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Short Bio: Roberto Di Cosmo

Computer Science professor in Paris, now working at INRIA

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

20+ years of Free and Open Source Software

10+ 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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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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https://archive.softwareheritage.org/swh:1:cnt:64582b78792cd6c2d67d35da5a11bb80886a6409;origin=https://github.com/virtualagc/virtualagc;visit=swh:1:snp:3c074afad81ad6b14d434b96e705e01d184752cf;anchor=swh:1:rev:007c2b95f301f9438b8b74d7993b7a3b9a66255b;path=/Luminary099/THE_LUNAR_LANDING.agc;lines=245-261/
https://archive.softwareheritage.org/swh:1:cnt:bb0faf6919fc60636b2696f32ec9b3c2adb247fe;origin=https://github.com/id-Software/Quake-III-Arena;visit=swh:1:snp:4ab9bcef131aaf449a7c01370aff8c91dcecbf5f;anchor=swh:1:rev:dbe4ddb10315479fc00086f08e25d968b4b43c49;path=/code/game/q_math.c;lines=549-572/


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


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

awareness is raising at the level of public policy
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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
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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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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://www.eosc.eu/advisory-groups/infrastructures-quality-research-software
https://faircore4eosc.eu/
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


Fundamental needs for software in Open Science (selection)

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


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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https://github.com/ocaml/opam-repository/issues/19757
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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

Diamond sponsor

Bronze sponsors

Gold sponsors

Silver sponsors

Platinum sponsors
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The largest software archive, a shared infrastructure

One infrastructure
open and shared

The largest archive ever built
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Software Heritage: a radically different approach to archiving

Git
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Mercurial
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Debian source
package loader

pypi source
package loader

.

.

.

Software Heritage Archive
Merkle DAG + blob storage

Loading
& deduplication
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dsc

hg

hg
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git
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origins
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tar
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releases
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directoriesdirectories

contents

Global development history permanently archived in a uniform data model

over 18 billion unique source files from over 290 million software projects

~1.5PB (compressed) blobs, ~35 B nodes, ~500 B edges
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Meet the SWHID identifier
Software Hash Identifiers (SWHID) see swhid.org

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

In SPDX 2.2; IANA registered "swh:"; WikiData P6138; ISO standard (ongoing)

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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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


Software Heritage is radically different, cont’d

A quick tour as a user

designed for source code: Browse (e.g. Apollo 11 excerpt, see also Apollo 11 blog
post) like on a developer platform, not a document archive!
reference source code: all granularities, using SWHIDs (full specification available
online)

compare Fig. 1 and conclusions in the 2012 version and the updated version
SWHID in a replication experiment
SWHIDs guarantee integrity like in blockchains
demo if time left:

1 download a version of a project for a given SWHID
2 compute locally the SWHID with swh-identify
3 check that the computed id match the given one
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https://archive.softwareheritage.org
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://www.softwareheritage.org/2019/07/20/archiving-and-referencing-the-apollo-source-code/
https://www.softwareheritage.org/2019/07/20/archiving-and-referencing-the-apollo-source-code/
https://docs.softwareheritage.org/devel/swh-model/persistent-identifiers.html
https://docs.softwareheritage.org/devel/swh-model/persistent-identifiers.html
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


Software Heritage is radically different, cont’d

Getting software archived

automated harvesting: over 290 million software origins, your researchers’ work
may already be there (actually, here)!
universal archive: all source code from all platforms (BitBucket, GitHub, GitLab,
your own forge, etc.)

trigger archival of any code in one click with the updateswh browser extension
use webhooks to automatically archive your code (a GitHub action is available too)
journals, libraries, open access portals may deposit sourcecode and metadata

Example article from IPOL
Example article from eLife
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https://softwareheritage.org/features/
https://archive.softwareheritage.org/
https://twitter.com/gabrielaltay/status/1300218789762662401
https://archive.softwareheritage.org/browse/search/?q=bitbucket+galtay&with_visit=true&with_content=true
https://archive.softwareheritage.org/
https://save.softwareheritage.org
https://www.softwareheritage.org/browser-extensions/
https://archive.softwareheritage.org/api/1/
https://github.com/marketplace/actions/save-to-software-heritage
https://archive.softwareheritage.org/
http://www.ipol.im/pub/art/2020/300/
https://elifesciences.org/articles/82535


A look at some adoption indicators

From Melissa Harrison’s OSEC 2022 talk Use 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


Call to action: best practices for ARDC are available. . . today!
Archiving and referencing

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

ensure it is archived in Software Heritage (see save code now)

get the proper SWHID for your software (see detailed HOWTO)

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

Describing and Citing/Crediting

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

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

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

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

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

https://registry.opendata.aws/software-heritage/

all the file contents (the leaves of the graph ~1PB uncompressed)

regular dumps of the graph (in ORC file format)
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https://registry.opendata.aws/software-heritage/


Example: most popular commit verbs (stemmed)

Query using Amazon Athena
SELECT COUNT(*) AS C, word FROM (

SELECT word_stem(lower(split_part(
trim(from_utf8(message)),’ ’, 1)))
AS word FROM revision
WHERE length(message) < 1000000)

WHERE word != ’’
GROUP BY word
ORDER BY C
DESC LIMIT 20;

Total cost: approximately .5 euros

Results
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Going beyond SQL

State-of-the-art graph compression from social networks

Paolo Boldi, Antoine Pietri, Sebastiano Vigna, Stefano Zacchiroli
Ultra-Large-Scale Repository Analysis via Graph Compression
SANER 2020, 27th Intl. Conf. on Software Analysis, Evolution and Reengineering. IEEE

Results
Full graph structure (35 B nodes, 500 B edges) in 300 GiB RAM

traversal time is tens of ns per edge

bidirectional traversals implemented

beware: metadata access is still off RAM

Java and gRPC APIs available, Rust is coming!

docs.softwareheritage.org/devel/swh-graph/grpc-api.html
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Cybersecurity, AI, Tech, Science . . .

Cybersecurity: tracing vulnerabilities

See the SWHSec project

(Generative) AI

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

Big Data challenges

big data infrastructure

efficient queries

integration with other knowledge graphs
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https://swhsec.github.io/
https://huggingface.co/datasets/bigcode/the-stack-v2
https://github.com/bigcode-project/starcoder2
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A rally flag for a grand vision

Bring together academia, industry, governments, communities

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

Software Heritage is the first brick . . .

vendor neutral

open source

a worldwide initiative

a long term initiative

. . . that will enable
archival, reference, integrity

qualification, sharing and reuse

a global software knowledge base

test and deploy world class tooling

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

You can help!

use, disseminate, contribute, build&adapt research tools, . . .
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Join a growing and active community

Team

Ambassadors

Contributors to the platform

Work with us!

https://softwareheritage.org/jobs/

R. Di Cosmo roberto@dicosmo.org (CC-BY 4.0) Software Heritage for Open Science and Research 12/04/2024 23 / 24

https://softwareheritage.org/people/
https://softwareheritage.org/ambassadors/
https://web.libera.chat/?nick=swhguest?#swh-devel
https://softwareheritage.org/jobs/


Report and videos

Annual report 5 years in 5 minutes Link

Evolution of our codebase Link
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https://annex.softwareheritage.org/public/annual-reports/2023/SoftwareHeritageReport_2023.pdf
https://www.youtube.com/watch?v=8RdA5TxOAGo
https://www.youtube.com/watch?v=Ez4xKTKJO2o
https://www.youtube.com/watch?v=8RdA5TxOAGo
https://youtu.be/UzvPu4WfbLQ
https://youtu.be/UzvPu4WfbLQ
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