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Abstract

AGNULA (acronym for “A GNU/Linux Audio dis-
tribution”, pronounced with a strong g) is the name
of a project which has been funded until April 2004
by the European Commission (number of contract:
IST-2001-34879; key action IV.3.3, Free Software:
towards the critical mass). After the end of the
funded period, AGNULA is continuing as an inter-
national, mixed volunteer/funded project, aiming to
spread Free Software in the professional audio/video
arena. The AGNULA team is working on a tool to
reach this goal: AGNULA/DeMuDi, a GNU/Linux
distribution based on Debian, entirely composed of
Free Software, dedicated to professional audio re-
search and work. This paper! describes the current
status of AGNULA /DeMuDi and how the AGNULA

team envisions future work in this area.
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1 The AGNULA project - a bit of
history

In 1998 the situation of sound/music Free Soft-
ware applications had already reached what
could be considered well beyond initial pio-
neeristic stage. A website, maintained by musi-
cian and GNU/Linux? enthusiast Dave Phillips,
was already collecting all possible sound and
music software running on GNU/Linux archi-
tectures. At that time, the biggest problem was
that all these applications were dispersed over
the Internet: there was no common operational
framework and each and every application was
a case-study by itself.

!This paper is Copyright © 2004 Bernardini,
Cirotteau, Ekanayaka, Glorioso and Copyright
© 2004 Firenze Tecnologia. It is licensed un-
der a Creative Commons BY-SA 2.0 License (see
http://creativecommons.org/licenses/by-sa/2.0/
legalcode).

2Throughout the document, the term GNU/Linux
will be used when referring to a whole operating system
using Linux as its base kernel, and Linux when referring
to the kernel alone.

A natural development followed shortly after,
when musician/composer/programmer Marco
Trevisani proposed a to a small group of friends
(Nicola Bernardini, Maurizio De Cecco, Davide
Rocchesso and Roberto Bresin) to create LAOS
(the acronym of Linux Audio Open Sourcing), a
binary distribution of all essential sound/music
tools available at the time including website dif-
fusion and support. LAOS came up too early,
and it did not go very far.

But in 2000, when Marco Trevisani proposed
(this time to Nicola Bernardini, Giinter Geiger,
Dave Phillips and Maurizio De Cecco) to build
DeMuDi (Debian Multimedia Distribution) an
unofficial Debian-based binary distribution of
sound /music Free Software, times were riper.

Nicola Bernardini organized a workshop in
Firenze, Italy at the beginning of June 2001,
inviting an ever—growing group of support-
ers and contributors (including: Marco Tre-
visani, Gilinter Geiger, Dave Phillips, Paul
Davis, Frangois Déchelle, Georg Greve, Stanko
Juzbasic, Giampiero Salvi, Maurizio Umberto
Puxeddu and Gabriel Maldonado). That was
the occasion to start the first concrete DeMuDi
distribution, the venerable 0.0 alpha which was
then quickly assembled by Gilinter Geiger with
help from Marco Trevisani. A bootable CD-
version was then burned just in time for the
ICMC 2001 held in La Habana, Cuba, where
Gilinter Geiger and Nicola Bernardini held a tu-
torial workshop showing features, uses and ad-
vantages of DeMuDi(Déchelle et al., 2001).

On November 26, 2001 the European Com-
mission awarded the AGNULA Consortium —
composed by the Centro Tempo Reale, IR-
CAM, the IUA-MTG at the Universitat Pom-
peu Fabra, the Free Software Foundation Eu-
rope, KTH and Red Hat France — with con-
sistent funding for an accompanying measure
lasting 24 months (IST-2001-34879). This ac-
companying measure, which was terminated on
March 31st 2004, gave considerable thrust to
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the AGNULA /DeMuDi project providing sci-
entific applications previously unreleased in bi-
nary form and the possibility to pay professional
personnel to work on the distribution.

After the funded period, Media Innovation
Unit, a component of Firenze Tecnologia (itself
a technological agency of the Chamber of Com-
merce of Firenze) has decided to partly fund
further AGNULA /DeMuDi developments.

AGNULA has constituted a major step in the
direction of creating a full-blown Free Software
infrastructure devoted to audio, sound and mu-
sic, but there’s much more to it: it is the first
example of a European-funded project to clearly
specify the complete adherence of its results to
the Free Software paradigm in the project con-
tract, thus becoming an important precedent for
similar projects in the future.

2 Free Software and its applications
in the “pro” audio domain

When describing the AGNULA project, and the
AGNULA /DeMuDi distribution specifically, a
natural question arises - why is it necessary or
desiderable to have a completely Free Software
based distribution (whether based on the Linux
kernel or not is not the point here) for audio
professionals and research in the sound domain?

Free Software? is the set of all computer pro-
grams whose usage and distribution licenses
(think about the “EULA” or “End User Licens-
ing Agreements”, that so many users have come
to know throughout the years) guarantee a pre-
cise set of freedoms:

e The freedom to run the program, for any
purpose (freedom 0);

e The freedom to study how the program
works, and adapt it to your needs (freedom
1). Access to the source code is a precon-
dition for this;

3We tend to prefer this term, rather than “Libre Soft-
ware”, even if the former term is inherently ambiguous
because of the english term “free” — which can mean
“free as in free beer” or “free as in free speech”. Free
Software is, of course, free as in free speech (and secon-
darily, but not necessarily, as in free beer). Usage of the
term “Libre Software” arose in the european context try-
ing to overcome this ambiguity with a term, libre, which
is correct in the french and spanish languages and is un-
derstandable in italian and other european languages.
However, it is not universally accepted as an equivalent
of “Free Software” and its usage can induce confusion in
readers and listeners — we therefore prefer to stick to
the traditional, albeit somewhat confusing, terminology.

e The freedom to redistribute copies so you
can help your neighbor (freedom 2);

e The freedom to improve the program, and
release your improvements to the public, so
that the whole community benefits (free-
dom 3). Access to the source code is a pre-
condition for this;

The most famous of such licenses is probably
the GNU General Public License, which is the
founding stone of the Free Software Foundation
effort to build a completely free operating sys-
tem, GNU (GNU’s Not Unix).

This is not the right place to describe the
concepts and the history of the Free Software
movement as it would deserve.

Suffice it to say that the possibility to use,
study, modify and share computer programs
with other people is of paramount importance
to the everyday life of creators (i.e. composers),
professional users (i.e. sound engineers, per-
formers) and researchers. This distinction is
of course artificial, since all of us can be cre-
ators, professional users and researchers in spe-
cific moments of our life. But this taxonomy
can work as a simple tool to better understand
the pros of using Free Software in everyday life
and work:

e Creators can use tools which don’t dic-
tate them what they should do, instead be-
ing easily modifiable into something that
does what they want them to do. The
non-physical nature of software makes for
a very convenient material to build with;
even though the creator might not have
the needed technical skills and knowledge
to modify the program to best suit his/her
needs, s/he can always ask someone else to
do it; on a related note, this kind of re-
quests make for a potentially (and in some
key areas, factually) very thriving market-
place for consultants and small businesses;

e Professional users have at their dis-
posal a series of tools which were often
thought and designed by other professional
users; they can interact more easily with
the software writers, asking features they
might need or reporting bugs so that they
are corrected faster (some would say “at
all”). They can base their professional
life not on the whim of a single company
whose strategies are not necessarily com-
patible with the professional user’s own
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plans, but on a shared ecosystem of soft-
ware which won’t easily disappear — if the
original software authors stop maintaining
the software, someone else can always re-
place them;

e Researchers can truly bend the tool they
have at their disposal to its maximum ex-
tent, something which is often very hard
to do with proprietary software (even with
well designed proprietary software, as it
is basically impossible to understand all
users’ requirements in advance). They can
count on computer programs which have
been deeply scrutinized by a peer-review
process which finds its counterpart only in
the scientific community tradition* as op-
posed to the habit of proprietary software
to completely obscure the “source code” of
a program, and all the bugs with it. Last,
not least, for all those researchers who use
software programs not as simple tools but
as bricks in software development (as often
happens today in computer—assisted com-
position and more generally in sound re-
search) the possibility to draw from an im-
mense database of freely available, usable
and distributable computer programs can
prove an incredible advantage, especially
when considering the cost of proprietary
computer programs and the financial sit-
uations of most research institutions nowa-
days.?

In the end, one might ask whether creativity
is truly possible without control on the tools
being used — a control which Free Software
guarantees and proprietary software sometimes
grants, but more often than not manipulates for
purely economical reasons.

This is not an easy question to answer at all
— there are many subtle issues involved, which
span in the field of economics, psychology, en-
gineering, sociology, etc, etc. The AGNULA
project actually believes that creativity is very

4This is not a coincidence, as the GNU project was
basically born in the Artificial Intelligence Laboratories
at the ML.I.T.

It should be noted, however, that whilst monetary
costs are of course a strong variable of all the equation,
the central importance of Free Software in research is not
related to money itself. Having free (i.e. gratis) software
which is not free (i.e. not libre) can be an ephemeral
panacea, but on the long run it simply means tying one-
self and one’s own research strategy to somebody else’s
decisions.

difficult without such control,® but it’s unques-
tionable that the subject would deserve a fairer
treatise, through cross-subject studies able to
span the whole range of fields outlined above.

3 The AGNULA /DeMuDi
framework

The framework of AGNULA/DeMuDi is the
“classical” environment one can expect from a
GNU/Linux system to run audio applications.
The first component is the Linux kernel patched
to turn it into an efficient platform for real
time applications such as audio applications.
Then the ALSA drivers allow the usage of a
wide range of soundcards from consumer grade
to professional quality. On top of the drivers
runs the Jack server which allows lowlatency,
synchronicity and inter-application communica-
tion. Last, not least, the LADSPA plugins for-
mat is the standard for audio plugins on the
GNU/Linux platform.

3.1 The Linux kernel

3.1.1 Is the Linux kernel suitable for

audio applications?
The heart of the AGNULA /DeMuDi distribu-

tion is the Linux kernel. However, since Linux
was originally written for general purpose oper-
ating systems (mainly for servers and desktop
applications) as a non preemptive kernel, it was
not really useful for real-time applications. Tru-
ely showing the power of Free Software, several
improvements of the kernel scheduler turned it
into a good platform for a Digital Audio Work-
station (DAW).

To face this limitation two strategies have
been adopted: the preemption patch and the
lowlatency patch.

3.1.2 Preemption patch

Originally created by MontaVista and now
maintained by Robert M. Love,” this patch re-
designs the kernel scheduler and redefines the
spinlocks from their SMP specific implementa-
tion to preemption locks. This patch allows the
Linux scheduler to be preemptive — when an in-
terruption of higher priority occurs the kernel
preempts the current task and runs the higher
priority task — except for specific critical sec-
tions (such as spinlocks or when the scheduler

5This belief has become a sort of mantra, as is stated
on our t-shirts: “There is no free expression without
control on the tools you use”.

"http://www.tech9.net/rml/linux
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is running). This strategy has proven its effi-
ciency and reliability and has been included in
the new stable releases of the kernel (2.6.x).

3.1.3 Lowlatency patch

Introduced by Ingo Molnar and improved by
Andrew Morton, the lowlatency® patch intro-
duces some specific conditional rescheduling
points in some blocks of the kernel. Even if
the concept of this patch is quite simple, it im-
poses a very high maintenance burden because
the conditional rescheduling points are spread
all over the kernel code without any centraliza-
tion.

3.1.4 Which patch is the best?

We test the kernel 2.4.24 with the methodology
of (Williams, 2002).° We used realfeel'® while
running the Cerberus Test Control System !!
to stress the kernel. 5.000.000 interrupts were
generated with a frequency of 2048 interrupt per
second and the scheduling latency is measured
for each interrupt on a Intel Centrino 1.4 MHz
with 512 Mb of RAM .

The result for the non—patched kernel (see
Figure 1) with a maximum latency of 48,1 ms
makes this kernel not suitable for real-time ap-
plication. The patches greatly improve the sit-
uation. The lowlatency patch provides better
results — better maximum latency and highest
percentage of lowlatency interrupts. The op-
timal choice seems to be the combination of
both. The combination of the patches has also
proven to be more reliable after a long uptime
(see (Williams, 2002))
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Figure 1: Vanilla vs Lowlatency and preempt
2.4.24 scheduler latency

Even if AGNULA/DeMuDi still provides a
2.4.x kernel some preliminary tests show that

Shttp://www.zip.com.au/~akpm/linux/schedlat.html

9We invite the reader to consult this paper for a more
detailed explanation of how the kernel scheduler works
and of the two patches.

Ohttp://www.zip.com.au/~akpm/linux/schedlat.html

#amlat
"http://sourceforge.net/projects/va-ctcs/
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Figure 2: Lowlatency + Preempt 2.4.24 and
preempt 2.6.5 scheduler latency

the new stable kernel (2.6.x) provides better
scheduler and will therefore be very suitable for
an audio platform. The preempt patch is now
directly shipped with the vanilla kernel. The
maximum latency measured for the 2.6.5 kernel
is 0.7ms, and the percentage of interrupts being
served within 0.1 ms is significantly higher than
for any version of the 2.4.24 kernel.

3.1.5 Capability patch

The third patch applied to the kernel does not
improve the performance of the system but al-
lows a non—root users to use the real time capa-
bility of Linux. It is particularly useful to run
the Jack (see 3.3) audio server as a normal user.

3.2 ALSA

ALSA (Advanced Linux Sound Architecture) is
a modular software framework which supports
a wide range of soundcards'? from consumer
grade to professional quality. The ALSA drivers
also provide an OSS/Free emulation to allow
compatibility with legacy applications. ALSA
is now the standard audio subsytem of the 2.6.x
Linux kernels (replacing OSS, which was the
standard throughout the 2.4.x series). ALSA
also provides an API and a user space library
(libasound).

3.3 The Jack Audio Connection Kit

The Jack Audio Connection Kit (Jack) can be
considered as the real user—space skeleton of
AGNULA /DeMuDi. This audio server runs on
top of the audio driver (ALSA , OSS or Por-
taudio) and allows the different audio applica-
tions to communicate with each other. While
other audio servers exist (aRts and esd among
others), Jack is the only one which has been
designed from the grounds up for professional
audio usage: it guarantees low latency opera-
tions and synchronicity between different client

128ee the — not-so-up-to-date — soundcards matrix on
the ALSA web pages to have an idea of the number of
soudcards supported.
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| | 2.4.24 vanilla | 2.4.24 lowlatency | 2.4.24 preempt | 2.4.24 both | 2.6.5 preempt |

maz(L)(ms.) 48.1 1.8 4.8 1.8 0.7
L <0.1ms(%) 90.2182 99.1168 99.5404 99.4831 99.9685
L < 0.2ms(%) 97.3432 99.9679 99.9115 99.9643 99.9878
L < 0.5ms(%) 99.9768 99.9976 99.9311 99.9973 99.9982
L < 1ms(%) 99.9801 99.9997 99.9567 99.9998 100
L < 10ms(%) 99.0083 100 100 100 100
L < 50ms(%) 100 100 100 100 100

Table 1: Distribution of the latency measurements for the different kernels

applications. Therefore it has become a de facto
standard for professional audio on GNU/Linux
systems and the majority of the applications in-
cluded in the AGNULA/DeMuDi distribution
are Jack—compliant (“jackified”, to use the rel-
evant jargon). Another reason for Jack’s suc-
cess is the simple, high-level but powerful API
that it provides, which has greatly facilitated
the jackification of audio applications.

Last, not least, Jack also provides a master
transport which allows for simultaneous control
of different applications (start/pause/stop).

3.4 The LADPSA plugins

LADSPA, which stands for Linux Audio Devel-
opers Simple Plugins Architecture, is the VST
equivalent on GNU /Linux systems. It provides
a standard way to write audio plugins. The
majority of the applications included in AG-
NULA/DeMuDi supports this format; since a
number of high qualities plugins are available
and non—compliant applications are “changing
their mind”, it’s apparent how LADSPA is the
“de facto” standard as far as audio plugins are
concerned.

4 Applications

AGNULA /DeMuDi doesn’t provide all the
music/audio  programs available for the
GNU/Linux platform; the goal is to provide
a thought—out selection of the “best” ones,
allowing every kind of user to choose from
consumer—grade to professional-grade appli-
cations. Even after the reduction process
the original list underwent, the number of
applications included in AGNULA/DeMuDi
(100+) obliges us to present a restricted but
representative overview. A complete list of the
available applications is included either in the
distribution itself or online'.

Bhttp://wuw.agnula.org/Members/damien/List/view

Sound Editors The choice of the sound edi-
tors included in AGNULA /DeMuDi illus-
trate the versatility of the distribution: it
goes from the complex but extremely pow-
erful Snd to the user friendly and straight-
forward audacity for the time domain. Fre-
quency domain edition is possible with
ceres3

Multitracker Considered as one of the major
audio applications for GNU /Linux, Ardour
is not only an excellent multitrack recorder
but it also “caused” the development of
Jack, as the author of these two programs,
Paul Davis, originally developed Jack to
fulfil a need he had for Ardour. FEcasound
is a robust non-GUI alternative for multi-
track recording.

Interactive Graphical Building Environments

Free Software is very strong in this field
with two well developed applications which
have been enjoying a tremendous success
for years: jMax and Pure Data (better
known as Pd).

Sequencers Two sequencers amongst others
are worth mentioning: Rosegarden and
Muse. While originally they were pure
midi-sequencers, now they both have some
audio capabilities which turn them into
complete musical production tools.

Sound Processing Languages A wide
choice of compositional languages like
CSound, SuperCollider, Common Lisp
Music are available. It may be noticed
that the first two were re-licensed under
respectively the GNU LGPL (GNU Lesser
General Public License) and the GNU
GPL during the funded lifetime of the
AGNULA project.

Software synthesizers A good range of soft-
ware synthesizer is provided, including
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tools for modular synthesis (AlsaModu-
larSynth, SpiralSynthModular); for additive
and subtractive synthesis (ZynAddSubFX);
and dedicated synthesis/compositional lan-
guages, such as Csound and SuperCollider.

Last, not least, fluidsynth and TiMidity++
allow sample-based synthesis. In the at-
tempt to distribute only Free Software,
a Free GUS patch, freepat is also pro-
vided with TiMidity++. The patch is not
complete (it still misses some instruments
to cover the General Midi map) and this
raised our perception that free content (like
free samples or free loops) are a crucial
need in order to provide a totally Free au-
dio platform.

Notation The last category is particularly well
represented with the professional-grade au-
tomated engraving system Lilypond. While
Lilypond provides a descriptive language of
the musical scores, it is also a back-end for
different applications such as Rosegarden or
the dedicated notation interface NoteEdit.

5 Prosecution after the ending of
the funded phase

AGNULA /DeMuDi gave rise to a fairly large
interest. Even after the ending of the funded
phase, users’ feedback has constantly increased
as well as the requests for further enhance-
ments. Being  AGNULA/DeMuDi a Free
Software project, these conditions naturally
favoured its continuation.

As a matter of fact over the past months
the distribution kept improving, and has now
achieved most of its fundamental goals along
with a certain degree of maturity and stability.

Nevertheless the project is probably encoun-
tering growth limits. At the moment the im-
provement of the distribution almost exclusively
depends on the “centralised” effort of the AG-
NULA team.

As computer based audio and multimedia
processing are very wide fields, a distribution
aiming to embrace them all from different per-
spectives needs to actively involve different com-
munities.

Time has come to exit the prototype and ex-
perimental phase and put A/DeMuDi in a wider
picture.

Here follow some steps that the AGNULA
team is going to undertake during the next
months in order to entight the connection with

all those projects/communites whose goals,
spirit and people are closely related with
A /DeMuDi.

5.1 Development infrastructure

The development infrastructure, currently
hosted on the AGNULA server!'* will be moved
to Alioth!® and A /DeMuDi source packages will
be tracked using the official Debian Subversion
server.

Every major Custom Debian Distribution is
already registered on Alioth!'®

, and having them all in a single place helps
exchanging code, automate common services,
spawn new CDDs.

Moreover all Debian developers are members
of Alioth, and having a Debian-related project
registered on Alioth makes it easier for the De-
bian community to notice and possibly join it.

5.2 Mailing lists

All user level discussions shall be carried di-
rectly on official Debian mailing list.

Probably due to historical reasons AG-
NULA/DeMuDi is now often perceived as a dif-
ferent distribution from or a derivation of De-
bian, as other popular projects 7

This attitude somehow conflicts with the con-
cept of Custom Debian Distribution and its ad-
vantages.

One of the goals of the AGNULA project was
and is to improve the quality of Debian as far
as audio and multimedia are concerned, and this
effort will be carried directly inside Debian, with
the work of Debian maintainers.

AGNULA /DeMuDi releases shall be consid-
ered as a comfortable way to install Debian for
audio and multimedia work.

Every issue concerning AGNULA /DeMuDi is
actually concerning Debian and it makes sense
discuss it on Debian mailing lists, where one can
get in touch and receive support from a much
larger community than AGNULA.

These lists are of particular interest for the
AGNULA community:

14http://devel.agnula.org
Yhttp://alioth.debian.org/projects/demudi
https://alioth.debian.org/projects/debian-edu/
https://alioth.debian.org/projects/debian-np/
https://alioth.debian.org/projects/debian-br-cdd/
https://alioth.debian.org/projects/cdd/
http://www.knoppix.net
http://www.morphix.org/modules/news/
http://www.progeny.com/
http://www.ubuntulinux.org/
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Debian-Multimedia ® For audio and multi-
media Debian-specific issues

Debian-User ' For generic user support in
English.  Furthermore other dedicated
mailing lists, as Debian-French, Debian-
Italian, Debian-Spanish, Debian-Russian,
Debian-Japanese, etc. 29 offer user sup-
port in various languages.

Moreover we encourage joining the Linux Au-
dio Mailing list 2! for all discussions on using
Linux for audio purposes.

5.3 Quality assurance

The AGNULA team is going to promote the
birth of a quality assurance group dealing with
audio and multimedia Debian packages.

While AGNULA /DeMuDi had a fairly large
success among the users, creating an active
community around the project, it is remark-
able that, beside a few cases, the same thing
did not happen with respect to the develop-
ers, who generally preferred to stick to Debian
and coordinate themselves through the Debian-
Multimedia group.

Debian-Multimedia is an official Debian
sub-project started by Marco Trevisani (for-
mer technical manager of AGNULA/DeMuDi)
whose goals are virtually identical to AG-
NULA/DeMuDi. The activity of the group
is not as intense as AGNULA/DeMuDi, but
it is constant in time, and has achieved some
high quality results (e.g. good packaging for
the JACK Audio Connection Kit). Currently
Debian-Multimedia is simply a mailing list, and
no web page has been yet published to describe
the project, as it happened for other Debian
groups 22

The Debian-Multimedia sub-project not
only represents the ideal door for AG-
NULA /DeMuDi to enter Debian, but can also
be considered a reference point for other Debian
based distributions dealing with audio and mul-

20 http://lists.debian.org/debian-french/
http://lists.debian.org/debian-italian/
http://lists.debian.org/debian-user-spanish/
http://lists.debian.org/debian-user-portuguese/
http://lists.debian.org/debian-user-russian/
http://lists.debian.org/debian-japanese/

timedia (e.g. Medialinux), and it would allow to
gather the various efforts under the same hat.

Beside the tasks which Debian-Multimedia
is already successfully carrying on, the group
would:

e be a reference point for the au-
dio/multimedia subset of Debian, assuring
coherence and usability

e deal with a well defined set of packages
e provide bleeding-edge applications
e test packages and look for possible bugs
e discuss design and interface issues

e maintain a FAQ of the Debian-Multimedia
mailing list

6 Conclusions

The AGNULA project, originally funded by the
European Commission, is now continuing to
pursue its goal of making Free Software the best
choice for audio/video professionals on a volun-
teer/paid basis. The history of the AGNULA
project, AGNULA /DeMuDi current status and
its foreseeable future have been shown, as well
as the general philosophy and technical beliefs
that are behind the AGNULA team choices.

The AGNULA team does believe that a
positive feedback loop has been spawned be-
tween Debian and the fast evolving domain of
GNU /Linux audio applications. As a matter of
fact a previously weak ring in the chain between
audio professionals, musicians and composers
on one side and Free Software developers on the
other has been significantly strengthened.

This result can be considered the basis of a
future adoption of Free Software tools by people
who formerly had no alternative to proprietary
software, along with all the implications of such
a process in the educational, social, artistic and
scientific fields.
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