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Abstract. The interest of musicians and computer scientists in AI-based auto-
matic melody harmonization has increased significantly in the last few years. This
research area has attracted the attention of both teachers and students of Theory,
Analysis and Composition, looking for support tools for the learning process. The
main problem is that the systems designed and developed up to now harmonize
a melody written by a user without considering the didactic and therefore cogni-
tive aspects at the basis of a “significant learning”: given a melody, the system
returns a harmonization finished without any user input. This paper describes a
self-learning algorithm capable of harmonizing a musical melody, with the aim of
supporting the student during the study of Theory, Analysis and Composition. The
algorithm, on the basis of the ascending and descending movement of the sounds
of the melody (soprano), proposes the sounds for the bass line: the Viterbi algo-
rithmwas applied to evaluate the probability of the best match between themelody
sounds and the provided Markov chains, to reach the “optimal” state sequences.
Subsequently, the algorithm allows the user to complete the chords for each sound
of the bass line (tenor and alto), or to create the complete chords. Examples of
musical fragments harmonized in thisway demonstrate that the algorithm is able to
respect the concatenation rules of the tonal functions which characterize classical
tonal music.

Keywords: artificial intelligence · Hidden Markov Model · melodic
harmonization · significant learning · symbolic music generation

1 Introduction

Even if the use of artificial intelligence in the music composition process is nothing
new, in recent years it has become a solid reality, destined to have more and more
space. One of the main fields of research interest concerns the possibility of creating the
accompaniment (or harmonization) of a melody. There have been several efforts made
towards this task in the past, using different approaches: from hidden Markov models
(HMMs) [1–3] to deep learning models [4, 5]. These systems had in common the goal
of educating the computer (so that it could learn autonomously from various situations)
rather than programming it, as happened in Rule-Based Algorithms [6–8]: algorithms
based on specific rules of musical grammar mathematically formalized.
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Nowadays, there are dozens of platforms that use AI for the harmonization of a
melody or for automatic musical composition. The most important platforms carried out
to date include the following: Flow Machines, IBM Watson Beat, Google Magenta’s
NSynth Super, Jukedeck, Melodrive, Spotify’s Creator Technology Research Lab e
Amper Music. Most of these systems work using deep learning networks, a type of
artificial intelligence that depends on analyzing large amounts of data.

In many cases, assisted music composition systems are used as a support tool for the
teaching and learning activities of the Theory, Analysis and Composition discipline. The
aim would be to stimulate the creativity of the student, i.e. his ability to produce ideas
and objects that are new, original, appropriate, and to which a value is attributed, which
can be of a social, spiritual, aesthetic, scientific and technological nature [9]. However,
a passive use of these tools could affect the student’s active learning [10]: what is called
“meaningful learning” [11, 12] would thus be lacking.

Starting from the assumption that the learning process must allow the student to
develop the skills useful for the specific discipline, this paper presents a new algorithm
(that taking inspiration from the previous algorithms) able to support the student in
harmonizing a musical melody: given the sounds of the melodic line, it is able to define
the sounds of the bass line, leaving the student with the possibility of completing the
harmony independently. For each melody sound, the Viterbi algorithm was applied to
evaluate the probability (defined through the Markov chains) of the best matching of the
bass line sound.

The structure of this paper has been organized as follows. In the Introduction, the
context of this study is presented, followed by a review of related studies on automatic
melody harmonization and an analysis of the characteristics that these systems present
in order to define the research goals. Section 2 explores the concept of “significant
learning”, which is the basis of the proposed algorithm. This is followed (Sect. 3) by
a description of the (mathematical) method used to achieve the goal. Section 4 shows
some experimental tests that illustrate the effectiveness of the proposed method. Finally,
in Sect. 5 the paper ends with concluding remarks on the current issues and future
research possibilities with respect to the efficient enhancement of educational practices
and technologies.

2 Harmonization and Significant Learning

The first step in the study of musical composition is to know the musical grammar rules
through the 4-voice harmonization (bass, tenor, alto and soprano) of a bass line (see
Fig. 1b). Above each sound of the bass line, the sounds that make up the respective
musical chord must be arranged so as to obtain a melody (soprano), that is, a succession
of sounds that have different heights and which together with the sounds of the other
voices (bass, tenor and alto) forma harmonic texture, amusic that is pleasant and pleasing
to the ear [13].

The musical chord (built on a specific degree of the musical scale) is a set of three
notes [14]: the root note, and intervals of a third and a fifth above the root note (see
Fig. 1a). As can be seen in Fig. 1b, in 4-voice harmonization there is always a sound
that is doubled (doubled sound).
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Fig. 1. Example of harmonization of a bass line.

The next step consists in harmonizing (always for 4 voices) a melodic line (soprano).
This is a more complex operation than the previous one. The note of the bass line directly
represents a degree of the scale with respect to the tonality of the piece of music and
therefore it is sufficient to arrange the sounds of the other voices according to the previous
chord (concatenation of chords). Instead, for each note of themelody it is possible to find
different chords with which to harmonize it, according to the needs and the sound one
intends to obtain [15]. This means arranging a melody in a harmonic context, submitting
a sound texture to the music [13], choosing and evaluating the alternatives among the
possible chords [16]. For example, the note “Do” can belong to the following chords
(see Fig. 2):

• all chords where C is the root;
• all chords that contain C as a third;
• all chords that contain C as a fifth;
• all chords that contain C as the seventh.

Fig. 2. Examples of possible chords for the “C” note of the melody.

It is evident that the harmonization of the melody presents greater difficulties and
requires more time to carry out than the harmonization of the bass line. Furthermore, the
student must possess specific skills and competences which allow him to observe a note
from several points of view. All this could become a pretext for the student to justify the
use of platforms capable of automatically harmonizing a melody, without being aware
of the result obtained.

The type of study that should prevail in the theory, analysis and composition learn-
ing process is what is called “significant learning”, that is to say the process through
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which new information, entering into relation with pre-existing concepts, acquire a deep
meaning, linked to a variety of information and contexts. This allows us to remember
the acquired knowledge for a long time and to really understand the meaning of what we
are learning [17]. It is a mechanism made possible by the active attitude towards what
the student has to learn and by the connections he is able to make with the information
he/she already possesses (given that understanding the connections between the various
elements requires an effort and a more complex operation than learning a simple defini-
tion). This type of learning not only allows for cognitive development, but also increases
the student’s sense of self-efficacy, defined by Albert Bandura as the awareness of being
able to dominate specific knowledge and situations [18]. It is a consequence that derives
from the greater mastery of information, their links and the contexts in which they apply
[19].

In order to achieve meaningful learning, therefore, the motivation to learn actively
is fundamental, and therefore the tools that the student can use in the learning process
are also important.

The algorithm presented in this article is inspired by these considerations and is
proposed as a support tool for the teaching activity of the Theory, Analysis and Com-
position discipline, because, given a melody, it is able to suggest to the student possible
solutions for the bass line, leaving the student to complete the tenor and contralto lines,
taking care not to make any mistakes in the musical grammar. In this way the student
has the possibility to observe (and memorize) how the movements of the melody and
the bass line vary without the interference of other sounds. Each bass line proposed by
the algorithm tries to respect the harmonic functions of the chords, functions taken from
Schenkerian analysis [16] which give a piece of music different intentions depending
on their resolution/concatenation with the preceding chords and they follow.

3 Methodology for Melody Harmonization

This paragraph illustrates the method used by the algorithm to analyze the melody and
propose the sounds of the bass line consistent with the theories described in the previous
paragraphs.

The algorithm takes its cue from an important assumption of the harmonization rules:
a bass sound can be harmonized in different ways in order to obtain a better melodic line
or to avoid errors in musical grammar [14]. This paper does not illustrate the rules of
musical grammar and not even the errors that it asks to avoid in musical harmonization:
in the first place because a manual should be illustrated and there would be the risk of
creating confusion for the reader who is inexperienced in the field of music; secondly,
because the algorithm was designed without presetting any rules of musical grammar,
as its goal is to analyze the melody trend and define the sounds of the bass line (and
subsequently those of the other voices). Therefore, harmonizing a sound means not only
deciding which sounds must compose the chord, but also which sound must be doubled
(see example in Fig. 1). The disposition of the sounds in the 4 voices (harmonization) and
the trend of the melody are two things connected to each other since the first determines
the second and vice versa: in Fig. 3a with the same bass line there is a melody different
while in Fig. 3b with the same melody there is a different bass line, according to the
sounds of the chord, their disposition and their doublings.
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Fig. 3. Example of the relationship between harmonization and melody progression.

Analysis of the Melody
In the previous paragraph it was highlighted that each sound of the melody can belong
to different chords and this can determine a different harmonization: a different degree
of the musical scale and therefore different sounds and doublings.

The model developed for the automatic harmonization of a melody includes a self-
learning phase inwhich the algorithm, through the reading and analysis ofmusical scores
written in the form of a 4-voice choral, defines:

(1) the degrees of the scale for each chord underlying a sound of the melody (see Fig. 4);
(2) the ascending (a) or descending (d) trend between two consecutive sounds of the

melody (see Fig. 4);
(3) the distance (in semitones) between two consecutive sounds of the melody (called

musical interval) (see Fig. 4).

Fig. 4. Analysis of the musical melody.

This type of analysis can be done using the Markov process [20]. From reading
musical scores it is possible to construct a transition matrix

P = (pij) (1)

in which are represented: the probabilities that one degree of the musical scale Xd
resolves on another degree of the musical scale based on the ascending or descending
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movement of the melody and the number of semitones between the various sounds of
the melody:

pij = P(Xd+1 = j | Xd = i) (2)

Figure 5 shows an excerpt of the transition matrix: column 2 and row 2 refer to the
degrees of the musical scale; column 3 and row 3 refer to the number of semitones which
separate the sound of the melody of the first chord (indicated in column 2) and the sound
of the melody of the second chord (indicated in line 2); column 4 and row 4 refer to the
ascending or descending movement of the melody as it moves from one chord to the
next.

Fig. 5. Example of transition matrix derived from the reading of more than 500 chords
concatenation.

Definition of the Bass Line
To define the bass line (which will determine the definition of the sounds of the chord
and their arrangement) it is possible to use the Viterbi algorithm associated with the
transition matrix represented in Fig. 5 [21]. The probability of the most probable path
ending in state k with observation “i” is

pij(i, x) = el(i) maxk (pk(j, x - 1) • pkl) (3)

where “i” represents the probability to observe element “i” in state “l”, “j” represents the
probability of the most probable path ending at position x-1 in state “k” with element
“j”, and pkl represents the probability of the transition from state “l” to state “k”.

The Viterbi algorithm is used to compute the most probable path (as well as its
probability) [22]. It requires knowledge of the parameters of the transition matrix and
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a particular output sequence and it finds the state sequence that is most likely to have
generated that output sequence [23]. It works by finding a maximum over all possible
state sequences [24].

Figure 6 shows an example of trellis diagram. The number of possible states depends
on themusical scores used for the training phase and therefore the possibility of obtaining
a bass line as coherent as possible with the tradition of musical grammar rules is directly
proportional to the number of chord concatenations analyzed.

Fig. 6. Excerpt of the trellis diagram.

4 Results and Evaluation

The model presented in this paper is part of a pilot project which aims to investigate the
effectiveness of the use of technologies in the teaching/learning process. In the specific
case considered in this paper, the research made it possible to develop an algorithm
capable of supporting the student in the study of theory, analysis and composition (or
autonomously harmonizing a melodic line in the form of a 4-voice choral).

The algorithm does not provide any limitation with respect to the dimensions of the
transition matrix, which is automatically dimensioned based on the characteristics of the
music scores used during the algorithm training phase: non-modulating musical scores
have been used (written in the form of chorale for 4 voices) in order to speed up the
procedures for reading and collecting the necessary data (as described in the previous
paragraph).

The algorithm was tested in 3 different steps during the training phase:

1) after reading about 500 concatenations of different chords,
2) after reading about 1000 concatenations of different chords,
3) after reading about 3000 concatenations of different chords.
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The result supplied important information so as to be able to continue with the test.
In particular, in each of the 3 verification steps, some musical melodies were proposed
to the algorithm and it was observed that the bass line musically improved as the cases
analyzed increased (see Fig. 7). In the first step the algorithm failed (for some proposed
melodies) to conclude the bass line: this was determined by the fact that the algorithm
found possibilities of movement of the melody, all with the same probability (derived
from the transition matrix). In the second step (after reading about 1000 concatenations
of different chords), the algorithm was able to finish the bass line even if in some cases
in the last sounds (of the bass line) it proposed chords that did not give a final meaning
to the musical piece. In the last step, the algorithm concluded the bass line satisfying
also the musical cadence aspect.

Fig. 7. Example of the results for the 3 steps.

A second type of test was performed to evaluate the algorithm. In this case, 10
students (including 2 dyslexic students) from the third year of a Music High School
were involved, and they were asked to use the software while carrying out 2 exercises
related to the melody harmonization. To simplify the testing procedures, some fixed test
melodies have been chosen. These melodies were not randomly chosen but needed to be
relatively simple and inmajor key rather thanminor as our training data had substantially
more major key musical pieces.

It was possible to notice that all the students consulted the algorithm to see the
bassline it proposed. Three students then partially modified this bass line while the other
students limited themselves to completing the other voices: they still had to figure out
which type of chord could be inserted, which sounds were missing and which ones could
be doubled. Also in this case, 2 students harmonized some sounds in two different ways,
respecting (without errors) the melody and the bass.
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It is therefore clear that machine learning systems are not born “ready”, with a
predefined and “embedded” knowledge, but this is acquired over time, as new situations,
new documents, data and information are encountered. In this case, if the algorithm
encounters new cases in reading new musical scores the solutions can be greater and
different.

In order to implement themachine learningmechanisms, and therefore the algorithm
begins to “come to life” and to learn automatically according to the preset settings, both
the training phase and the subsequent phase are fundamental (bound to the continuous
availability of new data on which to retrain the model).

5 Discussion and Conclusions

Research in the field of artificial intelligence has begun to investigate the concept of
metacognition [25]: the ability to “learn to learn”, knowing how to abstract from a
specific domain of knowledge strategies for solving certain problems, even in a new and
different context.

In this paper, a method for melody harmonization (mainly for bass line creation) has
been presented: it is a part of a pilot project which aims to investigate the effectiveness
of the use of technologies in the teaching/learning process. It is a method (algorithm)
still under development but the first results have highlighted its potential.

The proposed method allows to obtain a bass line (as a guide for the resolution of a
given exercise) to encourage the student to develop new ideas, apply previous knowledge
anddevelop newskills: increasing his involvement and enriching the learning experience.
The different harmonization proposed by the algorithm or created by individual students
can be analyzed by other students and teachers, thus providing further information to
increase the training dataset and refining the transition matrix, useful to guide the Viterbi
algorithm to provide more successful harmonization.

New tests must be carried out both as regards the autonomy of the algorithm in
harmonizing amelody (through a careful analysis of the proposed results), and as regards
the number of students called to use the software as a support during the harmonization
of a melody. In the latter case it is possible to evaluate the effectiveness of the algorithm
as a teaching tool.

Future work can be directed in two directions. First of all, it is important to extend
the training dataset, increasing the number of chord concatenations read and analyzed
by the algorithm: including more complicated chords such as those of the seventh and
ninth (which offer different possibilities for harmonizing the chords and therefore for
their resolutions and doublings). Secondly, in addition to the task of harmonizing the
melody (or generating the bass line), it would also be interesting to study the generation
of a bass line conditioned by some chords inserted by the user within the melody.

The challenge will be to evolve in two parallel directions: to help students become
stylistically unique and competent, and to understand how to use these new tools to
enhance their creativity and explore new frontiers.
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