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Software source code: human readable and executable knowledge

Harold Abelson, Structure and Interpretation of Computer Programs

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

Apollo 11 source code ( ) Quake 11 source code ( )

Len Shustek, Computer History Museum

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

Growth of globally original known content (source: )

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

Complexity of the software ecosystem 8000+ langs

@ millions of lines of code
o large web of dependencies
e easy to break, difficult to maintain

o decentralised developer communities
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https://hal.archives-ouvertes.fr/hal-02158292v2

Precious asset, endangered heritage

We are at a turning point

software now a critical asset for society, but key scientists/developers are passing away,
and source code is getting lost or misplaced while software development skyrockets!

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

A catalog

A research infrastructure
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Software Heritage www.softwareheritage.org

A
DR :
<> <> Software Heritage
AN
v

VA

Collect, preserve and share the source code of all the software that is available

Source files Commits Projects

7,309,842,258 1,590,436,149 107,875,943

Preserving the past, enhancing the present, preparing the future
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A revolutionary infrastructure for software source code

The graph of Software Development The blockchain of Software Development

snapshors

. asingle Merkle
All software development with graph, with intrin-

its history, in a single graph ... sic ids for ftrace-

ability

y

A pillar of Open Science Reference platform for Big Code

One uniform data structure en-
ables massive machine learning
for quality, cybersecurity, etc.

Reference archive of
Research Software
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An international, non profit initiative

built for the long term

Sharing the vision Donors, members, sponsors

VAN
&2

& gandi.net

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

4

lrn

INVENTEURS DU MONDE NUMERIQUE

v
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www.softwareheritage.org/support/testimonials

Policy highlight

UNESCO, Inria, Software 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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https://en.unesco.org/news/experts-call-greater-recognition-software-source-code-heritage-sustainable-development
https://en.unesco.org/foss/paris-call-software-source-code
https://en.unesco.org/foss/paris-call-software-source-code
https://en.unesco.org/foss/paris-call-software-source-code

A peek under the hood

Software Heritage Archive

Forges Merkle DAG + blob storage
GitHub
lister software )
origins Git
loader
GitLab
lister Mercurial

loader

Distros

Debian source
package loader

Debian
lister

Package

repos - ———
Listing Loading
(full/incremental) & deduplication

k’ ) scheaung & )

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!

Questions?

Learn more www.softwareheritage.org/publications

@ Jean-Francois 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
Attributing and Referencing (Research) Software: 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 Software Citation, Computing in Science &
Engineering, 2020, ISSN: 1521-9615

@ Roberto Di Cosmo, Stefano Zacchiroli
Software Heritage: Why and How to Preserve Software Source Code, iPRES 2017
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Highlights from the launching phase

Summer 2015

The collection starts:

first

server, (very) early prototype

v

June 30th 2016

Public unveiling, with the first
sponsors: Microsoft and DANS

April 3rd 2017

Unesco - Inria agreement
on software access and
preservation.

June 7th 2018

Opening the archive to the
world

v

December 7th 2018

V.

Starting the mirror network

@rdicosmo

Roberto Di Cosmo

@swheritage

February 26th 2019

Publication of the expert meeting
Paris Call on
Software Source Code |
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© 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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The SWH-ID schema
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A worked example

Y p

Releases )

Snapshots
Revisions

Contents
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A worked example

Contents
M eraion 3, 36 Sure 2047 -\

n 3, 29 June 2007

Copyright (C) 2007 Free Software Foundation, Inc. <http://fsf.org/>
Everyone is permitted to copy and distribute verbatim copies
of this license docunent, but changing it is not allowed

— shal: 8624bcdae55baeef...

The GNU General Public License is a free, copyleft license for

\ sha256: 8ceb4b9eeSaded...
e e T e v, Sosato shal_git: 94a9ed024d385...
e (TS e e T e SoTare Fomiatien v length: 35147

price. Our General Public Licenses are designed to make sure that you
have the freedon to distribute copies of free software (and charge for

them 1f you wish), that you receive source code or can get it if you
want it, that you can change the software or use pieces in new
free prograns, and that you know you can do thy

To protect your rights, we need to py

developmen

oberto Di C




A worked example

7

Releases Yy

Snapshots
Revisions

Contents
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A worked exampl

Directories
AUTHORS
HesE 100644 blob .gitignore
MANIFEST.in 100644 blob AUTHORS
100644 blob 94a9ed024d3859793618152ea559a168bbcbb5e2 LICENSE
Vakefie 100644 blob MANIFEST.in
[V 100644 blob Makefile
100644 blob Makefile.local
README.db_testing 100644 blob README.db_testing
100644 blob README . dev
README dev 040000 tree bin
B bin 040000 tree debian
- 040000 tree docs
[ debian 100644 blob requirements.txt
2= gocs 100755 blob setup.py
040000 tree sql
requirements.txt 040000 tree swh
040000 tree utils
setuppy
) st -
) swh id: 515f00d44e92c65322aaa9bf3fa097c00ddb9c7d

utils
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A worked example

> p

Releases Y

Snapshots
Revisions

Contents

@rdicosmo  Roberto Di Cosmo  @swheritage On the future of software development ~ CC-BY 4.0 Apr 7th 2020



A worked exampl

Revisions

Details  Changes  Files
SHA: 963634dcabbaSdc37e3ee426ba091092¢2679f6
Author: Nicolas Dandrimont <nicolas@dandrimont.eu> (Thu Sep 1 14:26:13 2016)

Committer: Nicolas Dandrimont <

olas@dandrimont.eu> (Thu Sep 1 14:26:13 2016)

Subject: provenance.tasks: add the revision -> origin cache task
Parent: fc3a8b59caldf424d860f2c29ab07fee4dc35d10 : test_storage: properly pipeline origin and cont.
provenance.tasks: add the revision -> origin cache task

tree 515f00d44e92c65322aaa9bf3fa097c00ddb9c7d

parent

author Nicolas Dandrimont <nicolas@dandrimont.eu> 1472732773 +0200
committer Nicolas Dandrimont <nicolas@dandrimont.eu> 1472732773 +0200

provenance.tasks: add the revision -> origin cache task

— 7

g

id: 963634dcabba5dc37e3ee426ba091092c267f9f6
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A worked example

P

Releases Y >

Snapshots
Revisions

Contents

@rdicosmo  Roberto Di Cosmo  @swheritage On the future of software development ~ CC-BY 4.0 Apr 7th 2020



A worked example

Releases

object cOc9f16b1e1345937567570a1761b156e6ebld

type commit

tag v0.0.51

tagger Nicolas Dandrimont <nicolas@dandrimont.eu> 1472042163 +0200

Release swh.storage v0.0.51
tag v0.0.51 - Add new metadata column to origin_visit

Tagger: Nicolas Dandrimont <nicolas@dandrimont.eu> - Update swh-add-directory script for updated API
Date: Wed Aug 24 14:36:03 2016 +0200 --+-BEGIN PGP SIGNATURE-----

Release swh.storage v0.0.51 iQIzBAABCAAIBQIXVZ 1vbnQUZXUACGKQ7AWLMO2 +
q 0b5DI 1K1vEVh 7aX2KEILDtt7uf
- Add new metadata column to origin_visit 1+YrxBfcih3L. D5t2
- Update swh-add-directory script for updated API ICBIit2uJtXuCrD Dréjw7z
[ IGEndWnO7VIH1VmM6tLn5qB7ISmXRagA-+becqddubTZ2xjj+jplUaCBEyaN3hmL
Qsj2muBkyz3t8tG/H1/pV-+I50WBINPOSSTHOtuUj0JEVGPK/AHSP79QUHDHZFKCao
commit cOc9f16b1e134f5937567570a1761b156e6eb1d KIj6kAWyUBOMxb+nKV/jeLbrR3+yWBFj3Qp5a1/V800Th6E1dALCNMpEaKCOKtME
dgMRax111/qOEDINsW67G6sD: 9fVLQ3nV3GaQQTnu1Rpl
Gg/K1PdHT4hzOil46WYP: Q4ZR/Wj
RpTTfUsbXUeXHGOpKgXh: anvplgch‘/’-" ukumcrwxcvaqu
qyF6yTSOpUBYK70tpYRRUGKWD. 6)Yqljo29
IwgZQif5qWQCBOOONAL: kMejUhg62c
0;

XP
ND PGP SIGNATURE--

— - _J

id: 85083a5ccl4a441c89dea73f5bdf67c3f9cbafdb




A worked example
- -
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A worked example

git show-refs

Snapshots

commit 08ffeb25770109525eb3ce21691466c53a1d9158 refs/heads/atime

commit ba5443a24e3f9fe323a46c292cecdfcbe61lc67eb refs/heads/directory-listing-arrays

commit d69e0dbf892383ff6589b27fbelc05d27238d9c5 refs/heads/foo

commit cf7ff9eeadeb22f89460085a8019167ded68e08 refs/heads/master

commit 7ecal97fc66d2024047e54b1ed9e8b44361a0FC2 refs/heads/tmp-directory-add

commit 642a205f37de85005a85d427b53ee4fb2252e82e refs/heads/tmp/generic-releases

tag 20043b1379cf768d966597799fd4907c757f755 refs/tags/ve.0.1

tag 72a21991a384e539996dbb867bfbObee72aee2cd refs/tags/ve.0.10

ag faScc refs/tags/ve.0.

tag 33378427a403ba569a67777b8d58766747bc6556 refs/tags/v0.0.

tag 0674652755b327¢590311c2ba036¢f3b4b35d refs/tags/v0.0

tag 5a6325fe86ab854b581d7442667d92al1e32f3bd refs/tags/ve.0

tag 586fbade580b4f5fab®5f599367643cbcbladc7f refs/tags/ve.0.

tag 6317774 1c refs/tags/ve.0.

tag a542444ee3f0fbed35eb202fee035c809abc7d6 refs/tags/vo.0.17
0
]
(]
L]
0
0
0

tag 228a2f1650dd12222e556559462¢1e067c4993d9 refs/tags/vo.
tag 606979a4ca05d497fc0d24aad00dce82636ef47c refs/tags/vo.
tag 32bf5a59fc2a323baabd5f15a6ad5382ec275a67 refs/tags/vo.
tag 3147c3d31ec46cf6492881e908b1237ebdff2c7 refs/tags/v0.0.
tag 215ea50daballle082e0b72¢76ebdb6073a87968 refs/tags/v0.0.
tag 3fb168c2072a5d6252124257ale5dfcOf5Ffaldf refs/tags/vo.
tag 8cdbee8dadd73fc5d262789e460al6ac3c72abad refs/tags/vo.

— _J

—

id: b464cadlb66fff266a37b46eabe7a04b545e904b




Let’s look at some famous excerpts of source code J

Apollo 11 source code ( ) Quake Il source code ( )

we have intrinsic identifiers for all 20+ billion objects in the archive
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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/

The Software Heritage ID schema (see )

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:22ece559cc7cc2364edc5e5593d63ae8bd2299f

release 2.3.0 of Darktable, dated 24 December 2016

swh:1:snp:c7¢108084bc0bf3d81436bf980b46e98bd338453

\. J

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

Current resolvers: archive.softwareheritage.organd n2t.org
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http://bit.ly/swhpids
https://archive.softwareheritage.org/swh:1:cnt:94a9ed024d3859793618152ea559a168bbcbb5e2
https://archive.softwareheritage.org/swh:1:dir:d198bc9d7a6bcf6db04f476d29314f157507d505
https://archive.softwareheritage.org/swh:1:rev:309cf2674ee7a0749978cf8265ab91a60aea0f7d
https://archive.softwareheritage.org/swh:1:rel:22ece559cc7cc2364edc5e5593d63ae8bd229f9f
https://archive.softwareheritage.org/swh:1:snp:c7c108084bc0bf3d81436bf980b46e98bd338453
archive.softwareheritage.org
n2t.org
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