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So�ware source code: a precious part of our heritage

Harold Abelson, Structure and Interpretation of Computer Programs (1st ed.) 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

“Source code provides a view into the mind of the designer.”
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Source code is special (so�ware is not data)

So�ware 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, di�icult to maintain
research so�ware a thin top layer

sophisticated developer communities
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Matplotlib library

Python dependencies

Real dependencies

Fake OS dependencies
induced by package granularity

Precious, endangered executable and human readable knowledge

key people passing away, platforms (GoogleCode, Gitorious, etc.) closing down . . .
no organised e�ort to catalog and archive it
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So�ware Source code: a pillar of Open Science

Three pillars of Open Science

Sometimes, if you dont have the
so�ware, you dont have the data

C. Borgman, Paris, 2018

N.B.: links are essential

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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Where we stand

lack of reproducibility in SE and CS ..

no replication studies (Zannier et al., ICSE 2006)

only 20% installable tools in TOSEM 2001 to 2006 (Ghezzi, ICSE 2009)

601 mainstream papers: 508 with tools, only 40% installable (Collberg, 2015)

main reasons: source code (or the right version of it) cannot be found

a recent awakening (~2010)

Policies: Artifact Evaluation (AEC), ACM Artifact Review and Badging, . . .

Working groups: FORCE11, RDA, SPSO, . . .

Journals: IPOL, ReScience, InsightJournal, JOSS, eLife, ACM DL, . . .

Generalist Repositories: FigShare, Zenodo, (but here so�ware is just data)

but a lot is le� to be done!
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https://www.artifact-eval.org/about.html
https://www.acm.org/publications/policies/artifact-review-badging
https://www.force11.org/software-citation-principles
https://www.rd-alliance.org/groups/software-source-code-ig
https://www.ouvrirlascience.fr/logiciels-libres-et-open-source/
https://www.ipol.im/


What is at stake: ARDC 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 one!
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So�ware Heritage in a nutshell www.so�wareheritage.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 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
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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 sponsor
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. . . raising awareness about So�ware Source Code

UNESCO, Inria, So�ware Heritage invite
40 international experts meet in Paris . . . Their call is published on Feb 2019

It’s an important policy tool, already referenced and used . . . yes, you can sign it!

https://en.unesco.org/foss/paris-call-software-source-code
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https://en.unesco.org/news/experts-call-greater-recognition-software-source-code-heritage-sustainable-development
https://en.unesco.org/foss/paris-call-software-source-code
https://en.unesco.org/foss/paris-call-software-source-code


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

Get and use SWHIDs (full specification available online)
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

Cite so�ware with the biblatex-so�ware style from CTAN

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

Trigger archival of your preferred so�ware in a breeze

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://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.softwareheritage.org/2020/05/26/citing-software-with-style/
https://www.dicosmo.org/Articles/2020-ReScienceC.pdf
https://www.dicosmo.org/Articles/2020-ReScienceC.pdf
https://save.softwareheritage.org
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/


A word on the trust model for systems of identifiers

Two general classes of systems of identifiers

intrinsic computed from the object (no registry required, fully decentralised)
(e.g.: chemical notation, music notation, hashes, SWHIDs)

extrinsic assigned by an authority (need a registry)
(e.g.: passport number, DOI, ARK, RRID, etc.)

See the dedicated blog post for more details

Trust model, extrinsic (e.g. DOIs)

sw
archive

integrity
verifier

sw URL

DOI resolver
without
checksums

sw & checksum

DOIDOI

Trust model, intrinsic (e.g. SWHIDs)

5

sw
archive

integrity
verifier

SWH

SWH
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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

Image Processing On Line (IPOL)

archives

reference

cite: see BibLaTeX example

JTCAM (Theor. Comp. and Appl. Mech)

instructions for authors recommend
archival in So�ware Heritage

biblatex-so�ware in journal LATEX class

Policy

now o�icially in the
French National Plan for
Open Science

Self archival 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)

online summary

full ICMS 2020 paper
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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://twitter.com/gabrielaltay/status/1300218789762662401


Summing up: a revolutionary infrastructure designed for source code

www.softwareheritage.org

global source code archive Library of Alexandria of source code

harvest all so�ware, not just research so�ware

save code now to trigger archival on demand

API for curated deposit

universal intrinsic identifiers
SWHIDs provide standard independent of version control systems

uniform data model, full graph of development history

enables large scale, big code research
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Let’s all make research so�ware a first class citizen!

leverage So�ware Heritage in conferences, journals, AEC for archival and reference

adopt and promote biblatex-software to cite so�ware artifacts

join the conversation on so�ware citation and so�ware evaluation criteria

tackle the scientific problems : big code, classification, infrastructure, etc.

Thank you!R. Di Cosmo
Archiving and Referencing Source Code with So�ware Heritage
ICMS 2020 (h�ps://dx.doi.org/10.1007/978-3-030-52200-1_36)

R. Di Cosmo, M. Gruenpeter, S. Zacchiroli
Referencing Source Code Artifacts: a Separate Concern in So�ware Citation,
CiSE 2020 (10.1109/MCSE.2019.2963148) (hal-02446202)

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)

J.F. Abramatic, R. Di Cosmo, S. Zacchiroli
Building the Universal Archive of Source Code, CACM, October 2018 (10.1145/3183558)
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So�ware Heritage for Research and Innovation

Reference platform for Big Code

unique observatory of all so�ware development

big data, machine learning paradise: classification, trends, coding
pa�erns, code completion. . .

First datasets are available!
full graph of so�ware 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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So�ware Heritage Identifiers (SWHID) link to full docs

An emerging standard

in Linux Foundation’s SPDX 2.2

IANA registered, WikiData property P6138

Examples:

Apollo 11 AGC excerpt,

�ake III rsqrt
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https://docs.softwareheritage.org/devel/swh-model/persistent-identifiers.html
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/
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News : archiving public code

https://code.etalab.gouv.fr
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News : SWHAP

Paris Call on So�ware Source Code

“[We call to] support e�orts to gather and preserve the artifacts and narratives of the
history of computing, while the earlier creators are still alive”

SWHAP : an important step forward

detailed guidelines to curate landmark legacy source code and archive it on
So�ware Heritage

intense cooperation with Università di Pisa and UNESCO

open to all, we’ll promote it worldwide

https://www.softwareheritage.org/swhap
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News : ENEA mirror

Thomas Je�erson, 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 e�ort
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