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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, So�ware Engineering, Erdos #: 3)

20 years of Free and Open Source So�ware

10 years building and directing structures for the common good

1999 DemoLinux – first live GNU/Linux distro

2007 Free So�ware Thematic Group
150 members 40 projects 200Me

2008 Mancoosi project www.mancoosi.org
2010 IRILL www.irill.org
2015 So�ware Heritage at INRIA

2018 National Commi�ee for Open Science, France
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So�ware source code: human readable and executable knowledge

Harold Abelson, Structure and Interpretation of Computer Programs (1985)

“Programs must be wri�en for people to read, and only incidentally for machines to execute.”

Apollo 11 source code (excerpt) �ake 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:0c1741c1fb0150f111625d02277407f628c31bac;origin=https://github.com/virtualagc/virtualagc;visit=swh:1:snp:cdcd2bc43331a436e8c659ba93175ef7d7eb339b;anchor=swh:1:rev:4e5d304eb7cd5589b924ffb8b423b6f15511b35d;path=/Luminary116/THE_LUNAR_LANDING.agc;lines=244-260/
https://archive.softwareheritage.org/swh:1:cnt:bb0faf6919fc60636b2696f32ec9b3c2adb247fe;origin=https://github.com/id-Software/Quake-III-Arena;visit=swh:1:snp:687ac8cdbfab3b78b7f301abee5f451127f135fc;anchor=swh:1:rev:dbe4ddb10315479fc00086f08e25d968b4b43c49;path=/;lines=549-572/


So�ware Source code: pillar of Open Science

Three pillars of Open Science

A plurality of needs

Researcher archive and reference so�ware
used in articles
find useful so�ware
get credit for developed so�ware
verify/reproduce/improve results

Laboratory/team track so�ware contributions
produce reports / web page

Research Organization know its so�ware assets
technology transfer
impact metrics
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What is at stake in increasing order of di�iculty

Archive
Research so�ware artifacts must be properly archived

make sure we can retrieve them (reproducibility)

Reference
Research so�ware artifacts must be properly referenced

make sure we can identify them (reproducibility)

Describe
Research so�ware artifacts must be properly described

make it easy to discover and reuse them (visibility)

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

to give credit to authors (evaluation!)

We need an infrastructure designed for so�ware source code now we have it!
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So�ware Heritage, in a nutshell

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 so�ware source code

Preserving our heritage, enabling be�er so�ware and be�er science for all

Reference catalog

find and reference all
so�ware source code

Universal archive

preserve all so�ware
source code

Research infrastructure

enable analysis of all
so�ware source code

@rdicosmo Roberto Di Cosmo @swheritage CC-BY 4.0 Preserving source code in So�ware Heritage 11/01/2021 6 / 13



The largest so�ware archive, a shared infrastructure
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Addressing the four ARDC needs (see ICMS 2020 for details)

Archive (8B+ files, 140M+ projects)

Git
loader

Mercurial
loader

Debian source
package loader

tar 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)

save.so�wareheritage.org

deposit.so�wareheritage.org

Reference (20 billion SWHIDs)

Intrinsic, decentralised, cryptographically
strong identifiers, SWHIDs

Now supported in SPDX 2.2, Wikidata etc.

Describe
Intrinsic metadata from source code

Contributed the Codemeta generator

Cite/Credit
Contributed so�ware citation style
biblatex-so�ware, v 1.2-2 now on CTAN
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https://dx.doi.org/10.1007/978-3-030-52200-1_36
https://save.softwareheritage.org
https://deposit.softwareheritage.org
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/2020/05/13/swhid-adoption/
https://codemeta.github.io/codemeta-generator/
https://www.ctan.org/tex-archive/macros/latex/contrib/biblatex-contrib/biblatex-software
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A walkthrough

Browse the archive

Trigger archival of your preferred so�ware in a breeze

Get and use SWHIDs (full specification available online)

Cite so�ware with the biblatex-so�ware style from CTAN
Example use in a research article: compare Fig. 1 and conclusions

in the 2012 version
in the updated version using SWHIDs and So�ware Heritage

Example use in a research article: extensive use of SWHIDs in a replication
experiment

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

Rescue landmark legacy so�ware, see the SWHAP process with UNESCO
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https://archive.softwareheritage.org
https://save.softwareheritage.org
https://docs.softwareheritage.org/devel/swh-model/persistent-identifiers.html
https://www.softwareheritage.org/2020/05/26/citing-software-with-style/
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
https://www.dicosmo.org/Articles/2020-ReScienceC.pdf
https://doc.archives-ouvertes.fr/en/deposit/deposit-software-source-code/
https://hal.archives-ouvertes.fr/hal-02130801
https://hal.archives-ouvertes.fr/hal-01897934
https://hal.archives-ouvertes.fr/hal-02130729
https://hal.archives-ouvertes.fr/hal-02137040
https://hal.archives-ouvertes.fr/lirmm-02136558
https://hal.archives-ouvertes.fr/hal-02155786
https://www.softwareheritage.org/swhap/
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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

Silver sponsors

Bronze sponsors

Gold sponsors
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Adoption is coming . . .

HAL so�ware curated deposit workflow

Curated Archiving of Research So�ware 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-so�ware in
journal LATEX class

Policy: France

National Plan
Open Science

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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https://dx.doi.org/10.2218/ijdc.v15i1.698
https://swmath.org/software/7116
http://www.ipol.im/pub/art/2020/300/
https://jtcam.episciences.org/page/for-authors
https://www.softwareheritage.org/save-and-reference-research-software/
https://dx.doi.org/10.1007/978-3-030-52200-1_36


Breaking news, and a lesson to be learned

Saving 250.000 endangered repositories. . .

summer 2019: BitBucket announce Mercurial VCS phase out

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

july 2020: BitBucket erases 250.000 repositories

august 2020: bitbucket-archive.so�wareheritage.org is live

. . . preserving the web of knowledge (Tweet is here )

Bo�omline
explicit deposit is important, . . .

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

(think also of all so�ware dependencies!)
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https://bitbucket-archive.softwareheritage.org
https://twitter.com/gabrielaltay/status/1300218789762662401


Conclusion

So�ware Heritage

universal archive of source code

intrinsic identifiers (SWHIDS)

open, non profit, long term

infrastructure for Open Science

You can help improve science!

adopt SWH: conferences, journals, AEC

save relevant source code

contribute to SWH: it is open source

help build the SWH community

Roberto Di Cosmo
Archiving and Referencing Source Code with So�ware Heritage
International Congress on Mathematical So�ware (ICMS), 2020

Jean-François Abramatic, Roberto Di Cosmo, Stefano Zacchiroli
Building the Universal Archive of Source Code, CACM, October 2018 (10.1145/3183558)

P. Alliez, R. Di Cosmo, B. Guedj, A. Girault, M.-S. Hacid, A. Legrand and N. Rougier
A�ributing and referencing (research) so�ware: Best practices and outlook from Inria,
CiSE 2020 (10.1109/MCSE.2019.2949413) (hal-02135891)

Roberto Di Cosmo, Marco Danelu�o
[Rp] Reproducing and replicating the OCamlP3l experiment. ReScience C, 6(1), 2.
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https://doi.org/10.1145/3183558
https://doi.ieeecomputersociety.org/10.1109/MCSE.2019.2949413
https://hal.archives-ouvertes.fr/hal-02135891
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