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Software engineer and metadata specialist
Timeline:

● 2008-2011 B.A in Musique (Harpist)

● 2012-2015 Licence (B.SC) in Computer Science @CNAM

● 2015-2017 Master (M.SC) in Software Engineering (R&D) @UPMC

● 2017 Internship Software Heritage (SWH) 

● 2018-2019 European project EU2020 CROSSMINER(on SWH team)

● 2020-2022 European project FAIRsFAIR (on SWH team, @Inria)

● 2022-2025 European project FAIRCORE4EOSC (on SWH team, @Inria) 

Working groups for Open Science and digital preservation

● the Research Data Alliance’s Software Source Code Interest Group (SSC IG), 

● the FORCE11’s Software Citation Implementation Working Group (SCI WG), 

● the joint RDA, ReSA & FORCE11 FAIR for Research Software Working Group (FAIR4RS WG) 

● WikiData for Digital Preservation initiative (WikiDigi). 
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AI LECTURER AT CERI SN OF INSTITUT MINES 

TÉLÉCOM LILLE DOUAI
Alexis Lebis a lecturer in artificial intelligence at the Center for Digital Systems 
(CERI SN) of Institut Mines Télécom Lille Douai, in France, since 2020. Before 
that, he was a post-doctorate for the APACHES (FIPE18-007-VERMEULEN) 
project.

● Decision Making (DM) and Knowledge Engineering (KE), especially applied 
to Technology Enhanced Learning (T.E.L) 

● new decision-making tools for complex pedagogical situations,
● modeling complex (and combinatorial) TEL problems
● reproducible science, and how we can foster it in T.EL.
●  Software Heritage ambassador from 2021.
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What is software?

Software as a concept
● project or entity
● the community around the 

project
● the software idea / 

algorithms / solutions 

Software artifacts
● Executables 
● Source code



What about software source code ?



4004e6: 55
4004e7: 48 89 e5
4004ea: bf 84 05 40 00
4004ef: b8 00 00 00 00
4004f4: e8 c7 fe ff ff
4004f9: 90
4004fa: 5d
4004fb: c3

/* Hello World program */

#include<stdio.h>

void main()
{
       printf("Hello World");
}

Hello World

Program (excerpt of binary) Program (source code)



The Knowledge is in the Source Code

“Programs must be written for people to read, and only incidentally for 
machines to execute.”                                                            Harold Abelson, 1985 

Structure and Interpretation of Computer Programs (1st ed.), 

“Source code provides a view into the mind of the designer.”
Len Shustek, 2006

Computer History Museum

“The source code for a work means the preferred form of the work for
making modifications to it."                                                            GPL Licence
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Version control system (VCS) history

• records changes made to a (set of) source code file (s)
• allows to operate on versions: diff/merge/fork/recover etc.
• essential tool for software development



Why source code is fragile?



Source code can be destroyed

1.4 million projects

Source: TechCrunch

https://techcrunch.com/2015/03/13/google-kills-off-google-code/


In science, reproducibility requires long-term 
access to source code

Source: BitBucket blog

250,000 repos

https://bitbucket.org/blog/sunsetting-mercurial-support-in-bitbucket


GitHub now belongs to Microsoft

Source: Microsoft Blog

Source: Reuters

https://blogs.microsoft.com/blog/2018/10/26/microsoft-completes-github-acquisition/
https://www.reuters.com/article/us-github-microsoft-gitlab-idUSKCN1J12BR


Hosting your open-source project
● on a free, publicly available platform is fine.
● But you have to prepare for the platform shutdown (you need a plan B).

Source: Geralt, Pixabay

https://pixabay.com/fr/illustrations/affaires-homme-d-affaires-plan-d-une-1370952/


Software evolves over time 

● projects may last decades 
● the development history is key 

to its understanding

Complexity

● millions of lines of code 
● large web of dependencies 
● easy to break, difficult to 

maintain 
● sophisticated developer 

communities

The development history is key

P. Alliez, R. Di Cosmo, B. Guedj, A. Girault, M.-S. Hacid, et al.. Attributing and Referencing (Research) Software: Best Practices and Outlook 

from Inria. Computing in Science and Engineering, Institute of Electrical and Electronics Engineers, 2019, pp.1-14. 

⟨10.1109/MCSE.2019.2949413⟩. (hal-02135891)

https://dx.doi.org/10.1109/MCSE.2019.2949413
https://dx.doi.org/10.1109/MCSE.2019.2949413
https://hal.archives-ouvertes.fr/hal-02135891


Software identification

Research Data Alliance/FORCE11 Software Source Code Identification WG et al. (2020). Use cases and identifier schemes for 
persistent software source code identification (V1.1). Research Data Alliance. https://doi.org/10.15497/RDA00053

Software concept / project / collection
  Description in registry, a homepage or any other 
form of metadata record

-  Project versions (for example Python2 and 
Python3)

- Modules
- Sub-modules

Software artifact
- Executable (download link)
- Software source code

- Dynamic artifact - current development 
code 

- Archived copy
- Snapshot (all branches, all dev 

history)
- Release / Package
- Commit- a specific point in 

development history
- Directory
- File 
- Algorithm

https://doi.org/10.15497/RDA00053
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Collect, preserve and share all software source code

Preserving our heritage, enabling better software and better science for all

● Non-profit organization

● Launched in 2016 by INRIA (Roberto Di Cosmo & Stefano Zacchiroli)

● Archives publicly available code permanently and for free.



Software Heritage in a nutshell

Reference catalog 

find and reference all
software source code

Universal archive

preserve all software
source code 

Research infrastructure

enable analysis of all
software source code



Source: Software Heritage (June 2021)

In numbers https://archive.softwareheritage.org/

https://archive.softwareheritage.org/
https://archive.softwareheritage.org/


Rescuing software

Source: Software Heritage

Source: Software Heritage

https://www.softwareheritage.org/2016/09/01/google-code-content-now-safely-collected-in-software-heritage/
https://www.softwareheritage.org/2020/04/23/rescuing-250000-endangered-mercurial-repositories/


An international, non profit initiative



How to archive the world's source code?

Inside of Library of Alexandria-artistic rendition (Image: 21h007)

https://21h007.wordpress.com/2018/12/11/the-library-of-alexandria/


Archiving software



Intrinsic identifier

SWH provides a Persistent IDentifier (PID) 

that can identify each and every source 

code artifact with integrity, called a SWHID. 

SWHIDs are intrinsic identifiers which are 

intimately bound to the designated object, 

they do not need a register, only 

agreement on a standard.

Intrinsic vs. extrinsic blog post

Go to API endpoint

https://www.softwareheritage.org/2020/07/09/intrinsic-vs-extrinsic-identifiers/
https://archive.softwareheritage.org/api/1/resolve/doc/


Questions? 
Demo



SWHID examples
Choose the granularity level for the reference: 

code fragment
● swh:1:cnt:c60366bc03936eede6509b23307321faf1035e23;lines=473-537
● James McCaffrey’s algorithm in sageMath

specific version - release
● swh:1:rel:22ece559cc7cc2364edc5e5593d63ae8bd229f9f
● release 2.3.0 of Darktable, dated 24 December 2016

 full repository - snapshot
● swh:1:snp:c7c108084bc0bf3d81436bf980b46e98bd338453
● a snapshot of the entire Darktable repository (4 May 2017, GitHub)

https://archive.softwareheritage.org/swh:1:cnt:c60366bc03936eede6509b23307321faf1035e23;origin=https://github.com/sagemath/sage;visit=swh:1:snp:1df3a15900f275bbe3da612ca202a12fe341737e;anchor=swh:1:rev:bd073b49ba305a8b1f301fa9821461205810dc32;path=/;lines=473-537
https://archive.softwareheritage.org/swh:1:rel:22ece559cc7cc2364edc5e5593d63ae8bd229f9f
https://archive.softwareheritage.org/swh:1:dir:d198bc9d7a6bcf6db04f476d29314f157507d505;visit=swh:1:snp:c7c108084bc0bf3d81436bf980b46e98bd338453;anchor=swh:1:rev:50d91bdfc94cb9d3aa01634ac0b003d76e799bf1


Crawling
The SWH archive harvests actively source 

code from different sources and converts all 

the source code into a single and universal 

data structure which is an enormous Merkle 

DAG [Merkle, 1987].

Crawling is separated into three phases: 

1. listing software sources, 

2. scheduling updates and 

3. loading the software artifacts into the 

archive.

https://doi.org/10.1007/3-540-48184-2_32


Data model
The data model adopted by Software Heritage 

to represent the information that it collects is 

centered around the notion of software 

artifact, using the following canonical names, 

from bottom to top: 

- contents, 

- directories, 

- revisions and 

- releases. 

Using  also origins, visits and snapshots to 

store provenance information. Read more in  

Software Heritage: Why and How to Preserve 

Software Source Code.

Merkle tree
Combination of

● tree
● hash function

Classical cryptographic construction
● fast, parallel signature of large data structures
● widely used (e.g., Git, blockchains, IPFS, . . . )
● built-in deduplication

https://hal.archives-ouvertes.fr/hal-01590958/
https://hal.archives-ouvertes.fr/hal-01590958/
https://hal.archives-ouvertes.fr/hal-01590958/


The complete workflow

Full development history permanently archived in a uniform data model























The complete workflow

Full development history permanently archived in a uniform data model
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Software in Research: A pillar of Open Science

Multiple facets, it can be seen as:
- a tool

- a research outcome or result

- the object of research

Three pillars of Open Science
Gruenpeter, Software Heritage CC-By 4.0 2019



Much more complex than it seems
● Structure 

■ monolithic/
■ composite;
■ self-contained/
■ external dependencies

● Lifetime
○  One-shot / long term

● Community 
○ one person / one 

team/distributed community
● Authorship 

○ complex set of roles
● Authority 

○ institutions/organizations/co
mmunities/single person

Various granularities

● Exact status of the source code 
for reproducibility, e.g.
○ “you can find at 

swh:1:cnt:cdf19c4487c43c76f361
2557d4dc61f9131790a4;lines=14
6-187 the core algorithm used in 
this article”

● (Major) release “This 
functionality is available in 
OCaml version 4”

● Project “Inria has created OCaml 
and Scikit-Learn”



Researchers

• archive and reference software 

used and created in articles

• find useful software

• get credit for developed 

software

• verify/reproduce/improve 

results

Research Organization

know its software assets for: 

• technology transfer,

• impact metrics, 

• strategy

A plurality of needs

Laboratories/teams

• track software contributions

• produce reports

• maintain web page



Open science/source in France

Source: Ministère de l’enseignement 
supérieur et de la recherche

https://cache.media.enseignementsup-recherche.gouv.fr/file/science_ouverte/20/9/MEN_brochure_PNSO_web_1415209.pdf
https://cache.media.enseignementsup-recherche.gouv.fr/file/science_ouverte/20/9/MEN_brochure_PNSO_web_1415209.pdf
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What is at stake? In order of difficulty
Archive
➔ Research software artifacts must be properly archived
➔ make sure we can retrieve them (reproducibility)
Reference
➔ Research software artifacts must be properly referenced
➔ make sure we can identify them (reproducibility)
Describe
➔ Research software artifacts must be properly described
➔ make it easy to discover them (visibility)
Cite (for credit)
➔ Research software artifacts must be properly cited (not the same as 

referenced!)
➔ to give credit to authors (evaluation!)



Archive

Classic deposit SWHID deposit

Save code now to SWH

• Easy (only submit repo’s url)

• All dev history archived

• different vcs are accepted

• PID to reference specific pieces 
of code (even algorithms) 

Save code now

Submit code to HAL

• A scholarly repository

• An archive

• Software is more finadable

• Transferring code to SWH

.zip, .tar.gz Git, svn, hg



Key dates

★ 2017 - Collaboration launch

★ Mars 2018 - Beta-test on HAL-Inria

★ Septembre 2018 - Launch on all HAL instances

★ April 2020 - BibLaTeX @software export

★ April 2022 - Deposit with SWHID (beta test on 

HAL-Inria)

○ Release on YouTube of the Open Science 

tutorial series: software source code deposit

The actors

HAL and SWH collaboration

https://youtube.com/playlist?list=PLD2VqrZz2-u3bOWtoCoBIh5Flt6iYXsq3


Curated Archiving of Research Software Artifacts: Lessons 
Learned from the French Open Archive (HAL) on IJDC 
https://doi.org/10.2218/ijdc.v15i1.698

Deposit guide : 
Morane Gruenpeter, Jozefina Sadowska, Estelle 
Nivault, Alain Monteil. Create software deposit 
in HAL: User guide and best practices. 
[Technical Report] Inria; CCSD; Software 
Heritage. 2022. ⟨hal-01872189v2⟩ 

Advantages:

★ Metadata moderation by the digital 

archivist team

★ Export formats available on the 

software record - to cite software

Classic deposit 

https://doi.org/10.2218/ijdc.v15i1.698
https://hal.inria.fr/hal-01872189


Demo



https://save.softwareheritage.org/ 

Save your any code now!

Save code now

https://archive.softwareheritage.org/save/


SWHID deposit

Advantages:

★ Metadata 

moderation by the 

digital archivist team

★ Export formats 

available on the 

software record - to 

cite software

★ Retrieve metadata 

with codemeta.json 

to complete form



Demo



Reference vs. citation

Credit & Attribution

a metadata record
all authors &
contributors

Reuse & Reproducibility

a specific artifact
with complementary
information (docs)

Archive & Index

metadata record (HAL)
artifact itself (SWH)



➔ Citation accessible on the HAL record

➔ Export BibTeX using the format 

BibLaTeX @software or 

@softwareversion (if a version 

property was submitted)

➔ Export used in activity reports for 
scientific outputs at Inria since 2020.

HAL’s citation format
Matteo Frigo, Mauro Zucchelli, Rachid Deriche, Samuel 
Deslauriers-Gauthier. TALON: Tractograms As Linear Operators in 
Neuroimaging. 2021, 
⟨swh:1:dir:f25157ad1b13cb20ac3457d4f6756b49ac63d079;origin=h
ttps://hal.archives-ouvertes.fr/hal-03116143;visit=swh:1:snp:465d89
956196578717f4cb5155e456c279aa6a22;anchor=swh:1:rev:10247
a14640a280b9140a27ce003d382d70cccac;path=/⟩. 
⟨hal-03116143⟩

58

@softwareversion{frigo:hal-03116143v1,
  TITLE = {{TALON: Tractograms As Linear Operators in 
Neuroimaging}},
  AUTHOR = {Frigo, Matteo and Zucchelli, Mauro and 
Deriche, Rachid and Deslauriers-Gauthier, Samuel},
  URL = {https://hal.archives-ouvertes.fr/hal-03116143},
  NOTE = {},
  YEAR = {2021},
  MONTH = Jan,
  SWHID = 
{swh:1:dir:f25157ad1b13cb20ac3457d4f6756b49ac63d079;origin
=https://hal.archives-ouvertes.fr/hal-03116143;visit=swh:1
:snp:465d89956196578717f4cb5155e456c279aa6a22;anchor=swh:1
:rev:10247a14640a280b9140a27ce003d382d70cccac;path=/},
  VERSION = {0.3.0},
  REPOSITORY = {https://gitlab.inria.fr/cobcom/talon},
  LICENSE = {MIT License},
  KEYWORDS = {diffusion MRI ; dMRI ; tractography ; python 
; optimization},
  FILE = 
{https://hal.archives-ouvertes.fr/hal-03116143/file/talon-
source.zip},
  HAL_ID = {hal-03116143},
  HAL_VERSION = {v1},
}

Citation export in HAL

https://www.ctan.org/tex-archive/macros/latex/contrib/biblatex-contrib/biblatex-software
https://archive.softwareheritage.org/browse/swh:1:dir:f25157ad1b13cb20ac3457d4f6756b49ac63d079;origin=https://hal.archives-ouvertes.fr/hal-03116143;visit=swh:1:snp:465d89956196578717f4cb5155e456c279aa6a22;anchor=swh:1:rev:10247a14640a280b9140a27ce003d382d70cccac;path=/
https://archive.softwareheritage.org/browse/swh:1:dir:f25157ad1b13cb20ac3457d4f6756b49ac63d079;origin=https://hal.archives-ouvertes.fr/hal-03116143;visit=swh:1:snp:465d89956196578717f4cb5155e456c279aa6a22;anchor=swh:1:rev:10247a14640a280b9140a27ce003d382d70cccac;path=/
https://archive.softwareheritage.org/browse/swh:1:dir:f25157ad1b13cb20ac3457d4f6756b49ac63d079;origin=https://hal.archives-ouvertes.fr/hal-03116143;visit=swh:1:snp:465d89956196578717f4cb5155e456c279aa6a22;anchor=swh:1:rev:10247a14640a280b9140a27ce003d382d70cccac;path=/
https://archive.softwareheritage.org/browse/swh:1:dir:f25157ad1b13cb20ac3457d4f6756b49ac63d079;origin=https://hal.archives-ouvertes.fr/hal-03116143;visit=swh:1:snp:465d89956196578717f4cb5155e456c279aa6a22;anchor=swh:1:rev:10247a14640a280b9140a27ce003d382d70cccac;path=/
https://hal.archives-ouvertes.fr/hal-03116143


Demo



BibLaTex style extension for software

Citation with the biblatex-software package

Youtube tutorial

https://www.softwareheritage.org/2020/05/26/citing-software-with-style/
https://youtu.be/UhQCeAj9yKM


★ Prepare your code with the following files : 
These files are verified by moderators

❏ README (https://readme.so/fr/editor )

❏ AUTHORS (containing list of authors)

❏ LICENSE 
■ Open-source SPDX compliant license

https://choosealicense.com/ 
https://reuse.software/

❏ codemeta.json (not mandatory but useful) 

Describe - mandatory files for a HAL deposit

See also: HOWTO archive and 
reference your code

https://readme.so/fr/editor
https://spdx.org/licenses/
https://choosealicense.com/
https://reuse.software/
https://www.softwareheritage.org/howto-archive-and-reference-your-code/
https://www.softwareheritage.org/howto-archive-and-reference-your-code/


★ MUST include:
○ Name and a description of the software.

★ SHOULD include:
○ how to run and use the source code
○ build environment, installation, requirements

★ CAN include:
○ project website or documentation pointer and recent news
○ visuals

Describe: What’s a good README

extracted from Eric Steven Raymond and Make a README



Describe - choose a vocabulary?

Software ontologies landscape from Pathways for Discovery 

of Free Software (slide deck from LibrePlanet 2018). 

(Gruenpeter & Thornton, 2018)  CC-by-4

CodeMeta

https://docs.google.com/document/d/1yvdLSP6oH3XozVy4CJtThzGNHkseCBdvmxfruDYLB6Q/edit#bookmark=id.z22lzmev966v


● An initiative
○ An academic community discussing software 

metadata
● A vocabulary

○ A subset of schema.org 

● A crosswalk table - mapping the metadata 
landscape

An open source tool to create codemeta.json files

Contributed to the community by

Use it directly on the CodeMeta hosted version

Contributions are welcome on the code repository

CodeMeta

https://codemeta.github.io/codemeta-generator/
https://github.com/codemeta/codemeta-generator


Describe: Software metadata terms

Identify
● identifier
● name
● author(s)
● contributor(s)
● version
● applicationCategory
● codeRepository

administrate
● maintainer 
● citation
● funder(s)
● license
● editor 
● publisher
● dates 

○ created,
○ modified 
○ published

● developmentStatus

execute
● buildInstructions
● issueTracker
● operatingSystem
● softwareRequirements
● runtimePlatform
● downloadUrl
● memory, procesor, 

storage

classify
● description
● keywords
● supportingData
● referencePublication
● algorithms*
● readme (docs*)



Another perspective: CITATION.cff

Advantages

● BibTeX export with type @software

● Citation.cff are also indexed in the SWH archiveSource: 
https://github.com/lanl/PRISM



Codemeta.json vs. CITATION.cff

Fichier de citation utilisé pour le logiciel 
doi2cff: 
https://github.com/citation-file-format/doi
2cff/blob/master/CITATION.cff

https://github.com/citation-file-format/doi2cff/blob/master/CITATION.cff
https://github.com/citation-file-format/doi2cff/blob/master/CITATION.cff
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★ 📦 Archive your code!
https://save.softwareheritage.org/ 

★ 👓 Describe your code with metadata
README, LICENSE, AUTHORS, codemeta.json

★ 🗺 Reference your code
SWHID over DOI, context

★ 󰳐 Cite your code
Version, release, file, lines

Wrap up

https://archive.softwareheritage.org/save/


The SWH ambassadors program

Who can be an ambassador?

★ Enthusiastic individuals who wish to volunteer as ambassadors to help grow 

the Software Heritage community

★ An ambassador can come from different areas; academia, cultural heritage, 

industry and public administration. 

Do I need a technical background to become an ambassador?

★ Absolutely not! Source code archival is a cross-domain, cross-expertise 

concern.

★ you can have a technical background which might be helpful to read technical 

documentation and trying some of the more advanced features.

https://www.softwareheritage.org/ambassadors/


Thank you for your attention!
Keep in touch: morane@softwareheritage.org

@moraneottilia, @SWHeritage
https://www.softwareheritage.org/newsletter/

alexis.lebis@imt-nord-europe.fr

mailto:morane@softwareheritage.org
https://www.softwareheritage.org/newsletter/
mailto:alexis.lebis@imt-nord-europe.fr

