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FAIR principles

FAIR is a set of principles to define the 
best practices for data to facilitate 
discovery, access and reuse by humans 
and machines.

FAIR is not rules and not a standard, it is 
an evolving process and a vision. 
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FAIR is a set of principles to define the 
best practices for data to facilitate 
discovery, access and reuse by humans 
and machines.

FAIR is not rules and not a standard, it is 
an evolving process and a vision. 

What does FAIR stand for?

Findable, Accessible, Interoperable and 
Reusable.

https://doi.org/10.5281/zenodo.1212496

https://doi.org/10.5281/zenodo.1212496


FAIR Data principles



FAIR Data principles



What is Data?

Primary- Raw from measurements or instruments

Secondary- Processed from secondary analysis and interpretations.

Published- final format available for use and reuse

Metadata- data about your data



What is Data?

Primary- Raw from measurements or instruments

Secondary- Processed from secondary analysis and interpretations.

Published- final format available for use and reuse

Metadata- data about your data

It is everything that you need to validate or reproduce your research findings as well as 
what is required for the understanding and handling of the data.



What do we mean by Research Software?

In 2014, UK Research Software Survey chose to define Research software as:

 https://eprints.soton.ac.uk/434565/ 

“Software that is used to generate, process or analyse 
results intended for publication .... Research software 

can be anything from a few lines of code written by 
yourself, to a professionally developed software 

package.”

https://eprints.soton.ac.uk/434565/


What do we mean by Research Software?

Defining Research Software: a controversial discussion reviews existing definitions of research software in order to 
provide the overall context of the subgroup outputs (Gruenpeter et al., 2021).

https://docs.google.com/document/d/139vi8KCz2h0KyYfhN46SR7bEuJ3nggYgb1kaN6CNkSQ/edit


What do we mean by Research Software?

Defining Research Software: a controversial discussion reviews existing definitions of research software in order to 
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Is Software Data?
Let us know in the Chat! 
 Yes/No/Maybe



Is Research 
Software 
considered data?

“ Software is data, but it is not just data. 
While “data” in computing and 

information science can refer to 
anything that can be processed by a 

computer, software is a special kind of 
data that can be a creative,executable 

tool that operates on data.”  
10.7287/peerj.preprints.2630v1

https://doi.org/10.7287/peerj.preprints.2630v1


Is Research 
Software 
considered data?

https://content.iospress.com/articles/data-science/ds190026 

https://content.iospress.com/articles/data-science/ds190026


DOI 10.7287/peerj.preprints.2630v1

https://doi.org/10.7287/peerj.preprints.2630v1


FAIR 4 Software 
(FAIR4S)
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Findable

Software and associated metadata should be findable. 

https://doi.org/10.5281/zenodo.1212496

F1: Software is assigned a globally unique and 
persistent identifier.

F1.1: Different components of the software 
must be assigned distinct identifiers 
representing different levels of granularity.

F1.2: Different versions of the same 
software must be assigned distinct 
identifiers.

F2: Software is described with rich metadata.

F3: Metadata clearly and explicitly include the 
identifier of the software they describe.

F4. Metadata are FAIR and are searchable 
and indexable.

https://doi.org/10.5281/zenodo.1212496


Accessible

Software and associated metadata must be retrievable via standardized protocols. 

https://doi.org/10.5281/zenodo.1212496

A1:  Software is retrievable by its identifier 
using a standardized communications 
protocol.

A1.1: The protocol is open, free, and 
universally implementable. 

A1.2: The protocol allows for an 
authentication and authorization 
procedure, where necessary.

A2: Metadata are accessible, even when the 
software is no longer available.

https://doi.org/10.5281/zenodo.1212496


Interoperable

The software interoperates with other software through exchanging data and/or metadata, 
and/or through interaction via application programming interfaces (APIs).

I1: Software reads, writes and exchanges data in a way that meets domain-relevant

community standards.

I2: Software includes qualified references to other objects.

https://doi.org/10.5281/zenodo.1212496

https://doi.org/10.5281/zenodo.1212496


Software is both usable (it can be executed) and 
reusable (it can be understood, modified, built upon, or 

incorporated into other software).

Software Reuse vs Reproducibility

https://zenodo.org/record/5524726#.YYhA8tbMLt0 

https://zenodo.org/record/5524726#.YYhA8tbMLt0


Software reproducibility here means the ability for someone to 
replicate a computational experiment that was done by 

someone else, using the same software and data, and then to 
be able to change part of it (the software and/or the data) to 

better understand the experiment and its bounds.

Software is both usable (it can be executed) and 
reusable (it can be understood, modified, built upon, or 

incorporated into other software).

Software Reuse vs Reproducibility

://www.software.ac.uk/blog/2017-02-20-software-reproducibility-possible-and-practical   

https://zenodo.org/record/5524726#.YYhA8tbMLt0 

https://www.software.ac.uk/blog/2017-02-20-software-reproducibility-possible-and-practical
https://zenodo.org/record/5524726#.YYhA8tbMLt0


Reusable

The software is both usable (it can be executed) and reusable (it can be understood, 
modified, built upon, or incorporated into other software).

https://doi.org/10.5281/zenodo.1212496

R1: Software is described with a plurality of 
accurate and relevant attributes.

R1.1: Software must have a clear and 
accessible license.

R1.2: Software is associated with 
detailed provenance.

R2: Software includes qualified references to 
other software.
R3: Software meets domain-relevant 
community standards.

https://doi.org/10.5281/zenodo.1212496


https://doi.org/10.3389/fninf.2017.00069 

https://doi.org/10.3389/fninf.2017.00069


Should Research software 
be FAIR?

Let us know in the Chat! 
Yes/No/Some not all/Maybe



The path towards 
implementation



Findable

F1. Register the software in relevant 
registry with an assigned DOI 

General repositories such as Zenodo and 
Github

● Language specific; Python Package 
Index (PyPI) https://pypi.org/

● Domain specific; 
https://biocontainers.pro/ 

https://pypi.org/
https://biocontainers.pro/


Findable

F2. Annotate software using 
domain-agnostic or domain-specific 
controlled vocabularies 

● The Software Ontology 
● EDAM- Ontology of bioscientific 

data https://edamontology.org/page  

● OntoSoft
● More @FAIRsharing.org  
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Findable

F3.Include software citation with metadata standards

● The Citation File Format (CFF) 
● A CodeMeta instance file 
● Biotools Schema
● Bioschemas Tool profile 
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Accessible

Take a snapshot from Github
Software stored on Github is accessible for use, 
reuse and allows for engagement with the 
community and versioning.



Accessible

Take a snapshot from Github
Software stored on Github is accessible for use, 
reuse and allows for engagement with the 
community and versioning.

Deposit in Zenodo
Zenodo offers archival (~20 years), PID and 
opportunity for reproducibility.  



Interoperable

● Rich metadata is key! 

● The use of Common Workflow Language (CWL), 
or Workflow Description Language (WDL) enables 
the interoperability between different pieces of 
software and workflow platforms 

● Containers (e.g. use Docker, singularity) allows for 
accessibility across different operating systems 
and environments i.e. software portability.



Reuse

License
- License should be as open as possible
- Add clear license, human and machine 

readable e.g. Software Package Data 
Exchange standard

- License of software components should 
be compatible

Provenance
- Provenance information with controlled 

vocabularies e.g. PROV-O
- Credit attribution 
- How to cite and contribute
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FAIR software summary

1. Deposit in publicly accessible repositories https://software.ac.uk/choosing-repository-your-software-project 
2. Use a version control system to easily track changes and versions; Github, Gitlab, Bitbucket,
3. Use of containers for software portability; Docker, Singularity
4. Describe with rich metadata including dependencies, with controlled vocabulary: Software Ontology, EDAM
5. Explain the intended use and conditions of functionality of the software
6. Add a license, Apache-2.0 and MIT are permissive licenses with few restrictions, allowing reuse. 

https://choosealicense.com/ // https://tldrlegal.com/ 
7. Register your code in a community https://github.com/NLeSC/awesome-research-software-registries 
8. Store snapshots of your software with PIDs https://guides.github.com/activities/citable-code/ 
9. Enable proper citation for your software; CodeMeta and the Citation File Format were specifically designed to 

enable citation of software
10. FAIR Software should operate on and deliver FAIR Data!

https://software.ac.uk/choosing-repository-your-software-project
https://choosealicense.com/
https://tldrlegal.com/
https://github.com/NLeSC/awesome-research-software-registries
https://guides.github.com/activities/citable-code/


Why should we do it?



https://www.software.ac.uk/blog/2014-12-04-its-im
possible-conduct-research-without-software-say-7
-out-10-uk-researchers 

Software is fundamental to research 

https://www.software.ac.uk/blog/2014-12-04-its-impossible-conduct-research-without-software-say-7-out-10-uk-researchers
https://www.software.ac.uk/blog/2014-12-04-its-impossible-conduct-research-without-software-say-7-out-10-uk-researchers
https://www.software.ac.uk/blog/2014-12-04-its-impossible-conduct-research-without-software-say-7-out-10-uk-researchers


https://www.nature.com/news/1-500-scientists-lift-the-lid-on-reproducibility-1.19970 

Irreproducibility in 
research

Factors for irreproducible research include:

● Selective reporting
● Raw data not available
● Method, code unavailable!

https://www.nature.com/news/1-500-scientists-lift-the-lid-on-reproducibility-1.19970


https://doi.org/10.1093/gigascience/giy077 

Irreproducibility in research

https://doi.org/10.1093/gigascience/giy077


Challenges…...



Challenges & Discussion

📝 Let’s head to shared notes! 📍shiny.link/2h3X2j📍

https://shiny.link/2h3X2j


Ongoing efforts

- FORCE11 Software Citation Working Group 
(SCWG)

- RDA- FAIR 4 Software WG (FAIR4S)
- Research Software Alliance (RESA)
- Software Sustainability Institute (SSI) 

📍 If you want to stay up-to-date on FAIR 
implementation solutions:

Register: 
https://www.scilifelab.se/event/fairpoints/

https://www.force11.org/group/software-citation-working-group
https://rd-alliance.org/group/fair-research-software-fair4rs-wg/outcomes/fair-principles-research-software-fair4rs
https://www.researchsoft.org/
https://software.ac.uk/
https://www.scilifelab.se/event/fairpoints/


- Special Issue: Emerging FAIR Practices. Issue Editors: Barend Mons, Erik Schultes & Annika Jacobsen 
https://direct.mit.edu/dint/issue/2/1-2 

- Software vs. data in the context of citation: DOI 10.7287/peerj.preprints.2630v1
- Software citation principles DOI  https://doi.org/10.7717/peerj-cs.86 
- Sharing interoperable workflow provenance: A review of best practices and their practical application in CWLProv DOI 

https://doi.org/10.1093/gigascience/giz095  
- Five recommendations for FAIR Software https://fair-software.eu/ 
- FAIR Principles for Research Software (FAIR4RS Principles) 

https://rd-alliance.org/group/fair-research-software-fair4rs-wg/outcomes/fair-principles-research-software-fair4rs 
- Taking a fresh look at FAIR for research software DOI https://doi.org/10.1016/j.patter.2021.100222 
- The role of metadata in reproducible computational research DOI https://doi.org/10.1016/j.patter.2021.100322 
- RDA Webinar: FAIR Principles for Research Software (FAIR4RS WG) DOI https://doi.org/10.5281/zenodo.5524726 
- Toward Better Research Software DOI https://doi.org/10.5281/zenodo.4551441 
- FAIR4RS WG subgroup community consultation March 2021 DOI https://doi.org/10.5281/zenodo.4635410 
- From FAIR research data toward FAIR and open research software DOI https://doi.org/10.1515/itit-2019-0040 
- FAIR for Research Software (FAIR4RS) publication list on Zenodo https://zenodo.org/communities/fair4rs?page=1&size=20 

Resources

https://direct.mit.edu/dint/issue/2/1-2
https://doi.org/10.7287/peerj.preprints.2630v1
https://doi.org/10.7717/peerj-cs.86
https://doi.org/10.1093/gigascience/giz095
https://fair-software.eu/
https://rd-alliance.org/group/fair-research-software-fair4rs-wg/outcomes/fair-principles-research-software-fair4rs
https://doi.org/10.1016/j.patter.2021.100222
https://doi.org/10.1016/j.patter.2021.100322
https://doi.org/10.5281/zenodo.5524726
https://doi.org/10.5281/zenodo.4551441
https://doi.org/10.5281/zenodo.4635410
https://doi.org/10.1515/itit-2019-0040
https://zenodo.org/communities/fair4rs?page=1&size=20


The End


