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ABSTRACT
Music retrieval systems for Western tonal music digital li-
braries have to consider rhythmic, timbral, melodic and har-
monic information. Most existing retrieval systems only take
into account melodies. Melody comparison may induce er-
rors since two musical pieces can be very similar whereas
their melodies may differ in a significant way. In this paper,
we propose to investigate and experiment a retrieval system
based on the comparison of chord progressions. The defini-
tion of chords may be ambiguous but their properties can
be precisely described and represented. We detail the adap-
tations of alignment algorithms, successfully applied for the
estimation of symbolic melodic similarity, for chord progres-
sion retrieval. Several experiments, performed on symbolic
databases, show that the system described is robust to vari-
ations and outperforms a recent chord retrieval system.

Categories and Subject Descriptors
H.5.5 [Information Systems]: HCI—Sound and Music
Computing

General Terms
Experimentation

1. INTRODUCTION
Research works in the domain of the musical information

retrieval generally concern Western music libraries [7]. The
properties of this kind of music imply the consideration of
four main characteristics: rhythm, timbre, melody and har-
mony. One of the main open problem is the automatic esti-
mation of music similarity. The applications are numerous
and consist of browsing, retrieving or recommending mu-
sic from large digital databases. Existing systems generally
consider timbral similarities [2]. Recent studies investigate
important properties related to tonal information [8].
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Other researches restrain tonal information to melody and
propose retrieval systems based on the melodic similarity [13,
10]. Limitations of such systems have been experimented
when considering polyphonic music [16]. Furthermore, com-
plexities of algorithms handling polyphony prevent the ap-
plication to large databases [11]. It is also important to
note that musical pieces may be very similar whereas their
melodies are different. Therefore, considering the melody as
the only criterion for music comparison seems to be limited
for polyphonic retrieval. All these studies lead to develop-
ment of retrieval systems based on chord progression instead
of melody. Experiments have to be proposed in order to
show if a chord progression based retrieval system is robust
and discriminant enough to be applied to large databases,
or if it can be combined with a system based on melodic
similarity. In this paper, we propose a system for chord
progression retrieval from symbolic music and experiments
showing its robustness.

The algorithm we propose is based on alignment and is
currently applied in string matching or bioinformatics [9].
This choice is justified by the results of experiments that
show the importance of representing music with sequences [5].
Moreover, retrieval systems based on alignment algorithm
have been experimented as very accurate, in particular sys-
tems considering sequences of notes [15]. But settings of
such algorithms highly determine the precision of the sys-
tem [10]. Our main contribution is adaptation for applying
alignment algorithms for the estimation of the similarity be-
tween chord progressions. The representation of chord pro-
gressions are discussed in Section 2. Then the algorithm
is detailed in Section 3. We propose experiments with the
same database considered in a recent study presented in [6],
in order to compare the two systems in Section 4. We con-
clude and propose future works in Section 5.

2. CHORD REPRESENTATION
We begin by reminding what are the main properties of a

chord in Western tonal music. This notion can actually be
ambiguous.

Firstly, a chord could be simply defined as the result of
two notes or more sounding in the same time. It’s a “sound
production” point of view. However, if we consider jazz no-
tation with a chord per bar for example, all that the notes
of this chord are not necessarily sounding in the same time
along the bar. Another example is given by an unique nota-
tion of a figured bass for a whole beat of four sixteenth notes,
or for an arpeggiated chord. It’s the “perception” point of
view of a chord. Figure 1 illustrates these different points.
To unify the different points of view, we consider here a
chord as a group of notes sounding in a time window which
constitutes its length. In this case, the notes composing the
chord are not necessarily sounding at the same time. We



Figure 1: Example of the ambiguity of the chord
notion in a polyphony excerpt of The Phantom Of
The Opera (A.L. Webber). Are there 1 or 8 chords
in the first bar ? It depends on the considered time
window, and both could be answered.

introduce then the notion of note-chord which is a part of a
chord, a group of notes sounding in the same time during a
chord (it can be the chord itself).

Secondly, another ambiguity can appear between the in-
stance of a chord, for example (C E Bb), and its type. The
type of the chord may describe exactly the instance (in this
case C7-5), or not (in this case the chord type could also be
noted as C7). Moreover, a note present in an instance of a
chord but analyzed as a melodic ornament could sometimes
be ignored to give the type of a chord. There is then no
bijection between the type of a chord and its instance, both
providing different information.

This preliminary part allows us to introduce an unified
definition of the main parameters of a chord. Thus, partially
following the definitions of [12], a musical chord may be
represented using its root (the note upon which the chord is
built), its bass note (or its inversion defined by the degree of
the chord played as its bass note), its type (defined by the
component intervals that make up the chord relative to the
root), its mode (which may be Major, minor or undefined),
its instance (the list of the notes composing the chord), its
duration, its degree regarding the key, and its tonal tension
regarding the key.

Once these different parameters listed, a choice may be
made for the representation of a sequence of chords for re-
trieval purpose. Regarding the method used, it is also pos-
sible to use different kind of representation for the chords in
a sequence: absolute, relative to the precedent chord in the
sequence or relative regarding the key. We illustrate these
differences by representing the chord progression of the Fig-
ure 1. An absolute representation of this sequence could be
here composed of the sequence of roots, modes and lengths
in beats:
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A relative representation could be achieved using the succes-
sive differences of roots in semitones and ratios of successive
lengths in sixteenth notes:

(0,
1

12
)(−1, 1)(−1, 1)(−1, 1)(−1, 4)

And the sequence of chords’ degrees in the key (if it exists,
-1 otherwise) with the Lerdahl’s distance [14] of its instance
regarding the triad of the key constitutes a key relative rep-
resentation:

(1, 0)(1, 0)(−1, 11)(7, 9)(−1, 12)(6, 7)

3. SIMILARITY BETWEEN CHORD PRO-
GRESSIONS

Chord progressions can be represented as a sequence of
symbols. Several algorithms have been proposed to compare

two sequences of notes, based on N-grams [18] or adaptations
of string-matching algorithms [15]. They compute a measure
which indicates the degree of similarity between a pair of se-
quences. Robust chord retrieval systems must take into ac-
count variations between the sequences of chords compared.
This assumption leads to the consideration of approximate
string matching techniques. One of these techniques is lo-
cal alignment [17]. The adaptation of this algorithm for the
comparison of chord sequences is presented in this section.

3.1 Alignment algorithms applied to music
Among several existing methods, Smith and Waterman’s

approach [17] consists in detecting local similar areas be-
tween two sequences. This local alignment or local similarity
algorithm locates and extracts a pair of regions, one from
each of the two given strings, that exhibit high similarity.
A similarity score is calculated by considering elementary
operations transforming one string into the other. The op-
erations between sequences include deletion, insertion of a
symbol, and substitution of a symbol by another. This sim-
ilarity measurement requires the use of the dynamic pro-
gramming principle to achieve an algorithm with quadratic
complexity.

Algorithms based on local alignment have recently been
successfully adapted for melodic similarity comparison pur-
poses [15, 10]. A first approach for audio chord sequences
comparison has also been presented in [4]. We propose here
different possibilities for computing operation costs and we
compare them in Section 4.

3.2 Adaptation of alignment algorithms
Adaptation to the specific problem of estimation of simi-

larity between chord sequences requires the definition of the
elementary operations. Costs associated to insertion and
deletion are set to a same constant value. We propose some
different functions for calculating the substitution score be-
tween two chords. These functions can be related to the
roots, the basses, the types, the modes, . . . , of the two chords
compared.

The first function is binary: if two properties of chords
are identical, it returns +2, else it returns −2. The inser-
tion/deletion score is −1. Another option is to consider the
number of fifths nf between the roots (or the basses) of the
chords compared. If nf is null, the associated score is +2.
If nf is greater than 4, the score is −2. Otherwise, it gets
decreasing values (depending on nf ) between 2 and −2. In a
similar way, another possible function takes into account the
consonance of the interval between roots (or basses) of the
chords compared. Such approach has been studied in [15,
10] for melodic similarity. The substitution score can also be
based on the Lerdahl’s distance [14], which gives a distance
value between two instances of chords. Such functions can
be extended by considering the difference of modes between
the two chords compared. If the two modes are defined and
are identical, the score is slightly increased. If they are de-
fined and different, the score is slightly penalized.

Chord retrieval systems must be robust to key changes.
Two identical chord progressions transposed in different keys
have to be estimated as similar. The usual way to deal with
such an issue [18] is to choose a chord representation which is
transposition invariant. The first possibility is to represent
variations between successive chords. But such relative rep-
resentations have been experimented as less accurate when
applied with alignment algorithms [10]. Another option is to
consider the variations of chords related to the global key of
the musical piece. Such representation thus relies on a prior
knowledge of keys, and also prevent the correct comparison
of songs with key variations. In this paper, we propose to



represent chords with absolute values and to deal with trans-
positions by applying an adaptation of the local alignment
algorithm, proposed in [1]. The new dynamic algorithm
proposed allows to take into account multiple local trans-
positions, and can perfectly be applied to representations of
chord progressions. In Section 4, we propose experiments for
comparing different representations for chords. The results
show that applying this algorithm lead to a chord progres-
sion retrieval system that is transposition invariant. For
now, the main disadvantage is the significant computation
time added by the algorithm. Optimizations are currently
under development.

4. EXPERIMENTS
In this section, we propose experiments in order to test the

different chord representations and the different substitution
functions for the chord progression retrieval system.

4.1 Databases
We consider two collections of symbolically encoded chord

progressions. These sequences have been generated from
Band-in-a-Box1 files, collected on the Internet2. Chord pa-
rameters are defined for each beat of songs. The first collec-
tion, denoted as Jazz, is the same as the one used for experi-
ments in [6] and is composed of 388 sequences of chord labels
describing 242 jazz standards found in the Real Book [3].
This collection contains 85 different songs that have two or
more similar versions. The differences between these ver-
sions involve transpositions, chord deletions or insertions,
differences in introduction, ending or number of repetitions,
and chord substitutions. These substitutions can be en-
riched chords, but also relative substitutions, tritone sub-
stitutions, etc.

The second collection, denoted as Mix, is composed of 578
sequences of chords, representing 275 different songs, with
different styles (pop, folk, jazz, latin, etc.). This Mix collec-
tion is larger than the collection Jazz, and does not contain
versions that are identical. We propose to use the collection
Jazz for experimenting the system proposed with different
settings and compare the results obtained with the results
of the retrieval system proposed in [6]. Then, the system
proposed is tested with the Mix collection. The results are
expected to be worse than on the Jazz collection. Neverthe-
less, they may be more informative since different styles are
represented in the Mix collection.

In the following, all songs with multiple versions are suc-
cessively considered as queries and all the other songs of
the database are ranked according to their similarity score.
The corresponding versions of the query are expected to be
retrieved at the first ranks. Evaluations are presented ac-
cording to the average first tier, the average second tier and
the average TOP 10. The first tier is the number of cor-
rectly retrieved songs within the best (C − 1) matches di-
vided by (C − 1), where C is the number of versions of the
same song [6]. The second tier is the number of correctly
retrieved songs within the best (2C − 1) matches divided by
(2C − 1). The TOP 10 is the number of correctly retrieved
songs within the best 10 matches, divided by (C − 1).

4.2 Chord Representations
The first experiments concern the symbolic chord repre-

sentations. We consider different key-relative (KR) repre-
sentations. The key of each song is assumed to be known
since it is labelled in Band-in-a-Box files. Each song chord is
represented as the difference in semitones (KR tones) or in

1http://www.pgmusic.com/products bb.htm
2http://www.biabgroup.com

Representation 1st Tier 2nd Tier TOP 10
KR Tones 0.712 0.756 0.793
KR Fifths 0.722 0.766 0.796
KR TPS 0.512 0.552 0.558

KR TPS08 0.531 0.578 0.650

ABS 0.615 0.660 0.707
ABS Transpo 0.840 0.884 0.892

Table 1: Results (grand averages of average first,
second tiers and top 10) of experiments with the
Jazz collection, considering different chord repre-
sentations.

1st Tier 2nd Tier
Avg 0.74 0.77

Table 2: Results presented in [6] for chord retrieval,
considering the Jazz collection.

number of fifths (KR Fifths) between the root of the chord
and the tonic of the song key. Another representation con-
siders the chord distance based on Tonal Pitch Space [14].
Two variations of this chord distance are tested: the original
distance (KR TPS), which is asymmetric, and a symmet-
ric distance (KR TPS08) presented in [6]. We also exper-
iment absolute representations (ABS), and test this repre-
sentation with and without the algorithmic adaptation that
allows transpositions (ABS Transpo), presented in the pre-
vious section. The results are presented in Table 1.

Key-relative representations allow the retrieval system to
be transposition invariant under the condition that the song
key is known and correct. The transposition invariance par-
tially explains why the best results are obtained with key-
relative representations instead of the absolute representa-
tion (0.712 or 0.722 for the first tier instead of 0.615 for
absolute representation). But these results also show that
considering transposed sequences significantly increase the
accuracy of the retrieval system with the absolute represen-
tation (0.840). This score is higher than all the key-relative
scores. This result may be explained by errors concerning
key annotations in the Band-in-a-Box files, or variations of
keys during a song. These two limitations lead us to choose
absolute representation for chords and to consider the algo-
rithmic adaptation proposed for transposition invariance.

It is important to note the low scores obtained with key-
relative representations based on Tonal Pitch Space chord
distance, whereas results presented in [6] with a chord re-
trieval system that considers this chord distance are far bet-
ter (see Table 2). These differences may be justified by
the different comparison algorithms. The algorithm applied
in [6] is probably more adapted to such tonal distance. Fur-
thermore, such representation, based on Tonal Pitch Space,
is dedicated to musical analysis since it has been defined to
highlight tension and release patterns.

4.3 Substitution Score
Methods for calculating the substitution scores between

two chords are experimented. Table 3 shows the different
results obtained by considering different functions.

We experiment a few different methods that consider es-
sentially root, since the first experiments show that com-
paring chord type is too accurate for retrieval purposes and
leads to poor results. This observation is illustrated by the
low results obtained with a substitution function based on
Tonal Pitch Space (TPS). We first test substitution func-
tions based on binary comparisons (Binary). If the roots
(Root) or basses (Bass) of the two chords compared are



Substitution Score 1st Tier 2nd Tier TOP 10
Root Binary 0.840 0.884 0.892
Bass Binary 0.808 0.871 0.894

Bass Fifths 0.730 0.793 0.831
Root Fifths 0.851 0.888 0.897

Bass/Root Fifths 0.850 0.895 0.903

TPS 0.272 0.462 0.524

Consonance 0.870 0.894 0.904
Consonance/Mode 0.873 0.894 0.904

Table 3: Results of experiments with the Jazz col-
lection, considering different scores for chord substi-
tutions.

1st Tier 2nd Tier
Avg 0.685 0.732

Table 4: Results of experiments with the Mix col-
lection.

identical, substitution score is set to +2, whereas it is −1 if
they are different. The retrieval results obtained with these
binary score functions are better than the results obtained
in [6]: 0.84 instead of 0.74 for the first tier.

We also test more complex substitution functions based on
musical properties. We propose to extend these functions by
considering the number of fifths between notes (Root Fifths,
Bass Fifths), or by introducing a score depending on the con-
sonance of the interval between roots [15, 10] (Consonance).
We also try to consider information about chord type such as
mode (Consonance/Mode). Improvements induced by these
functions can be observed, even if they are small. The best
results are obtained with a substitution function which takes
into account consonance and mode (0.873 for the first tier).

In Table 4, we present results of experiments performed
with Mix database considering absolute representation, al-
gorithm for transposition invariance and substitution score
based on consonance and mode. Results are fine (0.685 for
the first tier) but lower than those obtained with the Jazz
database. This difference can be partially justified by the
lack of identical version in the Mix database. For 159 songs
over 275, other versions of the query song are retrieved at
the top ranks.

5. CONCLUSIONS
The alignment based chord retrieval system described in

this paper has been experimented as very accurate for databases
with different styles. Comparisons with results presented in
previous work [6] seem to indicate that applying local align-
ment improves the quality of such systems. Justifications
of these differences are certainly due to the choice of sub-
stitution score, but also the possible insertion or deletion of
chords within the two chord sequences compared.

One other major conclusion of this study is the compari-
son of different substitution score functions applied. A sim-
ple substitution function, only based on binary root com-
parison, also leads to good results. This implies that the
different song versions within the databases considered cer-
tainly involve enriched chords. Such cases lead to errors
when dealing with chord distance such as Tonal Pitch Space,
since these distances take chord types into account.

In the future, it may be interesting to investigate music
retrieval (symbolic or audio) based on chord comparisons, in
order to estimate how discriminating such a comparison may
be. Such a study may lead to a robust system for polyphonic
music retrieval.
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