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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 everywhere

Software

Source code is executable and human readable knowledge

a growing part of our Cultural Heritage

Roberto Di Cosmo www.dicosmo.org (CC-BY 4.0) www.so�wareheritage.org October 17th, 2018 3 / 30



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 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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~ 50 years, a lightning fast growth

Apollo 11 Guidance Computer (~60.000 lines), 1969

"When I first got into it, nobody knew what it was that we were doing. It
was like the Wild West."

Margaret Hamilton

Linux Kernel

. . . now in your pockets!

are we taking care of all this?
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So�ware is spread all around
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So�ware is fragile
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So�ware lacks its own research infrastructure

Photo: ALMA(ESO/NAOJ/NRAO), R. Hills
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Research so�ware: a long way to go!

ICSE (Zannier, Melrik, Maurer, 2006)

complete absence of replication studies

ACM TOSEM 2001 to 2006 C. Ghezzi http://bit.ly/tosemreprod
60% of all papers have tools: only 20% installable

Collberg’s 2015 study http://reproducibility.cs.arizona.edu/
601 mainstream papers: 508 with tools, only 40% installable

Main reasons
source code (or the right version of it) cannot be found
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No catalog, no archive, no references: we are at a turning point

Looking at the past

a lot of old so�ware misplaced, lost, or behind barriers, but. . .

most founding fathers are still here, and willing to share

urgent to collect their knowledge

Only a few years le�.

Looking at the future

so�ware development and use skyrockets: more programmers, and more code!

essential to provide a universal platform for all the future so�ware source code

Every year that goes by makes the problem worse.

it is urgent to take action!
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The So�ware Heritage Project www.so�wareheritage.org

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

Past, present and future

Preserving the past, enhancing the present, preparing the future
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Automation, and storage

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)

full development history permanently archived
origins: GitHub (auto), Debian (auto), Gitlab.com, Gitorious, Google Code, GNU
~ 200Tb raw contents, ~ 10Tb graph (10Bn nodes, 100Bn edges)
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A principled infrastructure http://bit.ly/swhpaper

Technology

transparency and FOSS

replicas all the way down

Content
intrinsic identifiers

facts and provenance

Organization

non-profit

mirror network
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URL decay disrupts the web of reference

Web links are not permanent (even permalinks)

there is no general guarantee that a URL. . . which at one time points to a given
object continues to do so
T. Berners-Lee et al. Uniform Resource Locators. RFC 1738.

URLs used in articles decay!

Analysis of IEEE Computer (Computer), and the Communications of the ACM (CACM):
1995-1999

the half-life of a referenced URL is approximately 4 years from its publication date
D. Spinellis. The Decay and Failures of URL References.

Communications of the ACM, 46(1):71-77, January 2003.

Similar findings in Lawrence, S. et al. Persistence of Web References in Scientific Research,
IEEE Computer, 34(2), pp. 26–31, 2001.
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Scholar roster of broken links

An example from Astronomy

How Do Astronomers Share Data?
Pepe, Goodman, Muench, Crosas, Erdmann PLOS August 28, 2014
dx.doi.org/10.1371/journal.pone.0104798
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DOI limitations

Example: doi:10.1109/MSR.2015.10

to find what 10.1109/MSR.2015.10 is, go to a resolver (e.g.
doi.org)

this returns http://ieeexplore.ieee.org/
document/7180064/
at this URL we find . . .

Architecture of the DOI infrastructure
DOI resolution can change

content at URL can change

no intrinsic way of noticing

persistence based on good will of multiple parties
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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.)

for the core So�ware Heritage archive, IDOs are enough
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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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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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Reference archive for all so�ware

A "wayback machine" for so�ware source code . . . with intrinsic identifiers!

http://archive.softwareheritage.org/browse
http://bit.ly/swhpids for persistent identifiers

Demo time: let’s highlight some features. . .

Origin search
Directory browsing Revisions as di�s

Web UI — syntax highlighting and selectionRoberto Di Cosmo www.dicosmo.org (CC-BY 4.0) www.so�wareheritage.org October 17th, 2018 24 / 30
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The way forward to archive and reference scientific so�ware

Scientific so�ware portals

curate metadata (so�ware deposit, so�ware citation, DIOs)

archive deposited source code in So�ware Heritage

obtain persistent intrinsic IDOs (integrity, not dependent on resolvers, see iPres2018
article http://bit.ly/swhpidpaper) linking into So�ware Heritage

Benefits of connecting with So�ware Heritage

Features all those of So�ware Heritage for free
Now browse, download
WIP metadata, licenses, provenance (plagiarism detection),

classification, . . .

Coverage and Uniformity one archive for all domains (industry included)
reference any so�ware, not just the deposited ones
git-compatible identifiers greatly simplify workflows

#### was: #+INCLUDE: "../../common/modules/swh-scientific-publishing.org::#benefits"
:minlevel 3 :only-contents t
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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/
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Growing Support

Landmark Inria Unesco agreement, April 3rd, 2017

Sharing the vision
Contributing to the mission

>= 100Ke/year

>= 50Ke/year

>= 25Ke/year

>= 10Ke/year
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The next steps

The So�ware Heritage Foundation

independent

long term mission

multistakeholder

The community

academia: Open Access, research

industry: be�er so�ware

cultural heritage: all the so�ware history

The mirror network
resilience

biodiversity

“Let us save what remains: not by vaults and locks which fence them from the public
eye and use in consigning them to the waste of time, but by such a multiplication
of copies, as shall place them beyond the reach of accident.”

Thomas Je�erson
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You can help!

Connect infrastructures
SWH and Zenodo

SWH mirror at CERN

Contribute
help broaden archive coverage

forge.softwareheritage.org

EU Copyright directive: ACT NOW to protect so�ware development!

savecodeshare.eu saveyourinternet.eu

Funding

become a partner/sponsor/mirror :
sponsorship.softwareheritage.org
give your own contribution :
www.softwareheritage.org/donate

Spread the word!

use the archive and help
others do

tell everybody about
So�ware Heritage
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Come in, we’re open!

www.softwareheritage.org @swheritage

Library of Alexandria of code

recover the past

structure the future

A CERN for So�ware
build be�er so�ware

for industry
for society as a
whole
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