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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, Erdos #: 3)

@ 25+ years of Free and Open Source Software

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

1999
2007

2008
2010
2015
2018
2021

DemolLinux - first live GNU/Linux distro

Free Software Thematic Group
150 members 40 projects 200Me

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

Software Heritage at INRIA

National Committee for Open Science, France

EOSC Task Force on Infrastructures for Software,
European Union
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Software Source Code is Precious Knowledge

Harold Abelson, Structure and Interpretation of Computer Programs (1st ed.) 1985
“Programs must be written for people to read, and only incidentally for machines to execute.”
Covid Sim ( excerpt )

Apollo 11 source code (excerpt)

P63SPOT3 CcA BIT6 # IS THE LR ANTENNA IN POSITION 1 YET
EXTEND level. 1 f
RAND CHAN33 r t
EXTEND R
BZF P63SPOTA # BRANCH IF ANTENNA ALREADY IN POSITION 1 <
! T :
, f ;
CAF CODE500 # ASTRONAUT:  PLEASE CRANK THE
TC BANKCALL # SILLY THING AROUND .
int n; o .
CADR  GOPERF1 int adunit ¢ 1
TCF GOTOPOOH # TERMINATE dne members; ‘
TCF P63SPOT3 # PROCEED SEE IF HE'S LYING nt* places[MAX_NUM_PLACE_TYPES]; ari; within rocel
unsigned short. it AunpacestyType WX MM PLACE.TYPES);
Unsidned short ¢ kemorkerpronh, move trid, place crif, soudist <ris, keyworkerpraph.trin
P63SPOTA T BANKCALL # ENTER INITIALIZE LANDING RADAR unsigned short int move_start_tine, move_end tine;
CADR  SETPOSL unsigned short int place end tine, Socdist end tine, keyworkerproph end tine;
Treatstat moverest, treat, st, placeciose;
. rig;
Tc POSTIUMP 4 OFF TO SEE THE WIZARD ... signed short Snt s siars_sine reat_and_tin;
unsigned short int vace_start._tine;

CADR BURNBABY TndexList® ALrportList;

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: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
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Software powers modern research

Medical research

(total = 23.5 k)

Fundamental biology

(total = 15.4 k)

Earth, ecology, energy and applied biology

(total = 8.7 k)

Physical sciences and astronomy

(total = 6.9 k)

Engineering

(total = 5.4 k)

Chemistry

(total = 4.7 k)
Humanities 9

(total = 4.5 k) 21%

Computer and information sciences

(total = 4.1 k)

Social Sciences

(total = 3.6 k)
Mathematics D
(total = 3.1 k) 23%

32%
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Proportion of publications mentioning the use of code or software
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https://frenchopensciencemonitor.esr.gouv.fr/software/fields?id=disciplines.utilisation
https://frenchopensciencemonitor.esr.gouv.fr/software/fields?id=disciplines.utilisation
https://frenchopensciencemonitor.esr.gouv.fr/software/fields?id=disciplines.utilisation
https://open-science-monitoring.org/
https://open-science-monitoring.org/
https://open-science-monitoring.org/

nature

Stop treating code like an V/AVL\

afterthought: record, share </ >1 ;

and valueit Py ef
SR Software
Heritage

Software and Source

Codes College

Software has now become essential in all areas of scientific research,
both as a research tool, as a research product and as a research
obiect.

Code is a key research
output — let's preserve,
reference, and value it

@ e e QIO

October 7, 2025

LinkedIn post
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A bird’s eye view of arising policies: reproducibility, open science, career

Publishers
"share the software associated to your articles” mandates

Artifact Evaluation Committees
"review the software artifacts associated to articles” initiatives (ACM badges, etc.)

Funders
"software developed under grant XXXX must be made available under an open license"

Institutions
"software in CV" (e.g. DFG model CV)" and "in lab/institute/organization reports”

Communities

"software must be cited and credited”

Key issues: how to Archive, Reference, Describe, Cite and Credit (research) software?
we need a dedicated infrastructure... now we have one!
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© Software Heritage: supporting Software in Open Science
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www.softwareheritage.org

Software Heritage in a nutshell

Unveiled in 2016
SA
L \" °
+3V%> Software Heritage
L\ﬂAV\ 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

Reference catalog Universal archive Research infrastructure
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preserve and share all

software source code
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A universal software archive, as a shared infrastructure

; Unveiled in 2016

Cultural Heritage ‘ Industry H Research Public Administration

One infrastructure .,

) & P+
ran prof . A

open and shared
Software Heritage [ unesco|

The largest archive ever built

Source files Commits Projects "

2% Microsoft

Inm;s W2 Huawer

Platinum sponsors

26,098,911,720 5,511,094,786 402,119,077

e Cold sponsors

-
- Sihersponsors

AdaCore ¥ 7, ~ GitHub | S

Bronze sponsors
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The archive under the hood

Forges
‘;I:;?:rb software Software Heritage Archive
P Merkle DAG + blob storage
Git
loader .
GitLab — 5 origins
Q‘?, V lister . : Mercurial
-
loader

snapshots

Debian source A
package loader

® 6 (a".;éz"
OO0 g

PyPi

lister
Package
repos
C PAN Listing Loading
(full/incremental)

& deduplication

contents
6‘/} Scheduling (\'3

!
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The archive under the hood

Global development history permanently archived in a uniform data model
@ over 26 billion unique source files from over 400 million software projects

@ ~2PB (compressed) blobs, ~50 B nodes, ~800 B edges

Software Hash Identifiers (ISO 18670)

Standards Sectors About ISO Insights & news
Criptographically strong identification
for 50 billion software artifacts

= ISO/IEC
- 18670:2025

Information technology —

Integrity and traceability support reproducibility [a]&F
SoftWare Hash IDentifier
Read sample (SWHID) Specification V1.2 and tral’lspare ncy

Published (Edition 1, 2025)
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https://www.iso.org/standard/89985.html
https://www.iso.org/standard/89985.html

How Software Heritage adresses Open Science’s needs

Archive (25B+ files, 400M+ projects) Reference (50 billion SWHIDs)
Intrinsic, cryptographically strong IDs

L +
[
v v
- ortgt -hub.

aop
.
H
£
5
8
2
'z
&

@ save now, updateswh, webhooks ) o
Now in SPDX 2.2, Wikidata

@ deposit.softwareheritage.org https://swhid.org - ISO/IEC 18670

Describe Cite/Credit
@ Intrinsic metadata from source code e Contributed biblatex-software style
@ Contributed the Codemeta generator @ 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

Demo time!

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

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

o Cite from the archive with biblatex-software (CTAN, ACMART)

@ Describe with Codemeta (use codemeta generator)

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

o 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:

e compare Fig. 1 and conclusions in the 2012 version and the updated version
o 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

A few adoption indicators

Policy

Second French Plan

= ]
for Open Science ,

French national

Scholarly
Infrastructures
for Research
Software

g, _strategy

Ripn research

»_infrastructures
Aggregators
GENERALISING

OPEN SCIENCE

Scholarly repositories
IN FRANCE 20212024

74> Software Heritage
Recommendations in ANR 2023 guidelines (p. 17)
HAL+SWH in the Open Science software booklet

Projects
AIRCOREZEOSC

Core Components Supporting a FAIR EOSC

FAIR-IMPACT

Expanding FAIR solutions across EOSC

)e0sc
eosc

The CodeMeta Project

% What are they “referencing”?

ource | Joercernaze__|

Not available

2868 4622
GitHub 1151 1855
software heritage 387 624
zenodo 142 229
r package 70 113
cran 56 0.90
r package version 54 0.87

gitlab 35 056

%0
Graphics Replicability (\
Stamp InitiatR/e .--:R)

\\1‘;, b/Surf: Interactive Bézier Splines on Surface
Meshes

Claudio Mancinell, Giaomo Nazzaro, Fabio Pellacini, Enrico Puppo
IEEE Transactions on Visualization and Computer Graphics (TVCG)

c@ & Repository.



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/

Zoom on UNESCO’s recommendations for Open Science

Rel:  CUA

‘Sublect: Draft toxt of the UNESCO Recommendation on Open Science

1, please accept, Madam/Sir the a of m

bt b

Audroy Azouiay
Oirector-General

text of the UNESCO Recommendation on Open Science

Dol

' 1o UNESCO
for UNESCO

To Ministers responsibe fo roations with UNESCO

R. Di Cosmo

Selection from the recommendations

@ Open Source for Open Science

"The source code must be included in the soft-
ware release and made available on openly
accessible repositories and the chosen license
must allow modifications, derivative works
and sharing under equal or compatible open
terms and conditions"

Infrastructures

"Open science infrastructures should be orga-
nized and financed upon an essentially not-
for-profit and long-term vision, which en-
hance open science practices and guarantee
permanent and unrestricted access to all, to
the largest extent possible.”
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https://unesdoc.unesco.org/ark:/48223/pf0000378381.locale=en

Much more than an archive: a revolutionary infrastructure for Software

Modern "Library of Alexandria", international, non profit, long term initiative
addressing the needs of industry, research, culture and society as a whole

Software Graph Software Blockchain Open Science pillar Big Code
hhhhh o
1T g [ 2 )
Gappa VRN 7N s [ @06e0e0@
o= ] E e : o®
(RN S - ®el0®
“““““ Open Data Sets Open Source ‘

Repositories Repositories

One infrastructure, shared: more efficient, less waste ...
. addressing a broad spectrum of needs!
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© Preview from the Software Heritage very large telescope
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An unprecedented view of software institutional contributions

Top 40 Repositories by number of Contributions (Log Scale)

3531626 g 4x0
2 3x10
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3
Si2x 10t
=
3
5
2
k=S
< / > 46533 § 0
3
Software Projects c

Active last 12 months: 3425

NI VI AN
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R NN 9 °i®‘£o°°§\$,@?\\z&@°g
3 Y, o LR . (., 2l
‘ 30101 D T RGO SR
B [ NOZINIE S EQE \eo&v \o@’\ o@&\% LS (\(\z{ &4 Q\°@ 3
Coo U@ PSS N
Contributors S \)"g"'&cé-‘“\) S \\i\\\é\ <&
X o
K N

[ ]
/ \ 1992-07-08
(o I- 2025-05-17

e Time Span

Repository URL

A picture of the French academic software sky
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New frontiers: licences, sovereignty and resilience

Licence status of projects with at least N contributions

N=100 N=500 N=1000
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@ The road ahead
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Call to action: adopt and share best practices ... today!

Archive and reference

All source code used in research (yes, even small scripts!) for reproducibility
e save in Software Heritage See detailed HOWTO
o add SWHID in articles online

Describe and Cite/Credit
For software you want to put forward (mention in your CV, reports, etc., get citations and
credit for it), do the following extra steps: video tutorials
@ add codemeta.json (see the codemeta generator)

e cite using the biblatex-software package (in CTAN and TeXLive)

@ french partners: register in HAL (see online HAL documentation)

Identifying, monitoring, and much more!

Let’s grow and use the very large telescope of software source code
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https://www.softwareheritage.org/howto-archive-and-reference-your-code/
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://ctan.org/pkg/biblatex-software
https://doc.archives-ouvertes.fr/en/deposit/deposit-software-source-code/
https://www.youtube.com/watch?v=-Ggn98sR3Eg&list=PLD2VqrZz2-u3bOWtoCoBIh5Flt6iYXsq3

Selected References more at softwareheritage.org/publications

@ R. Di Cosmo, S. Granger, K. Hinsen, N. Jullien, D. Le Berre, V. Louvet, et al.
Stop treating code like an afterthought: record, share and value it.

@ L. Courtes, T. Sample, S.Tournier, S.Zacchiroli
Source Code Archiving to the Rescue of Reproducible Deployment

@ R. Di Cosmo, M. Gruenpeter, B. Marmol, et al.
Curated Archiving of Research Software Artifacts: Lessons Learned from the French Open Archive

https://doi.org/10.2218/ijdc.v15i1.698

@ R. Di Cosmo, J. B. G. Lopez, J.-F. Abramatic, et al.
Scholarly Infrastructures for Research Software
https://data.europa.eu/doi/10.2777/28598

@ J.-F. Abramatic, R. Di Cosmo, S. Zacchiroli
Building the Universal Archive of Source Code
https://cacm.acm.org/magazines/2018/10/
231366-building-the-universal-archive-of-source-code/fulltext
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https://doi.org/10.2218/ijdc.v15i1.698
https://data.europa.eu/doi/10.2777/28598
https://cacm.acm.org/magazines/2018/10/231366-building-the-universal-archive-of-source-code/fulltext
https://cacm.acm.org/magazines/2018/10/231366-building-the-universal-archive-of-source-code/fulltext
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