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Open source Al definition

Closed model Open model n
APlIs weights 22

Model weiahts not Trainin ta not Sufficiently detailed information about
x ilabl 9 x O 9 datano the data used to tfrain the system so
avaiabnole disclosed that a skilled person can build a

substantially equivalent system.
° Creators don’t know if their

° Can'’t run the model locally
o data is used AI ACII'
° Can’tinspect model

representation e There's no way fo remove it Article 53: special exception for providers
o . - e Can'tinspect data for biases of Al models released under a free and
° Limits fine-tuning abilities open-source licencel...] and whose

e  Potential benchmark parameters, including the weights, the
information on the model architecture, and

the information on model usage, are made
° Limits scientific reproducibility publicly available.

Limits user freedom
(personal data leakage) contamination

PRESS RELEASE | Publication 24 July 2025

Commission presents template for
General-Purpose Al model providers
to summarise the data used to train
their model
It's fime to focus on key challenges for training data
availability

transparency Let’s look at the case of software

. . source code
integrity
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https://opensource.org/ai/open-source-ai-definition

Open Source Software: “dede altruism” everywhere

Industry

SYNoPSYs

Open Source Security/Risk Analysis 2024
OSS in 96--97% audited commercial codebases

~77% of code within those codebases is OSS
Avg. ~900+ OSS components/app
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Academia

Medical researcht =
(total = 23.5 k) ‘ ! ‘

Fundamental biology |
(total = 15.4 k)

Earth, ecology, energy and applied biology
(total = 8.7 k)

Physical sciences and astronomy
(total = 6.9 k)

Engineering
(total = 5.4 k)

Chemistry =
(total = 4.7 k)

Humanitiesf - 21%
(total = 4.5 k) ‘ I

Computer and information sciencesf
(total = 4.1 k)

Social Sciences
(total = 3.6 k)

Mathematics
(total = 3.1 k)
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Proportion of publications mentioning the use of code or software
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percentage of files

Publicly available Software Source Code: global and growing

Ratio of commits by world zone over the 1971-2020 period.

Davide Rossi and Stefano Zacchiroli Geographic Diversity in Public Code Contributions: An Exploratory Large-Scale

Study Over 50 Years. MSR 2022) https://doi.org/10.1145/3524842.352847 1
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Evolution of programming languages
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THE GREAT LIBRARY OF SOURCE CODE
Evolution of Number of Objects per Year
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Revisions
Contents
Revisions Fitted Growth

Annual Growth: 27.30%
Doubling Time: 2.87 years

Contents Fitted Growth

Annual Growth: 40.25%
Doubling Time: 2.05 years

50 Years of Programming Language Evolution through the Software Heritage looking glass

In: IEEE, (Ed.): Mining Software Repositories, Ottawa (Canada), Canada, 2025.
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The largest open source code archive
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Source files Commits Projects

28,782,784,702 6,017,300,328

435,822,663

Forges
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GitLab e ) =
lister -
Q’, v ste s - Mercurial
V s loader
svn .
svn

Software Heritage Archive
Merkle DAG + blob storage

origins

Distros

@ Debian
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Package I

repos
CPAN =)
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Debian source
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5000+ platforms - 50 x 10° nodes
-1000 x 10° edges
Directories Authors Releases All versions, a." hiSt.OI’y 6 PB of Storage
95438, 377,056 Jots1RAgE JELDTL 485 development in a single graph
I L (=15 % =]

ensures availability S A unique infrastructure to support 3
GUElEIEES [T el transparent and responsible Ly
allows traceability source code sourcing for Big Data and Al
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Coping with the (Gen)Al tidal wave Findings from BigCode:
Looking for founding principles at Software Heritage Ihe Stack v2 and StarCoder?2

Dataset

Principles ﬁ The Stack v2

1. Knowledge derived from the Software Heritage archive must be given back to sigcode U " Software Heritage

@ October19, 2023

Software Heritage Statement on
Large Language Models for Code

humanity, rather than monopolized for private gain. The resulting machine
learning models must be made available under a suitable open license, together

with the documentation and toolings needed to use them.

ﬁ StarCodexr2

2. The initial training data extracted from the Software Heritage archive must be fully Mw |
Viode

angdpreciselyidentified by forexample publishing the corresponding SWHID

o , _ ‘ o servicenow. a x &4 NVIDIA
identifiers (note that,in the context of Software Heritage, public availability of

the initial training data is a given: anyone can obtain it from the archive). This will
enable use cases such as: studying biases (fairness), verifying if a code of interest You are all using the Stack V2

was present in the training data (transparency), and providing appropriate

attribution when generated code bears resemblance to training data (credit), Who is:
among others. Respecting the principles?
3. Mechanisms should be established, where possible, for authors to exclude their Contributing back?

archives code from the training inputs before model training begins.
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https://www.bigcode-project.org/
https://huggingface.co/datasets/bigcode/the-stack-v2
https://github.com/bigcode-project/starcoder2

Lessons
learned

Principles

1.Knowledge derived from the Software Heritage archive must be given back to
humanity,rather than monopolized for private gain. The resulting machine
learning models must be made available under a suitable openlicense, togefber
with the documentation and toolings needed to use them

2.The iniial training data extracted from the Software Heritage archive must be fl8§
and precisely identified by, for example, publishing the corresponding SWHID
identifiers (note that, in the context of Software Heritage, public availability of
the iniial training data s a given: anyone can obtain it from the archive). This will
enable use cases such as:studying biases (faimess), verifying ifa code of intereg
was present n the training data (transparency), and providing appropiate
attribution when generated code bears resemblance to training data

amongothers

3. Mechanisms should be established, where possible, for authors to exclude their

archived code from the training inputs before model training begins.

Tapestry meeting, Paris, MAy 8th, 2026

Transparency is easy:

use SWHID (ISO/IEC 18670)

and Software Heritage: no need to
share petabytes of data!

(Re)use of the data is tricky: who is the
real owner of a source code file? What are

the real use rights?

¢ Building a qualified training set is

expensive (includes license detection

at massive scale)

e Attribution on model output is
challenging
(800 billion edges, and counting!)

CC-BY 4.0
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Software Heritage SCA
members can

Program
Source Code
Al

e deposit source codes
e publish their SWHID

N

today!

O]
Need a coordinated effort
to address these issues

It's time to build a

Code Commons
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https://swhid.org/

Availability: Easy access to all relevant
data for software (source code, PR,
issues, discussions, etc.) Shared
harvesting: we do it only oncel!

Data Gather
Sources data

|
[}
' Structuring: Organize and connect
[}

. the various data sources to create a
! coherent training set.

[}

[}
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CODE COMMONS

Clean

Training YIEIL
Data model model
Process

and

[ . .

: Traceability: Identify an

i available the data used
[}

Efficiency: Facilitate the extraction
of qualified datasets to build
high-performance models.

CC-BY 4.0

d make
for training

. Ethics: Provide tools to verify the
! provenance and attribution of

1

i generative Al outputs
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CODE COMMONS : BIRD'S EYE VIEW  {technology
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A peek at the Al Landscape: One Year Later

() deepseekk Smaller models with quality data may well work

; A To Code, or Not To Code? Exploring Impact of Code in Pre-training — https://arxiv.org/abs/2408.10914At Which
COde In traln | ng data Training Stage Does Code Data Help LLMs Reasoning? — https://arxiv.org/abs/2309.16298Unveiling the Impact of

im p roves a ” mOd e|S Coding Data Instruction Fine-Tuning on Large Language Models Reasoning — https://arxiv.org/abs/2405.20535

SCAl members today Z==35=. |nf0$5 TDRS&Vﬂ%"”

Al preferences proposal: automatic opt-out support for source code

First prototypes for CodeCommons makes Software Heritage

se;nantic sirr]nila(rjity Your unique data broker for responsible,
code searchn an ..
exploration. efficient, transparent and accountable

sourcing of source code.
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https://arxiv.org/abs/2408.10914?utm_source=chatgpt.com
https://arxiv.org/abs/2309.16298?utm_source=chatgpt.com
https://arxiv.org/abs/2405.20535?utm_source=chatgpt.com

Software Heritage is key infrastructure for Al, Open Science, CyberSecurity, Resilience ...

En matiére de climat, de connaissances de la planéte, en matiére de sciences du vivant, nous avons besoin de poursuivre ce travail,
de consolider les plateformes et d'avancer. Réfléchissons collectivement a la lourde tache d'archivage de certains savoirs spécifiques.
Je pense aux travaux aussi de Software Heritage, qui, en France, archive |'ensemble des logiciels créés dans le monde, avec une
IETIERC IR NG R E GRS A RV Je souhaite, au-dela de la question de notre capacité, a attirer chercheurs, enseignants-
chercheurs, que nous ayons aussi une capacité a préserver, consolider, attirer plateformes de collaboration et données au service de

lintérét général.  May 5th 2025 : Choose Europe for Science — R2silience infrastructure

Open Sci ence@ﬁﬁﬁ% Open Science, %ﬁ% OSPO for Good ]
Open Science and Al Cyber and Al ;t.;ifg Compliance, Al féu;;'gg'? United Nations R aet
CEPAL, Chile Delhi, India .25tk  Tokyo, Japan SRR New York, USA e

High level meeting at CEPAL in Chile
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Software Heritage + Code Commons: foundation layer for source code

Tapestry's sovereignty code-data layer must be transparent, available, and under neutral governance

It already exists!

The foundation is already here. Everyone in this room is already using it - transitively.

e Software Heritage: 50B+ source-code artefacts, 1 trillion

Sl SRRl e Apertus (EPFL - ETH - CSCS) — Stack v1.2 + CommonPile

e ISO/IEC 18670 SWHIDs: intrinsic, decentralised, Stack v2 Edu

ST (R e IFM/K2/K2-V2 (MBZUAI - Abu Dhabi - Paris)
e BharatGen / Param2 (India - IndiaAl Mission)
e EleutherAl/ The Stack v2 subset

e Code Commons: qualification + provenance layer for Al
training

e Bornin Europe, worldwide scope, supported by UNESCO,
neutral and non-profit

Offsssl0

Stop wasting : Join the SCAI @ 3 : @ Contribute
resources Software Heritage o
use SWHID! "
TODAY!
@ CodeCommons

@ ROA

HIPEAC Bruxelles Meeting on Open Source and Al, October 22, 2025 CC-BY 4.0 Roberto ui Cosmo https://codecommons.org/
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Related projects feeding the archive expansion
SoFAIR SWH-Security

Deposit
software
&% Author t 1) » g Code Repository ’
| J) € (1] /.
Author deposits Mention > Archive @ — gz [P F m .\")
~/ manuscript _/ validation Asset 7 asset ‘l =ghfzgl </ |
v 4 identifier (PID) v
OA Repositories ” 8) | e '
[ <3 Software Heritage
L e i 4 -..J( IR L e | Asset

- 4 registration

[Tty S =] Validation request
OAI-PMH r10XX request
d Use cases
' Europe PMC
CHARS 2% ML Model

GROBID/ Repository HAL
Softcite Dashboard

Extracted

mention P A I\T
A
CORE Search Dataset API ‘

O]
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Integrity and identification of 50B+ artifacts in the archive
Software Hash Identifiers (ISO 18670)

1§o Standards  Sectors  AboutISO Insights & news

white paper on identifiers for the CRA:

_— O[]
ISO/IEC hittpas iy e

s //hal.science/hal-05009757  prafisd
Information technology — i b':ll.]_':-_

SoftWare Hash IDentifier

Read sample (SWHID) Specification V1.2
:} origins

Al anecdote snapshots

SWHID: International Standard for Software Artifact Identification

Traceability

SWHIDs (from "SoftWare Hash IDentifiers") are persistent, intrinsic identifiers for software source code artifacts such as source
code files, source trees, commits, and other objects typically found in version control systems.

‘ectories
SWHID is an ISO International Standard 4 \4
SWHID has been officially adopted as ISO/IEC 18670:2025 on April 23, 2025. contents
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