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Beneath cloud, data and infrastructure

Digital sovereignty
Often framed in terms of cloud, data, or
infrastructure.

Beneath lies a more fundamental layer:
software source code

Invisible fabric that powers our economies,
administrations, and research systems.

Knowledge is in the source

Covid Sim ( excerpt )

Sovranità digitale: governare dati, infrastrutture e — innanzitutto — codice sorgente.
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A global undertaking. . .
Pillar of Science across all research areas Many programming languages

From all continents An exponential growth
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Doubling Time: 2.05 years
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. . . and a global dependency network

An early warning: left-pad (March 2016)

See the Wikipedia article:

Facebook, PayPal, Netflix, Spotify
affected

web broken worldwide ~2.5 hours

A clear and present danger

78.5%

11.1%

3.5%
3.2%
1.4%
1.1%
0.7%
0.6%

Platforms
github.com
code.europa.eu
gitlab.com
bitbucket.org
pypi.org
git.drupalcode.org
git.fpfis.tech.ec.europa.eu
Other

Color encodes systemic exposure (largest share = highest concentration risk).

Used by europa.eu devs (Source: Software Heritage)

"If GitHub or PyPI disappeared tomorrow,
Europe would not just slow down

— it would stop."
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Sovereignty is not isolation

What it is not

it is not autarky

it is not national silos

it is not forking the world

it is not owning everything

What it is

shared, open, non-rival infrastructure

that benefits all while preserving
autonomy for each

resilient against disruption upstream

ecumenical by design

“Sovereignty is not about owning everything
— it is about ensuring that nothing essential can disappear.”
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Selected hilights

Standards (Software Hash ID, SWHID)

Intrinsic identifier
integrity, traceability
50B+ SWHID in archive

Software Pillar of (Open) Science
EOSC SIRS report (2020)
National Open Science Plan
(2021)
French National RI Roadmap
(2022)

Pillar of transparent AI
StarCoder2/The Stack v2
(Hugging Face)
CodeCommons (BPI, France)
AI Factory (AI2F, EU)

Next gen Cybersecurity
Global Vulnerabilities
(Sec4AI4Sec,SWHSec)
Software supply chain
(CRA, SBOM,. . . )

A (version of a) dependency of a critical software vanishes from GitHub,Gitlab,. . . :

how to audit it five years later?

how to reproduce the results?
how to ensure continuity of service?

how to retrieve them?
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Technology preview: the Strategic Software Insights report

Report on the public
software collected,

preserved and
referenced for
Acad-It-Garr

Version 1.0 – 2026-05-11

https://www.softwareheritage.org
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A peek inside: full analysis charts
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A peek inside: who contributes from Italian academia?

Major hubs
CNR (7) — sigla-main, EPAS, sprint-flows,
cool-jconon, MeshLab, VCGlib, ITTIG/LeggiToscana

INFN (5) — chaosframework, Belle II, gLite WMS,
wms-ui, INDIGO-IAM

Università di Bologna (3) — HELM, Matita, tuProlog

Università di Parma (4) — PPL, FSDA, Project Chrono,
fondinfo

Politecnico di Milano (3) — PandA-Bambu, RTAI,
pacs-examples

Multi-institute Italian-led (6) — Yambo, Q-E, Q-E
SIRIUS, sctk, MDSplus, deal.II

Smaller hubs and single contributions
Università di Trento (2) — CoSMoMVPA,
About-Travel-Times (abouthydrology)

INAF (2) — DISCOS, astrocook

Leaning Tech / Sant’Anna Pisa (2) — Cheerp,
lightspark

One each:

UniPi — netmap
UniTo — BORIS
UniCa — SecML
INGV — EPOS-DCAT-AP
UniRoma1 — vsrlab
personal-research — CLIPS fork

Source: Software Heritage — Strategic Software Insights, Italian academic cut
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A peek inside: Italian flagships in the top-40

deal.II — SISSA + UniPi + PoliMi:
world-class FEM library, massive external

uptake

MeshLab + VCGlib — CNR-ISTI:
biggest Italian 3D-graphics open-source

impact

Quantum ESPRESSO (q-e, q-e-sirius, sctk)
— SISSA/CNR-IOM/CINECA:

Italian DFT flagship

Matita / HELM — UniBo:
Italian theorem-proving heritage

PandA-Bambu HLS — PoliMi:
hardware/software co-design

netmap — UniPi:
high-performance packet I/O

Parma Polyhedra Library — UniPR:
foundational static-analysis library

Belle II / italiangrid / chaosframework /
INDIGO-IAM — INFN:

scientific-computing + grid pillars

DISCOS + astrocook — INAF:
radio-telescope control + spectroscopy

Cheerp + lightspark — Leaning Tech /
Sant’Anna Pisa:

web-runtime engineering

BORIS — UniTo:
behavioural-sciences research software

R. Di Cosmo roberto@dicosmo.org @rdicosmo (CC-BY 4.0) Ecumenical digital sovereignty 20 May 2026 11 / 18



Back to our core digital sovereignty challenge, can we act?

A clear and present danger

78.5%

11.1%

3.5%
3.2%
1.4%
1.1%
0.7%
0.6%

Platforms
github.com
code.europa.eu
gitlab.com
bitbucket.org
pypi.org
git.drupalcode.org
git.fpfis.tech.ec.europa.eu
Other

Color encodes systemic exposure (largest share = highest concentration risk).

Used by europa.eu devs (Source: Software Heritage)

"If GitHub or PyPI disappeared tomorrow,
Europe would not just slow down

— it would stop."

A clear and present danger

88.1%

5.1%
3.8%
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0.1%
0.1%
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gitlab.cern.ch
gitlab.di.unimi.it
salsa.debian.org
gitlab.rm.ingv.it
gitlab.di.unipmn.it
git.code.sf.net
Other (Aggregated)

Color encodes systemic exposure (largest share = highest concentration risk).

Used by GARR devs (Source: Software Heritage)

"If GitHub or PyPI disappeared tomorrow,
GARR members would not just slow down

— they would stop."
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Resilience, demonstrated: Guix integration

Guix demonstrates automated recovery using the Software Heritage archive

When a platform or registry fails. . . Guix fallbacks to Software Heritage and continues to build!

Since 2019
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https://www.softwareheritage.org/2019/04/18/software-heritage-and-gnu-guix-join-forces-to-enable-long-term-reproducibility/


A sovereign fallback for Europe’s build chains is possible

Extend to key package managers

npm, PyPI, Maven Central, Cargo, CPAN, RubyGems, Packagist, . . .

Realize ecumenical resilience

"When a registry fails — Europe continues to build."
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Software Heritage: one infrastructure, six strategic levers

Research infrastructure
two facets:

support Open Science

enable Software Science

Traceability and compliance

Software supply chain (SBOM)

integrity (SWHID)

availability

support CRA/NIS2 mandates

Cybersecurity

Cyber forensics, vulnerability tracking at
world scale

Resilience
when npm/PyPI/Maven fail,

Europe continues to build

Transparent AI

CodeCommons : provenance and
attributon for LLMs
AI Act, Art. 11, 12, 15:

technical documentation
record-keeping
reproducibility

Metrics we can count on

Objective Strategic Insights

Support policy implementation

R. Di Cosmo roberto@dicosmo.org @rdicosmo (CC-BY 4.0) Ecumenical digital sovereignty 20 May 2026 15 / 18

https://codecommons.org/


Software Heritage: one infrastructure, six strategic levers

Research infrastructure
two facets:

support Open Science

enable Software Science

Traceability and compliance

Software supply chain (SBOM)

integrity (SWHID)

availability

support CRA/NIS2 mandates

Cybersecurity

Cyber forensics, vulnerability tracking at
world scale

Resilience
when npm/PyPI/Maven fail,

Europe continues to build

Transparent AI

CodeCommons : provenance and
attributon for LLMs
AI Act, Art. 11, 12, 15:

technical documentation
record-keeping
reproducibility

Metrics we can count on

Objective Strategic Insights

Support policy implementation

R. Di Cosmo roberto@dicosmo.org @rdicosmo (CC-BY 4.0) Ecumenical digital sovereignty 20 May 2026 15 / 18

https://codecommons.org/


The missing foundation to fill the gap is here
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What this means for Italy and for Europe

Europe does not need to invent this infrastructure. . .

it can adopt and scale what took 10+ years to build.

Concrete next steps

All recognise software continuity as a critical enabler for
digital sovereignty
regulation enforcement (CRA, NIS2, AI Act)
research, education and open science

All avoid balkanisation, support mutualisation
build on common, shared, open, non-profit infrastructures

Public administrations and enterprises join as members, mirror operators, contributors
turn dependence into shared resilience
position Italy as a leader in this ecumenical approach
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turn dependence into shared resilience
position Italy as a leader in this ecumenical approach
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From control to resilience

True digital sovereignty is not control — it is resilience.

https://www.softwareheritage.org
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An inconvenient truth

Licences status across GARR members’
projects
22.8%

3.0%

74.3%

Status
Has License
Unknown
No Info

Licences types across GARR members’
projects

41.1%

28.1%

16.7%

4.3%

4.1%
2.8%
1.4%
1.4%

License types
MIT
GPL-3.0
Apache-2.0
GPL-2.0
BSD-3-Clause
AGPL-3.0
LGPL-3.0
CC0-1.0
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