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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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Why So�ware Source Code ma�ers

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 2006

“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

Legal status

so�ware is covered by copyright, like articles, and unlike data

there are special provision for so�ware too (it is not exactly like articles or books!)
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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: 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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What is at stake: beyond ARDC

Sustainability, technology transfer

Organisational schemas, legal tools, economic models, processes and policies to ensure
research so�ware can be maintained and sustained over time, maybe in connection with
industry

Evaluation (funding, careers, etc.)

avoid the numbers game (beware of naive so�ware citation counting)

identify roles in so�ware projects, see:

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)

Regulations are coming

so�ware management plans, licensing recommendations, metadata and identification
standards
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Some key notions

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
So�ware Heritage

example: archived version of biblatex-so�ware
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Forges are not archives!

2015: the bad news
Google Code and Gitorious.org shutdown (~1M endangered repositories)

Summer 2019: BitBucket announce Mercurial VCS sunset
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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Traditional archives are not adapted to so�ware

Usual archival approach. . .

independent information package(s)

(persistent) identifier with a registry

metadata record

. . . not well adapted to so�ware source code . . .

broad dependencies on non academic so�ware
full development history:

not just releases

so�ware development moved to intrinsic identifiers (more on this later)
pu�ing a DOI on a .zip file does not fit the bill

. . . we can do be�er
use So�ware Heritage: it is designed for source code

R. Di Cosmo roberto@dicosmo.org @rdicosmo (CC-BY 4.0) So�ware Heritage so�wareheritage.org 8/12/2021, #SWH5YEARS 9 / 15



Outline

1 Introduction

2 So�ware Source Code and Open Science

3 Adressing the needs

4 Demo time!

5 The way forward

R. Di Cosmo roberto@dicosmo.org @rdicosmo (CC-BY 4.0) So�ware Heritage so�wareheritage.org 8/12/2021, #SWH5YEARS 10 / 15



Focus on Archive and Reference

Browse the archive

Trigger archival of your preferred so�ware in a breeze

Get and use SWHIDs (full specification available online)

Deposit via HAL, e.g.
LinBox, SLALOM, Givaro, NS2DDV, SumGra, Coq proof, . . .

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

Example in a real journal: an article from IPOL

Supporting reproducible builds: Guix and Nix
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Growing adoption of SWH in Academia (selection)

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 for
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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Le Collège Logiciel dans le CoSO

2nd National Plan for Open Science (6/7/2021)

Open and promote research so�ware source code
actions (selection)

charter for research so�ware policy
recognize so�ware development (see
announcement of the 2021 prize)
coordinate communities of practice
build a connected ecosystem of research
outputs

recommendations (selection)
archive in So�ware Heritage
standardise and use SWHID
build a national catalog of research so�ware
leverage ADAC network

See o�icial announcement
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Two pronged approach: 1, Process and Expertise

Develop a strategy to address these issues

build a corpus of shared knowledge
build a network of expertise

connect with open source experts
connect with other institutions
connect with OSPOS

make informed strategic decisions

develop a decision tree for researchers

How to proceed

join the upcoming CoSO so�ware group

connect with international organizations
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Two pronged approach: 2, Describe and Track

Build a uniform, global catalog of research so�ware

standard metadata to encode all the relevant information

single entry point and process to enter and extract information

contains information on all research so�ware, open or closed

some information may not be public (e.g. tech transfer details)

What we have
HAL and SWH: curated deposit for
open code with public metadata

contributor roles: from Inria and INS2I

pushed to international level (via
EOSC, RDA, Force11)

What we need
massive import of existing information
on open code

expand catalog to cover closed code and
private information

collaboration with tech transfer teams

We can build toghether what is missing, in a joint project
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�estions?
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So�ware and So�ware Source Code

“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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So�ware is special, cont’d

So�ware as a concept

so�ware project / entity

the creators and the community
around the project

the so�ware solution / functionality

So�ware artifact
the binaries for di�erent environments
the so�ware source code for each
version

the multiple files or code fragments

Versioning, granularity

Project “Inria created OCaml and Scikit-learn”

Release “2D Voronoi Diagrams were introduced in CGAL 3.1.0”

Precise state of a project “This result was produced using commit 0064fbd. . . ”

Code fragment “The core algorithm is in lines 101 to 143 of the file parmap.ml contained
in the precise state of the project corresponding to commit 0064fbd. . . .”
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What about FAIR?

FAIR data principles for data

in a nutshell: metadata, metadata, metadata all over the place to make sense of data

But so�ware is not data . . .
a source code repository usually contains significant metadata by itself
the terms interoperability and reusability have precise technical meaning for
so�ware, and di�er significantly from what is intended by the I and R of FAIR;

see the entries for so�ware interoperability and so�ware reusability
it is very di�icult to achieve these properties even for commercial so�ware developed
by multinationals

Bo�omline
"making so�ware FAIR" is not the key issue at stake

need to focus on more actionable properties: ARDC is a good starting point

R. Di Cosmo roberto@dicosmo.org @rdicosmo (CC-BY 4.0) So�ware Heritage so�wareheritage.org 8/12/2021, #SWH5YEARS 3 / 15

https://en.wikipedia.org/wiki/Interoperability#Software
https://en.wikipedia.org/wiki/Reusability


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 So�ware Heritage and SWHIDs

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

Research Articles Artifact Evaluation Commi�ees Badging initiatives
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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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A(rchive)

Universal source code archive not only research (11B+ files, 160M+ 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 so�ware is likely there already!

anyone can trigger archival with save.so�wareheritage.org

selected partners can push to the archive via deposit.so�wareheritage.org
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R(eference): granularity and identifiers 10.15497/RDA00053

Top concept layers vs. bo�om 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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Extrinsic and Intrinsic identifiers in a nutshell

Extrinsic identifiers: no per se relation with the designated Object

A register keeps the correspondence between the identifier and the object

pre-internet era passport number, social security number, ISBN, ISSN, etc.

internet era DOI, Handle, Ark, PURLs, RRID, etc.

Intrinsic identifiers: derived from the designated Object

No register needed to keep the correspondence between the identifier and the object

pre-internet era musical notation, chemical notation (NaCl is table salt)

internet era cryptographic hashes for distributed so�ware development, Bitcoin

more in this dedicated blog post (with pointers to literature)
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Meet the SWHID intrinsic identifiers
So�ware Heritage Identifiers (SWHID) link to full docs

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

Emerging standard : Linux Foundation SPDX 2.2; IANA registered; WikiData P6138

Full fledged source code references for reproducibility

Examples: Apollo 11 AGC excerpt, �ake III rsqrt; Guidelines available, see ICMS 2020
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https://docs.softwareheritage.org/devel/swh-model/persistent-identifiers.html
https://www.softwareheritage.org/2020/07/09/intrinsic-vs-extrinsic-identifiers/
https://spdx.github.io/spdx-spec/appendix-VI-external-repository-identifiers/#persistent-id
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https://archive.softwareheritage.org/swh:1:cnt:bb0faf6919fc60636b2696f32ec9b3c2adb247fe;origin=https://github.com/id-Software/Quake-III-Arena;lines=549-572/
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D(escribe) and C(redit/cite): HAL+SWH

Deposit so�ware in HAL poster

Generic mechanism:

SWORD 2.0, review process, versioning

How to do it: (guide)

deposit .zip or .tar.gz file with metadata

new: deposit metadata on SWHID

Timeline:

Mars 2018: test phase on HAL-Inria

September 2018: open to all HAL
June 2021:

600+ source code deposits
metadata deposit on HAL-Inria
citation/metadata in BibTeX and
CodeMeta
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So�ware management plans: there is more than meets the eye!

Sustainability

economic model

community and governance

license

Evaluation and profit sharing

make so�ware count in careers and evaluations

Technical
infrastructure, tools, processes, quality assurance

A license is not a business model, a forge is not a community
Cedric Thomas, OW2 CEO
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Recall: beyond ARDC
Policy for dissemination and reuse

open source research so�ware

revisit technology transfer and industry collaboration

Framework for evaluation and recognition

make so�ware development count in a career. . .
not the case in many countries (e.g. Italy)

. . . but counting citations and commits is not the silver bullet

Sustainability

technical improve quality of key research so�ware

financial make research so�ware as easy to fund as buying a license (somewhat
similar issues with Open Access)

Infrastructures, technologies and tools

Governance, funding, etc.

Good news: change is ongoing!
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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 so�-
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 @rdicosmo (CC-BY 4.0) So�ware Heritage so�wareheritage.org 8/12/2021, #SWH5YEARS 13 / 15

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


The EOSC SIRS report: So�ware 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 So�ware Heritage, use SWHID
open non profit
default to open source for research so�ware

"all research so�ware 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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So�ware in the EOSC

Ongoing action in the EOSC

Task force on infrastructures for quality research
so�ware

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

Improve the quality of research so�ware, both
from the technical and organizational point of
view . . .

Increase recognition to so�ware developers and
maintainers of research so�ware . . .

See the charter of the task force.
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