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Source Code: executable and human readable knowledge
“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");
}

Len Shustek, CHM “Source code provides a view into the mind of the designer.”
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The Paris call: So�ware Source Code is part of our Heritage

November, 2018 at the UNESCO headquarters experts signed the engagement

Recognise so�ware source code as a precious asset of
humankind

Support the development of shared infrastructures

Foster international collaboration to build a common
framework

see full text
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https://en.unesco.org/foss/paris-call-software-source-code
https://en.unesco.org/foss/paris-call-software-source-code
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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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Source code is special

So�ware evolves over time

projects may last decades

the development history is key to its understanding

Layers of complexity

millions of lines of code

large web of dependencies

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

Bo�omline
we must archive all the source code

we must preserve all the history of its development

we must identify all the archived so�ware artifacts (more than 20 billions today!)

how can we do this?
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Evolution of 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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Foundations of modern DVCS

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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A massive 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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https://insights.stackoverflow.com/survey/2018
https://octoverse.github.com/2017/
https://github.blog/2018-11-08-100m-repos/
https://bitbucket.org/blog/celebrating-10-million-bitbucket-cloud-registered-users
https://about.gitlab.com/blog/2019/06/06/1-mil-merge-requests/
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The SWH-ID schema
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A worked example
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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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https://archive.softwareheritage.org/swh:1:cnt:64582b78792cd6c2d67d35da5a11bb80886a6409;origin=https://github.com/virtualagc/virtualagc;lines=245-261/
https://archive.softwareheritage.org/swh:1:cnt:bb0faf6919fc60636b2696f32ec9b3c2adb247fe;origin=https://github.com/id-Software/Quake-III-Arena;lines=549-572/
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Food for thought

Intrinsic identifiers. . .
can be extracted from the object itself, hence:

no need for a central authority, nor maintenance
any modification to the object changes the identifier

identifies the object, not the metadata !

. . . for source code

Distributed Version Control Systems made them popular

massively used every day by millions of so�ware developers

So�ware Heritage provides SWH-IDs for billions of so�ware artifacts
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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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