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Short Bio: Roberto Di Cosmo

Computer Science professor in Paris, now working at INRIA

30+ years of research (Theor. CS, Programming, So�ware Engineering, Erdos #: 3)

20+ years of Free and Open Source So�ware

10+ years building and directing structures for the common good

1999 DemoLinux – first live GNU/Linux distro

2007 Free So�ware Thematic Group
150 members 40 projects 200Me

2008 Mancoosi project www.mancoosi.org
2010 IRILL www.irill.org
2015 So�ware Heritage at INRIA

2018 National Commi�ee for Open Science, France

2021 EOSC Task Force on Infrastructures for So�ware,
European Union
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Why Open Science?
Open Science (Second National Plan for Open Science, France, 2021)

Unhindered dissemination of results, methods and products from scientific research.
It draws on the opportunity provided by recent digital progress to develop open access to
publications and – as much as possible – data, source code and research methods.

Jean-Eric Paquet (EU DGRI, on the objective of Open Science)

“Increase scientific quality, the pace of discovery and technological development, as well as
societal trust in science.”

Mariya Gabriel (EU Commissionneer for Research)

The COVID-19 crisis has also shown that cooperation at international level in research
and innovation is more important than ever, including through open access to data and
results. No nation, no country can tackle any of these global challenges alone.

Yuval Noah Harari (on COVID 19)

“The real antidote [to epidemic] is scientific knowledge and global cooperation.”
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https://www.ouvrirlascience.fr/wp-content/uploads/2021/10/Second_French_Plan-for-Open-Science_web.pdf
https://www.eosc.eu/sites/default/files/EOSC-SRIA-V1.0_15Feb2021.pdf
https://www.s4d4c.eu/insights-from-commissioner-mariya-gabriel-towards-the-european-union-science-diplomacy/


So�ware is a pillar of Open Science

So�ware powers modern research

[. . . ] so�ware [. . . ] essential in
their fields.
Top 100 papers (Nature, 2014)

Sometimes, if you dont have
the so�ware, you dont have the
data
Christine Borgman, Paris, 2018

A key pillar: so�ware (source code)

The links in the picture are important

Nota Bene
so�ware 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
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So�ware Source Code is Precious Knowledge

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

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

Apollo 11 source code (excerpt) �ake III source code ( excerpt )

Len Shustek, Computer History Museum 2006

“Source code provides a view into the mind of the designer.”
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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://archive.softwareheritage.org/swh:1:cnt:bb0faf6919fc60636b2696f32ec9b3c2adb247fe;origin=https://github.com/id-Software/Quake-III-Arena;visit=swh:1:snp:4ab9bcef131aaf449a7c01370aff8c91dcecbf5f;anchor=swh:1:rev:dbe4ddb10315479fc00086f08e25d968b4b43c49;path=/code/game/q_math.c;lines=549-572/


Source code is special (so�ware is not data)

So�ware 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, di�icult to maintain
research so�ware a thin top layer

sophisticated developer communities
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Matplotlib library

Python dependencies

Real dependencies

Fake OS dependencies
induced by package granularity

The human side
design, algorithm, code, test, documentation, community, funding

and so many more facets . . .
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International highlights
Paris Call on So�ware Source code (2019, UNESCO)

40 international experts call to “promote so�ware development as a valu-
able research activity, and research so�ware as a key enabler for Open Sci-
ence/Open Research, [. . . ] recognising in the careers of academics their con-
tributions to high quality so�ware development, in all their forms”

UNESCO recommendations for Open Science, 2018-2021

"The source code must be included in the so�ware release and [. . . ] the license must allow
modifications, derivative works and sharing [. . . ]"
"Open science infrastructures should be [. . . ] essentially not-for-profit and long-term"

EOSC SIRS report: So�ware Source Code and Open Science, 2020

connect scholarly ecosystem via So�ware Heritage

use open non profit infrastructures

open source first: "all research so�ware should be made
available under an Open Source license by default"
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https://en.unesco.org/foss/paris-call-software-source-code
https://en.unesco.org/news/experts-call-greater-recognition-software-source-code-heritage-sustainable-development
https://unesdoc.unesco.org/ark:/48223/pf0000378381.locale=en
https://data.europa.eu/doi/10.2777/28598


French National plan for Open Science, 2021-2024

2nd National Plan for Open Science (6/7/2021)

Open and promote research so�ware source code
actions (selection)

charter for research so�ware policy
recognize so�ware development (see
announcement of the 2021 prize)
coordinate communities of practice
connected ecosystem of research outputs

recommendations (selection)
archive in So�ware Heritage
standardise and use SWHID
build a national catalog of research so�ware
leverage ADAC network

See o�icial announcement

Meet the "Collège Logiciel" of the National Commi�ee on Open Science (CoSO)!
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https://www.ouvrirlascience.fr/ouverture-des-candidatures-du-prix-science-ouverte-du-logiciel-libre-de-la-recherche/
https://www.enseignementsup-recherche.gouv.fr/cid159131/le-plan-national-pour-la-science-ouverte-2021-2024-vers-une-generalisation-de-la-science-ouverte-en-france.html


Research So�ware is ge�ing recognized
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A plurality of needs

Researchers

archive and reference so�ware used in articles

find useful so�ware

get credit for developed so�ware

verify, reproduce, improve results

Laboratories/teams

track so�ware contributions
produce reports

maintain web page

Research Organization

know its so�ware assets

technology transfer

impact metrics
funding strategy

career evaluation
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What is at stake

ARDC
Archive for retrieval
(reproducibility)

Reference for
identification
(reproducibility)

Describe for discovery
and reuse

Cite/Credit for credit
and evaluation

Before ARDC
Development practices
and tools (VCS, build
system, test suites, CI,
. . . )

Opening up towards a
community
(documentation,
organization,
communication)

Need training, best practices

Beyond ARDC

Policies (dissemination,
reuse, careers!)

Sustainability (legal,
economic etc.)

Technology transfer

Advanced technologies
and tools (quality,
traceability, etc.)
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Where is the source code?

Collaborative development platforms (aka "forges")

BitBucket, GitLab(.com), GitHub, etc.

support for version control, issues, etc.
example:

https://github.com/rdicosmo/parmap
https://gitlab.inria.fr/gt-sw-citation/bibtex-sw-entry/

Distribution platforms

CTAN, CRAN, PyPi, Debian, etc.

example: https://ctan.org/pkg/biblatex-software

Archives
So�ware Heritage

example: archived version of biblatex-so�ware
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https://github.com/rdicosmo/parmap
https://gitlab.inria.fr/gt-sw-citation/bibtex-sw-entry/
https://ctan.org/pkg/biblatex-software
https://archive.softwareheritage.org/swh:1:dir:92a6d0b9953aa3645ffac6bb4fb30a02932872eb;origin=https://gitlab.inria.fr/gt-sw-citation/bibtex-sw-entry;visit=swh:1:snp:05753fe748b7b85cbd0a9e2bea89aac5268b06c6;anchor=swh:1:rev:7c621448de21b0950cdff2dda37834cd4b389bfa


Forges are not archives!

2015: the first big bad news

Google Code and Gitorious.org shutdown: ~1M endangered repositories

broken links in the web of knowledge (my papers too)

2019: big bad news keep coming in

summer 2019: BitBucket announces Mercurial VCS sunset

july 2020: BitBucket erases 250.000 repositories (including research so�ware)

2021: . . . in Academia too
october 2021: Inria’s old gforge is unplugged

breaks the build chain of the OCaml package manager (Opam)

Bo�omline
we need a universal archive of so�ware source code: now we have one!
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https://github.com/ocaml/opam-repository/issues/19757


So�ware Heritage in a nutshell www.so�wareheritage.org

T H E  G R E AT  L I B R A RY  O F  S O U RC E  C O D E

Collect, preserve and share all so�ware source code

Preserving our heritage, enabling be�er so�ware and be�er science for all

Reference catalog

find and reference all
so�ware source code

Universal archive

preserve all so�ware
source code

Research infrastructure

enable analysis of all
so�ware source code
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The largest so�ware archive, a shared infrastructure
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Addressing the four needs (see ICMS 2020 for details)

Archive (12B+ files, 170M+ projects)

Git
loader

Mercurial
loader

Debian source
package loader

pypi source
package loader

.

.

.

Software Heritage Archive
Merkle DAG + blob storage

Loading
& deduplication

dsc

dsc

hg

hg
hg

git
git

git git

svn

svn

svn

tar

zip

software
origins

Package
repos

Forges
GitHub
lister

GitLab
lister

Debian
lister

PyPi
lister

.

.

.
Distros

...

Scheduling

Listing
(full/incremental)

tar

origins

snapshots

releases

revisionsrevisions

directoriesdirectories

contents

save.so�wareheritage.org

deposit.so�wareheritage.org

Reference (20 billion SWHIDs)

Intrinsic, decentralised, cryptographically
strong identifiers, SWHIDs

Now supported in SPDX 2.2, Wikidata etc.

Describe
Intrinsic metadata from source code

Contributed the Codemeta generator

Cite/Credit
Contributed so�ware citation style
biblatex-so�ware, v 1.2-2 now on CTAN
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https://dx.doi.org/10.1007/978-3-030-52200-1_36
https://save.softwareheritage.org
https://deposit.softwareheritage.org
https://www.softwareheritage.org/2020/07/09/intrinsic-vs-extrinsic-identifiers/
https://www.softwareheritage.org/2020/07/09/intrinsic-vs-extrinsic-identifiers/
https://www.softwareheritage.org/2020/05/13/swhid-adoption/
https://codemeta.github.io/codemeta-generator/
https://www.ctan.org/tex-archive/macros/latex/contrib/biblatex-contrib/biblatex-software
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Demo time: a walkthrough

Browse the archive (your work may be already there !)
Trigger archival of your preferred so�ware in a breeze
Get and use SWHIDs (full specification available online)
Cite so�ware using the biblatex-so�ware package from CTAN
Example in a journal: an article from IPOL
Example with Parmap: devel on Github, archive in SWH, curated deposit in HAL
Extracting all the so�ware products for Inria, for CNRS, for LIRMM or for Rémi
Gribonval using HalTools
Curated deposit in SWH via HAL, see for example: LinBox, SLALOM, Givaro,
NS2DDV, SumGra, Coq proof, . . .
Example use in a research article: compare Fig. 1 and conclusions

in the 2012 version
in the updated version using SWHIDs and So�ware Heritage

Example use in a research article: extensive use of SWHIDs in a replication
experiment
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https://archive.softwareheritage.org
https://twitter.com/gabrielaltay/status/1300218789762662401
https://save.softwareheritage.org
https://docs.softwareheritage.org/devel/swh-model/persistent-identifiers.html
https://ctan.org/pkg/biblatex-software?lang=en
http://www.ipol.im/pub/art/2020/300/
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
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=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/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://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
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
https://www.dicosmo.org/Articles/2020-ReScienceC.pdf


Overview of the So�ware Heritage / HAL synergy
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Call to action: best practices for ARDC are available. . . today!
Archiving and referencing

For all source code used in research (yes, even small scripts!)

ensure it is archived in So�ware Heritage (see save code now)

get the proper SWHID for your so�ware (see detailed HOWTO)

add it to research articles for reproducibility (see detailed HOWTO)

Describing and Citing/Crediting

For so�ware you want to put forward (mention in your CV, reports, etc., get citations and
credit for it), do the following extra steps:

add codemeta.json with description (see the codemeta generator)

reference in the HAL portal (french partners, see online HAL documentation)

cite so�ware using the biblatex-so�ware package (in CTAN and TeXLive)

train students and colleagues engage journals, conferences, learned societies
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https://save.softwareheritage.org/
https://www.softwareheritage.org/howto-archive-and-reference-your-code/
https://www.softwareheritage.org/howto-archive-and-reference-your-code/
https://codemeta.github.io/codemeta-generator/
https://doc.archives-ouvertes.fr/en/deposit/deposit-software-source-code/
https://ctan.org/pkg/biblatex-software


The floor is yours

it’s a long road, but together we can make it

�estions?
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