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@ Software as a pillar of modern society
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Software is all around us

Knowledge is in the source

Invisible fabric of digital society
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Len Shustek, Computer History Museum
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int* places[MAX_NUM_PLACE_TYPES]; ist c ! f varic t thin m.
unsigned short int NumPlacesByType[MAX_NUM_PLACE_TYPES]; umber o of ol e types) wi
unsigned short int keyworkerproph, move_trig, place_trig, socdist_trig, keyworkerpraph tng

unsigned short int move_start_time, move_end_time;

unsigned short int place end_time, socdist end time, keyworkerproph_end_time;

TreatStat moverest, treat, vacc, socdist, placeclose;

unsigned short int treat_trig, vacc_trig;

unsigned short int treat start_time, treat_end_time;

unsigned short int vacc_start_time;

IndexList* Airportlist;

Covid Sim (excerpt)

2006

“Source code provides a view into the mind of the designer.”
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https://archive.softwareheritage.org/swh:1:cnt:b2d11f345900abf98e73c052790ced78b6b8e9df;origin=https://github.com/mrc-ide/covid-sim;visit=swh:1:snp:e01c470a15f3dffbd9208d84d202bb26eb7fc5e9;anchor=swh:1:rev:b719de9df5909f8fc47753dd1d2baf89fc415943;path=/src/Models/Microcell.h;lines=19-46

A Global Undertaking

Pillar of Science across all research areas

Earth, ecology. energy and applied biology
(tot k)

Physical sclences and astronomy
(total = 6.9 )

(total = 3.1 )|
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Proportion of publications mentioning the use of code or software

From all continents
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Many programming languages

languages

Evolution of

H

An exponential growth

Evolution of Number of Objects per Year

o Revisions
e Contents

Growth
= Annuai Growth: 27.30%
10° Soubing ine. 2.7 yers
Contents Fitted Grouth
- Aol Grow: 30.35%
Doubling Time: 2.05 years

Number of Objects
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https://frenchopensciencemonitor.esr.gouv.fr/software/fields?id
http://doi.org/10.1109/MSR66628.2025.00068
https://dl.acm.org/doi/10.1145/3524842.3528471
https://gitlab.softwareheritage.org/rdicosmo/archive-growth

Nature, October 2025

(open source) software and research

nature Vewslljoumsls  Q Sewch  Login
Stop treating code like an

afterthought: record, share

and valueit

et prcson.
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ICSE FoSE 2026

Reclaiming Software Engineering as the Enabling Technology

for the Digital Age

Tanja E.J. Vos (1), Tijs van der Storm (2),, Alexander Serebrenik (3), Lionel Briand (4), Roberto Di Cosmo (5) ,

J-M Bruel (6) , Benait Combemale (7, 6)

g @ open university o the Netherlands [Heerlen]

© cwi- centrum Wiskunde & Informatica

© 1U/e - Eindhoven University of Technology [Eindhoven]

@ LERO - The Irish Software Engineering Research Centre

© software Heritage

@ IRIT-SM@RT - Smart Modeling for softw@re Research and Technology

@ piverse - Diversity-centric Software Engineering

Apstract [0

keywords [E3

Software engineering is the invisible infrastructure of
the digital age. Every breakthrough in artificial
intelligence, quantum computing, photonics, and
cybersecurity relies on advances in software
engineering, yet the field is tao often treated as a

enabling discipline. In policy frameworks, including
major European programmes, software appears
primarily as a building block within other technologies,
while the scientific discipline of software engineering
remains largely absent. This position paper argues that
the long-term sustainability, dependability, and
sovereignty of digital technologies depend on
investment n software engineering research. It a call

supportive digital component rather than as a strategic,

dico

e ]

software engineering

Domains

Software Engineering [cs.SE]
mplet f metadata b026
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https://www.nature.com/sdata/
https://www.nature.com/sdata/

© Software Heritage’s mission
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Software Heritage in a nutshell

www.softwareheritage.org

Unveiled in 2016
S A
AV °
<+3'%/> Software Heritage
L\”/\‘i THE GREAT LIBRARY OF SOURCE CODE

Collect, preserve and share all software source code

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

Reference catalog Universal archive Research infrastructure

Dy [damage ¢
5 Sm%f@m disaster de"l'é[imé
ekt %& —J’Tlill%lOliS e
G&g @T(XJ/L *E'"aU dwuulumsge §
GoogleCCide: 2 b CRAT 5 k=
find and reference all preserve and share all enable analysis of all
software source code software source code software source code
Software Heritage sponsor meeting www.softwareheritage.org
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A universal software archive, as a shared infrastructure

l i
Cultural Heritage Industry l Research ‘Public Administration

One infrastructure 3
il o2

open and shared

Software Heritage

The largest archive ever built

Source files Commits & Projects o Bitbucket (-3
2sm.meorigins . seE3origins ‘ ‘
27,530,677,699 5790,477,790 422,797,163 . ]
(Odebian

239 0rging
£ Nix0s
7 s2sorigins
) raconst
Directories Authors Releases
Phabricat
21,551,272,560 103,062,151 135,015,027 ©M,a”;:°'

« Tsoz0rgins ‘
figures as of January 8 2026
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From a Babel tower to a giant graph

Forges

GitHub

Software Heritage Archive

u 0 lister software Merkle DAG + blob storage
ait

loader
GitLab —
lister

V Distros
® 6O o
OEm g

repos >
C PéN Listing Loading

(full/incremental) & deduplication

() e ()

Mercurial
loader

Debian source
package loader

)

Global development history permanently archived in a uniform data model
@ over 27 billion unique source files from over 420 million software projects

@ ~2PB (compressed) blobs, ~50 B nodes, ~1 trillion edges
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ARDC

Archive (25B+ files, 400M+ projects)

@ save now, updateswh, webhooks

o deposit.softwareheritage.org

Describe

@ Intrinsic metadata from source code

o Contributed the Codemeta generator

Software Heritage sponsor meeting

www.softwareheritage.org

Reference (50 billion SWHIDs)
Intrinsic, cryptographically strong IDs

Now in SPDX 2.2, Wikidata
https://swhid.org - ISO/IEC 18670

Cite/Credit
@ Contributed biblatex-software style

@ Software Citation from the archive!

@swheritage Contact: roberto@dicosmo.org February 18th, 2026 8/19


https://save.softwareheritage.org
https://softwareheritage.org/browser-extensions/
https://www.softwareheritage.org/2023/06/01/webhooks-integrate-swh-workflow/
https://deposit.softwareheritage.org
https://www.softwareheritage.org/2020/07/09/intrinsic-vs-extrinsic-identifiers/
https://www.softwareheritage.org/2020/05/13/swhid-adoption/
https://swhid.org
https://www.iso.org/standard/89985.html
https://codemeta.github.io/codemeta-generator/
https://www.ctan.org/tex-archive/macros/latex/contrib/biblatex-contrib/biblatex-software

A peek at Save Code Now adoption

Save Code Now Statistics Dashboard
Cumlative Unique Origins Over Time (Total Requests)

(Total Unique Origins with Save Requests) Top 10 Platforms (Log Scale)
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© Adoption and ecosystem
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A few adoption indicators

Policy

Second French Plan

= ]
for Open Science ,

French national

Scholarly
Infrastructures
for Research
Software

g, _strategy

Ripn research

»_infrastructures
Aggregators
GENERALISING

OPEN SCIENCE

Scholarly repositories
IN FRANCE 20212024

74> Software Heritage
Recommendations in ANR 2023 guidelines (p. 17)
HAL+SWH in the Open Science software booklet

Projects
AIRCOREZEOSC

Core Components Supporting a FAIR EOSC

FAIR-IMPACT

Expanding FAIR solutions across EOSC

)e0sc
eosc

The CodeMeta Project

% What are they “referencing”?

ource | Joercernaze__|

Not available

2868 4622
GitHub 1151 1855
software heritage 387 624
zenodo 142 229
r package 70 113
cran 56 0.90
r package version 54 0.87

gitlab 35 056

%0
Graphics Replicability (\
Stamp InitiatR/e .--:R)

\\1‘;, b/Surf: Interactive Bézier Splines on Surface
Meshes

Claudio Mancinell, Giaomo Nazzaro, Fabio Pellacini, Enrico Puppo
IEEE Transactions on Visualization and Computer Graphics (TVCG)

c@ & Repository.



https://anr.fr/fileadmin/aap/2023/aapg-2023-V2.0_MAJ20220921.pdf
https://www.ouvrirlascience.fr/wp-content/uploads/2022/10/Passeport_Codes-et-logiciels_WEB.pdf
https://www.replicabilitystamp.org/
https://www.replicabilitystamp.org/

@ A new phase: products and services for all stakeholders
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Strategic Insights

\
o\
, L Strategic Software

/ I qum Insights Report

Software Heritage

Software Heritage sponsor meeting www.softwareheritage.org

@swheritage
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https://annex.softwareheritage.org/public/annual-reports/2025/SoftwareHeritageReport_2025.pdf

@ Strategic Software Insights Report
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Strategic Software Insights report: why it matters?

Software is a strategic asset, but

@ ... tracking and analysing your software assets is difficult
@ ... assessing your open source presence is hard

o ... knowing how you compare to other is complex

Software Heritage helps you gain deep insight into your software assets

Software Heritage sponsor meeting www.softwareheritage.org @swheritage Contact: roberto@dicosmo.org February 18th, 2026 12/19



A preview of the Strategic Software Insights report
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Software Heritage

Report on the public
software collected,
preserved and
referenced for
Acad-Hal-Fr

Version 1.0 - 2025-12-29

Software Heritage sponsor meeting
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A peek inside the French Academic Software report

Top 40 Repositories by number of Contributions (Log Scale)
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A peek inside the French Academic Software report, cont’d

How many projects have a license?

What are the top licences used?

License Status Distribution

Top 10 License Types Distribution

Has License 00

3000

2500

Unknown £
= 2000

Numb

Disappeared

1000

how do we build these indicators?
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Software Heritage is the Very Large Telescope for source code

From the Software Sky to Institutional Insight: Anatomy of an Observational Pipeline

Phase 53 Astmphysmal Analysis

Stage 0: Thg Sqﬂware Sky Phase 4: Spgct(al Enrichment

pt

. e of the software universe, builtfrom the p
Observation = L g i ntainingall i bHoTri Synlhe!x(
farete G observable software stars’. Thisstage s Tacaument (PO it
S c

data collecton.

anda spectral filter definition
(email domain selection).

mE— = el

H— Observation Cache
Aceryiveen obsenvation log s maintained.

4 i | Activity Ll
Phase 1: Target Selection : i [

dentiy thesarsassociated 7 | 7 .

with a Specific institution by | & [Domains |y, "
selecting contributors

usinginstitutional 4 X \ 3

idenifiers, which isolates | o [vicenses ||
the relevant region of the

software sy fo facused

obsenvation.

Quality Gate: Signal

Strength Check Phase 6: High-Resolution

Before proceeding, the ploeline verifies
thatthe selected rgion continsenovgh
observable sighals sof

Contoutions)to roduce statisically
meaningful results

Phase 2: Gravitational

Cleaning (Deforking)

Theprocess ementsgratatioal artfects

such as mitrers and fures from ti

retain only the physically meanmgﬁﬂ celostial
objects (original software project
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Imaging & Report

The final stage produces a high-resolution
Tt that

Final Output: ¢
Observation Report

devcribes the raclitvfiows softwere galaxy,
making it sudable for communication,
governance, and strategy.

st >
o8

N

Contact: roberto@dicosmo.org
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Strategic Software Insights Report — From Global Archive to Institutional Insight
A multi-stage analytical pipeline built on the Software Heritage archive

Stage 0 —
Global Software
Archive

The complete
archive of public
source code from
Software Heritage,
forming a global
reference map.

Phase 1 —
Institutional
Target Selection

Identify contributors.
and projects
associated with an
institution using
validated emall-
domain rules.

° {é} Configuration
parameters.

©

institutional email
domain filter

Quality Gate
— Statistical
Validity

oo,

Ensures a
sufficient number
of contributors
and projects for
meaningful and
interpretable
results before
proceeding.

Controlled API usage with

‘token rotation

~® redundent computation

Persistent caching to avoid

Phase 2 —
Extraction and
First Cleaning

Phase 3 — Phase 4 —
Project Metadata

Phase 5 —
Analytical

Phase 6 —
Report

Extract relevant
projects from the
source graph
and remove
declared forks to
eliminate
redundant copies.

Apply semantic Augment each Compute indicators, Transform analyzed A consolidated,
and historical project with distributions, and dataintoa high-level view of an
heuristics to metadata: classifications to structured report institution's software
cluster related i ize the using i ibuti
repositories and languages, ficenses, institution’s templates and impact, and
identify unique domains, and software footprint. publication grade positioning.
software projects. activity indicators. tooling.

A complex, costly process scans the whole Software Heritage archive to deliver key

|ns'ght§oﬁware Heritage sponsor meeting

www.softwareheritage.org @swheritage
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The report in context, and your input welcome

CodeCommons (BPI project, Datasets for Al and beyond)

@ broad spectrum of metadata: licence, language, vulnerabilities, issues, PR...
@ connections with context:

forge metadata: GitHub, GitLab, etc.
curated metadata: HAL, OSPO-Radar, catalogue, etc.
qualified software mentions in publications: Hal, swMath, SoFAIR, OpenAlex, etc.

)
)]
o
o vulnerabilities

Enriched Data Model
Question: what extra (meta)data is needed/useful for you?

Report generation constraints
o first phase = filtering 100+M personal emails (cannot open this)

o Software Heritage must do the heavy lifting for you

Important: it will be a professional service model, with a cost

Software Heritage sponsor meeting www.softwareheritage.org @swheritage Contact: roberto@dicosmo.org February 18th, 2026 18/19



The next frontier: from preservation and analysis to resilience

Infrastructure concentration (French academia)  Software Heritage is the systemic response

_—B8.6%

/  0.9% Today
_—1.0%
_—11% .
, é,m% o All the code, also niche and legacy code
| f ———1.7%
(1% e Githuticom @ ISO 18670 for robust traceability
5% mm gitlab.com
- B itlab.inria.fr N H
- rgemminra fr @ Enables long term reproducibility
gitlab.utc.fr
"-7 —6.7% forge.univ-lyonl.fr
pypi.org . . . e .
= bitbucket org With significant more funding
s gitlab.pasteur.fr
Other (Aggregated)

@ automatic recovery (registry failure,
network partition)

Color encodes systemic exposure

o resilience (mirrors)
Collaborative development depends massively

on very few single points of failures

Software Heritage sponsor meeting www.softwareheritage.org @swheritage Contact: roberto@dicosmo.org February 18th, 2026 19/19
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