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Abstract. Musical creativity is one of the show pieces of Artificial Intelligence
and during the last decades, many paths have been explored to capture musical
style and to generate new music. One of the approaches exploits the similarities
between music and language. In this paper, Fluid Construction Grammar, a stateof-the-art computational grammar is used to parse/analyse an existing piece, in
order to create a variation on the song and generate an improvisation in the same
style, using the same bi-directional grammar. A novel multi-resolution time representation to model musical melodies is presented.
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1

Introduction

Many paths for representing and creating music have been explored in the last decades,
including Hidden Markov Models [12], Machine Learning, Prediction Suffix Trees [9],
n-gram models [13], schema-based approaches [6] and connectionist models [19]. Although a lot of these techniques have achieved many successes, most computational
representations still lack the expressive power to model the complex subtleties and interactions in music. On of the running debates is the question what the analogies between music and language are [3] and whether paradigms and concepts of language
can be successfully applied to music. In the past, for example, generative context-free
grammars have been used [10, 15], in which constructions (the rules of the grammar)
are written in a generic form of recursive rewrite rules. The term “context-free” stems
from the fact that the constructions can be applied regardless of the context of their
left-hand side.
There are, however, some fundamental problems with these grammars in music as
much as in language. First, music is heavily context-dependent. Though previous research efforts have attempted to generalize or extended these kinds of grammars to account for some of the context [14], they lack the intrinsic expressive power to model the
complex context-aware interactions that constantly occur in music. Second, the singleaspect view on notes or degrees as atomic entity, combined with the limited expressive
power of the rules, are not satisfying in the domain of music and multiple-viewpoint
approaches are required [2]. For example, (a) the same note can have two degrees in
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a modulation sequence, depending whether you take the first or second key as a reference; (b) in a polyphonic piece, a note is both part of a “musical phrase” in the same
voice (e.g. the highest note in the phrase) as part of a chord with regard to the other
voices.
For this reason, the author opted for Fluid Construction Grammar (FCG), a state-ofthe-art computational grammar that allows the expression of context in a sophisticated
way and preserves the intrinsic multi-viewpoint nature of musical artefacts. In this paper, a novel methodology to create improvisations and variations on existing songs is
proposed, based on a multi-resolution representation of music. This work is structured
as follows. First, the concepts of Fluid Construction Grammar are introduced. Next, the
methodology is explained and the implementation discussed. The approach is finally
validated on two example, one for improvisation and one for variation.

2

Fluid Construction Grammar

2.1

Paradigm

As explained above, it is essential that a computational representation for music provides the necessary formalisms and processing mechanisms, powerful enough to handle
and describe the complexities present in human compositions, as expressed for example
in professional musical literature. Fluid Construction Grammar (FCG) is such a formalism that has repeatedly proved its power and flexibility in the domain of linguistics [17,
4, 20]. FCG was conceived in 1998 as an underlying formalism for modelling language
evolution using language games played by autonomous robots [7]. It allows parsing a
(natural language or musical) utterance into a semantic interpretation, and vice versa
(during production), using the same bi-directional rule set of constructions. It uses as
many as possible existing widely accepted notions in theoretical and computational linguistics, including but not limited to:
– feature structures for the representation of musical symbolic information;
– abstract templates or constructions for the representation of grammatical patterns;
– general operators for building up syntactic and semantic structures.
FCG represents all information during parsing and production using transient structures, which are extended coupled feature structures consisting of two sets of addressable units, called poles: a syntactical one that corresponds to structure and a semantic
one that represents the “meaning” of a musical phrase. One of the strong point is that the
feature structures provide information from different linguistic or musical perspectives.
A note, for example, can have different viewpoints (an absolute pitch and a degree with
respect to the key and chord) and relations, creating a sophisticated context to which
constructions can refer.
A construction is an abstract schema that can be used to expand any aspect of a
transient structure from any perspective and it can consult any aspect of the transient
structure to decide how to do so. Constructions are not merely intended to be descriptive, they should support parsing and production processes as active computational entities. FCG-constructions use the same representation as transient structures, i.e. they
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are formulated in terms of named units, features and values. A construction may also
introduce new units, and establish new relations between units. They are more abstract
however than transient structures because its elements can be variables instead of concrete elements, and not all the features should be specified.
One of the main features of construction grammar is that the basic unit of grammar,
the construction, deals not only with syntactic issues but also with semantics, pragmatics and meaning. In this sense, a construction is a pairing of form and meaning/function.
It is important to note that the same construction can be used for parsing as well as production.
2.2

Differences with context-free grammars

For those familiar with existing work on generative grammars for music production and
representation, it is crucial to understand the fundamental differences between FCG and
more “traditional” context-free grammars.
1. FCG marks no sharp distinction between idiomatic and general rules: a grammatical construction can be either highly specialised, e.g. applicable to a single case, or
very abstract, covering a wide range of uses.
2. There is a continuum in the hierarchy and domain of rules: constructions can involve different levels of abstraction. For example, the same rule can for example
apply to one note or to a motif and there no distinction in the formulation or processing of melodic or harmonic entries.
3. FCG allows schematisation through variable binding and categorisation: Grammatical constructions can be made more abstract (or schematic) than concrete instantiations of a musical phrase in three ways: parts of the structure can be left
out (widening the context of application), variables can be used instead concrete
instantiations and categories are introduced.
4. Constructions can be combined – several constructions all matching with different
parts of the musical phrase – or integrated, using hierarchical constructions that
combine partial structures into larger wholes.
2.3

Parsing and producing music

In comprehension or parsing, the transient structure starts from information derived
from the input utterance and is progressively expanded using constructions until the
meaning can be derived. In formulation, the transient structure contains initially the
meaning to be expressed and then consecutive operations expand this structure until all
the information is there to render an utterance. In this paper, we will not go deeper into
detail into the semantics of music, which is a controversial topic on its own [11, 8, 16],
but use a pragmatic interpretation that is not based on philosophical grounds but serves
our purpose: to create a new song in the same (rhythmical) style; or to create the same
song in a different style.
To facilitate further explanations, we’ll briefly go into deeper detail on how the
parsing process works and how FCG builds higher order abstractions when presented
with a basic symbolic representation of a musical melody. Let us start from a simple
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list-based musical notation in which every extra level of brackets introduces a double
timing resolution or quantization (e.g. from fourth to eighth note). Parsing the two bars
at Layer 0 pictured in Fig. 1 to obtain the Layer 3 abstract representation, is achieved
by executing following command in FCG/LISP:
(parse ’(((1 2 3 4) 5 5 6 6) 5) *constructions*)

in which every number represents the degree of the note. The *constructions*
variable contains a set of constructions (the grammar), which is essentially a set of
templates that can be applied to the current transient structure. Applying such templates
or constructions occurs in two phases:
– Matching: The features present in a template are matched with features in units in
the transient structures; variables can represent any kind of structure (as everything
is a list) and thus occur at different levels of the hierarchy.
– Merging: When the matching phase succeeded, the construction and transient structure are merged and all variables bound. New units can be created using the socalled ”J” operator.
FCG is particularly suited for music because the complex short- and long-term and
transversal interactions that frequently occur in music demand a representation that is
able to capture these hierarchical elements while not being constrained by them [18].
More generally, music consists of many dependencies between different aspects and
multiple views at different abstraction levels, as musical structures are not simple linear
or purely hierarchical structures [2] but many sophisticated interactions between entities
and across different levels of abstraction, occur [1].

3

Methodology & Results

Time to get to the core of our methodology. The creation of a new piece of music in the
style of another, occurs in 4 phases:
1. Abstraction: in a first stage, a given song is being parsed by FCG to create a multiresolution representation of the piece by progressively making more and more abstraction of time. Layer 0 corresponds to the original input.
2. Parsing: at each resolution, (grammatical) constructions are applied that transform
the representation (Layer N ) to a new one with higher resolution (layer N − 1). It
can be considered as a ”trace” of how to arrive to the original song, starting from
a time-abstracted representation. We define the set of applied generic constructions
as the musical style of the song.
3. Introduction of novelty: In case of variation, a different set of constructions (different musical style) is applied to the highest abstracted song. In case of improvisation,
a different abstract melody is used as input for the same construction set (style).
4. Production: The reverse process from parsing is applied (remember that all constructions are operational for parsing as well as production).
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Fig. 1. Multi-resolution view on a simple melody. Layer 0 captures all fine-grained rhythmic
information, while higher layers create rhythmic abstractions based on reduction. In this example
reduction is obtained by selecting the “strong beat” at each layer, indicated by a cross, for each
layer. The resolution (quantization) is indicated for each layer at the left. All different layers are
stored simultaneously to create a multi-resolution representation of a musical phrase, model for
a hierarchy of time and allowing to capture short-term details as well as long-term dependencies
and discourse structures.

Fig. 2. The split-interpolate-cxn construction applied both in parsing and in production. During
parsing, the construction creates a generic operator that can restore the abstraction performed by
moving to a different resolution (higher layer or quantization). In production, application of the
construction restores the lower layer representation. It is important to notice that the operator is
a generic operator, which means that it can be applied to different notes as well. For example, in
production, applying the same construction to the two whole notes of C and E at layer N , would
yield the sequence C D E at layer N − 1.
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We’ll now look into deeper detail into each of these phases. Fig. 1 illustrates how a
multi-resolution representation is derived. At each time-resolution or quantization-layer
(indicated on the left), the amount of rhythmical information is reduced by summarizing
two notes at layer N into one at layer N + 1 (for example two eighth notes into one
fourth). A rudimentary way to this is to withhold the strong beat only, as illustrated.
Please note that this particular implementation is chosen only to illustrate the concepts
and far too simplistic to yield satisfactory results in general. A better approach would
be to capture relevant rhythmical and harmonic information, for example by means of
melodic reduction [5].
In a second stage, constructions are applied that specify the transformation from
one layer to the other in a generic manner. An example is given in Fig. 2. The two half
notes C and E, summarized to C by the abstraction process, can be reconstructed by
“interpolating” E between C and G. Please note that different constructions can apply
to the same abstraction. Table 1 gives an overview of the implemented constructions in
our example (that capture musical information).
Name Explanation
hold keep a note (a whole stays a whole)
split-interpolate insert the note in the middle of the two adjacent notes
split-repeat repeat the note (e.g. a whole becomes two quarter notes)
split-leadto fill in the note leading to the next note (a step below)
split-movefrom split a note into the original note and a step above
split-totonic add the tonic
split-todominant add the dominant
Table 1. List of bi-directional constructions, explained in the context of production. Please remark
that the same constructions are used in parsing as well.

In a third phase, novelty is introduced. In the case of improvisation (Fig. 3) in the
style of a given song, the abstracted melody is altered, a different song is chosen or a
completely new melody is generated. In the case of variation (Fig. 4), a different set of
constructions is applied to the same abstracted melody. One is free to choose the starting
resolution, depending on how close or far you want to deviate from the original song.
Lastly, the grammar is applied in reverse direction (production), but using the same
set of constructions. Fig. 5 shows the LISP code for the split-interpolate construction,
suitable for parsing as well as production. Note that variables in FCG are preceded by
a question mark. As discussed above, each construction consists of two poles, a semantic one representing meaning and a syntactic one representing form. In production, the
semantic pole is matched with the abstract representation and the transient structure
is enriched with information from the syntactic pole. ?n3-1 and ?n3-2 represent two
notes at layer 3, with degrees ?d3-1 and ?d3-2 respectively. If the semantic pole of the
transient structure has been tagged with split-interpolate, the construction applies and
the syntactic pole is constructed accordingly. In that case, two notes are constructed at
layer 2 – indicated with (length 2) – and a degree equal to (?d3-1+?d3-2)/2.
The calculation is performed by the :relation-interpolate? function. The footprints fea-
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Fig. 3. The same style (set of constructions C), obtained from parsing an existing melody M is
applied to a different abstract melody A’ to obtain an improvisation M’ in the same style as M. The
grammar should be constructed in such a way that all relevant harmonic and melodic musicality
is captured, so that any abstracted melody leads to a ’sensible’ melody. One possibility is to start
from the rules of counterpoint to express common musical knowledge.

ture is used to keep track of all applied constructions. In parsing, the process is reversed
and the syntactic pole is matched with the multi-resolution representation to enrich the
semantic pole of the transient structure, in this case with the split-interpolate.

Fig. 4. The style extracted from melody M in Fig. 3 is applied to the time-abstracted version B of
Frère Jacques without repeats (N), to yield a variation N’.

4

Conclusions and Future Work

First steps towards deeper symbolic representations of music for the modelling of style
and generation of music were presented in this paper. The methodology has shown its
capability to capture the style of a song and it was shown how a bi-directional grammar,
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Fig. 5. LISP code for the FCG construction split-interpolate, musically illustrated in Fig.
2. The specification contains all required information for parsing (moving from the syntactic to
the semantic pole) and production (reverse direction). The split-interpolate construction
transforms a note at level N into two notes at level N − 1 (smaller quantization level), in which
the first note is equal to the original note and the second note interpolates between the first note
and the next.
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representing a musical piece, can be derived from a multi-resolution representation. The
approach builds a bridge between corpus-based and knowledge-based systems. Two
examples were given, illustration variation and improvisation. A lot of improvements
can be made to the proposed methodology. Currently, it only supports monophonic
binary music in one key. Also, the current grammar ignores chord structure, leading to
“odd sounding” compositions. More research is to be done on the abstraction operator
that constructs the multi-resolution representation, so it accounts for chord structure,
the tonality of notes and syncopated rhythms.
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