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Short Bio: Roberto Di Cosmo

Computer Science professor in Paris, now working at INRIA

30 years of research (Theor. CS, Programming, So�ware Engineering, Erdos #: 3)

20 years of Free and Open Source So�ware

10 years building and directing structures for the common good

1999 DemoLinux – first live GNU/Linux distro

2007 Free So�ware Thematic Group
150 members 40 projects 200Me

2008 Mancoosi project www.mancoosi.org
2010 IRILL www.irill.org
2015 So�ware Heritage at INRIA

2018 National Commi�ee for Open Science, France
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The knowledge is in the source code

“The source code for a work means the preferred form of the work for
making modifications to it." GPL Licence

Hello World

Program (excerpt of binary)

4004e6: 55
4004e7: 48 89 e5
4004ea: bf 84 05 40 00
4004ef: b8 00 00 00 00
4004f4: e8 c7 fe ff ff
4004f9: 90
4004fa: 5d
4004fb: c3

Program (source code)

/* Hello World program */

#include<stdio.h>

void main()
{

printf("Hello World");
}
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Source code is special

Executable and human readable knowledge copyright law

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

So�ware evolves over time
projects may last decades

the development history is key to its understanding

Complexity

millions of lines of code
large web of dependencies

easy to break, di�icult to maintain

sophisticated developer communities

python3-matplotlib

python3-dateutil

python3-six

(>= 1.4)

python3:any

python-matplotlib-data

(>= 3.0.2-2)

python3-pyparsing

(>= 1.5.6)

libjs-jquery

libjs-jquery-ui

python3-numpy

(>= 1:1.14.3)

python3

(<< 3.8) (>= 3.7~)

python3-numpy-abi9

python3-cycler

(>= 0.10.0)

python3-kiwisolver

libfreetype6

(>= 2.2.1)

libpng16-16

(>= 1.6.2-1)

python3-pil

python3-tk

(>= 1.5)

(>= 3.2~)

tzdata

[python3] [python3]

{debconf} debconf-2.0

(>= 0.5)

[debconf] {cdebconf}

fonts-lyx ttf-bitstream-vera

(>= 3.3.2-2~)

jquery javascript-common

(>= 1.7)

(<< 3.8)(>= 3.7~)python3.7:any

libblas3 libblas.so.3

liblapack3 liblapack.so.3python3-pkg-resources

python3-minimal

(= 3.7.3-1)

python3.7

(>= 3.7.3-1~) libpython3-stdlib

(= 3.7.3-1)

python3.7-minimal

(>= 3.7.3-1~)

{dpkg} install-info

(>= 1.13.20)

libpython3.7-minimal

(= 3.7.3-2)

libexpat1

(>= 2.1~beta3)

libssl1.1

(>= 1.1.1)

libpython3.7-stdlib

(>= 0.5)

(= 3.7.3-2)

mime-support

libbz2-1.0

liblzma5

(>= 5.1.1alpha+20120614)

libdb5.3 libffi6

(>= 3.0.4)

libmpdec2 libncursesw6

(>= 6)

libtinfo6

(>= 6) libreadline7

(>= 7.0~beta)

libsqlite3-0

(>= 3.7.15)

libuuid1

(>= 2.20.1)

bzip2file xz-utils

(= 1.0.6-9)

libmagic1

(= 1:5.35-4)

libmagic-mgc

(= 1:5.35-4)

(>= 5.2.2)xz-lzma

(= 6.1+20181013-2)

libgpm2

(>= 6)

readline-common

(>= 1.15.4)

libreadline-common

(>= 1.16.1)

uuid-runtime

(>= 2.25-5~) (>= 2.31.1)

adduserlibsmartcols1

(>= 2.27~rc1)

libsystemd0

(>= 0.5)

passwd

(>= 5.1.1alpha+20120614)

libgcrypt20

(>= 1.8.0)

liblz4-1

(>= 0.0~r122)

libgpg-error0

(>= 1.25)

libgpg-error-l10n

(= 3.7.3-2)

(= 3.7.3-2)

(>= 3.7.3-1~)

[python3.7] [python3.7]

libgfortran5

(>= 8)

libquadmath0

(>= 4.6) ...

-6-

gcc-9-base

(= 9-20190428-1)

(>= 4.6)

(= 9-20190428-1)

(>= 8)

(>= 4.6)

...

-3-

(>= 3.3.2-2~) (<< 3.8)(>= 3.6~)

(>= 1.6.2-1)

(<< 3.8) (>= 3.7~)

(>= 2.2.1)

[mime-support] python3-pil.imagetk libimagequant0

(>= 2.11.10)

libjpeg62-turbo

(>= 1.3.1) liblcms2-2

(>= 2.2+git20110628)

libtiff5

(>= 4.0.3)

libwebp6

(>= 0.5.1) libwebpdemux2

(>= 0.5.1)

libwebpmux3

(>= 0.6.1-2)

python3-olefile

(<< 3.8)(>= 3.7~)

(= 6.0.0-1)

(>= 3.4.1-2)

(>= 3.7.1-1~)(<< 3.9)

blt

(>= 2.4z-9)

tk8.6-blt2.5

(>= 2.5.3)

libtcl8.6

(>= 8.6.0)

libtk8.6

(>= 8.6.0)(= 2.5.3+dfsg-5)

(>= 8.6.0)

(>= 8.6.0)

blt4.2blt8.0 blt8.0-unoff

(>= 2.2.1)

(>= 8.6.0-2)

libfontconfig1

(>= 2.12.6)

libxext6

libxft2

(>> 2.1.1)

libxss1

(>= 2.3.5)(>= 2.12.6)

libxrender1 x11-common

libjpeg62

(>= 5.1.1alpha+20120614)

(>= 1.3.1)

libjbig0

(>= 2.0) (>= 0.5.1)

libzstd1

(>= 1.3.2) (>= 0.5.1)(>= 0.5.1)

Matplotlib library

Python dependencies

Real dependencies

Fake OS dependencies
induced by package granularity
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So�ware is a pillar of Science . . .

So�ware is everywhere in modern science

[. . . ] the vast majority describe [. . . ] or
so�ware that have become essential in their
fields.

Top 100 papers (Nature, 2014)

Sometimes, if you dont have the so�ware, you dont have the data
Christine Borgman, Paris, 2018
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. . . a forgo�en pillar of Open Science

Lack of recognition

not (yet) a first class citizen

in the EOSC plan

in the scholarly world

Lack of consensus on how to
archive so�ware

choose a license

cite a so�ware project
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Pressure to make the source code available is raising

Why

Necessary to. . .

reproduce and verify,

modify and evolve, building new
experiments from old ones

When and where
debate started end of first 2000
decade (bio, statistics, medicine. . . )

growing in Computer Science since
the ESEC/FSE 2011 Artifact
Evaluation Award

A wealth of initiatives. . .
Policies: ACM Artifact Review and Badging, AEC, . . .

Working groups: FORCE11, RDA, SPSO, . . .

Journals: IPOL, ReScience, InsightJournal, JOSS, eLife, ACM DL, . . .

Repositories: FigShare, Zenodo, . . .

Common infrastructures: So�ware Heritage
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https://www.artifact-eval.org/about.html
https://www.artifact-eval.org/about.html
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https://www.force11.org/software-citation-principles
https://www.rd-alliance.org/groups/software-source-code-ig
https://www.ouvrirlascience.fr/logiciels-libres-et-open-source/
https://www.ipol.im/
https://www.softwareheritage.org


What is at stake in increasing order of di�iculty
Archival
Research so�ware artifacts must be properly archived

make it sure we can retrieve them (reproducibility)

Identification
Research so�ware artifacts must be properly referenced

make it sure we can identify them (reproducibility)

Metadata
Research so�ware artifacts must be properly described

make it easy to discover them (visibility)

Citation
Research so�ware artifacts must be properly cited (not the same as referenced!)

to give credit to authors (evaluation!)

Let’s focus on the first two!
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So�ware Heritage in a nutshell

T H E  G R E AT  L I B R A RY  O F  S O U RC E  C O D E

Collect, preserve and share the source code of all the so�ware

Preserving our heritage, enabling be�er so�ware and be�er science for all

Reference catalog

find and reference all the
source code

Universal archive

preserve all the source
code

Research infrastructure

enable analysis of all the
source code
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So�ware Heritage: a revolutionary infrastructure bit.ly/swhpaper

All the so�ware source code

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)

The largest so�ware source code archive ever

Uniform and intrinsic identifiers for reproducibility

Tracking over 20 billion so�ware artifacts, and counting. . . bit.ly/swhpidpaper

Adoption highlights

Wikidata https://www.wikidata.org/wiki/Property:P6138
reference archive for swmath.org, HAL, etalab

part of the french National Plan for Open Science
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Modern so�ware development

Version control system (VCS)

records changes made to a (set of) source code file (s)

allows to operate on versions: di�/merge/fork/recover etc.

essential tool for so�ware development

Three decades of evolution
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Intrinsic identifiers for modern so�ware development

Requirements for the D in DVCS

intrinsic unique identifiers. . . (here: cryptographic signature, aka "hash")

. . . that work for tree structures (so�ware directories)

Merkle tree to the rescue (R. C. Merkle, Crypto 1979)

Combination of

tree

hash function
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The SWH-ID schema: syntax and semantics
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The SWH-ID schema: syntax and semantics
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Walkthrough the Parmap article

Danelu�o and Di Cosmo, 2012

M. Danelu�o and R. Di Cosmo, /A “Minimal Disruption” skeleton experiment:

Seamless map & reduce embedding in OCaml,” Procedia CS, vol. 9, pp.

1837–1846, 2012. [Online]. Available: [DOI: 10.1016/j.procs.2012.04.202]

Accessed on the 6th of February 2020

swh:1:snp:78209702559384ee1b5586df13eca84a5123aa82

Only 8 years later !
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an algorithm in the source code

Figure 1 in [Danelu�o and Di Cosmo, 2012]
Parmap’s implementation of the distribution, fork, and recollection phase

swh:1:cnt:d5214�9562a1fe78db51944506ba48c20de3379;

origin=h�ps://gitorious.org/parmap/parmap.git;lines=101-143
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A solution to address the reproducibility crisis

McBane. 2020

George C. McBane. (2020). [Rp] Reproduction of interaction second virial

coe�icient calculation for H$2$–CO interactions [J. Chem. Phys. vol. 112,

4417 (2000)]. Rescience C, 6(1), #1.

http://doi.org/10.5281/zenodo.3630224
swh:1:snp:85dcb31156194ea3bad60f06c1e7999e7bb1a90c
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Zoom on the trust model for identifiers

Trust model for usual DOIs

sw
archive

integrity
verifier

sw URL

DOI resolver
without
checksums

sw & checksum

DOIDOI

Trust model for DOIs with checksums
DOI
resolver
with
checksums

sw
archive

integrity
verifier

sw URL &
checksum

DOI DOI

Trust model for SWH-IDs

5

sw
archive

integrity
verifier

SWH

SWH
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Prepare your so�ware source code complete guidelines

Prepare your public repository with:

README, LICENSE, AUTHORS & codemeta.json files

What’s a good README

extracted from Eric Steven Raymond and Make a README
MUST include:

Name and a description of the so�ware.

SHOULD include:

how to run and use the source code

build environment, installation, requirements

CAN include:

project website or documentation pointer and recent news

visuals
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https://www.tldp.org/HOWTO/html_single/Software-Release-Practice-HOWTO/
https://www.makeareadme.com/


Submit save request on SWH complete guidelines

Save code now on https://archive.softwareheritage.org/save/
git, svn or mercurial

intrinsic metadata files

complete history
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Reference so�ware artifacts in your articles complete guidelines

Choose the granularity level for the reference:

file (with code fragment)

swh:1:cnt:c60366bc03936eede6509b23307321faf1035e23;lines=473-537
... and add ;origin=h�ps://github.com/sagemath/sage/

James McCa�rey’s algorithm in sageMath

directory

swh:1:dir:c6f07c2173a458d098de45d4c459a8f1916d900f
... and add ;origin=h�ps://github.com/id-So�ware/�ake-III-Arena/

source code of �ake-III Arena from id-So�ware
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Reference so�ware artifacts in your articles complete guidelines

specific release

swh:1:rel:22ece559cc7cc2364edc5e5593d63ae8bd229f9f
... and add ;origin=h�ps://github.com/darktable-org/darktable/

release 2.3.0 of Darktable, dated 24 December 2016

full snapshot (including all branches and all releases)

swh:1:snp:c7c108084bc0bf3d81436bf980b46e98bd338453
... and add ;origin=h�ps://github.com/darktable-org/darktable/

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

Roberto Di Cosmo www.dicosmo.org Archiving And Referencing All So�ware Source Code February 19th, 2020 20 / 24

https://www.softwareheritage.org/save-and-reference-research-software/
https://archive.softwareheritage.org/swh:1:rel:22ece559cc7cc2364edc5e5593d63ae8bd229f9f;origin=https://github.com/darktable-org/darktable/
https://archive.softwareheritage.org/swh:1:snp:c7c108084bc0bf3d81436bf980b46e98bd338453;origin=https://github.com/darktable-org/darktable/


Outline

1 Introduction

2 Academia’s evolving practice

3 Archiving and referencing all the source code: So�ware Heritage

4 Zoom on the SWH-ID

5 Practical guidelines for archiving and referencing

6 What about metadata and citation?

Roberto Di Cosmo www.dicosmo.org Archiving And Referencing All So�ware Source Code February 19th, 2020 21 / 24



It’s more complex than it seems!

So�ware is complex

Structure monolithic/composite; self-contained/external dependencies

Lifetime one-shot/long term

Community one man/one team/distributed community

Authorship complex set of roles

Authority institutions/organizations/communities/single person

Various granularities

Exact status of the source code for reproducibility, e.g.

“you can find at swh:1:cnt:cdf19c4487c43c76f3612557d4dc61f9131790a4;lines=146-187 the
core algorithm used in this article”

(Major) release “This functionality is available in OCaml version 4”

Project “Inria has created OCaml and Scikit-Learn”.
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Proposals for metadata and citation in the scholarly world

Refined ontology for contributors

Design, Architecture,

Coding, Testing, Debugging,

Documentation, Maintenance, Support,

Management

Reference is distinct from citation
Reference is for reproducibility

and now we can get it right!

Citation is for credit
and the jury is still out. . .

They must not be conflated

Keep the human in the loop

When credit is at stake, automation/crowdsourcing is not enough!
Humans are needed to get quality information

Experiments are ongoing on moderated so�ware deposit . . . (IDCC 2020)

Curated Archiving of Research So�ware Artifacts : lessons learned from the French open
archive (HAL) https://hal.archives-ouvertes.fr/hal-02475835v1
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Conclusion

Research so�ware
pillar of open science

finally in the limelight

Doing it right is not easy

simplistic approaches, "just data", . . .

soon part of research evaluation

You can help make a change

leverage So�ware Heritage in conferences and journals for archival and reference

join the conversation on so�ware citation and so�ware evaluation criteria

Where can you participate?

So�ware Source Code Interest group - RDA-SSC IG

So�ware Source code Identification Working Group - RDA-Force11-SCID WG

So�ware Citation Implementation Working Group - Force11-SCIWG
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https://www.rd-alliance.org/groups/software-source-code-ig
https://www.rd-alliance.org/groups/software-source-code-identification-wg
https://www.force11.org/group/software-citation-implementation-working-group


Come in, we’re open !

www.softwareheritage.org — learn more
save.softwareheritage.org — save code now
www.softwareheritage.org/swhap — legacy so�ware acquisition process
forge.softwareheritage.org — our own code

�estions?
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