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Software is built from Source Code

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.”

1985
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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:76936ea8534b4695be756a4b10951b3ee8843b15;origin=https://framagit.org/parcoursup/algorithmes-de-parcoursup;visit=swh:1:snp:68a3149c8a4ccc483eddb5ed8778f47a5f94fc93;anchor=swh:1:rev:d96ff0e7413b0d6dc2d71853a766f3ff2b75e3c1;path=/src/main/java/fr/parcoursup/algos/ordreappel/algo/AlgoOrdreAppel.java;lines=28-51

(Open) Source Code comes from all over the world

MSR '22, May 23-24, 2022, Pittsburgh, PA, USA

\/

Davide Rossi and Stefano Zacchiroli

Geographic Diversity in Public Code Contributions: An Exploratory Large-Scale
Study Over 50 Years. MSR 2022) https:/doi.org/10.1145/3524842.3528471
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We use as dataset the Software Heritage archive [3] and analyze
from it 2.2 billion commits archived from 160 million projects and
authored by 43 million authors during the 1971-2021 time period.
We geolocate developers to 12 world regions, using as signals email
country code top-level domains (ccTLDs) and author (first/last)
names compared with name distributions around the world, and
UTC offsets mined from commit metadata.
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Figure 3: Ratio of commits (above) and active authors (below) by world zone over the 1971-2020 period.
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Software source code as a key asset of Humankind

Experts call for greater recognition of
software source code as heritage for
sustainable development

.6 November 2018
PARIS CALL
SOFTWARE SOURCE CODE
A i
N
5. Software Heritage
UNESCO, Inria, Software Heritage invite
40 international experts meet in Paris ... The call is published on February 2019

“Recognise software source code as a fundamental enabler in all aspects of human endeavour"J
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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

(Open Source) Software is precious technical and scientific knowledge

Yuval Noah Harari (on COVID 19)

“The real antidote [to epidemic] is scientific knowledge and global cooperation.”

Y -

Software powers modern research We can still talk to the early inventors

I - -

e e e e g | "Telling historical stories is

e ——— | | m the best way to teach. It’s

e e e e | much easier to understand

— something if you know the

——-| threads it is connected to."

—

Donald E. Knuth

20%+ articles use software, all disciplines Len Shustek

2023 French Open Science Monitorl CACM, January 2021 |

We need a dedicated infrastructure to preserve and share all this knowledge!)
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https://frenchopensciencemonitor.esr.gouv.fr/software/fields?id=disciplines.partage
https://doi.org/10.1145/3442377

Enhancing software Reuse, Security and Transparency

Software complexity is growing. .. it is important to Know Your SoftWare (KYSW)
Regulation on Software Updates

Recording [...] software versions relevant to a vehicle type
UN Regulations on Cybersecurity, June 2020

SW Politique publique de la donnée, des algorithmes et des codes §

) _ sources
&wﬁ ...animer les ecosystemes des...réutilisateurs du source code
Q gw;a e’[’(]ﬂz Circulaire du Premier Ministre, 27 Avril 2021, France

Sec. 4. Enhancing Software Supply Chain Security
ensuring and attesting, to the extent practicable, to the integrity
and provenance of open source software

May 2021 POTUS Executive Order

We need a trusted knowledge base with software integrity and provenance ! J
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https://undocs.org/ECE/TRANS/WP.29/2020/80
https://www.legifrance.gouv.fr/circulaire/id/45162
https://www.whitehouse.gov/briefing-room/presidential-actions/2021/05/12/executive-order-on-improving-the-nations-cybersecurity/

Software source code is fragile

Endangered source code ...

d . @ link rot: projects are created, moved around, removed
dlsgé‘?éarge . § @ data rot: physical media with legacy software decay
re: ETEHCG
smalicious d%}l . gg o platform consolidation endangers repositories
£ %obso]ete @;ggg e 2015 Google Code and Gitorious.org shutdown: ~1M
ag];gg dependencies S35 §’x5 o 2019 Bitbucket mercurial phase out: ~250.000
= = e 2022 GitLab.com: remove inactive projects?

. is endangered knowledge!

broken links and missing pieces in the web of knowledge of humankind

Bottomline: we need a global, long term effort

to build a universal archive of all software source code
make it resilient
and make it sustainable
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Software Heritage in a nutshell

Unveiled in 2016

www.softwareheritage.org

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

Reference catalog Universal archive Research infrastructure
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preserve and share all
software source code
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enable analysis of all
software source code

R. Di Cosmo

roberto@dicosmo.org

@rdicosmo

(CC-BY 4.0)
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Today: a universal software archive, as a shared infrastructure

Cultural Heritage hdustw hesearch Public Administration

One infrastructure i &
open and shared i ‘ ”’ =i

%

Software Heritage

The largest archive ever built

Source files Commits Projects

o Bitbucket $ Qlt
17,798,218,376 3,802,143,973 278,187,495 2,509,40201igins < 56,983 origins < 24,600 origins <
e oo e R (Odebian o)
: o 26,599 origins B 136,338 origins < 53,297 origins <
] GitHub gitiles & GitLab
Fos 197.88300¢ origins < 107 origins < 426208 0rigins <
737 git {3 Gogs
2,926 origins < 172 origins < 97,549 origins <
"Veuix Donu @ reviovos
14,482 origins < 354 0rigins < 1,207 origins <
Directories Authors Releases P " P\
%ilaunch Maven %2 Nix0S
14,364,868,206 69,923,710 82,196,102 503,631 origins < 312,461 origins < 14,482 origins <

figures as of January 25 2024
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Reference (35 billon SWHIDS

Listing Loading

Vg e ()

@ save.softwareheritage.org

o deposit.softwareheritage.org

Intrinsic, decentralised, cryptographically
strong identifiers
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Now in SPDX 2.2, Wikidata, ISO is coming

v

Global development history permanently archived in a uniform data model
@ over 17 billion unique source files from over 270 million software projects
@ ~1.5PB (compressed) blobs, ~35 B nodes, ~500 B edges

Significant research challenges to explore it efficiently (more later today)
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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://swhid.org

A revolutionary infrastructure

The graph of public software development The global ledger of public code

srapshors

/| All software development
in a single graph ...

@ enable traceability

Reference archive of
Research Software

o reproducibility

o reference

R. Di Cosmo @rdicosmo  (CC-BY 4.0)
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Reference platform for Big Code
uniform data structure

og0
o 0.0 .
@oce.v0@ © largescale studies
.......

.o:o.

@ machine learning, Al, ...

more later today
v
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A walkthrough

General

@ Browse the archive, get and use SWHIDs, e.g. Apollo 11 excerpt, Parcoursup excerpt

@ Trigger archival with the browser extension or webhook forge integration

Open Science
o Curated deposit via HAL, e.g.: LinBox, SLALOM, Givaro, SumGra, Coq proof, ...

e Cite software with the biblatex-software style, e.g.: article from IPOL

History of software: rescuing landmark legacy software
see SWHAP process, Software Stories, and SWHAP Days 2022

Public code
Archived source code from code.gouv.fr
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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://archive.softwareheritage.org/swh:1:cnt:76936ea8534b4695be756a4b10951b3ee8843b15;origin=https://framagit.org/parcoursup/algorithmes-de-parcoursup;visit=swh:1:snp:68a3149c8a4ccc483eddb5ed8778f47a5f94fc93;anchor=swh:1:rev:d96ff0e7413b0d6dc2d71853a766f3ff2b75e3c1;path=/src/main/java/fr/parcoursup/algos/ordreappel/algo/AlgoOrdreAppel.java;lines=28-51
https://save.softwareheritage.org
https://www.softwareheritage.org/browser-extensions/
https://www.softwareheritage.org/howto-archive-and-reference-your-code/
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/lirmm-02136558
https://hal.archives-ouvertes.fr/hal-02155786
https://www.softwareheritage.org/2020/05/26/citing-software-with-style/
http://www.ipol.im/pub/art/2020/300/
https://www.softwareheritage.org/swhap/
https://stories.softwareheritage.org/
https://www.softwareheritage.org/news/events/swhap_days_2022/
https://code.gouv.fr/#/repos

ofit initiative for the long term

Sha the vision Donors, members, sponso

P4

United Nations -
Educational, Scientificand +
Cultural Organization +
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sﬁ'lwal‘e v GitLab é;zunmzznmo %edlpse @
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LINUX .
TJLinux oo o B8 Microsoft g’é
.l Py History HUAWE!
Yo ° Museum Y
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o, . Da' conservancy . . Q SORBONNE U é
) Softye Freedom Ada b4 gandi.net S %) Hugging Face ivention servicenow § ERIRN Uniersie
FREE SOFTWARE Silver sponsors
. F. FOUNDATIO
creative 5( . inventioneti B o . i fomvese
©EBaMcns Al ongh e openinventionrefwork AdaCore ¥ % ! -. GitHub Google & /i
Bronze sponsors
@ RedHat (@ SCANOSS
And many more ...
www.softwareheritage.org/support/testimonials )
y

we are all concerned, anyone can join and help
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www.softwareheritage.org/support/testimonials

2023 progress hilights: preservation, recognition and Al

First international mirror at ENEA

README md

EGS4CYL
ACode for Montecarlo Simulation of a PET equipment

Opening at ENEA in Rome, 13/12/2023

Recognition as Open Science service
~N
) —

Software Heritage selected for 2024-2027

Principles for generative Al 10/2023

Open model
Data transparency
Author respect

... and much more

s
<5 <
NTAT

Report

2023 annual report is here —
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https://www.softwareheritage.org/2023/10/19/swh-statement-on-llm-for-code/
https://www.softwareheritage.org/wp-content/uploads/2024/01/SoftwareHeritageReport_2023.pdf

A growing and active community

AnnaLena Bertrand Néron ut Kumpers Bostjan Spetic

a

)
Maxence Azzouz
Thuderoz

1

Julien Caugant

[ Ad

Pierre Poulain Simon Phipps

Neal fulcz Sandiine Layrisse

@ ambassadorprogram@softwareheritage.org

Violaine Louvet Wendy Hagenmaier
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https://softwareheritage.org/people/
https://www.softwareheritage.org/symposium-and-summit-2023/
https://softwareheritage.org/ambassadors/

© Opening of the symposium
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Today’s main topics from the connecting hub

Industry and Governments panel Analyzing and Learning from the Archive

e Digital tranformation Presentations

o Fitting the SWH graph
in main memory

@ Building LLMs for code

e Compliance and security

o Code as digital commons

@ Open source and the SDG

o v
A4

Open Science panel Cultural Heritage and Commons panel
Panel

- Poliey @ Memory of the World
@ Infrastructures

o History of Software

e Funding e Digital Commons
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Outline

Symposium time
ymp
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