
ART+SCIENCE =  
MUSIC TECHNOLOGY 

A love story 



MUSIC TECHNOLOGY 

What does MUSIC TECHNOLOGY mean? 
•  Music technology is also known as MIR 

MIR = Music Information Retrieval 

•  MIR started as an indexing problem in 
musical libraries. 

So, what is MUSIC TECHNOLOGY 
nowadays? 
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MUSIC TECHNOLOGY 

MUSIC TECHNOLOGY is the following. 
•  Computational methods for: 

– Classification, clustering, and 
modelling 

– Musical feature extraction for 
mono- and polyphonic music 

– Similarity and pattern matching 
– Efficient retrieval of music 



MUSIC TECHNOLOGY 

MUSIC TECHNOLOGY is the following. 
•  Formal methods and databases: 

– Applications of automated and music 
identification and recognition. 

– Score following, automatic 
accompaniment, routing. 

– Filtering for music and music queries. 
– Query languages, standards and other 

metadata or protocols for music 
information handling and  retrieval. 

– Distributed search. 



MUSIC TECHNOLOGY 

MUSIC TECHNOLOGY is the following. 
•  Software for music information 

retrieval: 
– Semantic web. 
– Musical digital objects. 
– Intelligent agents, collaborative 

software, web-based search  
– Semantic retrieval, query by 

humming,semantic retrieval. 



MUSIC TECHNOLOGY 

MUSIC TECHNOLOGY is the following. 
•  Human-computer interaction and 

interfaces. 

– Multi-modal interfaces. 
– User interfaces. 
– Usability. 
– Mobile applications. 
– User behavior. 



MUSIC TECHNOLOGY 

MUSIC TECHNOLOGY is the following. 
•  Music cognition: 

– Music perception,  
– Cognition, affect, and emotions. 
– Music similarity metrics. 
– Syntactical parameters and semantic 

parameters. 
– Musical forms and  structures 
– Styles and genres. 
– Music annotation methodologies. 



MUSIC TECHNOLOGY 

MUSIC TECHNOLOGY is the following. 
•  Music analysis and knowledge 

representation: 
– Automatic summarization, citing, 

excerpting, downgrading, and 
transformation 

– Formal models of music. 
– Digital scores and representation. 
– Music indexing and metadata. 



MUSIC TECHNOLOGY 

MUSIC TECHNOLOGY is the following. 
•  Music archives: 

– Libraries, and digital collections 
– Public access to musical archives. 
– Benchmarks and research databases. 

•  Intellectual property rights: 
– National and international copyright 

issues. 
– Digital rights management. 
–  Identification and traceability. 



MUSIC TECHNOLOGY 

MUSIC TECHNOLOGY is the following. 
•  Sociology and Economy of music: 

– Music industry. 
– Use of MIR in the production, 

distribution, consumption chain. 
– User profiling, validation, user 

needs and expectations. 
– Evaluation of music IR systems. 
– Building test collections. 
– Experimental design and metrics. 



MUSIC TECHNOLOGY AT E.U.I. 

MY RESEARCH INTERESTS: 
•  Measures of similarity, including 

rhythmic similarity and melodic 
similarity. 

•  Phylogenetic analysis of music. 
•  Mathematical measures of rhythm 

complexity and syncopation. 
•  Musical transformations applied to 

rhythm and melody. 



MUSIC TECHNOLOGY AT E.U.I. 

MY RESEARCH INTERESTS: 
•  Automatic analysis of music traditions, 

specially flamenco music, Afro-Cuban 
music, Brazilian music and in general 
African music. 

•  Mathematical and computational 
modelling of musical grouping. 

•  Mathematical and computational 
modelling of musical tension. 



MUSIC TECHNOLOGY AT E.U.I. 

MY RESEARCH INTERESTS: 
•  Tuning systems. 
•  Teaching mathematics via the arts. 
•  Visualization of music. 



MUSIC TECHNOLOGY AT E.U.I. 
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MUSIC TECHNOLOGY AT E.U.I. 
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THE COFLA PROJECT 

THE COFLA PROJECT: 
•  A group of researchers from different 

discipline. 
•  Mathematicians, computer scientists, 

flamenco experts, music theory 
experts. 

•  Scientific study of flamenco music. 



MUSIC TECHNOLOGY AT E.U.I. 



MUSIC TECHNOLOGY AT E.U.I. 



•  WE GATHERED A CORPUS OF 365 PIECES  
•  THEY BELONG TO THE TONÁS STYLE. 
•  WE CHOSE TWO PARTICULAR STYLES: 

DEBLAS AND MARTINETES: 
1.  BOTH STYLES ARE IMPORTANT. 
2.  RECORDINGS WERE ACCEPTABLE. 
3.  72 CANTES IN TOTAL: 16 DEBLAS AND 56 

MARTINETES. 
4.  ENOUGH VARIABILITY IN THE SAMPLE. 

THE CORPUS 



•  BEGINING BY THE WORD “¡AY!”. 
•  LINK OF  “¡AY!” TO THE TEXT.  
•  INITIAL NOTE: usually fifth or sixth 

degree. 
•  DIRECTION OF MELODIC 

MOVEMENT. 
•  REPETITION OF THE FIRST 

HEMISTICH.  

MUSICAL FEATURES: DEBLAS 



•  CAESURA.  
•  DIRECTION OF MELODIC 

MOVEMENT IN THE SECOND 
HEMISTICH. 

•  HIGHEST DEGREE IN THE SECOND 
HEMISTICH.  

•  FREQUENCY OF THE HIGHEST 
DEGREE.  

•  DURATION.  

MUSICAL FEATURES: DEBLAS 



•  REPETITION OF FIRST HEMISTICH. 
•  PRESENCE OF CLIVIS/FLEXA AT THE 

END OF THE HEMISTICH.  
•  HIGHEST DEGREE IN BOTH 

HEMISTICHS. 
•  FREQUENCY OF THE HIGHEST 

DEGREE.  
•  FINAL NOTE OF THE SECOND 

HEMISTICH. 
•  DURATION. 

MUSICAL FEATURES: MARTINETE 1 



•  HIGHEST DEGREE IN BOTH 
HEMISTICHS. 

•  FREQUENCY OF THE HIGHEST 
DEGREE IN BOTH HEMISTICHS. 

•  SYMMETRY OF THE HIGHEST 
DEGREE. 

•  DURATION.  

MUSICAL FEATURES: MARTINETE 2 



•  TYPE OF SCALE. 
•  DIRECTIOIN OF THE MELODIC MOVEMENT IN THE 

FIRST HEMISTICH. 
•  SYMMETRY OF THE HIGHEST DEGREE. 
•  PRESENCE OF CLIVIS. 
•  REPETITION OF THE FIRST HEMISTICH. 
•  INITIAL NOTE. 
•  FINAL NOTE IN THE SECOND HEMISTICH. 
•  HIGHEST DEGREE IN BOTH HEMISTICHS. 
•  FREQUENCY OF THE HIGHEST DEGREE IN THE 

SECOND HEMISTICH. 
•  DURATION WITH RESPECT TO THE PIECE.  
•  DURATION WITH RESPECT TO THE WHOLE CORPUS.  

 COMMON MUSICAL FEATURES 



•  COMPUTATION OF THE VECTOR 
FEATURE. 

•  EUCLIDEAN DISTANCE. 
•  DISTANCE MATRIX. 
•  PHYLOGENETIC TREES. 
•  PERFORMANCE MEASURES. 

MELODIC SIMILARITY 







PHYLOGENETIC TREES 



PHYLOGENETIC TREES 



PERFORMANCE MEASURES 



CONTOUR DISTANCE 



COMBINED DISTANCE 



DISTANCIA COMBINADA 




