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Software is built from Source Code

Harold Abelson, Structure and Interpretation of Computer Programs (1st ed.) 1985

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

Apollo 11 source code (excerpt) Covid Sim ( 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: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/
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(Open) Source Code comes from all over the world. . .
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. . . it is written in many (programming) languages . . .

Evolution of the activity for programming, markup, and data languages from 2000 to 2021.

A. Desmazières, R. Di Cosmo, V. Lorentz
50 years of programming language evolution through the Software Heritage Looking Glass
MSR 2025. To appear.
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. . . and it grows at an exponential rate
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Doubling Time: 2.05 years
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(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.”

Software powers modern research

20%+ articles use software, all disciplines
2023 French Open Science Monitor

We can still talk to the early inventors

"Telling historical stories is
the best way to teach. It’s
much easier to understand
something if you know the
threads it is connected to."

Donald E. Knuth
Len Shustek

CACM, January 2021

We need a dedicated infrastructure to preserve and share all this knowledge!
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https://doi.org/10.1145/3442377
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Enhancing software Reuse, Security and Transparency

Software complexity is growing. . . . . . it is important to Know Your SoftWare (KYSW)
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Python dependencies

Real dependencies

Fake OS dependencies
induced by package granularity

Sec. 4. Enhancing Software Supply Chain Security
ensuring and attesting [. . . ] to the integrity and provenance of open source software

May 2021 POTUS Executive Order
Cyber Resilience Act
Regulation aims to [. . . ] ensuring [. . . ] software products [. . . ] with fewer vulnerabilities.

REGULATION (EU) 2024/2847

We need a trusted knowledge base with software integrity and provenance !
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libgcrypt20

(>= 1.8.0)

liblz4-1

(>= 0.0~r122)

libgpg-error0

(>= 1.25)

libgpg-error-l10n

(= 3.7.3-2)

(= 3.7.3-2)

(>= 3.7.3-1~)

[python3.7] [python3.7]

libgfortran5

(>= 8)

libquadmath0

(>= 4.6) ...

-6-

gcc-9-base

(= 9-20190428-1)

(>= 4.6)

(= 9-20190428-1)

(>= 8)

(>= 4.6)

...

-3-

(>= 3.3.2-2~) (<< 3.8)(>= 3.6~)

(>= 1.6.2-1)

(<< 3.8) (>= 3.7~)

(>= 2.2.1)

[mime-support] python3-pil.imagetk libimagequant0

(>= 2.11.10)

libjpeg62-turbo

(>= 1.3.1) liblcms2-2

(>= 2.2+git20110628)

libtiff5

(>= 4.0.3)

libwebp6

(>= 0.5.1) libwebpdemux2

(>= 0.5.1)

libwebpmux3

(>= 0.6.1-2)

python3-olefile

(<< 3.8)(>= 3.7~)

(= 6.0.0-1)

(>= 3.4.1-2)

(>= 3.7.1-1~)(<< 3.9)

blt

(>= 2.4z-9)

tk8.6-blt2.5

(>= 2.5.3)

libtcl8.6

(>= 8.6.0)

libtk8.6

(>= 8.6.0)(= 2.5.3+dfsg-5)

(>= 8.6.0)

(>= 8.6.0)

blt4.2blt8.0 blt8.0-unoff

(>= 2.2.1)

(>= 8.6.0-2)

libfontconfig1

(>= 2.12.6)

libxext6

libxft2

(>> 2.1.1)

libxss1

(>= 2.3.5)(>= 2.12.6)

libxrender1 x11-common

libjpeg62

(>= 5.1.1alpha+20120614)

(>= 1.3.1)

libjbig0

(>= 2.0) (>= 0.5.1)

libzstd1

(>= 1.3.2) (>= 0.5.1)(>= 0.5.1)

Matplotlib library

Python dependencies

Real dependencies

Fake OS dependencies
induced by package granularity

Sec. 4. Enhancing Software Supply Chain Security
ensuring and attesting [. . . ] to the integrity and provenance of open source software

May 2021 POTUS Executive Order
Cyber Resilience Act
Regulation aims to [. . . ] ensuring [. . . ] software products [. . . ] with fewer vulnerabilities.

REGULATION (EU) 2024/2847

We need a trusted knowledge base with software integrity and provenance !
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https://www.whitehouse.gov/briefing-room/presidential-actions/2021/05/12/executive-order-on-improving-the-nations-cybersecurity/
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A32024R2847


Software source code is fragile

Endangered source code . . .
link rot

data rot

platform consolidation
2015 Google Code and Gitorious.org shutdown: ~1M
2019 Bitbucket mercurial phase out: ~250.000
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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Outline

1 Software and Source Code

2 Software Heritage: a mission at the service of Humankind

3 Opening of the symposium

4 Symposium time
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Software Heritage in a nutshell www.softwareheritage.org
Unveiled in 2016

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 software source code

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

Reference catalog

find and reference all
software source code

Universal archive

preserve and share all
software source code

Research infrastructure

enable analysis of all
software source code
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Today: a universal software archive, as a shared infrastructure

One infrastructure
open and shared

The largest archive ever built

figures as of January 18 2025
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A revolutionary infrastructure

The graph of public software development
Snapshots

Releases

Revisions

Directories

Contents

All software development
in a single graph . . .

enable traceability

The global ledger of public code

. . . a Merkle graph

ensure
integrity

A pillar of Open Science
Reference archive of
Research Software

reproducibility

reference

Reference platform for Big Code
uniform data structure

large scale studies

cybersecurity

machine learning, AI, . . .

more later today
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An international, non profit initiative for the long term

Sharing the vision

And many more ...
www.softwareheritage.org/support/testimonials

Donors, members, sponsors

Platinum sponsors

Gold sponsors

Silver sponsors

Bronze sponsors

Diamond sponsors

we are all concerned, anyone can join and help
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Software Heritage: 2024 progress hilights

January 2024 SoFAIR Kickoff

Massive identification,
archival and reference
of software in academic
publications

February 2024 First AI contact

StarCoder2 trained on
GitHub subset of Software
Heritage

February 2024 SWHSec Kickoff
SWHSec: 5 years PTCC project
Software supply chain Security

Academic interoperability
Connect with Zenodo, Epi-
science, Dagsthul, SwMath,
OpenAire, . . .

Fall 2024 CodeCommons
Building the reference
software knowledge base
for AI

. . . and much more

2024 annual report here →
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https://annex.softwareheritage.org/public/annual-reports/2024/SoftwareHeritageReport_2024.pdf
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A growing and active community
Core Team

All together, 2024 Symposium

Ambassadors
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Today’s main topics from the connecting hub

Cybersecurity and regulations
Securing Critical Software

Cyber Resilience Act

Preserving Open Source

Research and Tools

AI, transparency and regulations
Open Source AI

AI Act

Data transparency

The global view

Open Science

Policy and
implementation

Monitoring and
recognizing

Computational
reproducibility

Memory of the World
Preserving software
history

Software to preserve
history

The role of AI
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Outline

5 Concluding remarks
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A call to realize a grand vision

Bring together academia, industry, civil society and governments to build

"a global infrastructure for open and better software at the service of humankind"

Software Heritage is the foundation. . .

vendor neutral, multi-stakeholder

open source, non profit

a worldwide initiative

a long term initiative

. . . that enables

archival, reference, integrity

qualification, sharing and reuse

a global software knowledge base

test and deploy world class tooling

The way forward

Scale up Software Heritage to serve all stakeholders worldwide

You can help!

use, adopt, advocate, contribute, fund, support, join
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A call to realize a grand vision

Bring together academia, industry, civil society and governments to build

"a global infrastructure for open and better software at the service of humankind"

www.softwareheritage.org @swheritage

The Library of Alexandria of code
recover the past

structure the future

rebuild trust in
science

The Very Large Telescope for Source code
explore and reuse

better, more secure
software

for society as a whole
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www.softwareheritage.org
@swheritage
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