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Part 3 
The Elements Project 

Description of artistic output 
!
!

Chapter 8. General description of the Elements Project  
 
 
8.1 Introduction: aim of the Elements Project  
 
Part 1 resulted in the construction of two formulas to determine the degrees of tonality and prime 
consonance of pitch class sets belonging to any set class. Part 2 provided an explanation of how these 
formulas represent or describe two of the endophysical laws of my aesthetic universe. Many of the 
ideas expressed in my music belong to the idiosyncratic part of my aesthetic universe, requiring a 
technique and idiom that is highly atonal and dissonant. This idiosyncratic part of my aesthetic 
universe is explored in Parts 1 and 2; these parts represent the ‘space probe’ necessary for the 
exploration of my aesthetic universe in order to make the expression of its ideas possible. At the same 
time the endophysical laws of my aesthetic universe developed in Parts 1 and 2 are themselves also 
aesthetic ideas—ideas the meaning of which can be expressed in composition. The CIG-technique 
with which I express (the meaning of) my aesthetic ideas is a procedure (procedural knowledge) as 
well as an aesthetic idea (conceptual knowledge) that is part of the aesthetic message I attempt to 
convey. The different ideas (conceptual and procedural) cannot be separated. Indeed, as was discussed 
in Section 7.1, in art, what is communicated is as important as how it is communicated. Therefore, the 
preceding theoretical parts (Part 1 and 2) are also part of the meaning of the ideas that I express in the 
compositions that constitute the artistic output of my research.  
 
The core of the artistic output of the present research is formed by three orchestral pieces that express 
the what and the how of my aesthetic universe, and that illustrate three phases of my research: the 
initial situation at the start of the research, the intermediate situation with its provisional results, and 
the final situation implementing the adapted CIG-technique: general CIG-serialism.  
 
The three orchestral pieces—Danse de la terre (2010), Danse du feu (2012) and Danse de l’eau et de 
l’air (2014)—are ‘dances’ representing or expressing541 the four metaphorical Empedoclean elements 
(earth, water, air and fire) that stand for different aspects of my aesthetic universe and together 
encompass this aesthetic universe in its entirety. They are in this way synecdoches for the whole of my 
aesthetic universe in the way the four Empedoclean elements stand (or stood) for the complete 
physical universe. The four elements of my aesthetic universe are not the same as the physical 
elements that constitute the physical world we live in, but their endophysical counterparts that are (at 
most) in the image of the elements of the physical world. The aim of the artistic output of the present 
research was to express these aspects—the four elements of my aesthetic universe—in a non-verbal 
way. Hence the title of the project: the Elements of an Aesthetic Universe Project, or short: the 
Elements Project. 
 

                                                
541 Davies would say that the dances of the Elements cycle do not represent the elements of my aesthetic universe, they 
express the complete meaning of the concepts of those elements that belong to my aesthetic universe (see Stephen Davies’ 
“Argument against Musical Representation”, in Steven Davies, Musical Meaning and Expression, Cornell University Press, 
1994, pp. 79-81). 
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Mahler is reported to have said that “a symphony should be like the world: all encompassing”542. On 
the other hand, Mahler also wrote in a letter from 1904 to Bruno Walter: “Music represents the whole 
human being—feeling, thinking, breathing, suffering.”543 A combination of both statements can be 
interpreted as meaning that a symphony should be the expression of the artist’s complete aesthetic 
universe. In that sense my orchestral cycle on the Empedoclian elements may be called ‘symphonic’ in 
the Mahlerian sense; each dance expressing one ‘element’ (or two in the case of Danse de l’eau et de 
l’air) of my aesthetic universe.  
 
The meaning of the aesthetic ideas expressed in the three orchestral dances of the Elements Project 
consists for the most part of non-verbal concepts (non-verbal ideas), and can therefore not be 
expressed in words. Still it is possible to give a rough impression of some of the ideas related to the 
pieces, albeit in a rudimentary and non-comprehensive manner: Danse de la terre expresses the idea of 
the (endo-)physicality of my aesthetic universe—matter (earth) as material existence—and by 
extension it expresses existing in general. Danse du feu is an expression of the idea of the 
endophysical processes governed by my aesthetic universe’s laws of tonality and consonance. It is an 
expression of the idea of endophysical becoming. Together with Danse de la terre, this second dance 
expresses all that exists: matter and material processes. Danse de l’eau et de l’air, in turn, expresses 
the elusiveness entailed by matter and material processes: impermanence, time and temporality, 
transience, the fact that what exists could as well not have existed. It is about the contingency of being. 
One might also say that Danse de la terre expresses the aspect (or concept) of ‘mass’, Danse de l’eau 
et de l’air the aspect of ‘time’ and Danse du feu the aspect of ‘energy’ in my aesthetic universe. 
 
Reference was made before to the poetic way in which Richard Feynman approaches physics.544 The 
idea of blending scientific and aesthetic (poetic) thought reaches its zenith in the work of the French 
philosopher of science Gaston Bachelard (1884-1962). Many of Bachelard’s works address the poetic 
dimension of the aspects of science, which he coincidentally also relates to the four Empedoclian 
elements. This is the case in such works as La psychanalyse du feu (1938), L’eau et les rêves (1942), 
L’air et les songes (1943), and La terre et les rêveries de la volonté (1948). In these works (and in 
many others) he freely links countless sources of literature with ideas that belong to the fields of 
sciences and psychoanalysis. One might even claim that Bachelard’s “rêveries” represent an approach 
of free association in the Freudian psychoanalytical sense. The Elements Project—and as a matter of 
fact the entirety of the research described in the present text—does the opposite: starting from an 
aesthetic perspective, it integrates scientific elements; whereas Bachelard applies ideas from aesthetic 
universes (not just his own) to the physical world, the Elements Project borrows ideas belonging to 
science(s) in order to explore and express my own aesthetic universe. 
 
Although the three orchestral dances are self-contained pieces that can be performed independently, 
together they form a trilogy, a cycle that can be performed as three movements of a single symphonic 
piece. In that case, for reasons of overall structure, the pieces should be performed in the following 
order: first Danse de la terre, then Danse de l’eau et de l’air, and finally Danse du feu. When 
performed as a cycle in this order, the size of the orchestra increases with every piece, as shown in 
Example 8.1. 
 
title woodwinds brass percussion strings total 
Danse de la terre 3-3-3-3 6-3-2-1 5 perc - 1 pno 9-9-9-9-9 75 
Danse de l’eau et de l’air 4-3-4-3 4-3-3-1 4 perc - 1 pno - 1 harp 12-12-10-8-6 79 
Danse du feu 4-4-4-4 4-4-3-1 6 perc - 1 pno  -1 harp 16-14-12-10-8 96 

 
Example 8.1: Increasing size of the orchestra in the three orchestral dances of the Elements Project. 

                                                
542 “Die Symphonie muss sein wie die Welt. Sie muss alles umfassen“. Gustav Mahler in a conversation with Jean Sibelius. 
Quoted in: Andrew Barnett, Sibelius, Yale University Press, 2007, p. 185. 
543 Herta Blaukopf (ed.), Gustav Mahler Briefe: 1879-1911. Rev. and enl. Ed. Publications of the International Gustav 
Mahler Society, Vienna/Hamburg, 1983. Quoted in: Constantin Floros, Gustav Mahler, The Symphonies, Breitkopf & Härtel, 
1985, translated by Vernon & Jutta Wicker, Amadeus Press, 1993, p. 12. 
544 See Section 7.6. 
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Each of the three orchestral works in the Elements Project is complemented by one or two works for 
smaller ensembles or solo instrument (see Example 8.2 below), each exploring an additional aspect of 
the research. Danse de la terre is complemented by the ensemble piece Le sourire infini des ondes 
(2009),  Danse du feu by the piano quartet Un souffle de l’air que respirait le passé (2011), and Danse 
de l’eau et de l’air by the two piano pieces A l’image du monde…originel (2012) and A l’image du 
monde…double (2013). Note that, in every phase, the composition of the complementary pieces 
precedes that of the orchestral piece they accompany; in a way they are preparative studies for the 
orchestral piece they complement. Each phase in the Project is discussed in greater detail next. 
 
 
Phase Orchestral works Complementary pieces 
Phase 1 (initial situation) Danse de la terre (2010) Le sourire infini des ondes 

(2009) (ensemble) 
Phase 2 (intermediate results) Danse du feu (2012) Un souffle de l’air que respirait 

le passé (2011) (piano quartet) 
Phase 3 (final outcome) Danse de l’eau et de l’air 

(2014) 
A l’image du monde…originel 
(2012) (piano) 
A l’image du monde…double 
(2013) (piano) 

 
Example 8.2: Pairing of orchestral works and complementary pieces within the Elements Project. 

 
 
8.2 Phase 1: Danse de la terre and Le sourire infini des ondes 
 
The first orchestral work in the Elements-cycle, Danse de la terre, was commissioned by the Festival 
of Flanders and was first performed by the National Orchestra of Belgium on 10 September 2010 in 
the Henry Lebœuf Hall of the Paleis voor Schone Kunsten in Brussels during the KLARA festival and 
Festival of Flanders. The performance was live broadcast on KLARA (Flemish National Classical 
radio). The work illustrates the initial situation (phase 1) of my research. It is written with the original 
technique of CIG-serialism, as it was prior to the assessment and further development that was the 
subject of the theoretical part of my doctoral research. 
 
Danse de la terre could be interpreted as a slow waltz, although the only element the piece has in 
common with a waltz is the fact that it is written in three-four time throughout (there are no changes in 
time signature). It is a dance of the earth at different levels: a dance of the element earth, the earth as 
raw material (and thus related to the primitive Danse de la terre in Stravinsky’s The Rite of Spring 
(1913)), but it can also represent the motion of the Earth around the sun from two angles: if we look at 
the earth from a position outside the solar system, we witness a slow, elegant cyclic movement around 
the sun, like a very slow dance of one revolution per year, but when we bear in mind the fact that the 
earth weighs a sloppy 6 x 1021 tons and moves at more than 100,000 kilometers per hour, every 
romantic connotation quickly disappears. Danse de la terre evokes both images simultaneously 
(‘blending’ of interpretations, in other words). 
 
There might be a connection between Danse de la terre and Gustav Mahler's Das Lied von der Erde 
(1908-1909). Theodor Adorno claims that, as a result of the integration of Chinese poetry into a 
Western Romantic symphony, Das Lied represents a pseudomorph545 that Mahler used as a ‘false 
form’ or mask for his “Jewishness”546 to hide his lack of worldly ‘roots’, and obtain an ‘effect of 
alienation’ 

                                                
545 Theodor W. Adorno, Mahler: Eine Musikalische Physiognomik, 1960, in Die Musikalischen Monographien, Suhrkamp, 
1997, p. 291. The concept of pseudomorph is used in mineralogy to indicate “a mineral having the characteristic outward 
form of another species.” (Merriam-Webster’s Collegiate Dictionary). 
546 “Pseudomorphose ist dieser Osten auch als Deckbild von Mahlers jüdischem Element.“ Theodor W. Adorno, Mahler: 
Eine Musikalische Physiognomik, 1960, in Die Musikalischen Monographien, Suhrkamp, 1997, p. 291. 
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(Verfremdungseffekte)547. Danse de la terre, on the other hand, may be interpreted as an expression of 
attachment to the physical world, to ‘the earth’. “According to Claude Lévi-Strauss, through music we 
become conscious of the physiological roots of our being.”548 Are not both works then about the 
transcendent sublimity of earthly beauty? Does the claim that "there must be more between heaven 
and earth" not grossly underestimate the inherent transcendence (a contradiction?) of the physical 
world? As if the physical world as it is would be ‘incomplete’. As if mysticism would not be possible 
without metaphysics. Danse de la terre is a manifesto for the revaluation of physical reality and our 
total commitment to that endophysical reality. That way, the earth is a synecdoche for everything that 
exists. The earth with its beauty and its horror, that's what we are. 
 
The numbers 3, 6 and 9 play an important part in the structure and orchestration of Danse de la terre. 
The instrumentation consists of groups of three, six or nine instruments: three flutes, oboes, clarinets, 
bassoons and trumpets, two trombones and one tuba (forming a group of three low brass instruments), 
six horns, five percussions and one piano (six together). Within the percussion instruments there are 
six gongs, and three of several instruments (three bass drums, three brake drums, …), and finally nine 
instruments in each group of the string quintet. There is clearly a shift in balance towards the low 
instruments within the string group with its nine double basses. 
 
The piece has three sections of 80 bars each. In each section one instrumental group stands out: the 
first section starts with the nine solo-violas in a nonet, in the second section the three clarinets play the 
prominent part, and the third section has the six horns as its protagonists. 
 
The instruments within the woodwind section are deliberately limited to their standard instruments: 
flutes but no piccolo’s, alto flutes, or bass flutes; oboes, but no English horns or oboe d’amore, 
clarinets in B flat, but no other clarinets or bass clarinets, bassoons, but no double bassoons. Danse de 
la terre explores the possibilities of the woodwinds whilst limiting the instruments employed. To 
enhance the tone colour possibilities of the clarinets in their solo section (the beginning of section 2), 
they are requested to play with their bell on a kettledrum (bell on timp) and to modulate the tone by 
pressing and depressing the kettledrum’s pedal (see Example 8.3). 
 
 

 
Example 8.3: Beginning of section 2 (bars 81 to 83) of Danse de la terre  

with three solo clarinets playing with their bells on a kettle drum. 
 
 
Le sourire infini des ondes, the complementary piece to Danse de la terre, is written for an ensemble 
or nine performers and was commissioned in 2009 by the Spectra Ensemble. It was first performed by 
this ensemble in the Academiezaal (Academy Hall) in Sint-Truiden (Belgium) on 12 May 2010 and in 
the concert hall of De Bijloke in Ghent (Belgium) the next day.  

                                                
547 Theodor W. Adorno, Mahler, p. 291. 
548 Eero Tarasti, La Musique et les Signes, L’Harmattan, 2006, p. 131 [my translation]. 
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The piece is scored for bass flute, bass clarinet in B flat, horn in F, percussion (1 player), piano, and 
string quartet. The choice for low woodwinds reflects the shift towards the low instruments in the 
string section of Danse de la terre. The percussion instruments are restricted to metal instruments 
(different kinds of cymbals, tam-tams and gongs). This corresponds with the restriction of the 
woodwind section in Danse de la terre. The parallel between the two pieces is drawn further with the 
addition of a kettledrum: the kettledrum in Le sourire infini des ondes is never played on the skin 
(compare with the kettledrums used as a resonator for the clarinets in Danse de la terre); it is only 
struck on the kettle or used to modulate the sound of the 12” Chinese opera cymbal placed on the skin 
of the kettledrum (see Example 8.4 a & b). In addition, the wind instrument players and pianist play a 
triangle in the middle section of the piece (bars 69-83). 
 
 

 
 

Example 8.4 a: Percussion part of Le sourire infini des ondes (bar 101-102). 
 

 
Example 8.4 b: Notation of pedal positions for kettledrum in Le sourire infini des ondes. 

 
As will be discussed in the detailed analysis of Chapter 9, Le sourire infini des ondes is largely based 
on elements from Luigi Nono’s piece …sofferte onde serene… for piano and tape (from 1976). In 
Nono’s piece, the tape is entirely constructed with recorded (and often manipulated) sounds played by 
the Italian pianist (and friend of Nono’s) Maurizio Pollini on the piano. This idea was transposed to Le 
sourire infini des ondes: Although Le sourire infini des ondes is a piece for ensemble without solo 
instrument, the piano plays a prominent structural role in the piece. The sound was conceived with the 
piano as the generating starting point. All the tone colours are deduced from the piano part.  
 
 
8.3 Phase 2: Danse du feu and Un souffle de l’air que respirait le passé 
 
The second orchestral work at the core of the artistic output of Elements Project, Danse du feu, is 
based on intermediate results of my research (phase 2). After developing formulas for the 
quantification of tonality and dissonance, I investigated the possibility to construct amotivic series 
based on CIG-4's (instead of CIG-3’s, as in the original CIG-serialism) in order to increase their 
degree of atonality and dissonance. This proved practically unfeasible (as was discussed in Section 
5.4.1), but serendipity lead to the addition of two new ‘CIG-3's’ to the series (3-note CIG-2’s), 
resulting in series with 56 CIG's instead of 54 (see Section 5.4.5.2). Danse du feu is based on such a 
56-CIG series. 
 
The piano quartet Un souffle de l’air que respirait le passé (finished in 2011), not only uses the same 
CIG series as Danse du feu (the work for which the quartet is a complement), but also the same RHS. 
The two works sound quite differently however, and have a very distinct expressive content, a 
different narrative. This way I want to refute the claim that the strict structural basis of my 
compositions reduces my work to solving a puzzle with no artistic dimension, and to show that even in 
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strict serial music, artistic creativity is decisive for the final result, and that there is a distinction 
between technique, idiom and style.549 
 
The title of the piano quartet is the French translation of a fragment of a sentence from the Prologue of 
Luigi Nono's “Tragedia dell’ascolto” Prometeo: “Ascolta, non vibra qui ancora un soffio dell’aria che 
respirava il passato?”550. The fact that Prometheus is the titan who stole fire from heaven, links the 
quartet to the orchestral work Danse du feu (dance of fire). 
 
Un souffle de l’air que respirait le passé was first performed by the piano quartet Tetra Lyre on 25 
January 2012 in the Concertgebouw Brugge (Belgium) in the context of its Prometheus Geketend 
(Prometheus bound) project. 
 
 
8.4 Phase 3: Danse de l’eau et de l’air, A l’image du monde…originel and double 
 
The third orchestral work at the heart of the Elements Project is Danse de l'eau et de l'air. The work is 
complemented by the piano pieces A l'image du monde ... originel and A l'image du monde ... double. 
All three works use the modified CIG technique that is the outcome of my research (phase 3). The two 
piano pieces are examples of CIG-3/4-serialism, but also coincidentally of general CIG-serialism. 
Indeed, although the series were not conceived as such (see below), they are general CIG series. The 
series of Danse de l'eau et de l'air is a general 56-CIG series. 
 
A l’image du monde… originel and A l’image du monde… double are also part of a larger future cycle 
of five pieces that will further consist of A l’image du monde… multiple for guitar solo, A l’image du 
monde… commentaire, for guitar and/or piano and ensemble, and the electro-acoustic ‘composition’ 
Improvisation fixe sur une image, which was ‘composed’551 in 2012 in the context of Kathleen 
Coessens’ A Day in my life-project at the ORCiM in Ghent. Improvisation fixe sur une image is based 
on a bass flute improvisation on the first series constructed with the adapted technique of 3/4-CIG-
serialism, in order to explore the possibilities of such series and to assess the difference with my 
previous series. It was meant to experience the intuitive embodied effect the new series might have on 
me during the process of composition. The A l’image du monde project wants to express the idea that 
works of art are “in the image of the world”552. It explores the connections between the physical 
universe and my personal aesthetic universe, bearing the motto: “All aesthetic ideas are fictitious; any 
resemblance with the physical world is unavoidable however”. In this context, the following statement 
by Benedetto Croce is certainly worth quoting: 
 

Every true artistic representation553 is in itself the universe, the universe in the 
individual form, and the individual form as the universe; in the accents of the poet, 
and in every creation of his mind, the entire destiny of mankind can be found, with 
all its hopes, all its illusions, its pains, its joys, its greatness, and its human misery; 
the entire drama of reality that arises, continuously grows, in suffering and in 
pleasure.554 

 

                                                
549 For a discussion on the difference between technique, idiom and style, see: Bart Vanhecke, Chromatic Interval Group 
Serialism, The Development of an Atonal, Dissonant, and Amotivic Composition Technique, unpublished master thesis, 2014, 
LUCA, Leuven, pp. 45-9. 
550 “Listen, doesn’t a breath of air that the past respires vibrate here?”, Massimo Cacciari, libretto for Luigi Nono, Prologo of 
Prometeo; Tragedia dell’ascolto, 1981-1985 [my translation]. 
551 ‘Composed’ is here written between quote signs because Improvisation fixe sur une image is strictly speaking not a 
composition but a recorded and manipulated improvisation. Therefore I do not include the piece in my work list. 
552 See Section 7.5.  
553 I would add: “or expression”. 
554 Benedetto Croce, Il Carrattere di Totalità dell’espressione artistica, in La Critica. Rivista di Letteratura, Storia e 
Filosofia diretta da B. Croce, Vol. 16, Gius. Laterza & Figli, Editori, 1918, p. 131 [my translation] online: 
http://ojs.uniroma1.it/index.php/lacritica/view/7454/7436 [last accessed: 08 December 2012]. 
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There is a clear reference to works of Pierre Boulez such as Mémoriale (..Explosante-Fixe… Originel) 
or Figures-Doubles-Prismes in the titles of the pieces belonging to the A l’image du monde cycle. It is 
not only the idea of interconnection between works that I wanted to adapt, but the reference was also 
made because of the correspondence I feel—it is indeed only an intuitive feeling— between the 
aesthetic universe of Pierre Boulez (and of Schoenberg and Nono for that matter) and my own. 
 
 
8.5 Additional aspects 
 
In addition to the aspect of the Empedoclian Elements and the three phases in my research, there are 
many other aspects and cross references that interconnect the pieces of the Elements Project. 
 
First, there are the cross references in the titles connecting orchestral and complementary pieces of 
different phases: the aspect of ‘earth’ (or ‘world’) in the titles of Danse de la terre and A l’image du 
monde, the aspect of ‘water’ (and waves) in Danse de l’eau et de l’air and Le sourire infini des ondes, 
and the aspect of ‘air’ in Danse de l’eau et de l’air and Un souffle de l’air que respirait le passé. 
Another cross reference is provided by the fact that Le sourire infini des ondes and Un souffle de l’air 
que respirait le passé share a common reference to Luigi Nono’s ...sofferte onde serene... and 
Prometeo. 
 
Other links between the pieces in the Elements Project are created by the role of the numbers 3 and 4, 
referring to the structure of 3/4-CIG-serialism as well as general CIG-serialism, which is based on the 
use of CIG-3’s and 4’s. This is not only reflected in the instrumentation of the orchestral pieces (as 
was mentioned before), but also in the fact that there are three orchestral works on four elements; four 
complementary pieces with three instrument combinations. The fact that one of the dances expresses 
two elements (Danse de l’eau et de l’air) is mirrored by the fact that the two piano pieces complement 
one orchestral dance. 
 
I want to end this chapter on a personal note. The three orchestral dances are dedicated to my two 
daughters (Danse de la terre to my eldest, and Danse du feu to my youngest) and my wife (Danse de 
l’eau et de l’air). There is an intuitive associative link between the meaning of the concepts of earth 
and fire and the characters of each of my two daughters. Likewise, certain aspects of my wife’s 
personality may be associated with the element water; I myself seem to fit the element of air better. 
These associations show how my personal universe blends with my aesthetic universe. 
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Chapter 9.  Analyses of the Elements Project pieces 
 
 
9.1 Preliminary remarks 
 
The analyses in the present chapter do not provide a comprehensive explanation of all aspects of the 
seven pieces belonging to the Elements Project. Instead, they provide a description of specific aspects 
that are crucial in all pieces. The principles behind these aspects (such as the way series are 
constructed) are recurrent in all pieces. Therefore the sum of all aspects addressed in the present part 
gives a general view of all of the central issues I deal with in my artistic practice as a composer during 
the construction of series and RHS. The analyses of the first two pieces (Danse de la terre and Le 
sourire infini des ondes) focus on the way the series are constructed, and on levels of RHS and score 
(surface structure). The analysis of Danse de l’eau et de l’ air focuses on the construction of a general 
CIG-series. The other analyses (Un souffle de l’air que respirait le passé and A l’image du 
monde…originel and double) focus on relations between the pieces belonging to the same research 
phase; they emphasize the relative importance of series and RHS on the final surface structure.  
 
 
9.2 Danse de la terre 
 
9.2.1 General structure and series 
 
The series of Danse de la terre (see Example 9.1) is the same as the one I used for all my previous 
compositions from Les racines du monde for piano solo (1997) on, but in retrograde, transposed three 
semitones down and starting on the thirteenth series note. It is the last piece (to date) composed on the 
series of Les racines du monde.555 
 

 
 

Example 9.1: Series of Danse de la terre. 
 
 
 
 
 

                                                
555 Originally, I called the series on which all my pieces between Les racines du monde and Danse de la terre  are based ‘the 
series of silence’ because it was meant to serve as the basis for a never written chamber opera Silence on the play by Harold 
Pinter with the same name. 
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9.2.2 Rhythmic structure 
 
The rhythm of Danse de la terre is based on seventeen rhythmic cells and their six augmentations 
(following the rhythmic chart in Example 1.14). The rhythmic cells were determined on the basis of 
the ‘longest’ ordered subsets of the series without repeated notes. Starting from the first note in the 
series, the first repetition of a pitch class occurs at note 10 (G), which is the same as note 7, as can be 
seen in Example 9.1. If the second note of the series were taken as a staring point, the resulting subset 
would contain only notes 2 through 10, which is one note less than in the subset starting from note 1. 
The latter is therefore the ‘longest’ subset and is kept as a basis for a first rhythmic cell (cell 1).  The 
unordered interval class content between the successive notes in the longest subset (shown in Example 
9.2 a) is used to determine the note lengths in each augmentation of cell 1 (shown in Example 9.2 b). 
 
 

 
(a) 
 

 
(b) 
 

Example 9.2: (a) Ordered interval class content between the first nine notes of the series of Danse de la terre,  
and (b) rhythmic cell 1 based on the unordered interval class content with its six augmentations. 

 
 
Example 9.3 lists the 17 ‘longest’ subsets in the series and the unordered intervals contained in each of 
them. The list shows that subset 1 is the longest of all ‘longest’ subsets. 
 
Rhythmic cells and their augmentations are attached to the series notes in the following way. The first 
rhythmic cell uses cell 1 in augmentation 1. To determine next rhythmic cell for the next note, the 
number of the previous cell is augmented with the sum of the unordered interval classes preceding and 
following the note (modulo 17). The unordered interval classes surrounding note 2 are 2 and 1 (see 
Example 9.2 a), therefore its rhythmic cell is cell 4 (cell 1 + 2 + 1 (mod 17)). The augmentation of the 
rhythmic cells of the next series notes is determined by the increasing the previous augmentation with 
the ordered interval class preceding the note (modulo 6). The ordered interval class between note 1 
and 2 is +2, therefore the augmentation for the rhythmic cell of note 2 is 3 (1 + 2 = 3 (mod 6)). This 
system is implemented over the whole series. When the end of the series is reached it starts again from 
the beginning. Deliberate mutations (deviations from the rules,556 when an extra ‘1’ is added to the 
sum in cell determination) occur in this structure at more or less regular intervals. 

                                                
556 See Section 1.2. 
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subset number first note last note interval content 
1 1 9 2 1 5 1 3 4 1 6 
2 8 13 6 5 1 3 1 
3 10 14 1 3 1 2 
4 13 16 2 1 4 
5 14 18 1 4 5 6 
6 17 23 6 1 1 5 6 5 
7 21 24 6 5 4 
8 22 28 5 4 5 1 1 4 
9 27 30 4 3 2 
10 29 33 2 1 5 4 
11 32 38 4 1 3 1 4 1 
12 33 39 1 3 1 4 1 2 
13 38 41 2 3 4 
14 39 45 3 4 3 1 4 1 
15 44 47 1 3 2 
16 46 51 2 1 5 1 2 
17 50 2 2 3 1 6 1 2 

 
Example 9.3: Range (from first note to last note) of the 17 ‘longest’ subsets without note repetition  

in the series of Danse de la terre and their unordered interval content. 
 
 
The distribution of the rhythmic cells is done freely in Danse de la terre according to the necessities of 
each moment. The RHS was therefore constructed at the moment of composition (Auskomponierung) 
of the surface structure. Attention was paid to harmonic and rhythmic balance in this process, as well 
as to overall texture and density. 
 
 
9.3  Le sourire infini des ondes 
 
9.3.1 Title  
 
The title of Le sourire infini des ondes is taken from Luigi Nono’s explanatory notes accompanying 
his piece ...sofferte onde serene... for piano and tape from 1976. In these notes, Nono writes about the 
“endless smile of the waves”557. Nono himself places the expression between quotation marks because 
it is a quote from Prometheus bound by Aeschylus : 

 
O divine air Breezes on swift bird-wings, 
Ye river fountains, and of ocean-waves 
The multitudinous laughter Mother Earth! 
And thou all-seeing circle of the sun, 
Behold what I, a God, from Gods endure!558 

 
 
9.3.2 Elements from ...sofferte onde serene... 
 
The structure of Le sourire infini des ondes is based on the following elements from ...sofferte onde 
serene...: 
 
 
                                                
557 Luigi Nono,  Ecrits. Laurent Feneyrou (ed. & trans.), Paris: Christian Bourgois Editeur, 1993, p. 320. 
558 Aeschylus, Prometheus bound, http://classics.mit.edu/Aeschylus/prometheus.html [my italics][last accessed: 10 February 
2012]. 
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a) Form and duration  
 
...sofferte onde serene... consists of nine sections, separated by eight “tape reference points” 
(riferimento nastro) indicated in the score. Nono’s indications of the precise moment of occurrence of 
each of tape reference point in the score are listed in Example 9.4.  
 
  
 
 
 

 
 
 
 
 
 
 
 

 
Example 9.4: Tape reference points in  
the score of ...sofferte onde serene... 

 
 
The total duration of the piece is 13’58”.559  
 
 
b) Tempo structure  
 
The tempo of ...sofferte onde serene... fluctuates constantly between the following speeds:  

 

 
 

In addition, numerous tempo changes occur in ...sofferte onde serene... in the form of rallentandi and 
accelerandi, especially in the first two sections of the piece.  
 
 
c) The first chord  
 
...sofferte onde serene... starts with the chord represented in Example 9.5. 
 

 
Example 9.5: First chord of ...sofferte onde serene... 

 

                                                
559 13’58” is the exact duration of the recording of the piece made by Maurizio Pollini in 1979. Pollini was the pianist who 
worked in close collaboration with Nono during the composition of the piece and the recording of the tape. Therefore, this 
recording may be considered a reference. 

reference point time 
1 54” 
2 1’56” 
3 2’57” 
4 5’11” 
5 6’49” 
6 9’16” 
7 11’49” 
8 13’14” 
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This chord contains the pitch classes of a pitch class set with Forte number [6-14] with interval vector 
<323430>. Note the absence of ic 6 in the interval vector.  
 
 
9.3.3 Form of Le sourire infini des ondes 
 
Le sourire infini des ondes consists of nine sections that correspond to the nine sections of ...sofferte 
onde serene.... They contain the same number of crotchet beats as each corresponding section in 
Nono’s piece, as is shown in the list below (Example 9.6). 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

 
 

Example 9.6: Number of crotchet beats in each section 
of ...sofferte onde serene... and Le sourire infini des ondes. 

 
 

Although the number of beats in each section of Le sourire infini des ondes is exactly the same as in 
the corresponding section of ...sofferte onde serene...., the grouping of the beats in bars is different. 
This grouping is adapted in order to make tempo indications and changes coincide with the beginnings 
of bars as much as possible. The time changes in Le sourire infini des ondes are therefore not related 
to metre (since the piece is essentially a-metric) but to the tempo structure of the piece. 
 
 
9.3.4 Tempo structure and duration 
 
a) Tempo structure  
 
The tempo structure of ...sofferte onde serene... is adopted unchanged in Le sourire infini des ondes, 
with exactly the same tempo changes and pauses (fermata). The position of the fermata in the piece 
may differ slightly from that of ...sofferte onde serene.... 
 
b) Duration in motion  
 
Starting from the tempo structure within each section of ...sofferte onde serene..., but disregarding the 
fermata, and assuming that tempo changes happen in a linear way (in order to be able to use the 
average of the highest and lowest tempo in each tempo change), the ‘duration in motion’ of each 
section can be calculated. The duration in motion of a section is its duration without the fermata. 
 
For instance, Section 6 ‘moves’ during 52 beats at the tempo 72 for a crotchet first. This is followed by 
a linear rallentando from 72 to 50 during 8 beats. The tempo remains 50 during 32 beats and then 
continues at tempo 32 for 20 beats as shown in the list in Example 9.7. 
 
 
 

section number of 
crotchet beats 

1 39 
2 39 
3 20 
4 96 
5 96 
6 112 
7 144 
8 56 
9 16 
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Example 9.7: Number of crotchet beats in Section 6 in different tempos. 
 
 
The ‘duration in motion’ of Section 6 can be calculated as follows (taking 61 to the crotchet as the 
average tempo during the rallentando):  
 
 (60” x 52 / 72) + (60” x 8 / 61) + (60” x 32 / 50) + (60” x 20 / 35) = 123,89” 
 
The duration in motion of section 6 is therefore (approximately) 125 seconds. The duration of the 
other sections is calculated in the same way. 
 
c) Pauses  
 
The difference between duration in motion and (real) duration of each section between the points of 
reference is the time that has to be allocated for the pauses. The table below (Example 9.8) shows a 
complete overview of the time distribution of ...sofferte onde serene...: 
 

 

 
 

Example 9.8: Time distribution of ...sofferte onde serene.... 
 
 
Note that Section 7 has a duration in motion that lasts 1 second longer than the total duration and that, 
as a result, there is no time left to add a fermata. This can only be done when the tempi of this section 
are made a little higher than prescribed, but this can be no objection, since all tempi in ...sofferte onde 
serene... are marked “circa”. 
 
I opted not to determine the length of the fermata for each section separately (a.o. because this creates 
the problem in Section 7 mentioned above), but to distribute the entire duration of the fermata (180 
seconds) over all the fermata of the piece on the basis of the following criterion. 

section total duration ‘duration in 
motion’ 

total duration 
of pauses 

number of 
crotchet beats 

1 54” 51” 3” 39 
2 62” 43” 19” 39 
3 61” 34” 27” 20 
4 134” 95” 39” 96 
5 98” 50” 48” 96 
6 147” 125” 22” 112 
7 153” 154” -1”  (!) 144 
8 85” 84” 1” 56 
9 44” 24” 20” 16 

total 838” 658” 180” 618 
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The whole piece contains 51 pauses of two kinds: short and long, indicated in the score as shown in 
Example 9.9. 
 

 
 

Example 9.9: Notation of short and long pauses. 
 
 

The pauses are distributed over the sections as indicated in the table of Example 9.10 below. 
 

 
 

    total  :              32            19 
 

 
Example 9.10: Distribution of pauses in ...sofferte onde serene.... 

 
 
 
The total duration of pauses (180”) is the sum of 32 short and 19 long pauses. 
 

 
 
With this formula, the average duration of 2 to 3 seconds was determined for short pauses, and of 4 to 
7 seconds for long pauses (Example 9.11).  
 
 
 

 
 

Example 9.11: Average durations of pauses 
in Le sourire infini des ondes. 

 
 
 



 212 

9.3.5 Construction of the series 
 
Le sourire infini des ondes is the first piece I composed with the CIG-technique that does not use the 
series of Les racines du monde. For the construction of the series I took the first chord of ...sofferte 
onde serene... as a starting point. This first chord is based on a pitch class set (belonging to the set 
class) with forte number [6-14]. Reduced to its normal form, this pc-set is shown in Example 9.12. 
The prime form for this pc-set is (013458). 
 

 
Example 9.12: pc-set of the first chord 

of ...sofferte onde serene...  
 
 
My aim was to construct a series that contained permutations of pc-sets belonging to set class [6-14] 
as often as possible. In total, there are 720 possible orderings (permutations) of [6-14]. However, most 
of these cannot be used in the construction of the series because they do not consist entirely of CIG-
3’s, and therefore cannot be contained in a CIG-3-series. 
 
An analysis of the prime form (013458) shows that its permutations contain CIG-3’s that are all 
permutations of the following (unordered) pitch class sets: 
 

(0,1,3)  (1,3,4)   
(0,1,4)  (1,4,5)   
(0,1,5)  (3,4,5) 
(0,1,8)  (3,4,8) 
(0,3,4)  (4,5,8) 
(0,4,5) 

 
Eight of these can be paired because they are transpositions of the same pc-set; they contain the same 
interval sequence: (0,1,4) is an instance of the same pc-set as (4,5,8), (0,1,5) the same as (3,4,8), 
(0,1,8) the same as (0,4,5), and (0,3,4) the same as (1,4,5). 
 
Therefore, finally only seven unordered pc-sets remain. Each of those can be ordered in six ways to 
form 42 CIG-3’s. The interval content of the CIG-3’s is listed below. 
 
for  (0,1,3):   : +1+2 +3-2 -1+3 +2-3 -3+1 -2-1 
 
 (0,1,4) or (4,5,8) : +1+3 +4-3 -1+4 +3-4 -4+1 -3-1 
 
 (0,1,5) or (3,4,8) : +1+4 +5-4 -1+5 +4-5 -5+1 -4-1 
 
 (0,1,8) or (0,4,5) : +1-5 -4+5 -1-4 -5+4 +4+1 +5-1 
 
 (0,3,4) or (1,4,5) : +3+1 +4-1 -3+4 +1-4 -4+3 -1-3 
 
 (1,3,4)   : +2+1 +3-1 -2+3 +1-3 -3+2 -1-2 
 
 (3,4,5)   : +1+1 +2-1 -1+2 +1-2 -2+1 -1-1 
 
 
Each ordered appearance of [6-14] in the series of Le sourire infini des ondes should consist only of 
CIG-3’s. There are 56 permutations (out of 720) of the prime form of [6-14] in which all groups of 



 213 

three consecutive pitch classes (each group of two consecutive intervals) form one of the 42 possible 
CIG-3's. These 56 permutations are shown below (without brackets): 
 
 
 013458  013485  015438  015483  031458  051438  
 
 103458  103485  105438  105438  105483  130458 
 
 150438  301458  301548  310458  310548  345018 
 
 345108  354018  354108  384501  384510  501348 
 
 501438  510348  510438  534018  534108  543018 
 
 543108  584301  584310  801345  801435  801453 
 
 801543  810345  810435  810453  810543  834015 
 
 834051  834105  834150  834501  834510  843015 
 
 843105  845013  845103  854013  854031  854103 
 
 854130  854301  854310 
 
It is obvious that not all of these permutations of [6-14] can occur together in the series, because one 
and the same CIG-3 would occur more than once, and this is forbidden in CIG-3-series, even if the 
CIG-3’s occur in different transpositions. (013458), for instance, cannot be used in the series together 
with (013485), because both ordered pc-sets contain CIG-3 (0,1,3).  
 
Starting from the prime form (013458) considered as an ordered pc-set, all permutations of [6-14] that 
contain a repetition of the CIG-3’s in the permutation (013458) were eliminated. This resulted in the 
six remaining permutations that could occur in the same CIG-3 series listed below, together with their 
ordered interval class content (Example 9.13). 
 
 

[1] (013458) +1  +2  +1  +1  +3 
 

[2] (015438) +1  +4  -1  -1  +5 
 

[3] (354018) +2 -1 -4 +1 -5 
 

[4] (584301) +3 -4 -1 -3 +1 
 

[5] (810453) +5 -1 +4 +1 -2 
 

[6] (834051) -5 +1 -4 +5 -4 
 
 

Example 9.13: Six permutations of (013458) that can occur in the same CIG-3 series. 
 
These six permutations were incorporated into the CIG-3-series of Le sourire infini des ondes. I 
constructed the sequence in such a manner that the six permutations of [6-14] are distributed 
symmetrically within the series, and that the four instances of ic 6 (the only ic that does not occur in 
the interval vector of [6-14]) are placed symmetrically around the two axes of symmetry. This resulted 
in the series shown in Example 9.14. 
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Example 9.14: The series of Le sourire infini des ondes.  

Permutations of [6-14] are indicated with horizontal square brackets. 
 

 
The six permutations of [6-14] in the series are indicated with numbers in square brackets. The axes of 
symmetry occur between notes 54 and 1 (the ‘end’ and ‘beginning’560 of series), and between notes 27 
and 28 (the ‘middle’ of the series). The six permutations of [6-14] are distributed at equal distances 
from the axes of symmetry as shown below: 
 
Axis of symmetry in the ‘middle’ of the series (between note 27 and 28): 
 
[5]     4 notes    [3] 2 notes        [1]        6 notes      [4]     2 notes [6]      4 notes     [2] 
 
 
 
 
 
 
Axis of symmetry at the beginning of the series (between note 54 and 1): 
 
 
3 notes    [4]     2 notes   [6]      4 notes    [2]   [5]     4 notes   [3]       2 notes     [1]     3 notes 
 
 
 
 
 
 
The ic 6’s constitute the transitional intervals between notes 16 and 17, 18 and 19, 36 and 37 and 38 
and 39, which are also situated symmetrically (at paired equal distances) from the axes of symmetry. 
 
 
9.3.6 Determination of rhythmic cells 
 
Once the series is determined, the next step in the compositional process consists of attributing 
rhythmic cells to every series note. In the case of Le sourire infini des ondes, this is done by defining 
nine rhythmic cells based on the interval content of the series. The complete set of unordered interval 
class numbers of the series of Le sourire infini des ondes is: 
                                                
560 ‘End’, ‘beginning’ and ‘middle’ are here written between quotation marks, because, strictly speaking, a CIG-series has no 
beginning, middle or end. It has a ring shape, as was explained in Chapter 1. 
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5   1   4   1   2    3   1   5   4   3    2   1   4   1   5     6   5   6    1   2   1   1   3    2   1   2   3 
 
 
4   5   1    3   4   1   3   1     6   1   6    5   1   4   5   4    3   1   3   1   2    1   4   1   1   5    1  
 
The square brackets in this string of numbers indicate the interval class numbers of the six 
permutations of [6-14]. Six of the rhythmic cells are determined by the interval content of those six 
permutations. The other rhythmic cells are formed by the interval class numbers between the six 
permutations in the series. The sets containing ic 6 are left out, because they would result in rhythmic 
cells with only three note lengths. The omission of ic 6 in the construction of rhythmic cells reflects 
the absence of ic 6 in [6-14] (and in the first chord of ...sofferte onde serene...). The transition between 
the end and the beginning of the interval content series was also omitted because it only contains one 
number (which would have resulted in a rhythmic cell with only one note length). 
 
This results in the following number strings for the nine rhythmic cells of Le sourire infini des ondes: 
 
 (1) 5   1   4   1   2 
 (2) 3   1   5   4   3 
 (3) 2   1   4   1   5 
 (4) 1   2   1   1   3   
 (5) 2   1   2   3   4   5   1 
 (6) 3   4   1   3   1 
 (7) 5   1   4   5   4 
 (8) 3   1   3   1   2 
 (9) 1   4   1   1   5 
 
These values correspond to the note lengths in the rhythmic chart shown in Example 1.14. Value 1 
corresponds to the length unit of each augmentation (demi-semiquaver, triplet semiquaver, 
semiquaver, triplet quaver, quaver, dotted quaver). Value 2 is twice the length unit, value 3 three times 
the length unit, etc. (see Chapter 1). 
 
 
9.3.7 Determination of the forms of the series used 
 
In order to obtain a higher degree of dissonance, three transpositions of the series a semitone apart are 
used simultaneously in the piece. Series I (transposition I) is the original un-transposed series (starting 
on A). Series II begins a semitone higher (on B flat instead of A), and series III another semitone 
higher (starting on B). The first beats of the combined series in the RHS of Le sourire infini des ondes 
is shown in Example 9.15. 
 
Although the series are used simultaneously, different rhythmic cells are assigned to the notes of each 
of the transposition of the series in order to obtain a certain rhythmic independence of the three 
transpositions of the series. In addition, the start of the rhythmic cells coincides only at the beginning 
of each of the nine sections. 
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Example 9.15: Beginning of the RHS of Le sourire infini des ondes,  
showing the original series (I) and two semitone transpositions (II and III) used simultaneously. 

 
 
The entire piece consists of 618 quaver beats. A musically useful and balanced density of the rhythmic 
cells is obtained by running through each transposition of the series three times forming three 
segments (Segments A, B and C). This results in a total of 3 x 3 x 54 = 486 rhythmic cells for the 
entire piece (three times each of the three forms of the series, each containing 54 notes). 
 
The series are attached in a symmetrical manner to the three segments in the following way (Example 
9.16): 
 

segment A B C 
section 1 - 4 5 - 6 7 - 9 
series notes 1            54 27           1 / 28          54 54           1 

 
Example 9.16: Distribution of series notes over the three segments of Le sourire infini des ondes. 

 
In Segment A, the series is used in prime form. Segment C uses the retrograde of the series and 
Segment B is based on a combination of both. 
 
The series notes were distributed over the segments and sections as shown in Example 9.17. 
 
 

segment section number of 
beats 

number of series 
notes 

series 
notes 

A 1 
2 
3 
4 

39 
39 
20 
95 

12 
12 
6 
24 

1 – 12 
13 – 24 
25 – 30 
31 - 54 

B 5 
6 

96 
112 

27 
27 

27 – 1 
28 - 54 

C 7 
8 
9 

144 
56 
16 

36 
14 
4 

54 – 19 
18 – 5 
4 - 1 

 
Example 9.17: Distribution of series notes over the three segments  

and nine sections of Le sourire infini des ondes. 
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9.3.8 Construction of the N-matrix  
 
The next step in the composition process consists of the construction of an N-matrix561 for the series, a 
process that had its for-runner in the distribution of rhythmic cells over the series notes in Les racines 
du monde and that was first implemented in its full version in Après la pluie for piano and live 
electronics (2008).  
 
The N-matrix of Le sourire infini des ondes is a matrix consisting of nine rows and six columns that 
are determined by the interval class content of the CIG-3’s. The prime forms of the nine chromatic pc-
sets (see Example 1.5) are listed in ‘ascending’562 order below:  
 
(0,1,2) 
(0,1,3) 
(0,1,4) 
(0,1,5) 
(0,1,6) 
(0,5,6) 
(0,4,5) 
(0,3,4) 
(0,2,3) 
 
The 54 permutations of those chromatic pc-sets (six for each pc-set) are then listed in ascending order 
from left to right after the corresponding prime forms, resulting in the following matrix: 
 
(0,1,2)  (0,2,1)  (1,0,2)  (1,2,0)  (2,0,1)  (2,1,0) 
(0,1,3)   (0,3,1)  (1,0,3)  (1,3,0)  (3,0,1)  (3,1,0) 
(0,1,4)  (0,4,1)  (1,0,4)  (1,4,0)  (4,0,1)  (4,1,0) 
(0,1,5)   (0,5,1)  (1,0,5)  (1,5,0)  (5,0,1)  (5,1,0) 
(0,1,6)  (0,6,1)  (1,0,6)  (1,6,0)  (6,0,1)  (6,1,0) 
(0,5,6)  (0,6,5)  (5,0,6)  (5,6,0)  (6,0,5)  (6,5,0) 
(0,4,5)  (0,5,4)  (4,0,5)  (4,5,0)  (5,0,4)  (5,4,0) 
(0,3,4)  (0,4,3)  (3,0,4)  (3,4,0)  (4,0,3)  (4,3,0) 
(0,2,3)  (0,3,2)  (2,0,3)  (2,3,0)  (3,0,2)  (3,2,0) 
 
Next, each of the 54 ordered pc-sets is replaced by an interval class-set (ic-set). These ic-sets contain 
the interval content between the successive pitch classes in the ordered pc-sets; they are obtained by 
subtracting the successive numbers in the representations of the pc-sets between round brackets; the 
first number is subtracted from the second; the second from the third. The ic-set for pc-set (0,1,4), for 
instance, is obtained by subtracting 0 from 1 (1 – 0 = 1) and 1 from 4 (4 – 1 = 3) resulting in ic-set 
(+1,+3). All the results are listed in the matrix shown in Example 9.18 below563. 

 
Example 9.18: Distribution of ic-sets in the matrix of Le sourire infini des ondes. 

                                                
561 N stands for note number (referring to the position of the notes within the series). 
562 The term ‘ascending’ has to be understood here as follows: it means the 3-digit numbers that would be obtained by 
removing the commas in the representations of the pc-sets are put in ascending order. The 3-digit number for (0,1,2) for 
instance is 012.  
563 In this list, the round brackets for the ic-sets are omitted. Plus (+) signs are also omitted. Note also that there is no 
essential difference between (+)6 and -6. 
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Next, the ic-sets in the matrix are replaced by the number of the series note that is the central pitch 
class in the CIG-3 corresponding to the ic-set. Series note 22 in the series of Le sourire infini des 
ondes, for instance (E, see Example 9.14) is the central pitch class in the CIG-3 representing ic-set 
(+1,+1), the ic-set in the top left corner of the matrix. This procedure results in the N-matrix shown in 
Example 9.19. 
 
 
 

22 12 26 5 49 52 
20 24 31 27 35 25 
23 10 3 32 14 47 
50 43 53 29 40 33 
1 39 38 18 19 30 
54 37 16 36 17 8 
4 2 42 15 9 13 
45 51 28 41 44 34 
21 7 6 46 11 48 

 
Example 9.19: N-matrix for Le sourire infini des ondes. 

 
 
 
9.3.9 Attachment of rhythmic cells and augmentations to series notes 
 
Using the N-matrix, rhythmic cells and augmentations were then ascribed to every series note in the 
following manner: the six columns of the N-matrix correspond to the six augmentations of the rhythm 
chart; the nine rows correspond to the nine rhythmic cells that were determined for the piece. The 
ascription differs from segment to segment, and from series transposition to series transposition. It was 
determined according to the schedule shown in Example 9.21. Segment B was divided into the B1 and 
B2, respectively, corresponding to section 5 (retrograde of the series, notes 27 - 1) and section 6 
(prime form of the series, notes 28 - 54). 
 
The squares in the diagram represent the N-matrix or two halves564 of the N-matrix. The letter “R” in 
the squares indicates that retrogrades of the rhythmic cells are used. To understand how to read the 
diagrams in detail, let’s have a closer look at the second transposition (II) in segment A, for instance.  
The N-matrix was attributed as shown in Example 9.20 below. Columns 1 to 3 of the matrix 
correspond to augmentations 3 to 1 (3 ! 1). Rows 1 to 9 in the matrix half of these columns 
correspond to rhythmic cells 9 to 1 (9 ! 1) respectively. Likewise, columns 4 to 6 of the N-matrix 
correspond to augmentations 4 to 6 (4 ! 6) and rows 1 to 9 of this matrix half are ascribed rhythmic 
cells 1 to 9 (1 ! 9). In this second matrix half, the rhythmic cells occur in retrograde (indicated with 
the letter R). 
 
 

                                                
564 The vertical division of the matrix in two (columns 1 to 3, and columns 4 to 6) reflects the division of segment B in two 
halves (segments B1 and B2). 
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Example 9.20: Distribution of augmentations and rhythmic cells  
in sections of N-matrix of Le sourire infini des ondes. 

 
 
 transposition I transposition II transposition III 
segment A        1           6 

 1 
      
 
 9 

    3       1 / 4          6 
 9               1 
                        R 
 
 1               9 

       6           1 
 9 
            R 
 
 1 

segment B1        6           1 
 1 
            R 
 
 9 

    1       3 / 6          4 
 9               1 
        R 
 
 1               9 

       1           6 
 9 
             
 
 1 

segment B2        1           6 
 9 
            R 
 
 1 

    6       4 / 1          3 
 9               1 
                        R 
 
 1               9 

       6           1 
 1 
             
 
 9 

segment C        6           1 
 9 
             
 
 1 

    4       6 / 3          1 
 9               1 
        R 
 
 1               9 

       1           6 
 1 
            R 
 
 9 

 
Example 9.21: Distribution of rhythmic cells and transpositions in Le sourire infini des ondes. 

 
 

 
 
9.3.10 Determination of the distance between beginnings of rhythmic cells in the RHS 
 
After a rhythmic cell was determined for each series note in the three transpositions of the series and 
each of the three segments, a RHS was constructed by determining the distance (in time) between the 
start of successive rhythmic cells. In each of the nine sections of the piece, the rhythmic cell of the 
first note of each transposition starts at the same moment (as can be seen in the excerpt of the RHS in 
Example 9.16). The starting position of every rhythmic cell within the RHS is determined in such a 
manner that the rhythmic cells fill the entire length of the section proportionately. The ‘proportioned’ 
distance between the start of the cells is based on the unordered interval class content of the series, as 
can be seen in the columns ‘distance from previous cell’ in the diagram in Example 9.22 below, 
showing the distribution of distances between entrances of rhythmic cells for section 1 of Le sourire 
infini des ondes.  This resulted in the RHS of which an excerpt is shown in Example 1.17a, and which 
was the starting point for the composition of the score. 
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SECTION 1               I         II            III 
 
Note 
number 

Distance 
from 
previous 
cell 

Distance 
from 
beginning 
of section 

Distance 
from 
previous 
cell 

Distance 
from 
beginning 
of section 

Distance 
from 
previous 
cell 

Distance 
from 
beginning 
of section 

1 0 0 0 0 0 0 
2 5+1 6 1 1 5 5 
3 1 7 1+4 6 4 9 
4 4 11 4+1 11 1 10 
5 1 12 2 13 1+2 13 
6 2+3 17 2 15 3 16 
7 1 18 3+1 19 3 19 
8 1+5 24 5 24 1 20 
9 5 29 4 28 5+4 29 
10 3 32 4+3 35 4 33 
11 3+2 37 2 37 3 36 
12 1 38 2 39 2+1 39 

 
Example 9.22: Determination of the distance between entrances 

of rhythmic cells in the RHS for section 1 of Le sourire infini des ondes. 
 
 
!
9.4!Danse&du&feu!!
 
9.4.1 Introduction 
 
Danse du feu is composed in the course of my research on consonance and tonality, at a stage where it 
became clear to me that interval groups of higher order (more than three pitch classes) have to be 
taken into consideration when a high degree of atonality and dissonance is aspired. The structural idea 
behind both Danse du feu and Un souffle de l’air que respirait le passé is based on experiments with 
the possibilities of using tetrachords with a high degree of atonality and dissonance. During these 
experiments it occurred to me—as a result of sheer serendipity— that chromatic interval groups with 
only two different pitch classes (3-note CIG-2’s) were also possible in the construction of CIG-series, 
resulting in series with 56 notes (see Section 5.4.5.2 and Example 5.28). 
 
 
9.4.2 Chromatic pc-sets of order 4 
 
The pc-sets with cardinality 4 that have ‘the lowest’ degree of tonality and prime consonance are sets 
belonging to set classes [4-1] through [4-9] as can be seen in Example 5.4; these are the chromatic pc-
sets of order 4 (see Section 5.3)565 and are the basis of CIG-4’s. The degree of consonance of the 
chromatic pc-sets of order 4 is lower than that of all the other tetrachords. Five of the other tetrachord 
set classes ([4-z15i], [4-18], [4-19i], [4-25] and [4-z29]) have a degree of tonality that is comparable to 
that of the group formed by set classes [4-1] through [4-9], but their degree of prime consonance is 
higher, and therefore the combination of their degree of tonality and prime consonance discards them 
from the group of  ‘lowest’ degree of tonality and prime consonance (the sum of their degree of 

                                                
565 I initially called them ‘low 4-sets’ due to the fact that they have the lowest degrees of tonality and prime consonance 
within their cardinality group. 
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tonality and consonance is higher than that of the group of chromatic pc-sets of order 4, as can been 
seen in Example 9.23).  
 

 
 

Example 9.23: Sum of degree of tonality and prime consonance of set classes of cardinality 4.  
The first 12 ([4-1] through [4-9]) have a clearly lower value 

than all other classes within the cardinality group. 
 
 
 
Danse du feu and Un souffle de l’air que respirait le passé are based on a series consisting exclusively 
of CIG-4’s, each consisting of two CIG-3’s. They are therefore examples of 3/4-serialism. In ancient 
Greece the tetrahedron (see Example 9.24) represented the Empedoclian element of fire.566 A 
tetrahedron is a three dimensional geometric figure with four triangular faces, which coincidentally 
reflects the combination of numbers 3 and 4 in 3/4 serialism in the ‘dance of fire’ (Danse du feu).  

 

 
Example 9.24: Tetrahedron symbolizing the element of Fire in ancient Greece. 

 
 
9.4.3 Construction of the series 
 
In a first instance, I tried to construct a series in which every possible permutation of the chromatic pc-
sets of order 4 (every possible CIG-4) occurs exactly once. Such an all-CIG-4 series would consist of 
288 pitch classes. It would be so long that using them once would probably be sufficient to write 
whole 12 to 15-minute pieces, such as Danse du feu. However, not all groups of three successive notes 
within the CIG-4’s are CIG-3’s. [4-6], for instance, has permutations that contain an instance of [3-9], 
which is not a CIG. Likewise, CIG’s belonging to set classes [4-5] and [4-5i] contain instances of  [3-
8] and [3-8i]; permutations of [4-4] and [4-4i] contain instances of [3-7] and [3-7i]; [4-2] and [4-2i] 
contain [3-6]. Even if those permutations are left out (84 in total) it still leaves 204 interval groups of 4 
elements in the series. Since there are only 12 different permutations of [4-9] (six of the permutations 
are identical to six others), this leaves ‘only’ 192 different interval groups in the series, which is still 
impractically much. 
                                                
566 See: John R. Pierce, The Science of Musical Sound, Scientific American Books, revised edition, 1992, p. 20. 
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Furthermore, although every CIG-4 would occur exactly once in the series, it would not be amotivic, 
since many CIG-3’s would occur more than once. But even then, the construction of a closed all-CIG-
4 series proved to be impossible.567 Therefore the objective to construct an all-CIG-4 series was 
abandoned altogether. Instead, the series of Danse du feu is constructed on the basis of all CIG-3’s 
(the ‘classical’ way) with the addition the four 3-note CIG-2’s in such a way that every two 
consecutive CIG-3’s form a CIG-4, to form a 56-note 3/4-CIG series. 
 
The series was constructed in such a way that its second half (notes 29 to 56) is the inversion of the 
first half (notes 1 to 28). In addition, the sections within the series apart from the 3-note CIG-2’s are 
each others retrograde inversions (in transposition): notes 3 to 8 and 56 to 51, notes 10 to 21 and 49 to 
38; notes 23 to 36 are their own transposed retrograde inversion. Moreover, the first eight notes of the 
series form a group of which notes 23 to 30 are a transposed retrograde; likewise notes 29 to 36 are the 
inversion and note 51 to 2 are a transposed retrograde. Notes 10 to 16 form a group of seven notes of 
which notes 15 to 21 are a transposed inversion of the retrograde, notes 38 to 44 are a transposed 
inversion and notes 43 to 49 are a transposed retrograde. The resulting series is shown in Example 
9.25.  
 
 

 
 

Example 9.25: The series of Danse du feu. 
The four 3-note CIG-2’s are indicated with square brackets.  

 
 
9.4.4 Determination of tempo and number of series used 
 
Danse du feu has four tempi: 40, 56, 64 and 80 crotchet beats per minute. The four tempi are 
distributed symmetrically around the one-second-per-beat absent tempo (60), as follows (Example 
9.26): 
 

 
 

Example 9.26: distribution of the four tempi of  Danse du feu  
around the absent tempo of 60 crotchet beats per minute. 

 

                                                
567 This may be caused by the fact that, in order for all CIG-4 series to be possible, there have to be as many CIG-3’s of any 
type at the beginning of the CIG-4’s as there are at the end; an aspect that was not further assessed in the present research.  
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The tempo of  Danse du feu changes continuously. The piece starts at 80 crotchet beats per minute and 
immediately but imperceptibly slows down to 56 beats per minute at the start of the second section 
(Tempo 2°, bar 73), only to speed up to 64 beats per minute towards the beginning of Section 3 
(Tempo 3°, bar 125). From this point, the piece gradually slows down again to 40 beats per minute 
(Tempo 4°, bar 188), where the final accelerando towards 80 beats per minute in the last bar of the 
piece starts (see the graph in Example 9.27). The end tempo is the same as the initial tempo in order to 
create a ‘closed’ tempo structure, which reflects the ‘closed’ structure of the series. !
 
The average tempo is 60. This means that, in order to obtain a piece lasting ca. 12 minutes it should 
contain approximately 720 beats. 784 beats, which is 28x28, or 56x14 comes relatively ‘close’. A 
suitable ‘density’ of rhythmic cells can be obtained by using the series four times in the whole piece 
and using four simultaneous series (or forms of the series). In total this would yield 4 x 4 x 56 = 896 
rhythmic cells. This seems to be too much. Using three simultaneous series results in 672 cells. 
Compared to the ca. 540 cells in Danse de la terre (with its 720 beats) is this still much, but 
reasonable. Therefore I opted for 672 rhythmic cells for 784 beats, and three simultaneous series, 
henceforth called Series 1, II and III, each repeated four times (in four sections, Sections A, B, C and 
D). Series I is the original series shown in Example 9.25. Series II is Series I transposed down a 
semitone; Series III is series I transposed up a semitone. 
 
 

 
Example 9.27: Symmetrical structure of continuously changing tempo in Danse du feu. 

 
 
9.4.5 Determination of rhythmic cells 
 
The RHS of Danse du feu is constructed with eight rhythmic cells, each consisting of seven note 
lengths, and in seven augmentations. The first four rhythmic cells (cells 1 to 4) are determined by the 
unordered interval content between the first 29 successive series notes in groups of seven: 
 
(1) 1  2  1  6  5  1  3 
(2) 1  1  4  5  1  4  3 
(3) 2  3  4  1  5  4  1 
(4) 1  3  1  5  6  1  2 
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Note that the sums of the seven numbers for the rhythmic cells are almost identical (19 or 20). 
 
Since the second half of the series is the inversion of the first half, the unordered interval content 
between notes 29 and 1 is the same as that of the first half. That yields exactly the same rhythmic 
cells. Therefore the numbers that determine the rhythmic cells are ‘mirrored”: 1 and 6 are swapped (1 
becomes 6 and 6 becomes 1), 2 and 5, and 3 and 4 in the first four rhythmic cells, resulting in the 
following four additional rhythmic cells: 
 
(5) 6  5  6  1  2  6  4 
(6) 6  6  3  2  6  3  4 
(7) 5  4  3  6  2  3  6  
(8) 6  4  6  2  1  6  5 
 
The ‘lengths’ of these four cells (cells 5 to 8) is considerably longer than that of the first four (the 
sums of the numbers are 29 and 30). 
 
Each of these eight rhythmic cells is used in seven augmentations in the RHS of Danse du feu, instead 
of the usual six (see rhythm chart in Example 1.14). In addition to the six basic units in the usual 
rhythmic chart, the unit of triplet crotchet is added between the fifth and sixth augmentation unit 
(quaver and dotted quaver). 
 
 
9.4.6 Construction of the N-matrix  
 
As for the composition of Le sourire infini des ondes, an N-matrix was used in the composition of 
Danse du feu. In contrast to Le sourire infini des ondes (see Example 9.19), a 8 by 7 matrix was 
necessary instead of 9 by 6, as a result of the eight rhythmic cells in seven augmentations (instead of 
nine rhythmic cells in six augmentations). The distribution of CIG’s in the matrix is shown in Example 
9.28. 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Example 9.28: Distribution of CIG’s (represented as ordered ic-sets)  
in the N-matrix of Danse du feu. 

 
 

Just like in the N-matrix of Le sourire infini des ondes, for series I in Danse du feu the ic-sets in the 
matrix are replaced by the number of the series note that is the central pitch class in the CIG-3 
corresponding to the ic-set. This yields the N-matrix shown in Example 9.29. 
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37 22 1 2 30 29 50 
56 43 51 16 36 31 7 
14 38 45 21 24 13 20 
25 39 6 46 19 5 32 
26 55 40 12 27 54 4 
33 47 18 34 11 53 48 
41 52 49 17 10 42 35 
3 8 44 23 15 28 9 

 
Example 9.29: N-matrix for series I of Danse du feu.  

 
The N-matrix for Series II is obtained by swapping the position of rows 1 through 4 and rows 5 
through 8 in the N-matrix for series I. The resulting N-matrix is shown in Example 9.30. 
 
 

26 55 40 12 27 54 4 
33 47 18 34 11 53 48 
41 52 49 17 10 42 35 
3 8 44 23 15 28 9 
37 22 1 2 30 29 50 
56 43 51 16 36 31 7 
14 38 45 21 24 13 20 
25 39 6 46 19 5 32 

 
Example 9.30: N-matrix for series II of Danse du feu.  

 
For the N-matrix of series III, the positions of columns 1 through 3 and 5 through 7 of the N-matrix 
for Series II are swapped. Only column 4 remains in its previous position. The result is shown in 
Example 9.31. 
 

27 54 4 12 26 55 40 
11 53 48 34 33 47 18 
10 42 35 17 41 52 49 
15 28 9 23 3 8 44 
30 29 50 2 37 22 1 
36 31 7 16 56 43 51 
24 13 20 21 14 38 45 
19 5 32 46 25 39 6 

 
Example 9.31: N-matrix for series III of Danse du feu.  
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9.4.7 Attachment of rhythmic cells and augmentations to the N-matrix 
 
The eight rhythmic cells and their seven augmentations are attached to the N-matrix of Danse du feu 
the following way: for all transpositions of all series (Series I through III) in the first section (Section 
A), rhythmic cells 1 through 8 are distributed in order over the eight rows of the respective N-matrices 
(rhythmic cell 1 on row 1, rhythmic cell 2 on row 2, …). In like manner, the augmentations are 
attached to the seven columns of the N-matrices: augmentation 1 to the first column of the three N-
matrices, augmentation 2 to the second, and so on. 
 
In the three following sections of the piece, the procedure is kept the same; only the order of rhythmic 
cells and augmentation is changed. In Section B the order of the augmentations is reversed 
(augmentation 7 to 1 are attached in descending numerical order to columns 1 to 7); in Section C the 
order of the rhythmic cells is reversed, and in section D both the order of rhythmic cells and 
augmentations, as can be seen in Example 9.32. 
 
 

 All series 
Section A        1             7 

 1 
      
 
 8 

Section B        7             1 
 1 
             
 
 8 

Section C        1             7 
 8 
             
 
 1 

Section D        7             1 
 8 
             
 
 1 

 
Example 9.32: Attachment of 8 rhythmic cells (1 ! 8) 

and 7 augmentations (1! 7) to the N-matrices (represented by squares) 
for the three series in  sections A to D of Danse du feu. 

 
 
 
9.4.8 Determination of the distance between beginnings of rhythmic cells in the RHS 
 
The last step in the construction of the RHS of Danse du feu is the determination of the distance in 
time between the beginning of the rhythmic cells. Within each section, the procedure is similar to the 
one used in Le sourire infini des ondes (see Section 9.3.10). Each of the four sections of the RHS is 
constructed separately. In sections A and C, the three series start together, in sections B and D, they 
end together. 
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For section A and C: 
  
Rhythmic cell of note 2 of series 1 enters | ibefore

2 | + | iafter
2 | units after note 1 

Rhythmic cell of note 2 of series 2 enters | ibefore
2 | units after note 1 

Rhythmic cell of note 2 of series 3 enters | iafter
2 | units after note 1 

 
The series with the shortest total length at the beginning of the next rhythmic cell (n) then adds |ibefore

n| 
+ |iafter

n| units for the next entrance, the ‘longest’ series adds the minimum of |ibefore
n| and |iafter

n|, the 
other remaining series adds the maximum of |ibefore

n| and |iafter
n|. 

 
This procedure is repeated until the end of the series. Whenever there is a two-way tie, my aim was to 
‘vary as much as possible’ (e.g. if the maximum was added to series I when the tie is reached, the 
minimum was added next). In a three way tie:  | ibefore

2 | + | iafter
2 | units were added to the series that 

didn’t add | ibefore
2 | + | iafter

2 | for the longest time. 
 
For section B and D, this procedure is reversed (starting from note 56). 
 
 
9.4.9 Increasing melodic movement  
 
The beginning and end of Danse du feu are highly energetic. At the end, this effect is achieved by the 
loud tutti with quickly repeated notes. In the energetic opening I wanted to create fast melodic runs. In 
order to do that, the notes in the RHS are played as single short (semiquaver) notes—only the attacks 
of the RHS notes are played—accompanied by two adjacent series notes. In addition, short melodic 
patterns are added. Those are determined as follows: 
 
A note p of any version of the series in the RHS, is connected with a note r in a different version 
(transposition) of the series following that note. The time interval between notes p and r is filled in 
with (at least three) series notes of the same length (forward or backward (retrograde of series) starting 
with p and ending with r in the series of p, whenever this is possible (whenever there are notes p and r 
that fulfil the conditions, and whenever the time interval allows for it). 
 
Consider for instance the third note in Series III (series note AIII-3, D flat, note p) and the second note 
of series note II (AII-2, A natural, note r) in Section A (see Example 9.33).  
 

 
 

Example 9.33: Bar 1-3 of the RHS for Section A of Danse du feu. 
Series notes AIII-3 (D flat) and AII-2 (A natural) are indicated. 
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The time interval between these two notes (belonging to different versions series, in casu series III and 
II) is ‘filled in’ with short notes of the same value (here five triplet semiquavers) belonging to series 
III. In this case, notes 55 to 3 of the retrograde of Series III fit. These are shown in Example 9.33 a. 
The time interval between notes AIII-3 and AII-2 is filled in with these notes in the first flute, the 
vibraphone, and the first violin parts in the score (the first flute part is shown in Example 9.33 b). 
 

 
(a) 

 

 
(b) 

 
Example 9.33: a) Notes 55 to 3 of Series III for Danse du feu. 

b) Excerpt from bar 2 of Flute 1 in Danse du feu based on the retrograde of this note group 
to form a melodic line between note III-3 and II-2. 

!
 
This procedure is not customary in my style. Danse du feu is actually the first (and to date the only) 
piece in which I used it. It illustrates the possibilities to extend the idioms and styles that can be 
obtained with CIG-serialism. It proves that serialism is only a technique, and that it does not determine 
style, and (only to a limited extent) idiom.  
 
 
9.5 Un souffle de l’air que respirait le passé 
 
In the process of composition, I normally adapt the construction of the RHS of a piece to the final 
sounding result (solo pieces or pieces for small ensemble have a ‘simpler’ RHS; orchestral pieces can 
have more complex combinations of the series and a more dense RHS).568 In the case of Danse du feu 
and Un souffle de l’air que respirait le passé, however, I wanted to demonstrate the limited impact of 
a series on the final result, and to show that, even with an identical RHS, it is the creative role of the 
composer that determines the sounding result of the compositional process most, and not the strictly 
determined, highly confined series and RHS. Therefore I based Danse du feu and Un souffle de l’air 
que respirait le passé on one and the same series and RHS. 
 
The RHS of both pieces consists of the same four sections (Section A to D), which are placed in the 
same order (A-B-C-D).569 But whereas Danse du feu starts on Section A, Un souffle de l’air que 
respirait le passé begins with section D, followed by A, B and C in that order. This ‘phase shift’ 
occurs as a primary way of adapting the RHS to the envisaged sounding result. It shows the cyclic 
nature of the RHS, which reflects the ‘closed’ nature of CIG-series. The shift is done in complete 
artistic freedom. I could have chosen a change in the order of the sections in Un souffle de l’air que 
respirait le passé (A,C,D,B for instance), but this didn’t seem necessary to obtain the desired result. 

                                                
568 See Section 1.2 on teleology. 
569 Note that Luigi Nono’s Prometeo (the piece the title of Un souffle de l’air que respirait le passé was distilled from), like 
…sofferte onde serene…, has nine sections, not four. 
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By shifting the structure the density of the RHS corresponds better to the tension structure I pursued. 
Indeed, a very dense RHS such as the beginning of section A is better suited for music with a dense 
texture. Since I wanted Danse du feu to start loud and energetically, but Un souffle de l’air que 
respirait le passé very softly, it seemed better not to start the latter piece with section A but with 
section D and its transparent opening and sparse texture. The difference in density and texture of the 
RHS of Sections A and D is apparent in Examples 9.34 and 9.35, showing the first four bars of both. 
 

 
 

Example 9.34: Bar 1-4 of section A from the RHS of Danse du feu 
(the second section in Un souffle de l’air que respirait le passé). 

 
 

 
 
 

Example 9.35: Bar 1-4 of section D from the RHS of Danse du feu 
(the first section in Un souffle de l’air que respirait le passé). 
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Thus, the determining role of the RHS is limited and adaptable to creative freedom. One might object 
that artistic choice is still limited, because once the beginning of a section is chosen the rest of the 
texture of the piece is determined. This is only true to a limited extent. Although it is easier to write 
calm music when the RHS has a sparse texture, it is possible to obtain any kind of musical texture 
with any structural texture, as the following example from Danse du feu proves. Although the RHS is 
very dense between bars 213 and 216 (see Example 9.36), the music of Danse du feu is rather 
‘ethereal’ at this point (see score). In contrast, the corresponding section of Un souffle de l’air que 
respirait le passé  (bar 26-28) is rather dense and hectic (see Example 9.37). 
 

 
 

Example 9.36: Bar 213-216 of section D from the RHS of Danse du feu. 
 
 

 
 

Example 9.37: Bar 26-28 of Un souffle de l’air que respirait le passé. 
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With this identical RHS for both pieces I composed two pieces that are completely different in 
sounding structure and evolution of tension, thus showing that the artistic decisions of the composer 
are more important than the ‘objective’ and ‘cerebral’ elements provided by a strict serial technique. 
Whereas Danse du feu starts and ends with a climax (high tension) and has one more climax in the 
middle, with moments of lower tension in between, the tension curve of Un souffle de l’air que 
respirait le passé has the complete opposite curve, as can be seen in Example 9.38, which shows the 
tension curves of both pieces. Also the tempo structure and instrumentation of both pieces are 
completely different. On the level of expression, both pieces are complete opposites: where the general 
idea of Danse du feu is energy and force, of the hic et nunc, the idea behind Un souffle de l’air que 
respirait le passé is one of contemplation and melancholy, of things long gone, à la recherche du 
temps perdu. 
 

 
Example 9.38: Contrasting tension curves of Danse du feu (top)  

and Un souffle de l’air que respirait le passé (bottom). 
 
 

 
9.6 Danse de l’eau et de l’air  
 
9.6.1 Construction of the series 
 
Danse de l’eau et de l’air is the first piece (and only piece within the Elements Project) based on a 
general CIG-series. All groups of successive notes of any cardinality are CIG’s. During the 
construction of the series, the two Extension Rules described in Section 5.4.4 were observed. The first 
time this was necessary was after series note 6. As can be seen in the series shown in Example 9.39, 
the CIG between series notes 4, 5 and 6 (A, D, E flat) ends on ic 1, whereas the CIG is not a 
permutation of an instance of [3-1]. Therefore the choice of series note 7 (and the CIG-3 between 
notes 5, 6 and 7) was limited by the first Extension Rule for general CIG-serialism570. Note 7 had to be 
at ic 1 from at least one of the notes of the preceding CIG. This is the case, since note 7 (C sharp) and 
note 5 (D) are a semitone apart. 
 
The second Extension Rule had to be applied for the first time after the CIG between notes 28, 29 and 
30 (G, G sharp, A). The next note (note 31) is at ic 1 distance from note 28, therefore the rule is 
observed and the series remains a general CIG-series. 
 
 
                                                
570 See Section 5.4.4. 
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Example 9.39: The series of Danse de l’eau et de l’air.571 
 
The series of Danse de l’eau et de l’air is a 56-CIG series with a strict internal structure: not only is it 
invariant (its retrograde is the same as its transposed prime form (P0 = R11), the series can also be 
divided in four equal subsections each containing 14 notes. Notes 15 to 28 are the same as a 
transposition of the retrograde inversion of notes 1 to 14 (P0 (notes 1-14) = RI10 (notes 15-28)), notes 29 to 42 
are the same as a transposition of the inversion of notes 1 to 14 (P0 (notes 1-14) = I9 (notes 29-42)), and notes 
43 to 56 are the same as a transposition of the retrograde of notes 1 to 14 (P0 (notes 1-14) = R1 (notes 43-

56)).572  
 
 
9.6.2 Construction of the RHS 
 
9.6.2.1 Pitch distribution in series 
 
The construction of the RHS for Danse de l’eau et de l’air started with an assessment of the frequency 
of occurrence of all different pitch classes in the series. The number of times each pitch class occurs in 
the series is shown in the table of Example 3.40. As can be seen, the distribution is highly ‘balanced’; 
each pitch class occurs either four or five times.573 
 
 
 C C# D D# E F F# G G# A A# B 
P0 1 2 1 1 1 1 1 1 0 1 2 2 
RI10 1 1 1 1 1 2 1 2 2 1 0 1 
I9 1 1 1 1 1 1 2 1 2 2 1 0 
R1 2 1 2 1 1 1 1 1 1 0 1 2 
total 5 5 5 4 4 5 5 5 5 4 4 5 

 
Example 9.40: Frequency of occurrence of all pitch classes in the four subsections of the series of Danse de l’eau et de l’air. 
 
If, together with the original series, a series transposed a major third higher (+4), and one transposed a 
major third lower (-4 of +8) would be used in the RHS, there would be exactly the same number of 
rhythmic cells for all pitch classes. This would make the RHS perfectly balanced. We will see that this 
aim had to be abandoned in order to obtain a suitable distribution of rhythmic cells in the RHS. 
                                                
571 The interval class between successive series note is also indicated. As can be noticed, ic 6 is positive (+6) when the ic 5 
preceding or following it (i(-n) or i(+n)) is negative and vice versa. 
572 The structure of this series and the series of Danse du feu bears similarities to the internal structure of Paul Klee’s work 
New harmony (1936) which is used as a cover illustration to the present dissertation (On New Harmony by Paul Klee, see 
also: Allen Shawn, Arnold Schoenberg’s Journey, Harvard University Press, 2002, pp. 208-9). 
573 Compare this with the ‘unbalancedness’ of the series of A l’image du monde…originel and A l’image du monde…double. 
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9.6.2.2 Number of notes in rhythmic cells 
 
In the RHS of Danse de l’eau et de l’air, the number of notes (or note lengths) in each rhythmic cell is 
proportional to the degree of dissonance of the interval between the series note in question and the 
neighbouring notes. Rhythmic cells of notes that form larger (most of the time less dissonant)574 
intervals with their direct neighbours contain fewer note lengths than rhythmic cells of notes that form 
smaller (and generally more dissonant) intervals with their surrounding notes. (Note 4 (A), for 
instance comes after C sharp and before D, forming rather consonant intervals (ordered ic -4 and +5). 
Therefore the rhythmic cell of note 4 will consist of less notes than that of, for instance note 1, which 
is at ic 1 distance from both its neighbours. In order to determine the number of note lengths in the 
rhythmic cell of a note n, a value X is calculated as the sum of the absolute values (abs) of the interval 
classes between note n and its direct neighbours (i(-n) and (i(+n)): 
 
X = abs(i(-n)) + abs(+i(+n)) 
 
Based on the value of X, the number of note lengths N for the rhythmic cell of note n is than 
determined according to the distribution shown in the table of Example 9.41. 
 
 
X 2 3 4 5 6 7 9 11 
N 9 8 7 6 5 4 3 2 
 

Example 3.41: Number of note lengths N in rhythmic cells for each value of X.575 
 
 
Note 4 (A), which is at ic distance -4 and +5 from its neighbours has a value for X = 4 + 5 = 9. 
Therefore N = 3 for note 4, and its rhythmic cell contains three notes. 
 
 
9.6.2.3 Relative note lengths in rhythmic cells 
 
A first step in the determination of rhythmic cells for all series notes consists of determining the 
relative note lengths in the cells, that is the note lengths independent of augmentation. The starting 
relative length in the rhythmic cell of note n is determined as the sum of the absolute values (abs) of 
the interval classes between note n and its direct neighbours (i(-n) and (i(+n)) modulo 6:  
 
SL(n) = abs(i(-n)) + abs(+i(+n)) (mod6) 
 
For instance: 
 
SL(1) = 1 + 1 = 2 
SL(2) = 1+3 = 4 
SL(3) = 3 - 4 = 5 
SL(4) = 4 + 5 = 3 
SL(5) = 5 + 1 = 6 
… 
 
For the next relative note lengths in the rhythmic cell of note n, the relative note length on position p 
(p ≥ 2) is determined as follows:  
 

                                                
574 Only ic 6 is an exception here. 
575 Values 8 and 10 are absent in the table, because the sum of absolute values of two successive interval classes in the series 
is never 8 or 10. 
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Ln(p) = Ln(p-1) + i(+(n+p-2)) (mod6) 
 
Where Ln(p) stands for the relative note lengths in position p within the rhythmic cell of note n, Ln(p-
1) for the previous relative note length, and i(+(n+p-2) for the ordered interval class between series 
note n+p-2 and the next series note. For instance:  
 
Ln(2) = SL(n) + i(+n) (mod6) 
Ln(3) = Ln(2) + i(+(n+1)) (mod6) 
… 
 
 
9.6.2.4 Augmentation of rhythmic cells 
 
After determining the relative lengths an augmentation is determined in order to obtain the (absolute) 
note lengths in all rhythmic cells. As a virtual starting value (not belonging to any series note), 
AUG(0) is set at 1 (AUG(0) = 1). The general rule for all series notes n in the original (non-
transposed) series of Danse de l’eau et de l’air is: 
 
AUG(n) = AUG(n-1) +i(-n) + i(+n) (mod6) 
 
For instance: 
 
AUG(1) = 1 + -1 + -1 = -1 = 6 
AUG(2) = 6 + -1 + 3 = 8 = 2 
AUG(3) = 2 + 3 + -4 = 1 
… 
 
In the transposed versions of the series, for every series note: 4 is added to (in transposition +4) or 
subtracted from (in transposition -4) the augmentation of the original form (modulo 6). 
 
 
9.6.2.5 Distance between beginnings of rhythmic cells 
 
The distance between the beginnings of the rhythmic cells in the RHS of Danse de l’eau et de l’air 
Depends on the total duration of the piece. Since the duration of the piece will be (ca.) 12 minutes, and 
the series is used three times consecutively, each part of the RHS based on one occurrence of the 
series lasts four minutes. At 60 crotchets per minute this means there are 240 crotchets or 960 
semiquavers for each consecutive occurrence of the series. This value is approximated when the 
following formula is applied to calculate the distance of entrance of the rhythmic cell for note n+1 
after the beginning of the rhythmic cell for note n: 
 
DIS = [(7-AUG)x(N + abs(+i))/4] + (3 x AUG) 
 
In this formula DIS stands for the distance in semiquaver between the beginnings of the rhythmic cells 
of notes n and n+1, AUG is the augmentation for note n+1, N its N-value, and +i the ordered interval 
class between notes n and n+1. 
 
This results in total DIS for the original un-transposed series S0 = 947, for the transposition +4 S4 = 
938, and for S8 = 942. These values are just under the pursued 960, which is admissible. However, if 
only these three series were used in the piece, it would yield distances between rhythmic cells that may 
lead to undesirable gaps. Therefore extra occurrences of the series needed to be considered. In a first 
instance I designed a construction where each transposition of the series occurred three times. The 
core of the construction consisted of the succession of the original series S0 (with its successive 
subsections P0, RI10, I9 and R1), the +4 transposition S4 (P4, RI2, I1 and R5), and the +8 
transposition S8 (P8, RI6, I5 and R9). The core is supplemented as indicated in Example 9.42. As can 
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be seen, the density of the construction increases towards the middle (where four series are used 
simultaneously) and decreases back towards the end. This reflects the desired tension curve for the 
piece and is therefore an example of teleology. 
 
 
P0 RI10 I9 R1 P4 RI2 I1 R5 P8 RI2 I1 R5 
  P4 RI2 I1 R5 P4 RI2 I1 R5   
 P8 RI2 I1 R5 P8 RI2 I1 R5    
   P0 RI10 I9 R1 P0 RI10 I9 R1  

 
Example 9.42: Combination of series forms with each the transposition of the series occurring three times  

(the original series S0 is indicated with a grid background, S4 without background and S8 in grey). 
 
 
The structure proved to be too dense, however. I chose to restrict it in order to obtain a sparser texture 
in the piece. This resulted in the structure represented in Example 9.43. In this structure, the original 
core of three transpositions is complemented with two inversions of the series, the inversion on the 
original series (consisting of I0, R4, P3, RI1, indicated with horizontal lines in Example 9.43) and the 
inversion transposed nine semitones higher (which is identical to S0 starting at note 29: I9, R1, P0, 
RI10, indicated with vertical lines in Example 9.43). 
 
 
P0 RI10 I9 R1 P4 RI2 I1 R5 P8 RI2 I1 R5 
   I9 R1 P0 RI10      
     I0 R4 P3 RI1    

 
Example 9.43: Succession of the the series in the RHS of Danse de l’eau et de l’air.  
The core is complemented with two versions of the inversion of the original series  

(indicated with horizontal and vertical lines). 
 
 
The second time the inversion occurs (bottom row in Example 9.43) it is un-transposed (starting on 
B), the first time (middle row in Example 9.43) it is transposed a minor third lower (+9; starting on G 
sharp). This way, the choice of transpositions for the inversions results in a highly ‘balanced’ 
distribution of pitch classes in the combined series (although not all series notes occur the same 
number of times in the inversions), as the list in Example 9.44 shows. 
 
 
 C C# D D# E F F# G G# A A# B 
Inv0 4 4 5 5 5 5 4 4 5 5 5 5 
Inv9 5 5 5 4 4 5 5 5 5 4 4 5 
total 9 9 10 9 9 10 9 9 10 9 9 10 

 
Example 9.44: Distribution of pitch classes in the inversion of the series used in Danse de l’eau et de l’air. 

Each pitch class occurs 9 or 10 times, which makes the construction highly balanced. 
 
 
In the RHS of Danse de l’eau et de l’air, each new version of the series starts at the corresponding 
section of the series in the core of the structure. The first section of the +9 transposition of the 
inversion (I9) for instance starts simultaneously with the rhythmic cell of note 43 of S0 (the first note 
of section R1 in S0 (B natural)). All other rules for the construction of rhythmic cells and their 
distribution in time remain unchanged. 
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9.7 A l’image du monde…originel & double 
 
9.7.1 Introduction 
 
As was discussed above, in order to show that the impact of the RHS of a piece is limited, and that the 
creative role of the composer is prevalent even in strictly ‘constructed’ music such as that composed 
with the technique of CIG-serialism, I wrote two completely differently sounding pieces (Danse du feu 
and Un souffle de l’air que respirait le passé) with the same RHS. This proved that one and the same 
RHS may lead to at least two different results; it doesn’t prove, however, that the composer has total 
control over the result. It may still be the case that not all imaginable outcomes are possible with a 
specific RHS. Of course, this is exact to a certain extent; it is even the point that I wanted to make: 
CIG-serialism necessarily yields highly atonal and dissonant music. That certainly limits the 
possibilities of the technique, but that was exactly the aim of the present research. It does not mean, 
however, that a composer has only limited choices as to the sounding result. A specific RHS may yield 
any sound result that a composer may have in mind. To prove this claim, I composed two pieces that 
are essentially ‘identical’ starting from different series and RHS’s: A l’image du monde…originel and 
A l’image du monde…double, the two piano pieces that accompany Danse de l’eau et de l’air. The 
second of the piano pieces (A l’image du monde…double) was also composed in the context of the 
POINT project led by dr. Gerhard Nierhaus at the KunstUni Graz (Austria).576  
 
 
9.7.2 A l’image du monde…originel  
 
9.7.2.1 Construction of the series 
 
With A l’image du monde…originel (2012) I wanted to explore the extreme registers of the piano. 
Since the cluster A-C occurs at both ends of the instrument’s register, I constructed a 3/4-CIG series 
that started and ended on the pitch classes belonging to the cluster A-C, as can be seen in the series in 
Example 9.45 a and b. 
 

 
Example 9.45 a: The series of A l’image du monde…originel.577 

                                                
576 For an extended description of my contribution to this project, see: Bart Vanhecke, Straightening the Tower of Pisa. In 
Gerhard Nierhaus (ed.), Patterns of Intuition, Musical Creativity in the Light of Algorithmic Composition. Berlin & 
Heidelberg: Springer Verlag, forthcoming. Part of the present text is taken from my contribution to the book. 
577 Note that there is a mutation in A l’image du monde…originel: series note 18 ‘should be’ B flat instead of B natural. This 
mutation originates from a mistake, but as a result, the right hand plays B and C at the end of bar 6 (instead of possibly A and 
B flat), which is in a more extreme register than it would have been without the mutation. I see it therefore as an 
improvement. This anomaly was mentioned to me by Daniel Mayer in the context of the POINT-project. 
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Example 9.45 b: Notes 54-1 in the series of A l’image du monde…originel, 
containing all the pitch classes of cluster A-C. 

 
 

A second feature of the series of A l’image du monde…originel is that its second half (notes 28-54) is 
the inversion of its first half (notes 1-27). In addition, during the process of exploration of the series, I 
noticed that the series of A l’image du monde…originel had an interesting but unpremeditated feature: 
it is unbalanced, meaning that the frequency of occurrence of the different pitch classes is not 
homogeneously distributed. As can be seen in Example 9.46, showing the pitch class distribution of 
the series of A l’image du monde…originel, the pitch classes belonging to cluster A-C occur more 
frequently (on average) than the other pitch classes. Although this feature was not intended, it serves 
the aim of exploring the extreme registers of the piano perfectly. A second remarkable feature is the 
absence of pitch class F in the series of A l’image du monde…originel. 
 

 
Example 9.46: Pitch class distribution in the series of A l’image du monde…originel. 

 
In A l’image du monde…originel, each form of the series is used once in the following order of 
appearance: prime form, retrograde inversion, inversion and finally retrograde. 
 
 
9.7.2.2 Determination of the number of notes in each rhythmic cell in the RHS 
 
The RHS for A l’image du monde…originel is based on the interval class information contained in the 
series. First the number of note lengths in each rhythmic cell was determined. N is defined as the 
number of note lengths in the rhythmic cell for series note n; it is calculated with the following 
formula: 
 
N = integer (S/4 + W/2) 
 
where  
 
S = abs(-i) + abs(+i).578  
 

                                                
578 ‘abs’ stands for ‘absolute value’. 
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-i is the interval class between note n and the preceding note in the series; +i is the interval class 
between n and the note following n in the series. ‘Integer’ means that the result of ‘S/4 + W/2’ is 
rounded off upwards or downwards to the nearest integer.  
 
W= abs(+i + -i) + frequency of occurrence of the pitch class n in the series. 
 
N varies between 3 and 8. For the first note in the series (B natural, occurring six times in the whole 
series), for instance, S = 2, W = 2 + 6 = 8, and therefore N = integer( 2/4 + 8/2) = 4. 
 
 
9.7.2.3 Determination of the relative note lengths in each rhythmic cell 
 
The information to determine (relative) note lengths is also taken from the interval class values for the 
series. In this process I distinguish between prime form (P) and inversion (I) on the one hand and 
retrograde (R) and retrograde inversion (RI) on the other: 
 
For P and I, the series of unordered interval class numbers is run through in forward direction (from 
left to right): 
 
1 3 1 5 1 4 3 1 3 2 1 5 1 6 5 4 1 2 1 4 1 2 3 4 5 6 1  
 
For R and RI, it is run through backwards: 
 
Each series notes is attributed N consecutive numbers from the list, starting with the first number for 
note 1.  
 
Note 1 (N = 4):   1 3 1 5 
 
The next series notes continues the list after the last number of the previous series note: 
 
Note 2  (N = 5): 1 4 3 1 3 
Note 3 (N = 6):  2 1 5 1 6 5 
… 
 
A complete list is provided in Examples 9.47 a and b. 
 
 
9.7.2.4 Determination of augmentations 
 
In A l’image du monde…originel, the augmentations for rhythmic cells (AUG) are determined as the 
sum of the values for relative note lengths of the rhythmic cell (modulo 6). 
  
ex: for note 1 AUG = 1+3+1+5 (mod 6) = 4 
 
This yields a lot of high numbers (esp. 6) in the beginning of the prime form of the series. Since I 
intended a hectic climax at the beginning and end of the piece, the long values are unsuitable. 
Therefore, as a case of teleological mutations, the numbers are turned around for P but kept unchanged 
for I (simile for RI en R respectively).  
 
For R and I:  AUG = sum of note lengths of rhythmic cell modulo 6  
For P and RI: AUG = 6 – (sum of note lengths of rhythmic cell modulo 6) + 1 
 
e.g.: AUG for note 1 = 3 in version P.  
 
The result is given in lists in Examples 9.47 a and b. 
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Note     N          relative note lengths     augmentation 

                  P          I 
1 4 1 3 1 5 3 4 
2 5 1 4 3 1 3 1 6 
3 6 2 1 5 1 6 5 5 2 
4 6 4 1 2 1 4 1 6 1 
5 7 2 3 4 5 6 1 1 3 4 
6 7 3 1 5 1 4 3 1 1 6 
7 5 3 2 1 5 1 1 6 
8 5 6 5 4 1 2 1 6 
9 6 1 4 1 2 3 4 4 3 
10 3 5 6 1 1 6 
11 4 1 3 1 5 3 4 
12 7 1 4 3 1 3 2 1 4 3 
13 6 5 1 6 5 4 1 3 4 
14 8 2 1 4 1 2 3 4 5 3 4 
15 6 6 1 1 3 1 5 2 5 
16 6 1 4 3 1 3 2 5 4 
17 6 1 5 1 6 5 4 3 4 
18 5 1 2 1 4 1 4 3 
19 5 2 3 4 5 6 5 2 
20 6 1 1 3 1 5 1 1 6 
21 7 4 3 1 3 2 1 5 6 1 
22 4 1 6 5 4 3 4 
23 5 1 2 1 4 1 4 3 
24 3 2 3 4 4 3 
25 5 5 6 1 1 3 3 4 
26 3 1 5 1 6 1 
27 7 4 3 1 3 2 1 5 6 1 

 
28 4 1 6 5 4 3 4 
29 5 1 2 1 4 1 4 3 
30 6 2 3 4 5 6 1 4 3 
31 6 1 3 1 5 1 4 4 3 
32 7 3 1 3 2 1 5 1 3 4 
33 7 6 5 4 1 2 1 4 2 5 
34 5 1 2 3 4 5 4 3 
35 5 6 1 1 3 1 1 6 
36 6 5 1 4 3 1 3 2 5 
37 3 2 1 5 5 2 
38 4 1 6 5 4 3 4 
39 7 1 2 1 4 1 2 3 5 2 
40 6 4 5 6 1 1 3 5 2 
41 8 1 5 4 3 1 3 2 1 5 2 
42 6 5 1 6 5 4 1 3 4 
43 6 2 1 4 1 2 3 6 1 
44 6 4 5 6 1 1 3 5 2 
45 5 1 5 1 4 3 5 2 
46 5 1 3 2 1 5 1 6 
47 6 1 6 5 4 1 2 6 1 
48 7 1 4 1 2 3 4 5 5 2 
49 4 6 1 1 3 2 5 
50 5 1 5 1 4 3 5 2 
51 3 1 3 2 1 6 
52 5 1 5 1 6 5 1 6 
53 3 4 1 2 6 1 
54 7 1 4 1 2 3 4 5 5 2 

 
Example 9.47 a: Rhythmic cells for P and I 

of A l’image du monde…originel. 
 
 

Note     N          relative note lengths     augmentation 
                         R          RI 

1 4 1 6 5 4 4 3 
2 5 3 2 1 4 1 5 2 
3 6 2 1 4 5 6 1 1 6 
4 6 5 1 2 3 1 3 3 4 
5 7 4 1 5 1 3 1 1 4 3 
6 7 6 5 4 3 2 1 4 1 6 
7 5 1 2 1 4 5 1 6 
8 5 6 1 5 1 2 3 4 
9 6 3 1 3 4 1 5 5 2 
10 3 1 3 1 5 2 
11 4 1 6 5 4 4 3 
12 7 3 2 1 4 1 2 1 2 5 
13 6 4 5 6 1 5 1 4 3 
14 8 2 3 1 3 4 1 5 1 2 5 
15 6 3 1 1 6 5 4 2 5 
16 6 3 2 1 4 1 2 1 6 
17 6 1 4 5 6 1 5 4 3 
18 5 1 2 3 1 3 4 3 
19 5 4 1 5 1 3 2 5 
20 6 1 1 6 5 4 3 2 5 
21 7 2 1 4 1 2 1 4 3 4 
22 4 5 6 1 5 5 2 
23 5 1 2 3 1 3 4 3 
24 3 4 1 5 4 3 
25 5 1 3 1 1 6 6 1 
26 3 5 4 3 6 1 
27 7 2 1 4 1 2 1 4 3 4 

 
28 4 5 6 1 5 5 2 
29 5 1 2 3 1 3 4 3 
30 6 4 1 5 1 3 1 3 4 
31 6 1 6 5 4 3 2 3 4 
32 7 1 4 1 2 1 4 5 6 1 
33 7 6 1 5 1 2 3 1 1 6 
34 5 3 4 1 5 1 2 5 
35 5 3 1 1 6 5 4 3 
36 6 4 3 2 1 4 1 3 4 
37 3 2 1 4 1 6 
38 4 5 6 1 5 5 2 
39 7 1 2 3 1 3 4 1 3 4 
40 6 5 1 3 1 1 6 5 2 
41 8 5 4 3 2 1 4 1 2 4 3 
42 6 1 4 5 6 1 5 4 3 
43 6 1 2 3 1 3 4 2 5 
44 6 1 5 1 3 1 1 6 1 
45 5 6 5 4 3 2 2 5 
46 5 1 4 1 2 1 3 4 
47 6 4 5 6 1 5 1 4 3 
48 7 2 3 1 3 4 1 5 1 6 
49 4 1 3 1 1 6 1 
50 5 6 5 4 3 2 1 6 
51 3 1 4 1 6 1 
52 5 2 1 4 5 6 6 1 
53 3 1 5 1 1 6 
54 7 2 3 1 3 4 1 5 1 6 

 
Example 9.47 b: Rhythmic cells for R and RI 

of A l’image du monde…originel. 
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Knowing the rhythmic cell of note 1 has four durations (1, 3, 1 and 5) in augmentation 3 (1= 
semiquaver, 2 = quaver, etc.) the rhythmic cell for note 1 in the prime form (P) of the series is shown 
in Example 9.48: 

 

 
Example 9.48: Rhythmic cell for note 1  

in the prime form (P) of A l’image du monde…originel. 
 
 
9.7.2.5 Determination of the distance between beginning of rhythmic cells  
 
The whole piece is meant to last ca. 5 minutes. There are four occurrences of the series (once in every 
form P, I, R and RI, (see above)). The beginning and ending are faster and more energetic than the 
(calmer) middle section. The following temporal structure was put forward: 
 

 
 
The sum of all values for S (see Section 9.7.2.2 ) is 304. This is close to the 4 times 75, the number of 
beats that can be accorded to each of the four series forms in order to obtain a piece of ±300 beats. The 
distance between beginnings of rhythmic cells of note x and next occurring note (DISx) is therefore 
determined as the number of semiquavers (1/4 beats) equal to S for note x. For triplets (AUG 2 and 4), 
the distance is rounded off to the semiquaver closest to the calculated distance. 
 
As another case of a teleological mutation, for R and I the series of values of S is turned around (7 11 
9 7 5 …) because the series contains lower values in the beginning and higher values at the end and I 
want the piece to begin and end with denser rhythm. 
 
For P and R: DISx = Sx semiquavers 
For I and RI: DISx = S(55-x) semiquavers. 
 
An overview of the distribution of DIS over the four forms of the series is shown in Example 9.49. 
 
 

form notes DIS 
P 1!54 1!54 
RI 54!1 1!54 
I 1!54 54!1 
R 54!1 54!1 

 
Example 9.49: Distribution of DIS over the four forms  

of the series of A l’image du monde…originel. 
..
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The distance between the start of rhythmic cells 1 and 2 in the RHS: DIS(1) = 2. This means the 
rhythmic cell of note 2 starts 2 semiquavers later than that of note 1. The first four bars of the RHS 
resulting from this procedure is shown in Example 9.50: 

 

 
Example 9.50: Bar 1-4 of the RHS of A l’image du monde…originel. 

 

 

9.7.3 A l’image du monde…double  
 

A l’image du monde…double was composed in the context of the Patters of Intuition (POINT) project 
led by dr. Gerhard Nierhaus at the KunstUni Graz. In this project, a research team explores “the 
creative act of composing by means of algorithmic composition”579 The creative processes of the 
composers involved were investigated and simulated by algorithmic processes. For me, this was an 
exquisite opportunity to compose a ‘double’ for A l’image du monde…originel, a second piano piece 
that is essentially identical to its ‘original’: A l’image du monde…double. This piece was meant to 
have the same essential characteristics as A l’image du monde…originel although the two pieces 
would be based on different series and RHS’s. 
 
In order to obtain a double that is essentially identical to the original, the relevant criteria and 
characteristics of the two pieces had to be the same, not just in the surface structure (the score), but 
also in the sub-structural levels (series and RHS). 
 
The construction of series for A l’image du monde…originel was done according to three main 
criteria: 
 
1. The series is a 54-note 3/4-CIG series. 
2. The beginning and end contain all pitch classes of the cluster A-C. 
3. The second half of the series is the inversion of the first half. 
 
These criteria were imposed by me; they are the result of deliberate choice, of self-imposed restriction, 
not of restrictions inherent to a compositional technique. In addition to these three criteria, the series 
appeared to have two more important characteristics:  
 
1. The series of A l’image du monde…originel is unbalanced, containing the pitch classes belonging to 
the cluster A-C more frequently than the others. 
                                                
579 See abstract of: Gerhard Nierhaus (ed.), Patterns of Intuition, Musical Creativity in the Light of Algorithmic Composition. 
Berlin & Heidelberg: Springer Verlag, 2014. 
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2. Pitch class F is absent from the series of A l’image du monde…originel. Together with E, F is the 
pitch class furthest away from the centre of the cluster A-C. 
 
These five criteria and characteristics are relevant for the composition of A l’image du 
monde…originel. In combination with the construction rules for the RHS, they are the sub-structural 
backbone of the piece. These very same characteristics were used in the construction of the series and 
RHS of A l’image du monde…double. The POINT-researchers constructed algorithms for the 
construction of a series that possesses all of them. In a modelling process, a computer calculated 
dozens of such series, of which I chose the one that seemed the most appropriate to me. This series is 
shown in Example 9.51. 
 
 

 
 

Example 9.51: The computer generated series of A l’image du monde…double. 
 
 
The graph representing the pitch class distribution in Example 9.52 reveals that the series of A l’image 
du monde…double is more outspokenly unbalanced than the series of A l’image du monde…originel. 
Indeed, relatively the pitch classes of cluster A-C occur relatively more frequently than the others in 
the series of A l’image du monde…double than in the series of the ‘original’ (compare Example 9.52 
with Example 9.46).  
 
 

 
 

Example 9.52: Pitch class distribution in the series of A l’image du monde…double.580  

                                                
580 Note that in the series of A l’image du monde…double, pitch class E is absent instead of pitch class F. 
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The A-C clusters at the ‘beginning’ and ‘end’ of the series of A l’image du monde…double (shown in 
Example 9.53) is much more extended than the cluster in the series of A l’image du monde…originel 
(see Example 9.45 b). It is also much more symmetrically spread: four notes at both ‘beginning’ and 
‘end’ of the series.581 
 

 
 

Example 9.53: A-C cluster between notes 51 and 4  
in the series of A l’image du monde…double. 

 
 
The next step in the composition process was to construct a RHS for A l’image du monde…double. 
This was done on the basis of exactly the same formulas as were used in A l’image du 
monde…originel. This step could therefore be considered entirely ‘mine’. Since the series of A l’image 
du monde…double is different from that of A l’image du monde…originel, it has a different interval 
class content, and therefore starts from different data, resulting in a different RHS. 
 
The contribution of the POINT project stopped at this point. The transformation of the RHS into a 
surface structure (the score) was left up to me. As was mentioned above, I tried to compose A l’image 
du monde…double in such a manner that A l’image du monde…originel and A l’image du 
monde…double were essentially identical. Since they start from a different RHS, they could not be 
strictly identical, but I tried to make them so similar that it should become impossible to say which 
piece is the original and which one the double. A l’image du monde…double should not be perceived 
as a variation of A l’image du monde…originel any more than the other way around. In order to 
achieve this, I used not only the series and RHS of A l’image du monde…double for the composition 
of the ‘double’, but at all times I had the score of A l’image du monde…originel in front of me. I tried 
to ‘copy’ A l’image du monde…originel with the material of A l’image du monde…double. This way, 
the pieces became as similar to each other as, for instance, the different Marilyn Monroe portraits by 
Andy Warhol, or Arnold Böcklin’s five versions of the painting Die Toteninsel (The Isle of the Dead). 
Examples 9.54 a and b show the opening bars of both twin pieces. 
 
Because of its more outspoken characteristics, the series of A l’image du monde…double may be 
called ‘more perfect’ than the series of A l’image du monde…originel. The former piece meets the 
criteria better. This raises important questions about authorship and artistic perfection: if the series of 
A l’image du monde…double is ‘more perfect’ than my own series, is A l’image du monde…double 
then a more perfect piece than A l’image du monde…originel? Can I legitimately call the computer-
generated series mine?  
 
In order to answer these questions it is important to distinguish between voluntary and involuntary 
elements in the process of composition, between controlled and automatic cognitive processes on the 
series construction level.582 The construction of the series for A l’image du monde…originel involved 
controlled processes, such as the deliberate choice for a CIG-3/4 series, the central A-C cluster and the 
inversive symmetry of the series, but also processes that escaped my control completely, such as the 
fact that the series is unbalanced and does not contain pitch class F, or to a large extent, such as the 
limited possibilities of successive CIG’s. Comparing A l’image du monde…originel with A l’image du 
monde…double showed that all the controlled essential elements of A l’image du monde…originel are 
also controlled by me according to my criteria for the construction of the series of A l’image du 

                                                
581 The symmetrical distribution of the large A-C cluster in the series is actually the element that determined my choice for 
this series among the dozens of series generated by the computer. 
582 The processes of construction of the RHS and of transformation of the RHS into the score were identical on the level of 
control in both cases, as was discussed above. 
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monde…double. The essential elements that were not controlled by me in the series of A l’image du 
monde…double were the result of automatic computer processes, but those elements escaped my 
control anyway. Therefore I concluded that I was entitled to be called the sole composer of A l’image 
du monde…double. The computer is no more the co-author of A l’image du monde…double than the 
pencil I used in the composition of A l’image du monde…originel is the co-author of the ‘original’ 
piece. The composition of A l’image du monde…double did not escape my control any more than the 
composition of A l’image du monde…originel . 
 
 
 

 
 

(a) 
 

 
 

(b) 
 

Example 9.54 a & b: Bars 1-3 from (a) A l’image du monde…originel and  
(b) A l’image du monde…double, illustrating the striking resemblance between both pieces. 

 
 
The computer was not more than a tool in the composition of A l’image du monde…double, just like 
the pencil I use was only a tool in the composition of A l’image du monde…originel. Of course, my 
pencil does help me in finding the optimal solution. Without a writing tool of some sort, I would not 
be able to structure my pieces the way I do. It helps me visualise my composition. What the computer 
did for me is help me construct a series. I normally use a kind of domino card system (with all CIG-
3’s) as a tool to construct a series. As far as I was concerned, he computer played just that role: an 
electronic domino card system.  
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The series of A l’image du monde…double can be called ‘more perfect’ than the series of A l’image du 
monde…originel, in the sense that it meets the construction criteria better. This does not entail 
however that the ‘double’ is aesthetically more perfect than the ‘original’ version. Perfection is not a 
criterion for aesthetic value. It is often the case that voluntary or involuntary imperfections add 
aesthetic value to the artworks. The campanile of Pisa would probably not have been as attractive and 
fascinating, or as famous, if it would not have the imperfection that makes it lean over dangerously.583 
The greater perfection of the series of A l’image du monde…double doesn’t make the ‘double’ 
aesthetically any more valuable than A l’image du monde…originel in my eyes. I cannot even 
subjectively call one series ‘more perfect’ than another.  
 
By composing two contrasting pieces with the same substructure and two essentially identical pieces 
with different calculated material I showed the relative impact of that material on the end result. The 
strictly calculated starting conditions only have a very limited influence on the end result that is still 
completely determined by the aesthetic judgment of the composer. Indeed, a piece is determined by 
the material it is composed with, just like human beings are determined by their purely biochemical 
genetic material. Still, the same genetic material can result in completely different personalities. 
External influences, education and experience play a major role in formation of a personality. 
Similarly, the composer’s artistic personality plays the most important role in all artistic creation, even 
the most rigorously strict one. This crucial part of the composition process, the artistic transformation 
of the RHS into the surface structure (the score), is only superficially discussed in the present thesis, 
because it is the least measurable, the least assessable, and the most intuitive part of the process, the 
part that mostly escapes verbal description. It is also the most personal part of my artistic practice, and 
therefore the least relevant on a more general level. 
 
 
9.7.4 T-analysis of A l’image du monde…originel  
 
The present research showed that general CIG-serialism leads to highly atonal and dissonant music in 
a systematic way. Indeed, the degree of tonality of a general CIG- series can never exceed a T-value of 
32 (when the series notes combine to form an instance of [6-z3i]). In the series of A l’image du 
monde…originel this happens twice. This can be seen in Example 9.55, listing all possible T-values in 
the series. A graph of the highest T-values for each note (indicated in Grey in Example 9.55) is shown 
in Example 9.56).  
 
For each series note, the T-values of all ordered pc-sets contained in the series that end on the series 
note in question is given in the list of Example 9.55. Note 1 (B natural), for instance forms an instance 
of [2-1] with the ‘previous’ note (note 54, B flat); there’s an instance of [3-5] between notes 53 to 1 as 
well as between notes 52 and 1 (E, B flat, B), an instance of [4-8] between notes 51 and 1 (D sharp, E, 
B flat, B) and so on. The corresponding T-values for note 1 can be read in the first row of Example 
9.55. The highest T-value in this row is 16 for 6-z4 between notes 49 and 1 (D, C, D sharp, E, B flat, 
B). The highest T-value in the entire series is reached at series notes 10 and 51, both instances of [6-
z3i]. This doesn’t mean that the degree of tonality of A l’image du monde…originel will be at its 
highest level at the occurrence of notes 10 and 51; it only guarantees it will not be higher than 32. 
 

 
 
 
 
 

                                                
583 These remarks are (in slightly different form) also part of my article in the POINT-book (see: Bart Vanhecke, 
Straightening the Tower of Pisa. In Gerhard Nierhaus (ed.), Patterns of Intuition, Musical Creativity in the Light of 
Algorithmic Composition. Berlin & Heidelberg: Springer Verlag, forthcoming). The title of the article refers to the idea of 
‘perfection’ in the case of a ‘straight Leaning Tower’. 
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Example 9.55: List of T-values in the analysis of the series of A l’image du monde…originel.  
The highest value for each series note is indicated in grey. 
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Example 9.56: Maximum T-values in series of A l’image du monde…originel 
(unit of the horizontal axis = demi-semiquaver). 

 
 
The highest T-value of 32 is actually reached in A l’image du monde…originel. This happens on the 
third beat of bar 3, where series notes 8 and 10 form instances of 6-z3i as a result of the chord rule. 
This level is only sustained for a length of 5 demi-semiquavers however. It comes at a short stop and 
is immediately followed by a loud and accentuated chromatic cluster (see the score in Example 9.54 
a), lowering the degree of tonality back to T(6-1) = 15. The short moment of raised degree of tonality 
can be seen around unit 85 in the graph in Example 9.57 representing the T-curve for the first three 
bars of A l’image du monde…originel.  
 
 

 
 

Example 9.57: T-curve for A l’image du monde…originel bar 1-3 
(unit of the horizontal axis = demi-semiquaver). 
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The list with T-values and PC-values in Appendix 1 might be used during the process of composition 
of the score to choose sound combinations in such a way that always the lowest possible degree of 
tonality is obtained and occurrences of instances of [6-3i] are avoided. I did not use this procedure in 
the composition of A l’image du monde…originel, because it would have limited my choice as a 
composer too much and it may have disturbed the homogeneity of the sound result. Also, the 
relatively high T-value for [6-z3i] may just be the result of an imperfection in the T-formula.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 249 

 
 
 

Conclusion and further directions 
 
 
1. Conclusion  
 
The search for an answer to the central research question of the present dissertation—whether the 
technique of CIG-serialism yields highly atonal and dissonant music and whether this result can be 
enhanced—started from Reginald Smith Brindle’s assumption about the characteristics of what he 
calls ‘atonal series’. The development of the initial technique of CIG-serialism (which was renamed 
‘CIG-3-serialism’ as a result of the present research) was based on this assumption. In order to find an 
answer to the central research question, the concepts of tonality/atonality and consonance/dissonance 
were examined first. 
 
Chapter 3 of the dissertation describes how, by analysing the most generally accepted definitions of 
the concept of tonality, and by distilling the common defining factor of diatonicity from those 
definitions, the concept of tonality can be redefined in such a manner that quantification of degrees of 
tonality becomes possible. This resulted in the construction of the T-formula, used to determine the 
degree of tonality of any pitch class set belonging to any set class. 
 
A technique of tonality analysis (T-analysis) was then developed on the basis of the T-formula. The 
technique is applicable in the analysis of music of all periods, idioms and styles, as long as they are 
based on the use of the pitch classes of the chromatic scale (set class [12-1])584 or its subsets, and is 
thus applicable to a broad field of musical investigation. This increases the general relevance of what 
would otherwise have been a research of personal interest only. Examples of analyses were given, 
ranging for highly diatonic music (music with a high degree of tonality), over chromatic music and 
extended tonality, to highly atonal music. The T-formula allows for an investigation into how tonality 
evolved in music history, and supplies a possible answer to the problem of extended tonality and the 
question whether highly chromatic music of certain ‘problematic’ composers (such as Richard 
Wagner, Max Reger, or the young Arnold Schoenberg, to name just some) should be called tonal or 
atonal. With classical definitions and analysis methods, it is sometimes hard to determine whether 
music belonging to the idioms of extended tonality is either tonal or atonal; with the T-formula and T-
analysis, this music shows to have a lowered degree of tonality, without however totally moving to the 
side of ‘atonal’ music (which has a degree of tonality that rarely or never reaches the maximum value 
of 100).  
 
Application of the T-formula in T-analysis revealed also that the original technique of 54-note CIG-3-
serialism does yield highly atonal music, which confirms the first part of the basic conjecture of my 
thesis. Indeed, CIG-3 serialism is based on the occurrence of CIG-3’s (exclusively in the series and 
predominantly in the resulting music) and these have the lowest degree of tonality within the set class 
group of cardinality 3. 
 
In Chapter 4, the concept of consonance was assessed in a similar way. Different types of consonance 
were first discussed: harmonic and melodic consonance, musical and sensory consonance. Consonance 
indices for all interval classes were then determined based on the ‘objective’ criterion of ‘simplest 
frequency ratios of sound combinations’. The concept of just noticeable difference (JND) for pitch 
difference discrimination was used in combination with Clarence Barlow’s idea of ‘bending into 
place’ to justify the use of simple frequency ratios for intervals in Equal Temperament (ET). The 
consonance indices thus determined were used as a basis for the construction of a formula that allows 

                                                
584 [12-1] (and the numbers for pitch class sets with 2 and 11 elements appearing in the list in the appendix alike) is no 
regular Forte number; it was introduced in the text by me for convenience, as was mentioned in the list of usages. 
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for quantification of consonance. This resulted in the PC-formula for the determination of the degree 
of prime-consonance (the degree of consonance of pitch class sets in prime form) of all pitch class sets 
belonging to all possible set classes that use the pitch classes of the chromatic scale in ET.  
 
The PC-formula confirmed the initial assumption that CIG-3-serialism yields highly dissonant music, 
since the structural units of CIG-3-serialism (CIG-3’s) showed to be the most dissonant within their 
cardinality group. 
 
A technique of prime consonance analysis (PC-analysis) was developed on the basis of the PC-
formula. The implementation of this technique in the analysis of musical scores showed how, together 
with the degree of tonality, degrees of consonance evolved over the centuries towards ever-lower 
values. Although tonality and consonance are distinct aspects of music, the formulas for the 
quantification of degrees of tonality and prime consonance revealed a correlation between tonality and 
consonance in Western common-practice tonality.   
 
It is important to note that the T-formula and PC-formula developed in the Part 1 of the preceding text 
are not the only possible ones. The T-formula offers one of many possible ways of quantifying 
tonality. A different approach might lead to another formula that would, however, probably yield 
similar results. The same applies to the PC-formula, where different consonance indices (as they are 
developed by other researchers) may result in different PC-values. Any formula in accordance with the 
reality of tonal perception and with the spirit of the widest possible range of definitions could serve the 
purpose. What is important in the two formulas is not the absolute but the relative values of the 
degrees of tonality they determine they yield. 
 
It is also important to realize that the tonality and consonance formulas tell us how those phenomena 
work and what they are within my aesthetic universe, not why. This is also characteristic for scientific 
laws, as Richard Feyman notices in the context of Newton’s laws: 
 

Newton was originally asked about his theory—‘But it doesn’t mean anything—it 
doesn’t tell us anything’. He said, ‘It tells you how [a planet] moves. That should be 
enough. I have told you how it moves, not why.’585 

 
 
The second goal of the research—the second part of the central research question—was to assess 
whether the technique of CIG-serialism could be adapted in such a manner that the degree of tonality 
and prime consonance of the resulting music could be kept even lower than with the original technique 
in a systematic way. This assessment was done in Chapter 5. As a starting point in this process, the 
concept of chromatic interval group (CIG) was extended to set classes of orders higher than 3 
(containing more than 3 pitch classes). Within each cardinality group of set classes, the subgroup to 
which the CIG’s belong appeared to contain the set classes with the lowest degree of tonality and 
prime consonance. This entails that series consisting exclusively of CIG’s of any cardinality will 
systematically yield music with the lowest degrees of tonality and prime consonance. This observation 
culminated in the following adaptations of the technique of CIG-serialism: extension rules for CIG’s 
of any order were determined and a mathematical proof was given that the extension on CIG-3’s and 
CIG-4’s automatically lead to new CIG’s except in a restricted number of cases, and that the extension 
of CIG-5’s always results in CIG’s.586 Two restriction rules for the construction of series that consist 
exclusively of CIG’s were distilled from the extension rules. By adding the two restriction rules to the 
original construction rules, the initial technique of CIG-3-serialism was transformed into a technique 
based on the use of series in which successive series notes (pitch classes) of any number constitute a 
CIG. This restricted technique was called general CIG-serialism. The less restricted initial technique 
was renamed CIG-3-serialism, and the intermediate stage of CIG-3/4-serialism (that only applies the 

                                                
585 Richard Feynman, The character of physical law, Penguin books, 1965 (1992), p. 37. 
586 Although this mathematical proof is the crux of the present dissertation, it has been included as an appendix (Appendix 3) 
in order not to impair the legibility of the text. 
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First Extension Rule) was discussed and implemented in composition during the second phase of the 
research. In addition, two 3-note CIG-2’s were added as structural units, resulting in 56-CIG-series. 
 
The technique of general CIG-serialism is probably not the only technique that results in highly atonal 
and dissonant music. Other techniques—even non-serial ones—may be developed, but this was not the 
purpose of the present dissertation, which constitutes artistic research (research on personal artistic 
practice) and not comprehensive musicological or general theoretical research. I am fully aware that, 
even so, Part 1 is highly theoretical and that it contains a lot of mathematical and other ‘objective’ 
considerations. This may prompt questions about the link with the ‘subjective’ artistic output of the 
present research. There may seem to be a gap between theory and practice in my activity as a 
composer. Part 2 of the dissertation addresses the aesthetic considerations of my practice as a 
composer and provides a necessary answer to these questions. It demonstrates that the gap is only 
apparent and it explains the link between theory and practice. For this purpose, the concept of the 
artist’s aesthetic universe—the set consisting of all the artist’s aesthetic knowledge—was introduced. 
Chapter 6 develops the ideas belonging to semiotics and epistemology necessary for the introduction 
of the concept of aesthetic universe. Chapter 7 describes how the technique of CIG-serialism is the 
tool, the space probe, with which my personal, highly idiosyncratic aesthetic universe is explored and 
expressed. It also explains that the T-formula and PC-formula represent the endophysical laws of my 
aesthetic universe. 
 
Finally, Part 3 brings the ideas of the two preceding parts together: the compositions that constitute the 
artistic output of the research are the result of the exploration and expression of combined technical 
and aesthetic ideas. It is therefore a synthesis of the musico-theoretical and aesthetic ideas developed 
in the preceding parts, resulting in the Elements Project. This project consists of seven pieces for 
different instrumental combinations with at its core three orchestral pieces representing the four 
Empedoclian elements of my personal aesthetic universe. The project reflects three phases in the 
research: the initial situation of CIG-3 serialism, the phase implementing intermediate outcomes of the 
research (a.o. CIG-3/4-serialism), and finally the phase where general CIG-serialism is put to the test. 
 
It will be noticed that there is no directly noticeable audible difference worth mentioning in the 
sounding result between the pieces of the different phases of the research (or even compared to my 
previous works). This was one of the aims of my research from the outset: to preserve the 
idiosyncrasies of my personal style whilst developing the serial technique of CIG-serialism. Does this 
make my research highly irrelevant—if one can’t hear any difference, why go through all the toil? I 
don’t think so. It is not because the differences are inaudible that they are necessarily irrelevant. Or to 
say it with the words of Nicholas Cook:  
 

Most contemporary theorists feel uncomfortable about ascribing significance to 
inaudible relationships in music; we tend to assume that there should be some 
meaningful relationship between analysis and auditory experience. There is no 
obligatory reason why this should be so.587 

 
Having said that, it is not completely true that my musical idiom and the compositions it produces 
have not developed as a result of the present research. First of all, the assessment of my technique has 
led to an increase of structural coherence of my music; the enhanced internal structure of the series I 
use (invariant halves, for instance) has become standard as a result of the research. Also, the 
simultaneous use of different series forms or different transpositions of the series has become more 
controlled in order to avoid ‘tonal’ combinations. And finally, the change in the sounding result of my 
compositions is largely situated in what is not heard. Whereas passages with increased degrees of 
tonality and consonance occasionally occur in CIG-3 serialism, such passages become impossible or at 
least rare and easily avoidable with the more rigorous technique of general CIG-serialism. 
 

                                                
587 Nicholas Cook, Music Theory and 'Good Comparison': A Viennese Perspective, Journal of Music Theory, Vol. 33, N°1, 
1989, p. 117.  
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Even if the audible result of my artistic practice hasn’t markedly changed, my aesthetic universe and 
my awareness of the place of my aesthetic universe within the broader aesthetic cultural context it 
belongs to—or deviates from—together with the effectiveness of the tool I use to express it—CIG-
serialism—have evolved considerably as a result of my research of the last six years. In that sense, I 
am convinced that my research has made me evolve as an artist and composer.  
 
 
2. Further directions 
 
My artistic practice has always been interwoven with my activities as an artistic researcher. My 
aesthetic ideas are in constant evolution as a result of an ongoing venture into the undiscovered 
territories of my personal aesthetic universe; vice versa, my interest in artistic inquiry is triggered by 
my activities as a composer. The modest contribution that I want to make to the development of 
musical culture is an unending task, and the path this dual quest will follow is not clearly delineated. 
Although I have clear ideas about the pieces I am planning to compose in the (relatively) near future, I 
cannot predict—not even imaging—how my music will evolve in the further future. Indeed, if I could, 
I would write that music today and it would no longer belong to the future. Since my artistic research 
is tightly related to my artistic practice, its future direction is also unclear to a certain extent. 
 
Therefore, I am aware of the fact that the research described in the present dissertation is far from 
complete. Some of the specific ideas that have been developed in it are open to revision, and elements 
that need further investigation can in some cases easily be pointed out. The formulas for the 
determination of degrees of tonality and prime-consonance, for instance, are probably not in their final 
form as they are at present. They require further fine-tuning. This is not necessarily a shortcoming of 
the present research. Artistic research is in this respect not different from (pure) scientific research, 
where formulas describing physical laws, for instance, are under constant testing and are adjusted and 
‘perfected’—made more generally valid and more in accordance with the facts of reality—according 
to newly acquired knowledge if need be. The relatively high T-value for set class [6-z3i], for instance, 
is an element in the present research outcome that needs to be assessed further. But, as was mentioned, 
even when the criteria used in the formulas would be adjusted, the results would probably stay 
essentially similar; the absolute values might change, but the relative values would probably not be 
meaningfully different. The proof of the extension rules for CIG’s would in any case not be affected, 
since it depends neither on the concepts of tonality and dissonant, notron the T- and PC-formulas, but 
is purely mathematical. Even when different concepts and formulas would be used, the proof will stay 
unaffected and it will probably not change the conclusion that CIG’s (ordered chromatic pitch class 
sets) are cases of the most dissonant set classes within every cardinality group either. 
 
Digitalisation of T-analysis and PC-analysis is another possible further step in the development of the 
present research. The T-analyses and PC-analyses performed in Chapters 3 and 4 were all done ‘by 
hand’. This manual analysis is a time consuming and tedious activity. It is certainly possible to 
develop adequate software to facilitate both methods of analysis. This would make it easier to analyse 
high numbers of ‘problematic’ scores. It will show exceptions in music history as well as possible 
flaws or inaccuracies in the formulas and the analysis methods. The implementation of the methods of 
T- and PC-analysis after digitalisation may thus challenge the analysis methods themselves. This may 
lead to further adaptations or fine-tuning of the T-formula and PC-formula as they are now, and 
possibly also to new insights into the nature of tonality and consonance, which may in turn lead to 
modifications in the concepts developed in the present dissertation. With the necessary software—
similar to the software developed in the POINT-project mentioned in Chapter 9—it must also be 
possible to calculate the CIG-series with the absolute lowest degrees of tonality and prime 
consonance. In this respect, I want to remark that the development of software exceeds the borders of 
artistic research and that it can only be performed with the help of computer analysts. Other topics of 
further research belong to the specialised ‘cerebral universes’ of mathematicians, music theorists, or 
musicologists, because they are not directly related to the exploration and development of any 
aesthetic universe, and therefore lie beyond the domain of artistic research. 
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Appendix 1  
Degree of T-values and PC-values for all set classes 
(set classes of CIG’s are indicated in grey). 
 
Set class       T(c-n)     PC(c-n) 
2-1 (ic 1) 9 26 
2-2 (ic 2) 13 66 
2-3 (ic 3) 14 86 
2-4 (ic 4) 12 93 
2-5 (ic 5) 14 100 
2-6 (ic 6) 7 57 
 
3-1 7 20 
3-2 18 37 
3-2i 18 37 
3-3 15 45 
3-3i 15 45 
3-4 16 49 
3-4i 16 49 
3-5 12 37 
3-5i 11 37 
3-6 19 65 
3-7 22 78 
3-7i 22 78 
3-8 15 60 
3-8i 17 60 
3-9 22 84 
3-10  20 66 
3-11  22 94 
3-11i  20 94 
3-12  14 95 
 
4-1 8 15 
4-2 12 26 
4-2i 12 26 
4-3 20 29 
4-4 13 31 
4-4i 13 31 
4-5 8 26 
4-5i 8 26 
4-6 10 27 
4-7 16 36 
4-8 11 31 
4-9 6 25 
4-10 30 44 
4-11 26 45 
4-11i 26 45 
4-12 21 40 
4-12i 25 40 
4-13 27 41 
4-13i 24 41 
4-14 30 54 
4-14i 26 54 
4-z15 21 42 
4-z15i 16 42 
4-16 22 45 
4-16i 22 45 
4-17 21 58 
4-18 18 47 
4-18i 23 47 
4-19  24 60 
4-19i 20 60 

4-20  23 62 
4-21 22 54 
4-22 30 78 
4-22i 33 78 
4-23 36 81 
4-24 22 62 
4-25 17 51 
4-26  31 87 
4-27  33 69 
4-27i  28 69 
4-28  25 59 
4-z29 18 42 
4-z29i 22 42 
 
5-1 6 12 
5-2 19 20 
5-2i 19 20 
5-3 18 22 
5-3i 18 22 
5-4 14 19 
5-4i 14 19 
5-5 13 20 
5-5i 13 20 
5-6 8 22 
5-6i 10 22 
5-7 5 20 
5-7i 5 20 
5-8 20 25 
5-9 19 27 
5-9i 17 27 
5-10 43 28 
5-10i 32 28 
5-11 26 36 
5-11i 26 36 
5-z12 36 30 
5-13 17 30 
5-13i 17 30 
5-14 24 32 
5-14i 22 32 
5-15 13 27 
5-16 22 32 
5-16i 33 32 
5-z17 41 40 
5-z18 32 34 
5-z18i 34 34 
5-19 20 28 
5-19i 20 28 
5-20 25 36 
5-20i 34 36 
5-21 32 45 
5-21i 23 45 
5-22 28 38 
5-23 58 50 
5-23i 50 50 
5-24 38 43 
5-24i 38 43 
5-25 52 45 

5-25i 42 45 
5-26 44 45 
5-26i 42 45 
5-27 41 57 
5-27i 50 57 
5-28 33 38 
5-28i 30 38 
5-29 51 48 
5-29i 52 48 
5-30 42 48 
5-30i 32 48 
5-31 46 41 
5-31i 37 41 
5-32 40 51 
5-32i 29 51 
5-33 30 48 
5-34 52 64 
5-35 59 80 
5-z36 22 30 
5-z36i 24 30 
5-z37 24 40 
5-z38 22 34 
5-z38i 22 34 
 
6-1 15 10 
6-2 26 14 
6-2i 22 14 
6-z3 28 16 
6-z3i 32 16 
6-z4 16 16 
6-5 18 16 
6-5i 18 16 
6-z6 12 17 
6-7 4 14 
6-8 48 26 
6-9 41 23 
6-9i 37 23 
6-z10 36 24 
6-z10i 39 24 
6-z11 46 25 
6-z11i 46 25 
6-z12 32 22 
6-z12i 32 22 
6-z13 40 23 
6-14 43 34 
6-14i 47 34 
6-15 35 28 
6-15i 35 28 
6-16 35 29 
6-16i 31 29 
6-z17 27 24 
6-z17i 30 24 
6-18 37 25 
6-18i 33 25 
6-z19 41 32 
6-z19i 58 32 
6-20 38 43 
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6-21 38 29 
6-21i 37 29 
6-22 37 30 
6-22i 34 30 
6-z23 65 31 
6-z24 87 39 
6-z24i 71 39 
6-z25 65 40 
6-z25i 84 40 
6-z26 59 41 
6-27 75 34 
6-27i 49 34 
6-z28 67 35 
6-z29 73 36 
6-30 46 30 
6-30i 43 30 
6-31 48 44 
6-31i 70 44 
6-32 87 68 
6-33 87 56 
6-33i 87 56 
6-34 63 46 
6-34i 67 46 
6-35  43 48 
6-z36 21 16 
6-z36i 24 16 
6-z37 22 16 
6-z38 19 17 
6-z39 40 24 
6-z39i 37 24 
6-z40 40 25 
6-z40i 40 25 
6-z41 34 22 
6-z41i 33 22 
6-z42 36 23 
6-z43 29 24 
6-z43i 33 24 
6-z44 32 32 
6-z44i 33 32 
6-z45 49 31 
6-z46 49 39 
6-z46i 48 39 
6-z47 52 40 
6-z47i 56 40 
6-z48 50 41 
6-z49 45 35 
6-z50 50 36 
 
7-1 4 8 
7-2 22 13 
7-2i 22 13 
7-3 19 15 
7-3i 20 15 
7-4 15 12 
7-4i 15 12 
7-5 13 13 
7-5i 13 13 
7-6 9 15 
7-6i 16 15 
7-7 4 13 

7-7i 4 13 
7-8 30 17 
7-9 35 18 
7-9i 28 18 
7-10 38 19 
7-10i 30 19 
7-11 49 24 
7-11i 50 24 
7-z12 30 20 
7-13 20 20 
7-13i 21 20 
7-14 41 21 
7-14i 35 21 
7-15 14 18 
7-16 34 21 
7-16i 42 21 
7-z17 30 27 
7-z18 27 23 
7-z18i 34 23 
7-19 31 19 
7-19i 32 19 
7-20 24 24 
7-20i 26 24 
7-21 37 31 
7-21i 34 31 
7-22 31 26 
7-23 63 34 
7-23i 61 34 
7-24 49 29 
7-24i 50 29 
7-25 66 31 
7-25i 59 31 
7-26 41 31 
7-26i 47 31 
7-27 64 39 
7-27i 66 39 
7-28 43 26 
7-28i 44 26 
7-29 53 32 
7-29i 60 32 
7-30 49 33 
7-30i 40 33 
7-31 60 27 
7-31i 47 27 
7-32 100 35 
7-32i 63 35 
7-33 42 33 
7-34 100 44 
7-35 100 56 
7-z36 39 20 
7-z36i 46 20 
7-z37 43 27 
7-z38 41 23 
7-z38i 41 23 
 
8-1 3 6 
8-2 21 11 
8-2i 21 11 
8-3 20 12 
8-4 24 13 
8-4i 24 13 
8-5 10 11 
8-5i 10 11 
8-6 17 11 

8-7 17 15 
8-8 9 13 
8-9 8 10 
8-10 44 19 
8-11 38 20 
8-11i 38 20 
8-12 33 17 
8-12i 30 17 
8-13 39 18 
8-13i 37 18 
8-14 38 24 
8-14i 41 24 
8-z15 44 19 
8-z15i 31 19 
8-16 28 20 
8-16i 28 20 
8-17 52 26 
8-18 36 21 
8-18i 48 21 
8-19 33 27 
8-19i 30 27 
8-20 40 28 
8-21 47 24 
8-22 68 37 
8-22i 70 37 
8-23 69 38 
8-24 34 28 
8-25 31 23 
8-26 76 41 
8-27 69 32 
8-27i 58 32 
8-28 54 27 
8-z29 30 19 
 
9-1 2 4 
9-2 20 9 
9-2i 20 9 
9-3 22 12 
9-3i 22 12 
9-4 16 13 
9-4i 16 13 
9-5 16 9 
9-5i 12 9 
9-6 36 18 
9-7 46 22 
9-7i 47 22 
9-8 25 16 
9-8i 29 16 
9-9 41 25 
9-10 39 18 
9-11 46 28 
9-11i 43 28 
9-12 24 28 
 
10-1 2 9 
10-2 23 13 
10-3 29 15 
10-4 20 16 
10-5 26 8 
10-6 15 9 
 
11-1 2 2 
 
12-1 2 1 
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Appendix 2 
Interval class vectors of all set classes 
(CIG’s are indicated in grey)
 
Set Class  Interval vector
 
2-1 (ic 1) 1 0 0 0 0 0 
2-2 (ic 2) 0 1 0 0 0 0 
2-3 (ic 3) 0 0 1 0 0 0 
2-4 (ic 4) 0 0 0 1 0 0 
2-5 (ic 5) 0 0 0 0 1 0 
2-6 (ic 6) 0 0 0 0 0 1 
 
3-1 2 1 0 0 0 0 
3-2 1 1 1 0 0 0 
3-2i 1 1 1 0 0 0 
3-3 1 0 1 1 0 0 
3-3i 1 0 1 1 0 0 
3-4 1 0 0 1 1 0 
3-4i 1 0 0 1 1 0 
3-5 1 0 0 0 1 1 
3-5i 1 0 0 0 1 1 
3-6 0 2 0 1 0 0 
3-7 0 1 1 0 1 0 
3-7i 0 1 1 0 1 0 
3-8 0 1 0 1 0 1 
3-8i 0 1 0 1 0 1 
3-9 0 1 0 0 2 0 
3-10 0 0 2 0 0 1 
3-11 0 0 1 1 1 0 
3-11i  0 0 1 1 1 0 
3-12  0 0 0 3 0 0 
 
4-1 3 2 1 0 0 0 
4-2 2 2 1 1 0 0 
4-2i 2 2 1 1 0 0 
4-3 2 1 2 1 0 0 
4-4 2 1 1 1 1 0 
4-4i 2 1 1 1 1 0 
4-5 2 1 0 1 1 1 
4-5i 2 1 0 1 1 1 
4-6 2 1 0 0 2 1 
4-7 2 0 1 2 1 0 
4-8 2 0 0 1 2 1 
4-9 2 0 0 0 2 2 
4-10 1 2 2 0 1 0 
4-11 1 2 1 1 1 0 
4-11i 1 2 1 1 1 0 
4-12 1 1 2 1 0 1 
4-12i 1 1 2 1 0 1 
4-13 1 1 2 0 1 1 
4-13i 1 1 2 0 1 1 
4-14 1 1 1 1 2 0 
4-14i 1 1 1 1 2 0 
4-z15 1 1 1 1 1 1 
4-z15i 1 1 1 1 1 1 
4-16 1 1 0 1 2 1 
4-16i 1 1 0 1 2 1 
4-17 1 0 2 2 1 0 
4-18 1 0 2 1 1 1 
4-18i 1 0 2 1 1 1 
4-19  1 0 1 3 1 0 
4-19i 1 0 1 3 1 0 

4-20  1 0 1 2 2 0 
4-21 0 3 0 2 0 1 
4-22 0 2 1 1 2 0 
4-22i 0 2 1 1 2 0 
4-23 0 2 1 0 3 0 
4-24 0 2 0 3 0 1 
4-25 0 2 0 2 0 2 
4-26  0 1 2 1 2 0 
4-27  0 1 2 1 1 1 
4-27i 0 1 2 1 1 1 
4-28  0 0 4 0 0 2 
4-z29 1 1 1 1 1 1 
4-z29i 1 1 1 1 1 1 
 
5-1 4 3 2 1 0 0 
5-2 3 3 2 1 1 0 
5-2i 3 3 2 1 1 0 
5-3 3 2 2 2 1 0 
5-3i 3 2 2 2 1 0 
5-4 3 2 2 1 1 1 
5-4i 3 2 2 1 1 1 
5-5 3 2 1 1 2 1 
5-5i 3 2 1 1 2 1 
5-6 3 1 1 2 2 1 
5-6i 3 1 1 2 2 1 
5-7 3 1 0 1 3 2 
5-7i 3 1 0 1 3 2 
5-8 2 3 2 2 0 1 
5-9 2 3 1 2 1 1 
5-9i 2 3 1 2 1 1 
5-10 2 2 3 1 1 1 
5-10i 2 2 3 1 1 1 
5-11 2 2 2 2 2 0 
5-11i 2 2 2 2 2 0 
5-z12 2 2 2 1 2 1 
5-13 2 2 1 3 1 1 
5-13i 2 2 1 3 1 1 
5-14 2 2 1 1 3 1 
5-14i 2 2 1 1 3 1 
5-15 2 2 0 2 2 2 
5-16 2 1 3 2 1 1 
5-16i 2 1 3 2 1 1 
5-z17 2 1 2 3 2 0 
5-z18 2 1 2 2 2 1 
5-z18i 2 1 2 2 2 1 
5-19 2 1 2 1 2 2 
5-19i 2 1 2 1 2 2 
5-20 2 1 1 2 3 1 
5-20i 2 1 1 2 3 1 
5-21 2 0 2 4 2 0 
5-21i 2 0 2 4 2 0 
5-22 2 0 2 3 2 1 
5-23 1 3 2 1 3 0 
5-23i 1 3 2 1 3 0 
5-24 1 3 1 2 2 1 
5-24i 1 3 1 2 2 1 
5-25 1 2 3 1 2 1 
5-25i 1 2 3 1 2 1 
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5-26 1 2 2 3 1 1 
5-26i 1 2 2 3 1 1 
5-27 1 2 2 2 3 0 
5-27i 1 2 2 2 3 0 
5-28 1 2 2 2 1 2 
5-28i 1 2 2 2 1 2 
5-29 1 2 2 1 3 1 
5-29i 1 2 2 1 3 1 
5-30 1 2 1 3 2 1 
5-30i 1 2 1 3 2 1 
5-31 1 1 4 1 1 2 
5-31i 1 1 4 1 1 2 
5-32 1 1 3 2 2 1 
5-32i 1 1 3 2 2 1 
5-33 0 4 0 4 0 2 
5-34 0 3 2 2 2 1 
5-35 0 3 2 1 4 0 
5-z36 2 2 2 1 2 1 
5-z36i 2 2 2 1 2 1 
5-z37 2 1 2 3 2 0 
5-z38 2 1 2 2 2 1 
5-z38i 2 1 2 2 2 1 
 
 
6-1 5 4 3 2 1 0 
6-2 4 4 3 2 1 1 
6-2i 4 4 3 2 1 1 
6-z3 4 3 3 2 2 1 
6-z3i 4 3 3 2 2 1 
6-z4 4 3 2 3 2 1 
6-5 4 2 2 2 3 2 
6-5i 4 2 2 2 3 2 
6-z6 4 2 1 2 4 2 
6-7 4 2 0 2 4 3 
6-8 3 4 3 2 3 0 
6-9 3 4 2 2 3 1 
6-9i 3 4 2 2 3 1 
6-z10 3 3 3 3 2 1 
6-z10i 3 3 3 3 2 1 
6-z11 3 3 3 2 3 1 
6-z11i 3 3 3 2 3 1 
6-z12 3 3 2 2 3 2 
6-z12i 3 3 2 2 3 2 
6-z13 3 2 4 2 2 2 
6-14 3 2 3 4 3 0 
6-14i 3 2 3 4 3 0 
6-15 3 2 3 4 2 1 
6-15i 3 2 3 4 2 1 
6-16 3 2 2 4 3 1 
6-16i 3 2 2 4 3 1 
6-z17 3 2 2 3 3 2 
6-z17i 3 2 2 3 3 2 
6-18 3 2 2 2 4 2 
6-18i 3 2 2 2 4 2 
6-z19 3 1 3 4 3 1 
6-z19i 3 1 3 4 3 1 
6-20 3 0 3 6 3 0 
6-21 2 4 2 4 1 2 
6-21i 2 4 2 4 1 2 
6-22 2 4 1 4 2 2 
6-22i 2 4 1 4 2 2 
6-z23 2 3 4 2 2 2 
6-z24 2 3 3 3 3 1 
6-z24i 2 3 3 3 3 1 

6-z25 2 3 3 2 4 1 
6-z25i 2 3 3 2 4 1 
6-z26 2 3 2 3 4 1 
6-27 2 2 5 2 2 2 
6-27i 2 2 5 2 2 2 
6-z28 2 2 4 3 2 2 
6-z29 2 2 4 2 3 2 
6-30 2 2 4 2 2 3 
6-30i 2 2 4 2 2 3 
6-31 2 2 3 4 3 1 
6-31i 2 2 3 4 3 1 
6-32 1 4 3 2 5 0 
6-33 1 4 3 2 4 1 
6-33i 1 4 3 2 4 1 
6-34 1 4 2 4 2 2 
6-34i 1 4 2 4 2 2 
6-35 0 6 0 6 0 3 
6-z36 4 3 3 2 2 1 
6-z36i 4 3 3 2 2 1 
6-z37 4 3 2 3 2 1 
6-z38 4 2 1 2 4 2 
6-z39 3 3 3 3 2 1 
6-z39i 3 3 3 3 2 1 
6-z40 3 3 3 2 3 1 
6-z40i 3 3 3 2 3 1 
6-z41 3 3 2 2 3 2 
6-z41i 3 3 2 2 3 2 
6-z42 3 2 4 2 2 2 
6-z43 3 2 2 3 3 2 
6-z43i 3 2 2 3 3 2 
6-z44 3 1 3 4 3 1 
6-z44i 3 1 3 4 3 1 
6-z45 2 3 4 2 2 2 
6-z46 2 3 3 3 3 1 
6-z46i 2 3 3 3 3 1 
6-z47 2 3 3 2 4 1 
6-z47i 2 3 3 2 4 1 
6-z48 2 3 2 3 4 1 
6-z49 2 2 4 3 2 2 
6-z50 2 2 4 2 3 2 
 
 
7-1 6 5 4 3 2 1 
7-2 5 5 4 3 3 1 
7-2i 5 5 4 3 3 1 
7-3 5 4 4 4 3 1 
7-3i 5 4 4 4 3 1 
7-4 5 4 4 3 3 2 
7-4i 5 4 4 3 3 2 
7-5 5 4 3 3 4 2 
7-5i 5 4 3 3 4 2 
7-6 5 3 3 4 4 2 
7-6i 5 3 3 4 4 2 
7-7 5 3 2 3 5 3 
7-7i 5 3 2 3 5 3 
7-8 4 5 4 4 2 2 
7-9 4 5 3 4 3 2 
7-9i 4 5 3 4 3 2 
7-10 4 4 5 3 3 2 
7-10i 4 4 5 3 3 2 
7-11 4 4 4 4 4 1 
7-11i 4 4 4 4 4 1 
7-z12 4 4 4 3 4 2 
7-13 4 4 3 5 3 2 
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7-13i 4 4 3 5 3 2 
7-14 4 4 3 3 5 2 
7-14i 4 4 3 3 5 2 
7-15 4 4 2 4 4 3 
7-16 4 3 5 4 3 2 
7-16i 4 3 5 4 3 2 
7-z17 4 3 4 5 4 1 
7-z18 4 3 4 4 4 2 
7-z18i 4 3 4 4 4 2 
7-19 4 3 4 3 4 3 
7-19i 4 3 4 3 4 3 
7-20 4 3 3 4 5 2 
7-20i 4 3 3 4 5 2 
7-21 4 2 4 6 4 1 
7-21i 4 2 4 6 4 1 
7-22 4 2 4 5 4 2 
7-23 3 5 4 3 5 1 
7-23i 3 5 4 3 5 1 
7-24 3 5 3 4 4 2 
7-24i 3 5 3 4 4 2 
7-25 3 4 5 3 4 2 
7-25i 3 4 5 3 4 2 
7-26 3 4 4 5 3 2 
7-26i 3 4 4 5 3 2 
7-27 3 4 4 4 5 1 
7-27i 3 4 4 4 5 1 
7-28 3 4 4 4 3 3 
7-28i 3 4 4 4 3 3 
7-29 3 4 4 3 5 2 
7-29i 3 4 4 3 5 2 
7-30 3 4 3 5 4 2 
7-30i 3 4 3 5 4 2 
7-31 3 3 6 3 3 3 
7-31i 3 3 6 3 3 3 
7-32 3 3 5 4 4 2 
7-32i 3 3 5 4 4 2 
7-33 2 6 2 6 2 3 
7-34 2 5 4 4 4 2 
7-35 2 5 4 3 6 1 
7-z36 4 4 4 3 4 2 
7-z36i 4 4 4 3 4 2 
7-z37 4 3 4 5 4 1 
7-z38 4 3 4 4 4 2 
7-z38i 4 3 4 4 4 2 
 
8-1 7 6 5 4 4 2 
8-2 6 6 5 5 4 2 
8-2i 6 6 5 5 4 2 
8-3 6 5 6 5 4 2 
8-4 6 5 5 5 5 2 
8-4i 6 5 5 5 5 2 
8-5 6 5 4 5 5 3 
8-5i 6 5 4 5 5 3 
8-6 6 5 4 4 6 3 
8-7 6 4 5 6 5 2 
8-8 6 4 4 5 6 3 
8-9 6 4 4 4 6 4 
8-10 5 6 6 4 5 2 
8-11 5 6 5 5 5 2 
8-11i 5 6 5 5 5 2 
8-12 5 5 6 5 4 3 
8-12i 5 5 6 5 4 3 
8-13 5 5 6 4 5 3 
8-13i 5 5 6 4 5 3 

8-14 5 5 5 5 6 2 
8-14i 5 5 5 5 6 2 
8-z15 5 5 5 5 5 3 
8-z15i 5 5 5 5 5 3 
8-16 5 5 4 5 6 3 
8-16i 5 5 4 5 6 3 
8-17 5 4 6 6 5 2 
8-18 5 4 6 5 5 3 
8-18i 5 4 6 5 5 3 
8-19 5 4 5 7 5 2 
8-19i 5 4 5 7 5 2 
8-20 5 4 5 6 6 2 
8-21 4 7 4 6 4 3 
8-22 4 6 5 5 6 2 
8-22i 4 6 5 5 6 2 
8-23 4 6 5 4 7 2 
8-24 4 6 4 7 4 3 
8-25 4 6 4 6 4 4 
8-26 4 5 6 5 6 2 
8-27 4 5 6 5 5 3 
8-27i 4 5 6 5 5 3 
8-28 4 4 8 4 4 4 
8-z29 5 5 5 5 5 3 
8-z29i 5 5 5 5 5 3 
 
9-1 8 7 6 6 6 3 
9-2 7 7 7 6 6 3 
9-2i 7 7 7 6 6 3 
9-3 7 6 7 7 6 3 
9-3i 7 6 7 7 6 3 
9-4 7 6 6 7 7 3 
9-4i 7 6 6 7 7 3 
9-5 7 6 6 6 7 4 
9-5i 7 6 6 6 7 4 
9-6 6 8 6 7 6 3 
9-7 6 7 7 6 7 3 
9-7i 6 7 7 6 7 3 
9-8 6 7 6 7 6 4 
9-8i 6 7 6 7 6 4 
9-9 6 7 6 6 8 3 
9-10 6 6 8 6 6 4 
9-11 6 6 7 7 7 3 
9-11i 6 6 7 7 7 3 
9-12 6 6 6 9 6 3 
 
10-1 9 8 8 8 8 4 
10-2 8 9 8 8 8 4 
10-3 8 8 9 8 8 4 
10-4 8 8 8 9 8 4 
10-5 8 8 8 8 9 4 
10-6 8 8 8 8 8 5 
10-1 9 8 8 8 8 4 
10-2 8 9 8 8 8 4 
10-3 8 8 9 8 8 4 
10-4 8 8 8 9 8 4 
10-5 8 8 8 8 9 4 
10-6 8 8 8 8 8 5 
 
11-1 10 10 10 10 10 5 
 
12-1 11 11 11 11 11 6 
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Appendix 3 
Proof of CIG-extension rules 
 
 
Preliminary remarks: 
 
- CIG-3 with notes a, b and c (in that order) is written as CIG-3 (a-b-c).588 
 
- The interval class between two notes a and b is written as ic(a-b). 
 
- ICV is the “interval class vector rule”: “The number of ic 1’s (the first number) in the interval class 
vectors of any CIG-n is n-1 for instances of set classes with forte number [n-1], and n-2 for all other CIG-
n’s. The ic-vectors of all other set classes have a number of ic 1’s lower than n-2”.  
 
- Numbers between brackets at the right end of each line in the proof refer to the lines from which the line 
in question is deduced. 
 
 
Extension rule for CIG-3’s: 
 
If CIG-3 (a-b-c) is extended by adding a note p that is the last note of a unique CIG-3 (b-c-p), the 
resulting 4-note group (a-b-c-p) is always a CIG-4 or a 4-note CIG-3, except in some cases where ic(b-

c) = 1 and (a-b-c) is no instance of set class [3-1]. 
 
Proof: 
 
1.0 If p = a ⇒ no new pitch class is added and (a-b-c-p) is a 4-note CIG-3.  
 QED 
 
2.0 If p ≠ a ⇒ (a-b-c-p) is a permutation of an instance of a set class of cardinality 4. Two possible 
cases are  considered: 
 
Case 1: ic(b-c) ≠ 1 
 
1.1 ic(b-c) ≠ 1  
1.2 (b-c-p) is a CIG-3 
1.3 ⇒The ic 1-value in the ic-vector of (b-c-p) ≠ 0    (1.2 & ICV) 
1.4 ⇒ either ic(b-p) = 1 or ic(c-p) = 1 (or both)     (1.1 & 1.3) 
1.5 (a-b-c) is a CIG-3 
1.6 ⇒The ic 1-value in the ic-vector of (a-b-c) ≠ 0    (1.5 & ICV) 
1.7 ⇒ either ic(a-b) = 1 or ic(a-c) = 1 (or both)     (1.1 & 1.6) 
1.8 ⇒ the ic 1-value in the ic-vector of (a-b-c-p) is at least 2  (1.4 & 1.7) 
1.9 ⇒ (a-b-c-p) is a CIG-4        (1.8 & ICV) 
 QED 
 
 
 
 

                                                
588 a, b, and c are not pitch names (which are always written in capitals), but letter names indicating the position of the pitch 
classes within the note group. They may represent any pitch classes. 
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Case 2: ic(b-c) = 1 
 

Case 2.1: (a-b-c) is no instance of [3-1] 
 
2.1.1 ic(b-c) = 1 
2.1.2 (a-b-c) is a CIG, but no instance of [3-1] 
2.1.3 ⇒ the ic 1-value in the ic-vector of (a-b-c) = 1   (2.1.2 & ICV) 
2.1.4 ⇒ ic(a-b) ≠ 1 and ic(a-c) ≠ 1      (2.1.1 & 2.1.3) 
2.1.5 (b-c-p) is a CIG-3 
2.1.6 ic(c-p) can be any number between 1 and 6   (2.1.1 & 2.1.5) 
2.1.7 (a-b-c-p) is an instance of a set class of cardinality 4 
2.1.8 (a-b-c-p) is a CIG-4 if the ic 1-value in its ic-vector is at least 2  (ICV) 
2.1.9 ⇒ (a-b-c-p) is only a CIG-4 if ic(a-p) = 1, or ic(b-p) = 1, or ic(c-p) = 1 (2.1.1, 2.1.4, 2.1.7 & 2.1.8) 
  QED 
        
Case 2.2: (a-b-c) is an instance of [3-1] 
 
2.2.1 ic(b-c) = 1 
2.2.2 (a-b-c) is an instance of [3-1] 
2.2.3 ⇒ the ic 1-value in the ic-vector of (a-b-c) = 2   (2.2.2 & ICV) 
2.2.4 ⇒ ic(a-b) = 1 or ic(a-c) = 1 (but not both)    (2.2.1 & 2.2.2) 
2.2.5 (a-b-c-p) is a superset of (a-b-c) 
2.2.6 ⇒ the ic 1-value in the ic-vector of (a-b-c-p) is at least 2 (2.2.3, & 2.2.5) 
2.2.7 (a-b-c-p) is a CIG-4       (2.2.6, & ICV) 

  QED 
 
 
Extension rule for CIG-4’s: 
 
If CIG-4 (a-b-c-d) consisting of two unique CIG-3’s (a-b-c) and (b-c-d) is extended by adding a note p 
that is the last note of unique CIG-3 (c-d-p) and of CIG-4 (b-c-d-p), the resulting 5-note group (a-b-c-
d-p) is always a CIG-5 or a 5-note CIG-4, except in some cases where (b-c-d) is an instance of 3-1 
with ic(b-c) = 1 and ic(c-d) = 1 (and both +1 or both -1)589. 
 
Proof: 
 
1.0 If p = a ⇒ no new pitch class is added and (a-b-c-d-p) is a 5-note CIG-4.  
 QED 
 
2.0 If p ≠ a ⇒ (a-b-c-d-p) is a permutation of an instance of a set class of cardinality 5. Two possible 

cases are considered: 
 
Case 1: ic(c-d)  ≠ 1 
 
1.1 ic(c-d)  ≠ 1 
1.2 (c-d-p) is a CIG-3 
1.3 ⇒The ic 1-value in the ic-vector of (c-d-p) ≠ 0    (1.2 & ICV) 
1.4 ⇒ either ic(c-p) = 1 or ic(d-p) = 1 (or both)     (1.1 & 1.3) 
1.5 (a-b-c-d) is a CIG-4 
1.6 ⇒ the ic 1-value in the ic-vector of (a-b-c-d) = 2 or 3   (1.5 & ICV) 

                                                
589 Otherwise note b = note d and (b-c-d) is no CIG-3. 
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1.7 (a-b-c-d-p) is a superset of (a-b-c-d) 
1.8 ⇒ the ic 1-value in the ic-vector of (a-b-c-d-p) = 3 or 4   (1.4, 1.6 & 1.7) 
1.9 ⇒ (a-b-c-d-p) is a CIG-5      (1.8 & ICV) 
 QED 
 
 
Case 2: ic(c-d)  = 1 
 

Case 2.1: (b-c-d) is no instance of [3-1] 
 

2.1.1 ic(c-d) = 1 
2.1.2 CIG (b-c-d) is no instance of [3-1] 
2.1.3 ⇒ the ic 1-value in the ic-vector of (b-c-d) = 1   (2.1.2 & ICV) 
2.1.4 ⇒ ic(b-c) ≠ 1 and ic(b-d) ≠ 1      (2.1.1 & 2.1.3) 
2.1.5 (b-c-d-p) is a CIG-4 
2.1.6 ⇒ the ic 1-value in the ic-vector of (b-c-d-p) = 2 or 3  (2.1.5 & ICV) 
2.1.7 ⇒ ic(b-p) = 1, or ic(c-p) = 1, or ic(d-p) = 1    (2.1.1, 2.1.4 & 2.1.6) 
2.1.8 (a-b-c) is a CIG-3 
2.1.9 ⇒the ic 1-value in the ic-vector of (a-b-c) ≠ 0   (2.1.8 & ICV) 
2.1.10 ⇒ either ic(a-b) = 1 or ic(a-c) = 1      (2.1.4 & 2.1.9) 
2.1.11 ⇒ the ic 1-value in the ic-vector of (a-b-c-d-p) = 3 or 4  (2.1.6 & 2.1.10) 
2.1.12 ⇒ (a-b-c-d-p) is a CIG-5     (2.1.11 & ICV) 

  QED 
 
Case 2.2: (b-c-d) is an instance of [3-1] 
 

Case 2.2.1: ic(b-d)  = 1 
 
2.2.1.1 ic(b-d)  = 1 and ic(c-d)  = 1 
2.2.1.2 (b-c-d) is an instance of [3-1] 
2.2.1.3 ⇒ the ic 1-value in the ic-vector of (b-c-d) = 2  (2.2.1.2 & ICV) 
2.2.1.4 ⇒ ic(b-c)  ≠ 1      (2.2.1.1 & 2.2.1.3) 
2.2.1.5 (a-b-c) is a CIG-3 
2.2.1.6 ⇒the ic 1-value in the ic-vector of (a-b-c) ≠ 0  (2.2.1.5 & ICV) 
2.2.1.7 ⇒ either ic(a-b) = 1 or ic(a-c) = 1     (2.2.1.4 & 2.2.1.6) 
2.2.1.8 ⇒ the ic 1-value in the ic-vector of (a-b-c-d) = 3  (2.2.1.1 & 2.2.1.7) 
2.2.1.9 (a-b-c-d-p) is a superset of (a-b-c-d) 
2.2.1.10 ⇒ the ic 1-value in the ic-vector of (a-b-c-d-p) ≥ 3  (2.2.1.8 & 2.2.1.9) 
2.2.1.11 ⇒ (a-b-c-d-p) in a CIG-5    (2.2.1.10 & ICV) 
  QED 

   
Case 2.2.2: ic(b-c)  = 1 
 
2.2.2.1 ic(b-c)  = 1 and ic(c-d)  = 1 
2.2.2.2 (b-c-d) is an instance of [3-1] 
2.2.2.3 ⇒ the ic 1-value in the ic-vector of (b-c-d) = 2  (2.2.2.2 & ICV) 
2.2.2.4 ⇒ ic(b-d)  ≠ 1       (2.2.2.1)  
2.2.2.5 (a-b-c) is a CIG 
2.2.2.6 ⇒ note a ≠ note c     (2.2.2.5)  
2.2.2.7 ⇒ note a ≠ note b     (2.2.2.5)  
2.2.2.8 (a-b-c) & (b-c-d) are unique CIG’s     
2.2.2.9 ⇒ ic(a-b)  ≠ 1       (2.2.2.1, 2.2.2.6 & 2.2.2.8) 
2.2.2.10  (a-b-c-d) is a CIG-4 
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2.2.2.11 ⇒ note a ≠ note d     (2.2.2.11) 
2.2.2.12 ⇒ ic(a-c)  ≠ 1       (2.2.2.1, 2.2.2.7, 2.2.2.9 & 
2.2.2.11)  
      
   

Case 2.2.2.1: (a-b-c-d) is an instance of [4-1] 
 
2.2.2.1.1 (a-b-c-d) is an instance of [4-1] 
2.2.2.1.2 ⇒ the ic 1-value in the ic-vector of (a-b-c-d) = 3  (2.2.2.1.1 & ICV)  
2.2.2.1.3 (a-b-c-d-p) is a superset of (a-b-c-d) 
2.2.2.1.4 ⇒ the ic 1-value in the ic-vector of (a-b-c-d-p) ≥ 3   (2.2.2.1.2 & 2.2.2.1.3) 
2.2.2.1.5 ⇒ (a-b-c-d-p) in a CIG-5    (2.2.2.1.4 & ICV)   
 QED 

    
Case 2.2.2.2: (a-b-c-d) is no instance of [4-1] 
 
2.2.2.2.1 CIG (a-b-c-d) is no instance of [4-1] 
2.2.2.2.2 ⇒ the ic 1-value in the ic-vector of (a-b-c-d) = 2  (2.2.2.1.1 & ICV)  
2.2.2.2.3 (a-b-c-d-p) is a CIG-5 if ic 1-value in its ic-vector ≥3    (ICV) 
2.2.2.2.4 ⇒ (a-b-c-p) is only a CIG-5 if ic(a-p) = 1, or ic(b-p) = 1   (2.2.2.1.2 & 2.2.2.1.3) 
  QED 

 
 
 

Extension rule for CIG-n’s, for 5 ≤ n: 
 
If CIG-n (for 5 ≤ n) (z(n)-z(n-1)…z(2)-z(1)), consisting exclusively of unique CIG’s of all cardinalities 
between 3 and n, is extended by adding a note p that is the last note of unique CIG-3 (z(2)-z(1)-p), of 
CIG-4 (z(3)-z(2)-z(1)-p), and of CIG-5 (z(4)-z(3)-z(2)-z(1)-p), the resulting (n+1)-note group (z(n)-z(n-
1)…z(2)-z(1)-p) is always a CIG-(n+1) or a (n+1)-note CIG-n. 
 
 
Proof: 
 
1.0 (z(4)-z(3)-z(2)-z(1)-p) is a CIG-5 ⇒ for n ≤ 4, p ≠ z(n)  
 
2.0 if p = z(n) for some n > 4 ⇒ no new pitch class is added, and (z(n)-z(n-1)…z(2)-z(1)-p) is an 

(n+1)-note CIG-n  
 QED 
 
3.0 if p ≠ z(n) for all n > 4 ⇒ (z(n)-z(n-1)…z(2)-z(1)-p) is an (n+1)-note group. A distinction is made 

between ic(z(2)-z(1))  ≠ 1 (Case 1) and ic(z(2)-z(1))  = 1 (Case 2):  
 
 
Case 1: ic(z(2)-z(1))  ≠ 1 
 
1.1 ic(z(2)-z(1))  ≠ 1 
1.2 (z(2)-z(1)-p)  is a CIG-3 
1.3 ⇒The ic 1-value in the ic-vector of (z(2)-z(1)-p)  ≠ 0    (1.2 & ICV) 
1.4 ⇒ ic(z(2)-p)  = 1 or ic(z(1)-p)  = 1 (or both)      (1.1 & 1.3) 
1.5 (z(n)-z(n-1)…z(2)-z(1)) is a CIG-n 
1.6 ⇒ the ic 1-value in the ic-vector of (z(n)-z(n-1)…z(2)-z(1)) = n-1 or n-2             (1.5 & ICV) 
1.7 (z(n)-z(n-1)…z(2)-z(1)-p) is a superset of (z(n)-z(n-1)…z(2)-z(1)) 
1.8 ⇒ the ic 1-value in the ic-vector of (z(n)-z(n-1)…z(2)-z(1)) = n or n-1              (1.4, 1.6 & 1.7) 
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1.9 ⇒ (z(n)-z(n-1)…z(2)-z(1)) is a CIG-(n+1)                  (1.8 & ICV) 
 QED 
 
Case 2: ic(z(2)-z(1))  = 1 
 
 

Case 2.1: (z(3)-z(2)-z(1)) is no instance of set class [3-1] 
 

2.1.1 ic(z(2)-z(1))  = 1 
2.1.2 CIG-3 (z(3)-z(2)-z(1)) is no instance of set class [3-1] 
2.1.3 ⇒ the ic 1-value in the ic-vector of (z(3)-z(2)-z(1)) = 1            (2.1.2 & ICV) 
2.1.4 ⇒ ic(z(3)-z(2))  ≠ 1 and ic(z(3)-z(1))  ≠ 1                (2.1.1 & 2.1.3) 
2.1.5 (z(3)-z(2)-z(1)-p) is a CIG-4 
2.1.6 ⇒ the ic 1-value in the ic-vector of (z(3)-z(2)-z(1)-p) = 2 or 3            (2.1.5 & ICV) 
2.1.7 ⇒ ic(z(3)-p)  = 1, or ic(z(2)-p)  = 1, or ic(z(1)-p)  = 1              (2.1.1, 2.1.4 & 2.1.6) 
2.1.8 (z(n)-z(n-1)…z(2)-z(1)) is a CIG-n 
2.1.9 ⇒ the ic 1-value in the ic-vector of (z(n)-z(n-1)…z(2)-z(1)) = n-1 or n-2    (2.1.8 & ICV) 
2.1.10 (z(n)-z(n-1)…z(2)-z(1)-p) is a superset of (z(n)-z(n-1)-…-z(3)-z(2)-z(1))  
2.1.11 ⇒ the ic 1-value in the ic-vector of (z(n)-z(n-1)…z(2)-z(1)-p) = n or n-1    (2.1.7, 2.1.9 & 2.1.10) 
2.1.12 ⇒ (z(n)-z(n-1)…z(2)-z(1)-p) is a CIG-(n+1)                (2.1.11 & ICV) 
  QED 
   
 
Case 2.2: (z(3)-z(2)-z(1)) is an instance of set class [3-1] 

   
 

Case 2.2.1: ic(z(3)-z(1)) ≠ 1 
 
2.2.1.1 ic(z(3)-z(1)) ≠ 1 and ic(z(2)-z(1)) = 1    
2.2.1.2 GIG-3 (z(3)-z(2)-z(1)) is an instance of [3-1] 
2.2.1.3 ⇒ the ic 1-value in the ic-vector of (z(3)-z(2)-z(1)) = 2         (2.2.1.2 & ICV)  
2.2.1.4 ⇒ ic(z(3)-z(2)) = 1                (2.2.1.1 & 2.2.1.3) 
 
 

Case 2.2.1.1: (z(4)-z(3)-z(2)-z(1)) is no instance of [4-1] 
 
2.2.1.1.1 CIG-4 (z(4)-z(3)-z(2)-z(1)) is no instance of [4-1] 
2.2.1.1.2 ⇒ the ic 1-value in the ic-vector of (z(4)-z(3)-z(2)-z(1)) = 2  (2.2.1.1.1 & ICV)  
2.2.1.1.3 ic(z(3)-z(2)) = 1, ic(z(2)-z(1)) = 1, and ic(z(3)-z(1)) ≠ 1       
2.2.1.1.4 ⇒ ic(z(4)-z(3)) ≠ 1, ic(z(4)-z(2)) ≠ 1  and ic(z(4)-z(1)) ≠ 1  (2.2.1.1.2, & 2.2.1.1.3) 
2.2.1.1.5 (z(4)-z(3)-z(2)-z(1)-p) is a CIG-5 
2.2.1.1.6 ⇒ the ic 1-value in the ic-vector of (z(4)-z(3)-z(2)-z(1)-p) = 3 or 4      
        (2.2.1.1.5 & ICV)  
2.2.1.1.7 if ic(z(1)-p) = 1 ⇒ note p = note z(2) and then (z(2)-z(1)-p) is no CIG-3,  
  or (z(3)-z(2)-z(1)) = (z(2)-z(1)-p)    (2.2.1.2 & 2.2.1.1.3) 
2.2.1.1.8 ⇒ ic(z(1)-p) ≠ 1                       (2.2.1.1.7) 
2.2.1.1.9 ⇒ ic(z(4)-p) = 1, or ic(z(3)-p) = 1, or ic(z(2)-p) = 1 
              (2.2.1.1.3, 2.2.1.1.4, 2.2.1.1.6 & 2.2.1.1.8) 
2.2.2.1.10 (z(n)-z(n-1)…z(2)-z(1)) is a CIG-n 
2.2.2.1.11 ⇒ the ic 1-value in the ic-vector of (z(n)-z(n-1)…z(2)-z(1)) = n-1 or n-2 
                     (2.2.1.1.10 & ICV)  
2.2.2.1.12 (z(n)-z(n-1)…z(2)-z(1)-p) is a superset of (z(n)-z(n-1)…z(2)-z(1))  
2.2.2.1.13 ⇒ the ic 1-value in the ic-vector of (z(n)-z(n-1)…z(2)-z(1)-p) = n or n-1 
       (2.2.1.1.9, 2.2.1.1.11 & 2.2.1.1.12) 
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2.2.2.1.14 ⇒ (z(n)-z(n-1)…z(2)-z(1)-p) is a CIG-(n+1)        (2.2.1.1.13 & ICV) 
  QED 

 
Case 2.2.1.2: (z(4)-z(3)-z(2)-z(1)) is an instance of [4-1] 
 
2.2.1.2.1 (z(4)-z(3)-z(2)-z(1)) is an instance of [4-1] 
2.2.1.2.2 ⇒ the ic 1-value in the ic-vector of (z(4)-z(3)-z(2)-z(1)) = 3 (2.2.2.1.1 & ICV)  
2.2.1.2.3 ic(z(3)-z(2)) = 1 and ic(z(2)-z(1)) = 1  
2.2.1.2.4 if ic(z(4)-z(3)) = 1 ⇒ note z(4) = note z(2) and (z(4)-z(3)-z(2)) is no CIG-3,  
  or (z(4)-z(3)-z(2)) = (z(3)-z(2)-z(1))    (2.2.1.2.1 & 2.2.1.2.3) 
2.2.1.2.5 ⇒ ic(z(4)-z(3)) ≠ 1       (2.2.1.2.4) 
2.2.1.2.6 if ic(z(4)-z(2)) = 1 ⇒ note z(4) = note z(3) and (b-c-d) is no CIG-3, or note  
  z(4) = note z(1) and (z(4)-z(3)-z(2)-z(1)) is no CIG-4.   (2.2.1.2.1 & 2.2.1.2.3) 
2.2.1.2.7 ⇒ ic(z(4)-z(2)) ≠ 1       (2.2.1.2.6) 

2.2.2.2.8 ic(z(3)-z(1)) ≠ 1  
2.2.1.2.9 ⇒ ic(z(4)-z(2)) = 1   (2.2.1.2.2, 2.2.1.2.3, 2.2.1.2.5, 2.2.1.2.7 & 2.2.1.2.8) 
2.2.1.2.10  (z(5)-z(4)-z(3)) is a CIG-3  
2.2.1.2.11 ⇒ the ic 1-value in the ic-vector of (z(5)-z(4)-z(3)) ≠ 0  (2.2.1.2.10 & ICV) 
2.2.1.2.12 ⇒ ic(z(5)-z(4)) = 1 or ic(z(5)-z(3)) = 1   (2.2.2.1.5 & 2.2.1.2.11) 
2.2.1.2.13 (z(5)-z(4)-z(3)-z(2)-z(1)) is a superset of (z(4)-z(3)-z(2)-z(1))  
2.2.1.2.14 ⇒ the ic 1-value in the ic-vector of (z(5)-z(4)-z(3)-z(2)-z(1)) = 4   
        (2.2.1.2.2, 2.2.1.2.12 & 2.2.1.2.13) 
2.2.1.2.15 ⇒ (z(5)-z(4)-z(3)-z(2)-z(1)) in an instance of [5-1]     (2.2.1.2.14 & ICV) 
  go to 4.0 
 

 
Case 2.2.2: ic(z(3)-z(1)) = 1  
 
2.2.2.1 ic(z(3)-z(1)) = 1  
2.2.2.2 ic(z(2)-z(1)) = 1 
2.2.2.3 (z(3)-z(2)-z(1)) is an instance of set class [3-1] 
2.2.2.4 ⇒ the ic 1-value in the ic-vector of (z(3)-z(2)-z(1)) = 2  (2.2.2.13 & ICV) 

2.2.2.5 ⇒ ic(z(3)-z(2)) ≠ 1     (2.2.2.1, 2.2.2.2 & 2.2.2.4) 
2.2.2.6 (z(4)-z(3)-z(2)) is a CIG-3 
2.2.2.7 ⇒The ic 1-value in the ic-vector of (z(4)-z(3)-z(2))  ≠ 0   (2.2.2.6 & ICV) 
2.2.2.8  ⇒ ic(z(4)-z(3)) = 1 or ic(z(4)-z(2)) = 1     (2.2.2.5 & 2.2.2.7) 
2.2.2.9 ⇒ the ic 1-value in the ic-vector of (z(4)-z(3)-z(2)-z(1)) = 3  (2.2.2.1, 2.2.2.2 & 2.2.2.8) 
2.2.2.10 (z(4)-z(3)-z(2)-z(1)) is an instance of [4-1] 

 ⇒ ic(z(4)-z(1)) ≠ 1               (2.2.2.1, 2.2.2.2, 2.2.2.8 & 2.2.2.9) 
 
Case 2.2.2.1: ic(z(4)-z(3)) = 1  
 
2.2.2.1.1 ic(z(4)-z(3)) = 1  
2.2.2.1.2 ⇒ ic(z(4)-z(2)) ≠ 1    (2.2.2.1, 2.2.2.2, 2.2.2.9 & 2.2.2.1.1) 
2.2.2.1.3 if ic(z(5)-z(3)) = 1 ⇒ note z(5) = note z(4), or note z(5) = note z(1)  
  ⇒ (z(5)-z(4)-z(3)-z(2)-z(1)) is no CIG-5. (2.2.2.1, 2.2.2.2 & 2.2.2.1.1) 
2.2.2.1.4 ⇒ ic(z(5)-z(3)) ≠ 1         (2.2.2.1.3) 
2.2.2.1.5 (z(5)-z(4)-z(3)-z(2)) is CIG-4 
2.2.2.1.6 ⇒ the ic 1-value in the ic-vector of (z(5)-z(4)-z(3)-z(2)) = 2 or 3     
         (2.2.2.1.5 & ICV) 
2.2.2.1.7 ⇒ ic(z(5)-z(2)) = 1 or ic(z(5)-z(4)) = 1  (2.2.2.5, 2.2.2.1.1, 2.2.2.1.2, 2.2.2.1.4 & 2.2.2.1.6) 
2.2.2.1.8 (z(5)-z(4)-z(3)-z(2)-z(1)) is a superset of (z(4)-z(3)-z(2)-z(1))  
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2.2.2.1.9 ⇒ the ic 1-value in the ic-vector of (z(5)-z(4)-z(3)-z(2)-z(1)) = 4  
        (2.2.2.9, 2.2.2.1.7 & 2.2.2.1.8) 
2.2.2.1.10 ⇒ (z(5)-z(4)-z(3)-z(2)-z(1)) in an instance of [5-1] (2.2.2.1.9 & ICV) 
  go to 4.0 
 
 
Case 2.2.2.2: ic(z(4)-z(3)) ≠ 1  
 
2.2.2.2.1 ic(z(4)-z(3)) ≠ 1  
2.2.2.2.2 ⇒ ic(z(4)-z(2)) = 1     (2.2.2.1, 2.2.2.2, 2.2.2.9 & 2.2.2.2.1) 
2.2.2.2.3 (z(5)-z(4)-z(3)) is a CIG-3 
2.2.2.2.4 ⇒The ic 1-value in the ic-vector of (z(5)-z(4)-z(3))  ≠ 0  (2.2.2.2.4 & ICV) 
2.2.2.2.5 ic(z(5)-z(4)) = 1 or  ic(z(5)-z(3)) = 1      (2.2.2.2.1 & 2.2.2.2.4) 
2.2.2.2.6 (z(5)-z(4)-z(3)-z(2)-z(1)) is a superset of (z(4)-z(3)-z(2)-z(1))  
2.2.2.2.7 ⇒ the ic 1-value in the ic-vector of (z(5)-z(4)-z(3)-z(2)) = 4 
         (2.2.2.9, 2.2.2.2.5 & 2.2.2.2.6) 
2.2.2.2 ⇒ (z(5)-z(4)-z(3)-z(2)-z(1)) in an instance of [5-1]   (2.2.2.2.7 & ICV) 
  go to 4.0 

 
   

4.0  for n = 4: if (z(4)-z(3)-z(2)-z(1)) is an instance of [4-1], if (z(3)-z(2)-z(1)) is an instance of [3-1], 
and if ic(z(2)-z(1)) = 1⇒ (z(5)-z(4)-z(3)-z(2)-z(1)) in an instance of 5-1 (Case 2.2.1.2 and Case 2.2.2) 

 
4.1 assume: (z(n)-z(n-1)…z(2)-z(1)) is an instance of set class [n-1] for 4 ≤ n, 
 and  (z(n-1)…z(2)-z(1)) is an instance of set class [(n-1)-1] for 3 ≤ n 
 and  (z(n-2)…-z(1)) is an instance of set class [(n-2)-1] for 2 ≤ n   
 
4.2 ⇒ the ic 1-value in the ic-vector of (z(n)-z(n-1)…z(2)-z(1)) = n-1      (4.1 & ICV) 
 
4.3 (z(n+1)-z(n)-z(n-1)) is a CIG-3 
 
4.4 ⇒ the ic 1-value in the ic-vector of (z(n+1)-z(n)-z(n-1)) ≠ 0      (4.3 & ICV) 
 
 

 Case 4.1: ic(z(n+1)-z(n)) = 1 
 
 4.1.1 ic(z(n+1)-z(n)) = 1 
 4.1.2 (z(n+1)-z(n)-z(n-1)…z(2)-z(1))  is a superset of (z(n)-z(n-1)…z(2)-z(1))   
 4.1.3 ⇒ the ic 1-value in the ic-vector of (z(n+1)-z(n)-z(n-1)…z(2)-z(1))  = n   (4.2 & 4.1.1) 
 4.1.4 ⇒ (z(n+1)-z(n)-z(n-1)…z(2)-z(1)) is an instance of set class [(n+1)-1]             (4.1.3 & ICV)
 QED 
 
 
 Case 4.2: ic(z(n+1)-z(n)) ≠ 1 
 
 4.2.1 ic(z(n+1)-z(n)) ≠ 1 
 4.2.2 ⇒ ic(z(n+1)-z(n-1)) = 1 or ic(z(n)-z(n-1)) = 1      (4.4 & 4.2.1) 
 
 

Case 4.2.1: ic(z(n+1)-z(n-1)) = 1 
 
4.2.1.1 ic(z(n+1)-z(n-1)) = 1 
4.2.1.2 (z(n+1)-z(n)-z(n-1)…z(2)-z(1))  is a superset of (z(n)-z(n-1)…-z(2)-z(1))   
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4.2.1.3 ⇒ the ic 1-value in the ic-vector of (z(n+1)-z(n)-z(n-1)…z(2)-z(1))  = n  
          (4.2 & 4.2.1.1) 
4.2.1.4 ⇒ (z(n+1)-z(n)-z(n-1)…z(2)-z(1))  is an instance of set class [(n+1)-1]       
           (4.2.1.3 & ICV) 
  QED 
 
 
Case 4.2.2: ic(z(n+1)-z(n-1)) ≠ 1 
 
4.2.2.1 ic(z(n+1)-z(n-1)) ≠ 1  
4.2.2.2 ⇒ ic(z(n)-z(n-1)) = 1         (4.2.2 & 4.2.2.1)  
4.2.2.3 (z(n+1)-z(n)-z(n-1)-z(n-2)) is a CIG-4 
4.2.2.4 ⇒ the ic 1-value in the ic-vector of (z(n+1)-z(n)-z(n-1)-z(n-2))  = 2 or 3 
             (4.2.2.3 & ICV) 
4.2.2.5 if ic(z(n)-z(n-2))  = 1 ⇒ note z(n) = note z(n-1) and (z(n)-z(n-1)-z(n-2) is no CIG-3  
              (4.1 & 4.2.2.2) 
4.2.2.6 ⇒ ic(z(n)-z(n-2))  ≠1           (4.2.2.5) 
4.2.2.7 ⇒ ic(z(n+1)-z(n-2)) = 1 or ic(z(n-1)-z(n-2)) = 1   (4.2.1, 4.2.2.1, 4.2.2.4 & 4.2.2.6)
   

    
Case 4.2.2.1: ic(z(n+1)-z(n-2)) = 1 
 
4.2.2.1.1 ic(z(n+1)-z(n-2)) = 1 
4.2.2.1.2 (z(n+1)-z(n)-z(n-1)…z(2)-z(1))  is a superset of (z(n)-z(n-1)…-z(2)-z(1))   
4.2.2.1.3 ⇒ the ic 1-value in the ic-vector of (z(n+1)-z(n)-z(n-1)…z(2)-z(1))  = n  
         (4.2 & 4.2.2.1.1) 
4.2.2.1.4 ⇒ (z(n+1)-z(n)-z(n-1)…z(2)-z(1))  is an instance of set class [(n+1)-1] 
         (4.2.2.1.3 & ICV) 
  QED  
  
 
Case 4.2.2.2: ic(z(n+1)-z(n-2)) ≠ 1 
    
4.2.2.2.1 ic(z(n+1)-z(n-2)) ≠ 1 
4.2.2.2.2 ⇒ ic(z(n-1)-z(n-2)) = 1     (4.2.2.7 & 4.2.2.2.1) 
4.2.2.2.3 if ic(z(n-2)-z(n-3)) = 1 ⇒ (z(n)-z(n-1)-z(n-2)) = (z(n-1)-z(n-2)-z(n-3)) 
          (4.2.2.2 & 4.2.2.2.2) 
4.2.2.2.4 ⇒ ic(z(n-2)-z(n-3)) ≠ 1       (4.2.2.2.3) 
4.2.2.2.5 (z(n-2)…-z(1)) is an instance of set class [(n-2)-1]  
4.2.2.2.6 ⇒ the ic 1-value in the ic-vector of (z(n-2)…-z(1))  = n-3  (4.2.2.2.5 & ICV) 
4.2.2.2.7 (z(n-1)…-z(1)) is a superset of (z(n-2)…-z(1))  
4.2.2.2.8 ⇒ ic(z(n-1)-z(n-3)) ≠ 1     (4.2.2.2.2, 4.2.2.2.6 & 4.2.2.2.7)  
4.2.2.2.8 (z(n-1)…z(2)-z(1)) is an instance of set class [(n-1)-1] 
4.2.2.2.9 ⇒ the ic 1-value in the ic-vector of (z(n-1)…z(2)-z(1))= n-2 (4.2.2.2.8 & ICV) 
4.2.2.2.10 ⇒ ic(z(n)-z(n-3)) ≠ 1       (4.2.2.2, 4.2.2.2.6 & 4.2.2.2.9)  
4.2.2.2.11 (z(n+1)-z(n)-z(n-1)-z(n-2)-z(n-3)) is a CIG-5 
4.2.2.2.12 ⇒ the ic 1-value in the ic-vector of (z(n+1)-z(n)-z(n-1)-z(n-2)-z(n-3))  = 3 
  or 4         (4.2.2.2.11 & ICV) 
4.2.2.2.13 ⇒ ic(z(n+1)-z(n-3)) = 1 
  (4.2.2.1, 4.2.2.2, 4.2.2.6, 4.2.2.2.1, 4.2.2.2.2, 4.2.2.2.4, 4.2.2.2.8, 4.2.2.2.10 & 4.2.2.2.12)  
4.2.2.2.14 (z(n)-z(n-1)…z(2)-z(1)) is an instance of set class [n-1] 
4.2.2.2.15 ⇒ the ic 1-value in the ic-vector of (z(n)-z(n-1)…z(2)-z(1))  = n-1  
         (4.2.2.2.14 & ICV) 
4.2.2.2.16 (z(n+1)-z(n)-z(n-1)…z(2)-z(1))  is a superset of (z(n)-z(n-1)…-z(2)-z(1))   
4.2.2.2.17 ⇒ the ic 1-value in the ic-vector of (z(n+1)-z(n)-z(n-1)…z(2)-z(1))  = n  
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        (4.2.2.2.13, 4.2.2.2.15 & 4.2.2.2.16)  
 
4.2.2.2.18 ⇒ (z(n+1)-z(n)-z(n-1)…z(2)-z(1))  is an instance of set class [(n+1)-1]         
           (4.2.2.2.13 & ICV) 
  QED  

 
 
 
4.5 ⇒ (z(n)-z(n-1)…z(2)-z(1)) is an instance of set class [n-1] for 4 ≤ n   
              (4.0, 4.1, 4.1.4, 4.2.1.4, 4.2.2.1.4 & 4.2.2.2.18) 
4.6 ⇒ the ic 1-value in the ic-vector of (z(n)-z(n-1)…z(2)-z(1)) = n-1     (4.5 & ICV) 
4.7 (z(n)-z(n-1)…z(2)-z(1)-p) is a superset of (z(n)-z(n-1)…z(2)-z(1))  
4.8 ⇒ the ic 1-value in the ic-vector of (z(n)-z(n-1)…z(2)-z(1)-p) ≥ n-1     (4.6 &4.7)  
4.9 ⇒ (z(n)-z(n-1)…z(2)-z(1)-p) is a CIG-(n+1)        (4.8 & ICV) 
 QED 
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Appendix 4  
Max/MSP patch for Random Tonal Music Generator 
 
(See Section 3.3.2) 
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Appendix 5  
Polytonal variations 
 
 
I composed three polytonal variations starting from the following four of Mark Delaere’s six criteria for 
polytonal writing (see Section 3.6 and Mark Delaere, ‘Autant de compositeurs, autant de polytonalités 
différentes’: Polytonality in French Music Theory and Composition of the 1920s), In Wörner, F., 
Scheideler, U., & Rupprecht, Ph. (eds.). Tonality 1900-1950: Concept and Practice, Franz Steiner Verlag, 
2012, p. 163): 
 

1. Use diatonic pitch material.  
2. Combined keys should be related as remotely as possible 
4. A polytonal composition preferably begins in one key, a second layer being added only 
later on.  
6. Contrasting textures, rhythms, registers and instruments help to perceive tonal polarity. 

 
The three variations consist of three parts performed by three instruments with contrasting tone colours: 
flute, gamba and piano (criterion 6). The three parts were composed independently, without any attention to 
the resulting harmonies. The scores are shown below. 
 
In the first variation each instrument plays a part based on a single diatonic 7-set (7-35) without 
modulations (criterion 1). The flute uses the set of C major, the gamba the set of E major and the piano the 
set of A flat major. These sets are all a major third (ic 4) apart in order to obtain the least possible common 
notes between the sets (criterion 2) . Furthermore, in the first variation the three parts start at different 
moments in time (criterion 4) and they are written with contrasting rhythms in contrasting metres, textures 
and ranges (criterion 6): the flute plays a slurred melody in long notes in 4/4 time in a relatively high 
register; the gamba plays a legato ostinato rhythm in 5/8 metre consisting mainly of quavers with one group 
of two semi-quavers in the low register; the piano plays a rhythmically irregular staccato part with no 
perceivable metre, with very short note lengths, and abundant grace notes, and unpredictable accents in its 
middle register. The registers of the three parts are rigorously kept apart: the flute always playing the 
highest and the gamba always playing the lowest notes. As a result the three parts can be easily 
distinguished by the listeners, and each part is perceived as highly tonal. 
 
In the second variation, the melodies and their distribution between the instruments is preserved, but the 
flute part is transposed an octave down and the piano part an octave up. This results in overlapping 
registers (all instruments play in the middle register of the piano), which weakens the effect of criterion 6. 
Indeed, the perception of three different tonalities in polytonal combination proofed to be harder than in 
Variation 1. 
 
The third variation is composed with exactly the same material as Variation 2, but in this case the material 
is distributed freely among the three instruments. This variation is no longer perceived as polytonal since it 
is no longer possible to distinguish between the three simultaneous ‘keys’ . Variation 3 is therefore 
perceived as highly atonal. Whereas it is justified to consider the three parts separately in the T-analysis of 
Variation 1 (and to a lesser extent Variation 2), in a T-analysis of Variation 3 the three parts should be 
analysed as a whole. 
 
In a performance for educated listeners in the context of Hans Roels’s experiment on hyper-polyphony, 
Variation 3 was additionally performed ‘without sharps and flats’ (all sharps and flats were ignored by the 
performers). This resulted in a piece that was perceived as (highly) tonal (or modal) by the listeners. This 
proves that any note combination based on all the pitch classes of a single diatonic 7-set yield a highly 
tonal result (see also the experiment with the random ‘tonal’ generator in Appendix 4). 
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Appendix 6 
Bending-into-place experiment 
 
On 22 February 2011, I performed an experiment at the Orpheus Research Centre in Music (ORCiM) in 
Ghent (Belgium) to confirm Clarence Barlow’s phenomenon of bending into place discussed in Chapter 4. 
The experiment was performed on the basis of the Max/MSP patch shown below. 
 
 

 
Max/MSP patch for the bending experiment. 

 
 
First, an interval in just intonation was sounded. The participants in the experiment listened to this interval. 
For instance, a major third (ic 4) of 386,31 cents was heard (see Example 4.11). Then an interval that was 
further away from the initial interval than the E.T. interval was sounded with the same lowest or highest 
note as the initial just interval. In the case of ic 4, an interval of 420 cents was sounded. This interval was 
then gradually reduced or increased towards the just interval. The participants were asked to indicate the 
moment when they thought the original just interval was reached again. All the participants in the 
experiment identified the ‘just intonation intervals’ already before the E.T. interval (of 400 cents in the case 
of ic 4) was reached. This proves that the 5 cent JND limit is ‘careful’ and that the participants bend the 
interval into place. 
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Appendix 7  
List of compositions by Bart Vanhecke 
 
 
“Camera obscura”  (EMS Synthi A. tape. 1989. 15’20’’) 
 
“Serenade”  (for 2 piccolos, harp and percussion. 1991. ca.6’) 
 
“Epitafium”  (for alto flute and guitar. 1991. ca.20’) 
 
“Monodie”   (for piano. 1992 (2° version 1995). ca.10’) 
 
“Ombra della sera”  (for oboe and piano. 1992. ca.10’) 
 
“Twee liederen”  (for soprano and 5 instruments (fl., cl., horn, celesta, guit.). 1993. ca.3’) 
 
“Quand la lune meurt” (for bass clarinet and ensemble (14 instruments). 1993. ca.20’) 
 
“Chaque fleur a une voix” (for bass flute, percussion and live electronics. 1994. ca.22’) 
 
“Kwintet”   (for woodwinds (alto fl., eng. h., c.b.cl., horn, d. bssn.). 1994. ca.17’) 
 
“Tout près de l’eau” (for mezzo-soprano and alto flute. 1995. ca.5’) 
 
“La couleur du  vent” (for flute. 1996. ca.5’) 
 
“Dans les plis des nuages” (for 2 violins and small ensemble (6 instruments). 1996. ca.12’) 
 
“Les racines du monde” (for piano. 1998. ca.8’) 
 
“Es träumte mir...”  (for 6-part male choir. 1998. ca.1’30’’) 
 
“Close my willing eyes” (for 3 sopranos and ensemble (9 instruments). 1999. ca.18’) 
 
“Etoiles peintes”  (string trio. 2000. ca. 9’) 
 
“Les fleurs pâles du clair de lune”   (for ensemble (12 instruments). 1994 / 2001. ca.10’) 
 
“Des cercles sur les eaux”    (for harp, ensemble (8 instruments) and live electronics. 2002. ca.15’) 
 
“Icarus”   (mini opera for six voices and flute. 2004. ca.15’) 
    commissioned by Muziektheatercollectief Walpurgis 
 
“Dans l’eau du songe” (for bass clarinet, cello and piano. 2005. ca.13’) 
    commissioned by Het Collectief 
 
“La hora de la luz”  (for countertenor, ensemble (7 instr.) and live electronics. 2005. ca.20’) 
    commissioned by the Spectra Ensemble 
 
 “Comme un flocon de neige” (for flute and ensemble (8 instruments). 2007. ca.12’) 
     commissioned by the Ictus Ensemble 
 
“Trinity songs”  (for soprano, clarinet and live electronics. 2007. ca.20’) 
    commissioned by Muziektheatercollectief Walpurgis 
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“Que l’aube apporte la lumière”   (piano quintet. complete version  2008 (1° version: 2006). ca.20’) 
               commissioned by the Danel string quartet  
 
 “Après la pluie”  (for piano and live electronics. 2008. ca. 12’.) 
 
“Le sourire infini des ondes” (for ensemble (9 instruments). 2009.ca14’) 
     commissioned by the Spectra Ensemble 
 
“Danse de la terre”  (for orchestra (3,3,3,3/6,3,2,1/5perc,pno/9,9,9,9,9). 2010. ca.12’) 
    commissioned by “Festival van Vlaanderen” (Flanders Festival) 
 
“Un souffle de l’air que respirait le passé” (piano quartet. 2011. ca.15’) 
 
“Danse du feu”  (for large orchestra (4,4,4,4/4,4,3,1/6 perc,pno,hrp/16,14,12,10,8). 2012. ca.13’)  
 
“A l’image du monde… originel”  (for piano. 2012. ca.6’) 
 
“A l’image du monde… double”  (for piano. 2013. ca.6’) 
 
“Danse de l’eau et de l’air” (for orchestra (4,3,4,3/4,3,3,1/4perc, pno(&cel),hrp/12,12,10,8,6). 2014. ca.12’)  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 281 

Bibliography 
 
This list only contains sources that have been quoted or mentioned in the text. Sources that have been 
consulted for the purpose of the research but that are not quoted or mentioned in the text have been omitted. 
 
 
Aarden, B. (2003). Dynamic Melodic Expectancy. PhD dissertation. Columbus: School of Music. Ohio 
State University. 
 
Abromont, Cl. & de Montalembert, E. (2001). Guide de la Théorie de la Musique. Paris: Fayard/Henry 
Lemoine. 
 
Adorno, Th.W. (1997). Mahler: Eine Musikalische Physiognomik. In Die Musikalischen Monographien. 
Frankfurt Am Main: Suhrkamp. 
 
Aeschylus (2009). Prometheus Bound. On http://classics.mit.edu/Aeschylus/prometheus.html [last 
accessed: 10 February 2012].  
 
Agawu, K. (2006). Ambiguity in Tonal Music: A Preliminary Study. In Pople, A. (ed.). Theory, Analysis 
and Meaning in Music. 86-107. New York: Cambridge University Press.  
 
Audi, R. (ed.) (1995). The Cambridge Dictionary of Philosophy. New York: Cambridge University Press. 
 
Audi, R. (1998). Epistemology: A Contemporary Introduction to the Theory of Knowledge. London: 
Routledge. 
 
Bachelard, G. (1938). La Psychanalyse du Feu. Paris: Gallimard. 
 
Bachelard, G. (1942). L’Eau et les Rêves. Paris: Librairie José Corti. 
 
Bachelard, G. (1943). L’Air et les Songes. Paris: Librairie José Corti. 
 
Bachelard, G. (1948). La Terre et les Rêveries de la Volonté. Paris: Librairie José Corti. 
 
Bachelard, G. (1960). La Poétique de la Rêverie. Paris: Presses Universitaires de France. 
 
Barlow, C. (1987). Two Essays on Theory. In Computer Music Journal. Vol. 11, N°1, Microtonality. 44-
60. 
 
Barnett, A. (2007). Sibelius. New Haven & London: Yale University Press. 
 
Barthes, R. (1967). Elements of Semiology. Lavers, A. & Smith, C. (transl.). Boston: Beacon Press. 
 
Barthes, R. (1974). S/Z: An Essay. Miller, R. (transl.). New York: Hill and Wang. 
 
Baudelaire, Ch. (1861). Les Fleurs du Mal. 2nd edition. Paris: Poulet-Malassis et de Broise. 
 
Beard, D. & Gloag, K. (2005). Musicology: The Key Concepts. London:  Routledge. 
 
Beardsley, M.C. (1979). In Defence of Artistic Value. In Proceedings and Addresses of the American 
Philosophical Association. Vol. 52. 723-49. 
 
Bell, C. (1913-2008). Art: The Classic Manifesto on Art, Society, and Aesthetics. Melbourne: Book Jungle. 
 



 282 

Benson, D.J. (2007). Music: A Mathematical Offering. New York: Cambridge University Press. 
 
Berg, A. (1936). Was ist Atonal? In 23: Eine Wiener Zeitschrift. Vol. 26/27. 1-11. 
 
Berg, A. (1985). Ecrits. Jameux, D. (ed.). Pousseur, H., Tillier, G., & Collins, D. (transl.). Paris: Christian 
Bourgois Editeur. 
 
Bernstein, D.A., Roy E.J., e.a. (1991). Psychology. 2nd edition. Boston: Houghton Mifflin Company. 
 
Bernstein, L. (1976). The Unanswered Question: Six Talks at Harvard. Cambridge, Massachusetts & 
London: Harvard University Press. 
 
Berry, W. (1976). Structural Functions in Music. New York: Dover Publications. 
 
Blaukopf, H. (ed.) (1983). Gustav Mahler Briefe: 1879-1911. Vienna & Hamburg: Publications of the 
International Gustav Mahler Society. 
 
Boulez, P. (1966). Relevés d’Apprenti. Paris: Editions du Seuil. 
 
Brady, R.H. (s.d.). Perception: Connections Between Art and Science. The Nature Institute.  On 
http://www.natureinstitute.org/txt/rb/art/perception.htm [last accessed on 28 July 2014]. 
 
Brown, H. (1988). The Interplay of Set Content and Temporal Context in a Functional Theory of Tonality 
Perception. In Music Perception, Vol. 5, N°3. 219-49. 
 
Campbell, E. (2010). Boulez: Music and Philosophy. Cambridge: Cambridge University Press. 
 
Carroll, L. (1996). Alice Through the Looking-Glass & What Alice Found There. In The Complete Lewis 
Carroll. Ware, Hertfordshire: Wordsworth Editions. 
 
Casey, J. (ed.) (1885). The First Six Books of the Elements of Euclid. Dublin: Hodges, Figgis & Co.. 
 
Chailley, J. (1951). Traité Historique d’Analyse Musicale. Paris: Alphonse Leduc. 
 
Chandler, D. (2007). Semiotics: The Basics. 2nd edition. London: Routledge.  
 
Chew, E., Childs, A., & Chuan, C-H. (eds.) (2009). Mathematics and Computation in Music. Berlin & 
Heidelberg: Springer Verlag. 
 
Chomsky, N. (1957). Syntactic Structures. The Hague: Mouton de Gruyter. 
 
Chomsky, N. (2006). Language and the Mind. 3rd edition. Cambridge: Cambridge University Press. 
 
Choron, A. (1810). Dictionnaire Historique des Musiciens Artistes et Amateurs, Précédé d'un Sommaire de 
l'Histoire de la Musique. Paris: Valade & Lenormant. 
 
Christensen, Th. (ed.) (2002). The Cambridge History of Western Music Theory. Cambridge: Cambridge 
University Press. 
 
Christiaens, J. (2005). Bart Vanhecke (1964), Les Racines du Monde (1998). In Delaere, M. & Compeers, 
J. (eds.). Contemporary Music in Flanders II: Flemish Piano Music since 1950. Historical Overview, 
Discussion of Selected Works and Inventory. 38-39. Leuven: Matrix. 
 
Coessens, K. (2009). Experiencing Art: A Synesthetic Unfolding. In Proceedings of the Third International 
Congress on Synaesthesia, Science & Art, Granada, Spain. de Cordoba, J., Hummard , E., Ricca, D., & 



 283 

Day, S.A. (eds.). Ediciones Fundación Internacional Artecitta, Actas del III Congreso Internacional de 
Sinestesia, Ciencia y Arte. 
 
Cohn, R. (1998). Introduction to Neo-Riemannian Theory: A Survey and a Historical Perspective. In 
Journal of Music Theory. Vol. 42, N°2, Neo-Riemannian Theory. 167-8. 
 
Cohn, R. (2012). Audacious Euphony: Chromaticism and the Triad’s Second Nature. New York: Oxford 
University Press. 
 
Coleridge, S.T. (1817). Biographia Literaria: Or Biographical Sketches of my Literary Life and Opinions - 
Volume 1. London: Rest Fenner. 
 
Collingwood, R.G. (1938). The Principles of Art. New York: Oxford University Press. 
 
Cook, N. (1989). Music Theory and 'Good Comparison': A Viennese Perspective. In Journal of Music 
Theory, Vol. 33, N°1. 117-41. 
 
Croce, B. (1918). Il Carrattere di Totalità dell’Espressione Artistica. In La Critica. Rivista di Letteratura, 
Storia e Filosofia Diretta da B. Croce, Vol. 16. Rome: Gius. Laterza & Figli, Editori. 
 
Cross J. (ed.) (2003). The Cambridge Companion to Stravinsky. Cambridge: Cambridge University Press. 
 
Danesi, M. (2004). Messages, Signs, and Meanings: A Basic Textbook in Semiotics and Communication 
Theory. 3rd edition. Toronto: Canadian Scholar’s Press Inc. 
 
Davies, S. (1994). Musical Meaning and Expression. Ithaca, New York: Cornell University Press. 
 
Debussy, Cl. (1971). Monsieur Croche et Autres Récits. 2nd edition. Paris: Gallimard. 
 
Delaere, M. & Compeers, J. (eds.) (2005). Contemporary Music in Flanders II. Flemish Piano Music since 
1950: Historical Overview, Discussion of Selected Works and Inventory. Leuven: Matrix. 
 
Delaere, M. (2012) Autant de Compositeurs, autant de Polytonalités Différentes: Polytonality in French 
Music Theory and Composition of the 1920s. In Wörner, F., Scheideler, U., & Rupprecht, Ph. (eds.). 
Tonality 1900-1950: Concept and Practice. 143-56. Stuttgart: Franz Steiner Verlag.  
 
Delcomyn, F. (1998). Foundations of Neurobiology. New York: W.H. Freeman and Company. 
 
Deleuze, G. & Guattari, F. (2004). A Thousand Plateaus. Vol. 2 of Capitalism and Schizophrenia. 
Massumi, B. (transl.). London & New York: Continuum. 
 
de Saussure, F. (1919-1983). Course in General Linguistics. Harris, R. (transl.). London: Duckworth. 
 
Devoto, M. (1986). Tonic. In Randel, D.M. (ed.). The New Harvard Dictionary of Music. 862. Cambridge: 
Belknap Press of Harvard University Press. 
 
Ditzler, K. (1998). Tradition ist "Schlamperei": Gustav Mahler and the Vienna Court Opera. In 
International Review of the Aesthetics and Sociology of Music, Vol. 29, N°1. 11-28. 
 
Drabkin, W. (2002). Heinrich Schenker. In Christensen, Th. (ed.), The Cambridge History of Western 
Music Theory. 812-43. Cambridge: Cambridge University Press. 
 
Drabkin, W. (s.a.). Motif. in Grove Music Online. On 
www.oxfordmusiconline.com+19221?q=motif&search=quick&source=omo_gmo&pos=1&_start=1#firsthi
t [last accessed on 11 March 2013]. 



 284 

 
Duffin, R.W. (2007). How Equal Temperament Ruined Harmony (and Why You Should Care). New York: 
W.W. Norton & Company. 
 
Dunsby, J. (2002). Thematic and Motivic Analysis. In Christensen, Th. (ed.), The Cambridge History of 
Western Music Theory. 907-26. Cambridge: Cambridge University Press. 
 
Eco, U. (1972). La structure Absente: Introduction à la Recherche Sémiotique. Esposito-Torrigiani, U. 
(transl.). Paris: Mercure de France. 
 
Eco, U. (1976). A Theory of Semiotics. Bloomington: Indiana University Press. 
 
Eco, U. (1989). The Open Work. Cancogni, A. (transl.). Cambridge, Massachusetts: Harvard University 
Press. 
 
Eco, U. (2011). Confessions of a Young Novelist. Cambridge, Massachusetts: Harvard University Press. 
 
Evans, K. (director) (1987). Portrait of an Artist: Jackson Pollock. Online video clip. On 
http://www.youtube.com/watch?v=4G5hQWPP74s&feature=player_embedded [last accessed on 28 
December 2012]. 
 
Fauvel, J., Flood, R., & Wilson, R. (eds.) (2003). Music and Mathematics: From Pythagoras to Fractals. 
New York: Oxford University Press. 
 
Feynman, R. (1965-1992). The Character of Physical Law. London: Penguin books. 
 
Fisk, J.  (ed.) (1997). Composers on Music: Eight Centuries of Writings. 2nd edition. Boston, 
Massachusetts: Northeastern University Press, 1997. 
 
Floros, C. (1993). Gustav Mahler: The Symphonies. Original edition: Wiesbaden: Breitkopf & Härtel 
(1985). Wicker, V. & J. (transl.). Pompton Plains, New Jersey: Amadeus Press. 
 
Forte, A. (1973). The Structure of Atonal Music. New Haven & London: Yale University Press. 
 
Forte, A. & Gilbert, S.E. (1982). Introduction to Schenkerian Analysis. New York & London: W.W. 
Norton & Company. 
 
Frijda, N.H. (1986). The Emotions. Cambridge: Cambridge University Press. 
 
Fry, R. (1920-1998) Vision and Design. London: Dover Publications. 
 
Gauldin, R. (2004). Harmonic Practice in Tonal Music. 2nd edition. New York & London: W.W. Norton & 
Company.  
 
Gazzaniga, M.S., Ivry, R.B., & Mangun, G.R. (2009). Cognitive Neuroscience: The Biology of the Mind. 
3rd edition. New York & London: W.W. Norton & Company. 
 
George, S. (1931). Gesamt-Ausgabe der Werke. Endgültige Fassung. Vol. 6/7: Der siebente Ring. Berlin: 
Georg Bondi. 
 
Giovannelli, A. (2010). Goodman's Aesthetics. On http://plato.stanford.edu/entries/goodman-aesthetics/ 
[last accessed on 28 February 2013]. 
 
Goodman, N. (1976). Languages of Art. Indianapolis: Hackett Publishing Company. 
 



 285 

Goodman, N. (1978). Ways of Worldmaking. Indianapolis: Hackett Publishing Company. 
 
Goethe, J.W. von (1906). Was wir Bringen. Vorspiel bei der Eröffnung des Neuen Schauspielhauses zu 
Lauchstädt. in: Sämtliche Werke, Jubiläums-Ausgabe in 40 Bänden, Vol. 9. re-edited by Eduard von der 
Hellen, Stuttgart/Berlin: Cotta o. J. 
 
Grayling A.C. (ed.) (1995). Philosophy, A Guide through the Subject, New York: Oxford University Press. 
 
Guernsey, M. (1928). The Rôle of Consonance and Dissonance in Music. In The American Journal of 
Psychology. Vol. 40, N°2. 173-204. 
 
Hagberg, G. (1984). Art and the Unsayable: Langer’s Tractarian Aesthetics. In British Journal of 
Aesthetics, Vol. 24. 325-340. 
 
Hanslick, E. (1986). On the Musically Beautiful: A Contribution towards the Revision of the Aesthetics of 
Music. Payzant, G. (transl.). Indianapolis: Hackett Publishing Company. 
 
Hargreaves, D.J. (1986). The Developmental Psychology of Music. Cambridge: Cambridge University 
press. 
 
Harrison, D. (1994). Harmonic Function in Chromatic Music: A Renewed Dualist Theory and an Account 
of its Precedents. Chicago: The University of Chicago Press. 
 
Harvey, J. (1999). Music and Inspiration. Downes, M. (ed.). London: Faber and Faber. 
 
Hecht, E. (1994). Physics. Belmont, California: Brooks/Cole Publishing Cie. 
 
Helmholtz, H. (1954). On the Sensations of Tone as a Physiological Basis for the Theory of Music. Ellis, 
A.J. (ed. & transl.). New York: Dover Publications. 
 
Hermerén, G. (1988). Representation, Truth, and the Languages of the Arts. In Rantala, V., Rowell, L., & 
Tarasti, E. (eds.), Essays on the Philosophy of Music. Vol. 43. 179-209. Helsinki: Acta Philosophica 
Fennica. 
 
Hindemith, P. (1942). The Craft of Musical Composition, Book 1: Theory. London: Schott & Co.. 
 
Hjelmslev, L. (1954-1959). La Stratification du Langage. In Essais Linguistiques. Copenhagen: Nordisk 
Sprog- og Kulturforlag. 
 
Hodges, D. & Sebald, D.C. (2011). Music in the Human Experience: An Introduction to Music Psychology. 
London: Routledge. 
 
Hofstadter, D.R. (2007). I am a Strange Loop. New York: Basic Books. 
 
Humphries, L. (2000). Atonality, Information, and the Politics of Perception. On 
http://www.thinkingapplied.com/tonality_folder/tonality.pdf [last accessed on 14 July 2010]. 
 
Hubble, E.P. (1954). The Nature of Science, and Other Lectures. San Marino, California: Huntington 
Library Publications. 
 
Huron, D. (1994). Interval-Class Content in Equally Tempered Pitch-Class Sets: Common Scales Exhibit 
Optimum Tonal Consonance. In Music Perception: An Interdisciplinary Journal, Vol. 11, N°3. 289-305. 
 
Huron, D. (2006). Sweet Anticipation, Music and the Psychology of Expectation. Cambridge: 
Massachusetts Institute of Technology Press. 



 286 

 
Hutchinson, W. & Knopoff, L. (1978). The Acoustic Component of Western Consonance. In Journal of 
New Music Research, Vol. 7, N°1. 1-29. 
 
Hyer, B. (2002). Tonality. In Christensen, Th. (ed.), The Cambridge History of Western Music Theory. 726-
52. Cambridge: Cambridge University Press. 
 
Ings, S. (2009). Matters of Light and Darkness. On 
http://simoningsmirror.wordpress.com/2009/10/26/matters-of-light-and-darkness/ [last accessed on 31 
January 2014]. 
 
Ionesco, E. (1962). Notes et Contre-Notes. Paris: nrf / Gallimard. 
 
Isaacson, E.J. (1990). Similarity of Interval-Class Content between Pitch-Class Sets: The IcVSIM Relation. 
In Journal of Music Theory. Vol. 34, N°1. 1-28. 
 
Jakobson, R. (1960). Closing Statement: Linguistics and Poetics. In Sebeok, Th.A. (ed.), Style in Language. 
350-77. Cambridge: Massachusetts Institute of Technology Press. 
 
Jakobson, R. (1963). Essais de Linguistique Générale, 1: Les Fondations du Langage. Ruwet, N. (transl.). 
Paris: Les Editions de Minuit. 
 
Jakobson, R. (1984-1990). Language and Parole: Code and Message. In Waugh, L.R. & Monville-Burston, 
M.  (eds.), On Language. Cambridge: Harvard University Press. 
 
Johnson, M. (2007). The Meaning of the Body: Aesthetics of Human Understanding. Chicago: University 
of Chicago Press. 
 
Jonas, O. (ed.) (1954). Introduction to: Schenker, H. Harmony. v-xxvii. Mann Borgese, E. (transl.). 
Chicago & London: The University of Chicago Press. 
 
Joyce, J. (1916). A Portrait of the Artist as a Young Man. New York: B.W. Huebsch. 
 
Joyce, J. (1992). Finnegans Wake. London: Penguin Books. 
 
Kameoka, A. & Kuriyagawa, M. (1969). Consonance Theory Part II: Consonance of Complex Tones and 
its Calculation Method. In The Journal of the Acoustical Society of America, Vol. 45, N°6. 1460-9. 
 
Kamien, R. (2008). Music: An Appreciation. 6th brief edition. Columbus: Mc Graw-Hill. 
 
Kant, I. (1790-1987). Critique of Judgment. Originally published as Kritik der Urtheilskraft. Berlin & 
Libau: Lagarde und Friedrich. Pluhar, W.S. (transl.). Indianapolis, Cambridge: Hackett Publishing 
Company. 
 
Killian, H. (ed.) (1984). Gustav Mahler in der Erinnerungen von Natalie Bauer-Lechner. Hamburg: Karl 
D. Wagner Verlag. 
 
Kirby, S., Dowman, M., & Griffiths, T.L. (2007). Innateness and Culture in the Evolution of Language. In 
Proceedings of the National Academy of Science of the United States of America, Vol. 104, N°12. 5241–5. 
 
Kolinsli, M. (1962). Consonance and Dissonance. In Ethnomusicology, Vol. 6, N°2. 66-74. 
 
Kraaijpoel, D. (1996). Han van Meegeren en zijn Meesterwerk van Vermeer. 1889-1947. Zwolle: 
Uitgeverij Waanders. 
 



 287 

Krumhansl, C.L. (1990). Cognitive Foundations of Musical Pitch. New York: Oxford University Press. 
 
Lachenmann, H. (2004). Philosophy of Composition: Is There Such a Thing. In Identity and Difference: 
Essays on Music, Language and Time. Collected Writings of the Orpheus Institute. 55-69. Leuven: Leuven 
University Press. 
 
Lane, R.D. & Nadel, L. (eds.) (2000). Cognitive Neuroscience of Emotion. New York: Oxford University 
Press. 
 
Langer, S.K. (1942). Philosophy in a New Key: A Study in the Symbolism of Reason, Rite, and Art. 
Cambridge: Harvard University Press. 
 
Langer, S.K. (1953). Feeling and Form. New York: Charles Scribner’s Sons. 
 
Latham, A. (ed.) (2002). The Oxford Companion to Music.  London: Oxford University Press. 
 
Leibowitz, R. (1949). Introduction à la Musique de Douze Sons : Les Variations pour Orchestre op. 31, 
d'Arnold Schoenberg. Paris: Editions L’Arche. 
 
Lerdahl, F. & Jackendoff, R. (1983). A Generative Theory of Tonal Music. Cambridge: Massachusetts 
Institute of Technology Press. 
 
Lester, J. (1989). Analytic Approaches to Twentieth-Century Music. New York & London: W.W. Norton & 
Company. 
 
Lewis, D. (1986). On the Plurality of Worlds. Oxford: Blackwell Publishing. 
 
Locke, J. (1959). An Essay Concerning Human Understanding - Volume 1. New York: Dover Publications. 
 
Loy, G. (2006). Musimathics: The Mathematical Foundations of Music - Volume 1. Cambridge: 
Massachusetts Institute of Technology Press. 
 
Lundin, R.W. (1947). Towards a Cultural Theory of Consonance. In Journal of Psychology, Vol. 13, 45–9. 
 
MacDonald, M. (2008). Schoenberg. New York: Oxford University Press. 
 
Malmberg, C.F. (1918). The Perception of Consonance and Dissonance. In Psychological Monographs. 
Vol. 25. 93-133. 
 
Marr, D. (1982). Vision. New York: W. H. Freeman and Company. 
 
Martinich, A.P. (1996). Philosophical Writing: An Introduction. 3rd edition. London: Blackwell Publishing,  
 
McClary, S. (2007). Towards a History of Harmonic Tonality. in Towards Tonality. Collected writings of 
the Orpheus Institute. 91-117. Leuven: Leuven University Press. 
 
Mead, A. (1994). An Introduction to the Music of Milton Babbitt. New Jersey: Princeton University Press. 
 
Meyer, L.B. (1956). Emotion and Meaning in Music. Chicago: The University of Chicago Press. 
 
Michiels, J. (2011). Teatro dell’Ascolto. Unpublished doctoral dissertation. VUB Brussels. 
 
Milhaud, D. (1944). To Arnold Schoenberg on his Seventieth Birthday: Personal Recollections. In The 
Musical Quarterly. Vol. 30, N°4. 379-84. 
 



 288 

Miller, G.A. (1951). Language and Communication. New York: McGraw-Hill 
 
Molino, J. (1990). Musical Fact and the Semiology of Music. Underwood, J.A. (transl.). In Music Analysis, 
Vol. 9, N°2. 128-30. 
 
Morris, R. (1979-1980). A Similarity Index for Pitch-Class Sets. In Perspectives of New Music, Vol. 18, 
N°1/2. 445-60. 
 
Nattiez, J.-J. (1990). Music and Discourse: Toward a Semiology of Music. Abbate, C. (transl.). Princeton 
NJ: Princeton University Press. 
 
Nierhaus, G. (ed.) (2014). Patterns of Intuition: Musical Creativity in the Light of Algorithmic 
Composition. Berlin & Heidelberg: Springer Verlag.  
 
Nono, L. (1993). Ecrits. Feneyrou, L. (ed. & transl.). Paris: Christian Bourgois Editeur. 
 
Norton, R. (1984). Tonality in Western Culture: A Critical and Historical Perspective. University Park: 
Pennsylvania State University Press. 
 
Nöth, W. (1990). Handbook of Semiotics. Bloomington: Indiana University Press. 
 
Ogden, C.K. & Richards, I.A. (1923). The Meaning of Meaning. San Diego: Harcourt Brace Jovanovich 
Publishers. 
 
Ouellette, J. (2001). Pollock’s Fractals. In Discover Magazine. On 
http://discovermagazine.com/2001/nov/featpollock#.UlzJ_BZ5jgU [last accessed on 15 October 2013]. 
 
Parncutt, R. (1989). Harmony: a Psychological Approach. Berlin: Springer Verlag. 
 
Patel, A.D. (2008). Music, Language and the Brain. New York: Oxford University Press. 
 
Pearsall, E. & Schaffer, J.W. (2005). Shape/Interval Contours and their Ordered Transformations: A 
Motivic Approach to Twentieth-Century Music Analysis and Aural Skills. In College Music Symposium. 
Vol. 45. 57-80. 
 
Peirce, Ch.S. (1998). Of Reasoning in General (1895). In The Essential Peirce - Volume 2. Selected 
Philosophical Writings: (1893-1913). 11-26. Bloomington & Indiana: Indiana University Press. 
 
Perle, G. (1991). Serial Composition and Atonality: An Introduction to the Music of Schoenberg, Berg, and 
Webern. 6th revised edition. Berkeley, Los Angeles & Oxford: University of California Press. 
Quinn, I. (2001). Listening to Similarity Relations. In Perspectives of New Music. Vol. 39, N°2. 108-58.  
 
Pierce, J.R. (1992). The Science of Musical Sound. Revised edition. New York & Oxford: Scientific 
American Books. 
 
Pinker, S. (1994). The Language Instinct: The New Science of Language and Mind. London: Penguin 
Books. 
 
Plomp, R. & Levelt, W.J.M. (1965). Tonal Consonance and Critical Bandwidth. In Journal of the 
Acoustical Society of America. Vol. 38. 548-60. 
 
Polanyi, M. & Prosch, H. (1975). Meaning. Chicago: The University of Chicago Press. 
 
Pople, A. (ed.) (2006). Theory, Analysis and Meaning in Music. New York: Cambridge University Press.  
 



 289 

Popper, K.R. (1979). Objective Knowledge: An Evolutionary Approach. Revised edition. Oxford: 
Clarendon Press. 
 
Quine, W.V.O. (1960). Word and Object. Cambridge: Massachusetts Institute of Technology Press. 
 
Quinlan, Ph. & Dyson, B. (2008). Cognitive Psychology. London: Pearson Education Limited. 
 
Quinn, I. (2004). A Unified Theory of Chord Quality in Equal Temperaments. Unpublished doctoral 
dissertation. 
 
Quinn, I. (2007). General Equal-Tempered Harmony (Parts II and III). In Perspectives of New Music. Vol. 
45, N°1. 4-63. 
 
Quinn, I. (2010). On Woolhouse's Interval-Cycle Proximity Hypothesis. In Music Theory Spectrum. Vol. 
32, N°2. 172-9. 
 
Rahn, J. (1980). Basic Atonal Theory. New York: Schirmer Books. 
 
Rameau, J.-Ph. (1971). Treatise on Harmony. Gosset, Ph. (transl.). New York: Dover Publications. 
 
Randel, D.M. (ed.) (1986). The New Harvard Dictionary of Music. Cambridge: Belknap Press of Harvard 
University Press. 
 
Richardson, M.P., Strange, B.A., & Dolan, R.J. (2004). Encoding of Emotional Memories Depends on 
Amygdala and Hippocampus and their Interactions. In Nature Neuroscience. Vol. 7. 278-85. 
 
Rings, S. (2011). Tonality and Transformation, New York: Oxford University Press. 
 
Robinson, J. (ed.) (1997). Music and Meaning. Ithaca: Cornell University Press. 
 
Roederer, J.G. (2008). The Physics and Psychophysics of Music: An Introduction. 4th edition. 
Berlin: Springer Verlag. 
 
Rosen, Ch. (1975). Arnold Schoenberg. Chicago: University of Chicago Press. 
 
Rosen, Ch. (1994). The Frontiers of Meaning: Three Informal Lectures on Music. New York: Kahn & 
Averill. 
 
Ross, S. (2005). Domenico Scarlatti: The Complete Keyboard Sonatas. CD liner notes. Warner Classics. 
 
Ryan, C. (1997). Exploring perception. New York: Brook/Cole. 
 
Salzer, F. (1952). Structural Hearing: Tonal Coherence in Music. New York: Dover Publications. 
 
Samuels, R. (1995). Mahler’s Sixth Symphony: A Study in Musical Semiotics. Cambridge: Cambridge 
University Press. 
 
Schenker, H. (1954). Harmony. Mann Borgese, E. (transl.). Chicago & London: The University of Chicago 
Press. 
 
Schiffer, S.R. (1972). Meaning. New York: Oxford University Press. 
 
Schmitz, H.W. (ed.) (1990). Essays on Significs: Papers Presented on the Occasion of the 150th 
Anniversary of the Birth of Victoria Lady Welby (1837-1912). Foundations of Semiotics. Vol. 23. 
Amsterdam: John Benjamins Publishing Cie. 



 290 

 
Schoenberg, A. (1969).  Structural Function of Harmony. Revised edition. New York: W.W. Norton & 
Company. 
 
Schoenberg, A. (1975). Style and Idea. Stein, L. (ed.). Black, L. (transl.). Berkeley & Los Angeles: 
University of California Press. 
 
Schoenberg, A. (1983). Theory of Harmony. Carter, R.E. (transl.). London & Boston: Faber & Faber. 
 
Schoenberg, A. (2006). The Musical Idea: And the Logic, Technique, and Art of its Presentation. 
Carpenter, P. & Neff, S. (eds. & transl.). Bloomington & Indianapolis: Indiana University Press. 
 
Schwitters, K. (1922-1932). Ursonate. On http://www.costis.org/x/schwitters/ursonate.htm [last accessed 
on 12 May 2013]. 
 
Scruton, R. (1987). Analytical Philosophy and the Meaning of Music. In The Journal of Aesthetics and Art 
Criticism. Vol. 46, Analytic Aesthetics. 169-76. 
 
Searle, J.R. (2004). Mind: A Brief Introduction. New York: Oxford University Press. 
 
Shelley, P.B. (2008). Complete Poetic Works of P.B. Shelley. London: Forgotten Books. 
 
Simms, B.R. (1999). Composers on Modern Musical Culture: An Anthology of Readings on Twentieth-
Century Music. New York: Wadsworth Publishing Co Inc. 
 
Simms, B.R. (2003). “My Dear Hagerl”: Self-Representation in Schoenberg’s String Quartet 
No.2. In 19th-Century Music. Vol. 26, N°3. 258-77. University of California Press.  
 
Smith, A.B. (1995). An Alternative Method of Calculating Tonal Consonance in Musical Scales. 
Unpublished master thesis. Massachusetts General Hospital Institute of Health Professions. Boston. 
 
Smith, A.B. (1997). A “Cumulative” Method of Quantifying Tonal Consonance in Musical Key Contexts. 
In Music Perception: An Interdisciplinary Journal. Vol. 15, N°2. 175-88. 
 
Smith, A.D. (2002). The Problem of Perception. Cambridge: Harvard University Press. 
 
Smith, J.A. (ed.) (1979-1980). Schoenberg's Way. In Perspectives of New Music. Vol. 18, N°1/2, 258-85. 
 
Smith Brindle, R. (1966). Serial Composition. New York: Oxford University Press. 
 
Straus, J.N. (1990). Remaking the Past: Musical Modernism and the Influence of Tonal Tradition. 
Cambridge & London: Harvard University Press. 
 
Strauss, J.N. (2005). Introduction to Post-Tonal Theory. 3rd edition. Upper Saddle River, New Jersey: 
Pearson Prentice Hall. 
 
Stravinsky, I. (1962). An Autobiography. New York: W.W. Norton & Company. 
 
Stravinsky I. & Craft, R. (1959). Expositions and Developments. Berkeley & Los Angeles: University of 
California Press. 
 
Stufflebeam, R. (s.a.). Neural Synchrony. On 
www.mind.ilstu.edu/curriculum/modOverview.php?modGUI=233 [last accessed on 26 July 2014]. 
 



 291 

Sturgeon, S. (1995). Knowledge. In Grayling, A.C. (ed.), Philosophy: A Guide through the Subject. New 
York: Oxford University Press. 
 
Szamosi, G. (1986). The Twin Dimensions: Inventing Time and Space. New York: McGraw-Hill. 
 
Tarasti, E. (2006). La Musique et les Signes. Paris: L’Harmattan. 
 
Taruskin, R. (1986). Letter to the Editor from Richard Taruskin. In Music Analysis. Vol. 5, N°2/3, 313-20.  
 
Taruskin, R. (2010). The Oxford History of Western Music - Volume 1: Music from the Earliest Notations 
to the Sixteenth Century, Oxford & New York: Oxford University Press. 
 
Taruskin, R. (2010). The Oxford History of Western Music - Volume 2: Music in the Seventeenth and 
Eighteenth Centuries. Oxford & New York: Oxford University Press. 
 
Taruskin, R. (2010). The Oxford History of Western Music - Volume 3: Music in the Nineteenth Century. 
Oxford & New York: Oxford University Press. 
 
Tolstoy, L. (1995). What is Art? Pevear, R. & Volokhonsky, L. (transl.). London: Penguin books. 
 
Tymoczko, D. (2009). Three Conceptions of Musical Distance. In Chew, E., Childs, A., & Chuan, C-H. 
(eds.), Mathematics and Computation in Music. 258-73. .  Berlin & Heidelberg: Springer Verlag.   
  
Tymoczko, D. (2010). Geometrical Methods in Recent Music Theory. In Music Theory Online, Vol. 16, 
N°1. On www.mtosmt.org/issues/mto.10.16.1/mto.10.16.1.tymoczko.html [last accessed on 24 January 
2013]. 
 
Tymoczko, D. (2011). A Geometry of Music; Harmony and Counterpoint in the Extended Common 
Practice. Oxford & New York: Oxford University Press. 
 
Ulehla, L. (1994). Contemporary Harmony. Mainz: Advance Music. 
 
Vaes, L. (2009). Extended Piano Techniques: In Theory, History and Performance Practice. Unpublished 
doctoral thesis. Leiden University. 
 
van den Braembussche, A.A. (1996). Denken over Kunst: Een Kennismaking met de Kunstfilosofie. 
Bussum: Dick Coutinho. Translated by Krassilovsky, M. as Thinking Art. 2009. Berlin & Heidelberg: 
Springer Verlag. 
 
Vanhecke, B. (2011). De Systematisering van Atonaliteit en Dissonantie. In Adem, Vol. 1. 12-23. 
 
Vanhecke, B. (2014). Chromatic Interval Group Serialism: The Development of an Atonal, Dissonant, and 
Amotivic Composition Technique. Unpublished master thesis. LUCA, Leuven.  
 
Vanhecke, B. (2014). A New Path to Music: Experimental Exploration and Expression of an Aesthetic 
Universe. In Crispin, D. & Gilmore, B. (eds.), Artistic Experimentation in Music: An Anthology. 91-104. 
Leuven: Leuven University Press.  
 
Vanhecke, B., Mayer, D. & Nierhaus, G. (2014). Straightening the Tower of Pisa. In Nierhaus G. (ed.). 
Patterns of Intuition: Musical Creativity in the Light of Algorithmic Composition. 257-78. Berlin & 
Heidelberg: Springer Verlag.  
 
 
 



 292 

von Békésy, G. (1960). Experiments in Hearing. New York:  McGraw Hill Book Company. 
 
Vos, J. (1988). Subjective Acceptability of Various Regular Twelve-Tone Tuning Systems in Two-Part 
Musical Fragments. In Journal of the Acoustic Society of America, Vol. 83, N°6. 2383-92. 
 
Ward, J. (2010). The student’s Guide to Cognitive Neuroscience. 2nd edition. New York: Psychology Press. 
 
Waugh, L.R. & Monville-Burston, M.  (eds.) (1990). On Language. Cambridge: Harvard University Press. 
 
Weber, G. (1846). Attempt at a Systematically Arranged Theory of Musical Composition - Volume 1. 
Originally published in 1817-1821 as Versuch einer Geordneten Theorie der Tonsetzkunst. B. Schott. 
Warner, J.F. (transl.). Boston: J.H. Wilkins & R.B. Carter.  
 
Webern, A. (1963). The Path to the New Music. Originally published in 1960 as Der Weg zur Neuen Musik. 
Universal Edition. Reich, R. (re-ed.). Black, L. (transl.). Pennsylvania: Theodore Presser Company. 
 
Winner, E. (1982). Invented Worlds: The Psychology of the Arts. Cambridge: Harvard University Press. 
 
Wittgenstein, L. (1922-1984). Tractatus Logico-Philosophicus. In Werkausgabe Band 1. Frankfurt Am 
Main: Surhrkamp. 
 
Wörner, F., Scheideler, U., & Rupprecht, Ph. (ed.) (2012). Tonality 1900-1950: Concept and Practice. 
Stuttgart: Franz Steiner Verlag. 
 
 
 
 
 
 
 
 
 


