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ABSTRACT 

This article discusses our recent and ongoing research into the 
composition and analysis of real-time mixed music with Faust 
language. We will discuss our recent compositions, in particular, 
João Svidzinski’s Les cris du sixième siècle for soprano and live-
electronics (2016) and Alain Bonardi’s Fil de Soi 1 and 2 (2016-
2018) for guitar and live-electronics, in perspective with our 
analysis, transcoding and recast of the real-time version of Jean 
Claude Risset’s Inharmonique (1977). In addition, we will pre-
sent the principle of matrix reinjection with two modules gener-
ated in Faust, an Harmonizer-Delay and a Granulator. It allowed 
us to compose complex structures in real-time mixed composi-
tion. We will first present this principle and then outline a valida-
tion of this method by transcoding a PLF 4 routine from the In-
harmonique original Music V code (with the assistance of its 
new transcoding) with the same Faust module as in our composi-
tions. That is a creative approach, where the importance of code 
is at the heart of our compositional and analytical activity in the 
mixed music repertory. 

1. INTRODUCTION 

The functional programming language Faust - Functional AUdio 
STream - offers a good alternative for audio processing in real-
time. Moreover, thanks to its strong compatibility and code com-
prehension, it is a fascinating tool for the preservation of the real-
time mixed repertory. Therefore, Faust is used more and more in 
the computer music context for digital music making, especially 
in the concert activities as part of our research. Our goal is to cor-
relate the analysis of the classical computer music repertory with 
new compositions. In this context, Faust language is a common 
tool which links these activities. 

Since 2019, we lead the project “Créer, (re)créer, valoriser 
la musique faisant appel à l’informatique au XXIe siècle”1, with 
the support of the MSH Paris Nord - Maison des Sciences de 
l’Homme Paris Nord. The main goal was the analysis, trans-
coding and recast to a real-time version of Jean Claude Risset’s 
Inharmonique (1977) for soprano and tape. The coding of the 
new version was initiated, in the early 2010s, by the composers-
researchers Antonio de Sousa Dias, José Luis Ferreira and Risset 
himself [1]. In 2019, the two authors of this paper joined the 
team. Thus, the first release of the new real-time transcoding was 
performed on November 28th, 2019. In the same program, the 
four composers-researchers who have worked on the recast of 
Inharmonique presented their own compositions. The two au-
thors of this paper performed João Svidzinski’s Les cris du six-
ième cercle (2019) for soprano and electronics and Alain Bon-
                                                             
1 “Creating, (re)creating, enhancing the computer music in the 21st centu-
ry”. 

ardi’s Dans la Nef de nos songes 1 (2019), an acousmatic piece. 
These two pieces include Faust modules, especially an Harmo-
nizer-Delay object. The former uses a recurrent approach initiat-
ed by Bonardi: the reinjection matrix. That is, a feedback process 
whose process occurs in several instances of a single Faust ob-
ject. For example, an Harmonizer-Delay can have multiple in-
stances (that is, audio streams, e.g. channels in parallel). Then, 
the reinjection matrix can route the output of any instance to the 
input of any instance, making multiple feedbacks. This method 
was used and documented for the first time in Bonardi’s Piano-
tronics 3 (2016) for piano and live-electronics [2]2 The same 
method was found in our Ph.D. Thesis for the mixed composi-
tions in real-time Taurus (2017) and Tyqué (2018) [3].  

The new real-time version of Inharmonique, on the other 
hand, was transcoded using Csound DSP engines. Indeed, thanks 
to its syntax, the new version "preserves a flavor or idiomatic 
writing regarding Music V style, thus becoming a bridge between 
Music V” and new tools as Max software [1]. However, for the 
next research stage, we planned to use Faust to generate some 
passages of Inharmonique.  

In this paper, we will present our strategy using the reinjec-
tion matrix principle with Faust modules in our mixed pieces. 
Then, the same method will be used to transcode the PLF 4 sub-
routines in Music V language used in Inharmonique [4]3. At this 
point, this process intends to be the first step of using Faust to 
recast classical mixed repertory in computer music, but also to 
reevaluate our activity as composer.  

First of all, we’ll present the critical points of composing 
complex structures in real time mixed music. Jean-Claude Risset 
and Horacio Vaggione’s thoughts will help us to establish our 
own notion of complex structures. Then, we’ll demonstrate our 
strategy to compose complex structures with Faust modules and 
with the reinjection matrix principle. Our mixed pieces, Alain 
Bonardi’s Fil de Soi 1 and 2 (2016-2018) for guitar and live-
electronics and João Svidzinski’s Les cris du sixième siècle for 
soprano and live-electronics (2019), will exemplify our method. 
Finally, the same process will be used to transcode Risset’s com-
plex structures through Music V’s subroutines PFL 4 in Inhar-
monique. 

2. COMPLEX STRUCTURES COMPOSITION 
IN COMPUTER MUSIC 

Complex structures are often related, in computer music and 
electroacoustic composition, to vertical structural construction. 
These strategies are often based on multilayer approaches.   

                                                             
2 The Faust codes are available to download in the website 
http://alainbonardi.net [verified URL August 30, 2020]. 
3 For a detailed and practical explanation of PLFs, see [12]. 
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Jean-Claude Risset, as a pioneer in computer music, was one 
of the first to defend the composition of the sound itself. That is, 
with computers, “the sound is no longer the acoustic trace of ma-
terial objects, it can be programmed and constructed” [5]. Risset 
was interested in sculpting the sound, to manipulate the timbre as 
a complexity. Since the establishment of digital technology, he 
has composed pieces whose structure is based on complex har-
monic entities. In his early compositions Suite Little Boy (1968), 
and Mutations (1969) all the sounds were generated by digital 
synthesis. Then these techniques, made with Music V language, 
were published in his canonical “Catalogue of Computer Synthe-
sized Sounds” [6]. Most of these codes were made by superposi-
tion of frequency components. That is the case of the instrument-
like sounds (as piano, drum, gong and brass) and some non-
instruments-like (for example, the generations of paradoxical 
sounds) [7]. As Risset himself said: “with synthesis, one can 
compose spectral and timbres just as musical chords, and one can 
attribute a harmonic function to timbre [...]. The synthesis of sus-
tained tones with arbitrary spectral content has made possible the 
composition of novel musical structures tailoring timbre to har-
mony and scale, as exemplified by John Chowning’s Stria” [8]. 

If Risset’s creed is the composition of sound itself, Horacio 
Vaggione investigates object-based composition [9]. Indeed, the 
two viewpoints are quite similar. Vaggione understands the ob-
ject as “a complex unit that may simultaneously contain different 
representations, or codes, related, to as many procedures (specific 
actions) as there are data elements (sounds and time structures) 
covering many scales or operating levels” [10]. Thus, the object 
networks are “multi-scale ensembles that include events of dif-
ferent order of magnitude”. Furthermore, his notion of object 
does not only include sound events, it is also relevant to digital 
algorithms: “The objects may be functions (algorithms), lists of 
parameters (scores), scripts (successions of actions to be accom-
plished, or the may be sounds (products as well as sources)” [10].  
Finally, Vaggione gives the clue for composing with sound ob-
jects: “by a double movement of fragmentation and agglutination 
several times, in order to create multiples, and to work the parts 
of these multiples to create others” [9]. Composition with object 
networks thus leads to create complex structures. 

 
 

2.1. Complex structures with Music V and subroutines PLF 
4 

In Inharmonique by Risset (1977) for soprano and tape, the way 
in which the composer creates complex structures is based on 
PLFs subroutines. That is, a functionality of Music V language 
that enlarges the generation of events. This code was originally 
programmed in Fortran. Then as part of our research to transcode 
and recast Inharmonique, the algorithm process was transcribed 
in JavaScript. In our new real-time version, these codes run in-
side Max in order to articulate the subroutines in real time.     

The Music V subroutines PLF (play it first), available since 
Music IV version, enable the generation of note parameters by 
the computer. Thus, these subroutines are useful in saving the 
human composer from much routine work. It also “let one embed 
algorithmic control into the sound synthesis process” [4]. For 
example, with only one operation, it is possible to generate many 
events. Actually, this language allows very fine and precise con-
trol. The internal data of a sound, such as the frequencies and 
amplitudes of the spectral components, are easily stored and in-
stantiated during the composition process. This makes it easy to 
integrate synthetic sounds with instrumental sounds, as shown in 
Inharmonique. It was the first step to compose multilayer struc-
tures. At the same time, other composers also used PLF subrou-
tines to create complex structures. Curtis Roads, for example, 
used these routines in his first realization of automated granular 
synthesis [11]. 

In Risset’s works, there are several different PLFs subrou-
tines. It is a method which allows, for example, “to carry out var-
iations on a structure starting from a specification of global pa-
rameters different from those of this structure: this program mod-
ifies consequently frequency, amplitude and duration on all the 
components” [12]. In Inharmonique, as in many other pieces by 
the composer, the exact same code as in PLF 4 and 6 are often 
used. The former for the generation of instrument-like sounds 
and the latter for the generation of a series of multiple compo-
nents of a fundamental, that can be shifted in time. 

The PLF 4 JavaScript code (Figure 2), coded by Antonio de 
Sousa Dias, translates the instructions and generates the corre-
sponding i-events. It is based upon several descriptions and is an 
adaptation of the original code written in Fortran language (Fig-
ure 1). Nevertheless, some modifications are made in order to 
adapt it to a more readable code [13].  

 
 

 

Figure 1: PLF 4 original Fortran language.  
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Figure 2: PLF 4 transcoding JavaScript code. 

 

 

 
In short, for each PLF 4 call, five parameters must be defined 

(number of notes, number of harmonics per note, time unit, gain 
by harmonic, duration decrement) plus the time increment for 
each harmonic. Then for each event, the fundamental duration, 
frequency and amplitude must be set. For each event, all the 
harmonics behaviors are calculated in relation to the fundamental 
data. Thus, the PLF 4 makes harmonic scans [balayages har-
moniques] for each fundamental, the aural result can be harmonic 
or inharmonic; fast or long. Furthermore, many events can over-
lap in order to create even more complex phenomena.  

2.2. Complex structures composition in computer music 

In his fascinating article “Composing in real-time?”[14], from 
1999, Risset underlined the limitations and drawbacks of real-
time computer composition. Actually, he wrote it at a moment 
where the real-time technology took up a lot of attention. Since 
the late 1970s, when Boulez created Ircam, his creed was the es-
tablishment of a way to enrich instrumental writing through digi-
tal technologies [15]. However, Risset himself pointed out good 
points: “Real-time time operation is invaluable to produce per-
formance nuance with proper aural feedback” [16]. Actually, 
Risset’s Duet for one pianist (1989), using a Disklavier Yamaha 
piano, is a remarkable example of real-time practice of the late 
1980s. Nevertheless, his global thought is that real-time opera-
tion is limiting. The same point of view was shared by other 
composers whose music practice was based on creating complex 
structures. That is the case of Marco Stroppa’s Traiettoria (1982-

1984) for piano and tape. For that piece, the composer mainly 
used Music V language [15]. 

Among Risset’s remarks against real-time to compose com-
plex structures, we quote two in particular: “Real-time synthesis 
systems provide less flexible possibilities than software synthe-
sis: rather than a full choice à la carte, they tend to offer a few 
menus for controlling specific sonic parameters through certain 
gestures”. And, “Any digital system can only attain a limited lev-
el of sound complexity in real-time. Actually, complexity is often 
achieved in real-time systems through layering - thus forsaking 
real-time”. 

With Faust, however, these remarks were overcome. The 
Faust power to translate this wide vocabulary to non-domain spe-
cific languages (such as C++ for compiling Max objects) proves 
that, in real-time mix composition, we are able to much more 
than a “specific menu”. 

Indeed, the main strategy to make complex structures in real 
time is to make layering, but with the reinjection matrix coupled 
with an ambisonic specialization strategy, all the layering process 
is inside the Faust/Max environment. That is, the creation of 
complex structures, through overlapping components, is a unique 
real-time process.   

Nevertheless, this procedure is not completely in real-time 
for a different reason pointed out by Risset. The Faust code must 
be developed out of time, since the algorithms still have status of 
compositional objects: they are also complex structures. In fact, 
this is not a problem, because the aural result will always be the 
most interesting point for a composer. Moreover, this potential 
price is paid by the advantageous solutions for obsolescence pro-
posed by Faust. Furthermore, the composition act will always 
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require an amount of freedom from the real-time constraints even 
for improvisation, as pointed out Risset himself [17]. 

It is not a question of militating in favor of real-time, but ra-
ther of proposing a transverse approach to draw the benefit of 
each method by making them coexist. 

3. REINJECTION MATRIX FOR CREATING 
COMPLEX STRUCTURES 

 
The reinjection matrix was presented for the first time in Bon-
ardi’s Pianotronics 3 (2016) for piano and live electronics. 
Moreover, this piece introduces the object-oriented paradigm for 
the design of real-time processing (with Faust objects working 
into Max) and control (with JavaScript), using a class-instance 
approach. The same model has been used in our Ph.D. Thesis [3]. 
Then, we applied it in Les cris du sixième cercle. 

In Pianotronics 3, the compositional strategy is based on a 
single generic module Harmonizer-Delay in Faust. Hereupon, it 
is possible to have several aural results by applying different 
global and local settings and by association of elementary pro-
cesses [2]. Moreover, the reinjection matrix plays an important 
role. As the Faust module has 16 instances, a powerful aural pal-
ette is obtained by feedbacking all the instances. Similar to Ris-
set’s approaches, in Pianotronics 3, thanks to the association of 
Harmonizer-Delays with reinjection matrix, instruments-like 
sounds are generated (like drums and bells). However, the whole 
piece is achieved in real-time only through direct instrumental 
processing. That is an example of creating complex structures 
with Faust in real-time mixed music.  

In the next section, we will get into this approach by analyz-
ing a recent composition that shares the same process. Then, we 
will analyze another mixed pièce from the first author of this pa-
per whose principle came from a similar environment. 

3.1. Reinjection matrix for creating complex structures - 
Case of Fil de soi 1 and 2 

 
With Fil de soi 1 and 2 (2016-2018) for acoustic guitar and live-
electronics, the composer aims the timbral composition in real-
time. Thus, the word “timbre” has a special meaning [18]. Actu-
ally, this piece intends to explore a vast world of sonic possibili-
ties of acoustic guitar through digital processing in real-time. To 
achieve this, the interaction between the acoustic instrument and 
the electronics is designed as a question/answer approach. With 
the timbral composition, the composer seeks to enrich the sonic 
results by changing the acoustic timbral through digital pro-
cessing with Faust modules: “composing timbres" consists first 
of all in considering the acoustic guitar as a rich potential genera-
tor of sound, opening up a vast space for composition and trans-
formation of the identity of the instrument” [18]. 

3.1.1. Faust Modules - mTDelHarmo16~ object. 

 
The main Faust object used to achieve the “timbral composition” 
in Fil de soi 1 and 2 is mTDelHarmo16~, compiled for Max. 
That is a set of 16 processes, each of them including a delay line 
and an harmonizer by Doppler effect (temporal approach thanks 
to variable delay) with possible reinjection to any line (Figure 3)  

Figure 3: Faust Modules - mTDelHarmo16~  object. 
             

The central part of this process is the mTDelHarmoM block. 
It includes two blocks fdToMatrixBlock and DelHarmoBlock 
(Figure 4). The former deals with rejection (it will be discussed 
in the next section), the latter processes delaying and harmoniz-
ing that are organized in two separate blocks: DelBlock and 
HarmoBlock  (Figure 5).  

 

  
Figure 4: Faust Scheme of the mTDelHarmoM 

block-diagram. 

 

 
Figure 5: Faust Scheme of the DelBlock 

and HarmoBlock inside DelHarmoBlock. 
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The user must define an index value to set the amount of dis-

tribution between the harmonizer and the delay. Thus, the two 
processes are in series. Each delay line is a double overlapped 

delay enabling the change of duration without clicking. The har-
monizer block, for its part, consists of four overlapped variable 
delays (Doppler effect). All these processes are illustrated below 
(Figure 6). 

 

 
Figure 6: Faust Scheme of DelHarmoBlock (below) and HarmoBlock (above). 

mTDelHarmo16~ parameters include DelHarmoBlock argu-
ments: duration (in milliseconds), and HarmoBlock arguments: 
transposition (in midicents). Furthermore, the global parameters 
must also be set, as input and output gain and especially the 
feedback amount. This one plays an essential role for the reinjec-
tion process.  

3.1.2. Reinjection matrix 

The fdToMatrixBlock block from the process above (Figure 4) is 
the main core of the reinjection matrix (Figure 7).  
 

 

Figure 7: Faust Scheme of fdToMatrixBlock block-
diagram. 

With this approach, it is possible to send the output of any 
line to the inputs of any combination of lines thanks to an inter-
nal matrix. Thus, the reinjection is managed by the Max object 
matrix~ with the the GUIs object matrixctrl (It's also possible to 
send a message directly to the mTDelHarmo16~ object with all 
the matrix coordinates). Therefore, the matrix enables to send 
any output to any combination of inputs (Figure 8). The internal 
Faust matrix contains 16 x 16 = 256 toggles (each of them values 
either 1 or 0). 

The Faust code is quite simple, but very effective to accom-
plish reinjection matrix. A par instruction is needed to make the 
inputs and outputs columns. A special attention is required to 
feed the correct output index. The user must set all the matrix 
coordination through the checkbox - e.g. with Max control matrix 
(Figure 8). Thus, with the feedback value, it is possible to route 
the correct amount of reinject signal. A special attention is need-
ed to avoid saturation and DC offsets. A good parsimony is re-
quired to choose the right quantity of inputs. it is also prudent to 
put an audio limiter just after the  mTDelHarmo16~ output).  

 
toggle(c, in) = check-
box("h:Lines/h:Reinjection_Matrix/v:Del%2c-
->/r%3in"); 
Mixer(N,out)  = par(in, N, *(toggle(in, 
in+out*N)) ) :> _ ; 
Matrix(N,M)  = par(in, N, _) <: par(out, M, 
Mixer(N, out)); 
 

3.1.3. Timbral composition with Faust -  aural considerations 

The first seconds of Fil de soi 1 show the potential of this meth-
od. The piece starts with a solitary high note made by the acous-
tic guitar. Then, thanks to the delay line in association with the 
transposition, the same sonic material rebounds in the electronic. 
The whole process generates timbral transformations. Indeed, the 
first electronics appearance suggests an instrument-like meta-
morphosis. A percussion-like structure is followed by “small 
bells-like” sounds. Then, still with a “bell behavior”, the guitar 
note is transposed generating a brief melodic structure.  

This example presents a strategy to create complex structures 
in real-time mixed composition. The association of the mTDel-
Harmo16~ object with the reinjection matrix generates a com-
plex phenomenon. Actually, the set of 16 delay lines and their 
transpositions and reinjections constitutes a “rhythmic-melodic-
timbral” cell from the sound of the acoustic guitar. That is to say 
a timbral composition. Indeed, the reinjection matrix is essential 
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for this process, it causes a time scattering response, but also a 
timbral transformation, since small amounts of delay can make 
side effects, such as comb filtering. However, the harmonizer 
itself contributes significantly in this sense. For example, its win-
dow size parameter is essential to generate aural alteration. This 
is one of the authentic contributions of that piece in the context 
of creating complex structures.   
 
 

 
Figure 8: Example of matrix control with max objects: 

the first output (horizontal, x-axis) is sent to the five first 
inputs (vertical, y-axis). The third output is sent to first 
and fourth inputs. Finally, the fifth is sent to first and to 

eleventh input. 

3.2. Reinjection matrix to create complex structures – The 
case of Les cris du sixième cercle4 

Bonardi’s mTDelHarmo16~ object was the starting point for the 
compositional environment of Les cris du sixième cercle. Actual-
ly, this piece follows a working flow initiated in our Ph.D. Thesis 
[3]. However, the motivation using the object was quite different. 
Instead of making “rhythmic-melodic-timbral” cells, the first at-
tempt goal was to generate a more complex vertical structure 
whose components are instances of mTDelHarmo16~ object. To 
achieve this, the delay line in particular has a different behavior. 
Instead of making linear lines through well specified durations, 
as in the first part of Fil de soi 1, the delays can be predominantly 
shortened and can be randomly defined. Thus, each instance out-
put can be assigned to a different instance input through the 
reinjection matrix with a great feedback amount. The aural result 
is several layers whose behavior are distinct and temporarily off-
side.  

In order to apply this object in Les cris du sixième cercle 
some changes were needed. First of all, the index value to set the 
distribution between the harmonizer and the delay was not neces-
sary. Then it was deleted for this piece. All the signals pass 
through the delay line and the harmonizer without attenuation. 

                                                             
4 Concert recording is available in YouTube : 
https://www.youtube.com/watch?v=f3tdY4RGujM&t=8s[verified URL 
August 30, 2020]. 

Afterwards, the matrix coordination is less dynamic than in Fil 
de soi1 1. Normally, only one message is necessary for the whole 
pièce. However, all the outputs are reinjected to one different 
input. One instance never feedbacks to its own input. That is im-
portant to avoid side effects, such as comb filter. Then, a pseudo 
random module in Max is used to generate dynamics durations. 
Typically, a range value control (with a max value and a min 
value) is triggered irregularly in time (this time is also controlled 
by ta range value). Finally, a granular process was developed 
sharing the same reinjection matrix principle. 

3.2.1. Granular process with reinjection matrix - jgrain7~ 

The process below (Figure 9) is quite similar to the fdToMa-
trixBlock (Figure 3). This a main core process where the grain-
Block is coupled with the rejection matrix. Actually, the whole 
feedback process is developed with the same code as the 
mTDelHarmo16~.  
 

 

Figure 9: Faust Scheme of jgrain7~ object. 

The grainG function is based on a quasi-synchronous granu-
lar synthesis. Thanks to its well-adapted real-time implementa-
tions, it was able to transport the original Curtis Roads code and 
applied in Faust5. “In quasi-synchronous granular synthesis 
(QSGS), the grains follow each other at unequal intervals, where 
a random deviation factor determines the irregularity” [20]. 
Brief, the granular process is a real-time processing based on de-
lay lines with an amplitude envelope (Gaussian type) whose 
sound grains follow each other at irregular intervals thanks to a 
random deviation determined by temporal irregularity. Thus, it is 
possible to generate various scattered textures.  

3.2.2. Object oriented approach -  aural considerations 

For Les cris du sixième cercle environment implementation, the 
scheme below shows this environment. As mentioned above, the 
motivation using mTDelHarmo16~ object was quite different. 
Thus, for that composition, only 7 instances were necessary, in-
stead of 16 in Fil de soi 1 and 2. Moreover, a downside was cru-
cial in order to save CPU, considering the addition of the 
jgrain7~ object. Therefore, a new object mTDelHarmo7~ was 
compiled. This task was easily accomplished thanks to the Faust 
facilities (especially the online compiler). 

The scheme below shows how the environment was devel-
oped (Figure 10). Actually, there are three levels of reinjection 
matrix. First one, inside mTDelHarmo7~ object itself, Then, in-
side jgrain7~. Finally, feedback of the whole process. That is a 
reinjection matrix that links the jgrain7~ outputs with the 
mTDelHarmo7~ inputs. This one is not implemented in Faust, 
instead a Max object matrix~ takes care of it. A Bypass to con-
nect the mTDelHarmo7~ directly to the ambisonic matrix was 
also improved, without passing through jgrain7~ (this last pro-
cess was ignored in the schema above6). 
                                                             
5 Actually, Road’s code was first developed in the field of ambisonic by 
Pierre Guillot for the HOA library [19]. 
6 The schema also ignores other processes like live direct instrument 
sound, audio limiting before mTDelHarmo7~ and jgrain7~, and all the 
controls signals. 
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The entire spatial process is beyond the scope of this paper, 
but it is important to note that the Output Matrix in ambisonics is 
also a Max matrix~ object that routes all the 7 signal outputs to-
wards the 7 circular ambisonic harmonics (this process is made at 
order 3 in 2D ambisonics [21]). The same principle was devel-
oped in Fil de soi 1 and 2.  The Input matrix, also a Max matrix~ 
object, only routes the acoustic signal to any of the seven in-
stances of mTDelHarmo7~. This manipulation is important to 
control the level of density of the sonic result.  
 

 

Figure 10: Les cris du sixième siècle reinjection scheme. 

The aural considerations are particular and quite different 
from Fil de soi 1 and 2. The multitrack session below (Figure 11) 
shows an example of the environment behavior7. Each track cor-
responds to the output of a level of reinjection from the scheme 
below (Figure 10). At the top, there is the acoustic direct sound. 
Then the tracks, the 7 outputs from the mTDelHarmo7~ (which 
are also bypassed directly to the Output Matrix in ambisonics). 
Next, the 7 outputs of the jgrain7~ are routed to outputs Output 
Matrix in ambisonics which correspond to the signals which are 
sent to the loudspeakers. The micro-temporal decorrelation 
(thanks to the individual delay values of each instance of the 
harmonizer [22]). The independent control of each instance is 
quite visible, especially in the granulator output. The role of the 
matrix reinjection is obvious in the grainy texture of the harmo-
nizer. That is, a morphology generated by the granulator and 
reinjected by the overall matrix. 

In Les cris du sixième cercle the complex structures are more 
related to Vaggione’s idea. Indeed, the example above shows a 
case of real-time process to generate micromontages in several 
multi-scale layers [23][24]. The canonical object based process 
fragmentation and agglutination process repeated several times, 
in order to create multiples, is in our example achieved in a real-
time mixed music context. 
                                                             
7 Actually, the example comes from our piece Tyque (2018) for clarinet 
and live electronics. However, Les cris du sixième siècle shares exactly 
the same environment. 

 

  
 

Figure 11: Micro-scale behavior of the reinjection matrix 
in Les cris du sixième cercle. 

3.3. Reinjection matrix for creating complex structures - Ris-
set’s PLF 4 prototype.   

The Fil de soi 1 and 2 environment shares with Risset’s PLF 4 
the control of time and transposition of several instances. Thus, it 
is possible to design the same Inharmonique behavior with 
mTDelHarmo7~ object. The HH3 sequence in Denis Lorrain’s 
analysis shows an example of Risset’s PLF 4 [25] (Figure 12). 
There are two twin oscillators, each for the two stereo outputs. 
The first instruction PLF 0 4 calls the subroutine. Then, it speci-
fies 10 instances. Finally, for each instance a index of time in-
crement is defined (those values are multiplied by a time unit, 
150 milliseconds). The second instruction NOT plays that sub-
routine. Inside it, the main argument is the fundamental frequen-
cy: 554 Hz.   

 

Figure 12: An example of PLF 4 usage in Risset’s In-
harmonique. 

The PLF 0 4 behavior was developed in the same Fil de soi 1 
and 2 Max patch (Figure 15). All the harmonic transpositions 
were calculated in midicents and sent to the Faust object through 
the setTransposition function. Then, all the index of time incre-
ment was calculated and sent with setDuration. The oscillator 
with the fundamental is connected in the first inlet: the first in-
stance input. Finally, its output is reinjected to all the 10 instanc-
es, each one corresponding to a harmonic. The aural result is 
quite similar to the original Risset’s application. 

The goal of this prototype is not to transcode Risset whole 
piece. Instead, this example helped us to better understand our 
own use of the environment. For example, the same Risset’s PLF 
4 can be tested with Fil de soi 1 acoustic samples. It gives nota-
ble aural differences by changing only the harmonizer’s windows 
size. Actually, it is possible to achieve a similar Fil de soi 1 be-
ginning aural result using the PLF 4 configuration with original 
parameters. That proves what was already predicted: the im-
portance of this parameter to create sonic complexities. Further-
more, the prototype shows that our composition approach to cre-
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ating complex structures has the same origin as in Inharmonique. 
However, each composition keeps authentic mark from each re-
search-composer.  
 

 
 
.     

 
 

 
 

Figure 13: Fil de soit 1 and 2 Max patch applying Risset’s PLF 4. 

4. CONCLUSIONS 

In this paper we analyzed three pieces Fil de soi 1 and 2, Les cris 
du sixième cercle and a prototype of Inharmonique8. All these 
examples share the same base of mTDelHarmo7~ Faust object 
with the reinjection matrix. Therefore, we demonstrated a crea-
tive way to create complex structures in real-time mixed music. 
However, it is important to note that each composer has his own 
strategy in music composition. In Fil de soi 1 and 2, the compos-
er is looking for a precision, a kind of “determinism”. Les cris du 
sixième cercle, on the other hand, gives a special place to the 
risk, the emergence, or even “chaos”.  Two apparently distant 
approaches, but which find their complementarity in the Faust 
code. Moreover, there are approaches to creating complexities. 
Or even, quoting Risset, there are examples of composing the 
sound itself in a real-time mixed music context. 
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