
Armonización a 4-voces:  Un 
enfoque y análisis desde el 
punto de vista de la 
Computación Evolutiva.
F. Fernández de Vega

Grupo de Evolución Artificial.
Universidad de Extremadura.

Project  PID2020-115570GB-C21



¿Música e Inteligencia Artificial?

Matemáticas:

- Aritmética.

- Geometría.

- Astronomía.

- Música.



¿Creatividad Computacional?

- Música, Arte y Diseño asistido 
por la Inteligencia Artificial.

- Un área con mucho potencial.
- Primeros trabajos a finales de 

los 60:  
https://monoskop.org/Cybernetic_Serendip
ity

https://monoskop.org/Cybernetic_Serendipity
https://monoskop.org/Cybernetic_Serendipity


¿Creatividad Computational?



Evolutionary Art, Design and Creativity



Open problems in Evolutionary Music and Art

McCormack, J. (2005, March). Open problems in evolutionary 
music and art. In Workshops on applications of evolutionary 
computation (pp. 428-436). Berlin, Heidelberg: Springer Berlin 
Heidelberg.



Open problems in Evolutionary Music and Art

Aesthetic Selection:  Open problem #2: To devise formalized fitness functions that are 
capable of measuring human aesthetic properties of phenotypes. These functions must 
be machine representable and practically computable.

What is art?:  Open problem #3: To create EMA systems that produce art recognized by 
humans for its artistic contribution (as opposed to any purely technical fetish or 
fascination).



Buscando la inspiración…



Buscando la inspiración… desde la evolución



Algunos trabajos previos

ACM GECCO 2013 Evolutionary Art, Design and Creativity Award





Algunos trabajos previos

Portada de SIGEVOLUTION Newsletters  nº 8:  XYZ:  https://evolution.sigevo.org/issues/SIGEVOlution0803.pdf

https://evolution.sigevo.org/issues/SIGEVOlution0803.pdf


Back Gallerie Project - Vancouver



Algunos trabajos previos

To Cry Out of Happyness - MC Gallery - Manhattan - New York



To cry out of happyness



To cry …. : Emotion in lines.



Gallerie Louchard - Paris



Música como área para la IA

Muchos problemas que atacar (MIR):

- OMR.

- Detección de ritmo, compás, género…

- Generación de audio

- Generación de partituras

- …



Evolutionary Music?



Evolutionary Music?

And beyond.



Música y 
Algoritmos 
Evolutivos

Trabajos previos

sharpmony.unex.es



Armonía a 4 voces:  SATB



SATB harmony

Beginning with a melody (soprano voice), 

students must build the remaining 3 

voices:

- Alto.

- Tenor.

- Bass.



4-part harmony

Students must learn harmony rules to build 4-part 

scores:

- Parallel Fifths

- Direct 8th

- Leading voice resolution

- …. more than 30 different rules/cases



Available tools:  Sharpmony

- A tool for learning 4-part harmony.

- Check 4-part harmony exercises.



Main goals for Sharpmony

- To help  music teachers and students.

- It provides an APP, a Web, and a 

Artificial Intelligence Cloud system to 

check exercises.

- We aim at providing teachers with 

automatic composition tool.



Sharpmony

- APP para estudiantes y profesores (disponible en 

Google Play).



Sharpmony

Web + Cloud System for Conservatories 

teachers and students.



Sharpmony

Web + cloud:  Sistema cloud con herramientas de 

Inteligencia Computacional:

- Kernel  with harmony rules (fitness function).

- Includes secondary dominants and modulation.

- Augmented sixth, Neapolitan and diatonic 

seventh chords allowed.

- Sixth and Seventh chord progressions.

- Color codes for errors detected.

- Compatible with musicXML files.









4-part harmony Evolution

The idea is to use Evolutionary Algorithms 

to find a good enough 4-part harmonization 

for a melody.

The last attempt published in 2017 (FFV, 

Revisiting the 4-part harmonization 

problem with GAs. CEC 2017).



4-part harmony evolution

Several approaches to find solutions:

- Evolving first a suitable 
progression, and then the notes for 
the voices.

- Solutions with 10-40 errors after 
more than 6 hours running an 
experiment.

- 11 rules included in the Fitness 
function.



The problems in the problem

Sharpmony tool includes 

nowadays about 50 

different controls per 

chord.

These controls are used in 

the new version of the 

fitness function.



Results



Results

The new controls applied to the best 

solution found in 2017 shows more 

than  50 errors.



Results

6 Errors after 4 hours evolving 4 

individuals.:  mutation+selection 

applied.



The problems in the problem

The larger the number of constraints 
applied, the smaller the number of solutions 
available.

The new version allows new kind of chords, 
such as diatonic-seventh chords, Augmented 
Sixth chords and Neapolitan chord.  
Therefore a larger search space to look 
around.

The difficulty increases significantly.



Configuración de acordes

Un ejemplo:  DO-MI-SOL



The problems in the problem
Considering 2 consecutive 4-note chords:

- Given that each note can be assigned to 2 
possible octaves each, and that not all the 
notes may be present in the chord, thus 
allowing repetition of notes:  more than 
200 possible configurations per chord 
may be used.

- Moreover:  7 diatonic degrees (chords), + 
6 secondary dominants + 3 augmented 
sixth chords + Neapolitan chord + Ninth 
chords:  more than 20 different chords 
available per note.

- Considering a single key: 2855 possible 
chord disposition available.



Nuevas ideas y resultados
- Evolving a progression first is a must.  Then the evolution of voices begins.

- Still, several hours are required for finding a solution (> 24h).

En el Trabajo Fin de Máster del estudiante Elia Pacioni, hemos intentado mejorar mediante:

- Paralelización.

- Precálculo de valores de fitness.

- Mutación dirigida.



Precálculo

- 2855 posibles configuraciones de acordes válidos …

- 8155025 pares de acordes…

- 22 segundos para corregir un par de acordes …

- 5,8 años en las máquinas que disponemos (secuencial).



Nuevas ideas y resultados

Paralelización + Precálculo de valores de fitness:  Tiempos de cálculo para pares de acordes.



Mutación dirigida

Aplicar mutación 
dónde más convenga.



Mutación dirigida

¿Qué tal si aplicamos mutación con mayor probabilidad en lugares donde sabemos que hay errores?



Mutación dirigida

¿Qué tal si aplicamos mutación 

con mayor probabilidad en 

lugares donde sabemos que 

hay errores?



Modelos armónicos sintéticos



Evostar 2024

Elia Pacioni, Francisco Fernández de Vega:
On the Impact of Directed Mutation Applied to 
Evolutionary 4-Part Harmony Models.EvoMUSART 2024: 
311-325

Nominado como mejor artículo de estudiante.

https://dblp.org/pid/352/5405.html
https://dblp.org/db/conf/evomusart/evomusart2024.html#PacioniV24


Próximos pasos

Artículo enviado a PPSN 2024 con análisis sobre reducción del espacio de 
búsqueda:  

- ¿Es necesario utilizar todo el espacio de búsqueda?
- ¿Podemos encontrar soluciones más rápidamente en un espacio 

limitado?



Thank you


