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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 DemoLinux – first live GNU/Linux distro

2007 Free Software Thematic Group
150 members 40 projects 200Me

2008 Mancoosi project www.mancoosi.org
2010 IRILL www.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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This course in one sentence Nature, 2025

A Nature call to action
Nature commentary, October 2025
doi:10.1038/d41586-025-03196-0

This course is the how-to behind that call:
how to archive, reference, describe, cite and
credit research software — concretely, and
today.
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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 re-
search.
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 (former 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 (former 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/


How we built our scientific knowledge

The experimental method
make an observation

formulate an hypothesis

set up an experiment

elaborate a theory

And then we reproduce and verify.

Reproducibility is the key

non-reproducible single occurrences are of no significance to science

Karl Popper, The Logic of Scientific Discovery, 1934
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Software is a pillar of Open Science

Software powers modern research

Over 20% of arti-
cles using software
across all disciplines
share it
2024 French Open

Science Monitor

Key pillar: software

Links are important

Nota Bene
software 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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https://frenchopensciencemonitor.esr.gouv.fr/software/fields?id=disciplines.partage
https://frenchopensciencemonitor.esr.gouv.fr/software/fields?id=disciplines.partage


Source code, a reminder

"The source code for a work means the preferred form of the work for making
modifications to it." — GPL Licence

Hello World

Program (excerpt of binary)

4004e6: 55
4004e7: 48 89 e5
4004ea: bf 84 05 40 00
4004ef: b8 00 00 00 00
4004f4: e8 c7 fe ff ff
4004f9: 90
4004fa: 5d
4004fb: c3

Program (source code)

/* Hello World program */

#include<stdio.h>

void main()
{

printf("Hello World");
}
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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.”

Apollo 11 source code (excerpt) Quake 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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How are we managing our software ?

Reproducibility, maintenance in Academia

  

(articles: here, here, here and here)

Security, integrity, traceability in Industry

Can they track the software that they

ship, use, acquire

has that bug or vulnerability
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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


Collberg’s report from the trenches

Analysis of 613 papers

8 ACM conferences: ASPLOS’12,
CCS’12, OOPSLA’12, OSDI’12,
PLDI’12, SIGMOD’12, SOSP’11,
VLDB’12

5 journals: TACO’9, TISSEC’15,
TOCS’30, TODS’37, TOPLAS’34

all very practical oriented

The basic question

can we get the code to build and run?

The workflow
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The result measuring (not even) reproducibility in 613 papers

. . .

. . . that’s a whopping 40% of non reproducible works!

R. Di Cosmo roberto@dicosmo.org (CC-BY 4.0) Beyond FAIR Data 11/6/2026 10 / 59



In Software Engineering (C. Ghezzi et al.)

Even higher expectations, and yet similarly disappointing results http://fr.
slideshare.net/carloghezzi18/icse-2009-keynote-15919951

Reference journal
ACM Transactions on Software Engineering and Methodology (TOSEM)

analysis by Carlo Ghezzi, in 2009, of TOSEM from 2001 to 2006

60% of papers refer to a tool

20% only are installable

Reference conference
International Conference on Software Engineering (ICSE)

analysis by Zannier, Melrik, Maurer 2006

complete absence of replication studies
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Use the Source, Luke! is the source code really necessary?

Some people claim that having (all) the source of the code used in an experiment is not
worth the effort (see “Replicability is not Reproducibility: Nor is it Good Science”, Chris
Drummond, ICML 2009)

Sure, diversity is important, but:

Source code is like the proof used in a theorem: can we really accept Fermat
statements like “the details are omitted due to lack of space”?

modern complex systems makes even the simplest experiment depend on a wealth
of components and configuration options

access to all the source code is not just necessary to reproduce, it is also useful to
evolve and modify, to build new experiments from the old ones
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Pressure to make research code available is now raising

Evaluation of software artefacts from optional contest to standard practice

Started as contest (ESEC/FSE 2011, winner Vouillon and Di Cosmo)

Now a near-universal standard: ACM Artifact Review and Badging v1.1
(5 badges, left)

Adopted across computer science communities:

PL/SE: POPL, PLDI, OOPSLA, ICFP, ECOOP, ICSE, FSE, MSR, ISSTA, CAV

Systems: OSDI, SOSP, NSDI, EuroSys, ASPLOS, MICRO, ISCA, HPCA

Security: USENIX Security (availability mandatory in 2025), CCS, NDSS, IEEE S/P

HPC and DB: SC (Repro. Initiative), SIGMOD (ARI), VLDB

Best-of-breed exemplars:

IPOL: peer-reviewed papers ship code + runnable in-browser demo (e.g. non-local-means denoising)

Graphics Replicability Stamp: 478 graphics papers independently reproduced

EuroSys 2025: 93% of papers earned "Functional"; ~47% pursued "Results Reproduced"
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https://www.acm.org/publications/policies/artifact-review-and-badging-current
https://collegeville.github.io/sc-reproducibility/
https://reproducibility.sigmod.org/
https://www.ipol.im/
https://www.ipol.im/pub/art/2011/bcm_nlm/
http://www.replicabilitystamp.org/


. . . and now spreading beyond computer science

Economics and social sciences

AEA Data Editor (Vilhuber, Cornell): mandatory code+data audit for all AEA journals (AER,
AEJ family), since 2019

cascad: non-profit certification agency (CNRS, HEC Paris, GENES, X); warrants numerical
reproducibility, 170+ certifications

Life sciences, geography, and cross-disciplinary

CodeCheck (Eglen, Nüst): independent execution of paper code; partner journals incl.
GigaScience, Lifecycle Journal, Reproducible AGILE

ReScience C: open peer-reviewed journal dedicated to replications of computational
research

A pan-disciplinary standard

NISO RP-31:2021: extends ACM-style badging to all sciences
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Software source code is not data (and FAIR is not the answer)

Software 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, difficult to maintain
research software a thin top layer

sophisticated developer communities

python3-matplotlib

python3-dateutil

python3-six

(>= 1.4)

python3:any

python-matplotlib-data

(>= 3.0.2-2)

python3-pyparsing

(>= 1.5.6)

libjs-jquery

libjs-jquery-ui

python3-numpy

(>= 1:1.14.3)

python3

(<< 3.8) (>= 3.7~)

python3-numpy-abi9

python3-cycler

(>= 0.10.0)

python3-kiwisolver

libfreetype6

(>= 2.2.1)

libpng16-16

(>= 1.6.2-1)

python3-pil

python3-tk

(>= 1.5)

(>= 3.2~)

tzdata

[python3] [python3]

{debconf} debconf-2.0

(>= 0.5)

[debconf] {cdebconf}

fonts-lyx ttf-bitstream-vera

(>= 3.3.2-2~)

jquery javascript-common

(>= 1.7)

(<< 3.8)(>= 3.7~)python3.7:any

libblas3 libblas.so.3

liblapack3 liblapack.so.3python3-pkg-resources

python3-minimal

(= 3.7.3-1)

python3.7

(>= 3.7.3-1~) libpython3-stdlib

(= 3.7.3-1)

python3.7-minimal

(>= 3.7.3-1~)

{dpkg} install-info

(>= 1.13.20)

libpython3.7-minimal

(= 3.7.3-2)

libexpat1

(>= 2.1~beta3)

libssl1.1

(>= 1.1.1)

libpython3.7-stdlib

(>= 0.5)

(= 3.7.3-2)
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libbz2-1.0

liblzma5

(>= 5.1.1alpha+20120614)

libdb5.3 libffi6

(>= 3.0.4)

libmpdec2 libncursesw6

(>= 6)

libtinfo6

(>= 6) libreadline7

(>= 7.0~beta)

libsqlite3-0

(>= 3.7.15)

libuuid1

(>= 2.20.1)

bzip2file xz-utils

(= 1.0.6-9)

libmagic1

(= 1:5.35-4)

libmagic-mgc

(= 1:5.35-4)

(>= 5.2.2)xz-lzma

(= 6.1+20181013-2)

libgpm2

(>= 6)

readline-common

(>= 1.15.4)

libreadline-common

(>= 1.16.1)

uuid-runtime

(>= 2.25-5~) (>= 2.31.1)

adduserlibsmartcols1

(>= 2.27~rc1)

libsystemd0

(>= 0.5)

passwd

(>= 5.1.1alpha+20120614)

libgcrypt20

(>= 1.8.0)

liblz4-1

(>= 0.0~r122)

libgpg-error0

(>= 1.25)

libgpg-error-l10n

(= 3.7.3-2)

(= 3.7.3-2)

(>= 3.7.3-1~)

[python3.7] [python3.7]

libgfortran5

(>= 8)

libquadmath0

(>= 4.6) ...

-6-

gcc-9-base

(= 9-20190428-1)

(>= 4.6)

(= 9-20190428-1)

(>= 8)

(>= 4.6)

...

-3-

(>= 3.3.2-2~) (<< 3.8)(>= 3.6~)

(>= 1.6.2-1)

(<< 3.8) (>= 3.7~)

(>= 2.2.1)

[mime-support] python3-pil.imagetk libimagequant0

(>= 2.11.10)

libjpeg62-turbo

(>= 1.3.1) liblcms2-2

(>= 2.2+git20110628)

libtiff5

(>= 4.0.3)

libwebp6

(>= 0.5.1) libwebpdemux2

(>= 0.5.1)

libwebpmux3

(>= 0.6.1-2)

python3-olefile

(<< 3.8)(>= 3.7~)

(= 6.0.0-1)

(>= 3.4.1-2)

(>= 3.7.1-1~)(<< 3.9)

blt

(>= 2.4z-9)

tk8.6-blt2.5

(>= 2.5.3)

libtcl8.6

(>= 8.6.0)

libtk8.6

(>= 8.6.0)(= 2.5.3+dfsg-5)

(>= 8.6.0)

(>= 8.6.0)

blt4.2blt8.0 blt8.0-unoff

(>= 2.2.1)

(>= 8.6.0-2)

libfontconfig1

(>= 2.12.6)

libxext6

libxft2

(>> 2.1.1)

libxss1

(>= 2.3.5)(>= 2.12.6)

libxrender1 x11-common

libjpeg62

(>= 5.1.1alpha+20120614)

(>= 1.3.1)

libjbig0

(>= 2.0) (>= 0.5.1)

libzstd1

(>= 1.3.2) (>= 0.5.1)(>= 0.5.1)

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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Software is under Copyright Law licences make reuse legal
Berne Convention (181 states): copyright arises automatically on creation — no
registration, no notice, no © symbol required.

Default everywhere: "all rights reserved". Collaborators, reusers, industry partners cannot legally
touch your code without an explicit licence granting them rights.

The practical menu:

permissive (MIT, BSD, Apache-2.0): welcomes reuse, no obligation to give back
copyleft (GPL, LGPL, AGPL): share-alike — modified versions stay open

Declare it machine-readably with an SPDX identifier in every source file:
# SPDX-License-Identifier: MIT

Automate compliance with the REUSE Specification (FSFE) and its reuse lint CLI

Decide with choosealicense.com (60-second guided choice), cross-check OSI list

Killer fact: ~90% public GitHub repos have no licence — block legal reuse despite open intent

Warning: Creative Commons licences are not designed for software (no patent terms, no source-vs-binary distinction)
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https://www.wipo.int/treaties/en/ip/berne/
https://spdx.org/licenses/
https://reuse.software/
https://choosealicense.com/
https://opensource.org/licenses


Describe what you built README + machine-readable metadata

Everybody (machines too!) wants to learn quickly what a code does, make it easy.

README.md — the human entry point: what, why, install, run, cite, licence

codemeta.json — rich JSON-LD vocabulary (schema.org-based) for full machine
discovery (contributors, dependencies, funding, archival ids); also drives citation via
Software Heritage across all major forges — GitHub, GitLab instances, Codeberg,
BitBucket, . . . (codemeta.github.io)

Fill it via a web form, not by hand: the CodeMeta Generator

CITATION.cff — lightweight YAML for citing software; only GitHub renders it as a
"Cite this repository" button (citation-file-format.github.io), less powerful than the Software
Heritage citation; can be generated from a codemeta.json file

FAIR Software Five Recommendations (fair-software.eu): licence + registry + citation +
checklist + quality — the de-facto baseline

Start small: README today (10 minutes); add codemeta.json once your project grows;
generate CITATION.cff from CodeMeta
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Build and test automatically from "works on my machine" to elsewhere

No more "gosh I forgot to add this dependency/configuration/file/image. . . ."

A real build system (not hand-run notebooks): Makefile, cargo, poetry, cmake,
npm — declare the steps, the tool ensures correct order

Scientific workflows: Snakemake, Nextflow, CWL — chain compute across cores, clusters,
cloud; built-in checkpointing

Pin the environment: conda, pixi, uv, Nix or Guix, Docker, Apptainer — version lock kills
"it worked yesterday"

Continuous Integration: GitHub Actions, GitLab CI — every push runs tests, builds,
optionally publishes

Executable papers: BinderHub + Jupyter — readers re-execute analyses in the browser

Aim higher: reproducible-builds.org — bit-for-bit deterministic builds, so anyone can verify
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https://snakemake.github.io/
https://www.nextflow.io/
https://nixos.org/
https://guix.gnu.org/
https://apptainer.org/
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Version-control your science git + a forge + tags

No more "myproject-works.py/myproject-nowitworks.py/myproject-save.py/myproject-
itusedtowork.py/"

Use a modern version control system, git has >90% adoption (Stack Overflow 2024); CRAN,
PyPI, npm, conda-forge all expect git workflows

Host on a forge: GitHub, GitLab, Codeberg, SourceHut,
gitlab.of.your.institution.or.research.center — git gives you history; the forge adds sharing,
issues, CI, discoverability

Commit with intent: small atomic commits, meaningful messages; write for future-you
(Conventional Commits is a popular convention)

Tag releases following semantic versioning (v1.2.3); tagged releases auto-archive to
Zenodo and Software Heritage

Branches + pull/merge requests for review

git is not a backup: pair the forge with Software Heritage for long-term preservation

Go deeper: Pro Git (free book) at git-scm.com/book
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Go deeper curated reading

A passport for source code in Open Science
ouvrirlascience.fr/source-code-and-software — the French
national Open Science booklet on source code (licensing,
archival, citation; for students, teachers, researchers)

The Turing Way — open handbook on reproducible,
ethical, collaborative data science (300+ contributors)

fair-software.eu — the FAIR-Software Five
Recommendations checklist

reuse.software — machine-readable licensing made
painless

softwareheritage.org/how-to-archive-reference-code —
the practical guide (next section)
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International highlights

Paris Call on Software Source code (2019, UNESCO)
40 international experts call to “promote software development as a valu-
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”

� Open Source in UNESCO recommendations for Open Science, 2021
Software in the EOSC

2020 EOSC SIRS connect scholarly ecosystem via Software Heritage
2021 EOSC Task Force on Infrastructures for Research Software
2022 FAIRCORE4EOSC project WP6 implements SIRS report

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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French National plan for Open Science, 2021-2024

SECOND FRENCH PLAN FOR OPEN 
SCIENCE
Generalising open science in France 2021-2024

1

Launch on 6 July 2021 by Frédérique Vidal, Minister for Higher 
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

2

Path Three : 
Opening up and promoting source code produced 
by research

3

Recognize and 
support the 
dissemination 
under an open 
source license of 
software produced 
by publicly funded 
research 
programmes

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

Define and promote 
an open source 
software policy

7 8 9

« 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. »

4

• 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

Define and promote an open source software policy

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

support staff

Recognise source code as a contribution to research

• Develop proper coordination between software forges, open publication archives, data 
repositories and the scientific publishing sector.

Build an ecosystem that connects code, data and publications
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Software College in the CoSO

Five action lines (see details online)

Identifying and highlighting research software production

Technical and social tools and best practices

Valorization and sustainability

Liaison and animation at national, European, and international levels

Recognition and careers

Leveraging experience and connections

Open Source thematic group in Systematic (since 2007, more on demand)

Collaboration with DINUM, Eclipse Foundation, OW2, . . .
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Software College in the CoSO, cont’d

Co-chairs

Roberto Di Cosmo – Professor, Inria and Université Paris Cité; Director, Software Heritage

François Pellegrini – Professor, Université de Bordeaux; member of the French
data-protection authority (CNIL)

40+ active members in five working groups (GT1–GT5)
GT1 identify and highlight research software L. Albaret, V. Louvet

GT2 tools and best practices J.-Y. Jeannas, J.-C. Souplet

GT3 valorization and sustainability K. Schmidmayer, S. Tonda-Goldstein

GT4 national / European / international liaison K. Hinsen, R. Monat

GT5 recognition and careers M. Giraud, C. Marmo

members from Inria, CNRS, IRD, Cirad, CEA and many universities
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Source code in Open Science: a plurality of needs to address

Researchers

archive and reference software used in articles

find useful software

get credit for developed software

verify, reproduce, improve results

Laboratories/teams

track software contributions
produce reports

maintain web page

Research Organizations and/or Funders

know its software 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,
code quality, . . . )

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

Need training, tooling,
infrastructures, best
practices

Beyond ARDC

Policies (dissemination,
reuse, careers, . . . )

Sustainability (legal,
financial, etc.)

Technology transfer

Advanced technologies
and tools (quality,
traceability, etc.)

Here we will focus on ARDC
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Archive, Reference, Describe, Cite and Credit

Archive
Research software artifacts must be properly archived

make sure we can retrieve them (reproducibility)

Reference
Research software artifacts must be properly referenced

make sure we can identify them (reproducibility)

Describe
Research software artifacts must be properly described

make it easy to discover and reuse them (visibility)

Cite/Credit
Research software artifacts must be properly cited (not the same as referenced!)

to give credit to authors (evaluation!)
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Archive and reference: some popular approaches that do not fit the bill

A - Since the 1970’s 1990’s
.zip or .tar file on:

ftp server (e.g. gnu)

web page (example)

document archive (+ DOI sample)

B - Since the 2000’s
Rely on software forges

institutional/project (e.g. example)

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

C: a mix of the two

Can get no satisfaction. . .

A Poor user experience

B No preservation guarantee

C Can do so much better
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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


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

Software Heritage

example: archived version of biblatex-software
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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)

Big bad news keep coming in

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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Software Heritage in a nutshell www.softwareheritage.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 software source code

Preserving our heritage, enabling better software and better science for all

Reference catalog

find and reference all
software source code

Universal archive

preserve and share all
software source code

Research infrastructure

enable analysis of all
software source code
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An international, non profit initiative built for the long term

Sharing the vision

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

Donors, members, sponsors

Platinum sponsors

Gold sponsors

Silver sponsors

Bronze sponsors

Diamond sponsors
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The largest software archive, a shared infrastructure
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Address common Open Science and Open Source needs: archival

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

Global development history permanently archived in a uniform data model

over 28 billion unique source files from over 430 million software projects

~3PB (compressed) blobs, ~60 B nodes, ~1 trillion edges
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Address common Open Science and Open Source needs: reference
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Meet the SWHID identifier

Software Hash Identifiers (SWHID) link to full docs

25+B
intrinsic,
decentralised,
cryptographic

Full fledged source code references for traceability, integrity and reproducibility

Linux Foundation SPDX 2.2

IANA-registered "swh:"
WikiData property P6138

Examples: Apollo 11 AGC excerpt, Quake III rsqrt
Guidelines available, see the HOWTO

Now an ISO standard: ISO/IEC 18670:2025 ref.
implementation: swh.model

R. Di Cosmo roberto@dicosmo.org (CC-BY 4.0) Beyond FAIR Data 11/6/2026 36 / 59

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://www.iso.org/standard/89985.html
https://pypi.org/project/swh.model/


How a SWHID is built: a Merkle DAG of the development history
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Don’t trust, verify: recompute the SWHID yourself

The SWHID is computed from the content: anyone can recompute it offline with the
reference implementation (swh.model).

$ SWHID=swh:1:dir:HASH
# 1. download that directory as a tarball (the archive "vault")
$ curl -o tree.tar.gz "$ARCHIVE/api/1/vault/flat/$SWHID/raw/"
# 2. unpack it, then 3. recompute its SWHID locally
$ tar xf tree.tar.gz
$ swh identify --type directory HASH/
swh:1:dir:HASH # identical: no need to trust the archive
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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

Overleaf ACMART template available

Example in journals: article from IPOL

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

Extracting all the software products for Inria, for CNRS, for CNES, 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 research articles:

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


SWHIDs in published research today, not hypothetically

D. Spinellis et al. MSR 2026 — 30 SWHIDs

D. Spinellis IEEE TSE, submitted — 57
SWHIDs

(personal communication)

swh:1:cnt:97c3d0...f59337;anchor=swh:1:rev:70d736...6419e9;

path=usr/sys/ken/slp.c;lines=325 view Ken Thompson’s scheduler line by line —
and in my own 2020 ReScienceC replication
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https://arxiv.org/pdf/2602.13170
https://archive.softwareheritage.org/swh:1:cnt:97c3d084ebf023031226faf869652ee65af59337;anchor=swh:1:rev:70d7367daa048fda2c5c39d007e3b13a576419e9;path=usr/sys/ken/slp.c;lines=325
https://www.dicosmo.org/Articles/2020-ReScienceC.pdf


eLife: automatic code archival, behind the scenes since November 2020
A flagship life-sciences journal: code preservation built into the publishing pipeline, not left to
author goodwill.

Before 2020: code was forked into the GitHub org elifesciences-publications — no PID,
manual licensing, did not work for non-GitHub repos

Since 2020: every article’s code is archived in Software Heritage; the SWHID is embedded in
the JATS XML and rendered on the article landing page

Validation pipeline: Schematron rules over the JATS XML flag every mention of code for
vendors and verify that the SWHID matches the source repo before publication

SWHID structure example (population genetics, Zaidi et al.):
=swh:1:dir:506ed3. . . ;origin=github.com/Arslan-Zaidi/popstructure;anchor=swh:1:rev:1509a5. . . =

(browse the full qualified SWHID in the archive)

Researcher view (P. Poulain et al., eLife 90061, 2024): SWH hyperlinks in the reviewed
preprint are transformed by the editorial team into proper bibliographic references in the
published Version of Record

Announced 12 November 2020 (eLife post, SWH announcement)
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https://github.com/elifesciences-publications/
https://github.com/Arslan-Zaidi/popstructure
https://archive.softwareheritage.org/swh:1:dir:506ed35220eaeab7de719a7093111e21a87646bb;origin=https://github.com/Arslan-Zaidi/popstructure;visit=swh:1:snp:ed79853f64e7ce7bb9fcad629912cb361d9ab156;anchor=swh:1:rev:1509a53ee491e3e01320c174ff55f9426da8923f/
https://elifesciences.org/articles/90061
https://elifesciences.org/reviewed-preprints/90061v1#s5
https://elifesciences.org/reviewed-preprints/90061v1#s5
https://elifesciences.org/articles/90061#data
https://elifesciences.org/inside-elife/c5428dc9/elife-latest-our-commitment-to-software-preservation-and-reuse
https://www.softwareheritage.org/2020/11/12/elife-archives-in-software-heritage-2/


A look at some adoption indicators

From Melissa Harrison’s OSEC 2022 talk Standard on replicabilitystamp.org

HAL+SWH in the Open Science software booklet

Funding agencies recommendations ANR 2023 guidelines (p. 17)
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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/wp-content/uploads/2022/10/Passeport_Codes-et-logiciels_WEB.pdf
https://anr.fr/fileadmin/aap/2023/aapg-2023-V2.0_MAJ20220921.pdf


Software Heritage is a game changer

universal archive
all the source code
yes, event 20 lines snippets/scripts for data mangling
more importantly: all the code your code depends upon!

SWHID: uniform intrinsic identifier
independent of the development platform or technology
full guarantee of integrity (climate date anecdote goes here)
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Archive in one click: the UpdateSWH browser extension

Check and refresh the archive from your repository page

for Firefox, Chrome and Edge; works on GitHub, GitLab, Bitbucket, Gitea, Codeberg

a colour-coded button shows the archival status of the page you are viewing

What the button does

grey — not archived yet → click to archive it

yellow — outdated → click to trigger an update (Save Code Now)

green — up to date → click to open the archive / copy the SWHID

no account, no setup: install and click
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Archive automatically: forge webhooks

Preserve every important version with zero ongoing effort

Add one webhook URL in your repository settings:

https://archive.softwareheritage.org/api/1/origin/save/webhook/github/

(also .../gitlab/ and .../bitbucket/)

recommended: trigger on tag, branch or release creation — not on every push

supported: GitHub, GitLab (and instances), Bitbucket, Gitea, SourceForge

see the Software Heritage webhooks guide
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Describe your software: CodeMeta and CITATION.cff

Machine-readable metadata that travels with the code

codemeta.json — a JSON-LD schema for software (authors, license, references,
funding, . . . ), Software Heritage uses it for the multiple granularity citation button

richer than CITATION.cff

CITATION.cff — the lightweight cousin; GitHub renders it as a “Cite this
repository” button, Software Heritage uses it for the multiple granularity citation
button

can be generated from CodeMeta

No JSON by hand: the CodeMeta generator

fill in a web form → download a ready codemeta.json
codemeta.github.io/codemeta-generator

drop both files at the root of your repository → archived and indexed by Software
Heritage
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Cite software in your bibliography: biblatex-software

A dedicated citation style (in TeXLive; used by ACM templates since 2022)

Four entry types — @software, @softwareversion, @softwaremodule,
@codefragment — carrying a swhid field, chained with crossref.

A worked example
@softwareversion{parmap-1.1.1,
author = {Di Cosmo, R. and Danelutto, M.},
title = {The Parmap library}, version = {1.1.1}, license = {LGPL-2.0},
swhid =

{swh:1:rel:373e26...db773;origin=https://github.com/rdicosmo/parmap}}

the swhid makes the citation reproducible, long after URLs break
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Identification vs Location an example is worth a thousand words

Identification of a book

Goal: identify a book

one ISBN number per published book

ISO 2108 standard specification

Location of (a copy of) a book

Goal: find (a copy of) a book

many locations (locations can change!)

many approaches for call numbers

identification and location are separate concerns
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The Digital Object Identifier (DOI), and its trust assumptions

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

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

this returns http://ieeexplore.ieee.org/
document/7180064/
at this URL we find . . .

Architecture of the DOI infrastructure
DOI resolution can change

content at URL can change

no intrinsic way of noticing

persistence based on good will of multiple parties
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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 external1 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

distributed software development (e.g. git) relies on intrinsic identifiers we need a
uniform intrinsic identifier

1"persistence... is a function of administrative care" RFC 3650 (Handle System Overview, 2003)
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What a zip + DOI cannot do the usual "archive your code" advice

A DOI pointing to a Zenodo zip

resolves to a snapshot you must trust —
no built-in integrity check

one opaque blob: no history, no diff,
nothing addressable inside it

granularity stops at "the whole deposit"

A SWHID

intrinsic: the identifier is the
cryptographic hash → self-verifying

addresses any level: snapshot / revision
/ directory / file / lines

works for any VCS (git, hg, svn) and for
plain tarballs

a DOI answers “which deposit?”; a SWHID answers “exactly which bytes, and prove it”
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HAL and Software Heritage: building a curated software catalog

with minimal user overhead!
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Under the hood: a uniform data model with intrinsic identifiers

Top concept layers vs. bottom artifact layers

Extrinsic identifiers are key for the concept layers

Intrinsic identifiers are key for the artifact layers

In some cases, extrinsic identifiers can be added too
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French National Roadmap for Research Infrastructures, 2021-

National Roadmap of Research Infrastructures (2022-. . . )

Framework
"The strategic, scientific and financial challenges
related to research infrastructures are such that
sooner or later we will need to jointly program Eu-
ropean and national investments in major research
facilities."

Frédérique Vidal, Minister of Research, 2018
Software Heritage is now listed
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A growing and active community

Team

Ambassadors

Contributors to the platform

Awards
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Report and videos

Annual report
5 years in 5 minutes Link

Evolution of our codebase Link
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What this means for a PhD student/young researcher

Starting with your next paper

archive the exact code behind every result (Save Code Now / deposit / webhook)

reference claims at the right granularity: a SWHID for the revision, directory, the
file, the lines

describe it: a codemeta.json (and a generated CITATION.cff) in every
repository

cite and credit it in the bibliography, like any other research output, use and
promote biblatex-software

As a reviewer or AEC member

ask authors for archival proof (a SWHID), not a fragile URL

one habit, applied every time, changes the norms of your community
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Zoom on sharing pseudonymised code. . . just use a dir SWHID

The double-blind problem

Double-blind review needs your code — without revealing who wrote it.
git-anonymize : git-only, error-prone, leaks commit logs, makes a copy

A simpler, intrinsic answer

Share a directory SWHID of your code tree: swh:1:dir:fdf3...a91c
no identity: hash content alone — no author, no origin, nothing to scrub

any technology: a plain directory or tarball, not just git (Hg, SVN, no-VCS: all work)

zero overhead: one command; reviewers can verify the bytes are exactly yours

swh identify --type directory ./ →
swh:1:dir:fdf3...a91c
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The floor is yours

don’t treat your code like an afterthought: record, share and value it

the tools are ready — starting with your next paper

Questions?
References

UNESCO, Draft recommendations on Open Science
2021, (online)

French Ministry of Research, Second National Plan for Open Science
2021, (online)

EOSC SIRS Task Force, Scholarly Infrastructures for Research Software
2020, Publications office of the European Commission, (10.2777/28598)

R. Di Cosmo, Archiving and Referencing Source Code with Software Heritage
International Conference on Mathematical Software 2020 (10.1007/978-3-030-52200-1_36)

J.F. Abramatic, R. Di Cosmo, S. Zacchiroli, Building the Universal Archive of Source Code
CACM, October 2018 (10.1145/3183558)R. Di Cosmo roberto@dicosmo.org (CC-BY 4.0) Beyond FAIR Data 11/6/2026 59 / 59
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https://dx.doi.org/10.1007/978-3-030-52200-1_36
https://doi.org/10.1145/3183558


Appendix

R. Di Cosmo roberto@dicosmo.org (CC-BY 4.0) Beyond FAIR Data 11/6/2026 1 / 23



Outline

13 FAIR

14 HAL and SWH

15 Broader policy issues

16 Detailed addressing ARDC

17 Revolutionary infrastructure, scientific challenges

18 All the source code

19 Milestones, policy

20 Public code, mirrors

R. Di Cosmo roberto@dicosmo.org (CC-BY 4.0) Beyond FAIR Data 11/6/2026 2 / 23



What about FAIR? (Findable, Accessible, Interoperable, Reusable)

FAIR data principles for data

in a nutshell: metadata, metadata, metadata all over the place (makes sense for data)

But software is not data . . .
the terms interoperability and reusability have precise technical meaning for software,
and differ significantly from what is intended by the I and R of FAIR;

see the entries for software interoperability and software reusability

it is very difficult to achieve these properties even for commercial software
developed by multi billion dollars corporations

FAIR for software is a distraction
let’s focus on the real issues at stake: ARDC a good starting point
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Overview of the Software Heritage / HAL synergy
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Growing adoption of SWH in Academia (selection)

HAL software curated deposit workflow

Curated Archiving of Research Software Artifacts
International Journal of Digical Curation, 2020

Reference archive for swmath.org
See code links, e.g.
SemiPar package

IPOL (image processing)
archive (deposit)

reference

BibLaTeX

eLife (life sciences)
archive (save
code now)

reference

JTCAM (mechanics)

instructions for authors

biblatex-software in
journal LATEX class

Policy: France
National Plan
for Open Science
and Research
Infrastructures

Policy: Europe
EOSC SIRS report

SWHIDs

archive

Guidelines
1 Prepare your public repository

README, AUTHORS & LICENSE files

2 Save your code
http://save.softwareheritage.org/

3 Reference your work
(full repository, specific version or code fragment)

summary

ICMS 2020
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Call to action on ARDC: let’s foster adoption!

Train students and colleagues to archive and reference relevant source code

full details in the ICMS 2020 article short operational HOWTO online

Engage conferences, journals, learned societies to use Software Heritage and SWHIDs

APIs for save code now and deposit are available to integrate with

Research Articles Artifact Evaluation Committees Badging initiatives

Help grow and structure the community

Promote the ambassador program
Encourage our institutions to

include Software Heritage in their Open Science policy
become member/sponsor
build a Software Heritage mirror (see ENEA)
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The UNESCO recommendations for Open Science, 2018-2021
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."

R. Di Cosmo roberto@dicosmo.org (CC-BY 4.0) Beyond FAIR Data 11/6/2026 6 / 23

https://unesdoc.unesco.org/ark:/48223/pf0000378381.locale=en


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

Important policy tool in Open Science (Dec 2020)

9 infrastructures
3 archives
3 open access publishers
3 aggregators

recommendations
archive in Software Heritage, use SWHID
open non profit
default to open source for research software

"all research software should be made avail-
able under an Open Source license by default,
and all deviations from this default practice
should be properly motivated"

See https://doi.org/10.2777/28598
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Software in the EOSC

Ongoing action in the EOSC

Task force on infrastructures for quality research
software

Foster the development and deployment of
tools and services that allow researchers to
properly archive, reference, describe with proper
metadata, share and reuse research software.

Improve the quality of research software, both
from the technical and organizational point of
view . . .

Increase recognition to software developers and
maintainers of research software . . .

See the charter of the task force.
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Addressing the A(rchive)

Universal source code archive not only research (16B+ files, 260M+ 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

your research software is likely there already!

anyone can trigger archival with save.softwareheritage.org

selected partners can push to the archive via deposit.softwareheritage.org
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Recent preservation news

Saving 250.000 endangered repositories. . .

summer 2019: BitBucket announce Mercurial VCS phase out

fall 2019: Software Heritage teams up with Octobus (funded by NLNet, thanks!)

july 2020: BitBucket erases 250.000 repositories

august 2020: bitbucket-archive.softwareheritage.org is live

. . . preserving the web of knowledge (original tweet is here )
Bottomline
explicit deposit is important, . . .

. . . and we must promote it. . .
. . . but will never be enough.

(think also of all software dependencies!)

R. Di Cosmo roberto@dicosmo.org (CC-BY 4.0) Beyond FAIR Data 11/6/2026 10 / 23

https://bitbucket-archive.softwareheritage.org
https://twitter.com/gabrielaltay/status/1300218789762662401


R(eference): granularity and identifiers 10.15497/RDA00053
Software Hash Identifiers (SWHID) see swhid.org

50+B intrinsic, decentralised, cryptographically strong identifiers, SWHIDs

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 III rsqrt; Guidelines available: HOWTO and ICMS 2020
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Addressing D(escribe) and C(ite) in ARDC (see ICMS 2020 for details)

Describe

Collect intrinsic metadata

Contributed the Codemeta generator

Cite/Credit

Contributed software citation style
biblatex-software, v 1.2-2 now on CTAN
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Summing up: a revolutionary infrastructure designed for source code

www.softwareheritage.org

global source code archive Library of Alexandria of source code

harvest all software source code

on demand harvesting and curated deposit

universal intrinsic identifiers
SWHID standard is independent of version control systems

uniform data model, full graph of development history
enables large scale, big code research

infrastructure for Open Science

base layer for software source code in the Open Science architecture
R. Di Cosmo roberto@dicosmo.org (CC-BY 4.0) Beyond FAIR Data 11/6/2026 13 / 23
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A revolutionary infrastructure designed for software source code

The graph of public software development
Snapshots

Releases

Revisions

Directories

Contents

All software development
in a single graph . . .

enable traceability

The global ledger of public code

. . . a Merkle graph

ensure
integrity

A pillar of Open Science
Reference archive of
Research Software

reproducibility

reference

Reference platform for Big Code
uniform data structure

large scale studies

cybersecurity

machine learning, AI, . . .
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A challenging scientific and technical undertaking

A novel, large infrastructure

object storage with peculiar workload

gigantic Merkle graph

counting tens of billions of objects (reuse P. Flajolet’s seminal work)

and much more: see the 2021 technical roadmap

First datasets are available for Big Code analysis

full graph of software development (~20Bn nodes, ~200Bn edges) see Pietri,
Spinellis, Zacchiroli, MSR 2019
https://dx.doi.org/10.1109/MSR.2019.00030
MSR 2020 mining competition see https://2020.msrconf.org/track/
msr-2020-mining-challenge#Call-for-Papers
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All the source code!

Online

Offline

Online

OpenClosed
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All the source: strategies

Online

Offline

Online

OpenClosed

Escrow

Focused Search

Automation

Crowdsourcing
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Milestones

Summer 2015

The collection starts: first
server, (very) early prototype

June 30th 2016

Public unveiling, with the first
sponsors: Microsoft and DANS

April 3rd 2017
Unesco - Inria agreement
on software access and
preservation.

June 7th 2018

Opening the archive to the
world

February 26th 2019
Publication of the expert meeting
Paris Call on

Software Source Code

June 2019

Software Heritage Graph as Open
Dataset on AWS
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Policy highlight: the EU Copyright reform adopted March 28 2019

"Upload filters": a threat to all modern software development

developing platforms (GitHub, GitLab, Bitbucket, etc.)

distribution platforms (Maven, Pypi, CRAN, CTAN, etc.)

archives (Software Heritage)

We got an exclusion for

non for profit open source software developing and sharing platforms

Key role of Software Heritage

policy-maker awareness, essential insights for NGOs, government contacts
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News : archiving public code

https://code.etalab.gouv.fr
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News : ENEA mirror

Thomas Jefferson, February 18, 1791

. . . let us save what remains: not by vaults and locks which fence them from the public eye
and use in consigning them to the waste of time, but by such a multiplication of copies, as
shall place them beyond the reach of accident.

Welcoming ENEA
first institutional mirror

increased resilience

AI infrastructure for researchers

stepping stone to
an European joint effort
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Calling for preservation: Donald Knuth and Len Shustek

Communications of the ACM, February 2021
"Telling historical stories is the best way to teach. It’s much easier to
understand something if you know the threads it is connected to."

Let’s Not Dumb Down the History of Computer Science
Donald E. Knuth, Len Shustek

https://doi.org/10.1145/3442377

A unique opportunity

most of the creators are still here: we can talk to them!
but the clock is ticking. . .
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Source code history for Security and Transparency

Where does reused software come from? Do you know where it comes from?

the software you ship

the software you use

the software you acquire
the software that

has that bug
has that vulnerability

KYSW: Know Your SoftWare
Like KYC in banking, KYSW is now essential all over IT. . .

Sec. 4. Enhancing Software Supply Chain Security
ensuring and attesting, to the extent practicable, to the integrity
and provenance of open source software

May 2021 POTUS Executive Order
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