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Figure 1. Structured piano roll of Do ré mi, la perdrix
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Figure 2. Structured partition of Do ré mi, la perdrix

In this very simplified view, a musical score could then be1

seen as a list of atomic values - the musical note symbols -2

placed within a two-dimensional space.3

In this section, we will see how we can use polymorphism4

in order to specify which space and which atomic values5

we want to use in order to represent music. Here, we will6

focus on a simplified model of tonal music, and will trust7

the reader to generalize this approach to other spaces and8

other atomic values. For instance, one could decide to use9

frequencies instead of scale degrees or to add accent or10

articulation to atomic values.11

Actually, the genericity given by the polymorphism goes12

beyond music itself: one could imagine using a 2D or 3D13

vector space and posiivbly add a time dimension to repre-14

sent videos or 3D animations. Atomic value could be geo-15

metrical shapes, colors, pixels... As long as we can specify16

which space and which atomic values we use, we will be17

able to use our model.18

3.1 Modeling of musical notes19

In the case of Do ré mi, la perdrix, we will use durations20

- i.e. musical note symbols - as atomic values, and a two-21

dimensional space composed of time and diatonic pitches.22

More precisely, we model durations and pitches as follows:23

Duration Durations are measured as fractions of beats: a24

quarter note is 1 beat, an eighth note is 1
2 beat, a half note25

is 2 beats, and so on... Therefore, durations are represented26

as rational numbers:27

type Duration = Rational28

Time To model time, we arbitrarly fix an origin 0 and we29

represent an instant as the duration elapsed between the30

origin and that instant: 1 is the instant happening one beat31

after 0, −2 is the instant placed two beats before 0, and so32

on...33

type Time = Rational34

Diatonic interval We model an interval between two35

notes as the number of scale degrees separating them: 036

is the unison, 1 is an ascending second, −2 is a descending37

third, and so on...38

type Interval = Int39

Pitch To model pitches, we fix an origin 0 as the pitch of40

the tonic situated between the midle C and the B above it.41

Since Do ré mi, la perdrix is in C major, 0 corresponds to42

the middle C. The pitch of a note is then modeled as the43

interval between 0 and this note. Therefore, in C major, 144

is the note D above the midle C, −1 is B situated just below45

the middle C and so on.46

type Pitch = Int47

In particular, alterations are not modeled in this space.48

Consequently, this modeling is not suited for most pieces49

of music. Our point is that if we had needed more param-50

eters, we could have added them to the space. However51

since this is enough to encode Do ré mi, la perdrix, we52

should keep things simple.53

3.2 A polymorphic generalization54

We use polymorphism to abstract the modeling we just pre-55

sented. A space can be any type (equivalently any set). We56

then call positions inhabitants of this type (equivalently el-57

ements of the set). An atom is a pair composed of a po-58

sition and an atomic value. Atomic values are also repre-59

sented as a polymorphic type.60

In our language, the polymorphism is incarnated by the61

type Media x c d v, where x is the space and v is the62
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