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ABSTRACT1

In this article, we apply the notion of a scene graph, widely2

used in computer graphics, to the question of music repre-3

sentation in computer science. The resulting model allows4

for the effective description of musical pieces in a versatile,5

hierarchical and flexible manner. Its application program-6

ming interface (API) is presented as a domain-specific lan-7

guage (DSL) which semantics is defined within semigroup8

theory. Most of these features are presented and illustrated9

throughout the article by modeling the structure of the sim-10

ple french nursery rhyme ”Do ré mi, la perdrix”.11

1. INTRODUCTION12

1.1 Context and motivation13

type Duration = Rational14
type Time = Rational15
type Interval = Int16
type Pitch = Int17

18
type Space = (Time,Pitch)19

20
pattA1 :: Media Space c d Duration21
pattA1 = do22

atom ( 0 ,0) (1/2) ; -- Do23
atom (1/2,1) (1/2) ; -- Re24
atom ( 1 ,2) 1 ; -- Mi25

c = atom ( 0 ,0) (1/2) ; -- Do26
d = atom (1/2,1) (1/2) ; -- Re27
e = atom ( 1 ,2) 1 ; -- Mi28

pattA = do29
-- do ré mi30
idle |> pattA1 ;31
-- la perdrix32
transp 2 <> proj <> delay 2 |> pattA133

The issue of musical representation in computer science34

is inseparable from computer music itself. Very early in35

the history of computer music, experimentations from re-36

searchers and compositors like James Teney, John Chown-37

ing or Jean-Claude Risset made it clear that classical sheet38

music was not a suitable notion for computer music repre-39

sentation.40

This should not come as a surprise. Classical sheet music41

primarly aims to facilitate a quick reading by human mu-42

sicians of the music to be played and the way they shall43

synchronize with each other. In particular, classical sheet44
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music mostly fails at expressing the structure and the re-45

lated articulations of the musical piece it represents. It is46

up to the performers to infer this structure by relying on47

their cultural background, and make it explicit for the au-48

dience. On the contrary, computers, with no reading speed49

nor synchronization issues, cannot easily infer the structure50

of a musical piece.51

This motivates the need of designing a computer oriented52

model of music that allows for describing music in a much53

richer way than sheet music usually does. Having such a54

structured representation of music can be very fruitful in55

computer music:56

• in composition, by allowing for the progressive con-57

truction and articulation of the various components58

of musical creations,59

• in analysis, where it could serve, for instance, to60

highlight melodic patterns, as well as harmonic or61

rythmic self-similarities and the structure induced by62

these similarities,63

• in live performances, by providing access to mu-64

sical substructures, thus enabling complex interac-65

tions between the performer and the musical score.66

In other words, such an ideal computer model shall be de-67

fined in a rather abstract and mathematically sound way,68

allowing for the description of certain timed traversals of69

various musical spaces.70

1.2 Contribution71

This article presents an algebraic model, designed to be72

used by computers, that can express both the score and the73

layered structure of a musical piece.74

This model relies on the definition of music as an articu-75

lation of sounds in time and space 1 . To preserve the gener-76

icity of this definition, we avoid instantiating the notions of77

sound, time and space by using the notion of type polymor-78

phism, a well known notion in modern programming lan-79

guage theory. In other words, both space and time in the80

previous definition are viewed as a multidimensional space81

that may include various parameters like pitches, loudness,82

and brightness. This way, any needed parameter can be83

added as a new dimention. Sounds - or any musical object84

- are atomic values placed within that space. The posi-85

tioning of such objects can be absolute, or relative to other86

musical objects. Relative positioning is achieved by ap-87

plying reversible transformations, or coordinate changes,88

typically translations, to the underlying space.89

1 A definition proposed by the composer J.-L. Agobet
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