Software Heritage

key infrastructure for Open Science and Software Science

aime Arias \
J L \\
Research Engineer v

CNRS, LIPN, Université Sorbonne Paris Nord

November 27, 2024

A
v .
43v%)- Software Heritage

1&2 THE GREAT LIBRARY OF SOURCE CODE
v

%
<

Jaime Arias @lipn.univ-paris13.fr  (CC-BY 4.0) Software Heritage for Open Science and Research November 27, 2024 1/28



Hello!

| am Jaime Arias
@ CNRS Research Engineer @ LIPN
@ Member @ Collége Codes Sources et Logiciels

@ Ambassador @ Software Heritage

You can find me at:
S ariaselipn. fr
& https://www.jaime-arias.fr
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give a higher priority to the technical aspects of our approach. The reader can
find the details of the implementation as well as the execution of the examples
described in this paper at http://www.labri.fr/perso/jarias/symbolicMC.
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Software source code is precious knowledge

Apollo 11 source code (

P63SPOT3 CcA BIT6 # IS THE LR ANTENNA IN POSITION 1 YET

EXTEND

RAND CHAN33

EXTEND

BZF P63SPOT4 # BRANCH IF ANTENNA ALREADY IN POSITION 1

CAF CODE500 # ASTRONAUT: PLEASE CRANK THE

TC BANKCALL # SILLY THING AROUND

CADR GOPERF1

TCF GOTOPOOH # TERMINATE

TCF P63SPOT3 # PROCEED SEE IF HE'S LYING
P63SPOT4 TC BANKCALL # ENTER INITIALIZE LANDING RADAR

CADR SETPOS1

TC POSTJIUMP # OFF TO SEE THE WIZARD

CADR BURNBABY

v
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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://archive.softwareheritage.org/swh:1:cnt:bb0faf6919fc60636b2696f32ec9b3c2adb247fe;origin=https://github.com/id-Software/Quake-III-Arena;visit=swh:1:snp:4ab9bcef131aaf449a7c01370aff8c91dcecbf5f;anchor=swh:1:rev:dbe4ddb10315479fc00086f08e25d968b4b43c49;path=/code/game/q_math.c;lines=549-572/

Software source code is precious knowledge

Apollo 11 source code ( )

P P T
63SPOT3 CcA BIT6 # IS THE LR ANTENNA IN POSITION 1 YE float Q_rsqrt( float number ) .
EXTEND I -
RAND CHAN33 long i; .
EXTEND float x2, y;
BZF P63SPOT4 # BRANCH IF ANTENNA ALREADY IN POSITION 1 const float threehalfs = 1.5F;
CAF CODE500 # ASTRONAUT: PLEASE CRANK THE X2 = number * 0.5F;
T BANKCALL # SILLY THING AROUND y = number;
CADR GOPERF1 i==*( long * ) &; // evil floating point bit level hacking
TCF GOTOPOOH # TERMINATE i = 0x5f3759df - ( i >> 1 ); // what the fuck?
TCF P63SPOT3 # PROCEED SEE IF HE'S LYING y =* ( float * ) &i;
y =y * ( threehalfs - ( x2 *y *y ) ); // Ist iteration
=y . * o i P
P63SPOT4 T BANKCALL # ENTER INITIALIZE LANDING RADAR //'y =y * ( threehalfs - ( x2 *y *y ) ); // 2nd iteration, this
CADR SETPOS1 can be removed
return y;
T POSTIUMP # OFF TO SEE THE WIZARD ...
CADR  BURNBABY
v

Quake 1l source code ( » ) I
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https://archive.softwareheritage.org/swh:1:cnt:bb0faf6919fc60636b2696f32ec9b3c2adb247fe;origin=https://github.com/id-Software/Quake-III-Arena;visit=swh:1:snp:4ab9bcef131aaf449a7c01370aff8c91dcecbf5f;anchor=swh:1:rev:dbe4ddb10315479fc00086f08e25d968b4b43c49;path=/code/game/q_math.c;lines=549-572/

Software source code is precious knowledge

Harold Abelson, Structure and Interpretation of Computer Programs (1st ed.)

“Programs must be written for people to read, and only incidentally for machines to execute.”
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Software source code is precious knowledge

Harold Abelson, Structure and Interpretation of Computer Programs (1st ed.)

1985

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

Len Shustek, Computer History Museum

“Source code provides a view into the mind of the designer.”
-
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Software source code is precious knowledge

2P

Harold Abelson, Structure and Interpretation of Computer Programs (1st ed.)

1985

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

Len Shustek, Computer History Museum

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

Sonatype Survey 2017
80% to 90% of a new application is ... just to reuse!
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Software source code is precious knowledge

2P

Harold Abelson, Structure and Interpretation of Computer Programs (1st ed.)

1985

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

Len Shustek, Computer History Museum

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

Sonatype Survey 2017

80% to 90% of a new application is ... just to reuse!

Art. L. 112-2 du Code de la Propriété Intellectuelle

“Sont considérés notamment comme ceuvres de Uesprit au sens du présent code: ...
130 «Les logiciels, y compris le matériel de conception préparatoire»; ..."
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Software is a pillar of Open Science

Software powers modern research

Proportion of publications in France published in 2022 that
mention the use of code or software by discipline
iy I o~
Computer and iformation 3
=ecrs [ - %
arth,ecology, energy and applied .
oo |, < *
: I <~
S N s Over 20% of articles using software across all disciplines share it
2024 French Open Science Monitor
i s s v | 41
e I 2%
W I 1%
s I e %
4
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https://frenchopensciencemonitor.esr.gouv.fr/software/fields?id=disciplines.partage

Source code is special (software is not data)

Software evolves over time
@ projects may last decades

o the development history is key to its understanding
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Software evolves over time

Source code is special (software is not data)

@ projects may last decades

o the development history is key to its understanding

rvj-f.—-—J

e . Matplotlib library
@ millions of lines of code

o large web of dependencies

e easy to break, difficult to maintain
e research software a thin top layer

@ sophisticated developer communities
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Source code is special (software is not data)

Software evolves over time

@ projects may last decades

o the development history is key to its understanding

@ millions of lines of code

o large web of dependencies

e easy to break, difficult to maintain
e research software a thin top layer

=

@ sophisticated developer communities S t ) 0 geencences

= ==/ induced by package granularity
Real dependencies

= y
The human side

design, algorithm, code, test, documentation, community, funding

and so many more facets ...
4
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Software is a pillar of Open Science

Key pillar: software I

Nota Bene

<

Open Source
Repositories

software may be a tool, a research outcome
and a research object

Open Access
Repositories

]
Open Data Sets
Repositories

Links are importantJ

(CC-BY 4.0)
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Software is a pillar of Open Science

Key pillar: software I

Nota Bene
<

Open Source
Repositories

software may be a tool, a research outcome
and a research object

@ access to the source code is essential! |

Open Access
Repositories

Preserving (the history of) source code is
necessary for reproducibility

]
Open Data Sets
Repositories
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Fundamental needs for software in Open Science (selection)

Research software artifacts must be properly archived
make sure we can retrieve them (reproducibility)
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Fundamental needs for software in Open Science (selection)

Research software artifacts must be properly archived
make sure we can retrieve them (reproducibility)
rv'r—'l—'-4

Reference

Research software artifacts must be properly referenced '
make sure we can identify them (reproducibility)J
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Fundamental needs for software in Open Science (selection)

Research software artifacts must be properly archived
make sure we can retrieve them (reproducibility)

Reference

Research software artifacts must be properly referenced
make sure we can identify them (reproducibility)J

Research software artifacts must be properly described
make it easy to discover and reuse them (visibility)J
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Fundamental needs for software in Open Science (selection)

Archive

Research software artifacts must be properly archived
make sure we can retrieve them (reproducibility)

Reference

Research software artifacts must be properly referenced
make sure we can identify them (reproducibility)J

Describe

Research software artifacts must be properly described
make it easy to discover and reuse them (visibility)J

Cite/Credit

Research software artifacts must be properly cited (not the same as referenced!)
to give credit to authors (evaluation!)l
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Where is the source code?

Collaborative development platforms (aka "forges")

o BitBucket, GitLab(.com), GitHub, etc.

@ support for version control, issues, etc.

o example:

e https://depot.lipn.univ-paris13.fr/cosyverif/cosydraw !
e https://gitlab.inria.fr/gt-sw-citation/bibtex-sw-entry/
y
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https://archive.softwareheritage.org/swh:1:dir:92a6d0b9953aa3645ffac6bb4fb30a02932872eb;origin=https://gitlab.inria.fr/gt-sw-citation/bibtex-sw-entry;visit=swh:1:snp:05753fe748b7b85cbd0a9e2bea89aac5268b06c6;anchor=swh:1:rev:7c621448de21b0950cdff2dda37834cd4b389bfa

Where is the source code?

Collaborative development platforms (aka "forges")
@ BitBucket, GitLab(.com), GitHub, etc.

@ support for version control, issues, etc.

o example:

e https://depot.lipn.univ-paris13.fr/cosyverif/cosydraw !
e https://gitlab.inria.fr/gt-sw-citation/bibtex-sw-entry/
y

w

Distribution platforms

@ CTAN, CRAN, PyPi, Debian, etc.
e example: https://ctan.org/pkg/biblatex-software
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Where is the source code?

Collaborative development platforms (aka "forges") |

@ BitBucket, GitLab(.com), GitHub, etc.

@ support for version control, issues, etc.
o example:

e https://depot.lipn.univ-paris13.fr/cosyverif/cosydraw !
e https://gitlab.inria.fr/gt-sw-citation/bibtex-sw-entry/

- v
Distribution platforms

@ CTAN, CRAN, PyPi, Debian, etc.
e example: https://ctan.org/pkg/biblatex-software

y
Archives

o Software Heritage

e example: archived version of biblatex-software
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Archive and reference: some popular approaches that do not fit the bill

A - Since the 1976°s 1990’s

.zip or .tar file on:
o ftp-server (e.g. gnu)
@ web page (example)

@ document archive (+ DOI sample)
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https://ftp.gnu.org/
https://sites.lipn.univ-paris13.fr/websites/pmc-sog/
https://doi.org/10.6084/m9.figshare.11629095.v1
https://gitlab.inria.fr/gt-sw-citation/bibtex-sw-entry
https://github.com/imitator-model-checker/imitator

Archive and reference: some popular approaches that do not fit the bill

A - Since the 1976’s 1990’s B - Since the 2000’s

.zip or .tar file on: Rely on software forges
o ftpserver (e.g. gnu) e institutional/project (e.g. example)
@ web page (example) o free commercial ones: BitBucket,
@ document archive (+ DOI sample) GitHub, GitLab, ... (e.g. imitator)
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Archive and reference: some popular approaches that do not fit the bill

A - Since the 1976’s 1990’s B - Since the 2000’s

Rely on software forges
e institutional/project (e.g. example)

o free commercial ones: BitBucket,
GitHub, GitLab, ... (e.g. imitator)

.zip or .tar file on:

o ftp-server (e.g. gnu)
@ web page (example)
@ document archive (+ DOI sample)

C: a mix of the two I

Artifacts Available prifacts fvaluated &

Authors/Contributors: Authors Info & Affiliations

DOI: (ittps://dot.org/10.1145/ GEEEB)Version: 1.0

W Description

A source archive of (i, and the version of G used in the paper

eval. A more up-to-date version of can be found at

0 Assets
Read ve (D
r Software Heritage for Open Science and Research November 27, 2024
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Archive and reference: some popular approaches that do not fit the bill

A - Since the 1976’s 1990’s B - Since the 2000’s

Rely on software forges
e institutional/project (e.g. example)

o free commercial ones: BitBucket,
GitHub, GitLab, ... (e.g. imitator)

W4

.zip or .tar file on:
o ftp-server (e.g. gnu)
@ web page (example)
@ document archive (+ DOI sample)

C: a mix of the two I

«@ Artifacts Available prifacts fvaluated &
Authors/Contributors:  Authors Info & Affiliations . .
Can get no satisfaction...
DOI: (ifips.//dol.org/10.1145) GEEEEB)Version: 1.0 ;
A Poor user experience

W Description
A source archive of (i, and the version of G used in the paper B NO preserval'ion guarantee

eval. A more up-to-date version of can be found at

B assets C Can do so much better
Read v (I
r Software Heritage for Open Science and Research November 27, 2024
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Forges are not archives!

2015: the first big bad news

Google Code and Gitorious.org shutdown: ~1M endangered repositories

@ broken links in the web of knowledge
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https://github.com/ocaml/opam-repository/issues/19757

Forges are not archives!
2015: the first big bad news

Google Code and Gitorious.org shutdown: ~1M endangered repositories

@ broken links in the web of knowledge

Big bad news keep coming in » “
e summer 2019: BitBucket announces Mercurial VCS sunset
@ july 2020: BitBucket erases 250.000+ repositories (including research software)

@ summer 2022: GitLab.com considers erasing all projects that are inactive for a year

4
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https://github.com/ocaml/opam-repository/issues/19757

Forges are not archives!
2015: the first big bad news |

Google Code and Gitorious.org shutdown: ~1M endangered repositories

@ broken links in the web of knowledge

. w4 -—-—J
Big bad news keep coming in G \ 4

@ summer 2019: BitBucket announces Mercurial VCS sunset

@ july 2020: BitBucket erases 250.000+ repositories (including research software)

@ summer 2022: GitLab.com considers erasing all projects that are inactive for a year

4

In Academia too!

@ 2021: Inria’s old gforge is unplugged... breaks the Opam build chain for OCaml
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https://github.com/ocaml/opam-repository/issues/19757

Forges are not archives!
2015: the first big bad news

Google Code and Gitorious.org shutdown: ~1M endangered repositories

@ broken links in the web of knowledge

I_'—'__‘_J
Big bad news keep coming in

@ summer 2019: BitBucket announces Mercurial VCS sunset

@ july 2020: BitBucket erases 250.000+ repositories (including research software)

@ summer 2022: GitLab.com considers erasing all projects that are inactive for a year

4

In Academia too!

@ 2021: Inria’s old gforge is unplugged... breaks the Opam build chain for OCaml

We need a universal archive of software source code:

-
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https://github.com/ocaml/opam-repository/issues/19757

Forges are not archives!
2015: the first big bad news

Google Code and Gitorious.org shutdown: ~1M endangered repositories

@ broken links in the web of knowledge

I_'—'__‘_J
Big bad news keep coming in

@ summer 2019: BitBucket announces Mercurial VCS sunset

@ july 2020: BitBucket erases 250.000+ repositories (including research software)

@ summer 2022: GitLab.com considers erasing all projects that are inactive for a year

4

In Academia too!

@ 2021: Inria’s old gforge is unplugged... breaks the Opam build chain for OCaml

We need a universal archive of software source code: now we have one! )
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https://github.com/ocaml/opam-repository/issues/19757

Software Heritage for Open Science and Reproducibilit
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Software Heritage in a nutshell www.softwareheritage.org

A
DZEVAN .
<+3'%/- Software Heritage_
1’\1Ar/ THE GREAT LIBRARY OF SOURCE CODE

v

Collect, preserve and share all software source code J

Preserving our heritage, enabling better software and better science for all
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Software Heritage in a nutshell www.softwareheritage.org

A
TSy
<3V, Software Herltage
L\ﬂAr/. THE GREAT LIBRARY OF SOURCE CODE ‘

Collect, preserve and share all software source code J

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

v

Reference catalog |
Sohian,COON.
i

& @T(IJ/L
find and reference all
software source code
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Software Heritage in a nutshell www.softwareheritage.org

A
| .
<+3'%- Software Heritage
L\ﬂAV/‘ THE GREAT LIBRARY OF SOURCE CODE B
v

Collect, preserve and share all software source code

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

v
Reference catalog "Bl Universal archive I

S 0PN .damage ¢
Mot disaster s
Bﬂ@% zmah%lmist de l tlgn
@TOU/L im»g dependce)uLEse E E
G LS = S
find and reference all preserve and share all
software source code | software source code )
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Software Heritage in a nutshell

www.softwareheritage.org

A
o .
+3¥%- Software Heritage,
L\ﬂAV/A THE GREAT LIBRARY OF SOURCE CODE

v

Collect, preserve and share all software source code

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

v

Reference catalog I | Research infrastructure |
Scier ) CRCN .damage
R

torage

disaster, ,im{.,mw

& qmah%lmis N
G G o OTANY im;,g gbsolete 2
GoogleCode i b O 5

find and reference all

preserve and share all

software source code

software source code

enable analysis of all
software source code

Jaime Arias

(CC-BY 4.0)
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An international, non profit initiative built for the long term

Sharing the vision |

[TIHTg

United Nations -
Educational, Scientificand -
Cultural Organization +

sﬂ'lware V GitLab é;zm\mzzlmn % ecllpse
OW2 “fsfe @ §£.959.Fj = ﬁ

Liberté + Egalité + Fraternité
,,,,,,,,,, REPUBLIQUE FRANGAISE

TILinux

[
x

>
ADULLACT
o conservancy

seresn AdaCore § gandinet 2
cie Q) SErERTe
@g(r)erﬁm’oens = / onesource openinventione/wol

And many more ...
www.softwareheritage.org/support/testimonials
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profit initiative built for the long term

Sharing the vision '@ Donors, members, sponsors

m lunia

United Nations -

Educational, Scientific and «
Cultural Organization

Diamond sponsor
sﬂ'lwape v GitLab é; ENGINEERING % ecllpse @

Platinum sponsors

OW2 <igfe seQorr I ..ﬁ @ intel

Liberté + Egalité + Fraternité

B2 Microsoft S@

HUAWE!
THE REPUBLIQUE FRANCAISE
TJLINUX Gold sponsors
FOUNDATION 90 Computer
. 3 History P .
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And many more ...
www.softwareheritage.org/support/testimonials
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The largest software archive, a shared infrastructure

ndustry || Research Public Administration
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open and shared ii‘ ¢0# 4 Hmﬁ
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The largest software archive, a shared infrastructure

;Cultural Heritage \_hndustrv \\\Research ‘;Puhli: Administration
One infrastructure i‘ 3 4 -
i o £
open and shared s Mg

Software Heritage

The largest archive ever built

Source files Commits Projects
17,798,218,376 3,802,143,973 278,187,495
Directories Authors Releases
14,364,868,206 69,923,710 82,196,102
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The largest software archive, a shared infrastructure

Cultural Heritage hﬂiustrv hesearch Public Administration

One infrastructure i =
open and shared i ‘ 'no# By

Software Heritage

The largest archive ever built

Source files Commits Projects . A
d o Bitbucket g Git
17,798,218,376 3,802,143,973 278,187,495 2,509,402 origins < 56,983 origins < 24,600 origins <
ree r . Odebian R0
L 1 26,599 origins < 136,338 origins < 53,297 origins <
] GitHub gitiles & GitLab
[ Fa 197,883,004 0rigins < 10171 origins < 4m62980rigins <
[ 737 git {3 Gogs
2,926 origins < 172 origins < 97,549 origins <
"V Guix E@GNU © revvos
14,482 origins < 354 origins < 1,207 origins <
Directories Authors Releases S launch Maven ‘;A NixOS
14,364,868,206 69,923,710 82,196,102 503,631 origins < 312,461 origins < 14,482 origins <
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Software Heritage: a radically different approach to archiving

Forges

Distros

6
CLT o

Package
repos

CPAN " mm=p>

(full/incremental)

' ..

)
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Software Heritage: a radically different approach to archiving

Forges

GitHub
lister

GitLab
lister

Distros

® 6 @
iy |

Package
repos

CPAN

PyPI
lister

Listing
(full/incremental)

Scheduling

(&)

ipn.univ-pari

Software Heritage Archive
Merkle DAG + blob storage

Git
loader

Mercurial
loader

Debian source
package loader

Loading
& deduplication
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Software Heritage: a radically different approach to archiving

Forges
GitHub Software Heritage Archive

u O L Eiliniind Merkle DAG + blob storage
Git

loader
GitLab
lister

Mercurial
loader

Distros

Debian
lister

OC g

Package

Debian source
package loader

lister

Taps > )
(& Pé N Listing Loading
(full/incremental) & deduplication

\’ Qéjswm &@)

Global development history permanently archived in a uniform data model

@ over 20 billion unique source files from over 300 million software projects

@ ~2PB (compressed) blobs, ~50 B nodes, ~700 B edges
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Software Heritage is radically different, cont’d

Software Hash Identifiers (SWHID)
50+B intrinsic, decentralised, cryptographically strong identifiers, SWHIDs

schema_version object_id
i
\
: :{41ddb23118f92d721809935e7a9900f58f1d07fa ]
3
Y v
prefix object_type 3
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https://swhid.org
https://www.softwareheritage.org/2020/07/09/intrinsic-vs-extrinsic-identifiers/
https://spdx.github.io/spdx-spec/appendix-VI-external-repository-identifiers/#persistent-id
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://www.softwareheritage.org/howto-archive-and-reference-your-code/
https://dx.doi.org/10.1007/978-3-030-52200-1_36

Software Heritage is radically different, cont’d

Software Hash Identifiers (SWHID)
50+B intrinsic, decentralised, cryptographically strong identifiers, SWHIDs

schema_version object_id
L)
\
::{41ddb23118f92d721809935e7a9900f58f1d07fa ]
3
¥ v
prefix object_type .
C——  “enp” - snapshot
* “rel - release
A “rev” - revision
(| "dir” - directory
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Software Heritage is radically different, cont’d

Software Hash Identifiers (SWHID)

50+B intrinsic, decentralised, cryptographically strong identifiers, SWHIDs
schema_version object_id
::{41ddb23118f92d721809935e75990cf58f1d07fa ]
:
prefix object_type 3
origin_ctxt ;origin=https://github.com/chrislgarry/Apollo-11 }
— “snp” - snapshot
* visit_ctxt ;visit=swh:1:snp:206c27c0c031 9836 }
“rel” - release
ﬁ Oee? = sedictian anchor_ctxt ;anchor=swh:1:rev:3913£198£4383d4d638c0485d6aa%902£f£f2£35828 ]
D “dir” - directory path_ctxt paLh—/LumnaryOQQ/BURN BABY BURN--MASTER IGNITION_ROUTINE.agc ]
8 o 7
lines_ctxt ;lines=64-72
v
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Software Heritage is radically different, cont’d

Software Hash Identifiers (SWHID)
50+B intrinsic, decentralised, cryptographically strong identifiers, SWHIDs

schema_version object_id
::{41ddb23118f92d721809935e7a990cf58f1d07fa ] ’
prefix object_type .
origin_ctxt ;origin=https://github.com/chrislgarry/Apollo-11 }
— “snp” - snapshot
* visit_ctxt jvisit=swh:1:snp:206c27c0c031 9836 }
“rel” - release
ﬁ Oee? = sedictian anchor_ctxt ;anchor=swh:1:rev:3913£198£4383d4d638c0485d6aa%902£f£f2£35828 ]
D “dir” - directory path_ctxt path—/LumnaryOQQ/BURN BABY BURN--MASTER IGNITION_ROUTINE.agc ]

“cnt” - content .
lines_ctxt ;lines=64-72

In SPDX 2.2; IANA registered "swh : "; WikiData P6138; ISO standard J
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Software Heritage is radically different, cont’d

Software Hash Identifiers (SWHID)

50+B intrinsic, decentralised, cryptographically strong identifiers, SWHIDs
schema_version object_id
i \
::{41ddb23118f92d721809935e75990cf58f1d07fa ] ’
:
vV
prefix object_type .
origin_ctxt jorigin=https://github.com/chrislgarry/Apollo-11 }
— “snp” - snapshot
* visit_ctxt ;visit=swh:1:snp:206c27c0c031 2dea9836 }
“rel” - release
ﬁ Oee? = sedictian anchor_ctxt ;anchor=swh:1:rev:3913£198£4383d4d638c0485d6aa%902£f£f2£35828 ]
D “dir” - directory path_ctxt :path=/1.uminary099/EURN_BABY_EURN77MASTER_IGNITION_ROUTINE.agc ]
8 o » 7
v

In SPDX 2.2; IANA registered "swh : "; WikiData P6138; ISO standard J

Full fledged source code references for traceability, integrity and reproducibility
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Software Heritage is radically different, cont’d

A quick tour as a user

o designed for source code: Browse (e.g. Apollo 11 excerpt) like ofisa developer

platform, not a document archive!

Content - 64582678792cd6c2 X +

R 2 2V a3 =

c (O:] softwareheritage.org

Operational ®  login

Home  Development  Documentation  [Donate]

® Fullwidth

TC PHASCHNG  # PREVENT RECALLING R60

Software
ol OCT 04024

To reference or cite the objects present in the Software Heritage archive, permalinks based on SoftWare Hash IDentifiers (SWHIDS) must be used.

sed in order to display its associated SWHID and permalink.

tbelowa type of object c

P63SPOT3 (A BIT6 # IS THE LR ANTENNA N POSITION 1 YET
EXTEND Boontent  Mdirectory  orevision  @snapshot
Q RAND  CHAN33
EXTEN
3 BZF P63SPOT4  # BRANCH TF ANTENNA ALREADY IN POSITION 1 Iframe embedding
o] CAF CODESO0  # ASTRONAUT:  PLEASE CRANK THE swh:1:cnt: d6
TC BANKGALL  # SILLY THING AROUND. origin=https: //github. con/virtualagc/virtualagc;
x CADR  GOPERF1 visit=swh: 3c074afad81ad6b14d434b96€ 705014184752t ;
TCF GOTOPOOH  # TERMINATE Lirev:
) TCF P63SPOT3  # PROCEED  SEE IF HE'S LYING path=/Luminary099/THE_LUNAR_LANDING.agc;
lines=245-261
P63SPOT4  TC BANKCALL  # ENTER  INITIALIZE LANDING RADAR
CADR  SETPOS1 X
8 Add contextual information ) Copy identifier ) Copy permalink
TC POSTIUMP  # OFF TO SEE THE WIZARD ...
©

CADR  BURNBABY

November 27, 2024



https://archive.softwareheritage.org
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/

Software Heritage is radically different, cont’d

A quick tour as a user

o reference source code: all granularities, using SWHIDs (full specification @wailablé
online)

o SWHIDs guarantee integrity like in blockchains

1

6. Conclusions

FLSEVIFR ting discussions

2 s
Pictro Abate for

A “minimal disruption” skeleton experiment:
seamless map & reduce embedding in OCaml™
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https://docs.softwareheritage.org/devel/swh-model/persistent-identifiers.html
https://docs.softwareheritage.org/devel/swh-model/persistent-identifiers.html
http://www.dicosmo.org/Articles/2012-DaneluttoDiCosmo-Pcs.pdf
https://www.dicosmo.org/share/parmap_swh.pdf

Software Heritage is radically different, cont’d

Getting software archived

@ automated harvesting: over 290 million software origins, your researchers’ work
may already be there (actually, here)!
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https://archive.softwareheritage.org/
https://save.softwareheritage.org
https://www.softwareheritage.org/browser-extensions/
https://archive.softwareheritage.org/api/1/
https://github.com/marketplace/actions/save-to-software-heritage
https://archive.softwareheritage.org/
http://www.ipol.im/pub/art/2020/300/
https://elifesciences.org/articles/82535

Software Heritage is radically different, cont’d

Getting software archived

@ automated harvesting: over 290 million software origins, your researchers’ work
:
may already be there (actually, here)!

@ universal archive: all source code from all platforms (BitBucket, GitHub, GitLab,
your own forge, etc.)

o trigger archival of any code in one click with the updateswh browser extension
e use webhooks to automatically archive your code (a GitHub action is available too)
e journals, libraries, open access portals may deposit sourcecode and metadata

o Example article from IPOL

e Example article from eLife

Jaime Arias  a ipn.univ- fr  (CC-BY 4.0) Software Heritage for Open Science and Research November 27, 2024 19/28


https://softwareheritage.org/features/
https://archive.softwareheritage.org/
https://twitter.com/gabrielaltay/status/1300218789762662401
https://archive.softwareheritage.org/browse/search/?q=bitbucket+galtay&with_visit=true&with_content=true
https://archive.softwareheritage.org/
https://save.softwareheritage.org
https://www.softwareheritage.org/browser-extensions/
https://archive.softwareheritage.org/api/1/
https://github.com/marketplace/actions/save-to-software-heritage
https://archive.softwareheritage.org/
http://www.ipol.im/pub/art/2020/300/
https://elifesciences.org/articles/82535

Outline

© Quick Demo!!
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A walkthrough

Browse (e.g. Imitator [excerpt], your work may be already there !)
Trigger archival, use the updateswh browser extension, configuréhe w€bhooks

Get and use SWHIDs (full specification available online)

e 6 6 o

Cite software with biblatex-software package from CTAN
e Overleaf ACMART template available
o Example in journals: article from [POL
o Example with adt2amas: code source, archive in SWH, curated deposit in HAL

o Extracting all the software products for Inria, for CNRS, for CNES, for LIRMM or
for Rémi Gribonval using HalTools

@ Curated deposit in SWH via HAL, see for example: LinBox, SLALOM, Givaro,
NS2DDV, SumGra, Coq proof, ...
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https://hal.archives-ouvertes.fr/hal-01897934
https://hal.archives-ouvertes.fr/hal-02130729
https://hal.archives-ouvertes.fr/hal-02137040
https://hal.archives-ouvertes.fr/lirmm-02136558
https://hal.archives-ouvertes.fr/hal-02155786

An example of long term reproducibility for HPC

(re)create fully reproducible binaries from source...

o functional package manager
N

@ bit by bit reproductibility

-
‘ G UI x @ from the source code

—
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https://hpc.guix.info/blog/2023/07/reproducible-research-hackathon-experience-report/

An example of long term reproducibility for HPC

(re)create fully reproducible binaries from source...

o functional package manager

@ bit by bit reproductibility

-~ -
‘ G UI x @ from the source code y

... with a focus on HPC V
\‘ @ environment control
/éUiXI'FC @ support cluster deployment

@ from the source code

Reproducible software deployment for high-performance computing.
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An example of long term reproducibility for HPC

(re)create fully reproducible binaries from source...
o functional package manager

@ bit by bit reproductibility

N -
‘ G UI x @ from the source code y

... with a focus on HPC

@ environment control

‘ — I m @ support cluster deployment
Gu IX @ from the source code

Reproducible software deployment for high-performance computing.

connection with Software Heritage

@ source code archival and identification for guix and nix

@ automatic fallback for missing sources (see experience report)
v

4
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HAL and Software Heritage: building a curated software catalog

https://hal.archives-ouvertes.fr/hal-02130801

Browse the archive tera

Free and accessible knowledge

https://hal archives-ouvertes.fr/hal-02130801 &

1 019,1343UTC

P oanches@)  ® Release 8 visies

1ssasssazeebyETsces2ssb9esbi4s6107 = 393061 linbox 63 linbox

& Rawile

T1June 2019, 08:

hal: Deposit 297

config-blash

ifnder

swh:1:dir:393b611a1424f032e83569bf6762502371cfcf65

with minimal user overhead! |

Software Heritage for Open Science

search November 27, 2024
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Outline

@ cCall to action
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Call to action: best practices for ARDC are available... today!

Archiving and referencing

For all source code used in research (yes, even small scripts!)

@ ensure it is archived in Software Heritage (see save code now)
o get the proper SWHID for your software (see detailed HOWTO)
@ add it to research articles for reproducibility (see detailed HOWTO)

—
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https://save.softwareheritage.org/
https://www.softwareheritage.org/howto-archive-and-reference-your-code/
https://www.softwareheritage.org/howto-archive-and-reference-your-code/
https://codemeta.github.io/codemeta-generator/
http://doc.hal.science/deposer/deposer-le-code-source/
https://ctan.org/pkg/biblatex-software

Call to action: best practices for ARDC are available... today!

Archiving and referencing

For all source code used in research (yes, even small scripts!)
@ ensure it is archived in Software Heritage (see save code now)
o get the proper SWHID for your software (see detailed HOWTO)
@ add it to research articles for reproducibility (see detailed HOWTO)

\

Describing and Citing/Crediting

For software you want to put forward (mention in your CV, reports, etc., get citations and
credit for it), do the following extra steps:

@ add codemeta.json with description (see the codemeta generator)

o reference in the HAL portal (french partners, see online HAL documentation)

o cite software using the biblatex-software package (in CTAN and TeXLive)
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https://save.softwareheritage.org/
https://www.softwareheritage.org/howto-archive-and-reference-your-code/
https://www.softwareheritage.org/howto-archive-and-reference-your-code/
https://codemeta.github.io/codemeta-generator/
http://doc.hal.science/deposer/deposer-le-code-source/
https://ctan.org/pkg/biblatex-software

Call to action: best practices for ARDC are available... today!

Archiving and referencing

For all source code used in research (yes, even small scripts!)
@ ensure it is archived in Software Heritage (see save code now)
o get the proper SWHID for your software (see detailed HOWTO)
@ add it to research articles for reproducibility (see detailed HOWTO)

\

Describing and Citing/Crediting

For software you want to put forward (mention in your CV, reports, etc., get citations and
credit for it), do the following extra steps:

@ add codemeta.json with description (see the codemeta generator)

o reference in the HAL portal (french partners, see online HAL documentation)

o cite software using the biblatex-software package (in CTAN and TeXLive)

@ train students, colleagues @ engage journals, conferences, learned societies
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rally flag for a grand vision

Bring together academia, industry, governments, communities

"to build a reference, global infrastructure for open and better software"
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@ vendor neutral
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@ a worldwide initiative
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A lot more is needed
Software Heritage can be the catalyser of a way bigger undertaking
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A rally flag for a grand vision

Bring together academia, industry, governments, communities

"to build a reference, global infrastructure for open and better software"

... that will enable

Software Heritage is the first brick ...

@ vendor neutral

o archival, reference, integrity

@ open source @ qualification, sharing and reuse
o a worldwide initiative @ a global software knowledge base
@ a long term initiative o test and deploy world class tooling

A lot more is needed
Software Heritage can be the catalyser of a way bigger undertaking

You can help!

use, disseminate, contribute, build&adapt research tools, ...
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Join a growing and active community

Weare
building
the universal
software
archive
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https://softwareheritage.org/people/
https://softwareheritage.org/ambassadors/
https://web.libera.chat/?nick=swhguest?#swh-devel
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https://softwareheritage.org/people/
https://softwareheritage.org/ambassadors/
https://web.libera.chat/?nick=swhguest?#swh-devel

Join a growing and active community

Weare

building
the universal
software
archive
T
v
' Work with us!

Big Data Development and DevOps Engineer Fullstack Python Developer

Architecture Engineer TheSoftware Hertageprofct

© bt 24

Read More

https://softwareheritage.org/jobs/
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it’s a long road, but together we can make it

Thank you
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This presentation reuses material from Roberto di Cosmo’s presentations!
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