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THE COMMONS DEFINITIONS
The commons

The commons are the cultural and natural resources accessible to all members of a society,
including natural materials such as air, water, and a habitable Earth. These resources are held
in common even when owned privately or publicly.

https://en.wikipedia.org/wiki/Commons (retrieved 1st March)

The software commons

The software commons consists of all computer software which is available to everyone to use
for any purpose. It includes licensed open source software which can be used, studied,
modified, and redistributed with few, if any, obligations. It also includes software in the public
domain that is not technically open source software.

https://en.wikipedia.org/wiki/Software_Commons (retrieved 1st March)



https://en.wikipedia.org/wiki/Culture
https://en.wikipedia.org/wiki/Nature
https://en.wikipedia.org/wiki/Commons
https://en.wikipedia.org/wiki/Computer_Software
https://en.wikipedia.org/wiki/Open_source_software
https://en.wikipedia.org/wiki/Public_domain
https://en.wikipedia.org/wiki/Public_domain
https://en.wikipedia.org/wiki/Software_Commons

UNESCO considers software
source code to be more than a
technical infrastructure; it is
knowledge, it is memory, and it
is a component of our shared
documentary heritage with
universal value

Tawfik Jelassi (UNESCO Assistant Director-
General for Communication and Information)

unesco
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SAVE ANY CODE TO SWH

A
.

l{h Software Heritage — Save code now Enter a SWHID to resolve or keyword(s) to search for in origin URLs n
rehive

Features
You can contribute to extend the content of the Software Heritage archive by submitting an origin save request. To do so, fill the required info in

Q, search the form below:

¥ Downloads Origin type Origin url 6

) save code now git 0 v Submit e

0 Help

Help Browse save requests

A "Save code now" request takes the following parameters:

Documentation: https://www.softwareheritage.org/how-to-archive-reference-code/



https://www.softwareheritage.org/how-to-archive-reference-code/
https://www.softwareheritage.org/how-to-archive-reference-code/
https://www.softwareheritage.org/how-to-archive-reference-code/
https://www.softwareheritage.org/how-to-archive-reference-code/
https://www.softwareheritage.org/how-to-archive-reference-code/
https://www.softwareheritage.org/how-to-archive-reference-code/
https://www.softwareheritage.org/how-to-archive-reference-code/
https://www.softwareheritage.org/how-to-archive-reference-code/
https://www.softwareheritage.org/how-to-archive-reference-code/
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REFERENCE AND CITE CODE ARTEFACTS

wv
=8l This interface enables to generate software citations, provided that the root directory of browsed objects contains a citation.cff or codemeta.json file.
Té’ Select below a type of object currently browsed in order to generate citations for them.
o
a.
S M8 directory o revision B snapshot
Format = BibTeX v Generate software citation in BibTex format (requires biblatex-software package)

@softwareversion{REPLACEME,

author = "Di Cosmo, Roberto and Danelutto, Marco",

organization = "Inria and University Paris Diderot and University of Pisa",
license = "LGPL-2.0-only",

date = "2011-07-18",

year = "2011",

month = jul,

repository = "git+https://github.com/rdicosmo/parmap.git",

title = "Parmap",

version = "1.2.58",

swhid =

"swh:1:dir:bc7ddd62cf3d72ffdc365elbf2dea6eeaadd4el85;origin=https://github.com/rdicosmo/parmap;visit=swh:1:snp:8ddca416836
fbbc2a7704c69db38739bef6b6cae;anchor=swh:1:rev:ecd3744ed558dad4ea2bf9eb87h860b89497417126"

}

Browse citation metadata [0 Copy citation
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WHY SOFTWARE PRESERVATION

Software artefacts are not static

* Projects evolve over years (or decades)
« The development history is essential to understanding it.

Deep complexity

» Millions of lines of code, a large dependency Web —
easy to break, difficult to explore, analyse and maintain

Example: Dependencies for the

- Developer communities are sophisticated matplotlib library. This is typical,
not exceptional.

 Research software sits as a thin layer: something may
break anywhere in the stack.

The source-code-derived knowledge (executable and human-readable) is genuinely endangered
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RESEARCH SOFTWARE: A PILLAR OF OPEN SCIENCE

Key developers pass away;
platforms shut down (Google
Code, Gitorious ...)

No organised effort exists to
catalogue and archive what is lost.

Chan Zuckerberg Initiative (2023)
invested $15 million (with
Wellcome Trust and others) to
address chronic bottlenecks of

volunteer-led maintenance for
Python, R, and Julia.

Funding should be designed around
the needs of maintainers, not treat
them as an “afterthought” to
research.

ALL MODERN DIGITAL
INFRASTRUCTURE

TR

A PROJECT SOME
RANDOM PERSON
IN NEBRASKA HAS
L: BEEN THANKLESSLY

MAINTAINING
SINCE. 2003

= )

[

Software underpins nearly every
stage of research: data collection,
simulation, analysis and validation.
When source code is unavailable,
unstable, or lost, scientific results
become harder to verify, reproduce,
and build upon.

Over 20% of articles that use

software (all disciplines) share it
2024 French Open Science
Monitor



https://frenchopensciencemonitor.esr.gouv.fr/software/fields?id=disciplines.partage
https://frenchopensciencemonitor.esr.gouv.fr/software/fields?id=disciplines.partage
https://xkcd.com/2347/
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THE SOFTWARE HASH IDENTIFIER (SWHID)

schema_version object_id

A 1

decentralised, |
crvptoqraphicallv stronq [sth::[cnt]:[tllddbzs118f92d7218099a597a990cf58f1d07fa]
identifiers, SWHIDs

50+B intrinsic,

Y A 4

prefix object_type / \
originctxt—*['ori in=https://github.com/chrislgarry/Apollo-11 ]
ISO/IEC 18670:2025 === ranp - snapshot Sl bl iR Al
ﬁ visit_ctxt 4»-[ ;visit=swh:1:snp:206c27c0Oc031cb6aac6hs5fedddba8fe082dea9836 ]
"rel” - release
f P . anchor_ctxt _,[;anchor:swh:i:rev:3913f198f4383d4d638c0485d6aa902ff2f35828]
rev - revision
D "dir” - directory path_ctxt —i ;path=/Luminary©99/BURN_BABY_ BURN--MASTER_IGNITION_ ROUTINE.agc J

"cnt” - content .
linesctxt—{»{;llnes=64-72 ] }

IANA "swh:"; WikiData P6138; ISO/IEC standardization
Full-fledged source code references for traceability, integrity and reproducibility \“
N

HAL

open science

Examples: Apollo 11 AGC, Quake lll rsgrt; Guidelines available: HOWTO and ICMS 2020
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https://www.softwareheritage.org/2020/07/09/intrinsic-vs-extrinsic-identifiers/
https://www.iso.org/standard/89985.html
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://archive.softwareheritage.org/swh:1:cnt:bb0faf6919fc60636b2696f32ec9b3c2adb247fe;origin=https:/github.com/id-Software/Quake-III-Arena;lines=549-572/
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://dx.doi.org/10.1007/978-3-030-52200-1_36
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SWH INGESTION

Forges

GitHub Software Heritage Archive

lister software
origins Merkle DAG + blob storage
loader

GitLab . . . ‘ origins
Mercurial

I|ster
glt (<)
V N't loader snapshots ]
. svh@
Distros f\ relenses ?
@ Debian S duc Debian source
I|ster dsc o package loader

PyP
m \hs);elr/' ] ] L] B L]
P directories
Package
oS — —- AR A =
C PéN Listing Loading
7 (full/incremental) & deduplication O 0O 0O 0O 0O 0O 08 0 0O

‘ <‘ e ) Scheduling (A '.J gonkents
& &

27B Files | 421M Projects | 1.3 Projects/Sec. | >2PB
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THE DATA MODEL

THE SIX LOGICAL LAYERS % /D ?/\
Origins: the "where®. Links to the original
MerkleDAG T]

source (e.g., a GitHub URL) and its crawl snapshots
history.

Snapshots: the "state”. A point-in-time |

capture of all branches/heads in a repository. P U\
Releases: the "milestone®. Named revisions
(tags) like "v4.2", often with metadata or
signatures.

Revisions: the "history”. Commits that point
to a root directory and previous parent

releases

revisions

directories

revisions. G G G E E E E G E E contents
Directories: the "structure”. Maps filenames . _
to content, other directories, or submodules. WebGraph: The Next Generation (Is in Rust) —

Contents: the "leaves”. Raw file blobs (source tracing software vulnerabilities
code) without filenames to maximise reuse.

source code = "blobs” (or Merkle DAG leaves):
P >99% of storage)


https://doi.org/10.1145/3589335.3651581
https://doi.org/10.1145/3589335.3651581
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AN INTERNATIONAL, NON-PROFIT INITIATIVE
BUILT FOR THE LONG TERM

SHARING THE VISION DONORS, MEMBERS, SPONSORS
y 4

unesco lreeia—
Software 4 cieo  Lucwee @ eclipse — By 1=

B Microsoft

=S AJ o N ] ) =
u vv = v fsfe ) 'iob;’“ OFT EJ .. Platinum sponsors _—
N o1 Liberté « Egah'tc' » Fraternité . g?{'gg‘; EEEEEEEE \"’
THE ;’:'.,{bn‘.’bn REPUBLIQUE FRANGAISE o Recnencue 2 HUAWEI
T JLINUX
FOUNDATION 0p ! fJ Computer Gold sponsors
X0 It "N ™ Histor Soeni ionnetwork Université
N x,‘ ¥ o E oo Museuym amazon GO gle openinventionneworl pVElL
ADULLACT I ;
D-l fi ! Silver sponsors
o " o conservancy e -4 S e o | S €N sorBe
(idn | E(;\{t\é\rst}:?cdon\ Ada E gandl,net M AdaCore iﬁffim& QGVA e S GitHub "M:M“ﬂ”“” e Sf}i.ua?g.’;#g
L aw Lente The GNAT Pro Company

— FREE SOFTWARE Bronze sponsors

G
: FOUNDATION e SN ) i : :
ti ( ‘ “ &, = @scnoss T E @ smome (LS @ B
@crea e open source openinventionneiwork _—
commons inftiative

|
peree i,

And many more...
www.softwareheritage.org/support/testimonials 13
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THE NETWORK: DECENTRALISED PRESERVATION

3
X
v st

A A & /
'\: = S
:~/J X
Y 4 =
{ N
—. | N o
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’ / \\
AR A —A Jdze
_,J/ ,,-\,v) .. R
/\ —'/I‘ ~FT - '/; .

a2 . Central Node

GRNET Athens 'Atve

O Deploying

@ Agreement in Progress

% /@ \
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SWH AS A GLOBAL DIGITAL PUBLIC GOOD (DPG)

WHAT IS THE DPG RECOGNITION?

Feature

Ownership

Cost

Adaptability

Transparency

Private Digital
Solutions

Proprietary
(owned by a
company)

Licensing fees
and
subscriptions

Rigid; controlled
by the provider

"Black box"
algorithms

Digital Public
Goods

Community-
owned or open-
source

Free to access
and modify

Flexible; can be
locally adapted

Transparent and
auditable code

Links: Registry | DPGA standard | article

“Source code is the bedrock of
modern innovation... Establishing
%‘tal the Archive as a digital public

Goo S good reinforces the principle that
Allence software is a shared heritage of

humanity."

— Roberto Di Cosmo, Director

& Co-Founder of SWH

Recognised by the Digital Public Goods
Alliance (DPGA) in Jan 2026. It serves the
UN Sustainable Development Goals
(SDGs).

16


https://www.digitalpublicgoods.net/r/software-heritage
https://www.digitalpublicgoods.net/standard
https://www.softwareheritage.org/2026/01/21/software-heritage-archive-digital-public-good/

PE35POT3

P63SPOT4

The SWH Open Science Ecosystem

SOFTWARE = EXECUTABLE KNOWLEDGE

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

H. Abelson, Structure and Interpretation of Computer Programs (15t ed), 1985

CA
EXTEND
RAND
EXTEND
BZF

CAF
TC
CADR
TCF
TCF

TC
CADR

TC
CADR

BITE

CHAN33

P63SPOT4

CODESOR
EANKCALL
GOPERF1
GOTOPOOH
P63SPOT3

EANKCALL
SETPOS1

POSTJUMP
BURNBABY

#

IS THE LR ANTENNA IN POSITION 1 YET

BRANCH IF ANTENNA ALREADY IN POSITION 1
ASTRONAUT : PLEASE CRANK THE

SILLY THING AROUND
TERMINATE
PROCEED SEE IF HE'S LYING
ENTER INITIALIZE LANDING RADAR
OFF TO SEE THE WIZARD ...

17

“Source code provides a view into the

mind of the designer.”
Len Shustek, Computer History Museum, 2006

APOLLO 11
SOURCE
CODE
(SWHID |
ARTICLE)

Margaret
Hamilton,
1969


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://www.softwareheritage.org/2019/07/20/archiving-and-referencing-the-apollo-source-code/
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A ROYAL WEDDING: DOI X SWHID

« Journal Image Processing On
Line (IPOL, https://www.ipol.im/)

 On Software Heritage

 The article DOI is the origin:
(https://doi.org/10.5201/ipol.2

021.286)

e The software SWHID:
swh:1:dir:2cb75d8c95eb61d0

47d89428d0ec40a2286c0311

. IPOL Journal - Image Processing On Line

HOME - ABOUT - ARTICLES - PREPRINTS - WORKSHOPS - NEWS - SEARCH
Image Inpainting using Patch Consensus and DCT Priors
Ignacio Ramirez Paulino, Ignacio Hounie

article | | demo | | archive

published - 2021-01-09
reference -+ IGNACIO RAMIREZ PAULINO, AND IGNACIO HOUNIE, Image Inpainting using Patch Consensus and DCT Priors, Image Processing On Line,
11 (2021), pp. 1-17. https://doi.org/10.5201/ipol.2021.286

[BibTeX infol

Communicated by Pablo Arias
Demo edited by Pablo Arias

Abstract

We present an implementation of the PACO-DCT inpainting algorithm. This method is based on maximizing the likelihood of image patches in
terms of their DCT coefficients, while requiring consensus on the overlapping patches. The resulting problem is solved as an instance of the
PACO framework.

Download

o full text manuscript: /= PDF low-res. (577.7kB) | PDF (6.6MB) [?

< /> Software Heritage Archive

@softwareversion{sw-ipol.2021.286,

title = {{Image Inpainting using Patch Consensus and DCT Priors}},

author = {Ignacio Ramirez Paulino, Ignacio Hounie},

date = {2021-01-01},

license = {GPL-3.0-or-later},

version = {1.6},

swhid = ¥
{swh:1:dir:2cb75d8c95eb61d047d89428d0ec40a2286c0311;0rigin=https://doi.org/10.5201/ipol.2021.286;vis ,

[copy to clipboard|

Preview

Loading takes a few seconds. Images and graphics are degraded here for faster rendering. See the dc PDF for original high-quality versions.

18


https://www.ipol.im/
https://www.ipol.im/pub/art/2021/286/?utm_source=doi
https://www.ipol.im/pub/art/2021/286/?utm_source=doi
https://archive.softwareheritage.org/browse/directory/2cb75d8c95eb61d047d89428d0ec40a2286c0311/?origin_url=https://doi.org/10.5201/ipol.2021.286&release=HEAD&snapshot=23a5f7ee209b593e9b3e60ebe2bc42f1e6b76ff3
https://archive.softwareheritage.org/browse/directory/2cb75d8c95eb61d047d89428d0ec40a2286c0311/?origin_url=https://doi.org/10.5201/ipol.2021.286&release=HEAD&snapshot=23a5f7ee209b593e9b3e60ebe2bc42f1e6b76ff3

@ rull width Home Development Documentation |Donate|

Operational log

A

<. SoftwareHeritage INHINT
Archive TC IBNKCALL
| CADR  PFLITEDB
Features ## Page 789
RELINT

Q_ Search

TC BANKCALL

¥ Downloads CADR  RGOLEM
E Save code now TC PHASCHNG # PREVENT RECALLING R6@©
OCT 4024
¥ Add forge now (Il To reference or cite the objects presentin the Software Heritage archive, permalinks based on SoftWare Hash |Dentifiers (SWHIDs) must be used.
1]
riESHLTE CA BIT6 -l Sclect below a type of object currently browsed in order to display its associated SWHID and permalink.
0 Help EXTEND Té,
RAND CHANS3 ] B content M directory - revision B snapshot
EXTEND o
S

BZF P63SPOT4

archived | repository archived swh:1:cnt:64582b78792cd6c2d67d35da5al1bb30886a6409

[ Iframe embedding
CAF CODESee # A

TC BANKCALL #
CADR GOPERF1

TCF GOTOPOOH #T
TCF P635SPOT3 # Pl

swh:1:cnt:64582b78792cd6c2d67d35da5allbb80886a6409;
origin=https://github.com/virtualagc/virtualagc;
visit=swh:1:snp:2eb9f25eledc31bd31%9abccfaaal@969391a06e3e;
anchor=swh:1:rev:f7ce3ac816al17b5a9c1d29491894913f6110Rell;
path=/;

P63SPOT4  TC BANKCALL lines=245-261

CADR SETPOS1

TC POSTIUMP # 0 Add contextual information
CADR BURNBABY

I0) Copy identifier I0 copy permalink

# CONSTANTS FOR PG63LM AND IGNALG

P&3ADRES GENADR P63TABLE



L L ('} DROPS {) SERIES { ] JourNaLs

@ Archived Version: Software
(archived from https://github.com/robert-david/shacl-repairs)

4
T T ki
;:g_‘;;/ SoftwareHeritage
P

W

2 CONFERENCES

{%} ARTIFACTS

MNavigating in [

= archived swh:1:dir-8ded4 7c8b%7cbal79add751f9e2ab4421238a

Search

9de47c8 /
File Mode Size
B src
& gitignore “TW-r=-T-- 280 bytes
& LICENSE ~PW-F--T=- 1.5 KB
B README.md “TW-T—T- 1.8 KB
B pomxml “IW-T=T—- 5.3KB
B run-examplesh ~PWXE-XT-X

357 bytes
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Published October 22, 2024 | Version vl

Data from: Identification of plankton habitats in the North Sea

Ploaus, Rene! ); Floeter, Jens' & Show afliiaticns

The definition of an ecologscal niche makes i possible to anticipate the respanses of a speces to changing environmental conditions. Broad tolerance kmits and a paucity of
readily observable niches in the pelagic zane make it difficult to anticipate respanses of the plankton community related to anthropogenic ar enviccnmental changes. Plankton
distributions are closely linked 1o ckmate change and shape the seascape for higher trophec levels, so monitanng plankton distributions and defining ecological reches will help
to understand and predict ecosystem responses. Here we apply a machine learning autoencoder and a density-based clustering algorithm to high-frequency datasets sampled
with & ROTV Triaxus i the North Sea. The results indicate that in this highly dynanwe envirconment, local hydrography prevents niche-based separation of plankton species at
the sub-mesoscale, despite the avasability of different habitats. Plankton patches were associated with naturally occurring frontal systems and anthropegenically Induced
upweling-downwelling dipoles in the vicinity of offshore wind farms (OWFs).

Methods

Physical and biclogical oceanagraphic measurements were recarded on different North Sea surveys with the RV Heincke (Koust et al., 2017) using a MacArtney TRIAXUS
ROTVY, complemented by a Video Plankion Recorder (VPR). The TRIAXUS was towed behind the research vessel in an undulating lashion between the sea surtace and
bottom.

Data was processad using a machme leaming Autoencoder and a density-based clustering algorythm HDBSCAN. Analysis and data handling were handled with the stabsticad
saoftware R4.4.0 and Python 3.7.

A detaded gescription can be found in Tdentification of plankton habitats in the North Sea’ (the DO can be lound at "Related warks').

Knust, R, Nixdort, U. and Hirsekarn, M. 2017 ‘Research vessel HEINCKE operated by the alfred-wegener-institute’, Journal of large-scale research facilitles JLSRF, 3, pp.
A120-A120. doi: 10.17B15/jls-3-164,

Files
scrpts. zip v
B scripts.zip “
|t
[ AE_euckdean.py 9.4 kB
[ README.txt 1.2k8
D contour_plats.R 6.2kB

D nist_plot.R 440 Bytes

@ e

156 31

@ VIEWS & DOWNLOADS

» Show more details

Versions

Version vi Oct 22, 2024
10 5281 izeredo. 13375879

Cite all versions? You can cite all versions by using the DOf
10.5281/2enod0. 13375878, This DOI regrasents all versions. and will
always resolve 1o the latest one. Read mare.

External resources

Archived in
- Software Heritage

=
<
s

"ol swhil.diraSceced7711d5043dadbe6al767491638193909

Indexed in

0 OpenAIRE

Communities

Keywords and subjects

habitat maps Machine leaming North Sea

plankton distnbutions plankton-habitat-associations
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The SWH Open Science Ecosystem

PROGRAMMING LANGUAGE EVOLUTION (2000-2021)

T —

—— JavaScript
PHP

—e— JSON
—+— HTML
—— XML

—— Java

—a—

Python

_._C

C#
—— C++
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DIVERSITY, EQUITY, AND INCLUSION

HEN Europe

e North America

B East Asia
Central and South America
Russia

| B Africa

. mmm Australia and New Zealand

I Central and South Asia
China

H Em Southeast Asia
I [ |
| |

D.B 4

0.6 4

=
B
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Pacific
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Geographic gap — key findings

Male authors contributed 92% of public code commits up to 2019

« Early decades of public code were dominated by contributions from North America, followed by a period
of alternating dominance between North America and Europe.

« Since then, geographic diversity has increased constantly, with raising importance of contributions from
Central and South America.

« Geographical and Gender gap: the trend of increased female contributions is global, with the

» exception of some regions in Asia where it is either slower or flat.

Rossi and Zacchiroli. Geographic diversity in public code contributions. MSR 2022
26
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DIVERSITY, EQUITY, AND INCLUSION (CONT.)

Archived commit metadata contains public information

that can be mined to study DEI traits of the global 1200, L brend fowensla=0 67623601
population of public code authors. .
Gender gap — key findings —
» Male authors contributed 92% of public code commits
up to 2019 il Ny
« Female authors (and their commits) have grown -
steadily for 15 years (10% of yearly commits in 2019)
« The COVID-19 pandemic has caused a trend inversion i H
(it is not just correlation!) o.0% 1~ i L ramm———

drte

« Zacchiroli. Gender differences in public code contributions: a 50-year perspective. IEEE Software, 2021
* Rossi and Zacchiroli. Worldwide gender differences in public code contributions [. . . ]. ICSE SEIS, 2022
« Casanueva et al. The Impact of the COVID-19 Pandemic on Women’s Contribution to Public Code. Empir. Softw. Eng. 30(25), 2025
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The SWH Open Science Ecosystem

DIGITAL SOVEREIGNTY “i

“We, the signatorie,s, d_e_clare our s.hareq ambition to = l l ——: - - ==
strengthen Europe’s digital sovereignty in an open manner as — j - —
a cornerstone of our economic resilience, social prosperity, I e
competitiveness and security.” 11— N —

Declaration for European Digital Sovereignty e EBillceem im

(18 Nov 2025) :
Key aspects from the Berlin declaration: “Sovereignty means each nation should be

capable of controlling the Al they consume.
If you send your data to a model but don't
> Dlgltal Commons — Open Source Adoption know what happens fo it, you aren’t

sovereign. But it goes beyond the code—if

« Strategic Autonomy — Reduced Dependencies

* Investment in Strategic Technologies (Al, Cloud,

Cybersecurity) you don't control the infrastructure and the
_ _ _ _ energy required to run it, ‘Sovereign Al’ is
* Coordinated Governance & Public-Private Action just a dream.” — Hakim Hacid, Chief
Source — Federal Government of Germany Researcher at the UAE’s Technology

Innovation Institute

30


https://www.bundesregierung.de/breg-de/aktuelles/summit-on-european-digital-sovereignty-delivers-landmark-commitments-for-a-more-competitive-and-sovereign-europe-2394368
https://data.consilium.europa.eu/doc/document/ST-15781-2025-INIT/en/pdf

The SWH Open Science Ecosystem

CODECOMMONS: TOWARDS AN ETHICAL AND
<> SOVEREIGN Al FOR CODE

<> <> When:
_ < Partner Kick-off held in January
Goal: 2025 at Inria HQ, Paris. A two-year

* The world’s most comprehensive,
qualified, and traceable dataset for the
next generation of Al. Who:

 Enriching with links and metadata
(licences, paradigms, programming

ambitious project (2025-2027).

Funded by the French government
(France 2030) as a strategic initiative

languages). for digital sovereignty.
* Moving to smaller, better, and more
ualified datasets for advanced Al I T
Faining, R Lzeda—

31 https://codecommons.org/
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OPEN, PUBLIC, TRANSPARENT Al

From passive archiving to actively shaping a

sustainable and ethical Al future.
Proven Impact: StarCoder2 (BigCode): *

The first-ever Al model for code fully aligned
with SWH principles.

Trained on "The Stack V2" (SWH-derived
dataset on Hugging Face).
https://huggingface.co/datasets/bigcode/the-
stack-v2

Demonstrates that high-performance Al can
be built without sacrificing transparency.

32

"We didn't set out to do Al, but it
happened.” — Roberto Di Cosmo,
Director and Co-Founder of SWH

Some principles:

* Full Training Traceability via
SWHIDs for auditability and
reproducibility

* Reciprocity & open licensing

Respect for author autonomy (opt-

out)

 Resource efficiency &
sustainability

w | Hugging Face


https://huggingface.co/datasets/bigcode/the-stack-v2
https://huggingface.co/datasets/bigcode/the-stack-v2
https://huggingface.co/datasets/bigcode/the-stack-v2
https://huggingface.co/datasets/bigcode/the-stack-v2
https://huggingface.co/datasets/bigcode/the-stack-v2
https://huggingface.co/datasets/bigcode/the-stack-v2

SWIRIAP
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The Challenge

The SWHAP Process (lterative & Traceable)
1.

2,
3. Archive: Deposit code in Software Heritage, media in

The SWH Open Science Ecosystem

THE SWH ACQUISITION PROCESS (SWHAP)

"Support efforts to gather and
preserve the artefacts and
narratives of the history of

computing, while the earlier
Human Factor: Automation alone cannot creators are still alive.*

recover lost context or physical archives. UNESCO Paris Call, 2019

Endangered Knowledge: Critical early
code often exists only on paper or in the
memories of ageing pioneers.

Collect: Gather files, printouts, manuals, and

correspondence. -
Curate: Reconstruct version history and identify metadata. o nesco

Memory of the World
Wikimedia, and data in Wikidata. ME Dy, <
Present: Transform archives into navigable Software SEPYA2 UNIVERSITA
Stories. =&y 5| DI PISA

34



TITOLO PRESENTAZIONE

SOFTWARE STORIES:
A DIGITAL MUSEUM FOR SOURCE CODE

A joint initiative of SWH, UniPi and sciencestories.io — \ W g
supported by UNESCO ‘

SWHAP preserves the code = Software Stories presents \ ¢ -
the history ! 53
A visual, multimedia interface (w/o technical requirements) '
and a navigable story of a landmark software title:

« SWH (curated source code)

« Wikidata (contextual metadata)

« Wikimedia Commons (images and documents)

The Pisa pilot (2019): three historically significant software projects,
collected, curated, and presented — including TauMUS, a 1970s
Italian synthesiser written in Fortran

35
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THE SOURCE CODE EXHIBITION: SWH AT 10

The Vision: Code as the "Central

"Source code holds rich layers

LY Py |
Exhibit of meaning—it reveals authorial _\
Code as a full-fledged cultural intent, historical context, and D E
artefact, deserving the same personal creativity." [fif] unesco| - = —
attention as literature and music. EXHl | O_N_
el — —
Three Thematic Axes (15 Selected Contributions) W e |
« Historical Testimony: Recovered code as a TR PR o E a s e
window into technical and social shifts: from D EEEE e B AR R BT
: : i 1Rt s Tl (AR
screenless machines to ELIZA (the first chatbot). i | BaiTrEr||Rasitianaatts
« Mirror of Society: Code as human writing, shaped i ATELY] BrslEialy bhaa
. - - £ Rk pMA e M I | A »
by (and shaping) culture, constraints, and biases. LYy i £
c c . . = R A X
« Diversity in human expression: Code as Ly A .

. A eludi ek It | A 404 I . Lingdong Huang et
aes’Fh_etlc expression, including hacker culture, ; WA ¥ a1, An Introduction
feminist art, and creative constraints. % Al to Programming in

| 5 ¢« Wenyan, 2020
2 il A | I
36



https://www.sourcecode-exhibition.softwareheritage.org/

The SWH Open Science Ecosystem

SOFTWARE STORIES:

INDIA’S SOFTWARE STORIES @ WIKIMANIA 2026

Wikimania 2026 themes:

FRANCESCO

TOSONII
Sant’Anna
School, Pisa

A
25 ) Sant’Anna
JET <y, Scuola Universitaria Superiore Pisa

PAVAN

SANTHOSH
[1ITH, Hyderabad

et AN e SaRme
Indian Institute of Technology Hyderabad

I
Liberté (Freedom)— Free, open infrastructure \M\éé
(SWH, Wikidata, Commons): code knowledge WU (ZMAN'A
' ible to all 2
remains accessible to a P<: RIS

Equité (Equity) — As the history of computing
has centred on the West, the workshop
revolves around Indian-language communities
and their technological heritage

Fiabilité (Feasibility) — SWHIDs (permanent,
citable links) are combined with Wikidata
(contextual knowledge graph)

21-25 July 2026
Paris, France

A 90-minute hands-on workshop: participants archive historically significant
Indian software and link it permanently to Wikidata
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Ezhil

\ File Edit Search View Encoding Language Settings Macro Run Plugins Window 2
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The SWH Open Science Ecosystem

RESEARCH FRONTIERS:
BUILDING A CODE-TO-CODE SEARCH ENGINE

Neural Code Representation High-Performance Vector High-Throughput Source
Indexing Retrieval
map source code into high- via vector DBs (e.g., Milvus, a specialised storage system
dimensional vector FAISS, Weaviate). designed for low-latency
embeddings. advanced indexing algorithms fetching
Reducing the problem from like HNSW and ScaNN for
text-based similarity to similarity retrieval.

(Approximate) Nearest
Neighbour (ANN) search.

41
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The SWH Open Science Ecosystem

1. CODE NORMALIZATION

‘ ) [ asr e
- - - Original Code (OG) if b==0:

3 \ return a
| ; return f(b,a%b)

Qwen2.5-Coder
base model

# This function calculates the greatest common divisor (GCD) of two numbers ’a’ and ’b’
def calculate_gcd(a, b):

# If ’b’ is 0, then ’a’ is the GCD because any number divided by 0 is itself.
if b == 0:
return a

# Otherwise, we recursively call the function with ’b’ as the new first parameter
# and the remainder of ’a’ divided by ’'b’ as the second parameter.
else:

return calculate_gcd(b, a % b)

o> comparison

R1 ‘ def calculate.gcd(a, b):
O'—W Removing R
comments | return a
else:

return calculategcd(b, a % b)

# This function calculates the greatest common divisor (GCD) of two numbers ’a’ and ’b’

| R2
5 def calculate_gcd(vl, v2):
/ Renaming

# If ’b’ is 0, then ’a’ is the GCD because any number divided by 0 is itself.

if v2 = 0:
return vi
else:

return calculate_ged(v2, vi % v2)

1

1

1

|

1

1

1

; # Otherwise, we recursively call the function with ’b’ as the new first parameter
! # and the remainder of ’a’ divided by ’b’ as the second parameter.
. )

1

1

1

1

!

1

|

\ 3 R3 def calculate_gcd(vl, v2):

if v2 == 0:
return vi
else:

return calculate gcd(v2, vl % v2)
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2. VECTOR EMBEDDING GENERATION

[dg doubiatm Q] In code-to-code search the query itself is a code snippet.
Code & - Classical IR techniques (TF-IDF, Okapi BM25, Jaccard)

« millisecond-order inference
« unsatisfactory precision.

def function(x): def double(n):

return x * 2 return n 4+ n

- et ' -9 DL methods are more precise yet slow.
['def’, "function’, .. ['def, "double’, ... « Two-stage approach (recall-then-rerank)
0- . % * Lossy compres_sion: pruping, quantisation, distillation
Seteia g Benchmarking is essential

tensor([0.11, tensor([0.18, . \ s E— Q
-0.18, ..]) -0.19, ..]) i @
"= of ‘o_
Code embeddings @ ,
index
e E \ D S .

Similar code ]
i t
/\/ snippets 43 Q

ll‘.

~




The SWH Open Science Ecosystem

2. VECTOR DATABASES

On-prem (self-hosted)

» Client-server

A
In-memory only, single machine
‘“7 Weaviate erant e redIS .\
@ chroma PN Weaviate N vespa
@ drant pgvector
i LanceDB ®» elasticsearch
Embedded
(Serverless) il
¥ zilliz pgvector
zilliz @ chroma
* Qdrant
i3 LanceDB 7 Pi
&} Pinecone Py Weaviate
8
Ak vald W vespa
é redis ms elasticsearch
v

Cloud-native (managed)

44

Credit: Prashanth Rao



https://thedataquarry.com/blog/vector-db-4/

SANER The SWH Open Science Ecosystem
2026

3. A STORAGE: ROCKSDB + PPC

Given a stream q4, ..., g,,, of
queries, we aim to design a
scalable and compressed
cache of size M

?\OC\@O%

O

V Oljrl\gache Operations:

A g Winery Many si

i | y single- and

| il P multi-gets et
L w . @ O @ Few updates
(insertions,
| deletions)
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SANER The SWH Open Science Ecosystem
2026

3. A STORAGE: ROCKSDB + PPC
(CONT.)

PPC-informed key
“ RocksDB construction:

py.regression|swh:1:cnt:e78ff90a
226879cc79e9258c29de874abd
1cdeb4

[Buchsbaum et al., SODA 2000]
file extension + filename +

SWHID
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SANER The SWH Open Science Ecosystem
2026

3. A STORAGE: ROCKSDB + PPC

(CONT.)
102 k | | Zstd 3 (bllock size 6‘4 KiB)
—+— Zstd 6 (block size 4 KiB)
- | —— Zstd 6 (block size 128 KiB)

Para”el retneval: | —a— Zstd 9 (block size 128 KiB)
8.4x to 30.0x O
time-energy 3
speedups/gains

1 2 ) : o =
I { 3 e —%_= ~
X - -
- % ¢ - -
% - ~
\-'\ﬂ\/ | 105

1 16 32 48 64 80 96 112 128 144 160 176 192

parallelism degree

47
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CREDITS & FURTHER READING

Cosmo, R.D., Zacchiroli, S. (2023). The Software Heritage Open Science Ecosystem. In:
Mens, T., De Roover, C., Cleve, A. (eds) Software Ecosystems. Springer, Cham. DOI:
10.1007/978-3-031-36060-2 2

Zacchiroli, S. (2025-01-23). Software Heritage: 10 years of archiving, sharing, and studying
source code at the ultimate scale. Zenodo. DOI: 10.5281/zenodo.17911814

Di Cosmo, R., & Software Heritage. (2025-03-06). Software Heritage, a revolutionary
infrastructure for Open Source and Open Science. Zenodo. DOI: 10.5281/zenodo.15798530

Gruenpeter, M. (2026-03-04). Digital sovereignty in the age of software forges: Why
preserving source code matters. 6th conference for Research Software Engineering in
Germany (deRSE26), Stuttgart. Zenodo. DOI: 10.5281/zen0do.18848442

The Software Heritage Acquisition Process (hitps://www.softwareheritage.org/wp-
content/uploads/2024/08/swhap.pdf)

SWH Activity Report 2025 (https://www.softwareheritage.org/wp-
content/uploads/2026/01/activity_report 2025.pdf)
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THANK YOU ®

Francesco Tosoni, PhD

Sant'Anna School of Advanced Studies
p.zza Martiri della Liberta 33, 56127 Pisa PI
www.santannapisa.it/en/francesco-tosoni
www.francescotosoni.it

Sant’Anna

Scuola Universitaria Superiore Pisa
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MSC THESIS: BRIDGING SWH & WIKIDATA

The Problem: "Dark Data" in Science
&N + The Gap: Research software artifacts in SWH remain

FRANCESCO (&"\ disconnected from the Linked Open Data cloud.
TOSONII \gf  The Mission: Create a queryable, global Knowledge
Sant’Anna Graph for Open Science via Wikidata.
EClooL lsa \ ’? The Technical Solution
5\ Sant’Anna | k@’) - Ontology Mapping: via P6138 (Software Hash ID)
INDIC and P1324 (Code Repository).
MEPIRIIS REVEROPER . Reconciliation Pipeline: Developing a Python-
based tool to resolve naming and versioning
conflicts.
CAMILLO Key Impact
PELLIZZARI ‘l « Discovery: Enabling new bibliometric queries to link WIKIDATA
Scuola Nofmelts \ % : ) papers directly to the specific software versions they A
ik " cite. A
SCUOLA @ * Real-time Integration: Building the "processor" to < /§v£'
OOl if e \ ) handle live data streams via the COAR Notify NTAY
So2 WIKICLASSICS protocol. S 1,_tV e
oTtw
Heritage
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