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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

2005 Open Access debate

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

2015 So�ware Heritage at INRIA

2018 National Commi�ee for Open Science, France

Roberto Di Cosmo So�ware Heritage for Open Science July 10th, 2019 2 / 25

http://www.dicosmo.org/FSP/FATOS-Upgrade-03-2006.pdf


Outline

1 Introductions

2 So�ware source code: a pillar of Open Science

3 An inconvenient truth

4 So�ware Heritage

5 Under the hood: architecture and data structure

6 Demo time

7 A revolutionary infrastructure

8 Building for the long term

9 Conclusion

Roberto Di Cosmo So�ware Heritage for Open Science July 10th, 2019 3 / 25



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!
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The scientific method. . .

The experimental method

make an observation

formulate an hypothesis

set up an experiment

elaborate a theory

And then we reproduce and verify.

Reproducibility is the key

non-reproducible single occurrences are of no significance to science

Karl Popper, The Logic of Scientific Discovery, 1934
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. . . evolves in the digital age!

For an experiment involving so�ware, we need

open access to the scientific article describing it

open data sets used in the experiment

source code of all the components

environment of execution

stable references between all this

Remark
The first two items are already widely discussed!

. . . what about so�ware?
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So�ware Source code is an important pillar

The Magic Triangle of Scientific Knowledge

Nota bene
The links in the picture are essential
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A forgo�en pillar of Open Science

No reference catalog

to find and reference all
the source code

No universal archive

to preserve all the source
code

No research infrastructure

to enable analysis of all
the source code

Lack of recognition

not (yet) a first class citizen

in the infrastructure plans

in the copyright reform (EU)

in the scholarly works

Lack of established guidance

choose a license

make source code available

relate to industry best practices

cite a so�ware project
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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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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

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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Coverage

~400 TB (uncompressed) blobs, ~20 B nodes, ~280 B edges

The richest public source code archive, . . . and growing daily!
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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 in a uniform data model.
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Much more than an archive!
Merkle tree (R. C. Merkle, Crypto 1979)

Combination of

tree

hash function

Classical cryptographic construction

fast, parallel signature of large data structures

widely used (e.g., Git, blockchains, IPFS, . . . )

built-in deduplication
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The archive in pictures
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The archive in pictures
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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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Demo time: let’s highlight some features. . .

A "wayback machine" for so�ware source code

http://archive.softwareheritage.org/browse

Identification and sharing of billions of so�ware artifacts

http://bit.ly/swhpids for persistent identifiers

Depositing research so�ware

http://bit.ly/swdepositblog
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A revolutionary infrastructure for industry
The graph of So�ware Development

All of the so�ware development in a single graph!

lookup by content hash
wayback machine for so�ware development

http://archive.softwareheritage.org/

. . . and much more

The blockchain of So�ware Development

All of a so�ware development. . . in a single Merkle graph!
Widely used crypto (e.g., Git, blockchains, IPFS, . . . )

built-in deduplication

intrinsic, unforgeable identifiers at all levels

simplifies traceability (licensing, supply chain
management)
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A revolutionary infrastructure for research and innovation

A pillar of Open Science

The reference archive of Research So�ware for Open Science
curated deposit of research so�ware

in collaboration with HAL, CCSD and Inria IES
now open to all researchers!

intrinsic identifiers for reproducibility

Reference platform for Big Code

unique observatory of all so�ware development

big data, machine learning paradise: classification, trends, coding
pa�erns, code completion. . .
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Archiving and referencing (your) research so�ware

Save code now
two simple steps to get your repository archived:

prepare your source code

go to https:
//archive.softwareheritage.org/browse/origin/save/

that’s it!

Reference code: precisely, and forever!

three simple steps:

find your code in https://archive.softwareheritage.org
select your code fragment (optional)

get the link from the red permalink tab, and use it!
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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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Raising Awareness

April 3rd 2017, Unesco Inria agreement November 2018, Unesco Inria expert call
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Growing Support

Sharing the vision Donors, members, sponsors

>= 100Ke/year

>= 50Ke/year

>= 25Ke/year

>= 10Ke/year

Research collaboration

source code search engine

Global network
first independent mirror

increased reliability
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You can help: 1/2

Towards Reproducible Open Science

archive research so�ware in SWH
reference it using intrinsic identifiers

build on top of SWH, do not try to rebuild SWH!

reduce risk avoid fragmentation!

Thomas Je�erson, February 18, 1791

. . . 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.

A common infrastructure
mutualisation for sustainability

open source, non for profit

mirror network open to all

let’s prevent a useless diaspora
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You can help: 2/2

Scientific challenges in building So�ware Heritage

graph queries, e�icient storage, distributed archival, classification, search, . . .

Using So�ware Heritage for research

the So�ware Heritage graph dataset is now available!

AWS: https://registry.opendata.aws/software-heritage/
guidelines: https://upsilon.cc/~zack/research/
publications/msr-2019-swh.pdf
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Join the revolution!

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

Jean-François Abramatic, Roberto Di Cosmo, Stefano Zacchiroli
Building the Universal Archive of Source Code
Communication of the ACM, October 2018

Roberto Di Cosmo, Morane Gruenpeter, Stefano Zacchiroli
Identifiers for Digital Objects: the Case of So�ware Source Code Preservation
iPRES 2018: Intl. Conf. on Digital Preservation
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All the source code

Online

Offline

Online

OpenClosed

Roberto Di Cosmo So�ware Heritage for Open Science July 10th, 2019 1 / 9



All the source code: strategy

Online

Offline

Online

OpenClosed

Embargo

Focused Search

Automation

Crowdsourcing
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A bird’s eye view
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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) 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) identifiers (only) for digital objects

can provide both integrity and no middle man

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

IDOs and DIOs adress di�erent needs
for the core So�ware Heritage IDOs are enough

we must not use DIOs for reproducibility
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Limitations of DIOs

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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Revisiting the "So�ware Citation Principles"

Recommendation for identifiers
Use DIOs (specifically, DOIs) instead of IDOs (specifically, git commit hashes)

Original reasons to "avoid commit hashes"
1 Version numbers/commit references are not guaranteed to be permanent.
2 A repository address and version number does not guarantee that the so�ware is

available [. . . ]
3 A particular version number/commit reference may not represent a “preferred” point

at which to cite the so�ware [. . . ]

So�ware Heritage changes all this
1 SWH-IDs are permanent (and do not depend on any particular VCS)
2 So�ware Heritage is an archive, and guarantees availability
3 At So�ware Heritage, we separate citation from reference
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An example from my research field, Computer Science

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

Roberto Di Cosmo So�ware Heritage for Open Science July 10th, 2019 8 / 9



. . . 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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