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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 all so�ware source code

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

Reference catalog

find and reference all
so�ware source code

Universal archive

preserve all so�ware
source code

Research infrastructure

enable analysis of all
so�ware source code
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Our principles iPres 2017 - http://bit.ly/swhpaper
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Growing Support

Raising awareness: landmark agreement, 3/4/2017; grand opening, 7/6/2018

Sharing the vision
Sponsoring our work
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So�ware is all around us

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

The World Wide Web, 1989, at CERN on a NeXT machine

“When somebody has learned how to program a
computer . . . You’re joining a group of people who can do
incredible things. They can make the computer do
anything they can imagine.”

From An Insight, An Idea with Tim Berners-Lee (2013)
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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 Source Code human readable and executable knowledge
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Version Control Systems timeline

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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DVCS to Merkle

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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Version Control Systems explained

co -r1.2 file.c
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Version Control Systems explained
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DVCS adoption

Stack Overflow [Survey 2018]

In numbers
GitHub [Octoverse 2017] [Blog 2018]

100.000.000+ repositories

40.000.000+ developers worldwide

Bitbucket [Blog 2019]

28.000.000+ repositories

10.000.000+ developers worldwide

GitLab [Blog 2019]

1.000.000 MRs March 19’

Let’s use it!
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Outline

1 Introduction

2 The knowledge is in the source code !

3 Data model and SWHID: the source code fingerprint

4 The so�ware deposit - a first class research output

5 The missing piece- the Metadata

6 Development workflow

7 Conclusion
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Under the hood: Automation, and storage

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)

Global development history permanently archived in a uniform data model
over 6 billion unique source files from over 90 million so�ware projects
~400 TB (uncompressed) blobs, ~20 B nodes, ~280 B edges
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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
Morane Gruenpeter www.so�wareheritage.org December 1st, 2020 15 / 53



The archive in pictures
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Under the hood: identifying billions of objects
https://bit.ly/2wOOmyV
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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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The SWH-ID schema
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Demo time

Let’s look at some famous exceprts of source code

Apollo 11 source code (excerpt) �ake III source code (excerpt)

It works!
we have intrinsic identifiers for all 20+ billion objects in the archive
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2 The knowledge is in the source code !
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So�ware is a forgo�en pillar of Open Science

Lack of recognition

not (yet) a first class citizen

in the EOSC plan

in the scholarly world

Sometimes, if you don’t have the
so�ware, you don’t have the data

Christine Borgman, Paris, 2018

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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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!)
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The research so�ware (deposit) use case

Deposit so�ware in HAL poster

Generic mechanism:

SWORD based

review process

versioning

How to do it: (guide)

deposit .zip or .tar.gz file with metadata

Timeline:

March 2018: test phase on HAL-Inria

September 2018: open to all HAL
December 2019:

80 complete source code deposits
98 so�ware records

Morane Gruenpeter www.so�wareheritage.org December 1st, 2020 23 / 53
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Submit your source code (guide)
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The deposit view
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Reference vs. citation

Credit & A�ribution
a metadata record

all authors &
contributors

Reuse & Reproducibility

a specific artifact

with complementary
information (docs)

Archive & Index
metadata record (HAL)

artifact itself (SWH)

connect the dots. . .
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Save and reference research so�ware SWH 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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Save and reference research so�ware SWH guidelines

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

intrinsic metadata files

complete history
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Save and reference research so�ware SWH 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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Save and reference research so�ware SWH 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)
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Preliminary questions

“Ontologies are agreements, made in a social context, to accomplish some objec-
tives. It’s important to understand those objectives, and be guided by them.\"

T. Gruber, The Pragmatics of Ontology, 2003

So�ware Ontology

What is so�ware ?

With what terms should we describe a so�ware artifact?

What about so�ware source code ?
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The metadata challenge

What is so�ware ?

So�ware as a concept

so�ware project / entity

the creators and the community
around it

So�ware artifact
the binaries for di�erent environments

the so�ware source code for each
version
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This is so�ware?

What about so�ware source code ?
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Metadata about So�ware Source Code

So�ware metadata objectives

manage, share, discover, archive so�ware source code

Use cases
semantic search: find so�ware by author, version, keywords

browse source code with context information

cite and be cited

LOV- Linked open vocabularies

“Vocabularies provide the semantic glue enabling data to become meaningful data. ”
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Where is the metadata available ?

Catalogs and registries

libraries.io

OpenHub

OntoSo�

Publisher’s repositories

GitHub

Bitbucket

SourceForge

advantages and drawbacks

registries repositories
accuracy - not created by author + added by authors/maintainers
completeness + very detailed - not a priority
longevity - depends on registry - depends on publisher
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Where is the metadata available ?

in the so�ware source code itself

package management file

CITATION file

.About file

codemeta.json file

advantages and drawbacks

metadata file
accuracy + created by author and evolves with code
completeness - depends on the authors knowledge of metadata
longevity + not dependent on platform (repository or registry )

* Bo�omline: to insure the archival of metadata, keep it in the data
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The So�ware Ontology Touchstone

So�ware Citation Principles ( FORCE11’s 2015 conference and WG)

Importance : first class citizen in the scholarly ecosystem

Credit and a�ribution : authors, maintainer

Unique identification: points to a unique, specific so�ware version (DOI, Git SHA1
hash, etc..)

Persistence : identification beyond the lifespan of the so�ware (swh-id)

Accessibility: url, publisher

Specificity : version, environment
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The metadata landscape
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The metadata landscape
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So�ware Metadata Terms

identify

identifier

title

authors

version

type

origin
source

execute
link to a
compiled
version

repository

compiler

environment

examples

classify

description

keywords

in/out data

references

algorithms

docs url

administrate
contact

authorship

funders

license

editor
(publisher)

dates

status
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Much 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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Mining so�ware metadata

supported intrinsic metadata files

CodeMeta’s codemeta.json,

Maven’s pom.xml,

NPM’s package.json,

Python’s PKG-INFO,

Ruby’s .gemspec

Check the code
blog post

tutorial in docs

Morane Gruenpeter www.so�wareheritage.org December 1st, 2020 46 / 53

https://www.softwareheritage.org/2019/05/28/mining-software-metadata-for-80-m-projects-and-even-more/
https://docs.softwareheritage.org/devel/swh-indexer/metadata-workflow.html#adding-support-for-additional-ecosystem-specific-metadata


Mining so�ware metadata (example) see example
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Overall architecture

Using a bit of code

swh.lister

swh.core

swh.schedulerswh.web.client

swh.model

swh.storage

swh.objstorage swh.journal

swh.icinga.plugins

swh.depositswh.search

swh.docs

swh.loader.mercurialswh.loader.svn

swh.objstorage.replayer

swh.graph

swh.vault

swh.loader.git

swh.scanner

swh.indexerswh.loader.core

swh.web

swh.dataset

Actually it’s not so big:

~20ksloc of python3

~80 python dependencies

a bunch of js

. . . keep it as simple as possible, but no simpler. . . (almost)
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The big picture

Scheduler
API

Deposit
API

IdxStorage
API

Object Storage

Web App

5007

5002

ObjStorage
API

5003

Vault
API

5005

5006

5008

MDStorage
API

Storage
API 1 topic per object type

Journal

C
e
le

ry
 B

ro
ke

r

Scheduler
listener

Lister
workers

Scheduler
runner

Indexer
workers

Idx Journal
 Client

Loader
workers

Vault
workers

More details in our docs
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Starting points

Development documentation

https://docs.softwareheritage.org/devel/
in particular, Developer setup: https://docs.softwareheritage.org/
devel/developer-setup.html
i.e.: virtualenv + pip + tox

"So�ware Development" pages on the public wiki

https://wiki.softwareheritage.org/wiki/Category:
Software_development

Internship page on the public wiki

https://wiki.softwareheritage.org/wiki/Internships
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Development forge

Phabricator

https://forge.softwareheritage.org/
all development activities happen here

The classics
VCS: Git, with repo browsing using Di�usion
https://forge.softwareheritage.org/diffusion/
Tasks and Bugs: Maniphest
https://forge.softwareheritage.org/maniphest/

one project tag for each so�ware product, e.g., Git Loader:
https://forge.softwareheritage.org/project/view/17/
we use task priorities, assignees, and tags
visibility: all dev tasks are public
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Research So�ware Engineer tips

Use a forge for your academic and personal projects

Github, Gitlab or Bitbucket are the best way to create your source code cv

Put in your projects metadata files and document your code

README, LICENSE, AUTHORS and codemeta.json to describe your project

Archive your projects on SWH

Use the Save Code Now feature

Contribute to other projects

When you contribute you learn how to read code

Ask
Don’t be afraid to ask on an issue, mailing list or irc channel (or your teachers)
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Come in, we’re open!

Thank you! Any questions?

Join us on https://forge.softwareheritage.org/

Jean-François Abramatic, Roberto Di Cosmo, Stefano Zacchiroli
Building the Universal Archive of Source Code, Communications 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

contact: morane@so�wareheritage.org
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