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Working group key facts

Joint RDA & FORCE11 WG which spawned from

RDA’s So�ware Source Code IG & FORCE11’s SCIWG

Co-chairs
Roberto Di Cosmo

Daniel Katz

Martin Fenner

Objectives

bring together people involved/interested in so�ware identification

produce concrete recommendations for the academic community

Please register

online document: http://bit.ly/rda13scidwg
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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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So�ware is Knowledge

So�ware is an essential component of modern scientific research

Top 100 papers (Nature, October 2014)
[. . . ] the vast majority describe experimental methods or
sofware that have become essential in their fields.

http://www.nature.com/news/
the-top-100-papers-1.16224
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So�ware Source Code is special

Harold Abelson, Structure and Interpretation of Computer Programs

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

�ake III Arena source code (excerpt) Net. queue in Linux (excerpt)

Len Shustek, Computer History Museum

“Source code provides a view into the mind of the designer.”
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An example from my research field, Computer Science

Repeatability in computer systems research, Christian Collberg, 2016

Analysis of 613 papers

8 ACM conferences: ASPLOS’12,
CCS’12, OOPSLA’12, OSDI’12,
PLDI’12, SIGMOD’12, SOSP’11,
VLDB’12

5 journals: TACO’9, TISSEC’15,
TOCS’30, TODS’37, TOPLAS’34

all very practical oriented

The basic question

can we get the code to build and run?

The workflow
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. . . cont’d

. . .
. . . that’s a whopping 40% of non reproducible works!

The main reasons
source code (or the right version of it) cannot be found
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So�ware Source code: important pillar of Open Science

The Magic Triangle of Scientific Knowledge

Nota bene
The links in the picture are essential
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Forgo�en pillar of (Open) Science

Lack of recognition

not (yet) a first class citizen

in the EOSC plan

in the EU copyright reform

in the scholarly works

Lack of guidance/consensus on how to

choose a license

cite a so�ware project

relate to industry best practices

make source code FAIR(*)

Lack of basic prerequisites to reproducibility

See a discussion in http://annex.softwareheritage.org/public/
talks/2018/2018-09-17-STScI_public.pdf

Roberto Di Cosmo www.dicosmo.org Source Code Identification April 25nd, 2019 9 / 25

http://annex.softwareheritage.org/public/talks/2018/2018-09-17-STScI_public.pdf
http://annex.softwareheritage.org/public/talks/2018/2018-09-17-STScI_public.pdf


Interest in (research) so�ware is raising

A wealth of activities in academia
artifact evaluation

now commonplace in CS conferences

reproducible research
hot area of interest (jury still out on how to really do this)

so�ware archival
publishers, open access portals, propose their services

academic credit
research so�ware authors want recognition

Identifiers
for all the above, proper identifiers are needed
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Challenges for academia

Accept the complexity: so�ware is special

made by humans for humans: copyright law applies!

not (just) data: we may have a nice hammer, but so�ware is not a nail

Industry, developers, communities have been there
we must

avoid reinventing the wheel

connect with existing communities of practice
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Fragmented landscape

Academic initiatives
Force 11 So�ware Citation Implementation WG

Freya EU project

OpenAire EU project

EU Open Science Monitor

Industry initiatives

NSRL (NIST)

SPDX (Linux Foundation)

SWID (ISO Standard)

. . .

Transversal initiatives
So�ware Heritage identifiers (SWH-ID) (disclosure: I’m leading it)
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Discussion

So�ware source code identification
motivations

di�iculties

The floor is yours
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Di�erent motivations here are a few

Support reproducible research and reuse

references to retrieve the exact version of a so�ware artefact used in a research

Give credit
citations that count for so�ware authors

Transparency

so�ware bill of materials enable traceability of so�ware artefacts
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It is way more complex than it seems

All so�ware projects are not born equal

structure
monolithic
composite

lifetime
one shot
long running

community
single developer
large community

authorship
plurality of roles
di�iculty of
evaluating
contributions

authority
just the commit log
top down
institution

And a�ribution adds to the complexity

so�ware citation is much more than . . . so�ware identification!
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Systems of identifiers

A system of identifiers is

a set of labels (the identifiers)

mechanisms to perform :

Generation (minting) create a new label
Assignment associate label to object
Retrieval get object from a label

optionally, mechanisms to perform:

Verification check label and object
Reverse Lookup get label from an object
Description get metadata of an object
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Mechanisms o�ered in some systems of identifiers

Mech. / System Handle DOI Ark PURL
Generation Yes Yes Yes Yes
Assignment Yes Yes Yes Yes
Retrieval Yes Yes Yes Yes
Verification N.A. N.A. N.A. N.A.
Reverse Lookup N.A. N.A. N.A. N.A.
Description Yes Yes Yes N.A.
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Our challenges in the PID landscape

Typical properties of systems of identifiers

uniqueness, non ambiguity, persistence, abstraction (opacity)

Key needed properties from our use cases

gratis identifiers are free (billions of objects)

integrity the associated object cannot be changed (sw dev, reproducibility)

no middle man no central authority is needed (sw dev, reproducibility)

we could not find systems with both integrity and no middle man !
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An important distinction: DIOs vs. IDOs

The term “Digital Object Identifier” is construed as “digital identifier of an object,"
rather than “identifier of a digital object” Norman Paskin. 2010

DIO (Digital Identifier of an Object)

digital identifiers for (potentially) non digital objects

epistemic complexity (manifestations, versions, locations, etc.)

need an authority to ensure persistence and uniqueness

IDO (Identifier of a Digital Object)

digital identifiers (only) for digital objects

can provide both integrity and no middle man

broadly used in modern so�ware development (git, etc.)

IDOs are enough for reproducibility DIOs are needed for a�ribution
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IDOs in So�ware Development: the origins

Merkle tree (R. C. Merkle, Crypto 1979)

Combination of

tree

hash function

Classical cryptographic construction

fast, parallel signature of large data structures, built-in deduplication

satisfies all three criteria: gratis, integrity, no middle man!

widely used in industry (e.g., Git, nix, blockchains, IPFS, . . . )
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IDOs in So�ware Heritage: a worked example
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The So�ware Heritage IDO 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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The swMath project

see https://swmath.org
nice example: http://swmath.org/software/7116
source code is archived in So�ware Heritage
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Deposit Scientific So�ware

Deposit so�ware in HAL http://hal.inria.fr/hal-01738741
Generic mechanism:

SWORD based

review process

versioning

How to do it:

today: deposit .zip or .tar.gz file (guide)
tomorrow:

provide SWH id and metadata
include metadata file for automatic
metadata extraction
. . .

September 2018: open to all on https://hal.archives-ouvertes.fr/

Roberto Di Cosmo www.dicosmo.org Source Code Identification April 25nd, 2019 23 / 25

http://hal.inria.fr/hal-01738741
http://bit.ly/swhdeposithalen
https://hal.archives-ouvertes.fr/


Outline

1 Introduction

2 Se�ing the stage

3 Identifying so�ware source code: motivations and di�iculties

4 Conceptual framework for identifiers

5 IDOs : SWH-IDs

6 DIOs and curation process: ASCL

7 DIOs and curation via publications

8 DIOs and IDOs: the HAL / SWH use case

9 Discussion and wrap up

Roberto Di Cosmo www.dicosmo.org Source Code Identification April 25nd, 2019 24 / 25



Roadmap

Duration: 18 months
collect state of the art

extract minimum viable recommendations

propose actionable plans
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Building a state of the art

Curation process

talk to

tech transfer departments

promotion commi�ees

department reports

Identifiers
thematic communities
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