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Overview

2

Name: Introduction and tutorial on Metadata and SMPs for FAIR research software

Description: This talk/tutorial is organized in four parts: Introduction to ELIXIR Software Management 

Plans, Metadata for Research Software, FAIR for Research Software, and machine-actionable Software 

Management Plans. Hands-on are included for part 2 (Metadata for Research Software) and part 3 (FAIR 

for Research Software). There is an optional part that will briefly introduce JSON/JSON-LD if needed. 

This talk/tutorial reuses training materials used in other tutorials, they are indicated in the slides as a link 

to the original material. 

Keywords: Research software, metadata, FAIR4RS
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Questions

3

● Part 1 - Introduction to ELIXIR Software Management Plans
○ What is an SMP?

○ What are the benefits of SMPs?

● Part 2 - Metadata for Research Software
○ What is metadata and what are its benefits?

○ What metadata efforts exist for research software?

○ How can I use Bioschemas markup in my GitHub pages?

● Part 3 - FAIR for Research Software
○ What are the FAIR4RS principles?

○ What practical steps can I take to implement the FAIR4RS?

○ How are those steps translated into metadata?

● Part 4 - maSMPs
○ What are maSMPs?

○ What is the metadata considered in maSMPs?

3
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Learning Outcomes

4

● Describe what SMPs are and what maSMPs add to them

● Describe what metadata is and what options exist for research software

● Use schema.org and Bioschemas profiles on GitHub pages

● Identify practical good practices towards FAIR4RS

4
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Requirements

5

● Familiarity on how to use GitHub

● Basic knowledge on how to use GitHub pages. More information at GitHub Pages

● Familiarity with JSON-LD

● Basic knowledge of Python (and having it install)

● Basic knowledge of Docker (and having it install)

5
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Additional info

6

 Time estimation 60 minutes (90 including the GitHub pages tutorial) 
 
 Level Beginner / Introductory 
 
 Published 2024-09-20 
 
 Latest modification 2024-09-20 
 
 License CC-By 4.0 
 
 Version 1.0.0 
 
 Identifier DOI:10.5281/zenodo. 
 
 Citation Castro, LJ. (2024, September 20). Adding Bioschemas Dataset and ComputationalTool markup to GitHub 
pages. Zenodo. https://doi.org/10.5281/zenodo. 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ELIXIR SMPs

A core element of Open Science 
is the use of Data Management 
Plans. They describe the data 
management life cycle for the 
data to be collected, processed 
and/or generated within the 
lifetime of a particular project 
or activity. A Software 
Management Plan (SMP) plays 
the same role but for software.
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ELIXIR Tools Platform Task force - Software Best Practices

Improving the quality and 
sustainability of research 

software by producing, adopting, 
promoting and measuring 

information standards and best 
practices applied to software 

development life cycle. 

● José María Fernández (ES)

● Dimitrios Bampalikis (SE)

● Leyla Jael Castro (DE)

● Renato Alves (DE)

● Eva Martin del Pico (ES)

● Fotis Psomopoulos (GR)

● Shoaib Sufi (UK)

● Allegra Via (IT)
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The ELIXIR Software Management Plan

● Similarly to Data Management Plans, SMP is an awareness tool.
● Think in advance about the software that will be developed
● Think about most important parts of software project
● Think about roles and responsibilities in software project
● Use it as a guide for everyone involved in the project

Towards a unified approach to software development and 
management in ELIXIR

9
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Design Principles behind this SMP

● Focused on Life Sciences

● Minimal set of questions

● Applicable to even very small software projects

● In the context of FAIR

● First step / a pilot, with the goal of raising awareness within the ELIXIR 
community and collecting two rounds of feedback that was incorporated in the 
final version

10
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Who, when & how of SMPs

● PI submitting project proposals
○ thinking ahead about software development and management practices

● Project Manager, checking the development process
○ is there a license?
○ is project available online?

● Research Software Engineer / Coding Researcher
○ use SMP as a playbook
○ use SMP as a checklist

11
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Metadata for 
Research Software 

Metadata help us describe things: 
publications, data, software

Metadata enabling bridges but also 
*ilities

Structured metadata plays a key role in 
FAIR,
facilitates generation of KGs,
and makes things easier for machines and 
humans

Big community effort, cultural change
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Why do we need metadata?

13

As open as possible as close as necessary
But… we still need some minimum information on that that is closed 
(same on that that is open)

Su
pe
rpo

we
rs!

Metadata help us describe things: publications, data, software
Metadata enabling bridges but also *ilities

Structured metadata plays a key role in FAIR,
facilitates generation of KGs,
and makes things easier for machines and humans
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You use (and benefit) from metadata on regular basis

14

Ice-breaking exercise

► Ask the person next to you to describe something, e.g., research software, movie, dataset, 
person. Be careful that no “name” is used

► Can you guess what the person is describing? 
► If you try the description in a search engine or GPT, can they guess it?

► Share your experiences with the group
► What metadata was used?
► What metadata was key?
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How does metadata look like?

15
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How does metadata look like?

16
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Semantically structured metadata

17

Semantically structured metadata

► Structured representation encapsulating 
“meaning”
– Logics
– Inference rules

► Global purpose
► Statements = Triplets

– domain - relation - range
– class - property - class/primitive
– type - property - type/primitive
– subject - predicate - object

Structured metadata

► Structured representation
► Local purpose
► Examples

– Databases - e.g., relational 
model

– JSON  - JSON schema
– XML -  XSD schema
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Schema.org - Lightweight semantics for web pages

18
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Schema.org for Research Software

19

CodeMeta
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Metadata for research software

20
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Schema.org metadata in action: GitHub pages

21
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Let’s hear it from you!
https://forms.gle/gySg41Pnc54NpvRi8 

22

► Thinking on the research software metadata summary
– How is this useful to you?
– What are the advantages of such a summary?
– Would you like to have a similar improved summary automatically created for your software?

► Thinking on the research software metadata in JSON-LD
– What uses does it have?
– What are the advantage of this format?

► Disclaimer
– Participation is voluntary
– We will analyze responses to understand better researchers needs wrt research software 

metadata
– We are not collecting any personal or identifiable information

https://forms.gle/gySg41Pnc54NpvRi8
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A word (or two) about JSON/JSON-LD

23

The following slides are an excerpt from a tutorial presented at the FDO FDO Summit 2024 
in Berlin

● Tutorial name: Practical web-based FDOs with RO-Crate and FAIR Signposting
● This tutorial was presented at https://fairdo.org/fdof-summit-2024/ 
● Material available at 

https://drive.google.com/file/d/1TKxFpz4QcG9bGCrGOb8Zq9kZU-H0kc6S/view 
● If your reuse this part, please cite the published version as

Soiland-Reyes S. A very brief introduction to making metadata with JSON-LD [version 1; 
not peer reviewed]. F1000Research 2023, 12(ELIXIR):619 (slides) 
(https://doi.org/10.7490/f1000research.1119460.1)

https://fairdo.org/fdof-summit-2024/
https://drive.google.com/file/d/1TKxFpz4QcG9bGCrGOb8Zq9kZU-H0kc6S/view
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A word (or two) about JSON/JSON-LD

24
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A word (or two) about JSON/JSON-LD

25

https://json-ld.org 

https://www.w3.org/TR/json-ld  

https://json-ld.org
https://www.w3.org/TR/json-ld
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A word (or two) about JSON/JSON-LD

26



PageIntroduction and tutorial on Metadata and SMPs for FAIR research software KI 2024 27

A word (or two) about JSON/JSON-LD
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A word (or two) about JSON/JSON-LD

28

https://json-ld.org/playground/ 

https://json-ld.org/playground/
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E1. A GitHub page for your research software

30

https://doi.org/10.5281/zenodo.10629452
Please use the latest version

If you use this part please cite it as
Castro, L. J. (2024, February 7). Adding Bioschemas Dataset and ComputationalTool 
markup to GitHub pages. Zenodo. https://doi.org/10.5281/zenodo.10629453

https://doi.org/10.5281/zenodo.10629452
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Metadata help us describe things: 
publications, data, software

Metadata enabling bridges but also 
*ilities

Structured metadata plays a key role in 
FAIR,
facilitates generation of KGs,
and makes things easier for machines and 
humans

Big community effort, cultural change

FAIR for Research 
Software 
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The FAIR Principles for Research Software

Findable: Software, and its associated metadata, is 
easy for both humans and machines to find
(=) F1 Software is assigned a globally unique and persistent 
identifier
(new) F1.1 Components of the software representing levels of 
granularity are assigned distinct identifiers
(new) F1.2 Different versions of the software are 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, searchable and indexable

Accessible: Software, and its metadata, is 
retrievable via standardised protocols
(=) A1 Software is retrievable by its identifier using a 
standardised 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

Interoperable: Software interoperates with 
other software by exchanging data and/or metadata, 
and/or through interaction via application 
programming interfaces (APIs), described through 
standards
(≠) I1. Software reads, writes and exchanges data in a way that 
meets domain-relevant community standards
I2. (meta)data use vocabularies that follow FAIR  principles
(=) I2(3). Software includes qualified references to other objects

Reusable: Software is both usable (can be 
executed) and reusable (can be understood, 
modified, built upon, or incorporated into other 
software)
(=) R1. Software is described with a plurality of accurate and 
relevant attributes
(=) R1.1. Software is given a clear and accessible license
(=) R1.2. Software is associated with detailed 
provenance
(new) R2 Software includes qualified references to other software
(=) R3(1.3) Software meets domain-relevant community 
standards

32
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Who is responsible for FAIR software?

Who is expected to apply FAIR? 
► And why?
“...the application of the FAIR4RS Principles 
is the responsibility of the owners (who are 
often the creators) of the software, not the 
users. “

“The FAIR4RS Principles are also relevant to 
the larger ecosystem and various 
stakeholders that support research software 
(e.g., repositories and registries).”

33

INCENTIVES
Make it rewarding

COMMUNITIES
Make it normal

POLICY
Make it 
required

TRAINING & 
TOOLS

Make it easy

INFRASTRUCTURE
Make it possible

ADOPTION
CYCLE

Adapted by Neil Chue Hong 
from original by Brian Nosek:
Strategy for Culture Change 
(2019) 

Slide taken from FAIR4RS presentation at RDA Plenary October 2021

https://www.cos.io/blog/strategy-for-culture-change
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Moving towards FAIR4RS

34

https://choosealicense.com
Archives/Repositories/Registries
R1.1. Software is given a 
clear and accessible license

R1.2. Software is associated 
with detailed provenance

I2. Software includes qualified 
references to other objects

R2 Software includes qualified 
references to other software

Registries
F4 Metadata are FAIR, 
searchable and 
indexable
A2 metadata are accessible, even 
when the software is  no longer 
available
F3 Metadata clearly and explicitly 
include the identifier of the 
software they describe

v3.12.4

Archives/Repositories
F1 Software is assigned a 
globally unique and persistent 
identifier

F1.2 Different versions of the 
software are assigned 
distinct identifiers

A1 Software is retrievable by 
its identifier using a 
standardised communications 
protocol
A1.1 The protocol is open, 
free, and universally  
implementable

https://bio.tools/
https://research-software-directory.org/
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Metadata for software

35

schemas.science

CodeMeta

FAIR4ML 

F2 Software is described with rich 
metadata 
R1. Software is described with a plurality of 
accurate and relevant attributes
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E1. Adding a missing license to your public repo

37

No license no reuse
1. Go to any of your own public GitHub 

repos with no license
2. Navigate to Insights and then to 

Community Standards
3. Select Add on the license row
4. You will see the license templates
5. Choose the one you want
6. Commit changes and now you have a 

license!

Step by step in the following slides
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E1. Adding a missing license to your public repo

38

No license no reuse
1. Go to any of your own public GitHub repos with 

no license
2. Navigate to Insights and then to Community 

Standards
3. Select Add on the license row

1.

2.

3.
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E1. Adding a missing license to your public repo

39

4. You will see the license 
templates

5. Choose the one you want. We 
use MIT in the example. 

○ Remember that 
https://choosealicense.com 
could help you choose

○ Review and submit
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E1. Adding a missing license to your public repo

40

6. Commit changes and now you 
have a license!
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E2. Adding a missing license to your (private or public) repo

41

No license no reuse
1. Go to any of your own GitHub repos with 

no license
2. One the landing page, choose to create a 

new file
3. Use the file name LICENSE
4. You will see the license templates → 

GitHub will automatically give you the 
option to use a license template

5. Choose the one you want
6. Commit changes and now you have a 

license! Step by step in the following slides
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E2. Adding a missing license to your (private or public) repo

42

No license no reuse
1. Go to any of your own GitHub repos with no 

license

2. One the landing page, choose to create a new file

3. Use the file name LICENSE
○ GitHub will automatically give you the option 

to use a license template
○ Warning: as you are “abandoning” changes 

on the new file, it will show a pop-up. Click 
OK so you go to the license templates

<your repo>
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E2. Adding a missing license to your (private or public) repo

43

4. You will see the license 
templates

5. Choose the one you want, for 
instances, MIT as shown in the 
example. 

○ Remember that 
https://choosealicense.com 
could help you choose

○ Review and submit
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E2. Adding a missing license to your (private or public) repo

44

6. Commit changes and now you 
have a license!
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E3. Create or update your CFF

45

Let’s improve our CFFs → website
● Go to CFFInit
● Use 

● Go to any of your code repositories and copy the 
content of the CFF file

● Paste it and 

● Have a look to the results, edit it as needed to get 
a valid (or improved) CFF

● Do not have a CFF at hand? Give it a try! 
https://citation-file-format.github.io/cff-initializer-javascript 

https://citation-file-format.github.io/cff-initializer-javascript
https://citation-file-format.github.io/cff-initializer-javascript
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E3. Is your CFF correct?

46

Let’s improve our CFFs
● Choose a local GitHub repo you will use for this 

exercise
● Go to the local folder containing the CFF folder
● Run the Docker version of the CFF validator

○ docker run --rm -v ${PWD}:/app 
citationcff/cffconvert --validate

● You can also try the pip option
○ python3 -m pip install --user cffconvert

○ cffconvert --validate

● How did it work for you?
https://github.com/citation-file-format/citation-file-format/blob/main/README.md#validation-heavy_check_mark 

https://github.com/citation-file-format/citation-file-format/blob/main/README.md#validation-heavy_check_mark
https://github.com/citation-file-format/citation-file-format/blob/main/README.md#validation-heavy_check_mark
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E4. Metadata extraction for research software

47

● Choose a GitHub repo you will use for this exercise
● (optional) Create a venv
● Install SOMEF and (optional for SOMEF format) configure 

prerequisites
○ pip install somef

○ python -m nltk.downloader wordnet

○ python -m nltk.downloader omw-1.4

○ somef configure -a

● Do not install, rather use docker
○ docker run --rm -v ${PWD}:/app -it kcapd/somef /bin/bash

● Test it is working
○ somef --help

● Generate a JSON file (SOMEF format)
○ somef describe -r 

https://github.com/zbmed-semtec/BioHackOutcomes/ -o 
test.json -t 0.8 -p

● Generate a JSON file (CodeMeta format)
○ somef describe -r 

https://github.com/zbmed-semtec/BioHackOutcomes/ -c 
test_codemeta.json -p

https://somef.readthedocs.io/ 

https://somef.readthedocs.io/
https://somef.readthedocs.io/
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E4. Metadata extraction for research software

48

https://github.com/SoftwareUnderstanding/SOMEF-Vider, deployed at https://somef.linkeddata.es/

Let’s get some metadata
● Visit https://somef.linkeddata.es/
● Try it out with any public GitHub repo
● What metadata do you get?

https://github.com/SoftwareUnderstanding/SOMEF-Vider
https://somef.linkeddata.es/
https://somef.linkeddata.es/
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maSMP
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Machine-actionable SMPs

50

“Add semantics to the SMP requirements as a way to improve 

accessibility and usability of research software in life sciences."
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SMPs

51

Source: https://doi.org/10.5281/zenodo.7248877 Source: https://smw.ds-wizard.org/
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More about maSMPs

52

https://zbmed-semtec.github.io/maSMPs

https://github.com/zbmed-semtec/maSM
Ps

Repo and web pages, enrichment cycle 10.5281/zenodo.10374838 with SOMEF, RDMO and maSMP (types 
and properties and usage guidance, aka profiles)

https://zbmed-semtec.github.io/maSMPs
https://github.com/zbmed-semtec/maSMPs
https://github.com/zbmed-semtec/maSMPs
https://github.com/zbmed-semtec/maSMPs
https://zbmed-semtec.github.io/maSMPs/
https://zenodo.org/doi/10.5281/zenodo.10374838
https://somef.readthedocs.io/en/latest/
https://rdmorganiser.github.io/
https://discovery.biothings.io/ns/maSMP
https://discovery.biothings.io/ns/maSMP
https://discovery.biothings.io/ns/maSMPProfiles
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Metadata elements for a maSMP

53
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More about maSMPs: types and properties

54

maSMPs types and properties

https://discovery.biothings.io/ns/maSMP
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More about maSMPs: usage recommendations

55

maSMPs profiles

https://discovery.biothings.io/ns/maSMPProfiles
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What comes next

56

maPlan

Goal: Let’s build together the core metadata for a good FAIR data for AI management plan 
that enable/facilitate the creation of Knowledge Graphs for research software

Metadata related to ML

● Training Datasets

● Software to train and 

optimize the model

● ML models

● Extrinsic 

cross-validation/evaluation

● Deployment → easy to use

MLentory

Metadata related to DMPs

● ZB MED/NFDI4DS maSMP, 

RDA maDMP and DataCite 

OutputManagementPlan as 

starting points

● maDMP and maSMP 

Integration to RDMO

● Deployment → easy to use
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Software Observatory

https://openebench.bsc.es/observatory

Tool to systematically monitor and assess the quality of Life Sciences Research software

https://openebench.bsc.es/observatory/Evaluation
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SMWizard workflow
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Thanks! Danke!

Leyla Jael Castro
Semantic Retrieval Team at ZB MED

NFDI4DataScience

If you use this tutorial/training material, please cite it as

Castro, L. J. (2024, September 19). Introduction and tutorial on 
Metadata and SMPs for FAIR research software. 47th German 
Conference on Artificial Intelligence (KI 2024), Würzburg, Germany. 
Zenodo. https://doi.org/10.5281/zenodo.13799879 

Special thanks to the SemTec team at ZB MED, in particular authors and 
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https://zbmed-semtec.github.io/maSMPs/about/)
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