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Abstract
Music is a fundamental human construct, and harmony provides the building blocks of musical
language. Using the Kunstderfuge corpus of classical music, we analyze the historical evolution of the
richness of harmonic vocabulary of 76 classical composers, covering almost 6 centuries. Such corpus
comprises about 9500 pieces, resulting in more than 5 million tokens of music codewords. The ful�lment
of Heaps' law for the relation between the size of the harmonic vocabulary of a composer (in codeword
types) and the total length of his works (in codeword tokens), with an exponent around 0.35, allows us to
de�ne a relative measure of vocabulary richness that has a transparent interpretation. When coupled with
the considered corpus, this measure allows us to quantify harmony richness across centuries, unveiling a
clear increasing linear trend. In this way, we are able to rank the composers in terms of richness of
vocabulary, in the same way as for other related metrics, such as entropy. We �nd that 
the latter is particularly highly correlated with our measure of richness. Our approach is not speci�c for
music and can be applied to other systems built by tokens of different types, as for instance natural
language.
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Figure 1

Example of a sequence of discretized chromas (chromagram) arising from a MIDI score. Note that the
two pentagrams constituting the score have to be read in parallel.

Figure 2



Page 4/7

Probability mass functions of length L and vocabulary size V . (a) For individual pieces. (b) For individual
authors. A power-law  t to the tail of f(L) is shown as an indication (straight line), with an exponent 1:95 ±
0:18 (the  tting method is the one in Refs. [42, 43]).

Figure 3

(a) Scatter plot of size of vocabulary versus number of tokens (length) for the 76 composers in the
corpus, who are grouped chronologically, as represented by the points of different color (one point is one
composer). The year of each composer is the mean between the birth year plus 20 and the death year.
Heaps' law is given by the central straight line and the parallel lines denote one standard deviation oc.
Notice that when a limited chronological span is considered, the scattering is reduced. (b) Analog scatter
plot for the 9489 individual pieces. Year of a piece is approximated to the year of its composer. The
results of the  �ts are in Table 3 (in Appendix I).
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Figure 4

Vocabulary relative richness R for each composer in chronological order. Horizontal axis is birth + 20 +
death, divided by 2. The straight line is a linear regression with slope 0:72 ± 0:04 \units of richness" per
century and a linear correlation coe�cient p = 0:90 (and intercept -12:9). Some particular composers are
highlighted, for the sake of illustration.
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Figure 5

Comparison of the different metrics characterizing each composer. (a) Scatter plots. (b) Matrix of linear
correlation coe�cients.
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Figure 6

Absolute abundance of each key in the corpus, counted in number of pieces, before transposition,
obviously. Zero corresponds to C Major, one to C#/D[ Major... up to B Major; 20 corresponds to C minor
and so on.


