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ARCHIVE 
OVERVIEW
The SWH Open Science Ecosystem



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)
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T H E  C O M M O N S  D E F I N I T I O N S

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

Tawf ik  Je lass i  (UNESCO Ass is tant  Di rector -
Genera l  for  Communicat ion and In format ion)



SAVE ANY CODE TO SWH
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Documentation: https://www.softwareheritage.org/how-to-archive-reference-code/
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REFERENCE AND CITE CODE ARTEFACTS
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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

•  Developer communities are sophisticated

• Research software sits as a thin layer: something may 

break anywhere in the stack.
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Example: Dependencies for the 

matplotlib library. This is typical, 

not exceptional.

The source-code-derived knowledge (executable and human-readable) is genuinely endangered

T h e  S W H  O p e n  S c i e n c e  E c o s y s t e m



R E S E A R C H  S O F T WA R E :  A  P I L L A R  O F  O P E N  S C I E N C E

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.
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Over 20% of articles that use 

software (all disciplines) share it

2024 French Open Science 

Monitor

Funding should be designed around 

the needs of maintainers, not treat 

them as an “afterthought” to 

research.

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.

T h e  S W H  O p e n  S c i e n c e  E c o s y s t e m

Dependency

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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T H E  S O F T WA R E  H A S H  I D E N T I F I E R  ( S W H I D )

50+B intrinsic, 

decentralised, 

cryptographically strong 

identifiers, SWHIDs

ISO/IEC 18670:2025

IANA "swh:"; WikiData P6138; ISO/IEC standardization

Full-fledged source code references for traceability, integrity and reproducibility

Examples: Apollo 11 AGC, Quake III rsqrt; Guidelines available: HOWTO and ICMS 2020

https://www.softwareheritage.org/2020/07/09/intrinsic-vs-extrinsic-identifiers/
https://www.softwareheritage.org/2020/07/09/intrinsic-vs-extrinsic-identifiers/
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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


SW H  I N GEST I ON

T h e  S W H  O p e n  S c i e n c e  E c o s y s t e m

11
27B Files | 421M Projects | 1.3 Projects/Sec. | >2PB



TH E D ATA M OD EL
THE SIX LOGICAL LAYERS
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• Origins: the "where“. Links to the original 

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

history.

• Snapshots: the "state“. A point-in-time 

capture of all branches/heads in a repository.

• 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 

revisions.

• Directories: the "structure“. Maps filenames 

to content, other directories, or submodules.

• Contents: the "leaves“. Raw file blobs (source 

code) without filenames to maximise reuse.

WebGraph: The Next Generation (Is in Rust) → 

tracing software vulnerabilities

source code = "blobs“ (or Merkle DAG leaves): 

>99% of storage)

https://doi.org/10.1145/3589335.3651581
https://doi.org/10.1145/3589335.3651581


A N  I N TER N ATI O N A L,  N ON - PR O FI T  I N I T I AT I VE  
B U I LT  FOR  TH E LON G TER M

SHARING THE VISION DONORS, MEMBERS, SPONSORS
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And many more...

www.softwareheritage.org/support/testimonials

http://www.softwareheritage.org/support/testimonials


T H E  N E T W O R K :  D E C E N T R A L I S E D  P R E S E R VAT I O N
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VISION & 
ADOPTION
The SWH Open Science Ecosystem



S W H  A S  A G L O B A L D I G I TA L P U B L I C  G O O D  ( D P G )

WHAT IS THE DPG RECOGNITION?

T h e  S W H  O p e n  S c i e n c e  E c o s y s t e m
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Recognised by the Digital Public Goods

Alliance (DPGA) in Jan 2026. It serves the 

UN Sustainable Development Goals 

(SDGs).

“Source code is the bedrock of 

modern innovation... Establishing 

the Archive as a digital public 

good reinforces the principle that 

software is a shared heritage of 

humanity." 

— Roberto Di Cosmo, Director 

& Co-Founder of SWH

Links: Registry | DPGA standard | article

Feature
Private Digital 

Solutions

Digital Public 

Goods

Ownership

Proprietary 

(owned by a 

company)

Community-

owned or open-

source

Cost

Licensing fees 

and 

subscriptions

Free to access 

and modify

Adaptability
Rigid; controlled 

by the provider

Flexible; can be 

locally adapted

Transparency
"Black box" 

algorithms

Transparent and 

auditable code

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/


APOLLO 11 

SOURCE 

CODE 

(SWHID | 

ARTICLE) 
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S O F T WA R E  =  E X E C U TA B L E  K N O W L E D G E

“Programs must be written for people to read, and 

only incidentally for machines to execute.”
H. Abelson, Structure and Interpretation of Computer Programs (1st ed), 1985

“Source code provides a view into the 

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

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/


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)

• The software SWHID: 

swh:1:dir:2cb75d8c95eb61d0

47d89428d0ec40a2286c0311

1 8
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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










DATA 
ANALYTICS
The SWH Open Science Ecosystem



P R O G R A M M I N G  L A N G U A G E  E V O L U T I O N  ( 2 0 0 0 – 2 0 2 1 )
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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

D I VER SI TY,  EQU I TY,  A N D  I N C LU SI O N



D I VER SI TY,  EQU I TY,  A N D  I N C LU SI O N  ( C ON T. )

Archived commit metadata contains public information 

that can be mined to study DEI traits of the global 

population of public code authors.

2 7
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Gender gap — key findings

• Male authors contributed 92% of public code commits 

up to 2019

• 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 

(it is not just correlation!)

• 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



SOVREIGNTY & 
EQUITABLE AI
The SWH Open Science Ecosystem



D I G I TA L  S O V E R E I G N T Y

Key aspects from the Berlin declaration:

• Strategic Autonomy → Reduced Dependencies

• Digital Commons → Open Source Adoption

• Investment in Strategic Technologies (AI, Cloud, 

Cybersecurity)

• Coordinated Governance & Public-Private Action

Source – Federal Government of Germany

3 0

“We, the signatories, declare our shared ambition to 

strengthen Europe’s digital sovereignty in an open manner as 

a cornerstone of our economic resilience, social prosperity, 

competitiveness and security.”

Declaration for European Digital Sovereignty 

(18 Nov 2025)

T h e  S W H  O p e n  S c i e n c e  E c o s y s t e m

“Sovereignty means each nation should be 

capable of controlling the AI they consume. 

If you send your data to a model but don’t 

know what happens to it, you aren’t 

sovereign. But it goes beyond the code—if 

you don’t control the infrastructure and the 

energy required to run it, ‘Sovereign AI’ is 

just a dream.” — Hakim Hacid, Chief 

Researcher at the UAE’s Technology 

Innovation Institute

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


C OD EC O M M O N S :  TOWA R D S A N  ETH I C A L A N D  
S O V E R E I G N  A I  F O R  C O D E
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When:

Partner Kick-off held in January 

2025 at Inria HQ, Paris.  A two-year 

ambitious project (2025–2027).

Who:

Funded by the French government 

(France 2030) as a strategic initiative 

for digital sovereignty.

Goal:

• The world’s most comprehensive, 

qualified, and traceable dataset for the 

next generation of AI.

• Enriching with links and metadata 

(licences, paradigms, programming 

languages).

• Moving to smaller, better, and more 

qualified datasets for advanced AI 

training.

https://codecommons.org/



OPEN ,  PU B L I C ,  TR A N SPA R E N T A I
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From passive archiving to actively shaping a 

sustainable and ethical AI future.

Proven Impact: StarCoder2 (BigCode):

• The first-ever AI 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 AI can 

be built without sacrificing transparency.

"We didn’t set out to do AI, 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

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


SWHAP

The SWH Open Science Ecosystem
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The Challenge

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

• Human Factor: Automation alone cannot 
recover lost context or physical archives.

TH E SW H  A C QU I S I T I O N PR OC ESS ( SW H A P)

"Support efforts to gather and 

preserve the artefacts and 

narratives of the history of 

computing, while the earlier 

creators are still alive.“

UNESCO Paris Call, 2019

The SWHAP Process (Iterative & Traceable)

1. Collect: Gather files, printouts, manuals, and 

correspondence.

2. Curate: Reconstruct version history and identify metadata.

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

Wikimedia, and data in Wikidata.

4. Present: Transform archives into navigable Software 

Stories.



A joint initiative of SWH, UniPi and sciencestories.io — 

supported by UNESCO

SWHAP preserves the code ⇒ Software Stories presents 

the history

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)

T I T O L O  P R E S E N TAZ I O N E
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SOFTWA R E STOR I ES:
A D I G I TA L M U SEU M  FOR  SOU R C E C OD E

The Pisa pilot (2019): three historically significant software projects, 

collected, curated, and presented — including TauMUS, a 1970s 

Italian synthesiser written in Fortran



T h e  S W H  O p e n  S c i e n c e  E c o s y s t e m
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The Vision: Code as the "Central 
Exhibit"

Code as a full-fledged cultural 
artefact, deserving the same 
attention as literature and music.

TH E SOU R C E C OD E EXH I B I T I ON :  SW H  AT  1 0

"Source code holds rich layers 

of meaning—it reveals authorial 

intent, historical context, and 

personal creativity."

Three Thematic Axes (15 Selected Contributions)

• Historical Testimony: Recovered code as a 

window into technical and social shifts: from 

screenless machines to ELIZA (the first chatbot).

• Mirror of Society: Code as human writing, shaped 

by (and shaping) culture, constraints, and biases.

• Diversity in human expression: Code as 

aesthetic expression, including hacker culture, 

feminist art, and creative constraints.

Lingdong Huang et 

al., An Introduction 

to Programming in 

Wenyan, 2020 

Website

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


SOFTWA R E STOR I ES:
I ND I A ’S SOFTWAR E STORI ES  @ W I K I MANI A 2 0 2 6

FRANCESCO 

TOSONII
Sant’Anna 

School, Pisa

PAVAN 

SANTHOSH
IIITH, Hyderabad
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Wikimania 2026 themes:

• Liberté (Freedom)— Free, open infrastructure 

(SWH, Wikidata, Commons): code knowledge 

remains accessible to all

• Équité (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)

A 90-minute hands-on workshop: participants archive historically significant 

Indian software and link it permanently to Wikidata

21-25 July 2026

Paris, France

T h e  S W H  O p e n  S c i e n c e  E c o s y s t e m



Ezhil UrduScript



CODE SEARCH

The SWH Open Science Ecosystem



R E S E A R C H  F R O N T I E R S :
B U I L D I N G  A C O D E - T O - C O D E  S E A R C H  E N G I N E
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Neural Code Representation

map source code into high-
dimensional vector 

embeddings.

Reducing the problem from 
text-based similarity to 

(Approximate) Nearest 
Neighbour (ANN) search.

High-Performance Vector 
Indexing

via vector DBs (e.g., Milvus, 
FAISS, Weaviate).

advanced indexing algorithms 
like HNSW and ScaNN for 

similarity retrieval.

High-Throughput Source 
Retrieval

a specialised storage system 
designed for low-latency 

fetching



1 .  C O D E  N O R M A L I Z AT I O N
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comparison



2 .  V E C T O R  E M B E D D I N G  G E N E R AT I O N
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In code-to-code search the query itself is a code snippet.

Classical IR techniques (TF-IDF, Okapi BM25, Jaccard)

• millisecond-order inference

• unsatisfactory precision.

DL methods are more precise yet slow.

• Two-stage approach (recall-then-rerank)

• Lossy compression: pruning, quantisation, distillation

• Benchmarking is essential

𝑐𝑖

𝑣𝑖

𝑞

𝑞



2 .  V E C T O R  D ATA B A S E S
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Credit: Prashanth Rao

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


3 .  A  S T O R A G E :  R O C K S D B  +  P P C
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𝑀

𝑞1 𝑞𝑚

𝑆
miss

hit

𝑐1𝑐𝑚 …

Winery
Our cache𝑞1

𝑞𝑚

𝑐1𝑐𝑚 …

Given a stream 𝑞1, … , 𝑞𝑚 of 
queries, we aim to design a 
scalable and compressed 
cache of size 𝑀

Operations:

• Many single- and 

multi-gets

• Few updates 

(insertions, 

deletions)
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inizia equazione implica
inizia equazione implica inizia equazione implica

Ordered
by key 

⇒Permute

Divided into 
blocks 

⇒ Partition

Compressed 
blocks 

⇒ Compress

PPC-informed key 
construction:

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

file extension + filename + 
SWHID

[Buchsbaum et al., SODA 2000]

3 .  A  S T O R A G E :  R O C K S D B  +  P P C
( C O N T. )
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Parallel retrieval:

8.4x to 30.0x 

time-energy 

speedups/gains
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The Problem: "Dark Data" in Science

• The Gap: Research software artifacts in SWH remain 

disconnected from the Linked Open Data cloud.

• The Mission: Create a queryable, global Knowledge 

Graph for Open Science via Wikidata.

The Technical Solution

• Ontology Mapping: via P6138 (Software Hash ID) 

and P1324 (Code Repository).

• Reconciliation Pipeline: Developing a Python-

based tool to resolve naming and versioning 

conflicts.

Key Impact

• Discovery: Enabling new bibliometric queries to link 

papers directly to the specific software versions they 

cite.

• Real-time Integration: Building the "processor" to 

handle live data streams via the COAR Notify 

protocol.
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