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ABSTRACT 

This paper intends to research on the link between musi-

cal similarity and style and sub-style (variant) classifica-

tion in the context of flamenco a cappella singing styles. 

Given the limitation of standard computational models 

for melodic characterization and similarity computation 

in this particular context, we have proposed a specific set 

of melodic features adapted to flamenco singing styles. In 

order to evaluate them, we have gathered a collection of 

music recordings from the most representative singers 

and have manually extracted those proposed features. 

Based on those features, we have defined a similarity 

measure between two performances and have validated 

their usefulness in differentiating several styles and vari-

ants. The main conclusion of this work is the need to in-

corporate specific musical features to the design of simi-

larity measures for flamenco music so that flamenco-

adapted MIR systems can be developed.  

1. INTRODUCTION 

There is a wealth of literature on music research that fo-

cuses on the understanding of music similarity from dif-

ferent viewpoints as well as the use of similarity dis-

tances to cluster different pieces according to artist, genre 

or mood. Over the past few years, the Music Information 

Retrieval (MIR) community has been exploring several 

ways to measure the similarity between two musical 

pieces. They are often based on comparing musical ex-

cerpts in audio format and computing the distance be-

tween a representative set of their musical features (e.g., 

instrumentation, rhythmic patterns or harmonic progres-

sions). This way, current systems can, for instance, locate 

different versions of the same song with a high accuracy 

rate [9].  

Alternative approaches are based on comparing con-

textual information from the considered pieces or artists 

(e.g., influences, temporal coincidences, geographical lo-

cation), which is usually extracted from the web. A com-

bination of these two approaches seems to be the most 

adequate solution [2], but there is still a glass ceiling on 

current systems. This seems to be owing to the fact that 

there are still fundamental musical features to be consid-

ered or fully incorporated into existing models [10]. 

On the other hand, research on music similarity has 

mainly focused on the analysis of music from the so-

called "Western tradition", although there is an increasing 

interest in analyzing music from different traditions, and 

some recent MIR studies are devoted to this issue [3]. 

In this paper we study the relationship between music 

similarity and style definition in the context of a group of 

flamenco a cappella singing styles. Because of its oral 

transmission, formal classification and musical analysis 

of flamenco present considerable difficulties. Classifica-

tion of styles is usually carried out by flamenco experts 

and rests upon the analysis of the oral corpus of flamenco 

music. Flamenco experts have used several criteria in 

their classification, some of which, unfortunately, are not 

fully explicit and clear-cut. Moreover, there exists con-

siderable controversy among flamenco experts and at pre-

sent there is a lack of a unified, unequivocal classification 

of a cappella cantes. 

Our previous research has focused on analyzing the 

relationship between music similarity and style definition 

from different perspectives, such as computational mod-

els for melodic similarity [3] and human ratings of 

rhythmic patterns [6]. In Cabrera et al. [3], we applied 

standard melodic similarity measures to a music collec-

tion of a cappella flamenco music. Extraction of melodic 

contours, although arduous, produced faithful descrip-

tions of cantes. However, when applied some standard 

algorithms for comparing melodic contours (i.e. correla-

tion between pitch and interval histograms and edit dis-

tance), we obtained rather poor results. Although global 

style classification seemed to work to some extent, fla-

menco experts found that for variant classification of 

some styles those algorithms failed to distinguish subtle, 

specific nuances of the cantes. We applied some cluster-

ing techniques and it turned out that cantes that by musi-

cal reasons should be scattered were unexpectedly clus-

tered together. Thus, we concluded that further research 

had to be carried out. It soon became apparent that two 

tasks, at least, had to be accomplished: first, to musically 

formalize the specific and subtle features of a cappella 

cantes; second, to refine our computational models ac-

cording to those features.  

This paper intends to research on the link between 

musical similarity and style classification and sub-style 



  

 

(variant) definition in the context of flamenco a cappella 

singing styles. The main contributions are (1) Identify 

relevant and specific features that characterize a given 

performance in the context of its style. Here, we consider 

that each style is characterized by a prototypical melodic 

contour. The features will then account for variations 

within this contour. (2) Define a similarity measure based 

on the identified features and provide an automatic 

method of clustering and classification. (3) Evaluate the 

results with a music collection of recordings from the 

most representative performers and contrast them with 

existing theories for the definition of styles and variants. 

This paper is organized as follows. In the next two 

sections we analyze the characteristics of flamenco sing-

ing and a cappella cantes. Next we give an overview of 

the cantes to be analyzed and we describe the music col-

lection used in our study. We then present the set of fea-

tures that describes the two chosen cantes, namely, de-

blas and martinetes. The following section deals with the 

similarity distance between cantes. A conclusion section 

summarizes the main findings and presents some propos-

als for future research.  

2. FLAMENCO SINGING 

We now describe the main features that characterize fla-

menco singing and differentiate it from other styles: 

- Instability of pitch. In general, notes are not clearly 

attacked. Pitch glides or portamenti are very common.  
- Sudden changes in volume (loudness). 
- Short pitch range or tessitura. It is normally limited to 

a major sixth interval and characterized by the insistence 

on a note and those contiguous.  
- Intelligibility of voices. Since lyrics are important in 

flamenco, there is a strong preference for intelligibility 

over range or timbre. Contralto and baritone voices are 

very common. 
- Timbre. Timbre characteristics of flamenco singers de-

pend on the period in which it was performed. As rele-

vant timbre aspects, we can mention breathiness in the 

voice and the absence of high frequency (singer) formant, 

which is characteristic of classical singing styles.  

 

From a musical point of view, a cappella cantes retain the 

following properties. 

- Conjunct degrees. Melodic movement mostly occurs 

by conjunct degrees. 
- Scales. Certain scales such as the dominant Phrygian 

mode (with a major tonic) and Ionian mode (E-F-G#-A-

B-C-D) are predominant.  
- Ornamentation. There is also a high degree of complex 

ornamentation, melismas being one of the most signifi-

cant devices of expressivity.  
- Microtonality. The use of intervals smaller than the 

equal-tempered semitones of Western classical music is 

frequent.  
- Enharmonic scales. Microtonal interval differences be-

tween enharmonic notes. 

 

Classification of a cappella cantes is subject to many dif-

ficulties. Two cantes belonging to the same style may 

sound very different to an unaccustomed ear. In general, 

underlying each cante there is a melodic skeleton. 

Donnier [4] called it the “cante’s melodic gene”. The 

singer fills this melodic skeleton by using different kind 

of melismas, ornamentation and other expressive re-

sources. A flamenco aficionado recognizes two versions 

as to be the same cante because certain notes appear in 

certain order. What happens between two of those notes 

does not matter regarding style classification, but does 

matter for assessing a performance or the piece itself. 

Aficionado’s ears recognize the wheat from the chaff 

when listening and appreciate a particular performance in 

terms of the quality of the melodic filling, among other 

features.  

 In order to put the reader in the position of un-

derstanding this point, in Figures 1 and 2 we show a tran-

scription of two versions of the same cante to Western 

musical notation. In this respect, Western notation has 

been found limited for this kind of music (e.g. Donnier 

[4] proposed the use of plainchant neumes).  

 
Figure 1: Manual transcription of a cante (debla).  

Figure 2: Transcription of another version of the previous 

cante. 

3. THE STYLES OF TONÁS 

As defined earlier, a cappella cantes are songs without 

instrumentation, or in some cases with some percussion 

(in the flamenco argon also cantes a palo seco). An im-

portant group of such cantes is composed of tonás, style 

that generically include martinetes, deblas, saetas, tonás 

and carceleras. Since in flamenco music the word toná 

refers to both the style and one of its variants, we will re-

fer to “tonás style” as the whole style and toná as the sub-

style or cante.  



  

 

These cantes are played in free rhythm (sometimes 

the pattern of seguiriya is used as rhythmic accompani-

ment). Each singer chooses his or her own reference 

pitch. Modality, depending on the particular style, may be 

either the major mode or the Andalusian mode (Phrygian 

mode with a tonic major chord), though frequently both 

modes alternate within the same song [5]. Lyrics of these 

songs range widely. Lefranc [8] carried out a classifica-

tion of the tonás style mainly based on lyrics. Blas Vega 

[1] also studied the tonás style from a historical stand-

point. A toná typically possesses verses formed by words 

either of three or four syllables, or eight syllables, where 

the second and the forth verses may have assonant rhyme; 

often the final verse finishes with an imperfect tercet (a 

tercet is a group of three lines of a verse; an imperfect 

tercet is an off-rhyme tercet).  

The toná cante is normally sung in a four-verse form 

of eight syllables each. Rhyme is assonant on even 

verses. The toná cante appears in several modes, the 

Phrygian mode being the most prevailing one. Ionian or 

Aeolian modes can also be found as well as alternation of 

two modes. Ornamentation is very complex and profuse; 

no strict tempo is followed at all.   

4. MUSIC COLLECTION 

To start with, we gathered a set of 365 pieces belonging 

to the tonás style. Somehow, these cantes have scarcely 

been recorded compared to other styles. Their ritual mood 

and lyricism might be a plausible reason for that shortage 

of recordings. In spite of that, we spared no effort to 

gather as many recordings as possible from all feasible 

sources (private collections, libraries, historical record-

ings, several institutions, etc.). We may safely state that 

our collection is quite representative of this type of can-

tes. 

After the analysis phase of the corpus, we decided to 

focus on two styles, deblas and martinetes, because: (1) 

Both styles are central to flamenco music; (2) Contrary to 

other cantes, we had information about singers, geo-

graphical locations, singing schools, dates, etc., which 

allows us to have a complete, in-depth characterization of 

them from a more general standpoint than just the musi-

cal one; (3) In general, recordings had acceptable quality 

to carry out this research and the future ones, which in-

clude, for instance, automatic feature extraction from 

audio files; (4) There was a high number of recordings, 

72 songs in total, where 16 were deblas and 56 marti-

netes; (5) Apart from the number, there was enough vari-

ability in the sample for a proper evaluation of our meth-

ods. 

The specific feature set of deblas and martinetes
1
, to 

be described below, were obtained after a thorough study. 

First, we opened an analysis phase to identify which mu-

sical features were relevant to the characterization of the 

chosen cantes. Preliminary analysis produced too many 

variables or just variables with little explanatory power. 

Next, in search of the least complex yet meaningful de-

                                                
1
 The music collection studied in this paper can be found at 

http://mtg.upf.edu/research/projects/cofla Please, contact the authors. 

scription of cantes, we removed several variables. Most 

of the features identified were related to melody and 

form. During the analysis, in our mind it also underlay 

the idea of capturing some of the features used by fla-

menco experts and aficionados to recognize the different 

styles. After deciding on the final feature set, we manu-

ally extracted it for the different performances. A work-

ing group of flamenco experts agreed on the proposed 

feature set and annotations. The next two sections de-

scribe the musical features in detail. 

5. MUSICAL FEATURES 

5.1. Deblas  

The debla is a song from the style of tonás. In general, it 

is marked by its great melismatic ornamentation, more 

abrupt than the other songs from this style, which charac-

terizes its melody. Deblas are characterized by a particu-

lar melodic contour.  

The musical features that characterize the different 

variants within the debla style can be summarized as fol-

lows: 

1. Beginning by the word ¡Ay!: ¡Ay! is an interjection 

expressing pain, which is quite idiosyncratic to fla-

menco music.  Values of the variable: Yes and no. 

2. Linking of ¡Ay! to the text. That initial ¡Ay! may be 

linked to the text or just be separated from it. Values 

of the variable: Yes and no. 

3. Initial note. It refers to the first note of the tercet. 

Normally, it is the sixth degree of the scale (VI), but 

the fifth degree (V) can also appear. Values of the 

variable are 5 and 6. 

4. Direction of melody movement in the first hemi-
stich (a hemistich is half of a line of a verse.) The di-

rection can be descending (fast appoggiatura in V, 

then the progression VI-IV), symmetric (III-VI-IV) or 

ascending. Values here are D, S and A. 

5. Repetition of the first hemistich. That repetition 

may be of the whole hemistich or just a part of it. 

Values of the variable: Yes or no. 

6. Caesura. The caesura is a pause that breaks up a 

verse into two hemistiches. Values of the variable: 

Yes and no. 
7. Direction of melody movement in the second hemi-

stich, defined as in the first hemistich. Values of the 

variables are D, S and A. 
8. Highest degree in the second hemistich. It is the 

highest degree of the scale reached in the second 

hemistich. Usually, the seventh degree is reached, but 

fifth and sixth degrees may also appear. Values of the 

variable are 5, 6 and 7. 
9. Frequency of the highest degree in the second 

hemistich. The commonest melodic line to reach the 

highest degree of the scale consists of the concatena-

tion of two torculus. A torculus is a neume signifying 

three notes, the second higher than the others. The 

value of this variable indicates how many times this 

neume is repeated in the second hemistich. 



  

 

10. Duration. Although the duration is measured in ms, 

our intention was to classify the cantes into three 

categories, fast, regular and slow. To do so, we first 

computed the average ! and the standard deviation ! 

of the durations of all the cantes in the same style. 

Then, fast cantes are those whose duration is less than 

!-!, regular cantes have their duration in the interval 

[!-!, !+!], and slow cantes have durations greater 

than !+!. Values of this variable are F, R and S. 

5.2. Martinetes 

The martinete is also considered a variant of the toná. It 

differs from deblas in the theme of its lyrics and in its 

melodic model, which always finishes in the major mode. 

Debla’s mood is usually sad, played without guitar ac-

companiment, like the other tonás. Martinetes, however, 

are usually accompanied by the sound of a hammer struck 

against an anvil.  

There are three clear variants of martinetes. The first 

one, to be called martinete 1, has no introduction, 

whereas the second one, to be called martinete 2, starts 

with a couple of verses from a toná. The third one, to be 

called martinete 3, is a concatenation of a toná and some 

of the previous variants of martinetes; the toná of marti-

nete 2 and 3 is called toná incipit. A trait of martinete 3 is 

the singing of several poems, all having the same theme 

as in medieval romances. Because martinete 3 is a com-

bination of toná and martinetes 1 and 2, we removed it 

from our current study, as we just sought characterizing 

the most fundamental styles.  

Next, musical features of martinete 1 are presented. 

1. Repetition of the first hemistich. As for deblas, 

repetition may be complete or partial. Values of the 

variable: Yes and no.  
2. Clivis/flexa  (a neume of two notes, the second lower 

than the first one) at the end of the first hemistich. 
Normally, fall IV-III or IV-IIIb are found.  The com-

monest ending for a tercet is the fourth degree, whose 

sound is sustained until reaching the caesura. Some 

singers like to end on III or IIIb. Values of the vari-

able are: Yes and no.  
3. Highest degree in both hemistiches. The customary 

practice is to reach the fourth degree; some singers 

reach the fifth degree. Values of the variable are 4 and 

5. 
4. Frequency of the highest degree in the second 

hemistich. The melodic line is formed by a torculus, 

a three-note neume, III-IV-III in this case. This vari-

able stores the number of repetitions of this neume. 
5. Final note of the second hemistich. The second 

hemistich of martinete 1 is ended by falling on the 

second degree. Sometimes, the second degree is flat-

tened, which produces Phrygian echoes in the ca-

dence. This variable takes two values, 1 when the fi-

nal note is the tonic and 2 when the final note is II. 
6. Duration. This variable is defined as in the case of 

deblas (that is, in terms of ! and !). Values of this 

variable are F, R and S. 

As for martinete 2 we have the following features. 

1. Highest degree in both hemistiches. In this case the 

customary practice is to reach the sixth degree; in 

some cases singers just reach the fourth or fifth de-

grees. Values of the variable are 4, 5 and 6.  
2. Frequency of the highest degree in the second 

hemistich. In this case the neume is also a torculus. 

This variable stores the number of repetitions of this 

neume. 
3. Symmetry of the highest degree in the second 

hemistich. The second hemistich of a martinete 2 is 

rich in melismas. This feature describes the distribu-

tion of the melismas around the highest reached de-

gree, which is usually the sixth degree. Melismas can 

occur before and after reaching the highest degree 

(symmetric distribution), only before the highest de-

gree (left asymmetry) or only after the highest degree 

(right asymmetry).   

4. Duration. This variable is defined as in the previous 

cases. Values of this variable are F, R and S. 

6. SIMILARITY COMPUTATION 

6.1 Inter-Style Similarity  

Carrying out the preceding analysis allowed us to extract 

a set of musical features to be used in the definition of 

melodic similarity between cantes. As a matter of fact, 

just using features very peculiar to a given style would 

distort the analysis, as their discriminating power would 

be very high. Our intention was to select a set of a few 

features capable of discriminating between different 

cantes. We removed those variables that only made sense 

within one style, gathering the following final set: 

1. Mode of type of scale: Ionian (major mode), domi-

nant Phrygian (Phrygian mode with a major third) or 

bimodal (alternation of both modes). This variable 

makes sense to classify the different styles.  

2.  Direction of melody movement in the first hemi-
stich.  

3. Symmetry of the highest degree in the second 
hemistich. 

4. Clivis (or flexa) at the end of the first hemistich.   
5. Repetition of the first hemistich. 
6.  Initial note.  
7. Final note of the second hemistich.  
8. Highest degree in both hemistiches.   
9. Frequency of the highest degree in the second 

hemistich with respect to a cante. This variable has 

been normalized as follows. Let ! be the average of 

the frequencies of the all cantes, and ! its standard 

deviation. The frequency takes three values, 0 (sel-

dom), if the frequency is less than !-!; 1 (normal) if it 

is within the interval [!-!, !+!]; and 2 (often), when 

it is greater than !+!.  

10. Frequency of the highest degree in the second 
hemistich with respect to the whole corpus. In this 



  

 

case the mean and the standard deviation are taken 

with respect to all pieces in the corpus.  

11. Duration with respect to the piece. This variable is 

defined as above, taking three values fast, regular and 

slow.  
12. Duration with respect to the whole corpus. Now the 

mean and the standard deviation are computed for the 

whole corpus. 

Note that some of these variables do not appear as 

specific features in some cante. We removed those vari-

ables that only accounted for one cante and tried to keep 

the smallest set of explanatory variables. Moreover, we 

performed a principal component analysis (SPSS 15 were 

used for this). As a consequence, two variables were dis-

carded: Clivis (or flexa) at the end of the first hemistich 

and repetition of the first hemistich. The number of final 

dimensions turned out to be 3 and the Cronbach’s alpha 

equalled 0.983, a very good value, indeed. 

The distance we used to measure the similarity be-

tween two cantes was the simplest one could think of: the 

Euclidean distance between features vectors. Our inten-

tion was to test how powerful the musical features would 

be. The Euclidean is just a geometrical distance and does 

not reflect perceptual distance whatsoever. However, be-

cause of the robustness and power of the musical fea-

tures, results were good. 

We used phylogenetic trees [7] to better visualize 

the distance matrix. For the actual computing, we used 

the tool SplitsTree [7]. SplitsTree computes a tree (or 

more generally a graph) with the property that the dis-

tance in the drawing between any two nodes reflects as 

closely as possible the true distance between the corre-

sponding two pieces in the distance matrix. In general, 

clustering and other properties are easier to visualize with 

phylogenetic trees.  

6.2 Intra-Style Similarity  

On a second step, we analyzed similarities between per-

formances within each particular style. In this case, we 

considered all the variables presented below for each par-

ticular style (martinete1, martinete2 or debla). We com-

puted the corresponding distance matrices and generated 

their phylogenetic trees. As before, we used the Euclid-

ean distance. Again, our intention was to evaluate how 

well the defined features characterize these cantes.  

7. RESULTS 

7.1 Inter-Style Similarity  

Regarding style classification, Figure 2 displays the 

phylogenetic tree obtained for the whole corpus under 

study. Label Dx stands for debla, label M1 stands for 

martinete 1 and label M2 for martinete 2. 

As it can be noticed, discrimination among cantes is 

very good. There are three clearly separated clusters, each 

corresponding to a cante. 

In addition, we have computed for each cante its clos-

est neighbour and checked if both belong to the same 

style. That was the situation for 88.6% of the cases. There 

was a striking case in one particular debla. Debla D2-14 

whose three nearest neighbours turned out to be of class 

martinete 2. That debla is one of the oldest known songs, 

according to our musicological knowledge. Meaningfully 

enough, the closest martinetes are also old, which sug-

gests a possible common origin or an evolution of marti-

nete 2 from debla (martinete 2 seems to be a mixture of 

previous cantes). Those martinetes are M2-66, M2-68 and 

M2-65; see Figure 3 at the end of this paper. 

We also observed that some distance values were 

equal to zero for the same style; this will be discussed 

later in the conclusions section. Finally, precision and re-

call, two common performance measures, curves are pro-

vided in Figure 4.  

7.2 Intra-Style Similarity  

We did not expect a very fine clustering in the intra-style 

case, as the musical features account for general proper-

ties rather than for specific properties. In general, there 

was one big cluster, often with several cantes having the 

same distances. Overall, this was in general coherent to 

the expert’s knowledge on the musical relation among 

performers.  

Figure 3:  A phylogenetic graph  

for the whole corpus. 



  

 

 

 
Figure 4: Precision versus recall for style classification. 

8. CONCLUSIONS 

There are many automatic systems that compute similar-

ity between pieces of music by measuring the distance 

between some musical features. One common feature is 

the melodic contour. Therefore, the problem of measuring 

musical similarity is transformed into the problem of 

computing distances between melodic contours. For cer-

tain type of music that approach may be appropriate and 

even produce good results. It is not the case for flamenco 

a cappella flamenco cantes, a kind of music characterized 

by very special features. In our previous study [3] we fol-

lowed that approach and understood its drawbacks. Re-

ducing melodic similarity to computing the distance be-

tween melodic contours leaves significant variables aside, 

which results in a limited similarity measure. 

In the present study we took another approach. We 

identified a set of musical features as basis for our meas-

ure. Those musical features are related to melodic proper-

ties, duration and form and reflect in general high-level 

characteristics of the cantes. We also found some limita-

tions. As the reader may have noticed, many cantes give 

the same feature vector and, therefore, in the phyloge-

netic trees they all appear on the same node. Why is that 

so? A moment’s thought will reveal that this situation is 

not as surprising as it might seem at first glance. As we 

mentioned, the musical features account for high-level 

characteristics. Two cantes may be different at the fine 

detail level and yet have the same musical features. That 

is the hardness of dealing with flamenco cantes. 

 It is clear that in order to obtain good similarity 

measures musical knowledge of the particular type of 

music must be incorporated into the model. On the other 

hand, since we know this is not enough, fine detail infor-

mation such as melodic contours should be incorporated, 

too. Thus, there should be a tradeoff between both ap-

proaches. That is the research we are presently carrying 

out. 

The identification of the musical features of a cap-

pella cantes is one of the main contributions of this paper. 

They have not been described before and our experiments 

have proved they work quite well for inter-style classifi-

cation. Our approach can be easily adapted to build a 

classification system based on machine learning. For the 

case of intra-style classification, more musical features 

should be identified. Our goal was to distinguish general 

musical features rather than specific features. This situa-

tion shows that special needs require special treatments 

and that inter-style and intra-style classification needs a 

different set of musical features.    

At present all the work put forward here has been 

done in a manual way. First, we wanted to check that the 

extraction of the musical features were correct and, fur-

thermore, gave a good measure of similarity. We are cur-

rently working on building an automatic system based on 

our measure. This includes the automatic extraction of the 

musical features from music recordings through an auto-

matic transcription procedure. 
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