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Short Bio: Roberto Di Cosmo

Computer Science professor in Paris, now working at INRIA
@ 35+ years of research (Theor. CS, Programming, Software Engineering, Erdes #: 3)
@ 25+ years of Free and Open Source Software

@ 15+ years building and directing structures for the common good

1999 DemolLinux — first live GNU/Linux distro

2007 Free Software Thematic Group
150 members 40 projects 200Me

2008 Mancoosi project www . mancoosi.org
2010 IRILLwww.irill.org

2015 Software Heritage at INRIA

2018 National Committee for Open Science, France

2021 EOSC Task Force on Infrastructures for Software,
European Union
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Software is a pillar of Open Science

T 4

|

Software powers modern research Key pillar: software
<

Over 20% of arti-
cles using software

across all disciplines —

share it
I - 2024 French Open ot
— Science Monitor Repositories
I
I

Links are important

Nota Bene

software may be a tool, a research outcome and a research object
access to the source code is essential!
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https://frenchopensciencemonitor.esr.gouv.fr/software/fields?id=disciplines.partage
https://frenchopensciencemonitor.esr.gouv.fr/software/fields?id=disciplines.partage

Crucial Computer Program for
Particle Physics at Risk of
Obsolescence

(articles: here, here, here and here)

2 Equifax website hack exposes data for

SolarWinds hack that breached gov  ~143 million US consumers.
‘networks poses a “grave risk” to the
nati

Dependency Confusion: How |
.1 Hacked Into Apple, Microsoft =
and Dozens of Other Companies “

Can they track the software that they
@ ship, use, acquire

@ has that bug or vulnerability

awareness is raising at the level of public polich
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https://www.nature.com/articles/s41597-022-01143-6
https://ieeexplore.ieee.org/document/8816763
https://www.quantamagazine.org/crucial-computer-program-for-particle-physics-at-risk-of-obsolescence-20221201/
http://reproducibility.cs.arizona.edu/tr.pdf

© Selected actions of interest (France)
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French National plan for Open Science, 2021-2024

Ex

MINISTERE

DE LENSEIGNEMENT
SUPERIEUR,

DE LA RECHERCHE
ET DE L'INNOVATION
Liberé

i
e

SECOND FRENCH PLAN FOR OPEN
SCIENCE

Generalising open science in France 2021-2024

Second French Plan

. Launch on 6 July 2021 by Frédérique Vidal, Minister for Higher
for Open Science o oh and Innovation 9

Education, Research and Innovation

Multiplying the levers for change in order to generalise
open science practices

Structuring the policy for opening up or sharing research
data

New commitments to the opening of source code
produced by research

European and international inclusion in the context of the
French Presidency of the European Union

Disciplinary and thematic variations: open science
ENERALSING policies must be adapted to disciplinary specificities

OPEN SCIENCE
IN FRANCE 20212024

mo  roberto

Path Three :
#i=e. Opening up and promoting source code produced

) by research
0 (o)

Highlight the
production of
source code from

T

Define and promote

e an gpen source
research and potey
innovation

« The opening of software source code is a
major challenge for the reproductibility of
scientific results. »

« Distribution of software products under
open source licence will be preferred. »

ine and promote an open source software policy

* Produce a National Charter for Open Source Software coming from higher education,
research and innovation

* Develop the link between data and software through a network of Chief Data Officers in the
various universities and research performing organisations.

* Develop the economic models of open source software and make them known within
commercialization services

* Support Software Heritage and recommend it for the archiving and referencing of source code

Recognise source code as a contribution to research

* Create an open source research software prize
* Provide greater recognition for software production in the career of researchers, research

support staff

Build an ecosystem that connects code, data and publications

* Develop proper coordination between software forges, open publication archives, data
repositories and the scientific publishing sector.
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Software on par with research articles and data

Software College in the National Committee for Open Science
o Five action lines (licence is just the tip of the iceberg, see details online) 4
@ Co-Chairs: Roberto Di Cosmo, Francois Pellegrini
@ Members: 20+ from all research fields :
o Key productions: .

e Source Code primer

e Report on software forges (needs, limitations, options):

o Address GitLab instance limitations for global contribution:
https://code.gouv.fr/fr/bluehats/outils-de-forge-2024/

o National research software award. Open Research Europe 2023
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https://www.ouvrirlascience.fr/research-software-as-a-pillar-of-open-science/
https://www.ouvrirlascience.fr/source-code-and-software/
https://www.ouvrirlascience.fr/higher-education-and-research-forges-in-france-definition-uses-limitations-encountered-and-needs-analysis/
https://code.gouv.fr/fr/bluehats/outils-de-forge-2024/
http://dx.doi.org/10.12688/openreseurope.16069.1

French National plan for Open Science awards 2022 and 2023

First edition, Second edition,

eEm e enomas vassetss -
MINISTERE :,fmu
DE LENSEIGNEMENT DE UENSEIGNEMENT
SUPE SireR)
E1 D LA RECHERCHE

ET DE LA RECHERCHE
e

Accueil > Recherche > Science ouverte

Remise des prix science
ouverte du logiciel libre de la
recherche 2023

Le ministére de IEnseignement supérieur et de la Recherche remet
i&me édition les Prix sci du logiciel libre de
Ta recherche. Huit logiciels développés par des équipes francaises
sont récompensés pour leur contribution a lavancée de la
i ientifique ou pour le caractére prometteur de leurs

Remise des prix science
ouverte du logiciel libre de la
recherche

catégorie Communauté Le ministére de IEnseignement supérieur, de la Recherche et de

= Faust: laurdat de a catégorie VInnovation remet pour la premiére année les Prix scien
Docomentation ovation remet pour la premiére année les science (> ¢ (o] Lo} b} (o} ®

ouverte du logiciel libre de la recherche. Dix logiciels mis au point
par des équipes frangaises sont récompensés pour leur
contribution a I'avancée de la connaissance scientifique.

— Gammapy : prix du jury

0,0 00¢006,00
000000 O

- Jury

@ 129 projects o Coq proof assistant @ 66 projects
o 4 awards @ Scikit-Learn ML/AI @ 4 awards
@ 6 accessit o Faust music @ 4 "espoirs"
o first edition o Gammapy astronomy o will be run annually
. V.
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https://www.enseignementsup-recherche.gouv.fr/fr/remise-des-prix-science-ouverte-du-logiciel-libre-de-la-recherche-83576
https://coq.inria.fr/
https://scikit-learn.org/
https://faust.grame.fr/
https://gammapy.org/
https://www.enseignementsup-recherche.gouv.fr/fr/remise-des-prix-science-ouverte-du-logiciel-libre-de-la-recherche-2023-93732

Blueprint and data from the first edition (2021-2022)

eprin analysis available A look at the data

() Creation date (b) Scientific domain
Computer SuB ; n un
ology: Heal
Open Research Euro
Sclenllﬂe \nlolmallon
Material Sci., neenng
How to Py Astronomy, A physics
arth, Enwonmen(
) nergy
9Qviers | 1200micass O High Emie) ;r.igﬁ;:g‘:g !
OPENLETTER § 50 60 o 8
S s (c) Open-source license l
Establishing a national research software Avache = = srong conyot
award BSD (2- or 3-Clause) = copyleft
i i CC-BY-NC-SA I permissive
[version 1; peer review: 2 approved] oSeaiL
e
Isabelle Bianc Catala (), Roberto i Cosmo (2], Mathieu Giraud £ (B, Daniel Le Berre (@, CeCILL-C
EPL
visine Lot ), Sopnie Renaudin, GNU AGPL
GNU GPL
e GNU LGPL
MIT
MPL
. . . Double/muttiple li
@ goals, design decisions R
o challenges and solutions (9 Typocgy
Standalone software
Library
Dovelopment 0
elopment too
o lessons learned o)
Embedded software
Other or multiple B/pnlng\es
1 0 5 10 40 50
o detailed data Somsins st
——————————

Emulation is working

Australia: here and here; Germany: Helmholtz; European Commission: a CSA; ...
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https://doi.org/10.12688/openreseurope.16069.1
https://ardc.edu.au/article/new-research-software-award-joins-the-eureka-prizes/
https://www.ecolsoc.org.au/awards/ardc-award-for-new-developers-of-open-source-software-in-ecology/
https://os.helmholtz.de/en/open-research-software/helmholtz-incubator-software-award/
https://www.horizon-europe.gouv.fr/public-recognition-scheme-open-source-csa-32611

A few key shared needs across all areas

Reproducibility

* Reprog
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We need a universal shared infrastructure to address them! |

May 14th 2024 8/19

Infrastructures for Open Source

R. Di Cosmo  roberto@dicosmo.org  (CC-BY 4.0)



© Meet Software Heritage
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Software Heritage in a nutshell www.softwareheritage.org

A ,
o .
+3¥%. Software Heritage,
L\ﬂAV/A THE GREAT LIBRARY OF SOURCE CODE

v

Collect, preserve and share all software source code
Preserving our heritage, enabling better software and better science for all

v

Reference catalog Universal archive Research infrastructure

Sl CRAN damage ¢
Mol disaster ;i
Bﬂ«% %mili%imis dgé_nle,n%n
Gt erar, Sygobsolete i
GoogleCode “4ics == 2
find and reference all preserve and share all enable analysis of all
software source code software source code | software source code |
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profit initiative built for the long term

Sharng the vision
= &’z p
N =

United Nations -
Educational, Scientific and -
Cultural Organization +

Diamond sponsor
sﬂ'lwape v GitLab é; ENGINEERING % ecllpse E

Platinum sponsors

OW2 <igfe seQorr I ..ﬁ @ intel

TILinux

B2 Microsoft S@

HUAWE!
REPUBLIQUE FRANGAISE

Gold sponsors

Computer

NP %0 History D) Hugging Face servicenow.
Ny Museum \\r s
ADULLACT —
L . o conservancy SOCIETE Q SORBONNE Université
o) Sofvsre Frecdom Adahw V 6 gandLnet D-n |— e D UNIVERSITE Parie Cite

gp FREE SOFTWARE Silver sponsors
AT1ION

FOUND

@g(r)erﬁm’oens 5(‘\ agﬁ!‘;:,!,e:g openinventionnework AdaCor T Eé. !_! GitHub Go gle & [uisna

Bronze sponsors

@ scanoss 7 o g
And many more ...
www.softwareheritage.org/support/testimonials
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www.softwareheritage.org/support/testimonials

The largest software archive, a shared infrastructure

Public Administration

Cultural Heritage hﬂiustw hesearch

e 3

One infrastructure ii‘
open and shared

Software Heritage

The largest archive ever built

Source files Commits Projects . A
d W Bitbucket g glt
17,798,218,376 3,802,143,973 278,187,495 2,509,402 origins < 56,983 origins < 24,600 origins <
e e R Odebian o
' ) 26,599 origins < 136,338 origins < 53,297 origins <
] GitHub gitiles & GitLab
Fas 197.883004origins < 1037 origins < 4262080rigins <
737 git {3 Gogs
2,926 origins < 172 origins < 97,549 origins <
"\ Guix E@GNU © reveves
14,482 origins < 354 origins < 1,207 origins <
Directories Authors Releases S launch Maven ‘;A NixOS
14,364,868,206 69,923,710 82,196,102 503,631 origins < 312,461 origins < 14,482 origins <
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Address common Open Science and Open Source needs: archival

Forges

GitHub

Software Heritage Archive

u O usres g Merkle DAG + blob storage
Git

loader
GitLab
lister

Mercurial
loader

Distros

® 6 @

Package a

@ PAN Listing Loading

Debian source
package loader

lister

(full/incremental) & deduplication

vV éj) — éj)

Global development history permanently archived in a uniform data model
@ over 18 billion unique source files from over 290 million software projects
@ ~1.5PB (compressed) blobs, ~35 B nodes, ~500 B edges
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Address common Open Science and Open Source needs: reference

Software Heritage Identifiers (SWHID)

schema_version object_id
i [
::Plddb23118f92d721809935973990cf58f1d07fa }
40+B
* v . t . .
prefix object_type In I
origin_ctxt ;origin=https://github.com/chrislgarry/Apollo-11 ] rns C’ :
C——  “snp” - snapshot .
¥ st ctxt—f visd tmswhrLsanp: 206627000031 s | decentralised, §
“rel” - release
/\ P o mien anchor_ctxt ;anchor=swh:1:rev:3913£198£4383d4d638c0485d6aa902££2£35828 ] C ryptograp h IC
4 "dir” - directory path_ctxt ;jpath=/Luminary099/BURN_BABY BURN--MASTER IGNITION ROUTINE.agc ]

“ent” - content -
lines_ctxt ;lines=64-72

Full fledged source code references for traceability, integrity and reproducibility

s Banindl fem SO 29 Examples: Apollo 11 AGC excerpt, Quake Il rsqrt
o IANA-registered "swh : " Guidelines available, see the HOWTO
o WikiData property P6138 Breaking news: standardisation, see swhid.org

osmo  roberto cosmo.org  (CC-BY 4.0)
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https://docs.softwareheritage.org/devel/swh-model/persistent-identifiers.html
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/2020/07/09/intrinsic-vs-extrinsic-identifiers/
https://spdx.github.io/spdx-spec/appendix-VI-external-repository-identifiers/#persistent-id
https://www.wikidata.org/wiki/Property:P6138
https://archive.softwareheritage.org/swh:1:cnt:64582b78792cd6c2d67d35da5a11bb80886a6409;origin=https://github.com/virtualagc/virtualagc;lines=245-261/
https://archive.softwareheritage.org/swh:1:cnt:bb0faf6919fc60636b2696f32ec9b3c2adb247fe;origin=https://github.com/id-Software/Quake-III-Arena;lines=549-572/
https://www.softwareheritage.org/howto-archive-and-reference-your-code/
https://swhid.org

@ An example is worth a thousand words
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A walkthrough

Browse and Reference (e.g. Apollo 11 [excerpt], your work may¥hg alfead there !)

(]

Trigger archival, use the updateswh browser extension, configure the we#fooks
e example: French public open source at: code.gouv.fr

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
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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://code.gouv.fr/public/#/repos
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

© A lot more lies ahead
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Instit nal Software Portal

Problem: institutions need to identify projects of interest...

DALL-E’s view of an instutional portal

@ presentation
@ extraction

Why Software Heritage:

institutions

@ shared knowledge base

& Solution: personalised institution portals on SWH

@ deposit and curation of (meta)data

@ platform agnostic, metadata from multiple

... projects spread across 100s of platforms

R. Di Cosmo

rober

cosmo.org

(CC-BY 4.0)

Infrastructures for Open Source

May 14th 2024
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Certified deposit

Problem: organizations need trusted timestamps on
| software deposits. ..

Solution: personalised deposit portals with a secure
timestamp conforming to ISO/IEC 18014

L Why Software Heritage:

@ SWH’s Merkle tree is half a blockchain

o SWHID guarantees integrity

@ universal archive, standardised

e minimal disruption to current deposit workflow

DALL-E’s view of SWH as CD
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Cybersecurity, Al, Tech, Science ...

Cybersecurity: tracing vulnerabilities (Generative) Al

AL MODERN DIGITAL
INFRASTRUCTURE

ﬁ The Stack v2

See the SWHSec project

The Stack V2 (subset of Software Heritage)
used to build StarCoder2, best open Al model
for coding today (3, 7 and 15B parameters)

v v

o big data infrastructure

o efficient queries

@ integration with other knowledge graphs
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https://swhsec.github.io/
https://huggingface.co/datasets/bigcode/the-stack-v2
https://github.com/bigcode-project/starcoder2

@ call to action
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A rally flag for a grand vision

Bring together academia, industry, governments, communities

"to build a reference, global infrastructure for open and better software"

Software Heritage is the first brick ...

archival, reference, integrity

@ vendor neutral

@ open source @ qualification, sharing and reuse

e a worldwide initiative a global software knowledge base

@ along term initiative test and deploy world class tooling

A lot more is needed
Software Heritage can be the catalyser of a way bigger undertaking
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The floor is yours

Let’s work together! )

|y
) /.\VL J’:% Software Heritage
l> < L\"% THE GREAT LIBRARY OF SOURCE CoOE

Software Heritage -~
Annual

Report v
2023

Software Heritage

Infrastructures for Open Source May 14th 2024 19/19
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https://annex.softwareheritage.org/public/annual-reports/2023/SoftwareHeritageReport_2023.pdf
https://www.youtube.com/watch?v=8RdA5TxOAGo
https://www.youtube.com/watch?v=Ez4xKTKJO2o
https://www.youtube.com/watch?v=8RdA5TxOAGo
https://youtu.be/UzvPu4WfbLQ
https://youtu.be/UzvPu4WfbLQ
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