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Software Source Code is Precious Knowledge

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

Harold Abelson, Structure and Interpretation of Computer Programs (1st ed.) 1985

Apollo 11 source code (excerpt) Quake III source code ( excerpt )

“Source code provides a view into the mind of the designer.”
Len Shustek, Computer History Museum 2006
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A lightning fast growth
Apollo 11 (~60.000 lines), 1969 Linux Kernel : 20+ million lines. . .

Reuse is the new rule

"When I first got into it, 
nobody  knew what it 
was that we were  
doing. It was like the 
Wild West."

Margaret 
Hamilton . . . now in your pockets!

tens of millions of developers collaborate on open source software worldwide today

Open source software is eating the software world

80% to 90% of a new application is… just reuse! (Sonatype survey, 2017)
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Source code is special: software is not data
Software evolves over time

o projects may last decades

o the development history is key to its understanding
Complexity

o millions of lines of code

o large web of dependencies
o easy to break, difficult to maintain
o research software a thin top layer

o sophisticated developer communities
The human side      
design, algorithm, code, test, documentation, community, funding, and so much more...

9/319 



Software is a pillar of Open Science 
Software powers all research disciplines!
Proportion of French publications mentioning use of 
code or software, by discipline (2024 data from 
https://barometredelascienceouverte.esr.gouv.fr/ )
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← The links in the picture are important!

Software may be a tool, a research 
outcome and a research object 

→ Access to the source code is essential!
→ Preserving (the history of) source code is 
necessary for reproducibility

Software powers all research disciplines!
Proportion of French publications mentioning use of 
code or software, by discipline (2024 data from 
https://barometredelascienceouverte.esr.gouv.fr/ )

How are we handling software and source code in research ?

https://barometredelascienceouverte.esr.gouv.fr/
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Reproducibility in Computer Science: state of the art in the field ~2010

Software Engineering

  2009: Carlo Ghezzi, 60% of ACM TOSEM papers have code, only 20% 
installable

Computer systems research

  2014: Christian Collberg, analysis 
   of ~600 papers in prestigious 
venues, ~200 cannot even 
find the source code!
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Artifact Evaluation Committees

  2011: run the first time as an award at ESEC-FSE (J. Vouillon and R. Di Cosmo)

  2012-today: the process generalizes to a list too long to maintain

https://web.archive.org/web/20111230183848/http://blogs.msdn.com/b/msr_er/archive/2011/09/13/new-award-honors-distinguished-artifact.aspx
https://artifact-eval.org/
http://evaluate.inf.usi.ch/artifacts


Awareness and actions

Artifact Evaluation Committees

  2011: run the first time as an award at ESEC-FSE (J. Vouillon and R. Di Cosmo)

  2012-today: the process generalizes to a list too long to maintain

ACM software badges for publications

See home page for details.

● Very good intentions, but …
● Perfectible implementation

https://web.archive.org/web/20111230183848/http://blogs.msdn.com/b/msr_er/archive/2011/09/13/new-award-honors-distinguished-artifact.aspx
https://artifact-eval.org/
http://evaluate.inf.usi.ch/artifacts
https://www.acm.org/publications/policies/artifact-review-and-badging-current
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A few key issues in reproducibility (there are many more!)

Archive

  Ensure long term availability of artifacts with the development history

Reference

  Ensure precise identification of artifacts at various levels of granularity

Describe

  Provide detailed description  (machine readable metadata)

  and proper documentation  (build instructions, dependencies, configuration)

  and also link to relevant papers
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Only a DOI identifier …

… does not fill the author’s needs

Zip file with source code, looses 
the version control history!
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Not there yet, event for these basic needs: Papers with code

Which version?

Not an archive!
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Forges are not archives!

Over 1 million projects gone?
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We need a universal archive
Meet Software Heritage! and

-   35 × 10⁹ nodes
- 500 × 10⁹ edges
~ 1.5 PB storage

500+ platforms

All versions history
in a single graph

}Ensures availability
guarantees integrity
enables traceability

of all source 
code

One common shared infrastructure, replicated, catering to 
multiple needs
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We can and must do better: reference in Software Heritage

SWHID

Cryptographic, 
intrinsic

SoftWare
Hash
IDentifier

All levels of granularity Rich contextual (optional) information

Integrity of identified artifact
can be verified independently

Standard at https://swhid.org

https://swhid.org/


We can and must do better: reference in Software Heritage

~ 30 billion SWHIDs can be 
found in Software Heritage

All levels of granularity:
- repository snapshot
- release
- revision
- directory
- file content
- code fragment



We can do so much better: reference in Software Heritage

HOWTO with animations: 
https://www.softwareheritage.org/howto-archive-and-reference-your-code/

https://www.softwareheritage.org/howto-archive-and-reference-your-code/


A few adoption indicators 

● Recommendations in ANR 2023 guidelines (p. 17)
● HAL+SWH in the Open Science software booklet

Policy

https://anr.fr/fileadmin/aap/2023/aapg-2023-V2.0_MAJ20220921.pdf
https://www.ouvrirlascience.fr/wp-content/uploads/2022/10/Passeport_Codes-et-logiciels_WEB.pdf
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A few adoption indicators 

● Recommendations in ANR 2023 guidelines (p. 17)
● HAL+SWH in the Open Science software booklet

Policy Users and collaborations

Graphics Replicability 
Stamp Initiative

Projects

https://anr.fr/fileadmin/aap/2023/aapg-2023-V2.0_MAJ20220921.pdf
https://www.ouvrirlascience.fr/wp-content/uploads/2022/10/Passeport_Codes-et-logiciels_WEB.pdf
https://www.replicabilitystamp.org/
https://www.replicabilitystamp.org/


In France : HAL + Software Heritage for describe and cite 

https://hal.archives-ouvertes.fr/
https://www.softwareheritage.org/


In France : HAL + Software Heritage for describe and cite 
https://hal.archives-ouvertes.fr/ha
l-02130801

swh:1:dir:393b611a1424f032e83569bf6762502
371cfcf65

https://hal.archives-ouvertes.fr/
https://www.softwareheritage.org/
https://hal.archives-ouvertes.fr/hal-02130801
https://hal.archives-ouvertes.fr/hal-02130801
https://archive.softwareheritage.org/swh:1:dir:393b611a1424f032e83569bf6762502371cfcf65;origin=https://hal.archives-ouvertes.fr/hal-02130801;visit=swh:1:snp:19c29b988fe02623c70c7dc8bc97c42481eb691b;anchor=swh:1:rev:e8e18328952266b7875c692963b11963b1496107
https://archive.softwareheritage.org/swh:1:dir:393b611a1424f032e83569bf6762502371cfcf65;origin=https://hal.archives-ouvertes.fr/hal-02130801;visit=swh:1:snp:19c29b988fe02623c70c7dc8bc97c42481eb691b;anchor=swh:1:rev:e8e18328952266b7875c692963b11963b1496107


Demo time
● Browse and Reference (e.g. Apollo 11 [excerpt], your work may be already there !) 

● Trigger archival, use the updateswh browser extension, configure the webhooks 

● Cite with biblatex-software (CTAN, Overleaf ACMART template) 

● Describe with Codemeta (use codemeta generator) 

● Curated deposit in SWH via HAL, see for example: LinBox, SLALOM, Givaro, NS2DDV, SumGra, Coq proof, … 

● Extracting all the software products for Inria, for CNRS, for CNES, for LIRMM or for Rémi Gribonval using 
HalTools 

● Example with Parmap: devel on Github, archive in SWH, curated deposit in HAL 

● Example research articles: 
● compare Fig. 1 and conclusions in the 2012 version and the updated version 
● SWHID in a replication experiment

https://archive.softwareheritage.org/
https://swhid.org/
https://www.softwareheritage.org/2019/07/20/archiving-and-referencing-the-apollo-source-code/
https://archive.softwareheritage.org/swh:1:cnt:64582b78792cd6c2d67d35da5a11bb80886a6409;origin=https://github.com/virtualagc/virtualagc;visit=swh:1:snp:3c074afad81ad6b14d434b96e705e01d184752cf;anchor=swh:1:rev:007c2b95f301f9438b8b74d7993b7a3b9a66255b;path=/Luminary099/THE_LUNAR_LANDING.agc;lines=245-261/
https://twitter.com/gabrielaltay/status/1300218789762662401
https://save.softwareheritage.org/
https://www.softwareheritage.org/browser-extensions/
https://archive.softwareheritage.org/api/1/
https://ctan.org/pkg/biblatex-software?lang=en
https://www.overleaf.com/latex/templates/template-for-acmart-using-biblatex-and-biblatex-software/hrbzctcdjwvd
https://codemeta.github.io/codemeta-generator/
https://doc.archives-ouvertes.fr/en/deposit/deposit-software-source-code/
https://hal.archives-ouvertes.fr/hal-02130801
https://hal.archives-ouvertes.fr/hal-01897934
https://hal.archives-ouvertes.fr/hal-02130729
https://hal.archives-ouvertes.fr/hal-02137040
https://hal.archives-ouvertes.fr/lirmm-02136558
https://hal.archives-ouvertes.fr/hal-02155786
https://haltools.archives-ouvertes.fr/Public/afficheRequetePubli.php?struct=inria&&typdoc=(%27SOFTWARE%27)&CB_auteur=oui&CB_titre=oui&CB_article=oui&CB_resume=oui&langue=Anglais&tri_exp=annee_publi&tri_exp2=typdoc&tri_exp3=date_publi&ordre_aff=TA&Fen=Aff&css=../css/VisuRubriqueEncadre.css
https://haltools.archives-ouvertes.fr/Public/afficheRequetePubli.php?struct=cnrs&typdoc=(%27SOFTWARE%27)&CB_auteur=oui&CB_titre=oui&CB_article=oui&CB_resume=oui&langue=Anglais&tri_exp=annee_publi&tri_exp2=typdoc&tri_exp3=date_publi&ordre_aff=TA&Fen=Aff&css=../css/VisuRubriqueEncadre.css
https://haltools.archives-ouvertes.fr/Public/afficheRequetePubli.php?struct=cnes&typdoc=(%27SOFTWARE%27)&CB_auteur=oui&CB_titre=oui&CB_article=oui&CB_resume=oui&langue=Anglais&tri_exp=annee_publi&tri_exp2=typdoc&tri_exp3=date_publi&ordre_aff=TA&Fen=Aff&css=../css/VisuRubriqueEncadre.css
https://haltools.archives-ouvertes.fr/Public/afficheRequetePubli.php?struct=LIRMM&typdoc=(%27SOFTWARE%27)&CB_auteur=oui&CB_titre=oui&CB_article=oui&CB_resume=oui&langue=Anglais&tri_exp=annee_publi&tri_exp2=typdoc&tri_exp3=date_publi&ordre_aff=TA&Fen=Aff&css=../css/VisuRubriqueEncadre.css
https://haltools.archives-ouvertes.fr/Public/afficheRequetePubli.php?auteur_exp=remi%2C+gribonval&struct=cnrs&typdoc=(%27SOFTWARE%27)&CB_auteur=oui&CB_titre=oui&CB_article=oui&CB_resume=oui&langue=Anglais&tri_exp=annee_publi&tri_exp2=typdoc&tri_exp3=date_publi&ordre_aff=TA&Fen=Aff&css=../css/VisuRubriqueEncadre.css
https://haltools.archives-ouvertes.fr/?action=export&lang=fr
https://github.com/rdicosmo/parmap/
https://archive.softwareheritage.org/browse/origin/directory/?origin_url=https://github.com/rdicosmo/parmap
https://hal.archives-ouvertes.fr/hal-03516539v1
http://www.dicosmo.org/Articles/2012-DaneluttoDiCosmo-Pcs.pdf
https://www.dicosmo.org/share/parmap_swh.pdf
https://www.dicosmo.org/Articles/2020-ReScienceC.pdf
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The way ahead

Archival and reference for source code

● Technical barriers are mostly solved issues (over 6 years of work)
● Social barriers still stand in the way (adoption, training, cost mutualization, …)



● Software Heritage: https://softwareheritage.org and the 2022 annual report
● HOWTO archive, reference, describe and cite research software: https://bit.ly/swh-howto-research
● Software deposit and metadata curation: HAL-SWH Webinar, July 2022
● Deuxième plan national pour la Science Ouverte: official website
● Software Pillar session in OSEC 2022: official website
● EOSC SIRS report: https://data.europa.eu/doi/10.2777/28598
● Roberto Di Cosmo and Marco Danelutto. [Rp] Reproducing and replicating the OCamlP3l 

experiment. ReScience C, 6(1):#2, April 2020. [link]

The way ahead

Learn more

Archival and reference for source code

● Technical barriers are mostly solved issues (over 6 years of work)
● Social barriers still stand in the way (adoption, training, cost mutualization, …)

Thank you

https://www.softwareheritage.org/
https://www.softwareheritage.org/2023/02/14/software-heritage-annual-report-2022/
https://www.softwareheritage.org/howto-archive-and-reference-your-code/
https://www.ccsd.cnrs.fr/2022/07/parlons-science-ouverte-les-logiciels-dans-hal/
https://www.enseignementsup-recherche.gouv.fr/fr/le-plan-national-pour-la-science-ouverte-2021-2024-vers-une-generalisation-de-la-science-ouverte-en-48525
https://osec2022.eu/program/
https://data.europa.eu/doi/10.2777/28598
http://www.dicosmo.org/Articles/2020-ReScienceC.pdf
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