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So�ware source code: human readable and executable knowledge

Harold Abelson, Structure and Interpretation of Computer Programs (1985)

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

Apollo 11 source code (excerpt) �ake III source code (excerpt)

Len Shustek, Computer History Museum (2006)

“Source code provides a view into the mind of the designer.”

@rdicosmo Roberto Di Cosmo @swheritage On the future of so�ware development CC-BY 4.0 Apr 7th 2020 2 / 10

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/


Exponential growth and increasing complexity

Growth of globally original known content (source: Rousseau, Di Cosmo, Zacchiroli 2019)

trend over 20 years: original content doubles every 22 months (i.e. ~45% per year)

Complexity of the so�ware ecosystem 8000+ langs

millions of lines of code
large web of dependencies

easy to break, di�icult to maintain

decentralised developer communities
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Matplotlib library

Python dependencies

Real dependencies

Fake OS dependencies
induced by package granularity
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Precious asset, endangered heritage

We are at a turning point

so�ware now a critical asset for society, but key scientists/developers are passing away,
and source code is ge�ing lost or misplaced while so�ware development skyrockets!

To enable next generation research and so�ware development we need
a common, non profit, long term, shared infrastructure that provides

A catalog An archive A research infrastructure
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So�ware Heritage www.so�wareheritage.org

Our mission
Collect, preserve and share the source code of all the so�ware that is available

Preserving the past, enhancing the present, preparing the future
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A revolutionary infrastructure for so�ware source code

The graph of So�ware Development
Snapshots

Releases

Revisions

Directories

Contents

All so�ware development with
its history, in a single graph . . .

The blockchain of So�ware Development

. . . a single Merkle
graph, with intrin-
sic ids for trace-
ability

A pillar of Open Science

Reference archive of
Research So�ware

Reference platform for Big Code

One uniform data structure en-
ables massive machine learning
for quality, cybersecurity, etc.
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An international, non profit initiative built for the long term

Sharing the vision

And many more ...
www.softwareheritage.org/support/testimonials

Donors, members, sponsors

Platinum sponsors

Silver sponsors

Bronze sponsors

Gold sponsor
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Policy highlight

UNESCO, Inria, So�ware Heritage invite
40 international experts meet in Paris . . . Their call is published on Feb 2019

It’s an important policy tool, already referenced and used . . . yes, you can sign it!

https:
//en.unesco.org/foss/paris-call-software-source-code
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A peek under the hood

Git
loader

Mercurial
loader

Debian source
package loader

tar loader

.

.

.

Software Heritage Archive
Merkle DAG + blob storage

Loading
& deduplication

dsc

dsc

hg

hg

hg

git
git

git git

svn

svn

svn

tar

zip

software
origins

Package
repos

Forges
GitHub
lister

GitLab
lister

Debian
lister

PyPi
lister

.

.

.
Distros

...

Scheduling

Listing
(full/incremental)

Global development history permanently archived in a unique git-like Merkle DAG

~400 TB (uncompressed) blobs, ~20 B nodes, ~280 B edges
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Come in, we’re open . . . and your help is needed!

�estions?

Learn more www.so�wareheritage.org/publications

Jean-François Abramatic, Roberto Di Cosmo, Stefano Zacchiroli
Building the Universal Archive of Source Code, Communications of the ACM, October 2018

P. Alliez, R. Di Cosmo, B. Guedj, A. Girault, M. Hacid, A. Legrand, N. Rougier
A�ributing and Referencing (Research) So�ware: Best Practices and Outlook From Inria, Computing in
Science & Engineering, 22 (1), pp. 39-52, 2020, ISSN: 1558-366X

Roberto Di Cosmo, Morane Gruenpeter, Stefano Zacchiroli
Referencing Source Code Artifacts: a Separate Concern in So�ware Citation, Computing in Science &
Engineering, 2020, ISSN: 1521-9615

Roberto Di Cosmo, Stefano Zacchiroli
So�ware Heritage: Why and How to Preserve So�ware Source Code, iPRES 2017
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Outline

1 More about So�ware Heritage

2 The SWH-ID: the source code fingerprint
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Highlights from the launching phase

Summer 2015

The collection starts: first
server, (very) early prototype

June 30th 2016

Public unveiling, with the first
sponsors: Microso� and DANS

April 3rd 2017

Unesco - Inria agreement
on so�ware access and
preservation.

June 7th 2018

Opening the archive to the
world

December 7th 2018

Starting the mirror network

February 26th 2019

Publication of the expert meeting
Paris Call on

So�ware Source Code
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Outline

1 More about So�ware Heritage

2 The SWH-ID: the source code fingerprint
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The SWH-ID schema
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The SWH-ID schema
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A worked example
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A worked example
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Demo time

Let’s look at some famous excerpts of source code

Apollo 11 source code (excerpt) �ake III source code (excerpt)

It works!
we have intrinsic identifiers for all 20+ billion objects in the archive
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The So�ware Heritage ID schema (see http://bit.ly/swhpids)

swh:1:cnt:94a9ed024d3859793618152ea559a168bbcbb5e2 full text of the GPL3 license

swh:1:dir:d198bc9d7a6bcf6db04f476d29314f157507d505 Darktable source code

swh:1:rev:309cf2674ee7a0749978cf8265ab91a60aea0f7d

a revision in the development history of Darktable

swh:1:rel:22ece559cc7cc2364edc5e5593d63ae8bd229f9f

release 2.3.0 of Darktable, dated 24 December 2016

swh:1:snp:c7c108084bc0bf3d81436bf980b46e98bd338453

a snapshot of the entire Darktable repository (4 May 2017, GitHub)

Current resolvers: archive.softwareheritage.org and n2t.org
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