶ What does the code do?

▶ Installation incl. prerequisites, libs and packages

▶ Quick-start guide

▶ Data

▶ Parameters

▶ Minimal working examples

▶ Expected output

▶ How to produce the figures

▶ (All the rest, like citation, contributing guidelines etc.)
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(Semi-)Automatisation

▶ Scripts to run the simulation pipeline

▶ Scripts for figures

▶ Scripts for tests

▶ This will save you a lot of time in future!
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Testing and Continuous Integration

▶ Using the before-mentioned scripts

▶ Regression tests

▶ Unit tests

▶ Integration tests

▶ CI through Github Actions, Gitlab Runners, Jenkins, CircleCI,...

▶ Performance Regression
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Notebooks and Containers

▶ Containers: Docker, Singularity
▶ Virtual operating system
▶ Set up the system and do the installation for the user

▶ Jupyter notebooks and similar
▶ Text blocks and code blocks
▶ User just needs to click to execute

▶ Question: What level of reproducibility is that?
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Reproducibility review / ReproHack

▶ If I would go to your code repository, download the code and follow the
instructions in the README/documentation...?

▶ We don’t want to look into the code to be able to run it.

▶ Ask a colleague who doesn’t know your code.

▶ Make it part of the onboarding process.

▶ Attend a ReproHack/join a reproducibility initiative to learn by
reviewing.
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Support from the ICCS Research Software Engineers

▶ Code Reviews

▶ RSE support through ICCS Resource Allocation Process

▶ ICCS Climate Code Clinic

▶ ICCS ReproHack in March 2024 (probably March 12)

▶ Talk to us!
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https://iccs.cam.ac.uk/resources-vesri-members/resource-allocation-process
https://iccs.cam.ac.uk/resources-vesri-members/climate-code-clinic
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Thanks for listening! Questions?

Contact me

▶ in the VESRI+CliMA Communities Slack workspace

▶ at mw925@cam.ac.uk
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