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Computer Science professor in Paris, now working at INRIA
@ 30+ years of research (Theor. CS, Programming, Software Engineering, Erdes #: 3)
@ 20+ years of Free and Open Source Software

@ 10+ years building and directing structures for the common good

1999 DemolLinux — first live GNU/Linux distro

2007 Free Software Thematic Group
150 members 40 projects 200Me

2008 Mancoosi project www . mancoosi.org
2010 IRILLwww.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.)

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

Quake 11l source code (

lo 11 source code (

P63SPOT3 BIT6 # IS THE LR ANTENNA IN POSITION 1 YET float Q_rsqrt( float number )
EXTEND {
RAND  CHAN33 long i;
EXTEND float x2, y;
BZF P63SPOT4 # BRANCH IF ANTENNA ALREADY IN POSITION 1 const float threehalfs = 1.5F;
CAF CODES00 # ASTRONAUT:  PLEASE CRANK THE X2 = number * 0.5F;
TC BANKCALL # SILLY THING AROUND y = number;
CADR GOPERF1 i=* (long * ) &; // evil floating point bit level hacking
TCF GOTOPOOH # TERMINATE i = 0x5f3759df - ( i >> 1 ); // what the fuck?
TCF P63SPOT3 # PROCEED SEE IF HE'S LYING =* ( float * ) &i;

<<

y * ( threehalfs - ( x2 *y *y ) ); // 1st iteration
P63SPOT4 T BANKCALL # ENTER INITIALIZE LANDING RADAR //y =y * ( threehalfs - ( x2*y*y ) );// 2nd iteration, this
CADR SETPOS1 can be removed

return y;
TC POSTIUMP # OFF TO SEE THE WIZARD ...

CADR BURNBABY

Len Shustek, Computer History Museum

“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 Source Code: ~ 60 years, a lightning fast growth

0.000 lines), 1969

"When | first got into it, nobody knew what it was that we were doing. It
was like the Wild West"
Margaret Hamilton

y

Linux Kernel

Lines of code per Kernel version =
Click and drag in the plot are to zoom

4136
Lines of Code: 19 786 156

=

. now in your pockets!
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© Software as a Pillar of Open Science
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Why Open Science?

Open Science ( , France, 2021)

Unhindered dissemination of results, methods and products from scientific research.
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.

Hh

Jean-Eric Paquet (EU DGRI, )

“Increase scientific quality, the pace of discovery and technological development, as well as
societal trust in science”

v

Mariya Gabriel ( 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/

Two well known pillars of Open Science
Open Access (a long, painful, unfinished story)

19XX’s compulsory exclusive copyright transfer to publishers (unlawful?)
(notable exceptions: US federal agencies and UK Crown Copyright)

1990’s Internet, Web and ArXiv break the marriage of convenience of researchers
with publishers
2000’s declarations (Budapest, 2001; Berlin 7, 2009) and actions (LIPIcs, 2009)

2010’s reactions (SciHub, 2011; Plan S, 2018) and transformations (not so easy)
TL;DR: see my viewpoint in 2005 and the SIGPLAN blog in ZOZOJ

Open Data (less painful, but still unfinished story)

@ 1957-1958: International Geophysical Year shows the way
@ 2006 (and 2021): OECD recommendation on publicly funded research data
@ 2016 and later: FAIR terminology (focus on metadata, sort of forgets open...)

Towards a Software Pillar of Open Science September 27th 2023 5/31
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https://www.usa.gov/government-works#item-206099
https://www.nationalarchives.gov.uk/information-management/re-using-public-sector-information/uk-government-licensing-framework/crown-copyright/
https://hal.archives-ouvertes.fr/hal-03362932
https://hal.archives-ouvertes.fr/hal-03362932
https://www.coalition-s.org/
https://www.ouvrirlascience.fr/transformative-agreements-what-effects-on-the-economics-of-academic-publishing/
https://hal.archives-ouvertes.fr/hal-03362932
https://blog.sigplan.org/2020/01/14/what-is-a-sustainable-path-to-open-access/
https://www.oecd.org/sti/recommendation-access-to-research-data-from-public-funding.htm

Some lessons learned

Risk factors, mistakes to avoid \

o legal and economic framework
o closed, for profit infrastructures with unaligned goals may lead to

@ proprietarization of public research results !
o creation of dysfunctional markets

o operation of open non profit infrastructure funded with project money

@ operational balkanisation

proliferation of infrastructure silos
duplicated contents with different identifiers
costly efforts to federate after-the-fact
uneven quality of information

4

Taking notice J

2021: exemplarity criteria for the french national open science fund

R. Di Cosmo  roberto@dicosmo.org  (CC-BY 4.0) Towards a Software Pillar of Open Science September 27th 2023 6/31


https://www.ouvrirlascience.fr/examplarity-criteria-for-funding-from-the-national-open-science-fund/

French National plan for Open Science, 2018-2021

Main achievements

Creation of the National Fund for Open Science (11.6 M€ of resources over 3 years), a
FOR OPEN SCIENCE

Launch on 4 July 2021 by Frédérique Vidal, Minister for Higher dedicated funding instrument for open science policy in France
Education, Research and Innovation + Two calls for projects for "open access publishing, open publication and its
° *  First Ce i ise open access to +  Support for the national open archive HAL: exceptional financial support, audit and ongoing

+ Second Commitment : Structure research data and make it renovation of the technical base, definition of a sustainable financing model and shared

available through open access govemance
amhuir 2018 + Third Commitment : Be part of a sustainable european and «  The French National Research Agency and other funding agencies request the deposit of
international open science dynamic publications in an open archive and the drafting of data management plans for the projects
they fund

ANR flash call for projects on open science: €2.3M, 25 projects supported to accelerate the
maturation of disciplinary communities in the face of data management issues

Creation of the position of chief data officer at the Ministry of Higher Education, Research and
Innovation

Governance :
The Open Science Committee

Main achievements

* Creation of the open science barometer: measurement of the rate of French scientific
publications in open access

. Progresswe deployment of open science strategies within research performing organisations
and s, creation of a network of open science referents

Open science steering committee
Ministry of Higher Education, Research and Innovation (MESRI)
research performing organisations, Universities, National Research
Agency (ANR), Couperin consortium, High Councilfor Evaluation of
Research and Higher Education (Hcéres)

N Tralnlng actions targeted at doctoral students: Passport to open science, practical guide for

Permanent secretariat for Open Science Phd students.

MESRI, rescarch perorming organisations, Universites, ANR, Couperin + Contribution to the ing and of the EOSC: structuring of EOSC France,
sorium, Hoéres, ADBU, EPRIST, Colleges French presence on he board and oiner EOSC bodies
- ['suppor pen science SCoSS labelled projects (DOAB, PKP,
olleges - - Opanllauons) ROA, Software Hertage
Publications, Research Data, Skills and Training, Europe and ines, i i
International :
(72 membres from 44 nsiiutions)
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Software is a pillar of Open Science

Software powers modern research Key pillar: software I

— Over 20% of —

Sty

(O Hhestvolume (@) Highestsharng ats art l C l es across <
all disciplines

Repositories

I
I

share software
[—— 2023 French B L,
I . Repositories epositories
I Open Science :
I e M on i tor I i
—— — ) Links are lmportantJ

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)

Towards a Software Pillar of Open Science September 27th 2023 8/31
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https://frenchopensciencemonitor.esr.gouv.fr/software/fields?id=disciplines.partage
https://frenchopensciencemonitor.esr.gouv.fr/software/fields?id=disciplines.partage
https://frenchopensciencemonitor.esr.gouv.fr/software/fields?id=disciplines.partage

Source code is special (software is not data)

Software evolves over time

@ projects may last decades

o the development history is key to its understanding

@ millions of lines of code

o large web of dependencies

e easy to break, difficult to maintain
e research software a thin top layer

=

@ sophisticated developer communities S t ) 0 geencences

= ==/ induced by package granularity
Real dependencies

= y
The human side

design, algorithm, code, test, documentation, community, funding

and so many more facets ...
4
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How are we managing our software ?

Reproducibility, maintenance in Academia

Security, integrity, traceability in Industry

Crucial Computer Program for
Particle Physics at Risk of
Obsolescence

(articles: here, here, here and here)

y

Sonatype Stops Software Supply

2 Equifax website hack exposes data for

SolarWinds hack that breached gov  ~143 million US consumers.
‘networks poses a “grave risk” to the
nati

Dependency Confusion: How |
.1 Hacked Into Apple, Microsoft =
and Dozens of Other Companies “

Can they track the software that they
@ ship, use, acquire

@ has that bug or vulnerability

awareness is raising at the level of public polich

R. Di Cosmo  robert no.org
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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

© An emerging policy framework
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International highlights

(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-

“N ence/Open Research, [...] recognising in the careers of academics their con-
tributions to high quality software development, in all their forms” ,

IE"  Open Source in UNESCO recommendations for Open Science, 2021

Software in the EOSC

o 2020 EOSC SIRS connect scholarly ecosystem via Software Heritage
=II| 2021 EOSC Task Force on Infrastructures for Research Software
2022 FAIRCORE4EOSC project WP6 implements SIRS report
2023 INFRAEOSC call on quality of scientific software

Unlversal Software Archive

of‘tware Heritage

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), ...
T — e — S —
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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://ec.europa.eu/info/funding-tenders/opportunities/docs/2021-2027/horizon/wp-call/2023-2024/wp-3-research-infrastructures_horizon-2023-2024_en.pdf
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

What is at stake

ARDC

@ Archive for retrieval
(reproducibility)

@ Reference for
identification
(reproducibility)

@ Describe for discovery
and reuse

o Cite/Credit for credit
and evaluation

@ Development practices
and tools (VCS, build
system, test suites, ClI,
code quality, ...)

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

Need training, tooling,
infrastructures, best
practices

Before ARDC

v

Beyond ARDC I

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

@ Sustainability (legal,
financial, etc.)

@ Technology transfer

@ Advanced technologies

and tools (quality,
traceability, etc.)

a humbling challenge, and a complex one (we are not in a vacuum)J
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@ Towards implementation: a perspective from France
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French National plan for Open Science, 2021-2024

Ex

MINISTERE

DE LENSEIGNEMENT
SUPERIEUR,

DE LA RECHERCHE
ET DE L'INNOVATION
Liberé

i
e

SECOND FRENCH PLAN FOR OPEN
SCIENCE

Generalising open science in France 2021-2024

Second French Plan

. Launch on 6 July 2021 by Frédérique Vidal, Minister for Higher
for Open Science o oh and Innovation 9

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
ENERALSING policies must be adapted to disciplinary specificities

OPEN SCIENCE
IN FRANCE 20212024

mo  roberto

Path Three :
#i=e. Opening up and promoting source code produced

) by research
0 (o)

Highlight the
production of
source code from

T

Define and promote

e an gpen source
research and potey
innovation

« 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. »

ine and promote an open source software policy

* 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

Recognise source code as a contribution to research

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

support staff

Build an ecosystem that connects code, data and publications

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

wards a Software Pillar of Open Science September 27t



Software College in the CoSO

Five action lines (see ) \

o Identifying and highlighting research software production

@ Technical and social tools and best practices
@ Valorization and sustainability
o Liaison and animation at national, European, and international levels

@ Recognition and careers

Report on software forges (9/2023) Leveraging experience and connections

0622,

@ Open Source thematic group in
Systematic (since 2007)

o Collaboration with DINUM, Eclipse
Foundation, OW2, ...

analysis of software forges
used in academia

needs, options, limitations

R. Di Cosmo
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https://www.ouvrirlascience.fr/research-software-as-a-pillar-of-open-science/

Recognizing Research Softwar

a
MINISTERE
DE LENSEIGNEMENT

SUPERIEUS

R

ET DE LA RECHERCHE

The first national Open Science award for Research Software

2022 edition

Institutionalised as an annual award

120+ high quality submissions

4 prizes

6 accessit

4 categories (inclusiveness)
awarded by the Ministry of Research

2023 edition now open, already inspired other countries (e.g. Australian award)

Detailed description and lessons learned forthcoming

September 27th 2023
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Software Chapter in the CoSO, cont’d

Chairs: Roberto Di Cosmo and Francois Pellegrini

@ Florent CHUFFART (Univ Grenoble Alpe)

@ Mélanie CLEMENT-FONTAINE (Univ Paris-Saclay - @ Camille MAUMET (Inria, Univ Rennes, CNRS, Insernl)
Versailles Saint-Quentin) @ Clémentine MAURICE (CNRS) .

@ Laurent COSTA (UMR 7041 ArScAn) @ Grégory MIURA (Univ Bordeaux Montaigne)

@ Ludovic COURTES (Inria) @ Raphaél MONAT (LIP6, Sorbonne Université)

@ Sébastien GERARD (Univ Paris-Saclay, CEA, List) @ Patrick MOREAU (CNRS)

@ Timothée GIRAUD (CNRS) @ Nicolas ROUGIER (Inria, Univ Bordeaux, CNRS)

@ Jean-Yves JEANNAS (Univ Lille, AFUL) @ Francois SABOT (IRD)

@ Nicolas JULL|EN (]MT Atlantique) Y Sylvie TONDA-GOLDSTEIN (Inria)

@ Daniel LE BERRE (Univ Artois, CNRS) @ Samuel THIBAULT (Univ Bordeaux) (Univ

@ Violaine LOUVET (CNRS / GRICAD - Univ Grenoble Paris-Saclay)
Alpes)
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Need for a global approach: the case of software archival and reference
g pp
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How (not) to preserve and share research software
B - Since the 2000’s

A - Since the 1976°s 1990’s

.zip or .tar file on:
o ftp-server (e.g. gnu)
@ web page (example)
@ document archive (+ DOI sample)

C: a mix of the two I

«@ Artifacts Available prifacts fvaluated &
Authors/Contributors:  Authors Info & Affiliations . .
Can get no satisfaction...
DOI: (ifips.//dol.org/10.1145) GEEEEB)Version: 1.0 ;
A Poor user experience

W Description
A source archive of (i, and the version of G used in the paper B NO preserval'ion guarantee

eval. A more up-to-date version of can be found at

Rely on software forges
e institutional/project (e.g. example)

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

W4

B assets C Can do so much better
Read v (I
Towards a Software Pillar of Open Science September 27th 2023
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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)

.4 “_‘_J
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

y
In Academia too!

@ 2021: Inria’s old gforge is unplugged... breaks the Opam build chain for OCaml

4

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

Software Heritage in a nutshell

www.softwareheritage.org

A
o .
+3¥%- Software Heritage,
L\ﬂAV/A THE GREAT LIBRARY OF SOURCE CODE

v

Collect, preserve and share all software source code

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

v

Reference catalog I | Research infrastructure |
Scier ) CRCN .damage
R

torage

disaster, ,im{.,mw

& qmah%lmis N
G G o OTANY im;,g gbsolete 2
GoogleCode i b O 5

find and reference all

preserve and share all

software source code

software source code

enable analysis of all
software source code
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An internation

Sharing the vision '@ Donors, members, sponsors

=

United Nations -
Educational, Scientific and -
Cultural Organization +

Software

nlnet
TILinux
R
y a0 SBROHR
ADULLACT ™
9, .
(o sseen. AdaCore g gandiinet

ouis, o @

And many more ...

www.softwareheritage.org/support/testimonials

v GitLab 2 cameznna

OW2 Ligfe @ _S.L.G_SOFT E N

non profit initiative

Liberté + Egalié
REPUBLIQUE

=]
A=
]

.]g‘FFREE SOFTWARE
FOUNDATION

openinventionnetwork

2 eclipse

built for the long term

e

brzia —

INVENTEURS DU MONDE NUMERIOUE

Diamond sponsor @

Platinum sponsors

.
@ === intel

B2 Microsoft 5‘: QD

n i — e
HUAWEI

Gold sponsors .
invention Q SORBONNE Université
nventio b UNIVERSITE 'A! de Paris

Silver sponsors

AdaCore ¥ 7 EE M GitHub Google &

Bronze sponsors

& RedHat )SCANOSS
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www.softwareheritage.org/support/testimonials

The largest software archive, a shared infrastructure

Cultural Heritage Public Administration

Industry ” Research

155

One infrastructure ii‘
open and shared

i
" BMg

Software Heritage

The largest archive ever built

Source files Commits Projects o Bitbucket

2,012,133 origins <

16,786,947,392 3,555,307,942 262,077,475

. [ o (©debian
" e poaorgns <
o - : & GitLab
[ " 3,989,638 origins <
freow @ roveroo
— S . I 1,096 origins <
] A .
»2 Nix0S
12,451 origins ¢
(® Phabricator
74,477,682 185 origins .

Directories Authors Releases

13,486,743,792 63,835,635

wards a Software Pillar of Open Science

git

19,494 origins < 21,486 origins
Y GitHub
6,424 origins < 152,282,093 origins
V Guix ZGNU
12,451 origins < 354 origins
G launch Maven
356,873 origins < 93,710 origins
1,799,296 origins < 4,083 origins
pa G soURCEFORGE
427,135 origins < 308,970 origins.

September 27th 2023



Address common Open Science and Open Source needs: archival

Forges
GitHub Software Heritage Archive

u O usres g Merkle DAG + blob storage
Git

loader
GitLab
lister

Mercurial
loader

Distros

Debian
lister

OC g

Package

Debian source
package loader

lister

Taps > )
(& Pé N Listing Loading
(full/incremental) & deduplication

V' Qéjswm &@)

Global development history permanently archived in a uniform data model

@ over 16 billion unique source files from over 260 million software projects

@ ~1.5PB (compressed) blobs, ~35 B nodes, ~500 B edges
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ddress common Open Science and Open Source needs: reference

Software Heritage Iden

schema_version object_id
t [
::%1ddb23118f92d7218099a5e7a990cf58f1d07fa }
35+B
v M . . 3
prefix  object_type — : : intrinsic,
origin_ctxt jorigin=https://github.com/chrislgarry/Apollo-11
T——  “snp” - snapshot . .
¥ SRS [ g ——— e 2aensi3s | decentralised,
“rel” - release
/\ A - anchor_ctxt janchor=swh:1:rev:3913£198£4383d4d638c0485d6aa902££2£35828 } C ryptograph IC
‘:’ #dir” - directory path_ctxt ;path=/Luminary099/BURN_BABY BURN--MASTER IGNITION ROUTINE.agc ]

“ent” - content
lines ctxt E;lines=64—72 l

Full fledged source code references for traceability, integrity and reproducibility

5 e Fauindle femn SEES 2.9 Examples: Apollo 11 AGC excerpt, Quake Il rsqrt
o IANA-registered "swh: " Guidelines available, see the HOWTO

o WikiData property P6138 Breaking news: standardisation, see swhid.org
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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://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://swhid.org

Outline

@ Demo time!
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A walkthrough

@ Browse and Reference (e.g. Apollo 11 [excerpt], your work may be alreatin@héere f)

e Trigger archival, use the updateswh browser extension, configufg thg wgbhooks

e Cite with biblatex-software (CTAN, Overleaf ACMART template)

@ Describe with Codemeta (use codemeta generator)

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

e Extracting all the software products for Inria, for CNRS, for CNES, for LIRMM or
for Rémi Gribonval using HalTools

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

o Example research articles:

o compare Fig. 1 and conclusions in the 2012 version and the updated version
e SWHID in a replication experiment
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https://archive.softwareheritage.org
https://swhid.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://ctan.org/pkg/biblatex-software?lang=en
https://www.overleaf.com/latex/templates/template-for-acmart-using-biblatex-and-biblatex-software/hrbzctcdjwvd
https://codemeta.github.io/codemeta-generator/
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://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://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
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

Some adoption indicator

) 4
From I
U Qe . -
What are they “referencing”?
fowce___ln__lercentage _|
Not available 2868 46.22 3 . Py .
) ey prpy \\&{, b/Surf: Interactive Bézier Splines on Surface
software heritage 387 624 g Meshes
zenodo 142 229
r package 70 113
p— = 5% Claudio Mancinelli, Giacomo Nazzaro, Fabio Pellacini, Enrico Puppo
R = i IEEE Transactions on Visualization and Computer Graphics (TVCG)
gitlab 35 0.56
« 6205 “software” references identified P
« Top 8 listed, then long tail of 1055 other sites —
932 are unique “source”

HAL+SWH in the Open Science software booklet

Funding agencies recommendations

Enfin, conformément au 2¢ Plan national pour la science ouverte, L’ANR recommande que les
logiciels développés durant le projet soient mis a disposition sous une licence libre® et que les

codes sources soient stockés dans l'archive Software Heritage® en indiquant la référence au
financement ANR.

R. Di Cosmo

roberto@dicosmo.org  (CC-BY 4.0)

Towards a Software Pillar of Open Science

September 27th 2023


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

A word on long term reproducibility for HPC

(re)create fully reproducible binaries from source...
o functional package manager

@ bit by bit reproductibility

N -
‘ G UI x @ from the source code y

... with a focus on HPC

@ environment control

‘ — I m @ support cluster deployment
Gu IX @ from the source code

Reproducible software deployment for high-performance computing.

connection with Software Heritage

@ source code archival and identification for guix and nix

@ automatic fallback for missing sources (see experience report)
v

4
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https://guix.gnu.org/
https://hpc.guix.info/
https://hpc.guix.info/blog/2023/07/reproducible-research-hackathon-experience-report/

@ The way forward
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Mutualization and standardisation at work

One archive, multiple infrastructures

universal software archive Software Heritage connects
with the global software ecosystem

scholarly repositories institutional and disciplinary '
Scholarly repositories arc h ives
:

publishers journals, proceedings, preprints

Aggregators

{:21; Software Heritage aggregators disciplinary catalogues, meta-portals, ...
’ y
Building interconnection and interoperability HE (2022-2025)
Beta release: EOY 2023
Interconnection with SWH Interoperability
repositories HAL, InvenioRDM, Dataverse metadata schema CodeMeta
publishers Dagstuhl, episciences intrinsic identifier SWHID
agregators swMath, OpenAire specifications open/public
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https://faircore4eosc.eu
https://codemeta.github.io/
https://docs.softwareheritage.org/devel/swh-model/persistent-identifiers.html

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)
o 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)

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

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

@ train students and colleagues @ engage journals, conferences, learned societie
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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

Call to action: policy making

A working agenda I

@ avoid proprietarisation: set the default to open

o publicly funded research software should be open source, exceptions must be justified
o set up institutional support !
o build common knowledge base for technology transfer offices

o establish intelligent and effective incentives
e count quality software contributions in careers, avoid purely numerical indicators,
keep the human in the loop (mind Goodhart’s law)
@ avoid balkanisation, support mutualised common infrastructures

o build on common, shared, open, non profit infrastructures, like Software Heritage
o acknowledge the predominant human component of digital infrastructures

e recurrent funding of their cost

@ proper evaluation of their service
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https://softwareheritage.org

A rally flag for a grand vision

Bring together academia, industry, governments, communities

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

... that will enable

Software Heritage is the first brick ...

@ vendor neutral

o archival, reference, integrity

@ open source @ describe, cite, share and reuse
e a worldwide initiative @ a global software knowledge base
@ along term initiative @ massive source code analysis

A lot more is needed

Software Heritage can be the catalyser of a bigger undertaking

You can help!

use, adopt, advocate, contribute, fund, support, join Software Heritage!
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The floor is yours

it’s a long road, but together we can make it !

Questions?
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