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Abstract: The automatic identification of tonal chord sequences has already been addressed through
several formalisms. We return to this problem for didactic reasons, as we seek a formal solution that
lends itself to automatic explanation of the way in which tonal sequences are identified. There is a search
for a correspondence between the formal steps, which lead to the solution, and how a human agent does
it to solve the problem him/herself. Given a sequence of chords, the task is to answer whether or not it
constitutes a tonal progression, and how and why. It is an interesting problem because its formal solution,
once easily automated, can give birth to educational software of real value in the case of young musicians
whose access to harmony teachers is scarce or even null. This formalism applied to a large test body allows
empirical proof of the fundamental idea that we can describe the tonal sequences by chaining together a
minimal collection of basic tonal sequences. Students who do not have access to a harmony teacher will
benefit from this harmonic analysis companion.
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I. INTRODUCTION

! as a tonal sequence is a fundamental task in the study

he classification of a chord sequence
Tof harmony and is one of the pillars of musical analysis. This is sufficient reason for it to
be formalized. The difficulty of such a task can take on great proportions if long pieces are
analyzed completely. This is a sufficient reason for it to be automated. In this study, sequences are
defined as any concatenation of chords. Here are two situations of identification of a harmonic
progression:

1) To identify that [Em - A7 - Dm - G - C] is a tonal progression, in the key of C major, we must
explain the role played by the non-diatonic chord, A”.
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1The term sequence, as defined in this work, is not related to the term melodic sequence, which consists of the repetition of
motifs or phrases at different levels of pitch, maintaining the same interval pattern (modulatory sequence) or the same
contour (diatonic sequence); neither is it related to the medieval sequence, which consists of "the most important type of
addition to the official Catholic liturgical song" ([6, p. 739]). For a more in-depth examination of the term sequence, as it is
traditionally used in the Western musical context, see [6, pp. 739-741].
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Figure 1: The first six measures of Villa-Lobos’ Etude No. 1, for guitar.

2) Another type of difficulty is found in this excerpt from Etude No. 1, by Villa-Lobos (1953)
([5, p- 1]) shown in Figure 1, whose chord progression is: [Em - F# /E - Em - B’ /F# - Em/G].
With the exception of the second chord, the others make up a traditional diatonic sequence
in the key of E minor. The point here then becomes to explain the "tonal presence” of this
chord.

II. THE PROBLEM

It is worth remembering that the same sequence of chords can be constructed in more than one
way, and therefore, it has more than one explanation. The problem faced here is not only if a
sequence is tonal, but also why it is so. Moreover, the explanation must be formal: we are looking
for a formal system to explain how the solution of a theoretical musical issue is resolved. In
addition, as this question has several answers, the system must be able to find all of them.

i. Our contribution in a glance

We borrow the concept of basic tonal sequence from traditional harmony and, from there, we
formalize the concept of tonal sequence. We achieve this through a recursive function inspired
by Kripke Semantics ([8, pp. 83-94], [1, pp. viii—xi]) and Model Checking ([3, pp. 1-28]). Some
consequences directly associated with these concepts are:

¢ We have developed an unprecedented formalism for identifying tonal progressions.

* Because it is a formalism similar to propositional logic in the syntactic part, and similar to
Kripke’s structure” in the semantic part, it is immediately convertible into an algorithm.

* We demonstrate that the proposed formalism is correct and complete in relation to the AHO
formalism for detecting tonal harmonies based on context-free grammar ([7, p. 87-88]).

2 A sophisticated example of applying Kripke structures in Game Theory can be found in [9, pp. 60-182].
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