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ABSTRACT

This paper presents several applications of chains of delay lines
designed in Faust language for mixed music, either in pedagogi-
cal or in creation contexts. The experiments we led in research
and creation show the expressive potential of this idea, when ar-
ticulated in an object-oriented approach with the constitution of
classes enabling various musical behaviours to be explored.

1. INTRODUCTION

For several years we have been experimenting with the de-
sign of the electronic part of our mixed music pieces according to
an object-oriented approach. This means building templates of
sound processes, considered as classes that are instantiated in
different ways to provide different musical behaviours and inter-
esting features on a compositional point of view. The idea is to
musically design the DSP part of the live electronics using such
object-oriented paradigms as classes, encapsulation, and poly-
morphism.

The object approach has been intensively used in sound and
music computing for many years, starting from languages them-
selves for instance with SuperCollider, developed by James Mc
Cartney (first version in 1996 [1]). Its syntax is globally close to
C structures. The object paradigm has also contributed to new
models of music representation [2]: among numerous proposals,
let us mention the MODE/SMOKE environment in SmallTalk for
composition, performance and analysis by Stephen Pope [3];
FORMES environment for composition and the temporal pro-
gramming of processes by Xavier Rodet and Pierre Cointe [4];
MusES environment dedicated to the representation of
knowledge in tonal music [5]. More recently, OpenMusic [6] also
proposes a modelling approach and enables to take into account
the classes created by the users. The field of real time sound
transformation has also explored the object paradigm for instance
for the control of synthesizers in Lounette M. Dyer’s Ph. D. [7].
Object-oriented environments have been proposed for Max or
PureData like Odot developed at CNMAT [8].

On the other side, object-oriented approaches in electronic
music can be driven by compositional purposes with or without
any computerized implementation. Such composers as Horacio
Vaggione in the field of electroacoustic music have been inspired
by object-oriented approaches both theoretically and practically
to implement their compositions by building object networks
[10][11].

In a previous paper published in 2016 [9], we explored a
simple but fruitful approach based on one simple sound process
consisting in a delay line followed by a harmonizer. The control
data of this structure were considered as the member data of a
simple class including the delay duration, the value of feedback,
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the dispatching between delay and harmonizer, the transposition,
the input and output gains. This simple class was instantiated 16
times. We then created classes above this elementary simple
class, that we described as instruments. For instance, the timbals
class required 4 elementary lines (delay + harmonizer) and pro-
posed several methods of musical behaviour. This approach was
applied to Pianotronics 3, a piece for piano and real time elec-
tronics commissioned by Scrime in Bordeaux.

Contrary to approaches of mixed music as for instance in
Philippe Manoury’s works [12], we do not start from an orchestra
of different modules (harmonizers, frequency-shifters, samplers,
etc.), but from a common class to be specialized to get different
sound features. Inheritance has also been used to group instru-
ments in general classes having close features. In our case, ob-
ject-oriented principles drive both the compositional basis and
the implementation of the electronics.

In this paper, we would like to present a variation of this
principle using delay line chains of variable length implemented
in Faust language as a basic class of organization of the sound
processes. Though Faust is not an obvious choice for object-
oriented implementation, we have chosen this language both for
sound quality (more accurate and better defined than in Max or
PureData) and pedagogical reasons: we put the emphasis on
Faust in our computer music courses for undergraduated students
at the Music Department of Paris 8 University. We also wanted
to take advantage of the Kiwi! environment developed by our
team during the MUSICOLL [13] project (2016-2019): this soft-
ware enables to collaboratively and remotely create and play
patches based on the same principles as in PureData or Max
softwares; it embeds a Faust compiler [14], thanks to the faust~
object that enables a semi-collaborative edition of Faust code in
the framework of the collaborative environment.

We first show the interest of delay chains in mixed music
composition. We then demonstrate a first simple realization used
in the framework of pedagogical workshops with young musi-
cians, based on Kiwi patches implementing Faust code. We final-
ly explain how we used this concept in the composition of Lire
de Soi, a new piece for octave mandolin and live electronics
based on the exploration of tremolo as a model. This shows how
a generic sound process can be at the basis of very different mu-
sical and social uses.

2. DELAY CHAINS FOR MIXED MUSIC

Delay lines are interesting objects for composition in mixed
music. Driven by two control values, the delay duration and the
feedback value, they can provide three different behaviours: ech-
oes of the input when the delay duration remains macroscopic

!https:/kiwi.univ-paris8.fr/



Proceedings of the 2 International Faust Conference (IFC-20), Mai
December 1-2, 2020

(above 50 milliseconds); reverberation around 40 milliseconds
with a high level of reinjection; comb filter around 20 millisec-
onds also with a lot or reinjection.

Having chains of delay lines used to generate rhythmic mo-
tives is not a new compositional idea, since Pierre Boulez used it
in his famous work Répons (first version in 1981) for 6 soloists,
ensemble and live electronics. For instance, in the second section
of the work, he uses a canon between the second piano part and
the series of delays that both play the same rhythm.

In our case, the idea is to combine elementary delay lines in a
series to create rhythmic patterns with separate outputs and indi-
vidual gains so that the rhythm sounds livelier because of varia-
tions of intensity. Figure 1 shows the general idea of these delay
chains, in this case with 4 elementary delay lines and 4 ampli-
tudes. In this case, the original note is first played and then three
echoes of it with various durations, and a possibility of reinjec-
tion if necessary.

Another constraint we set is to express the duration of the de-
lay lines not in milliseconds but in terms of musical durations. It
means we use a general convention stating that a quarter-note is
represented by 1, an eighth-note by 0.5, a sixteenth-note by 0.25,
and so on (as in Antescofo language for instance).
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Figure 1: An example of a chain of 4 delay lines with
4 different amplitudes.

There is a general tempo and the durations of the delay lines
in number of samples are computed from the tempo and the sam-
pling rate. To start with the details of the Faust implementation,
we create a tempo controller:

tempo = nentry("tempo", 60, 1, 10000, 1);

and then we have a list of musical durations named rhythm, for
instance:

rhythm = (0.5, 1, 0.25, 0.75);

This means that three echoes of the original sound will be heard:
after the original sound being ‘held’ during an eighth-note, the
first echo is played, then the second one after a quarter-note, the
third one after a sixteenth-note. The cell can be repeated if the
reinjection is different from 0, in this case after a dotted eighth-
note.

The amplitudes of the delay line outputs can be set individu-
ally and relatively to the amplitude of the original sound. We
considered mF (mezzo forte) as the reference, at 0 dB. We creat-
ed 6 levels of attenuation that were given 6 labels:

e  +5dB (fo, forte, bit higher),

e 0 dB (mf, mezzo forte, identical to the original),
e -5dB (mp, mezzo piano, a bit lower),

e -10dB (pi, piano, lower),

e -15dB (pp, pianissimo, much lower),

e -20dB (vl, very low).
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In our example, the list of amplitudes dynamics is coded this
way:

dynamics = (mf, pp, pi, mp);

When combining this rhythm and dynamics patterns, we get the
following result on an original note as shown on figure 2:

Original
| Ist echo 2nd echo 3rd echo
e ° 2 -
4 I | SS—
mf rp P mp

Figure 2: The musical result produced by a pattern of 4 delay
lines on an original note (B in this case).

Delay lines are defined using the de.sdelay function proposed
in Faust libraries, which is a smooth delay that doesn’t click
when the delay time is changed. They need to get durations in
number of samples that are computed from the musical duration
and the tempo according to the following formula:

dur(i) = ba.take(i, rythm) * 60 / tempo *
ma.SR;

Each elementary delay line is therefore defined by:
del(i) = de.sdelay(262144, 16, dur(i));

Chains of delays are defined recursively:

delaychain(1l) = del(1);
delaychain(2) = del(1l) <: (del(2), _):
delaychain(n) = delaychain(n-1) : ((_ <:

(del(n), _)), si.bus(n-2));

This enables to easily modify the number of delay lines in a
chain, just by updating the number of values in the rhythm and
dynamics lists, and recompiling the code.

3. PEDAGOGICAL USE OF DELAY CHAINS

The first use of these chains of delays was pedagogical. At
the Music Department of the University of Paris 8, we have been
collaborating for seven years with the Saint-Denis Conservatory
for mixed music creation. During the last years, this collaboration
was based on the composition of short pieces of mixed music by
composers studying at Paris 8 to be created by young musicians
studying in the Conservatory, with the help of their instrument
professors. Every year, 5 to 7 new works of mixed music were
composed by the students within 4 months and created at the end
of March (figure 3, that shows the process of collaboration).
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Mixed Music Creation
Université Paris 8 and the Saint-Denis Conservatory

First meeting (november)

Saint-Denis Conservatory First excerpt (december)
| Young musicians | |

with their instrument professors Instrumental score uanuarw

Rehearsals (feb. march)
Score learning

Creation in concert (march)

Université Paris 8
Master students / composers
with their professors

Max / PureData
patch preparation

Figure 3: The previous Mixed Music Project between the Univer-
sité Paris 8 and the Saint-Denis Conservatory.

For the academic year 2019-2020, we decided to put the em-
phasis on the initiation to mixed music for the professors and
young musicians of the Conservatory. From 2016 to 2018, we
experimented with various collaborative ways of initiation to
patching for beginners, starting with workshops for high school
pupils up to complete courses for the undergraduate students in
the Music Department of our university.

The purpose this year (see figure 4) is to enable professors
and young musicians to directly use Kiwi whereas during the
previous years they did not handle the patches composed by our
students in Paris 8. Therefore a first training session was orga-
nized for the instrument professors in November 2019 to get fa-
miliar with the main concepts of patching in Kiwi. In parallel, we
exceptionally started our teaching of Faust language at the uni-
versity at the first semester to enable undergraduate students to
get the essential of it and be able to write small pieces of code.
One of the most important exercises we dealt with during this
Faust course was precisely to write code with chains of delays as
described in the previous section of this article. Then 5 students
of the University of Paris 8 proposed Kiwi / Faust patches (most
of them based on the chain of delay lines) to the professors of the
Saint-Denis Conservatory, who then showed them to their pupils.
These patches can be run either on the professors’ computers or
even at home by the young musicians when they can access a
computer. A first workshop gathered all people taking part in the
project at the end of January 2020.

2019-2020 Mixed Music Project
Université Paris 8 and the Saint-Denis Conservatory

Kiwi initiation for the professors
(november)

4 . X "\ Kiwi / Faust patches prepared/”
Saint-Denis Conservatory by the students (dec.jan)
Young musicians

with their instrument professors

Université Paris 8
Undergraduate students
with their professors

|
| First workshop with Kiwi
Ly

Improvisation sessions
feboapri)

Kiwi / Faust patch
improvements

Practice with Kiwi / Faust
patches

Workshop during the Faust Conference

Figure 4: The ongoing Mixed Music Project for 2019-2020.

IFC-3

The pattern of chains of delay lines was very easily under-
stood by the various musicians who used the patches since it can
be easily interpreted as a rhythmic motive than can be easily
modified. With the faust~ object in Kiwi, it is easy to edit the
Faust code, and to modify the durations and dynamics of the pat-
tern. Also by changing the tempo, the various aspects of delay
lines appear: from a usual tempo that enables to play rhythmic
sentences to a very high value of tempo that transforms the mod-
ule into a comb filter.

4. COMPOSING MIXED MUSIC WITH SEVERAL
INSTANCES OF DELAY CHAINS

This idea of chains of delay lines is the keystone of our new
piece for octave mandolin and live electronics, Lire de Soi. From
2016 to 2018, we composed two previous pieces for guitar and
live electronics written in Faust language, Fil de Soi I and Fil de
Soi 2. We now create this new piece in the framework of a re-
search and creation process about plucked instruments and their
live timbre transformation.

In Lire de Soi, we wanted to investigate the idea of modelling
the tremolo of the octave mandolin (typical of that instrument) in
the electronic part and be able to create various kinds of tremo-
los. Each chain of delay lines is a specific variation on the idea of
tremolo, with particular durations and dynamics.

4.1. Composing an array of delay chains

We transformed the chains of delay lines first by adding a
harmonizer at the entrance, to enable the transposition of the in-
coming note (see figure 5).

We created several patterns of this kind with various duration
and dynamics profiles. We give the examples of patterns #3 and
#4:

rythm(3) = (1, 0.5, 1, 0.5, 1, 0.5, 2);
rythm(4) = (1.5, 1.25, 1., 0.75, 0.75, 0.5,
1.25);

dynamics(3) = (mp, mp, mf, fo, mp, pi, mf);
dynamics(4) = (pp, pi, mp, mp, mf, mf, fo);

adjustable feedback
\ delay lines .
— (tifs";?;;ﬁz;) ~|-Deay 1 A—( Delay 2 T Delay3 — — — »\Delay n/
amplitudes «ii'\Amp 1 Amp 2 Amp 3 Am;; n>

original
sound

l echo 1\ echo Zl echo n-1

Spatialization system

Figure 5: The structure of a chain of delays starting
with a harmonizer.

The patterns #3 and #4 listed above correspond to the follow-
ing musical cells on figure 6.
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Figure 6: Patterns #3 and #4.

In Lire de Soi, the set of patterns is used to create polyrhyth-
mic moments that are slowly modulated, changing the volume of
diffusion of each or its temporal stretching.

4.2. Managing a flexible polyrhythmic structure

This set of rhythmic patterns enables us to create a poly-
rhythmic structure, a kind of poly-tremolo from the sounds
played by the octave mandolin. But these patterns are fixed. To
enable the composition of this structure in time, we implemented
parameters at both global and local levels.

The first compositional parameter is a global one; it is the
tempo that can be modified to shorten or stretch the duration of
this global structure.

We also have two local compositional parameters for each
rhythmic pattern. The first one is the temporal offset expressed as
a music duration that enables to delay the first echo and the
whole chain. For instance if the temporal offset is 1, it means that
the series of echoes will be delayed by one quarter-note. The
second parameter is the time stretching. It enables to contract or
stretch the local duration of the pattern, without altering the
speed of the other patterns. Combining these two parameters
leads to various behaviours as for any delay line, but also to
compose the temporal density and overlapping of the rhythmic
events of the structure.

The time stretching parameter can also be modified by a LFO
periodic signal (either a sinusoid or a phasor), provoking a kind
of flanger on all the delay lines, and therefore various effects de-
pending on the speed of the delay variation.

4.3. Object-oriented composition

Object-oriented composition is here conceived in a modelling
and musical approach, not in terms of implementation (realized
for instance in Javascript as in [9]). This principle of delay chains
has led us to design four structures that are related. The first one,
called struct is the set of the necessary information for the musi-
cal behaviour of the pattern:

e the transposition of the incoming sound expressed in midi-
cents;
e the temporal offset of the structure expressed as a musical
duration;
e the description of the time stretching of the structure:
o fixed or variable
o amplitude and offset (the latter being used only if
the time stretching is variable)

The second class is called enveloped struct and inherits from
the previous class struct, including a sound detector and envelop
triggering, adding threshold parameters to the member data. It is
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no longer the direct input but the enveloped octave mandolin
sound that is sequentially delayed.

We created a third class that is close to struct, called infi-
nite_struct. It musically represents a temporally ‘perfect’ tremolo
but also the infinite limit of a never ending structure of delay
lines having all the same duration. It is actually based on a single
variable delay line with a reinjection equal to 1, as shown on fig-
ure 7. The rest of the structure is the same as in struct: a harmo-
nizer, a temporal offset and the time stretching. Last but not least,
infinite_struct also led to an enveloped infinite struct class that
includes a sound detector and envelop generator as envel-
oped_struct proposed it compared to struct.

The musical combination of struct and infinite struct pat-
terns is very interesting to create some musical ambiguity and
evolving behaviour.

We must add a word about the spatialization of these struc-
tures. We used the HOA library developed by our team at
CICM / Musidanse Laboratory [15]. The ambisonic model ena-
bles to get various sound fields between two positions: on one
hand, punctual sources; on the other hand, diffuse field. As in Fi/
de Soi 1 and Fil de Soi 2 pieces for acoustic guitar and live elec-
tronics, we use a matrix enabling us to vary the connections be-
tween the chains of delay lines and the spatial ambisonic compo-
nents. With short values of delays in a chain, we can imagine a
diffuse field based on decorrelation; on the contrary for the infi-
nite_struct we connected the module to an encoder to establish a
relationship between the duration of repetition and the speed of
rotation.

1 delay line

Harmonizer
™ (transposition) | CEE

full reinjection

amplitude  <Amp 1>

spatialization system

Figure 7: The musical principle for the infinite_struct class.

5. CONCLUSION

In this article we presented some research and creation work
about the use of chains of delay lines in mixed music designed
with Faust language. We have shown various applications of this
principle, starting from pedagogy with the use of Kiwi collabora-
tive environment embedding a Faust compiler. We also presented
our new piece Lire de Soi, for octave mandolin and live electron-
ics that uses several chains of delay lines including other func-
tions as a harmonizer. In our object-oriented approach of mixed
music, the control data of this kind of structure were grouped into
a basic class with other classes that were derived from it. We ex-
pect this idea of chain of delay lines to be fruitful at various mu-
sical levels, also in relationship with ambisonic spatialization.
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