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@ Software as a pillar of modern society
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Software is all around us

Knowledge is in the source

Invisible fabric of digital society
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unsigned short int move_start_time, move_end_time;

unsigned short int place end_time, socdist end time, keyworkerproph_end_time;

TreatStat moverest, treat, vacc, socdist, placeclose;

unsigned short int treat_trig, vacc_trig;

unsigned short int treat start_time, treat_end_time;

unsigned short int vacc_start_time;

IndexList* Airportlist;

Covid Sim (excerpt)

2006

“Source code provides a view into the mind of the designer.”
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https://archive.softwareheritage.org/swh:1:cnt:b2d11f345900abf98e73c052790ced78b6b8e9df;origin=https://github.com/mrc-ide/covid-sim;visit=swh:1:snp:e01c470a15f3dffbd9208d84d202bb26eb7fc5e9;anchor=swh:1:rev:b719de9df5909f8fc47753dd1d2baf89fc415943;path=/src/Models/Microcell.h;lines=19-46

Global Undertakin

From all continents Many programming languages

Evolution of languages
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https://dl.acm.org/doi/10.1145/3524842.3528471
http://doi.org/10.1109/MSR66628.2025.00068
https://gitlab.softwareheritage.org/rdicosmo/archive-growth

A pillar of Open Science

A plurality of needs

Researcher e archive and reference software
Pillar of Science across all research used in articles

areas o find useful software
o get credit for developed software
e verify/reproduce/improve results

Laboratory/team track software contributions

@ produce reports / web page

et st i e e et e Research Organization know its software assets

e technology transfer
@ impact metrics

we need a dedicated infrastructure: now we have it!
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https://frenchopensciencemonitor.esr.gouv.fr/software/fields?id

© Meet Software Heritage: open, non profit, multistakeholder
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Software Heritage

THE GREAT LIBRARY OF SOURCE CODE
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Addressing key needs in (Open) Science

Archive (28B+ files, 430M+ projects)

@ save now, updateswh, webhooks

o deposit.softwareheritage.org

Describe
@ Intrinsic metadata from source code

o Contributed the Codemeta generator

Jornadas Ciencia Abierta, Aranjuez

Reference (50 billion SWHIDs)
Intrinsic, cryptographically strong IDs

Now in SPDX 2.2, Wikidata
https://swhid.org - ISO/IEC 18670

Cite/Credit
@ Contributed biblatex-software style

@ Software Citation from the archive!
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https://save.softwareheritage.org
https://softwareheritage.org/browser-extensions/
https://www.softwareheritage.org/2023/06/01/webhooks-integrate-swh-workflow/
https://deposit.softwareheritage.org
https://www.softwareheritage.org/2020/07/09/intrinsic-vs-extrinsic-identifiers/
https://www.softwareheritage.org/2020/05/13/swhid-adoption/
https://swhid.org
https://www.iso.org/standard/89985.html
https://codemeta.github.io/codemeta-generator/
https://www.ctan.org/tex-archive/macros/latex/contrib/biblatex-contrib/biblatex-software

An example is worth a thousand words

Browse + Reference [ISO 18670] (Apollo 11 [excerpt], your work may be already
there!)

Trigger archival, use the updateswh browser extension, configure the webhooks
Cite from the archive with biblatex-software (CTAN, ACMART)

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

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

o Example research articles:

o compare Fig. 1 and conclusions in the 2012 version and the updated version
e SWHID in a replication experiment
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https://archive.softwareheritage.org
https://swhid.org
https://www.iso.org/standard/89985.html
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://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

© Adoption and ecosystem
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Connectlons and mutualization for the scholarly ecosystem

/2e0SC FAIRCORE/ZEOSC
Second French Plan ( e .7\*; 4 ~ o~ L -
for Open Science e ..R ’ x_‘_ E‘%}ﬁl—‘ \ for Research
Software
: Guix
: French national ”SWMATH d
research ‘ &VLCO RE ’ eLIfe

ug:!. | EPIsciences . IPOL \\ HAL

Oz

Aggregators
Path Three : gg g
Opening up and promoting source code produced

by research
o o

Highlight the

Software Heritage

THE GREAT LIBRARY OF SOURCE CODE

% The,gpering of softvere soujce code g « Distribution of software products under
Iijor.crakenge, for o ce prodictib iy, o open source licence will be preferred. »
scientifc results. »

e Funding agencies recommendations ANR 2023 guidelines (p. 17)
o HAL+SWH in the Open Science software booklet from the French Ministry of Higher Education and Research




@ Building reliable indicators
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Forthcoming: Strategic Software Insights report
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Software Heritage

Report on the public
software collected,
preserved and
referenced for
Acad-Hal-Fr

Version 1.0 - 2025-12-29
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A peek inside the French Academic Software report

Top 40 Repositories by number of Contributions (Log Scale)
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Software Heritage is the Very Large Telescope for source code

From the Software Sky to Institutional Insight: Anatomy of an Observational Pipeline

Stage 0: Thg Sqﬂware Sky Phase 4: Spgct(al Enrichment Phasg 5: Astrophysical Analysis

pt

of the software universe, builtfrom the pectral d has activits, d d Sy obi fed
ntain il i relation of obse | synthetic,
observable software stars’. Thisstage s Tacaument (PO it g
data colletion.

and a spectral filter definition tosyXTi AR o
(email domain selection).. | &0 -ER-

Observation

arametes
fonfighie

H— Observation Cache
Aceryiveen obsenvation log s maintained.

4 L i
Phase 1: Target Selection : i
Identify the tars associated 7 | 7 .
with a Specific institution by | & [Domains |y, "
selecting contributors
usinginstitutional 4 X \ 3
idenifiers, which isolates | o [vicenses ||
the relevant region of the
software sky for focused
obsenvation.

Quality Gate: Signal

Strength Check

Before proceeding, the ploeline verifies
that the selected region contains enough
observable signals (software
contributions] to produce statistically
meaningful results,

Phase 2: Gravitational
Cleaning (Deforking)

The process renvents gravitational artfects
such as mitrers and s from the data to

retain only the physically meaningful celestial

objects(original software projects).

Jornadas Ciencia Abierta, Aranjuez

Phase 6: High-Resolution
Imaging & Report

The final stage produces a high-resolution
Tt that

Final Output: ¢
ituti Observation Report

devcribes the raclitvfiows softwere galaxy,
making it sudable for communication,
governance, and strategy.

et
S

The end results a dorable, citable, and interpretable
sriepchot of an institution's peallrun in the softwar
universe, presented s a polished scientific publication.

o

Powered by a high-performance obsenvational nfratructure.
)

NotebookLM

www.softwareheritage.org Jornadas Ciencia Abierta March 24, 2026



e Strategic perspectives
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The next frontier: digital resilience

An early warning: left-pad (March 2016) A clear and present danger

How one programmer broke the internet by
deleting a tiny piece of code

Aman in disrupted web development around the world by deleting 11 lines of code

Platforms

mmm github.com

== gitlab.com

m= gitlab.inria.fr
forgemia.inra.fr
gitlab.utc.fr
forge.univ-lyonL.fr
pypi.org
bitbucket.org
gitlab.pasteur.fr

= gitlab.isima.fr

m= codefirst.iut.uca.fr

m= Other (Aggregated)

—— 000606

Update & Add Quart

2 on Google

70.7% ——

This article is from 2016.

French Academia devs (Source: Software Heritage)

See the Wikipedia article:

o Facebook, PayPal, Netflix, Spotify "If GitHub or PyPI disappeared tomorrow,
affected all research would not just slow down
o web broken worldwide ~2.5 hours it would stop."
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https://en.wikipedia.org/wiki/Npm_left-pad_incident

Guix and Nix integration show the way

Connecting reproducible deployment
to a long-term source code archive

Ludovic Courtés — March 29, 2019
X

GNU Guix can be used as a “package manager” to install and upgrade software packages as is G uiIx fal I baC kS
familiar to GNU/Linux users, or as an environment manager, but it can also provision containers or
virtual machines, and manage the operating system running on your machine.

When a platform or registry fails,

One foundation that sets it apart from other tools in these areas is reproducibility. From a high-level .
view, Guix allows users to declare complete software environments and instantiate them. They can to SOﬂWare H eri t age

share those environments with others, who can replicate them or adapt them to their needs. This

aspect is key to computational scientists need to reproduce software

environments before they can reproduce experimental results, and this is one of the things we are

focusing on in the context of the Guix-HPC effort. At a lower level, the project, along with others in the an d co nti nues to b u i I d !
Reproducible Builds community, is working to ensure that software build outputs are reproducible, bit

for bit.

Work on reproducibility at all levels has been making great progress. Guix, for instance, allows you to .

travel back in time. That Guix can travel back in time and build software reproducibly is a great step (Slnce 20 19)
forward. But there's still an important piece that's missing to make this viable: a stable source code

archive. This is where Software Heritage (SWH for short) comes in

When source code vanishes

Next step: scale up a sovereign fallback for Europe’s build chains
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https://www.softwareheritage.org/2019/04/18/software-heritage-and-gnu-guix-join-forces-to-enable-long-term-reproducibility/

@ A plan for Spain
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Software in the Open Science strategy

ENCA 2023-2027

o Objective 1 (page 11): "[...] infraestructuras digitales
interoperables suficientemente robustas y bien articuladas”

@ Objective 2 (page 11): "Establecer nuevos mecanismos de
evaluacién de la investigacion..."

)

= =

French National Plan for Open Science 2021 Key Actions (selection)

Define and promote an open source software policy SecorelrrenerIEn

for Open Science

Recognise source code as a contribution to research

o Create an open source research software prize

Support Software Heritage for archiving and referencing source code

Jornadas Ciencia Abierta, Aranjuez www.softwareheritage.org Jornadas Ciencia Abierta March 24, 2026 13/15



Software Heritage mirrors for ecumenic digital sovereignty

The Software Heritage European Network:
A Distributed Infrastructure for Global Source Code Preservation

L =~ @ corvainose i
: e GRNET - Athens o ...
. ] @) Deploying

@ Agreement in Progress

Jornadas Ciencia Abierta, Aranjuez w;a}w.softwareherilage.org Jornadas Ciencia Ablerta March 24,2026 14/15



Food for thought

Foster adoption of best practices

archive, reference, describe, cite software: see the Software Heritage HOWTO

Establish incentives: funding, evaluation and recognition

@ count quality software contributions (all aspects!)

o establish National/Regional/Institutional awards (get the blueprints from France)

Build objective indicators: Strategic Insights Report, not surveys

Avoid balkanisation, build upon shared, open, non profit infrastructures (POSI, UNESCO)
@ FAIRCORE4EOSC interconnected infrastructures with Software Heritage

e OSPO-Radar institutional portals/reporting via Software Heritage outside France

Avoid proprietarization of public research result

publicly funded research software should be open source, exceptions must be justified

Jornadas Ciencia Abierta, Aranjuez www.softwareheritage.org Jornadas Ciencia Abierta March 24, 2026 15/15


https://www.softwareheritage.org/how-to-archive-reference-code/
https://open-research-europe.ec.europa.eu/articles/3-185
https://faircore4eosc.eu
https://www.softwareheritage.org/2025/04/02/ospo-radar-project-launch/
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