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@ Introduction

Stefano Zacchiroli Software Heritage Nov 2025, OA week IP Paris 2/25



About the speaker

Professor of Computer Science, Télécom Paris, Polytechnic Institute of Paris

Free/Open Source Software activist (20+ years)
Debian Developer & Former 3x Debian Project Leader

Former Open Source Initiative (OSI) director
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Software Heritage co-founder & chief scientific officer
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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 cA BIT6 # IS THE LR ANTENNA IN POSITION 1 YET
EXTEND “ A B i
RAND ~ CHAN33 rrs et
EXTEND I
BZF P63SPOTA # BRANCH IF ANTENNA ALREADY IN POSITION 1
! : n ax run T 5. sssa days=aa
CAF CODES00 # ASTRONAUT: PLEASE CRANK THE ‘
TC BANKCALL # SILLY THING AROUND
ant n; o in mi
CADR  GOPERF1 int adunic; : 1
TCF GOTOPOOH # TERMINATE nt nenbers !
TCF P63SPOT3 # PROCEED SEE IF HE'S LYING int places [HAX_NUN_PLACE_TYPES]; ari ithin microcel
unsianea short. nt AunpaceseyType WS MUHPLACE.TYPES);
st shrt int keprkerprogh, sove <rig, place trig, socdiat triq, Keyworkerproph rig;
P63SPOTA Tc BANKCALL # ENTER INITIALIZE LANDING RADAR tine;

L_tine, keyworkerproph_end_tine;

CADR  SETPOS1

TC POSTJUMP # OFF TO SEE THE WIZARD ...
CADR BURNBABY

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

Open) Source Code comes from all over the world

MSR °22, May 23-24, 2022, Pittsburgh, PA, USA

Davide Rossi and Stefano Zacchiroli
Geographic Diversity in Public Code Contributions: An Exploratory Large-Scale
Study Over 50 Years. MSR 2022) https:/doi.org/10.1145/3524842.3528471
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We use as dataset the Software Heritage archive [3] and analyze
from it 2.2 billion commits archived from 160 million projects and
authored by 43 million authors during the 1971-2021 time period.
We geolocate developers to 12 world regions, using as signals email
country code top-level domains (ccTLDs) and author (first/last)
names compared with name distributions around the world, and
UTC offsets mined from commit metadata.
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Figure 3: Ratio of commits (above) and active authors (below) by world zone over the 1971-2020 period.
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pen) Source Code grows at an exponential rate

Evolution of Number of Objects per Year
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Rousseau, Di Cosmo, Zacchiroli: Software provenance tracking at the scale of public source code. Empir. Softw. Eng. 25(4): 2930-2959 (2020)

Stefano Zacchiroli Software Heritage Nov 2025, OA week IP Paris 5/25



© (Open) Source for Open Science
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Software Source Code: pillar of Open Science

Key pillar: software
Software powers modern research

Over 20% of arti-
cles using software
across all disciplines
share it

2024 French Open
Science Monitor

Open Access
Repositories

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

Source code is special (software is not data)

Software evolves over time
@ projects may last decades
o the development history is key to its understanding

Complexity

Matplotlib library

e millions of lines of code A 3
2\ LA T
o large web of dependencies N “':"'

s

17
=<t ==

e easy to break, difficult to maintain Python dependencies
e research software a thin top layer

@ sophisticated developer communities

Precious, endangered executable and human readable knowledge

key people passing away, platforms (GoogleCode, Gitorious, etc.) closing down ...
no organised effort to catalog and archive it
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Policy on the rise

Paris Call on Software Source code (2019, UNESCO)

B o |4O international experts call to “promote software development as a valu-
iz | able research activity, and research software as a key enabler for Open Sci-

%$ . ence/Open Research, [...] recognising in the careers of academics their con-

tributions to high quality software development, in all their forms”

UNESCO recommendations for Open Science, 2018-2021

"The source code must be included in the software 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: Software Source Code and Open Science, 2020

connect scholarly ecosystem via Software Heritage

And much more
Software track in OSEC 2022, Software working group launched in Science Europe,
DFG adds software to model CV (9/22), NASA unveils Open Science policy (12/22), ...
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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
https://osec2022.eu/program/
https://www.dfg.de/en/research_funding/announcements_proposals/2022/info_wissenschaft_22_61/index.html
https://science.nasa.gov/researchers/science-data/science-information-policy

French National plan for Open Science, 2021-2024

EN

MINISTERE

DE LENSEIGNEMENT
SUPERIEUR,

DE LA RECHERCHE
ET DE L'INNOVATION

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
policies must be adapted to disciplinary specificities

Path Three :
ez,  Opening up and promoting source code produced

- by research
0 (o)

Highlight the
production of
source code from
higher education,
research and
innovation

Define and promote
an open source
software policy

« 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

e source code as a contribut

Recog n 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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What is at stake

Before ARDC

ARDC @ Development pract.ices Beyond ARDC
@ Archive for retrieval and tools (VCS, build - . oo
(reproducibility) system, test suites, Cl, @ Policies (dissemination,
Reference for code quality, ...) reuse, careers, ...)
° identification @ Opening up towards a ° SIustaiT]ability (legal,
(reproducibility) community financial, etc.)
(documentation, o Technology transfer

@ Describe for discovery
and reuse

o Cite/Credit for credit

organization,

@ Advanced technologies
communication)

and tools (quality,

i Need training, tooling, traceability, etc.)
and evaluation .
infrastructures, best
practices

let’s focus on the ARDC part
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How do we tackle preservation?

A - Since the 1976°s 1990’s
.zip or .tar file on:

o ftpserver (e.g. gnu)
o web page (example)
o document archive (+ DOI sample)

C: a mix of the two

Artifacts Available Jrtifacts Evaluated &

Authors/Contributors: Authors Info & Affiliations

DOI: ((fips,//dolorg/10.1145/ GEEEB)Version: 1.0

0 Description

A source archive of (I, and the version of G used in the paper
eval. A more up-to-date version of can be found at

6 P

0 Assets
Read v (I

£ Download (3.5 KB)

Artifact ((EE
S

B - Since the 2000’s
Rely on software forges
e institutional/project (e.g. example)

o free commercial ones: BitBucket,
GitHub, GitLab, ... (e.g. parmap)

Can get no satisfaction...
A Poor user experience
B No preservation guarantee

C Can do so much better

Stefano Zacchiroli Software Heritage Nov 2025, OA week IP Paris
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https://ftp.gnu.org/
https://www.dicosmo.org/FreeSoftware/isocompr/
https://doi.org/10.6084/m9.figshare.11629095.v1
https://gitlab.inria.fr/gt-sw-citation/bibtex-sw-entry
https://github.com/rdicosmo/parmap

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)

Big bad news keep coming in
e summer 2019: BitBucket announces Mercurial VCS sunset
@ july 2020: BitBucket erases 250.000+ repositories (including research software)

@ summer 2022: GitLab.com considers erasing all projects that are inactive for a year

In Academia too!

@ 2021: Inria’s old gforge is unplugged... breaks the Opam build chain for OCaml

We need a universal archive of software source code: now we have one!
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https://github.com/ocaml/opam-repository/issues/19757

© Software Heritage in the big picture
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Software Heritage in a nutshell www.softwareheritage.org

Unveiled in 2016

A
DIV .
<3'%> Software Heritage
A”Ar‘ THE GREAT LIBRARY OF SOURCE CODE

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
Sk R di [damage ¢
Mot 1saster vll(unu
E‘““‘:ﬂ% __,m_sllaous deletion
G&g @T(XJ/L *E'"aU andwlﬁEe
GoogleCode. ™ b o 5
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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A universal software archive, as a shared infrastructure

Cultural Heritage Industry ‘ Research :Public Administration
One infrastructure i‘ & é P+
0 < 5o m
open and shared % EITIE

Software Heritage

The largest archive ever built

o Bitbucket
218,626 origins < 56,983 oigins ¢ «
(Odebian
Source files Commits Projects 29.0460rgins ‘ 142.984 origins ¢ ‘
26,098,911,720 5,511,094,786 402,119,077 GitHub gitiles
623519 origins ‘ 24,614 origins ‘ ‘
: @ Gogs
()
Tonu
« 354 origins « ‘
Maven
425 606rigins ¢ «
49arorigins ¢ ‘
® Phabricator
98origing ‘ ‘
& FORGE stagit

382,368 origins
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An internation

built for the long term

non profit initiative

Sharing the vision

United Nations -
Educational, Scientificand -
Cultural Organization +

4

Software
owea

TJtinux

v GitLab 2 eclipse

“fsfe n;-’-\ ?.!.ESQ.ET = .’. ﬁ

Liberté + Egalité + Fra
REPUBLIQUE FMN(A!SE

>
ADULLACT >

. ) Software Freedom Ad
Law Center a

-
o conservancy

& gandinet S

FREE SOFTWARE

4 F UNDATIO

openinventionnetwork

@creative
commons

open saurce
hitiat

And many more ...
www.softwareheritage.org/support/testimonials

Donors, members, sponsors

Ve

Diamond sponsors

B Microsoft

|nﬂ)sys Q"g HUAWEI

Platinum sponsors

Goldsponsors

EV_V/% Google  openinvention Universite
Silver sponsors
AdaCore ~=“w‘“\ QZA GitHub | ‘“}w
Bronze sponsors
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www.softwareheritage.org/support/testimonials

The archive under the hood

Forges

GitHub

Software Heritage Archive

u 0 lister software Merkle DAG + blob storage
ait

loader
GitLab —
lister

V Distros
® 6O o
OEm g

repos >
C PéN Listing Loading

(full/incremental) & deduplication

() e ()

Mercurial
loader

Debian source
package loader

)

Global development history permanently archived in a uniform data model
@ over 24 billion unique source files from over 375 million software projects
@ ~2PB (compressed) blobs, ~50 B nodes, ~900 B edges
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The Software Hash persistent identifier (SWHID)

Software Hash Identifiers (SWHID) see swhid.org
50+B intrinsic, decentralised, cryptographically strong identifiers, SWHIDs

schema_version object_id

4
\
::{41ddb23118f92d7218099a5e7a990cf58f1d07fa ]
v v
prefix object_type

origin_ctxt ;origin=https://github.com/chrislgarry/Apollo-11

“snp” - snapshot

visit_ctxt ;visit=swh:1:snp:206c27c0c031 2dea9836

)
“rel” - release ]
: ]
]

" _ yevision anchor_ctxt ;anchor=swh:1:rev:3913£198£4383d4d638c0485d6aa902f£f2£35828

7dir” - directory path_ctxt ;path=/Luminary099/BURN_BABY BURN--MASTER IGNITION_ ROUTINE.agc

QO |

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

In SPDX 2.2; IANA "swh: "; WikiData P6138; standard ISO 18670
Full fledged source code references for traceability, integrity and reproducibility
Examples: Apollo 11 AGC, Quake Il rsqrt; Guidelines available: HOWTO and ICMS 2020
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https://swhid.org
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://www.swhid.org/
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://dx.doi.org/10.1007/978-3-030-52200-1_36

@ Demo time

Stefano Zacchiroli Software Heritage Nov 2025, OA week IP Paris 18/25



A walkthrough

Browse (e.g. Apollo 11 [excerpt], your work may be already there!)

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

Get and use SWHIDs (full specification available online)

Cite software with biblatex-software package from CTAN
o Overleaf ACMART template available

o Example in journals: article from [POL

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

o Extracting all the software products for Inria, for CNRS, for CNES, for LIRMM or
for Rémi Gribonval using HalTools
o Curated deposit in SWH via HAL, see for example: LinBox, SLALOM, Givaro,
NS2DDV, SumGra, Coq proof, ...
o Example use in 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://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://docs.softwareheritage.org/devel/swh-model/persistent-identifiers.html
https://ctan.org/pkg/biblatex-software?lang=en
https://www.overleaf.com/latex/templates/template-for-acmart-using-biblatex-and-biblatex-software/hrbzctcdjwvd
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=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://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

Addressing ARDC: an example is worth 1000 words

Software metadata: codemeta.json

o example from Parmap, created with Codemeta generator

@ software citation (see detailed HOWTO) and biblatex-software

Integration with the HAL national french open access archive
@ Curated deposit: metadata quality due to moderation

o examples: LinBox, SLALOM, Givaro, NS2DDV, SumGra, Coq proof, ...
@ generation of reports, cv, web pages: for Inria, for CNRS, for CNES, for LIRMM or
for Rémi Gribonval using HalTools

Software Heritage + a curated metadata repository allows to address all needs ...

o researcher, engineer: archival, reference, credit, CV etc. with a little effort from them
@ labs, organizations: track and report software production, curated catalog
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https://archive.softwareheritage.org/swh:1:cnt:0be13d6d1d0c0b377cd6e9e152d24c4e0b08d37d;origin=https://github.com/rdicosmo/parmap;visit=swh:1:snp:e4b14ad0619db71bb86ebac7edc7c6c8ab234ee9;anchor=swh:1:rev:963608763589e03de38e744d359884d491e65460;path=/codemeta.json
https://codemeta.github.io/codemeta-generator/
https://www.softwareheritage.org/how-to-archive-reference-code/
https://ctan.org/pkg/biblatex-software?lang=en
https://doc.hal.science/deposer/deposer-le-code-source/
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

Selected adoption indicators: users
From Melissa Harrison’s OSEC 2022 talk

%o What are they “referencing”?

pouree_____________|n___loercemtage__|

Not available

Use on replicabilitystamp.org

] ] Lightweight Curvature Estimation on Point Clouds P
G sl deiss with Randomized Corrected Curvature Measures P s,
software heritage 387 6.24 £ ;
zenodo 142 229 "
Jacques-Olivier Lachaud, David Coeurjolly, Céline Labart, Pascal Romon, e~ o
Epackage :z ::3 Boris Thibert %
cran : )
Wiley Ce Graphics F CGF; = i
e = o= lley Computer Graphics Forum (CGF) :‘P 2 /
gitlab 35 0.56 N \
G =
« 6205 “software” references identified =

« Top 8 listed, then long tail of 1055 other sites —
932 are unique “source”

HAL+SWH in the Open Science software booklet

Funding agencies recommendations ANR 2023 guidelines (p. 17)

Enfin, conformément au 2¢ Plan national pour la science ouverte, L’ANR recommande que les
logiciels développés durant le projet soient mis a disposition sous une licence libre® et que les
codes sources soient stockés dans l'archive Software Heritage® en indiquant la référence au
financement ANR.
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https://www.canal-u.tv/sites/default/files/medias/fichiers/2022/02/5.3.%20Logiciels.%20Harrison.pdf
https://www.ouvrirlascience.fr/source-code-and-software/
https://anr.fr/fileadmin/aap/2023/aapg-2023-V2.0_MAJ20220921.pdf

Selected adoption indicators: infrastructures

EOSC SIRS report: Software Source Code and Open Science, 2020

Aggregators .
i Connect scholarly ecosystem with the whole software
— ecosystem
Scholarl . .. :
e See e.g. the French public administration open source

Unlversal Software Archive catalog

Ongoing work: FAIRCORE4EOSC

A full workpackage:
@ connectors with InvenioRDM (Zenodo), episcience, Dagstuhl, swMath, etc.
@ Software Heritage mirror for the European Open Science Cloud (EOSC)
o standardisation of CodeMeta and SWHID
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https://data.europa.eu/doi/10.2777/28598
https://code.gouv.fr/#/repos
https://code.gouv.fr/#/repos
https://faircore4eosc.eu/

© Much more than an archive
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A revolutionary infrastructure

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

Open Data Sets Open Source .
Repositories Repositories

One infrastructure, shared: more efficient, less waste ...

... for Al, Cybersecurity, Public Administration, Software Engineering ... see UNESCO
Symposium 2025
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https://www.softwareheritage.org/2024/11/19/software-heritage-2025-symposium-summit/
https://www.softwareheritage.org/2024/11/19/software-heritage-2025-symposium-summit/

Software Heritage: 2024/2025 hilights

SoFAIR Kickoff

Massive identification,
archival and reference
- of software in academic

January 2024

* PAN  publications
<

February 2024 SWHSec Kickoff
G ] 5\ HS5ec: 5 years PTCC project
@l Software supply chain Security

o CodeCommons
Building the reference
LINTELLIGENCE ARTIFICIELLE

bt software knowledge base
i (3 B for Al

Fall 2024

APPEL A PROJETS

COMMUNS NUMERIQUES POUR

February 2024 First Al contact

StarCoder2 trained on
GitHub subset of Software

¥ The Stack v2 Heritage

[ sotvane e

Academic interoperability

NEeOoSC  Connect with Zenodo, Epi-
FAIR-IMPACT science, Dagsthul, SwMath,
FAIRCOREZEOSC OpenAire, ...

January 2025 UNESCO Symposium

IS Sponsors
#lk worldwide speakers

meeting,
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https://swhsec.github.io/
https://www.gouvernement.fr/france-2030-lancement-du-programme-de-transfert-au-campus-cyber
https://codecommons.org/
https://codecommons.org/
https://www.softwareheritage.org/2024/11/19/software-heritage-2025-symposium-summit/

Opportunity: your Institutional Portal!

Monitor and showcase your institution’s software production
—

o Curated metadata under institutional authority

@ Persistent reference

@ Uniform citation

@ Automated extraction of reports and indicators
Why SWH?

o platform agnostic, metadata from multiple institutions
| §

DALL-E’s view of an instutional portal

@ benefit from Software Heritage’s future developments

Get involved in the portal specification!
@ curation workflow
researcher initiated (swhid deposit) vs institution initiated (metadata deposit)
@ product deployment: on premise vs SaaS

o design of reports and extraction formats
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@ Conclusion
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A unique opportunity

Software Heritage is Software Heritage enables
@ vendor neutral, open source o archival and reference for reproducibility
e worldwide, long term initiative @ cost mutualisation, global knowledge base

Call to action
@ show it to students, engineers, researchers: they will adopt it
@ include Software Heritage in your Open Science policy
@ integrate it with your academic infrastructure
@ join Software Heritage, support sustainability, steer development

get involved with the upcoming OSPO-RADAR project

Join the Software Heritage Archives and Libraries Interest Group
softwareheritage.org/support/members-alig/
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Appendix
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@ Hands-on examples
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Get Swhid for a code snippet in the archive

File Edit View History Bookmarks Tools Help

a

Welcome to the * | +

Full wideh

o O 6 htpsi/archive softwareheritage.org 150% @ ©® =

. SoftwareHeritage = Welcome to the Software Heritage archive
Archive
Features
Q search Search
& Downloads Entera SWHID to resolve orBtring pattern(s) to search for in origin urls
only show origins visited at least once isittype  any v
[ savecodenow filter out origins with no archived content

K Add forge now

@ Help

searchin metadata (instead of URL)

orcheck our “KeWeb API

Overview

The long term goal of the Software Heritage initiative is to collectall publicly

able software in source code form together with its development history, replicate it
massively to ensure its preservation, and share it with everyone who needs it. The Soft
projects and development

Heritage archive is growing over time as we craw new source code from soft

Content

Asignificant amount of source code has already been ingested in the Software Heritage archive, see the Archive Changelog for notable chang

It currently includes the following software origins,

ive overtime,

Regular crawling

These software origins get continuously discovered and archived using the listers implemented by Software Heritage.

Stefano Zacchiroli Software Heritage
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Spice up publications with Swhid

Parmap_code_swh-poster.png
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Get a citation for an archived code

= Browsethearchive Entera SWHID to resolve or keyword(s) to search for ir
https://github.com/rdicosmo/parmap 4 ol <t .
8 07 February 2025, 10:52:27 UTC
<> Code ¥ Branches (s2) W Releases (10) B visits N
* Branch: HEAD ~ bezddde / © History % Download ~ @ Saveagain B Extrinsic metadatal x;
o Tiprevision: ecds7asedssadageazbfoebsrbobssasfarzras authored by Roberto Di Cosmo on 14 November 2024, 1:24:50 UTC g
Merge pull request #115 from anlambert/codemeta-fox-orcid-urls
File Mode Size
™ config
™ eample
- sie
 tests
5 gitignore TWer-er 38 bytes
B AUTHORS 722 bytes
B CHANGES WA 1.8KI
B LICENSE TWer-r- 258KB
5 Makefile W-r-r- 439 bytes
B README.md 71KB
B codemetajson PW-r—r. 1.5KB Video
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Use the updates ser extension

File Edit View History Bookmarks Tools Help
& O GitHub- rdicosr x | Home Page-So % + @

« >0 0 8 htty

softwareheritage.org E3 s

Software Heritage Mission - Arclive a
T g -
T el l Z5 ‘ﬂ.«
‘“ Save CodeNow & rt “ ’—?ﬁ
1{ et
/ﬁﬁ‘g\{ saveegacyCode
We are building the universal software archive
Weallectandp

AV
/> <
e

video
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© Background on key concepts on identifiers
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Identification vs Location an example is worth a thousand words

Identification of a book Location of (a copy of) a book

Goal: identify a book Goal: find (a copy of) a book
@ one ISBN number per published book e many locations (locations can change!)
@ ISO 2108 standard specification @ many approaches for call numbers

we are interested in identification, not in location
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Extrinsic vs Intrinsic identifiers

In a nutshell (for more info see this dedicated blog post)

Main difference: how the relation between identifier and designated object is created and
maintained. Persistence is a key desired property.

Extrinsic Intrinsic
relation register convention
persistence external’ internal
pre-internet passport number, Music/Chemistry notations
ISBN, SSN, etc. e.g. NaCl is table salt
internet era | DOI, Handle, Ark, etc. cryptographic hashes
e.g.: git, bitcoin, SWHID

Software development has massively adopted intrinsic identifiers since 2006
Git, GitHub, GitLab, pull requests, Guix, Nix, etc. all rely on intrinsic identifiers
replicability/reproducibility need intrinsic identifiers

SWHID is directly compatible with git!

""persistence... is a function of administrative care" RFC 3650 (Handle System Overview, 2003)
Stefano Zacchiroli Software Heritage Nov 2025, OA week IP Paris
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https://www.softwareheritage.org/2020/07/09/intrinsic-vs-extrinsic-identifiers/
https://tools.ietf.org/html/rfc3650

Choosing identifiers: a matter of granularity

Project \

Project versions

Modules

Sub-Modules

Snapshots

Releases

Commits
Directories

Files

Code fragments GL10
GL= Granularity Level /

Top concept layers vs. bottom artifact layers
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http://doi.org/10.15497/RDA00053

Choosing identifiers: a matter of granularity

Extrinsic identifiers
Project |II |I I “SWMATH@M\
WIKIDATA RRI D A @w d

& y
Project versions “ I I \ N2

WIKIDATA

WIKIDATA
Sub-Modules |“ |I I

WIKIDATA

Modules

Snapshots

Releases

Commits
Directories

Files

Code fragments GL10
GL= Granularity Level /

Extrinsic identifiers are key for the concept layers
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Choosing identifiers: a matter of granularity

Project |II |I I

WIKIDATA

e

Intrinsic identifiers

Project versions

Modules
Sub-Modules

Snapshots
<I5,5/- SWHID
Releases
<, 5 SWHID
v Commits
>
<I%,- SWHID
v Directories
{* SWHID
v Files

<% <> SWHID

Lv\cude fragments

GL10

GL= Granularity Level

@ O¢sWMATH
®>\ W

WIKIDATA

IKIDATA

WIKIDATA

Extrinsic identifiers

o)

/

Intrinsic identifiers are key for the artifact layers
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SWHID computation: a worked example

GNU GENERAL PUBLIC LICENSE ‘
Version 3, 29 June 2007

Copyright (C) 2007 Free Software Foundation, Inc. <http://fsf.org/>

Everyone is permitted to copy and distribute verbatin copies
of this license document, but changing it is not allowed

Preanble

_JThe G Generat i License s 3 fee, copplef. Uicense for shal: 8624bcdae55baeef...
, sha256: 8cebabgeeSaded...
the O Genrat Public License 15" intended o Juarontee your frevdon fo shal_git: 94a9ed024d385...

S e e e e e Sefpre romibcien, v e length: 35147

When we speak of free software, we are referring to freedom, not
price. Our General Public Licenses are designed to make sure that you
have the freedom to distribute copies of free software (and charge for

them if you wish), that you receive source code or can get it if you
want it, that you can change the software or use pieces of it in new

free prograns, and that you know you can do. the

To protect your rights, we need to prg
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SWHID computation: a worked example

B s Directories

AUTHORS

LICENSE

MANIFEST.in

Makefile
Makefile.local
README.db_testing

README.dev

bin

] debian

| docs
requirements.txt

setup.py

e

L swh

| utils

Stefano Zacchiroli Software Heritage Nov 2025, OA week IP Paris 8/10



HID computation

| -gitignore

| AuTHORS

| LICENSE
MANIFEST.in
Makefile
Makefile.local

| README.db_testing

README.dev

requirements.txt

setup.py

xample

Directories

100644 blob .gitignore
100644 blob AUTHORS

100644 blob 94a9ed024d3859793618152ea559a168bbcbb5e2 LICENSE

100644 blob MANIFEST.in
100644 blob Makefile

100644 blob Makefile.local
100644 blob README.db_testing
100644 blob README . dev
040000 tree bin

040000 tree debian

040000 tree docs

100644 blob requirements.txt
100755 blob setup.py

040000 tree sql

040000 tree swh

040000 tree utils

— 7

Ny g

id: 515f00d44e92c65322aaa9bf3fa097c00ddb9c7d
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HID computation xample

Revisions

Details  Changes  Files
SHA: 963634dcabbaSdc37e3ee4260a091092c267f9f6
Author: Nicolas Dandrimont <nicolas@dandrimont.eu> (Thu Sep 1 14:26:13 2016)

Committer: Nicolas Dandrimont <nicolas@dandrimont.eu> (Thu Sep 1 14:26:13 2016)

Subject: provenance.tasks: add the revision -> origin cache task
Parent: fc3a8b59caldf424d860f2c29ab07feeddc35d10 - test_storage: properly pipeline origin and cont.
provenance.tasks: add the revision -> origin cache task

swhistorage/provenance/tasks.py | 7/

tree 515f00d44e92c65322aaa9bf3fa097c00ddb9c7d

parent

author Nicolas Dandrimont <nicolas@dandrimont.eu> 1472732773 +0200
committer Nicolas Dandrimont <nicolas@dandrimont.eu> 1472732773 +0200

provenance.tasks: add the revision -> origin cache task

— 7

—

id: 963634dcabba5dc37e3ee426ba091092c267f9f6
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SWHID computation: a worked example

tag v0.0.51

Tagger: Nicolas Dandrimont <nicolas@dandrimont.eu>
Date: Wed Aug 24 14:36:03 2016 +0200

Release swh.storage v0.0.51

- Add new metadata column to origin_visit

- Update swh-add-directory script for updated API

L]

commit cOc9f16b1e13415937567570a1761b156e6ebld

Releases

object cOc9f16b1e134f593¢7567570a1761b156e6eb1d

type commit

tag v0.0.51

tagger Nicolas Dandrimont <nicolas@dandrimont.eu> 1472042163 +0200

Release swh.storage v0.0.51

- Add new metadata column to origin_visit
- Update swh-add-directory script for updated API

QIZBAABCAAABOXVZTNFhxuaWNVLGF2QGRAbmRyaWLvbrQUZXUACGKQTAWLMo2 +
q 1K1VEVh 7aX2KEILDtt7uf
1+YrxBfcin3L D5t2
ICBIit2ujtXuCrD Dr6jW7Z alylHPY55y0
IGENdWno7VfH1Vm6t1n5qB7I5mXRagA-+becqddubTZ2xjj+jplugC8eygN3hm/fL
Qsj2muBkyz3t8tG/H1/pV-+I50WBINPOSSTHOtjOJEVGPK/AHSP79QUHDHZFKCao
KIj6KAWYUBOMXb-+nKV/jeLbrR3+yWBFj3Qp5a1/V800Th6E1dALCNMpEaKCOKEME
dgMRax111/q0EDInSW67G6sD: 3nV3GaQQTnu1Rp!
Gg/K1PdHTAhzOI Q4 Mn
RDTWUsbeeXHGOpnghSanrzlgdPc76UST5KOaGe8AAZm1\kornerXCVquWn
YK70tpYRRU Yal

TSOpU!
gulngQliSqWQCBOOontALZ+HvPFaVyckMeJUthZCPHEHIka_

ND PGP SIGNATURE--

- _J

—

id: 85083a5ccl4a441c89dea73f5bdf67c3f9c6afdb
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SWHID computation: a worked example

git show-refs

Snapshots

commit 8ffeb25770109525eb3ce21691466c53a1d9158 refs/heads/atime

commit ba5443a24e3f9fe323a46c292cecafcbe6lc67eb refs/heads/directory-listing-arrays
commit d69e@dbf892383ff6589b27fbe1c05d27238d9c5 refs/heads/foo

commit cf7ff9eeadeb22f8946908f5a8019767ded68e08 refs/heads/master

commit 7ecal97fc66d2024047e54b1ed9e8bad361a0fc2 refs/heads/tmp-directory-add
commit 642a205f37de85005a85d427b53eedfb2252e82e refs/heads/tmp/generic-releases
tag 201043b1379cf768d966597799d4907¢757f755 refs/tags/v0.0.1

tag 72a21991a384e539996dbb867bfbobee72aee2cd refs/tags/vo.0.10
faScc refs/tags/ve.0.11

tag 33378427a403ba569a67777b8d58166747bc6556 refs/tags/v0.0.12
tag 06f74652755b327cf590311c2bfa036Cf3b4b35d refs/tags/vo.0.13
tag 5a6325e86ab854b581d7442667d92a11e3213bd refs/tags/v0.0.14
tag 586fbadeS80b45fab051509367643cbcbladc7f refs/tags/ve.0.15
tag 8 63177 1c refs/tags/ve.0.16
tag a54 f efb202f d6 refs/tags/ve.0.17
tag 228a2f 1 €4993d9 refs/tags/ve.0.18
tag 606979adca05d497c0d24aad00dceB2636ef47c refs/tags/vo.0.19
tag 32bf5a59fc2a323baabd5f15a6ad5382ec275267 refs/tags/ve.0.2
tag 3147c3d31ecd6cf64921881e908b1237ebdf f2c7 refs/tags/ve.0.20
tag 215eaSedaballle082eb72e76ebdb6073a87908 refs/tags/ve.0.21
tag 3fb168c2072a5d6252124257ale5dfcOf5faldf refs/tags/vo.0.22
0.23

tag 8cdbee8dadd73fc5d262789e460a16ac3c72abad refs/tags/vo.

— _J

—

id: b464cadlb66fff266a37b46eabe7a04b545e904b

Stefano Zacchiroli Software Heritage Nov 2025, OA week IP Paris 8/10



© Extrinsic identifiers are fragile
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Disruption of the web of reference

Web links are not permanent (even permalinks)
there is no general guarantee that a URL. .. which at one time points to a given

object continues to do so
T. Berners-Lee et al. Uniform Resource Locators. RFC 1738.

URLs used in articles decay!

Analysis of IEEE Computer (Computer), and the Communications of the ACM (CACM):
1995-1999

o the half-life of a referenced URL is approximately 4 years from its publication date.
D. Spinellis. The Decay and Failures of URL References.
Communications of the ACM, 46(1):71-77, January 2003.

Similar findings in Lawrence, S. et al. Persistence of Web References in Scientific Research,
IEEE Computer, 34(2), pp. 26-31, 2001.
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The Digital Object Identifier (DOI)

Example: https://doi.org/10.1109/MSR.2015.10

o to find what 10.1109/MSR.2015.10 is, go to a resolver (e.g. M
doi.org)

o thisreturns http://ieeexplore.ieee.org/
document /7180064 /

@ at this URL we find ...

Architecture of the DOl infrastructure =
@ DOl resolution can change

e content at URL can change

@ no intrinsic way of noticing

Object Information

@ persistence based on good will of multiple parties
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